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METHODS FOR TREATING DISEASE USING INHIBITORS OF BONE
MORPHOGENETIC PROTEIN 6 (BMP6)

5 SEQUENCE LISTING
The mnstant application contains a Sequence Listing which has been submitied
clectronically in ASCH format and 1s hereby incorporated by reference in its
entirety. Said ASCH copy, created on May 23, 2017, 13 named PAT057334-WO-
PCT SLtxtand 15 82,879 bytes m size.
10
INTRODUCTION
The present invention relates to methods of treating anemia using inhibitors of

bone morphogenetic protein 6 (BMP6).

15  BACKGROUND OF THE INVENTION
Anemia is prevalent in patients with chronie kidney discase (CKD) and is
assoctated with lower quality of Iife and higher risk of adverse outcomes, including
cardiovascular disease and death. Several modes of anemia management in patients
with CKD involve the use of erythropoiesis-stinnilating agents (ESA}), supplemental

20 oral and mtravencus iron and blood transfusions. However, many patients do not
respond adequately to these treatments or require higher doses of ESA and/or iron.
High doses of iron may also cause toxicity associated with gencration of oxyvgen
radicals and allergic reactions. These treatments may lack efficacy because they do
not fully address the underlying causc of the anemia, L.e., impaired iron absorption

25 and ron mobilization from body stores.

Attempts to manage ervthropoietin resistance are currently performed by the co-
administration of high dose parenteral iron. However, most iron from intravenous
preparations 1s first processed by macrophages, and its utilization for ervthropoiesis is
dependent on ferroportin-mediated 1ron export.

36 In many anenua patients, ferroportin-mediated iron export 1s suppressed by
high levels of hepeidin. Additional evidence suggests that increased levels of hepcidin
correlate with poor ESA responsiveness in hemodialysis. Hepcidin-lowering agents
may therefore be an effective strategy for ameliorating ESA-refractory anemia i this

patient population and in other forms of anemia of chronic disease (ACD)
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charactenized by iron restriction.
Therefore, methods that decrease circulating hepcidin levels should enhance tron
absorption, facilitate release of sequestered iron, and promote erythropoiesis in ESA-
refractory anemia present in chronic kidney discase patients.

5 Despite current treatment options for treating diseases and disorders associated
anenyia, there remains a need for improved method s of treatment of anevua which are

effective and well-tolerated.

SUMMARY OF THE INVENTION
10 Ferritin is an intraccliular protein that is indicative of stored tron. Ferritin
fevels can be used as an indirect marker of the total amount of ron stored n the body.
Without being bound by theory, it is believed that inhibitors of BMP6 may result the
release of stored tron from cells, for example, from macrophages and/or enterocytes.
Again, without being bound by theory, the present invention 1s based m part on the
15 discovery that inhibitors of BMP6 may be effective i treating conditions associated
with sequestered iron, e.g., anemia, in patients with high ferntin {e.g., pretreatment
ferritin levels greater than 500 ng/ml}, ¢ g., serum ferritin, levels, and hence, high
stored romn.
In a first aspect, the invention pertains to a method of selectively:
20 a ihibiting BMP6;
b. increasing serum iron levels, transferrin saturation {TAST), reticulocyte
hemoglobin content (CHr), reticulocyte count, red blood cell count, hemoglobin, or
hematocrit;
¢. reducing the activity or level of Hepeidin;
25 d. treating ancmia; or
¢. increasing or mamntaining hemoglobin level;
in a patient in need thereof, thet includes selectively administering a therapeutically
cffective amount of a BMP6 antagonist to the paticnt on the basis of a biological
sample from the patient having a ferritin level of < 2000 ng/mL. In embodiments, the
30 ferritin level 1s > 500 ng/mL.
In another aspect, the invention pertains to a method of treating a patient
having anemia with a BMP6 antagonist, including selectively administering a

therapeutically effective amount of a BMP6 antagonist to the patient on the basis of a
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biological sample from the patient having a ferritin level of < 2000 ng/mL. In
embodiments, the ferritin level is > 5360 ng/mL.
In another aspect, the invention pertains to a method of selectively treating a patient

having anemia with a BMP6 antagonist, including:

5  a assaying a biological sample from the patient for fernitin level; and
b} thereafter, selectively administering to the patient a therapeutically effective

amount of a BMPY antagonist, wherem the ferritin level 1s < 2000 ng/ml.. In
embodiments, the ferritin level 1s > 500 ng/mlL.
In another aspect, the mvention pertains to 2 method of selectively treating a

10 patient having ancroia with a BMP6 antagonist, including:

a) assaymg a biological sample from the patient for fermtim level;
b} thereafter, selecting the patient for treatment with the BMP6 antagonist on the

basis of the biological sample from the patient having a fernitin fevel < 2000 ng/mb;
and

15 ¢ thereafter, administering a therapeutically effective amount of a BMP9
antagonist to the patient. In embodiments, the ferritin level 18 > 500 ng/mi..

In another aspect, the invention pertains to a method of selectively:
a. inhibiting BMP6;
b. increasing serum iron levels, transferrin saturation (TAST), reticolocyte

20 hemoglobin content {CHr), reticulocyte count, red blood cell count, hemoglobin, or
bhematocrit;
¢. reducing the activity or level of Hepaidin;

d. tfreating anemia; or
¢. increasing or mamtamning hemoglobin level;

25 1na patient in need thercof, that includes selectively administering a therapeutically
cffective amount of a BMPS antagonist to the patient on the basis of a biclogical
sample from the patient having a ferritin level of > 300 ng/mL.

In another aspect, the mvention pertains to a method of treating a pationt
having ancmia with a BMP6 antagomist, including sclectively administering a

30  therapeutically cffective amount of a BMP6 antagonist to the patient on the basis of a
biological sample from the patient having a ferritin level of 2 500 ng/mli.

In another aspect, the invention pertains to a method of selectively treating a
patient having anemia with a BMP6 antagonist, including:

aj assaying a biological sample from the patient for ferntin level; and
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b} thereafter, selectively admimistering to the patient a therapeuuncally effective
amount of a BMP9 antagonist, wherein the ferntin fevel is 2 500 ng/mb.
In another aspect, the invention pertains to a method of selectively treating a patient

having anemia with a BMP6 antagonist, including:

5  a assaying a biological sample from the patient for ferntin level;
b} thereafter, selecting the patient for treatment with the BMP6 antagonist on the

basis of the biological sample from the patient having a ferntin fevel 2 500 ng/ml.;
and
¢} thereafter, administering a therapeuntically effective amount of 2 BMP9

10 antagonist to the patient.

In embodiments, including in any of the aforementioned aspects, the terntin
level is ferritin protein level.

In embodiments, mchiding in any of the aforementioned agpects, the step of
assaving includes a technigue sclected from the group consisting of an immunoassay,

15 mmmunohistochemistry, ELISA, flow cvtometry, Westem blot, HPLC, and mass
spectrometry.

In another aspect, the nvention pertains to a BMP6 anagonist for use in
treating a patient having anemia, characterized in that a therapeutically effective
amount of the BMP6 antagonist is to be administered to the patient on the basis of a

20 biclogical sample from the patient having a ferritin level of <2000 ng/ml. In
cmbodiments, the ferritin level 1s 2 500 ng/ml.

In another aspect, the invention pertaing to a BMP6 anagonist for use in
treating a patient having anemia, charactenized in that a therapeutically effective
amount of the BMP6 antagonist is 1o be administered to the patient on the basis of a

25 biological sample from the patient having a ferritin level of 2 500 ng/ml..

In another aspect, the invention pertains to a BMP6 antagonist for use in
treating a patient having ancmia, characterized in that
aj the paticnt is to be selected for treatment with the BMP6 antagonist on the
basis of a biological sample from the patient having a ferritin level of < 2000 ng/mL;

30 and
b} thereatier, a therapeutically effective amount of the BMP6 antagonist is to be
admunistered to the patient. In embodiments, the ferritin level 1s > 500 ng/mL.

In another aspect, the invention pertains to a BMP6 antagonist for use in

treating a patient having ancmia, characterized in that
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aj the patient is to be selected for treatment with the BMP6 antagonist on the
basis of a biological sample from the patient having a ferntin level of > 500 ng/mlL;
and
b} thereafier, a therapeutically effective amount of the BMP6 antagonist is to be
5  administered to the patient.
In another aspect, the invention pertains to a BMPO antagonist for use in
treating a patient having anemia, characterized m that:
a} a biological sample from the patient is to be assayed for ferritin; and
b} a therapeutically effective amount of the BMP6 antagonist 1s to be selectively
10 adounistered to the patient on the basis of the biclogical sample from the patient
having a ferritin level of <2000 ng/mL. In embodiments, the forritin level 1s 2 500
ng/mb.
In another aspect, the invention pertains to a BMP6 antagonist for use in
treating a patient having anemia, characterized m that:
15  a)abiological sample from the patient is to be assayed for ferritin; and
b} a therapeutically effective amount of the BMP6 antagonist 1s to be selectively
adnunistered to the paticnt on the basis of the biological sample from the patient
having a ferritin level of > 500 ng/mL.
In another aspect, the invention pertains to a BMP6 antagonist for use in

20 treating a patient having ancmia, characterized in that:

aj a biological sample from the patient is to be assayed for ferriting
b} the patient is selected for treatment with the BMP6 antagonist on the basis of

the biological sample from the patient having a ferritin level of < 2000 ng/ml.; and

¢} a therapeutically effective amount of the BMP6 antagonist is to be selectively
25 administered to the patient. In embodiments, the ferritin level 1s > 500 ng/mL.

In another aspect, the invention pertains to a BMP6 antagonist for use in treating a

patient having anemia, characterized 1o that:

aj a biological sample from the patient is to be assayed for ferriting
b} the patient is selected for treatment with the BMP6 antagonist on the basis of

30  the biological sample from the patient having a ferritin level of > 500 ng/mL; and
¢} a therapeutically effective amount of the BMP6 antagonist is to be selectively
administered {o the patient.
In another aspect, the invention pertains to method of predicting the likelithood

that a patient having anemia will respond to treatment with a BMP6 antagonist,
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mcluding assaving a biological sample from the patient for ferritin, wherein a ferritin
level of <2000 ng/mlL 1s indicative of an increased hikelihood the patient will respond
to treatment with the BMPG6 antagonist. In embodiments, the ferritin level 15 > 500
ng/ml.

In another aspect, the tnvention pertains to method of predicting the likelihood that a
patient having anemia will respond to treatment with g BMP6 antagonist, including
assaving a biological sample from the patient for ferritin, wherein a forritin lovel of 2
500 ng/ml. is indicative of an increased likelihood the patient will respond {o
treatment with the BMP6 antagonist.

In embodiments, including in embodiments of any of the aforementioned
aspects and embodiments, the method or use further includes the step of obtaining the
bislogical sample from the patient, whersin the step of obtaining is performed prior to
the step of assaying.

In emboduments, including in embodiments of any of the aforementioned aspects and
embodiments, the ferntin level is ferritin protem level.

In embodiments, including 1n embodiments of any of the aforementioned aspects and
embodiments, the step of assaving includes a technigue selected from the group
consisting of an mmmunocassay, immunochistochenistry, ELISA, flow cviometry,
Western blot, HPLC, and mass spectrometry.

In another aspect, the invention provides a method for producing a
transmittable form of information for predicting the respounsiveness of a patient
having ancmia to treatment with a BMP6 antagonist, inclading:

a) determining an increased likelihood of the patient responding to treatment with the
BMP6 antagonist bascd on the presence of a ferrtin level of <2000 ng/ml n a
biological sample from the patient; and

b} recording the result of the determining step on a tangible or intangible media form

for use in transmission. In embodiments, the fercitin lovel 19> 300 ng/mL.

In another aspect, the invention provides a method for producing a transmittable form
of information for predicting the responsiveness of a patient having anemia to
treafment with a3 BMPS antagonist, including:

a) determining an increased likelibood of the patient respounding fo treatment with the
BMP6 antagonist based on the presence of a ferntin level of 2 300 ng/ml in a

bislogical sample from the patient; and
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b) recording the result of the determiming step on a tangible or intangible media form
for use 1n transmission.

In embodiments, mcluding in embodiments of any of the aforementioned
aspects and embodiments, the patient has anemia. In embodiments, the anemia is

5  anemia associated with chronic disease. In embodiments, the chronic disease 18
chronic kidney disease, cancer or iflammation.

In embodiments, including in embodiments of any of the aforcmentioned
aspects and embodiments, the patient s being or has been treated with an
erythropoiesis stimulating agent (ESA), for example, ervthropoietin (EPQO).

10 In cmbodiments, including in embodiments of any of the aforementioned aspects and
embodiments, the anemia 1s EPO-hyporesponsive anenua.

In embodiments, imcluding in embodiments of any of the aforementioned
aspects and embodiments, the anenua s ron-restricted anemia, for example,
functional ron-restricted ancmia.

15 In embodiments, ncluding in embodiments of any of the aforementioned
aspects and embodiments, the patient is a chronic hemodialysis patient.

In embodiments, mcluding in embodiments of any of the aforementioned
aspects and embodiments, the method or use further includes reducing the patient’s
tron dose requirement, reducing the patient’s EPQ dose requirement, or redocing both

20 the patient’s iron dose requirement and the patient’s EPO dose requirement, relative
to said EPO dose requirement and/or iron dose requuircuent in the absence of
treatment with the therapeutically effective amount of the BMP6 antagonist. In
embodiments, mcluding in embodiments of any of the aforementioned aspects and
embodiments, the method or use further includes or results 1n a reduction in the

25 patient’s ESA resistance mdex (ERI).

In embodiments, imcluding in embodiments of any of the aforementioned
aspects and embodiments, the biological sample is synovial fhud, blood, serum, feces,
plasma, urine, tear, saliva, cercbrospinal fluid, a leukocyie sample or a tissue sample.

In embodiments, ncluding in embodiments of any of the aforementioned

30 aspects and embodiments, the biclogical sample is serum or blood.

In embodiments, mcluding in embodiments of any of the aforementioned
aspects and embodiments, the biological sample 15 serum.

In embodiments, imcluding in embodiments of any of the aforementioned

aspects and embodiments, the BMP6 antagonist is a BMP6 binding molecule.
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In embodiments, ncluding in embodiments of any of the aforementioned
aspects and embodiments, the BMP6 antagonist is an anti-BMP6 antibody or antigen-
binding fragment thercof, for example, as described 1o Table 1 or Table 14.

In embodiments, imcluding in embodiments of any of the aforementioned
aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment
thereof includes:

{a) HCDRI, HCDR2, and HCDR3 sequences of SEQ 1D NOs: 69, 70 and 71,
respectively, and LCDR]1, LCDR2Z, and LCDR3 sequences of SEQ 1D NOs: 79, 80
and 81, respectively;

{b) HCDRI, HCDR?2, and HCDR3 sequences of SEQ 1D NOs: 72, 73 and 74,
respectively, and LCDRI, LCDR2, and LCDR3 sequences of SEQ 1D NOs: 82, 83
and 84, respectively;

(¢}  HCPBRI HCDR2, and HCDR3 sequences of SEQ D NOs: 29, 30 and 31,
respectively, and LCDR1, LCDR2, and LCDR3 sequences of SEQ 1D NQs: 39, 40
and 41, respectively;

{d) HCDRI1, HCBDR?2, and HCDR3 sequences of SEQ 1D NOs: 32, 33 and 34,
respectively, and LCDRI, LCDR2Z, and LCDE3 sequences of SEQ 1D NOs: 42, 43
and 44, respectively,;

{c) HCDRI, HCDRZ, and HCDR3 sequences of SEQ 1D NOs: 49, 50 and 51,
respectively, and LCDRI, LCDRZ, and LCDR3 sequences of SEQ 1D NQOs: 59, 60
and 61, respectively;

() HCDRI1, HCPR?2, and HCDRS sequences of SEQ 1D NOs: 52, 53 and 34,
respectively, and LUDRY LUDR2 and LCDR3 sequences of SEQ 1D NOs: 62, 63
and 64, respectively;

{g) HCDBRI, HCDR?Z, and HCDR3 sequences of SEQ ID NOs: 9, 10 and 11,
respectively, and LCDRI, LCDRZ, and LCDR3 sequences of SEQ 1D NQOs: 19, 20
and 21, respectively; or

{h) HCDRI, HCDR2, and HCDR3 sequences of SEQ ID NOs: 12, 13 and 14,
respectively, and LCDRI1, LCDR2, and LCDR3 sequences of SEQ 1D NQs: 22, 23
and 24, respectively.

In embodiments, mcluding in embodiments of any of the aforementioned
agspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment
thercof includes:

{a) A VH sequence of SEQ 1D NQO: 75,
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(&)
{c)
(d)

(¥

A VH sequence of SEQ D NO: 35;
A VH sequence of SEQ 1D NO: 55; or
A VH sequence of SEQ 1D NO: 15,

In embodiments, imcluding in embodiments of any of the aforementioned

aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment

thereof includes:

(a)
(&)
{c)
(d)

A VL sequence of SEQ 1D NO: 85;
A VL sequence of SEQ ID NO: 45;
A VL sequence of SEQ ID NG 65; or
A VL sequence of SEQ 1D NG: 25

In embodiments, imcluding in embodiments of any of the aforementioned

aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment

thereof includes:

(a)

A VH seqguence of SEQ ID NG 75; and a VL sequence of SEQ D NO: 85;
A VH sequence of SEQ D NO: 35; and a VL sequence of SEQ IDNO: 4
A VH sequence of SEQ ID NO: 535; and a VL sequence of SEQ 1D NO: 65; or
A VH sequence of SEQ 1D NO: 15; and a VL scquence of SEQ 1D NO: 25.

(s 5]
(¥
L

J—

In embodiments, imcluding in embodiments of any of the aforementioned

aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment

thereof includes:

(a)
{b)
{c)
(d)

A heavy chain sequence of SEQ 1D NG: 77;
A heavy chain sequence of SEQ ID NQG: 37;
A heavy chain sequence of SEQ 1D NG: 57, or
A heavy chain sequence of SEQ 1D NG: 17,

In embodiments, imcluding in embodiments of any of the aforementioned

aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment

thereof includes:

(a)
(&)
{c)
(d)

A light chain sequence of SEQ 13 NO: 87;
A light chain sequence of SEQ 1D NGO 47;
A light chain sequence of SEQ [D NG 67 or
A light cham sequence of SEQ D NG: 27.

In embodiments, imcluding in embodiments of any of the aforementioned

aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment

thereof includes:
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{a} A heavy chain sequence of SEQ [D NO: 77; and a hight chain sequence of
SEQ D NO: 87,

{by A heavy chain sequence of SEQ 1D NO: 37; and a hght chain sequence of
SEQ ID NO: 47,

{c} A heavy chain sequence of SEQ B NO: 57; and a light chain sequence of
SEQGIDNO: 67, or

{d} A heavy chain sequence of SEQ 1D NO: 17; and a hght chain sequence of
SEQ D NG: 27,

In embodiments, inclading in embodiments of any of the aforementioned
aspects and cmbodiments, the anti-BMP6 antibody or antigen-binding fragment
thercof binds human BMP6 with a KDl of < 1 nM.

In embodiments, imcluding in embodiments of any of the aforementioned
aspects and cmbodiments, the anti-BMP6 antibody or antigen-binding fragment
thercof binds human BMPG6 with a KD of < 0.1 oM.

In embodiments, ncluding in embodiments of any of the aforementioned
aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment
thercof has at least about 100-fold greater aftinity for human BMP6 than human
BMP7.

In embodiments, imcluding in embodiments of any of the aforementioned
aspects and cmbodiments, the anti-BMP6 antibody or antigen-binding fragment
thercof has at feast about 100-fold greater affinity for human BMPS than human
BMP2Z, human BMP3, or human BMP7.

In embodiments, incleding in embodiments of any of the aforementioned
aspects and cmbodiments, the anti-BMP6 antibody or antigen-binding fragment
thercof has at least about 300-fold greater affinity for human BMP6 than human
BMP2, human BMPS, or human BMP7.

In embodiments, including in embodiments of any of the aforementioned
aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment
thereof has no detectable binding to hwman BMP2 and/or BMP7 n an ELISA.

In embodiments, incleding in embodiments of any of the aforementioned
aspects and cmbodiments, the anti-BMP6 antibody or antigen-binding fragment

thereof includes a scaffold selected from an IgM and an IgG.

10
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In embodiments, including in embodiments of any of the aforementioned
aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment
thereof 1s an fg{s selected from an IgGl, an {gG2, and 1gG3 or an 1gG4.

In embodiments, imcluding in embodiments of any of the aforementioned

5 aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment
thereof 1s selected from the group consisting of a monoclonal antibody, a chimeric
antibody, a single chain antibody, a Fab and a scFv.

In embodiments, including in embodiments of any of the aforementioned
aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment

10 thereof is a component of an immunoconjugate.

In embodiments, imcluding in embodiments of any of the aforementioned
aspects and embodiments, the anti-BMP6 antibody or antigen-binding fragment
thereof has altered effector function through mutation of the Fe region.

In embodiments, including in embodiments of any of the aforcmentioned

15  aspects and embodiments, the anti-BMP6 antibody or antigen-bindmg fragment
thereof binds to a human BMP6 epitope inclading, ¢.g., consisting of, the sequence
QTLVHLMNPEY VPKP (SEGQ 1D NG: 98).

In embodiments, imcluding in embodiments of any of the aforementioned

aspects and embodiments, the antibody or antigen-binding fragment thereof is
20 administered at a dose ranging from 0.001 mg/kg t0 0.1 mg/ke.

In embodiments, including in embodiments of any of the aforcmentioned
aspects and embodiments, the antibody or antigen-binding fragment thereof is
administered at a dose ranging from 0.0063 1o 0.1 mg/kg.

In embodiments, mcluding in embodiments of any of the aforementioned

25 aspects and embodiments, the antibody or anfigen-binding fragment thereof1s
administered at a dose of 0.001 mg/kg, 0.0016 mg/kg, 0.0025 mg/kg, 0.0040 mg/ke,
0.0063 mg/kg, 0.01 mg/kg, 0.016 me/ke, 0.025 mg/ke, 0.040 mg/kg, 0.063 my/ks, or
0.1 mg/ke.

In embodiments, ncluding in embodiments of any of the aforementioned

30 aspects and embodiments, the antibody or antigen-binding fragment thereof is
administered intravenously or subcutancously.

In embodiments, imcluding in embodiments of any of the aforementioned
aspects and embodiments, the antibody or antigen-binding fragment thereof is

administered intravencusly.

11
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In embodiments, including in embodiments of any of the aforementioned aspects and
embodiments, the administration is by infusion over a perniod of about 30 to about 60
mimies.
In embodiments, imcluding in embodiments of any of the aforementioned
5 aspects and embodiments, the ferritin level 1s £ 1900 ng/mlL, < 1800 ng/mb, < 1700
ng/mkb, <1600 ng/mb., <1500 ng/mL, <1400 ng/mi. < 1300 ng/mL, <1200 ng/mb,
<1100 ng/ml., < 1000 ng/ml., <900 ng/ml., <800 ng/mi, <700 ng/mi, <600
ng/mkb, or <300 ng/mkL.
In embodiments, including in embodiments of any of the aforementioned
10 aspects and cmbodiments, the formitin fevel 1s < 1500 ng/ml.. In embodiments,
mcluding in embodiments of any of the aforementioned aspects and embodiments, the
ferritin level 1s < 1000 ng/mb..
In embodiments, including in embodiments of any of the aforementioned
aspects and embodiments, the territin level 1s > about 200 ng/mL. > about 250 ng/ml.,
15 = about 300 ng/ml, > about 350 ng/mk, > about 400 ng/mL., > about 4530 ng/ml., =

about 500 ng/mL., > about 600 ng/ml., > about 700 ng/mL, > about 800 ng/mL, >
about 900 ng/mL., > about 1000 ng/mL., > about 1100 ng/mk, > about 1200 ng/ml. >
about 1300 ng/mb., > about 1400 ng/mlL., = about 1500 ng/mL, > about 1600 ng/mL, >
about 1700 ng/mL, > about 18300 ng/mL, or > about 1900 ng/mb.

20 In embodiments, including in embodiments of any of the aforcmentioned
aspects and embodiments, the ferritin level 1s > about 500 ng/ml., > about 600 ng/ml.,

> about 700 ng/mL, > about 800 ng/mL, > about 900 ng/mL, > about 1000 ng/ml, >

ng/ml..
25 In embodiments, including in embodiments of any of the aforementioned

aspects and embodiments, the ferritin level 1s > about 500 ng/mb.

DEFINITIONS
Unless defined otherwise, all technical and scientific terms used heren have
30  the same meaning as comunonly understood by those of ordinary skill in the art to
which this invention pertains.
“BMP6”, as used herein, means the protem Bone Morphogenetic Protein 6
{BMPG} or a gene or nucleic acid encoding BMP6. Hahn et al. 1992 Genomics 14:
759-62; Sauermann et al. 1993 J. Newrosct. Res. 33; 142-7; NCBI Gene 1D: 654,
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BMPS6 is also known as: BMP-6; VGR; VGRI; External IDs: OMIM: 112266 MGT:
88182; HomoloGene: 1300; GeneCards: BMP6 Gene. Urthologs: Species: Human:
Entrez: 654; Ensembl: ENSGO0000153162; UniProt: P22004; RefSeq (mRNAY:
NM 001718; RefSeq (protein): NP_001709; Location (UCSC): Chr 6: 7.73 - 7.88
Mb; Species: Mouse: Entrez: 12161; Ensemmbl: ENSMUSGO0000039004; UniProt:
P20722; RefScq (mRNAY NM_007556; RetSeq (proteiny: NP_031582; Location
{(UCSC): Chr 13: 38.35 - 38.5 Mb. As described herein, an antibody antigen-binding
fragment thereof which binds to BMPS binds to BMP6 protemn.

“BMP27, as used herein, means the protein Bone Morphogenetic Protein 2
{(BMP?) or a genc or nucleic acid encoding BMPZ. BMP?2 is also known as: BDA2;
and BMPZA; External 1Ds OMIM: 112261 MGE 88177 HomoloGene: 926
GeneCards: BMP2 Gene. Species: Human; Entrez: 650; Ensembl:
ENSGO0000125845; UniProt: P12643; RefSeq (mRNAY NM _001200; RefSeq
{protein); NP_001191; Location (UCSC): Chr 20: 6.75 — 6.76 Mb. Species: Mousc;
Entrez: 12156, Ensembl: ENSMUSGO0000027358; UmiProt: P21274; RefSeq
(mRNAY NM 007553; RefSeq (proteiny: NP _031579; Location (HCSC): Chr 2:
133.55 - 133.56 Mb. As described herein, an antibody antigen-binding fragment
thercof which binds to BMP2 binds to BMP2 protein.

“BMPS”, as used herein, means the protein Bone Morphogenetic Protein 5
{BMP5) or a gene or nucleic acid encoding BMP3. BMPS is also known as:
MGC34244; External 1Ds OMIM: 112265 MGI: 88181 HomoloGene: 22412
GeneCards: BMP3 Gene. Species: Human; Entrez: 633; Ensembl:
ENSGO0000112175; UniProt: P22003; RefSeq (mRNAY: NM 021073 RefSeq
{protein): NP _066551; Location (UCSC): Chr 6: 55.62 - 55,74 Mb. Species: Mouse;
Entrez: 12160; Ensembl; ENSMUSGO0000032179; UniProt: P49003; RefSeq
{(mBNA) NM 007355; RefSeq (protein}: NP _031581; Location (UCSC): Chr 9
75.78 — 759 Mb. Ag described herein, an antibody antigen-binding fragment thereof
which binds to BMPS binds to BMPS protein.

“BMP7”, as used herem, means the protein Bone Morphogenetic Protein 7
{(BMP7) or a genc or nucleic acid encoding BMP7. BMP7 is also known as:
osteogenic protem-1; OP-1; Extornal H3s OMIM: 112267 MGI: 103302
HomoloGene: 20410 GeneCards: BMP7 Gene. Species: Human; Entrez; 653,
Ensembl: ENSG00000101144; UmiProt: P18075; RefSeq (mRNAY, NM_001719;
RefSeq (protein): NP_001710; Location (UCSC): Chr 26: 55.74 - 55.84 Mb. Species:
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Mouse; Entrez: 12162; Ensembl: ENSMUSGO0000008999; UniProt: P23339; RefSeqg
(mRNA}Y NM 007557, RefSeq (proteiny: NP _(31583; Location (UCSC): Chr 2:
17287 - 172.94 Mb. As described herein, an antibody antigen-binding fragment
thercof which binds to BMP7 binds to BMP7 protein.

“Hepeidin™ means the gene Hepcidin or the protein Hepcidin, a peptide
hormmone. Hepcidin is also known as: HAMP (Hepcidin anti-microbial protein or
peptide); HEPC, HFEZB; LEAPI (LEAP-1); PLTR; OMIM: 606464; HomoloGene:
31623; GeneCards: HAMP Gene; Entrez 37817, Ensembl ENSGO0000 145697,
UniProt PE1172; RefSeq (mRNMNA)Y NM_021175; RefSeq {protein) NP_066998;
Location (UCSC) Chr 19: 35,77 - 33 78 Mb. Krause ¢t al. FEBS Lett. 480 147-150;
and Pigeon ¢t al. 2001 J. Biol. Chem. 276: 7811-9. Sce also: Ganz 2003 Blood 102:
783-8; Rov et al. 2005 Curr. Opin. Hemat. 12: 107-111; Fleming et al. 2006 Semin.
Laver Dix. 25: 411-9; Park et al. 2001 J. Biol. Chem. 276: 7806-10; Majore ct al. 20602
Haematologica 87: 221-2; Kluver et al. 2002 §. Pept. Re s, 59 : 241-8; Hunter et al.
2002 J. Biol, Chem. 277 : 37597-603; Weinstein et al. 2003 Blood 100 : 3776-81;
Nemeth et al. 2003 Blood 101: 2461-3; Roetto et al. 2003 Nat. Genet. 33: 21-2;
Strausberg ot al. 2003 Proc. Natl. Acad. Sc1 USA 99 16899-903; Gehrke et al. 2003
Blood 102: 371-6; Merryweather-Clarke et al. 2004 Human Mol. Genet. 12:2241-7;
Clark et al. 2003 Genome Res. 13: 2265-70; Roetto et al. 2004 Blood 103: 2407-9;
Jacolot ¢t al. 2004 Blood 103: 2835-40; and Ota ot al. 2004 Nat. Genet. 36: 40-45.

“BMP6 antagonist,” as used berem refers to a molecule capable of
antagonizing {e.g., reducing, inhibiting, decreasing, delayving} BMP6 function,
expression and/or signalling {(e.g., by blocking the binding of BMP6 to a BMP6
receptor). Non-luatting examples of BMP6 antagonists include BMP6 binding
molecules and BMP6 receptor binding molecules.  In some embodiments of the
disclosed methods, regimens, kits, processes, uses and compositions, a BMP6
antagonist is emploved.

“BMP6 binding molecule,” as used herein, refers to any molecule capable of
binding to the human BMP6 antigen either alone or associated with other molecules.
The binding reaction may be shown by standard methods {qualitative assays)
mcluding, for example, a binding assay, competition assay or a bivassay for
determining the ihibition of BMP6 binding to a BMP6 receptor or any kind of
binding assays, with reference to a negative control test in which an antibody of

parelated specificity, but ideally of the same isotype s used. Non-limiting examples

14



WO 2017/216724 PCT/IB2017/053507

of BMP6 binding molecules include small molecules, BMP6 receptor decoys, and
antibodies that bind to BMP6 as produced by B cells or hybridomas and chimeric,
CDR-grafted or human antibodies or any fragment thereof, ¢.g., F(ab’}2 and Fab
fragments, as well as single chain or single domain antibodics. Preferably the BMPS

5  binding molecule antagonizes (¢.g., reduces, inhibits, decreases, delays) BMPS
function, expression and/or signalling. In some embodiments of the disclosed
methods, regimens, kits, processes, uses and compositions, an BMPS binding
molecule 1s emploved.

By “BMPS6 receptor binding molecule”™ is meant any molecule capable of

10 binding to a human BMP6 receptor cither alone or associated with other molecules.
The binding reaction may be shown by standard methods (qualitative assays)
mncluding, for example, a binding assay, competition assay or a bioassay for
determining the inhibition of BMP6 receptor binding to BMP6 or any kind of binding
assays, with reference to a negative control test in which an antibody of unrelated

15 specificity, but ideally of the same isotype 1s used. Non-limiting examples of BMP6
receptor binding molecules inchide small molecules, BMP6 decovs, and antibodies to
the BMP6 receptor as produced by B cells or hvbridomas and chimerie, COR-grafied
or human antibodies or any fragment thereof, e.g., F(ab™)2 and Fab fragments, as well
as single chain or single domain antibodies. Preferably the BMP6 receptor binding

20 molecule antagonizes {¢.g., reduces, inhibits, decreases, delaysy BMPS function,
cxpression and/or signaling. In somc embodiments of the disclosed methods,
regimens, kits, processes, uses and compositions, an BMP6 receptor binding molecule
is eraployed.

“Ancnua’, as used herein, means a decrease m the number of red blood cells, or a

25 decrease in the amount of hemoglobin or iron m the blood, with a decreased ability of
the blood to carry oxygen.

“EPQ resistance mndex” or “ERY”, as used herein interchangeably, means the
change i ESA, ¢.g., EPO, dose (Units per kg body weight) as a function of
hemoglobmn level. In embodiments, the ESA dose/hemoglobin level 1s measured

30 weekly. In embodiments, the ESA dose/hemoglobin level 1s measured monthly. In
embodiments, the ESA dose/hemoglobin level 1s compared over multiple
measurement to arrve at the ERL
Ancmia can be diagnosed using any method known in the art, including, as a non-

himiting example, in men based on a hemoglobin of less than about 130 to 140 g/ (13
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to 14 g/dL) and in women, less than about 120 to 130 g/L (12 to 13 g/dL). Janz et al.
2013 Emerg. Med. Pract. 15: 1-15; and Smith 2010 Am. J. Man. Care 16 Supp. §59-
66,

Ag used herem, the terms “BMP6 antibody,” “anti-human BMP6 antibody,”
“BMP6-binding antibody”, “BMP6 antagonist antibody” and the like (and antigen-
binding fragments thereot) include antibodies {and antigen-binding fragments thercof}
which bind to the protein BMP6.

The terms "antibody", “antigen-binding fragment thercof”, “antigen binding
portion,” and the like, as used herein, include whole antibodies and any antigen-
binding fragment (i.¢., "antigen-binding portion") or single chains thercof. A naturally
occurrimg "antibody” s a glveoprotein comprising at least two heavy (H) chains and
two light (L) chains inter-connected by disulfide bonds. Each heavy chain s
comprised of a heavy chain vanable region {abbreviated herein as VH) and a heavy
chain constant region. The heavy chain constant region 1s comprised of three domains,
CHI, CH2 and CH3. Each light chain is comprised of a light chain varable region
{abbreviated herein as VL)Y and a hight chain constant region. The hght chaim constant
region is comprised of one domain, CL. The VH and VL regions can be further
subdivided mto regions of hypervanability, termed complementanty determining
regions (CDR), interspersed with regions that are more conserved, termed framework
regions (FR}. Each VH and VL is composed of three CDRs and four FRg arranged
from amino-terminus to carboxy-terminus in the following order: FR1, CDRI, FR2,
CDR2, FR3, CDR3, FR4. The varnable regions of the heavy and light chatns contain a
binding domain that interacts with an antigen. The constant regions of the antibodics
may mediate the binding of the immunoglobulin to host tissucs or factors, including
various cells of the immune system (e.g., effector cells) and the first component (Clg)
of the classical complement system.

The terms “antigen-binding fragment”, “antigen-binding fragment thereof,” "antigen
binding portion” of an antibody, and the like, as used herein, refer to one or more
fragments of an intact antibody that retain the ability to specifically bind to a given
antigen {¢.g., BMPS) Antigen binding functions of an antibody can be performed by
fragments of an intact antibody . Examples of binding fragments encompassed within
the term "antigen binding portion” of an antibody mclude a Fab fragment, a
monovalent fragment consisting of the VL, VH, CL and CH1 domains; a F {ab),

fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide
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bridge at the hinge region; an Fd fragment consisting of the VH and CHI domains; an

Fv fragment consisting of the VL and VH domains of a single arm of an antibody; a

single domain antibody (dAb) fragment (Ward et al., 1989 Nature 341:544-5406),

which consists of a VH domamn; and an isolated complementanity determining region
5 (CDR).

Furthermore, although the two domains of the Fv fragment, VL and VH, are
coded for by separate genes, they can be joined, using recombinant methods, by an
artificial peptide linker that enables them fo be made as a single protein chain in
which the VL and VH regions pair to form monovalent molecules (known as single

10 chamn Fv (scFv); see, e.g., Bird et al., 1988 Science 242:423-426; and Huston et al.,
1988 Proc. Natl. Acad. Sci. 85:5879-5883). Such single chain antibodies mnclude one
or more "antigen binding portions” of an antibody. These antibody fragments are
obtained using conventional techniques known to those of skill in the art, and the
fragments are screened for utility in the same manner as are intact antibodies.

15 Antigen binding portions can also be incorporated into single domain
anttbodies, maxibodies, nunibodies, mtrabodics, diabodies, triabodies, tetrabodies, v-
MNAR and bis-scFv (see, ¢.g., Hollinger and Hudson, 2005, Nature Biotechnology, 23,
9, 1126-1136). Antigen bimding portions of antibodies can be grafted into scaffolds
based on polypeptides such as Fibronectin type [IF (Fn3) (sce U.S. Pat. No. 6,703,199,

20 which describes fibronectin polypeptide monobodies).

Antigen binding portions can be incorporated into single chain molecuies
comprising a pair of tandem Fv segments (VH-CH1-VH-CH1) which, together with
complementary light chain polypeptides, form a pair of antigen binding regions
(Zapata et al., 1995 Protein Eng. 8 (10):1057-1062; and U.S. Pat. No. 5,641,870).

25 As used herein, the term "Affinity" refers to the strength of mteraction
between antibody and antigen at single antigenic sites. Within each antigenic site, the
variable region of the antibody "arm” interacts through weak non-covalent forces with
antigen at numerous sites; the more interactions, the stronger the affinity.

As used herein, the term "Avidity" refers fo an informative measure of the

30 overall stability or strength of the antibody-antigen complex. It is controlled by three
major factors: antibody epitope affinity; the valency of both the antigen and antibody;

and the structural arrangement of the interacting parts. Ultimately these factors define

the specificity of the antibody, that is, the likelihood that the particular antibody is

binding to a precise antigen epiope.
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¢ term "amino acid” refers to naturally occurring and syothetic amino acids,
as well as aming acid analogs and amino acid mimetics that function in a manner
strailar to the naturally occurring amino acids. Naturally occurring amino acids are
those encoded by the genetic code, as well as those amino acids that are later
modified, e.g., hvdroxyproline, ganma-carboxyglutamate, and O-phosphoserine.
Amino acid analogs refer to compounds that have the same basic chemical structure
as a naturally occurring anuno acid, 1.¢., an alpha carbon that is bound to a hvdrogen,
a carboxvl group, an amino group, and an R group, ¢.g., homosenne, noreucine,
methionine sulfoxide, methionme methy] sultformom. Such analogs have modified R
groups {¢.g., norleucine} or modified peptide backbones, but retain the same basic
chemcal structure as a naturally cccurring amino acid. Amino acid numetics refers to
chemical compounds that have a stracture that 1s different from the general chemical
structure of an amino acid. but that functions in a manner simtiar to a naturally
occurring amino acid.
The term "binding specificity” as used herein refers to the ability of an individual
antibody combining site to react with only one antigenic determinant. The combining
stte of the antibody is located n the Fab portion of the molecule and is constructed
from the hypervariable regions of the heavy and light chains. Binding atfinity of an
antibody 1s the strength of the reaction between a single antigenic determinant and a
single combining site on the antibody. It is the sum of the attractive and repulsive
forces operating between the antigenic determinant and the combining stie of the
antibody.

Specific binding between two entities means a binding with an equilibrium
constant (KA or Ku) of at least | X 107 M7, 10° M, 107 ML, 10" M, or 107 M7
The phrase "specifically {or selectively) binds" to an antibody {¢.g., BMP6-binding
antibody) refers to a binding reaction that is deternunative of the presence of a
cognate antigen (2.2.. & human BMP6 protein} in a heterogencous population of
proteins and other biologics. In addition to the equilibrium constant (KA) noted
above, an BMP6-binding antibody of the mvention typically also has a dissociation
rate constant (Kd or KD or Kp) of about 1 X 107 ¢, 1 X 107 57, or lower, and binds
to BMPG with an affinity that is at least two-told greater than its affinity for binding to
a non-specific antigen (¢.g., BMP2Z, BMPS or BMP7). The phrases "an antibody
recognizing an antigen” and "an antibody specific for an antigen” are used

interchangeably herein with the term "an antibody which binds specifically tc an
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antigen”.
Specific binding between two entities means a binding with an equilibrivim constant
(KA) (kon/koff) of at least 10°M™, at least 3 X 10°M”, at least 10°M™, at feast 5 X
10°M at least 10°M- Lat least 5 X 10*M™, at least 10°M™, at least S X 1°PM, at
5 least 10°M7, at least 3 X 10°M, at least 10'M™, at least 5 X 10'M™, at least 10°M ™,

at least 5 X 10°M™, at least 10"M™, at least 5 X 10°M™, at least 10'°M", at least 5 X
10°"M, at least 10" M, at feast 5 X 10" M, at feast 107"M™!, at feast 5 X 107"M™, at
least 107°M™, at least 5 X 107 M, at least 10M*M7, at least 5 X 10MMY, at least
100 or at least 5 X 107°M

10 The term "chimeric antibody” {or antigen-binding fragment thereof) 1s an
antibody molecule {or antigen-binding fragment thereof) in which (a) the constant
region, or a portion thereof, is altered, replaced or exchanged so that the antigen
binding site {variable region) is linked to a constant region of a different or altered
class, effector function and/or species, or an entirely different molecule which confers

15 new properties to the chimeric antibody, ¢.g., an enzyme, toxin, hormone, growth

factor, drug

(=2

ctc.; or {b) the variable region, or a portion thereof, is altered, replaced or
exchanged with a variable region having a different or altered antigen specificity. For
example, a mouse anttbody can be modified by replacing its constant region with the
constant region from a human immunoglobulin. Due to the replacement with a haman

20 constant region, the chimeric antibody can retaimn its specificity in recogunizing the
antigen while having reduced antigenicity in human as compared to the original
mouse antibody.

The term "conservatively modified variant” applies to both amino acid and
nucleic acid sequences. With respect to particular nucleic acid sequences,

25 conservatively modified varants refers o those nucleic acids which encode identical
or essentially identical amino acid seguences, or where the nucleie acid does not
encode an amino acid sequence, to essentially identical sequences. Because of the
degeneracy of the genetic code, a large number of functionally identical nucleic acids
encode any given protein. For nstance, the codons GCA, GOC, GCG and GCU all

30  encode the amino acid alanine. Thus, at every posttion where an alaning 1s specified
by a codon, the codon can be alicred to any of the corresponding codons described
without altering the encoded polvpeptide. Such nucieic acid varations are "silent
variations," which are one species of conservatively modified vanations. Every

nucleic acid sequence herein which encodes a polypeptide also describes every
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possaible silent vanation of the nucleic acid. One of skaill will recognize that each

codon in a nucleic acid (except AUG, which 1s ordinarily the only codon for

methionine, and TGG, which is ordinarily the only codon for tryptophan) can be

modified to vield a functionally identical molecule. Accordingly, each silent varation
5  of anacleic acid that encodes a polypeptide i1s implicit in gach descenbed sequence.

For polypeptide sequences, "conservatively modified variants” mclude
mdividual substitutions, deletions or additions to a polypeptide sequence which result
in the substitution of an amino acid with a chemically similar amino acid.
Conservative substitation tables providing functionally similar amino acids are well

10 known in the art. Such conscrvatively modificd variants arc in addition to and do not
exclude polvmorphic vanants, interspecies homologs, and alleles of the mvention.
The following eight groups contain aming acids that are conservative substitutions for
oneg another: 1} Alaning (A}, Glyvcine (G); 2} Aspartic acid (D), Glutamic acid {E); 3}
Asparagine (N}, Glutamine (Q); 4) Arginine (R}, Lysine (K); 5) Iscleucine (),

15  Leucine (L), Methionine (M), Valine (V}; 6) Phenvlalanine (F}, Tyrosine (Y),
Tryptophan (W}, 73 Serine (5), Threonine (T); and 8) Cysteine (C), Methiomne (M)
{see, £.g., Croighton, Proteins (1984)). In one embodiment, the term "conservative
sequence modifications” are used to refer to amino acid moditications that do not
significantly affect or alter the binding characteristics of the antibody contaiming the

20 ammno acid sequence.

The term “blocks” as used herein refers to stopping or preventing an
nteraction or a process, e.g., stopping ligand-dependent or higand-independent
signaling.

The term “recognize” as used horein refers to an antibody antigen-binding fragment

25 thereof that finds and interacts {¢.g., binds) with its conformational epitope.

The terms "cross-block”, "cross-blocked”, “cross-blocking”, “compete”™, “cross
compete” and related terms arg used nterchangeably herein to mean the ability of an
antibody or other binding agent to interfere with the binding of other antibodics or
binding agents to BMP6 m a standard competitive binding assay.

36 The ability or extent to which an antibody or other binding agent is able to
mterfere with the binding of another antibody or binding molecule to BMP6, and
therefore whether it can be said to cross-block according to the invention, can be
determined using standard competition binding assays. One suitable assay mvolves

the use of the Biacore technology {¢.g. by using the BlAcore 3000 instrument
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{Biacore, Uppsala, Sweden)), which can measure the extent of interactions using
surface plasmon resonance technology. Another assay for measuring cross-blocking
uses an ELISA-based approach.

The term “neutralizes” means that an antibody, upon binding to its target,

5 reduces the activity, level or stability of the target; ¢ g, a BMP6 antibody, upon
binding to BMP6 neutralizes BMP6 by at least partially reducing an activity, level or
stabilitv of BMP6, such as signaling or its role in hepcidin levels and anemia.

¢ term "epitope” means a protein determinant capable of specific binding to
an antibody. Epitopes usunally consist of chemically active surface groupings of

10 molecules such as amino acids or sugar side chains and usually have specific three
dimensional structural characteristics, as well as specific charge charactenstics.
Conformational and nonconformational epitopes are distinguished i that the binding
to the former but not the latter is lost in the presence of denaturing solvents.

The term “epitope” includes any protein deternminant capable of specific

15  binding to an immunoglobulin or otherwise interacting with a molecule. Epitopic
determinanis generally consist of chemically active surface groupings of molecules
such as amino acids BMP6or carbohydrate or sugar side chains and can have specific
three-dimensional structural characteristics, as well as specific charge characteristics.
An epitope may be “linear” or “conformational.”

20 The term “hincar epitope” refers to an epitope with all of the points of
interaction between the protein and the mteracting molecule (such as an antibody)
oocur lingarally along the primary amino acid seguence of the protein {continuous).
As used herein, the term "high affinity” for an 1gG antibody refers to an antibody
having a KD of 107 M or less, 10” M or less, or 107" M. or 107 M or less fora

25 target antigen, e.g., BMP6. However, "high atfimity” bindimg can vary for other
antibody isotypes. For example, "high affinity" binding for an IgM isotype refers to
an antibody having a KD of 107 M or less. or 107 M or less.

The term "human antibodv” (or antigen-binding fragment thercof), as used
herein, 1s intended to include antibodies (and antigen-binding fragments thereof)

30  having variable regions in which both the framework and CDR regions are derived
from sequences of human origin. Furthermore, if the antibody contains a constant
region, the constant region also 1s denved from such human sequences, e.g., human
germline sequences, or mutated versions of human germline sequences. The human

antibodics and antigen-binding fragments thereof of the invention may mehude amino
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acid residues not encoded by human sequences {¢.g., mutations introduced by random
or site-specific mutagenesis in vitro or by somatic mutation in vivo}.

The phrases “monoclonal antibody” or “monoclonal antibody composition”
{or antigen-binding fragment thereof) as used herein refers to polypeptides, mcluding

5 antibodics, antibody fragments, bispecific antibodies, ete. that have substantially

identical to amino acid sequence or are derived from the same genctic source. This
term also mchudes preparations of antibody molecules of single molecular
composition. A monoclonal antibody composition displays a single binding
specificity and affinity for a particular epitope.

10 The term "human monoclonal antibody” {or antigen-binding fragment thercof)
refers to antibodies (and antigen-binding fragments thereof) displaving a single
binding specificity which have variable regions in which both the framework and
CDR regions are derived from human sequences. o one embodiment, the human
monoclonal antibodics are produced by a hybridoma which includes a B ccll obtained

15  from a transgenic nonhuman animal, ¢.g., a transgenic mouse, having a genome
comprising a human heavy chain transgenc and a light chain transgene fused to an
mmmortalized cell.

The phrase “recombinant human antibody” {or antigen-binding fragment
thercot), as used herein, includes all human antibodies {and antigen-binding fragments

20 thereof) that are prepared, expressed, created or isolated by recombinant means, such
as antibodics isolated from an animal {e.g., a mouse) that is transgenic or
transchromosomal for human immumoglobulin genes or a hybridoma prepared
therefrom, antibodics isclated from a host cell transformed to express the human
antibody, ¢.g., from a transfectoma, antibodics isolated from a recombinant,

25 combinatonial human antibody library, and antibodies prepared, expressed, created or
isolated by any other means that involve splicing of all or a portion of a human
mmmunoglobulin gene, sequences to other DNA sequences. Such recombinant human
antibodies have variable regions in which the framework and CDR regions are
derived from human germline immunoglobulin sequences. In one embodiment, such

30 recombinant human antibodies can be subjected to in vitro mutagenesis {(or, when an
animal transgenic for human lg sequences is used, in vivo somatic mutagenesis) and
thus the amino acid sequences of the VH and VL regions of the recombinant
antibodies are seqaences that, while derived from and related to homan germbine VH

and VL sequences, may not naturally exist within the human antibody germline
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repertoire in vivo.

A "humanized" antibody {(or antigen-binding fragment thereof), as used herein,
18 an antibody {(or antigen-binding fragment thereof) that retains the reactivity of a
non-human antibody while being less immunogenic in humans. This can be achicved,
for instance, by retaining the non-human CDR regions and replacing the remaining
parts of the antibody with their human counterparts (i.¢., the constant region as well as
the framework portions of the variable region). See, ¢.g., Morrison ¢t al., Proc. Natl.
Acad. Sci. USA, 81:6851-6855, 1984; Mornson and 01, Adv. Immunol., 44:65-92,
1988; Verhoeyen et al., Science, 239:1534-1536, 1988, Padlan, Molec. Immun.
28:489-498, 1991, and Padlan, Molec. bmmun., 31:169-217, 1994, Other examples of
human engineering technology include, but 13 not limited to Xoma technology
disclosed in U.S. Pat. No. 5,766,886,

The terms "identical” or percent "identity." in the context of two or more
nucleic acids or polypeptide sequences, refer to two Or more sequences or
subsequences that are the same. Two sequences are "substantially identical” if two
sequences have a specified percentage of aminoe acid residues or nucleotides that are
the same (i.¢.. 60% identity, optionally 65%, 70%, 75%. 80%, 85%, 90%, 95%, or
99% 1dentity over a specified region, or, when not specified, over the entire
sequence}, when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using ong of the following
sequence comparison algorithms or by mamual alignment and visual inspection.
Optionally, the identity exusts over a region that is at least about 50 nucleotides {or 10
amino acids) in length, or more preferably over a region that is 100 to 500 or 1000 or
more nucleotides {or 20, 50, 200 or more amino acids) in length. Optionally, the
identity exists over a region that is at least 50 nucleotides (or 10 anmino acids) in
length, or more preferably over a region that is 100 to 560 or 1000 or more
nucleotides (or 20, 50, 200 or more aming acids) in length,

For sequence comparison, typically one sequence acts as a reference sequence,
to which test sequences are compared. When using a sequence comparison algorithm,
test and reference sequences are entered 1nto a computer, subsequence coordinates arg
designated, if necessary, and sequence algorthm program parameters arc designated.
Default program parameters can be used, or alternative parameters can be designated.
The sequence comparison algorithm then caleulates the percent sequence identities for

the test sequences relative to the reference sequence, based on the program
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parameters.

A "companson window", as used herein, includes reference to a segment of
any onc of the number of contiguous positions sclected from the group consisting of
from 20 to 600, usnally about 50 to about 200, more usually about 100 o about 150 in

5 which a sequence may be compared to a reference sequence of the same number of
contiguous posttions after the two sequences arc optimally aligned. Methods of
alignment of sequences for comparison are well known in the art. Optimal alignment
of sequences for comparison can be conducted, ¢.g., by the local homology algorithm
of Smith and Waterman (1970) Adv. Appl. Math. 2:482¢, by the homology alignment

10 algorithm of Needleman and Wunsch, J. Mol. Biol. 48:443, 1970, by the scarch for
similarity method of Pearson and Lipman, Proc. Nat'l. Acad. Sci1. USA 85:2444, 1988,
by computerized implementations of these algonthms (GAP, BESTFIT, FASTA, and
TFASTA in the Wiscousin Genetics Software Package, Genetics Computer Group,
575 Science Dr., Madison, Wis ), or bv manual alignment and visual mspection (see,

15  e.g., Brent et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc.
(ringbou ed., 2003}).
Two examples of algorithms that are suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which
are desentbed in Altschul ot al, Nuc. Acids Reg. 25:3389-3402, 1977 and Altschel ¢t

20 al, ] Mol Biol 215:403-410, 19990, respectively. Software for performing BLAST
analvses is publicly available through the National Center for Biotechnology
Information. This algorithm mvolves first identifying high scoring sequence pairs
{(HSPs) by identifving short words of length W in the query sequence, which either
match or satisfy some positive-valued threshold score T when aligned with a word of

25 the same length in a database sequence. T 1s referred to as the neighborhood word
score threshold (Altschul et al | supra). These mitial neighborhood word hits act as
seeds for tuitiating searches to find longer HSPs containing them. The word hits are
extended in both dircctions along each sequence for as far as the cumulative
alignment score can be mcreased. Cumulative scores are caleulated using, for

30  nucleotide sequences, the parameters M (reward score for a pair of matching residues;
always >0} and N (penalty score for mismatching residues; always <0). For amino
acid sequences, a scoring matrix is used to calculate the cumulative score. Exdension
of the word hits in each direction are halted when: the comulative ahignment score

falls off by the quantity X from its maximum achieved value; the cumulative score
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goes to zero or below, due to the accumulation of one or more negative-scoring
residue alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed of the alignment. The
BLASTN program (for nucleotide sequences) uses as defaults a wordlength (N of 11,

5 an expectation (E} or 10, M=5, N=-4 and a comparison of both strands. For anino
acid sequences, the BLASTP program uses as defaults a wordlength of 3, and
expectation (E) of 10, and the BLOSUMGZ scoring matrix {sce Henikoff and
Henikott, Proc. Natl. Acad. Sci. USA 89:10915, 1989) alignments (B} of 50,
expectation (E) of 10, M=5, N=-4_ and a comparison of both strands.

10 The BLAST algorithm also performs a statistical analysis of the similarity
between two sequences (see, e.g., Karlin and Ajtschul, Proc. Natl. Acad. Sci. TJSA
00:5873-5787, 1993). One measure of similanity provided by the BLAST algorithm is
the smallest sun: probability (P (N}), which provides an indication of the probability
bv which a match between two nucleotide or amino acid sequences would occur by

15  chance. For example, a nucleic acid 1s considered similar to a reference sequence if
the smallest sum probability in a comparison of the test nucleie acid to the reference
nucleic acid is less than about 0.2, more preferably less than about 0.01, and most
preferably less than about 0.001

The percent identity between two aming acid sequences can also be

20 determined using the algorithim of E. Mevers and W. Miller (Comput. Appl. Biosci,,
4:11-17, 1988) which has been incorporated into the ALIGN program (version 2.0},
using a PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of
4. In addition, the percent identity between two amine acid sequences can be
determined using the Needleman and Wunsch (J. Mol, Biol. 48:444-453, 1970)

25 algonthm which has been incorporated mto the GAP program in the GCG software
package (available at www gcg.com), using either a Blossom 62 matrix or g PAM250
matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weightof 1,2, 3 4,
5,016,

Other than percentage of sequence identity noted above, another indication

30 that two nucleic acid sequences or polypeptides are substantially identical is that the
polypeptide encoded by the first nucleic acid 15 namunologically cross reactive with
the antibodies raised against the polypeptide encoded by the second nucleic acid, as
described below. Thus, a polypeptide s typically substantially identical to a second

polypeptide, for example, where the two peptides differ only by conservative
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substitutions. Another indication that two nucleic acid sequences are substantially
wdentical is that the two molecules or their complements hybridize to cach other under
stringent conditions, as described below. Yet another indication that two nucleic acid
sequences are substantially identical 1s that the same primers can be used to amphfy
the sequence.

The term "isolated antibody" {(or antigen-binding fragment thercof}, as used
herein, refers 1o an antibody (or antigen-binding fragment thercof) that is substantially
free of other antibodies having different antigenic specificities (e.g., an isolated
antibody that specifically binds BMP6 13 substantially free of antibodies that
specifically bind antigens other than BMPS). Morcover, an isolated antibody may be
substantially free of other celiular material and/or chemicals.

The term "isotype” refers to the antibody class (e.g., IgM, IgE, 1o such as
1sG1 or 1gG4) that 1s provided by the heavy chain constant region genes. Isotvpe also
includes modified versions of one of these classes, where modifications have heen
made to after the Fe fuimetion, for example, to enhance or reduce etfector functions or
binding to Fc receptors.

The term "Kassoc" or "Ka" or “KA” or “K.A”, as used heremn, is intended to refer to
the association rate of a particular antibody-antigen interaction, whereas the term
"Kdis" or "Kd," as used herein, 18 intended {o refer to the dissociation rate of a
particelar antibody-antigen interaction. In one embodiment, the term "Kp", as used
herein, is intended to refer to the dissociation constant, which is obtained from the
ratio of Kd to Ka {1.e. Kd/Ka) and 1s expressed as a molar concentration (M), Kp
values for antibodies can be determined using methods well established in the art. A
method for determining the Kp of an antibody is by using surface plasmon resonance,
or using a biosensor system such as a Biacore® system.

The terms "monoclonal antibody” {or antigen-binding fragment thereof} or
"monocional antibody (or antigen-binding fragment thereof) composition” as used
herein refer to a preparation of an antibody molecule {or antigen-binding fragment
thereof) of single molecular composition. A monoclonal antibody composition
displays a single binding specificity and affinity for a particular epitope.

The term "nucleic acid” 1s used hercin interchangeably with the term
"polynucieotide” and retfers to deoxyrbonucleotides or ribonucleotides and polymers
thereof 1n either single- or double-stranded form. The term encompasses nucleic acids

containing known nuclectide analogs or modified backbone residues or finkages,
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which are synthetic, naturally oceurring, and non-naturally occurring, which have
stmilar binding properties as the reference nucleic acid, and which are metabolized in
a manner similar to the reforence nucleotides. Examples of such analogs include,
without hmitation, phosphorothicates, phosphoramidates, methyl phosphonates,
chiral-methyl phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids
{(PNAs).

Unless otherwise indicated, a particular nucleic acid sequence also tplicitly
encompasses conservatively modified variants thereof {¢.g., degenerate codon
substitutions) and complementary sequences, as well as the sequence explicitly
mdicated. Specifically, as detailed below, degenerate codon substitutions may be
achieved by generating sequences in which the third position of one or more selecte
{or all} codons is substituted with mixed-base and/or deoxyinosing residues (Batzer ot
al., Nucleic Acid Res. 19:5081, 1991, Ohtsuka et al., J. Biol. Chem. 260:2605-2608,
1985; and Rossoluu ¢t al., Mol Cell. Probes 8:91-98, 1994).

The term "operably linked” refers to a functional relationship between two or more
polynucieotide {¢.g., DNA) segments. Typically, 1t refers to the functional
relationship of a transcriptional regulatory seguence to a transcribed sequence. For
example, a promoter or enhancer sequence 1s operably hinked to a coding sequence 1f
it stimulates or modulates the transcription of the coding sequence i an appropnate
host cell or other expression system. Generally, promoter transcriptional regulatory
sequences that are operably linked to a transcribed sequence are physically contiguous
to the transcrbed sequence, 1o, they are cis-acting. However, some transcriptional
regulatory sequences, such as enhancers, need not be physically contiguous or located
1 close proximity to the coding scquences whose transcription they enhance.

Ag used herem, the term, "optimized” means that a nucleotide sequence has
been altered o encode an amino acid sequence using codons that are preferred in the
production cell or organism, generally a eukarvotic cell, for example, a cell of Pichia,
a Chinese Hamster Ovary cell (CHO) or a human cell. The optimized nucleotide
sequence 1s engineered to retain completely or as much as possible the amino acid
sequence originally encoded by the starting nuclestide sequence, which is also known
as the "parental” sequence. The optimized sequences herein have been enginecred to
have codons that are preferred m mammalian cells. However, optimized expression of
these sequences in other cukaryotic cells or prokaryotic cells is also envisioned

herein. The amino acid sequences encoded by optimized nucleotide sequences are
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also referred to as optimized.

The terms "polypeptide” and "protein" are used mterchangeably herein to refer
to a polymer of anuno acid residues. The terms apply to amino acid polymers in
which one or more amino acid residue 1s an artificial chemucal numetic of a
corresponding naturally occurring amino acid, as well as to naturally occurring aming
acid polymers and non-naturally cccourring amino acid polymer. Unless otherwise
ndicated, a particular polypeptide sequence also implicitly encompasses
conservatively modified vanants thereof.

The term "recombinant homan antibody” {or antigen-binding fragment
thereof}, as used herein, includes all human antibodics {and antigen-binding fragments
thereof) that are prepared, expressed, created or isolated bv recombinant means, such
as antibodics isolated from an animal (¢.g., a mouse) that is transgemc or
transchromosonmal for human tmmuesoglobulin genes or a hybridoma prepared
therefrom, antibodics isolated from a host cell transformed to express the human
antibody, ¢.g., from a transfectoma, antibodies isolated from a recombinant,
combinatorial human antibody library, and antibodies prepared, expressed, created or
1solated by any other means that involve splicing of ali or a portion of a human
mmunoglobulin genc, sequences o other DNA sequences. Such recombinant human
antibodies have variable regions in which the framework and CDR regions are
derived from buman germline immunoglobulin sequences. In one embodiment,
however, such recombinant human antibodics can be subjected to in vitro mutagenesis
{or, when an animal transgenic for human Ig sequences 1s used, i vivo somatic
mutagenesis) and thus the amino acid sequences of the VH and VL regions of the
recombinant antibodics are sequences that, while derived from and related to human
sermiine VH and VL sequences, may not naturally exist within the human antibody
germline repertoire in vivo.

The term "recombinant host cell” (or simply "host cell”) refers to a cell into
which a recombinant expression vector has been introduced. It should be understood
that such terms are intended to refer not only to the particular subject cell but to the
progeny of such a cell. Because certain modifications may cccur in succeeding
generations duc to either mutation or environmental influences, such progeny may
not, in fact, be identical to the parent cetl, but are stifl inciuded within the scope of the
term "host cell” as used herein.

The term "subject” includes buman and non-human animals. Non-human animals
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inciude all vertebrates, ¢.g., mammals and non~-mammals, such as non-human
primates, sheep, dog, cow, chickens, amphibians, and reptiles. Except when noted, the
terms "patient” or "subject” are used herem miterchangeably .

The term "treating” includes the administration of compositions or antibodies
to prevent or delay the onset of the svmptoms, complications, or biochemical indicia
of a discase {¢.g., ancmia), alleviating the symptoms or arresting or mhibiting further
development of the disease, condition, or disorder. Treatment may be prophvlactic {to
prevent or delay the onset of the disease, or to prevent the manifestation of clinical or
subchinical symptoms thereof) or therapeutic suppression or alleviation of symptoms
after the manifestation of the disease.

The term "vector” 1s intended to refer to a polynucieotide molecule capable of
transporting anocther polynucleotide to which it has been linked. One type of vector is
a "plasmid", which refers to a circular double stranded DNA loop into which
additional DNA scgments may be ligated. Another type of vector 1s a viral vector,
wherein additional DNA segments may be ligated into the viral genome. Certain
vectors are capable of autonomous replication i a host cell into which they are
mitroduced (¢.g., bacterial vectors having a bacterial origin of replication and cpisomal
mammalian vectors}, Other vectors {(¢.g., non-episomal mammalian vectors) can be
mtegrated into the genome of a host cell upon introduction into the host cell, and
thereby are replicated along with the host genome. Moreover, certain vectors are
capable of dirocting the expression of genes to which thev are operatively linked.
Such vectors are referred to herein as "recombinant expression vectors” (or simply,
“expression vectors”). In general, expression vectors of utility in recombinant DNA
techniques are ofien in the form of plasmuds. in the present specification, "plasmid”
and "vector” may be used interchangeably as the plasmid is the most commonly used
form of vector. However, the invention is intended to mclude such other forms of
expression vectors, such as viral vectors {e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which serve equivalent functions,

The term “hematoent” or “hacmatocrit”, as used herein, 15 also known as a
packed cell volume (PCV) or ervthrooyie volume fraction (EVF) and is the volume
{%o) of red blood celis in blood. This is normally about 45% for men and about 50%
for women. It is considered an integral part of a person’s complete blood count
results, along with hemoglobin concentration, white blood count, and platelet count.

In one embodiment, anemia refers to an abnormally low hematocrit, as opposed to
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polyevthemia, which is an abnormally high hematocrit.

The term “assaving” is used to refer to the act of identifying, screening,
probing, testing measuring or deternuning, which act may be performed by any
conventional means. For example, a sample may be assayed for the presence of a

5 particalar genetic or protein marker by using an ELISA assay, a Northern blot,
imaging, serotyping, cellular typing, gene sequencing, phenotyping, haplotyping,
immunohistochemistry, western blot, mass spectrometry, ete. The term “detecting”
{and the like) means the act of extracting particular information from a given source,
which may be direct or indirect. In some embodiments of the predictive methods

10 disclosed herein, the presence or level of a given thing {e.g., level of protein, etc.) 15
detected m a biological sample indirectly, ¢.g., by querving a database. The terms
“assayving” and “determining” contemplate a transformation of matier, e.g., a
transformation of a biclogical sample, ¢.g., a blood sample or other tissus sample,
from one state to another by means of subjocting that sample to physical testing.

15 ¢ term “‘obtaining” means to procure, e.g., (o acquire possession of in any
way, €.g., by physical intervention {e.g., biopsy, blood draw} or non-physical
mtervention {¢.g.. transmitial of information via a server), cte.

The phrase “assaying a biological sample ...” and the like, is used to mean that
a sample may be tested {either directly or indirgctly} for either the presence or level of

20 agiven masker (¢.g., protein}. ft will be understood that, in a situation where the level
of a substance denotes a probability, then the level of such substance may be used to
guide a therapeutic decision. For example, one may determine the level of ferritin in
a patient by assaying for its presence in by guantitative or relatively-quantitative
means {(e.g., levels relative to the levels m other samplesy. The disclosed methods

25 mwvolve, mnter alia, determining the level of a particular marker, e.g., fernitin, n a
paticnt.

As used herein, “selecting” and “selected” 1o reference to a patient is used o
mean that a particular patient is specifically chosen from a larger group of paticnts on
the basis of (due to} the particular patient having a predetermined critena, ¢.g., the

30  patient has a particular level of ferritin, ¢.g.. as described herein. Simidarly,
“selectively treating” refers to providing treatment to a patient having a particular
disease, where that patient 1s specifically chosen from a larger group of patients on the
basis of the particular patient having a predetermined cnieria, e.g., an anenua patient

specifically chosen for treatment due to the patient having a particular ferritin lovel,
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¢.g., as described herein. Simularly, “selectively admimistering” refers to
administenng a drug to a patient that is specifically chosen from a larger group of
paticnis on the basis of (due to) the particular patient having a predetermined criteria,
¢.z., a particular genetic or other biological marker, e.g., a particular fermtin level,

5  e¢.g,asdescribed herein. By selecting, selectively treating and selectively
administering, it is meant that a patient is delivered a personalized therapy based on
the patient’s particular biology, rather than being delivered a standard treatment
regimen based solely on the patient having a particular disease.  Selecting, in
reference to a method of treatment as used herein, does not refer to fortaitous

10 treatment of a paticnt that has a particular marker, but rather refers to the deliberate
choice to admimster a BMP6 antagonist to a patient based on the patient having a
particular marker, e.g., a particular ferritin level, e.g., as descnibed herein. Thus,
selective treatment differs from standard treatment, which delivers a particular drug to
all patients, regardiess of their marker status.

15 As used herein, “predicting” indicates that the methods described herein
provide information to enable a health care provider to determme the likelihood that
an mdividual baving a disease, ¢.g., anerata, will respond to or will respond more
favorably to treatment with BMP6 binding molecule. It does not vefer to the ability
to predict response with 100% accuracy. Instead, the skilled artisan will understand

20 that it refers 1o an increased probability.

As used herein, “likelibood” and “likely™ 15 a measurement of how probable an event
is to occur. It may be used mterchangably with “probability”. Likelihood refersto a
probability that is more than speculation, but less than certainty. Thus, an event is
likely 1t a reasonable person using common sense, training or experience concludes

25 that, given the circumstances, an event is probable. Tn some embodiments, once
hikelihood has been ascertained, the patient may be treated {or treatment contimued, or
treatment proceed with a dosage increase) with the BMP6 binding molecule or the
patient may not be treated (or treatment discontinued, or treatment proceed with a
towered dose} with the BMP6 binding molecule.

36 The phrase “increased hikelihood” refers to an increase in the probability that
an cvent will occur.  For example, some methods herein allow prediction of whether
a patient wiil display an increased likelihood of responding to treatment with a BMP6
binding molecule or an increased likehihood of responding better to treatment with a

BMP6 binding molecule in comparison to a patient having the same or similar discase
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who does not have the marker {¢.g., the level of ferritin as descnibed herein).

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1A shows mhibttion of BMP activity by antagonist antibodies 5, 6 and 7 m
reporter gene assay. Activity against BMP2, BMP3, BMP6, and BMP7 1s shown.
Fig. 1B shows an ELISA binding assay testing Antibody 7 binding to human BMPS,
human BMP7, human BMP35, mouse BMP6, hBafi®, B5A and New. Inthis figure
and various other figures, and elsewhere n the Specification, Ab 5 = Antibody 3; Ab
6 = Antibody 6; and Ab 7 = Antibody 7.

Fig. 2 shows the phammacodvnamics profiles of single dose rat triage PK study.
Antibodies 5, 6 and 7 were used. Serum hepcidin and iron levels were measured at
thr, 6hr, 1,2, 4, 8, 16 davs post dose (10 mg/kg, IV).

Fig. 3 shows dose-dependent effects of a BMP6 antibody on serum biomarkers of iron
metabolism. Top: Serum higG concentration over time following a single 1V injection
of Antibody 6 at the indicated doses. Bottom: Left panel is quantitative analysis of
serem hepeidin concentration after a single Antibody 6 or control human IgG
mjcction, whereas right panel is serum 1ron concentration.

Fig. 4 shows therapeutic treatment of BMP6 Antibody n an ESA-resistant anemia of
mflammation mouse model. Top: Experimental scheme of BA-indaced ESA-resistant
anenua of inflammation model. Bottom: Ervthropoiesis parameters at 13 days after
BA treatment. HGB: hemoglobin, HCT: hematocrit; RETA: reticulocyte count; RET-
HE: Reticalocyte hemoglobin equivalent. * p <0.05, **% p <001, *** p <0.001,
#EEE 5 <0.0001 versus BA+EPO+higGl.

Fig. 5 shows lincar epitope mapping by HDxMS (hydrogen/denterium exchange
coupled with mass spectometry}. The epitope of BMPG6 bound by Antibody 7 1s
shown (residues 88-102 of human BMP6 (QTLVHLMNPEY VPKP (SEQ D NO:
09831, Using HDxMS, Antibody 676, a humanized version of a commercially
avatiable BMP6 antibody, was found to bind to an epitope consisting of residues 23-
35 of human BMP6 (VSSASDYNSSELK (SEQ ID NO: 99)).

Fig. 6 shows the protocol for Part 1 of the chinical program to investigate the safety
and efficacy of BMP6 antibodies.

Fig. 7 shows the dose adjustment decision tree for the clinical program {o investigate
the safety and efficacy of BMP6 antibodies.

Fig. 8 shows the protocol for Part 2 of the chinical program to investigate the safety
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and efficacy of BMP6 antibodies.
Fig. 9 shows pharmacokinetics profiles of single dose Antibody 7 in male rats.
Fig. 10 shows dose-dependent effects of Antibody 7 on serum biomarkers of iron
metabolism in rats. Shown is the gquantitative analysis of serum hepeidin

5 concentration after a single Antibody 7 or control (vehicle) injection at the mdicated
dose. Left panel shows an expanded view of the effects i the first 24 hours after
administration.
Fig. 11 shows dependent effects of Antibody 7 on serum 1ron in rats. Shown 1s the
guantifative analysis of senim iron concentration after a single Antibody 7 or control

10 (vehicle) injection at the indicated dose. Left panel shows an expanded view of the
effects n the first 24 hours after administration.

Fig. 12 shows the concentration-time profile of single dose IV injection of Antibody 7
{3mg/kg) in cynomolgus monkevs. Plotied is total Antibody 7 concentration (both
free and BMPo6-bound).

15  Fig. 13 shows serum hepeidin and Fe concentration in male cynomogus monkevs
after a single intravenous injection of Antibody 7 at a dose of 3 mg/kg. Data from
three different monkeys is shown, together with the mean.

Figure 14 shows the peak TSAT (ron saturation, %) for hemodialvsis patients before
treatement {Baseling) and during the 3 days following treatment with .01 mg/kg

20 Antibody 7 {Ab7) (3 Days Post Dose}. Cohort | patients all had pre-treatment
Ferritin levels less than or equal 1o 500 ng/mb.. Cohort 2 paticnts all had pre-
treatment Ferritin levels between 300 and 1000 ng/mL. The bold line shows the

median TSAT level for cach group.

25 DETAILED DESCRIPTION OF THE INVENTION
The present invention provides methods of treating conditions associated with

reduced iron, ¢.g., anemia, with inhibitors of BMP6.

BMPs INHIBITORS
30
A wide variety of BMP6 antagonists can be used in the methods of the present
mvention, such as, for example, antibodies, fusion proteins, adnectins, aptamers,
anticalins, lipocalins, nucleic acids {¢.g., antisense molecules, such as RNA

interfering agents and ribozymes), immunoconjugates {¢.g., an antibody conjugated to
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a therapeutic agent), small molecules, fusion proteins, BMP6-derived peptidic

compounds, and receptor-based antagounists (e .g. soluble BMP6 receptor domains).

Nucleic Acids/Antisense Molecules

In another embodiment, the BMP6 antagonist employed in the methods of the
present invention 15 an antisense nucleic acid molecule that is complementary 1o a
gene encoding BMP6, or to a portion of that gene, or a recombinant expression vector
encoding the antisense nucleic acid molecule. As used herein, an “antisense” nucleic
acid comprises a nucleotide sequence which is complementary to a “sense” nucleic
acid encoding a protein, ¢.g., complementary to the coding strand of a double-
stranded ¢cDNA molecule, complementary to an mRNA scquence or complementary
to the coding strand of a gene. Accordingly, an antisense nucleic acid can hyvdrogen
bond to a sense nucleic acid.

The use of antisense nucleic acids to down-modulate the expression of a
particular protein in a cell 1s well known n the art (see ¢.g., Weintraub, H. ¢t al,,
Antisense RNA as a molecular tool for genetic analvsis, Reviews—Trends in
Genetics, Vol 1(1) 1986; Askart, F. K. and McDonnell, W. M. {1996} N. Eng. .
Med. 334:316-315; Bennett, M. R. and Schwartz, 5. M. (1995} Circulation 92:1981-
1993; Mercola, D. and Cohen, | §. (1995} Cancer Gene Ther. 2:47-59; Rossi, J. 1.
{1995) Br. Med. Bull. 51:217-225; Wagner, R W (1994) Nature 372:333-335). An
antisense nucleic acid molecule comprises a nucleotide sequence that is
complementary to the coding strand of another nucleic acid molecule (e.g., an mRNA
sequenae) and accordingly is capable of hvdrogen bonding to the coding strand of the
other nucleic acid molecule. Antisense sequences complementary to a sequence of an
mRBNA can be complementary to a sequence found in the coding region of the
mBNA, the 5'or 3'untranslated region of the mRNA or a region bridging the coding
region and an untranslated region {¢.g., at the junction of the S"untransiated region and
the coding region). Furthermore, an antisense nucleic acid can be complementary in
sequence 1o a regulators region of the gene encoding the mRNA | for instance a
transcription inatiation sequence or regulatory element. Preferably, an antisense
nucleic acid 1s designed so as 1o be complementary to a region preceding or spanning
the mitiation codon on the coding strand/or m the 3" untranslated region of an mRNA.

Antisense nuclete acids can be designed according to the rules of Watson and

Crick base pairing. The antisense mucleic acid molecule can be complementary o the
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entire coding region of BMP6 mRNA, but more preferably is an oligonucleotide
which is antisense to only a portion of the coding or noncoding region of BMP6
mENA. For example, the antisense oligonucleotide can be complementary to the
region surrounding the translation start site of BMP6 mRNA. An antisense

5  ohgomucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50

nucleotides 1o length. An antisense nucleic acid can be constructed using chenucal

synthesis and enzymatic higation reactions using procedurcs known in the art. For

example, an antisense nucleic acid {¢.g., an antisense ohigonucleotide) can be
chemically synthesized using naturally occowrring nucleotides or variously modified

10 nucleotides designed to increase the biological stability of the molecules or to increase
the physical stability of the duplex formed between the antisense and sense nucleic
acids, ¢.g., phosphorothicate derivatives and acridine substituted nuclectides can be
used. Examples of modified nucleotides which can be used to generate the antisense
nucleic acid include 3-fluorouracil, 3-bromouracil, 5-chlorouracil, 5~iodouracil,

15  hvpoxanthine, xantine, 4-acetylevtosine, S-(carboxyhydroxylmethyhuracil, 5-
carboxyvmethylaminomethyvl-2-thiouridine, S-carboxymethyvlamimomethyluracil,
dibydrouracil, beta-D-galactosviqueosing, inosine, Né-isopentenyladenine,
methviguanine, T-methvlinosine, 2,2-dimethyiguanine, 2-methyladenine, 2-
methylguanine, 3-methvleviosine, S-methyvlcevtosine, N6-adenine, 7-methylgoanine, 3-

20 methviaminomethyluraci, 5-methoxyaminomethvl-2-thicuracil, beta-D-
mannosylqueosine, 5'-methoxyearboxymethyiuracil, 5~-methoxvuracil, 2-methyithio-
Né-isopentenyvladenine, uracil-3-oxyacetic acid (v), wybutoxosime, pseudourac,
gueosine, 2-thicovtosine, S-methyi-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-
methyluracil, uracil-3-oxyacetic acid methyiester, uracil-5-oxyacetic acid (v}, 5-

25 methyl-2-thiouracil, 3-(3-ammo-3-N-2-carboxypropyljuracil, (acp3)w, and 2,6-
diaminopurine. Alternatively, the antisense nucleic acid can be produced biologically
using an ¢xpression vector into which a nucleic acid has been subcioned in an
amisense orientation (1.e., RNA transcribed from the inseried nucleic acid will be ifan
anfisense orientation to a target nucleic acid of mterest, described further in the

30 following subsection).

The antisense nucieic acid molecules that can be utitized 1n the methods of the
present mvention are typically adnunistered to a subject or generated in situ such that
they hybridize with or bind to cellular mRNA and/or genomic DNA encoding BMP6

to thereby inhibit expression by inhibiting transcription and/or translation. The
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hvbndization can be by conventional nucleotide complementarity to form stable
duplex, or, for example, in the case of an antisense nucleic acid molecule which binds
to DNA duplexes, through specific interactions in the major groove of the double
helix. An example of a route of administration of antisense nucleic acid molecules
mehudes direet injection at a tissue site. Alternatively, antisense nucleic acid
molecoles can be modified to target selected cells and then administered systemigally.
For exarople, for systemic administration, antisense molecules can be modificd such
that they specifically bind to receptors or antigens expressed on a selected cell
surface, ¢.g., by linking the antisense nucleic acid in molecules to peptides or
antibodies which bind to cell surface receptors or antigens. The antisense nucleic acid
molecules can also be delivered to cells using vectors well known in the art and
described in, for example, US20070111230 the entire contents of which are
incorporated herein. To achieve sufficient mtracelular concentrations of the antisense
molecules, vector constructs in which the antisense nucleic acid molecule is placed
under the control of a strong pol I or pol HI promoter are preferred.

In yet another embodiment, the antisense nucleic acid molecule employed by
the methods of the present invention can include an a-anomeric nucleic acid
molecule. An g~-anomeric nucleic acid molecule forms specific double-stranded
hybrids with complementary RNA in which, contrary to the asual B-units, the strands
run parallel to each other (Gaultier et al. {1987) Nucleic Acids. Res. 15:6625-66413
The antisense nucleic acid molecule can also comprise a 2'-o-methyiribonuclectide
(Incue et al. (1987} Nucleic Acids Res. 15:6131-6148) or a chimeric RNA-DNA
analogue (Inouc et al. (1987 FEBS Lett. 215:327-330).

In another embodiment, an antisense nucleic acid used in the methods of the present
mvention is a compound that mediates RNA1, RNA nterfering agents include, but are
not limited to, nucleic acid molecules including RNA moelecules which are
homologous to BMPS or g fragment thereot, “short interfering RNA” (siRNA), “short
hairpin” or “small hairpin RNA” (shRNA), and small molecules which terfere with
or inhibit expression of a target gene by RNA mterference (RNA1). RNA mterference
1S a post-transcriptional, targeted gene-silencing technique that uses double-stranded
RNA (dsRNA) to degrade messenger RNA (mRNA) containing the same scquence as
the dsRNA (Sharp, P. A. and Zamore, P. D. 287, 2431-2432 (2000}, Zamore, P. . et
al. Cell 101, 25-33 (2000). Tuschl, T. et al. Genes Dev. 13, 3191-3197 (1999}). The

process oocurs when an endogenous ribonuclease cleaves the longer dsRNA into
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shorter, 21~ or 22-nucleotide-long RNAs, termed small mterforing RNAs or siRNAs.
The smatler RNA segments then mediate the degradation of the target mRNA Kits
for synthesis of RNAI are commercially available from, e.g., New England Biolabs
and Ambion. In one embodiment one or more of the chemistries described above for
use in antisense RNA can be emploved.

In still ancther embodiment, an antisense nucleic acid is a rtbozyme.
Ribozymes are catalviic RNA molecules with ribonuciease activity which are capable
of cleaving a single-stranded mucleic acid, such as an mRNA to which they have a

complementary region. Thus, ribozymes {e.g.

=

hammerhead ribozyvmes (described in
Haselhoff and Gerlach, 1988, Nature 334:585-391) can be used to catalvtically cleave
BMP6 mRNA transeripts to thereby inhibit transiation of BMP6 mRNA.

Alternatively, gene expression can be inhibited by targeting nucleotide
sequences complementary to the regulatory region of BMP6 (e g, the promoter and/or
enhancers) to form triple helical structures that prevent transcnption of the BMPS
gene. See generally, Helene, €., 1991, Anticancer Drug Des. 6(6):369-84; Helene, C.
gtal, 1992, Ann. NY. Acad. Sci. 660:27-36; and Maher, L. J., 1992 Bicassays
14(12):807-15.

Fusion Proteins and BMPS-Derived Peptidic Compounds

In another embodiment, the BMP6 antagomnist used in the methods of the
present invention is a fusion protein or peptidic compound derived trom the BMP6
amino acid sequence. In particular, the inhibitory compound comprises a fusion
protein or a portion of BMP6 (or a mimetic thereof) that mediates interaction of
BMPG with a target molecule such that contact of BMP6 with this fusion protein or
peptidic compound competitively intubits the interaction of BMP6 with the target
molecule. Sach fusion proteins and peptidic compounds can be made using standard
techniques known in the art. For example, peptidic compounds can be made by
chemical synthesis using standard peptide synthesis technigues and then introduced
nto cells by a vanety of means known in the art for introducing peptides into cells
{e.g.. liposome and the Hke}.

The in vivo half-life of the fusion protein or peptidic compounds of the
mvention can be improved by makmg peptide modifications, such as the addition of
N-linked glycosylation sites into the BMP6 peptidic compound, or conjugating the

peptidic BMP6 compound to polv{cthylene glycol} (PEG; pegvlation), g, via lysine-

37



WO 2017/216724 PCT/IB2017/053507

monopegylation. Such techniques have proven to be beneficial in prolonging the halt-
life of therapewtic protein drogs. It is expected that pegylation of the BMP6
polypeptides of the invention may resultf in similar phanmaccutical advantages.
In addition, pegviation can be achieved mn any part of a polypeptide of the
5 mvention by the ntroduction of a nonnatural amine acid. Certain nonnateral amino
acids can be introduced by the technology described in Deiters et al |, J Am Chem Soc
125:11782-11783, 2003; Wang and Schultz, Science 301:964-967, 2003; Wang et al.,
Science 292:498-500, 2001 Zhang et al, Science 303:371-373, 2004 or n U.S. Pat.
No. 7,083,970, Briefly, some of these expression systems involve site-directed
10 mutagenesis to introduce a nonsense codon, such as an amber TAG, mto the open
reading frame encoding a polvpeptide of the invention. Such expression vectors are
then introduced into a host that can utilize a tRNA specific for the introduced
nonsense codon and charged with the nonnatural amino acid of choice. Particular
nonnatural amino acids that are beneficial for purpose of conjugating moictics to the
15 polypeptides of the invention include those with acetylene and azido side chains. The
BMPS6 polypeptides contaming these novel anmino acids can then be pegvlated at these

chosen sites in the protein.

Receptor-Based Antagonist
20 In another embodiment, the BMP6 antagomnist used in the methods of the
present invention is a receptor-based antagonist. Receptor-based antagonists include
soluble BMP6 receptors that bind BMPG6 {or portions thereof), respectively, and
disrept BMPS activity and/or function. In a particular embodiment, the receptor-based
antagonist includes, but is not limited to, soluble hemojuvelin or BMP Type I or Tvpe
25 I receptor. Versions of soluble hemojuvelin include those described in patent

application publication US2010/3136015.

BMP6 ANTIBODIES AND ANTIGEN-BINDING FRAGMENTS THERECGF
The present invention provides, as BMP6 inhibitors useful in the methods and
30 other embodiments and aspects of the invention described herein, antibodies and
antigen-binding fragments thercof that specifically bind to human BMP6.
BMP6, a secreted BMP family growth factor ligand, has been identified as a
critical endogenous regulator of hepatic expression of iron metabolism hormone

hepeidin. Without being bound by any particular theory, this disclosure suggests a
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BMP6 antagonist antibody as a hepcidin-lowering therapy is expected to benefit
patients with iron-restricted anenyia by overcoming resistance to Ervthropoigsis
Stimulating Agent (ESA), which adds substantially to the morbidity of an underlying
disease and 15 often a predictor of adverse outcome.

5  Examples of such anti-human BMP6 antibodies are Antibodies 3, 5, 6 and 7, whose
sequences are histed in Table 1, and the anti-human BMP6 antibodies deseribed in
Table 14.

Antibodies 3, 6 and 7 all bind with high affinity for human BMP6, with high
selectivity over human BMP7, uman BMPS and human BMP2 (sec Fig. 1A}, These

10 antibodies also all demoustrate a decrease in serum bepcidin and an merease o serum

iron 1n rats {see Fig. 2).

Additional examples of anti-human BMP6 antibodies are LY3113593 (se¢, e.g.,

clinical trial NCT02604160). Additional examples of anti-human BMP6 antibodies

are descnibed in PCT application publication number WO2014/099391, the contents

15 of which are hercby mcorporated by reference in their entirety. Particular anti-human

BMP6 antibodies of W(2014/099391 include the antibodies deseribed in Table 14,

Table 14: Examples of anti-human BMP6 antibodics

Sequence Name | Sequence SEQ D
NG

Antibody |

LCDRI RSSENIYENLA 1

LCDR2 AATNLAD 2

LCDR3 QGIWGTPLT 3

Light Chain DIQMTQSPSSLSASVGDRVTITCRSSENIYRNLAWY | 4

Variable Region | QUKPGKAPKLLIYAATNLADGYPSRFSGSGSGTDF

(aa) TLTISSLOPEDFATYYCOQGIWGTPLTFGGGTKVEIK

(v ]

Light Chain (aa) | DIQMTQSPSSLSASVGDRVTITCRSSENIY RNLAWY
QOKPGKAPKLLIYAATNLADGVPSRFSGSGSGTDF
TLTISSLOPEDFATYYCQGIWGTPLTFGGGTKVEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPRE
ARKVOWKYDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYERKHEVYACEVTHQGLSSPVTKSFNR
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GEC
HCDRI GYTFISYAMH 6
HCDR2 YINPYNDGTKYNENFK 7
HCDR3 RPFGNAMDI 8

Heavy Chain QVQLVQSGAEVKKPGSSVKVSCKASGYTFTSYAM | 92

Variable Region | HWVRQAPGQGLEWMGYINPYNDGTKYNENFKGR

(aa) VTITADESTSTAYMELSSLRSEDTAVYYCARRPFG
NAMDIWGQGTLVTVSS

Heavy Chain (aa) | QVQLVQSGAEVEKPGSSVEVSCKASGYTFTISYAM | 93
HWVRQAPGQGLEWMGYINPYNDGTRKYNENFKGR
VTITADESTSTAYMELSSLRSEDTAVYYCARRPFG
NAMDIWGOQGTLVTVSSASTKGPSVEPLAPCSRSTS
ESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKP
SNTKVDKRVESKYGPPCPPCPAPEAAGGPSVELFPP
KPKDTLMISRTPEVTCVVVDVSQEDPEVOFNWYV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLINGKEYKCKVSNKGLPSSIEKTISKAKGQOPREPQ
VYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRW
QEGNVFSCSVMHEALHNHYTQRKSLSLSLG

Antibody 2

LCDRI RSSENIYRNLA I

LCDR2 AATNLAD 2

LCDR3 QGIWGTPLT 3

Light Chain DIOMTQSPSSLSASVGDRVTITCRSSENIYRNLAWY | 4

Variable Region | QOKPGRKAPKLLIYAATNLADGVPSRFSGSGSGTDF

(aa) TLTISSLOPEDFATYYCQGIWGTPLTFGGGTKVEIK

Light Chain {aa) | DIQMTQSPSSLSASVGDRVTITCRSSENIYRNLAWY | 3

QOKPGKAPKLLIYAATNLADGVPSRESGSGSGTRF
TLTISSLOPEDFATYYCQGIWGTPLTFGGGTKVEIK
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4y

RTVAAPSVFIFPPSDEQLKSGTASYVVCLINNFYPRE

AKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR
GEC
HCDR1 GYTFTSYAMH 3
HCDR2 YINPYNRGTKYNENFK 94
HCDRS RPFGNAMDI 8
Heavy Chain QVOQLVQSGAEVKKPGSSVEVSCKASGYTFTSYAM | 95
Variable Region | HWVRQAPGQGLEWMGYINPYNRGTKYNENFKGR
(aa) VTITADESTSTAY MELSSLRSEDTAVYYCARRPFG

NAMDIWGQGTLVTVSS

Heavy Chain (aa) | QVOLVGSGAEVKKPGSSVKVSCKASGYTFTISYAM | 96
HWVRQAPGQGLEWMGYTNPYNRGTKYNENFKGR
VTITADESTSTAYMELSSLRSEDTAVYYCARRPFG
NAMDIWGQGTLYTVSSASTKGPSVFPLAPCSRSTS
ESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTKTY TCNVDHKP
SNTKVDKRVESKYGPPCPPCPAPEAAGGPSVELEPP
KPKDTLMISRTPEVTCVVVDVSQEDPEVOFNWYV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQ
VYTLPPSOEEMTKNOVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLY SRLTVDKSRW
QEGNVFSCSVMHEALHNHY TQKSLSLSLG

To provide further evidence that targeting this pathway can confer
unprovement of functional endpoints, we tested the ability of BMP6-specific
antibodics, Antibodics 5 to 7, to modulate serum biomarkers for iron metabolism in
nommal mice and rats, and to reverse ESA-resistant anemia i a mouse model of
anemia of inflammation. We found that a single mjection of animals with BMP6
antibody resulied in a sustained increase of serum iron levels, accompanied by potent

suppression of circulating hepcidin, Furthermore, therapeutic treatment of mice
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subjected to inflammation-induced anemia significantly improved erythropoietic
parameters in response to concurrent crvthropoictin treatiment.

In this disclosure, inbibition of BMP6 signaling in a mouse model of anemia
of inflammation substantially improved iron-dependent red cell parameters.

The BMP6 antagonist antibodies disclosed herein represent a novel
therapeutic approach fo safely improve anemia with erythropoietin hypo-
responsivencss. Without being bound by any particular theory, this disclosure
suggests that this mav occur through mobilization and availability of iron store to the
demand from ervthroid compartment.

In one embodiment, the present invention provides isolated antibodies or antigen-
binding fragments thereof that bind with a 100-, 300- or 1000-fold higher affinity for
human BMP6 protein, than to any of human BMP3 or human BMP7 protein.
Specificity to BMP6 withowt binding to BMP7 is important, as kanock-out of BMP6 is
not lethal to mice. However, knock-out mice for BMP7 die afier buth with kidney,
eve and bone defects. Individual knock-outs of either gene do not alter cardiogenesis,
but a double knock-out of BMP6 and BMP7 demonstrated several defects and delays
1 the heart; embryos died to cardiac msufficiency. BMP7 is important in preventing
progression of chronic heart disease associated with fibrosts. Therefore, cross-
reactivity of an anti-BMP6 antibody with BMP7 is not desirable. Antibodies
provided herein arc specific to BMP6 over BMP7, See, for example, Table 4A. Fig.
1B also shows evidence for binding specificity to human BMP6 over human BMPZ,
BMPS and BMP7 proteins. In contrast, a commerciallyv-available BMP6 antibody
from R&D Systems, for example, was revealed to have strong cross-reactivity to
BMP7 in a reporter gene assay, and to inhibit both BMP6 and BMP7.

Antibodies of the vention include, but are not hmited to, the human
monoclonal antibodies, isolated as described, m the Examples (sec Section 6 below).
Examples of such anti-human BMP6 antibodies are Antibodies 3, 5, 6 and 7, whose
sequences are histed in Table 1.

Matured antibody 7 is denived from NOV0442 VL(YGQ) Gemmlining/PTM
removal, which is denived from parental IgG hit NOV0442 (VH3 3-15, VI le}.
Antibody 7 binds with high affinity for human BMP6 1n an ELISA binding assay,
with selectivity over human BMP7 of over 500-fold (i.e.. an affinity to human BMP6
over 500-fold greater than to human BMP7). This antibody also has no detectable

activity against human BMPZ or BMPS. The BMP6 peptide recognized by parental
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IgG NOV0442 and Antibody 7 1s shown i Fig. 5. The peptide comprises amino
acids QTLVHLMNPEYVPKP (SEQ 1D NO: 98) of human BMP6. In contrast to Iga
NOV0442 and Antibody 7, humanized mAb307 (R&D Systems) binds to the
sequence VSSASDYNSSELK (SEQ 1D NG: 99) of human BMP6. Thus, the epitope
recognized by IglG NOV0442 and Antibody 7 represents a novel BMP6 epitope.
Antibody 7 also inhibits BMP6 binding to receptors in vitro. Binding of BMP6 to
BMPRIA is inbibited maximally 59%; binding to BMPRI18B is inhibited maximally
35%; and binding to RGM-¢ is inhibited maximally 72%. A single 10 mg/kg
treatment in rats led to sustaimed suppression of circulating hepcidin, The estimated
mimimum etfective dose in mice is less than or equal to 0.1 mg/kg. Serum iron also
showed an merease, and hepeidin showed a decrease after a single Antibody dose in
monkeys of 3 mg/kg. In mice, wherein Bracella abortus antigen was used to simulate
anemia, the treatment effect of Antibody 7 (2 mg/kg) is consistent with clinically
significant ervthropoietic response to chronic EPO therapy, with gradual hemoglobin
merease of > 2.0 g/dL. from baselme.

In antibody 7, a potential post-translational modification site was removed by
an N51Q mutation within LCDR2 to increase later product homogeneity. The
antibody derived from the VH3/lambdal framework was enginecred in order to match
the closest human germline sequence: in VH by a V40A mutation, in VL by B1Q, 128
mutations and introduction of amino acids Y49 and G50 to repair the framework in
which these 2 residues were inttially missing.

This work resulted in Antibody 7 (= NOV0958 =
NOVO806 VHIVAOA] VLIDIQ, 128, Y49, G530, N51Q).

Antibodies 3, 5, 6 and 7 all show high specificity for human BMPG protein
compared to human BMP2, BMPS or BMP7 protein. The epitope of all these
antibodies is predicted to be the same as they are all dertved from a single parental
Fab before affinity maturation. Antibody 3, for example, shares the same Fab clone
with both antibodics 3 and 7 before affinity maturation of HCDR2. Antibody 3 is
derived from NOV0442 (VH3 3-15, VI _1e) — NOV0442 VL(YGQ) — (HCDR2
affinity maturation} — Antibody 3. Antibody 3 1s derived from NOV0442 (VH3 3-
15,V le) — NOV0O442Z VI(YGS) — (HCDR?Z affinity maturation) — Antibody 3.
Additional details regarding the generation of the antibodies described herein are
provided in the Examples.

The present invention provides antibodies that specifically bind BMPS (e g,
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human BMP6 protem), said antibodies comprising a VH domain listed in Table 1
and/or Table 14, The present invention also provides antibodies that specifically bind
to BMP6 protein, said antibodics comprising a VH CDR having an apuno acid
sequence of any one of the VH CDRs listed in Table T and/or Table 14. In particular,
5 the vention provides antibodies that specifically bind to BMPG6 protein, said
antibodies comprising {or alternatively, consisting of) one, two, three, four, five or
more VH CDRs having an amino acid sequence of any of the VH CDRs listed 1
Table 1 and/or Table 14.
The mvention also provides antibodies and antigen-binding fragments thereof
10 that specifically bind to BMP6, said antibodics or antigen-binding fragments thereof
comprising {or alternatively, consisting of) a VH amino acid sequence histed in Table
1 and/or Table 14, wherein no more than about 10 amino acids in a framework
sequence {(for example, a sequence which is not a CDR) have been mutated (wherein
a mutation 1s, as various non-limiting examples, an addition, substitution or deletion).
15  The invention also provides antibodies and antigen-binding fragments thereof that
apecifically bind to BMP6, said antibodics or antigen-binding fragments thereof
comprising {or alternatively, consisting of) 2 VH amino acid sequence histed 1o Table
1 and/or Table 14, wherein no more than 16 amino acids 1o a framework sequence
{for example, a sequence which is not a CDR) have been mutated (whergin a mutation
20 s, as various non-limiting examples, an addition, substitution or deletion).

The invention also provides antibodics and antigen-binding fragments thereof
that specifically bind to BMP6, said antibodies or antigen-binding fragments thereof
comprising {or alternatively, consisting of) a VH amino acid sequence histed 1o Table
1 and/or Table 14, wherein no more than about 20 amino acids in a framework

25 sequence (for example, a sequence which is not a CDR) have been mutated (wherein
a mutation is, as various non-limiting examples, an addition, substitution or deletion).
The invention also provides antibodies and antigen-binding fragments thereof that
specifically bind to BMP6, said antibodies or antigen-binding fragments thereof

comprising (or alternatively

S

consisting of) a VH amino acid sequence listed in Table
30 1 and/or Table 14, wherein no more than 20 amino acids in a framework sequence
{(for example, a sequence which is not a CDR) have been mutated {(wherein a mutation
13, as various non-limiting examples, an addition, substitution or deletion).
The invention also provides antibodics and antigen-binding fragments thereof

that specifically bind to BMP$, said antibodies or antigen-binding fragments thereof
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comprising {or alieratively, consisting of) a VL amino acid sequence histed in Table
1 and/or Table 14, wherein no more than about 10 amino acids in a framework
sequence (for example, a sequence which 1s not a CDR) have been mutated {(wherein
a mutation 1s, as various non-limiting examples, an addition, substitution or deletion).
5 The mvention also provides antibodics and antigen-binding fragments thereof that
specifically bind to BMP6, said antibodies or antigen-binding fragments thereof
comprising {or alterativelv, consisting of) a VL anvino acid sequence listed 1o Table
1 and/or Table 14, wherein no more than 10 amino acids in a framework sequence
(for example, a sequence which is not a CBR) have been mutated (wherein a mutation
10 is, as various non-limiting examples, an addition, substitution or deletion).

The mvention also provides antibodies and antigen-binding fragments thereof
that specifically bind to BMP6, said antibodies or antigen-binding fragments thergof
comprising {or alternatively, consisting of) a VL amino acid sequence listed in Table
1 and/or Table 14, wherein no more than about 20 anuno acids in a framework

15 sequence (for example, a sequence which s not a CDR) have been mutated (wherein
a mutation is, as various non-limiting examples, an addition, substitution or deletion}.
The invention also provides antibodies and antigen-binding fragments thercof that
specifically bind to BMP6, said antibodies or antigen-binding fragments thereof
comprising (or alternatively, consisting of) a VL amino acid sequence listed in Table

20 1and/or Table 14, wherein no more than 20 amino acids in a framework sequence
{for example, a sequence which is not a CDR) have been mutated (wherein a mutation
is, as various non-limiting examples, an addition, substitution or deletion).

The present invention provides antibodies and antigen-binding fragments
thereof that specifically bind to BMP6 protein, said antibodics or antigen-binding

25 fragments thereof comprising a VL domain listed in Table 1 and/or Table 14, The
present imvention also provides antibodies and antigen-binding fragments thereof that
specifically bind to BMP6 protein, said antibodies or antigen-binding fragments
thercof comprising a VL CDR having an ammo acid sequence of any one of the VL
CDRs histed 1 Table 1 and/or Table 14. In particular, the invention provides

30  antibodics and antigen-binding fragments thereof that specifically bind to BMP6
protein, said antibodies or antigen-binding fragments thercot comprising {(or
alternatively, consisting of) one, two, three or more VL CDRs having an amino acid
sequence of any of the VL CDRs listed in Table 1 and/or Table 14,

{ther antibodies and antigen-binding fragments thereof of the invention
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mnciude amino acids that have been mutated, vet have at least 60, 70, 80, 90 or 95
percent identity i the CDR regions with the CDR regions depicted 1 the sequences
described in Table 1 and/or Table 14, In one embodiment, it includes mutant anuno
acid sequences wherein no more than 1, 2, 3, 4 or § amino acids have been mutated in
5 the CDR regions when compared with the CDR regions depicted in the sequence
described m Table 1 and/or Table 14,
The present invention also provides nucleic acid sequences that encode YVH,
VL, the full length heavy chain, and the full length light chain of the antibodies and
antigen-binding fragments thereof that specifically bind to BMP6 protein. Suach
10 nucleic acid sequences can be optimized for expression in mammalian cells (for
example, Table 1 shows example nucleic acid sequences for the heavy cham and hght

chain of Antibodies 3, 5, 6 and 7).

TABLE 1. Examples of BMIP6 Antibodies of the Present Invention

ANTIBODY 3 SEQ
D NG:

Kabat HCDRI SYVVH S
Kabat HCDR2 RIKBDHKQGYTTAYAASVKG 10
Kabat HCDR3 VERSKSGFDN 11
Chothia HCDRI1 GFTFSSY 12
Chothia HCDRZ KDHKOQGYT i3
Chothia HCDR3 VERSKSGFDN 14

VH QVQLVESGGGLVKPGGSLRLSCAASGFT |15

FSSYVVHWVROQAPGKGLEWVGRIKDHK
QGYTTAY AASVEGRFTISRDDSKENTLYL
QMNSLKTEDTAVYYCARVERSKSGFDN
WGOGTLVTIVSS

DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGT | 16
GGCUTGGTGAAACCAGGCGGCAGCCTG
CGCCTGAGCTGCGCCGCCTCCGGATTC
ACCTTTTCTTCTTACGTTGTTCATTGOG

46



WO 2017/216724 PCT/IB2017/053507

TGCGCCAGGCCCCGOGCAAAGGTCTCG
AGTGGOGTGGGCCGTATCAAAGACCACA
AACAGGGCTACACTACTGCTTATGCCG
CCTCTGTGAAAGGCCGCTTTACCATTAG
CCGCGATGATTCGAAAAACACCCTGTA
TCTGCAAATGAACAGCCTGAAAACCGA
AGATACGGCCOGTGTATTATIGCGCGCG
TGTTGAACGTTCTAAATCTGGTTTCGAT
AACTGGGGCCAAGGCACCCTGOTGACT
GTTAGCTCA

Heavy Chain | QVQLVESGGGLVKPGGSLRLSCAASGEFT | 17
FSSYVVHWVRQAPGKGLEWVGRIKDHK
QGYTTAYAASVKGRFTISRDDSKNTLYL
OMNSLKTEDTAVYYCARVERSKSGFDN
WGQGTLVTVSSASTEGPSVEPLAPSSKST
SGOGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLOSSGLY SLSSYVTVPSSSL
GTOTYICNVNHKPSNTKVDKRVEPKSCD
KTHTCPPCPAPELLGGPSVELFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRVYSVLT
VEHQDWLNGKEYRCRKVSNKALPAPIERT
ISKAKGOPREPQVY TLPPSREEMTENGVS
LTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLY SKLTVDESRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK
DNA Heavy | CAGGTGCAATTGOTGGAAAGCGGCGOT | 18
Chain GOGCCTGGTGAAACCAGGCGGCAGCCTG
CGCCTGAGCTGCGCCGCCTCCGGATTC
ACCTTTTCTTCTTACGTTGTTCATTGGG
TGCGCCAGGUCCCGGGCAAAGOTCTEG
AGTGGGTGOGCCGTATCAAAGACCACA
AACAGGGCTACACTACTGCTTATGCCG
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CCTCTGTGAAAGGCCGCTTTACCATTAG
CCGCGATGATTICGAAAAACACCCTGTA
TCTGCAAATGAACAGUCTGAAAACCGA
AGATACGGCCGTGTATTATIGUGUGLG
TOTTGAACGTTCTAAATCTGGTTICGAT
AACTGGGGCCAAGGCACCCTGGTGACT
GTTAGCTCAGCCTCCACCAAGGOTCCA
TCGOTCTTCCCCCTGGCACCCTCCTCCA
AGAGCACCTCTGGGGGCACAGCGGCCC
TCGGCTGCCTGGTCAAGGACTACTTCC
CCGAACCGGTCGACGGTGTCGTGGAACT
CAGGCGCCCTGACCAGCGGCGTGCACA
CCTTCCCGGCTOGTCCTACAGTCCTCAGG
ACTCTACTCCCTCAGCAGCGTGOTGAC
CGTGCCCTCCAGCAGCTTIGGGCACCCA
GACCTACATCTGCAACGTGAATCACAA
GCCCAGCAACACCAAGGTGGACAAGA
GAGTTCGAGCCCAAATUTTGTGACAAAA
CTCACACATGCCCACCGTGCCCAGCALC
CTGAACTCCTGGGGGGACCGTCAGTCT
TCCTCTTCCCCCCAAAACCCAAGGACA
CCCTCATGATCTCCCGGACCCUTGAGGT
CACATGCOGTOGOGTGGTGOGACGTGAGCCA
COAAGACCOTGAGGTCAAGTTCAACTG
GTACGTGGACGGCGTGGAGGTGUATAA
TGCCAAGACAAAGCCGCGGGAGGAGC
AGTACAACAGCACGTACCGGGTGGTCA
GCGTCCTCACCGTCCTGCACCAGGACT
GGCTGAATGGCAAGGAGTACAAGTGCA
AGGTCTCCAACAAAGCCCTCCCAGCCC
CCATCGAGAAAACCATCTCCAAAGCCA
AAGGGCAGCCCCGAGAACCACAGGTOT
ACACCCTGCCCCCATCCCGGGAGGAGA
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TGACCAAGAACCAGGTCAGCCTGACCT
GCCTGOGTCAAAGGCTTCTATCCCAGCG
ACATCGCCOGTGGAGTGGGAGAGCAATG
GGCAGCCGGAGAACAACTACAAGACC
ACGCCTCCCGTGCTGGACTCCGACGGL
TCCTTCTTICCTCTACAGCAAGCTCACCG
TGOGACAAGAGCAGGTGGCAGCAGGGG
AACGTCTTCTCATGCTCCGTGATGCATG
AGGCTCTGCACAACCACTACACGCAGA
AGAGCCTCTCCCTOTCTCCGGGTAAA

Kabat LCDRI TGSSSNIGAGYSVH 19
Kabat LCDR2 GSSERPS 20
Kabat LCDR3 QSWDSSQTLVY 21
Chothia LCDRI SSSNIGAGYS 22
Chothia LCDR2 GSS 23
Chothia LCDR3 WDSSQTLY 24

VL QSVYLTOQPPSVSGAPGORVTISCTGSSSNIG | 25

AGYSVHWYQQLPGTAPKLLIYGSSERPS
GVPDRFSGSKSGTSASLAITGLQAEDEAD
YYCQSWDSSQTLVVEGGGTKLTVL

DNA VL CAGAGCGTGCTGACCCAGCCGCCGAGC | 26
GTGAGCGGTGCACCGGGCCAGCGLGTG
ACCATTAGCTOGTACCGGCAGCAGCAGC
AACATIGGTGCTGOTTACTCTGTGCATT
GGTACCAGCAGCTGCCGGGCACGGLGC
CGAAACTGCTGATCTATGGTAGCTCTG
AACGCCCGAGCGGCOGTGCCGGATCGCT
TTAGCGGATCCAAAAGCGGCACCAGCG
CCAGCCTGGCGATTACCGGCCTGCAAG
CAGAAGACGAAGCGGATTATTACTGCC
AGTCTTGGGACTCTICTCAGACTCTGGT
TCTGTTTGGCGGCGGCACGAAGTTAAC
CGTCCTA
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Light Chain | QSVLITQPPSVSGAPGORVIISCTGSSSNIG | 27
AGYSVHAWYQOLPGTAPKLLIYGSSERPS
GVPDRFSGSKSGTSASLAITGLQAEDEAD
YYCOSWDSSOTLYVEGGGTKLTVLGOPK
AAPSVTLFPPSSEELOQANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETTTPSKQS
NNKYAASSYLSLTPEQWKSHRSYSCOVT
HEGSTVEKTVAPTECS

DNA Light | CAGAGCGTGCTGACCCAGCCGCTGAGC | 28
Chain GTGAGCGGTGCACCGGGCCAGCGCGTG
ACCATTAGCTGTACCGGCAGCAGCAGC
AACATTGGTGCTGGTTACTCTGTGCATT
GGTACCAGCAGCTGCCGGGCACGGCGC
CGAAACTGCTGATCTATGGTAGCTCTG
AACGCCCGAGCGGCGTGCCGGATCGCT
TTAGCGGATCCAAAAGCGGCACCAGCG
CCAGCCTGGCGATTACCGGCCTGCAAG
CAGAAGACGAAGCGGATTATTACTGCC
AGTCTTGGGACTCTTCTCAGACTCTGGT
TGTGTTTGGCGGUGGCACGAAGTTAAC
CGTCCTAGGTCAGCCCAAGGCTGCCCC
CTCGGTCACTCTGTTCCCGCCCTCCTCT
GAGGAGCTTCAAGCCAACAAGGCCACA
CTGGTGTGTCTCATAAGTGACTTCTACC
CGGGAGCCGTGACAGTGGCCTGGAAGG
CAGATAGCAGCCCCGTCAAGGCGGGAG
TGGAGACCACCACACCCTCCAAACAAA
GCAACAACAAGTACGCGGCCAGCAGCT
ATCTGAGCCTGACGCCTGAGCAGTGGA
AGTCCCACAGAAGCTACAGCTGCCAGG
TCACGCATGAAGGGAGCACCGTGGAGA
AGACAGTGGCCCCTACAGAATGTTCA

ANTIBODY &
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Kabat HCDR1 SYVVH 29
Kabat HCDRZ RIKRESSSYTTMYAAPVKG 30
Kabat HCDR3 VERSKSGEFDN 31
Chothia HCDRI GEFTFSSY 32
Chothia HCDR2 KRESSSYT 33
Chothia HCDR3 VERSKSGFDN 34

VH QVQLVESGGGLVKPGGSLRLSCAASGFT | 35

FSSYVVHWVRQAPGKGLEWVGRIKRESS
SYTTMYAAPVKGRFTISRDDSKNTLY LG
MNSLETEDTAVYYCARVERSKSGFDNW
GQGTLVTVSS

DNA VH CAGGTGCAGCTGGTGGAATCAGGCGGL | 36
GGACTGGTCAAGCCTGGCGOGTAGCOTG
AGACTGAGCTGCGCTGCTAGTGGCTTC
ACCTTCTCTAGCTACGTGGTGCACTGGG
TCAGACAGGCCCCTGGTAAAGGUCTOG
AGTGGGTCGGACGGATTAAGAGAGAGT
CCTCTAGCTACACTACTATGTACGCCGC
TCCCGTGAAGGGCCGGTTCACTATCTCT
AGGGACGACTCTAAGAACACCCTGTALC
CTGCAGATGAATAGCCTGAAAACCGAG
GACACCGCCGTCTACTACTGCGCTAGA
GTGGAACGOTCTAAGTCAGGUTTCGAT
AACTGGGGTCAGGGCACCCTGGTCACC
GTGTCTAGC

Heavy Chamn | QVOLVESGGGLVKPGGSLRLSCAASGFT 37
FSSYVVHWVROAPGKGLEWVGRIKRESS
SYTIMY AAPVKGRFTISRDDSKNTLY LG
MNSLKTEDTAVYYCARVERSKSGFDNW
GQOTLVTVSSASTEGPSVFPLAPSSKSTS
GOTAALGCLVEKDYFPEPVTVSWNSGALT
SGVHTFPAVLOSSGLYSLSSYVTVPSSSL
GTOTYICNVNHKPSNTKVDKRVEPKSCD
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KTHTCPPCPAPELLGGPSVFLEFPPRKPKDTL
MISRTPEVTCVVVDVSHEDPEVKFNWYV
DOGVEVHNAKTKPREEQYNSTYRVVSVLT
VEHQDWINGKEYKCKVSNKALPAPIEKT
{SKAKGQPREPQVYTLPPSREEMTRKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYK
TIPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHY TQKSLSLSPGK
DNA Heavy | CAGGTGCAGCTGGTGGAATCAGGCGGC | 38
Chain GGACTGGTCAAGCCTGGCGOGTAGCOTG
AGACTGAGCTGCGCTGCTAGTGGCTTC
ACCTTCTCTAGCTACGTGGTGCACTGGG
TCAGACAGGCCCCTGGTAAAGGUCTOG
AGTGOGTCGGACGGATTAAGAGAGAGT
CCTCTAGCTACACTACTATGTACGCCGC
TCCCGTGAAGGGCCGGTTCACTATCTCT
AGGGACGACTCTAAGAACACCCTGTALC
CTGCAGATGAATAGCCTGAAAACCGAG
GACACCGCCGTCTACTACTGCGCTAGA
GTGGAACGOTCTAAGTCAGGUTTCGAT
AACTGGGGTCAGGGCACCCTGGTCACC
GTGTCTAGCGCTAGCACTAAGGGCCCA
AGTGTGTTTCCCCTGGCCLCCAGCAGE
AAGTCTACTTCCGGCGGAACTGUTGCC
CTGOGGTTGCCTOGTGAAGGACTACTIC
CCCGAGCCCOTGACAGTGTCCTGGAALC
TCTGGOGGCTCTGACTTCCGGCGTGCAL
ACCTTCCCCGCCGTGCTGCAGAGCAGC
GGCCTGTACAGCCTCGAGCAGCGTGOTG
ACAGTGCCCTCCAGUTCTCTGGGAACC
CAGACCTATATCTIGCAACGTGAACCAC
AAGCCCAGCAACACCAAGGTGGACAA
GAGAGTGGAGCCCAAGAGCTGCGACA
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AGACCCACACCTGCCCCCCCTGCCCAG
CTCCAGAACTGCTGOGGAGGOGCCTTCCG
TCTTCCTGTTCCCCCCCAAGUCCAAGGA
CACCCTGATGATCAGCAGGACCCCCGA
GGTGACCTGCGTGGTGGTGGACGTGTC
CCACGAGGACCCAGAGGTGAAGTTCAA
CTGGTACGTGGACGGCOGTGGAGGTGCA
CAACGCCAAGACCAAGCCCAGAGAGG
AGCAGTACAACAGCACCTACAGGOTGE
TCTCCGTGCTCGACCGTGCTGCACCAGG
ACTGGCTGAACGGCAAAGAATACAAGT
GCAAAGTCTCCAACAAGGCCCTGCCAG
CCCCAATCGAAAAGACAATCAGCAAGE
CCAAGGGCCAGCCACGGGAGCCCCAGG
TGTACACCCTGCCCCCCAGCCGGGAGE
AGATCGACCAAGAACCAGOGTGTCCCTGA
CCTOGTCTGOTGAAGGGCTTCTACCCCA
GUGATATCGUCGTGGAGTGGGAGAGCA
ACGGCCAGCCCGAGAACAACTACAAGA
CCACCCCCCCAGTGUCTGGACAGCGACG
GCAGCTICTTCCTGTACAGCAAGCTGA
CCGTGGACAAGTCCAGGTGGCAGCAGS
GCAACGTGTTCAGCTGCAGCGTGATGC
ACGAGGCCCTGCACAACCACTACACCC
AGAAGTCCCTGAGCCTCGAGLCCCGGCA

AG

Kabat LCDR1 TGSSSNIGAGYSVH 39
Kabat LCBR2 GQSERPS 44
Kabat LCBR3 QSWDSSQTLVY 41
Chothia LCDRI SSSNIGAGYS 42
Chothia LCDR2 G(gs 43
Chothia LCDR3 WDSSQTLY 44

YL QSVLTQPPSVSGAPGORVTISCTGSSSNIEG | 45
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AGYSVAWYQQLPGTAPKLLIYGQSERPS
GVPDRFSGSKSGTSASLAITGLQAEDEAD
YYCQSWDSSQTLVVFGGGTKLTVL
DNA VL CAGTCAGTCCTGACTCAGCCCCCTAGC | 46
GTCAGCGGCGCTCCCGGTCAGAGAGTG
ACTATTAGCTGCACCGGCTCTAGCTCTA
ATATCGGCGCTGGCTATAGCGTGCACT
GGTATCAGCAGCTGCCCGGCACCGCCC
CTAAGCTGCTGATCTACGGTCAGTCAG
AGCGGCCTAGCGGCGTGCCCGATAGGT
TTAGCGGCTCTAAGTCAGGCACTAGCG
CTAGTCTGGCTATCACCGGCCTGCAGG
CTGAGGACGAGGCCGACTACTACTGTC
AGTCCTGGGACTCTAGTCAGACCCTGG
TGGTGTTCGGCGGAGGCACTAAGCTGA
CCGTGCTG

Light Chain | QSVLTQPPSVSGAPGORVTISCTGSSSNIG | 47
AGYSVHWYQOQLPGTAPKLLIYGQSERPS
GVPDRFSGSKSGTSASLAITGLQAEDEAD
YYCQSWDSSQTLVVFGGGTKLTVLGGPK
AAPSVTLFPPSSEELQANKATLVCLISDFY
PGAVTVAWKADSSPVEAGVETTTPSKQS
NNKYAASSYLSLTPEQWKSHRSYSCOVT
HEGSTVEKTVAPTECS

DNA Light | CAGTCAGTCCTGACTCAGCCCCCTAGC | 48
Chain GTCAGCGGCGCTCCCGGTCAGAGAGTG
ACTATTAGCTGCACCGGCTCTAGCTCTA
ATATCGGCGCTGGCTATAGCGTGCACT
GGTATCAGCAGCTGCCCGGCACCGCCC
CTAAGCTGCTGATCTACGGTCAGTCAG
AGCGGCCTAGCGGCGTGCCCGATAGGT
TTAGCGGCTCTAAGTCAGGCACTAGCG
CTAGTCTGGCTATCACCGGCCTGCAGG
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CTGAGGACGAGGCCGACTACTACTGTC
AGTCCTGGGACTCTAGTCAGACCCTGG
TGGTGTICGOGCGGAGGCACTAAGCTGA
CCGTGCTGGGTCAGCCTAAGGUTGCCC
CCAGCGTGACCCTGTTCCCCCCCAGCA
GCGAGGAGCTGCAGGCCAACAAGGCC
ACCCTGGTOGTGCCTGATCAGCGACTTCT
ACCCAGGCGCCGTGACCGTGGCCTGGA
AGGCCGACAGCAGCCCCGTGAAGGCCG
GUCGTGGAGACCACCACCCCCAGCAAGC
AGAGCAACAACAAGTACGCCOGCCAGCA
GCTACCTGAGCCTGACCCCCGAGCAGT
GGAAGAGCCACAGOGTCCTACAGCTGCC
AGGTGACCCACGAGGGCAGCACCGTGE
AAAAGACCGTGGCCCCAACCGAGTGCA

GC

ANTIBODY 6
Kabat HCDR1 SYVVH 49
Kabat HCDR2 RTRHSDMGYATSYAAPVKG 30
Kabat HCDR3 VERSKSGEFDN 51
Chothia HCDRI GEFTFSSY 52
Chothia HCDR2 RHSDMGYA 53
Chothia HCDR3 VERSKSGFDN 54

VH QVQLVESGGGLVKPGGSLRLSCAASGFT | 55

FSSYVVHWVRQAPGKGLEWVYGRTRHSD
MGOYATSYAAPVEGRFTISRDDSKNTLYL
QMNSLKTEDTAVYYCARVERSKSGFDN
WGOQGTLYTVSS

DNA VH CAGGTGCAGCTGGTGGAATCAGGCGGL | 56
GGACTGGTCAAGCCTGGCGOGTAGCOTG
AGACTGAGCTGCGCTGCTAGTGGCTTC
ACCTTCTCTAGCTACGTGGTGCACTGGG
TCAGACAGGCCCCTGGTAAAGGUCTOG
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AGTGGGTCGGACGGACTAGACACTCAG
ATATGGGCTACGCTACTAGCTACGCCG
CTCCCGTGAAGGGUCGUGTTCACTATCTC
TAGGGACGACTCTAAGAACACCCTGTA
CCTGCAGATGAATAGCCTGAAAACCGA
GGACACCGCCOGTCTACTACTGCGCTAG
AGTGGAACGGTCTAAGTCAGGCTTCGA
TAACTGGGGTCAGGGCACCCTGGTCALC
CGTGTCTAGC

Heavy Chain | QVQLVESGGGLVKPGGSLRLSCAASGET | 57
FSSYVVHWVYRQAPGKGLEWVGRTRHSD
MGYATSYAAPVKGRFTISRDDSKNTLYL
OMNSLKTEDTAVYYCARVERSKSGEFDN
WGOOQOGTLVTVSSASTRGPSVFPLAPSSKST
SGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLY SLSSVVTVPSSSL
GTOTYICNVNHKPSNTKVDRKRVEPKSCD
KTHTCPPCPAPELLGGPSVELFPPRKPKDTL
MISRTPEVTICVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRVVYSVLT
VEHOQDWLNGKEYKCKVSNKALPAPIEKT
IBKAKGOPREPQVYTLPPSREEMTENQVS
LTCLVEKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLY SKLTVDEKSRWQQG
NVEFSCSVMHEALHNHYTQKSLSLSPGK
DNA Heavy | CAGGTGCAGCTGGTGGAATCAGGCGGC | 38
Chain GGACTGUGTCAAGCCTGOGCGGTAGCCTO
AGACTGAGCTGCGCTGCTAGTGOGCTTC
ACCTTCTCTAGCTACGTGGTGCACTGGE
TCAGACAGGCCCCTGOGTAAAGGCCTGG
AGTGOGTCGGACGGACTAGACACTCAG
ATATGGGUTACGCTACTAGCTACGCCG
CTCCCGTGAAGGGCCGGTTCACTATCTC
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TAGGCGACGACTCTAAGAACACCCOTGTA
CCTGCAGATGAATAGCCTGAAAACCGA
GUACACCGCCGTCTACTACTGCGCTAG
AGTGGAACGGTCTAAGTCAGGUTTCGA
TAACTGGGGTCAGGGCACCCTGOTCAL
COTOGTCTAGCGCTAGCACTAAGGGCCC
AAGTGTGTTTCCCCTGGCCCCCAGCAG
CAAGTCTACTTCCGGCGGAACTGCTGC
CCTGGOTTIGCCTGUTGAAGGACTACTT
CCCCGAGCCCGTGACAGTGTCCOTGGAA
CTCTGGGGCTCTGACTTICCGGCGTGCAL
ACCTTCCCCGCCOGTGCTGCAGAGCAGC
GGCCTGTACAGCCTCGAGCAGCGTGOTG
ACAGTGCCCTCCAGCTCTCTGGGAACC
CAGACCTATATCTGCAACGTGAACCAC
AAGCCCAGCAACACCAAGGTGGACAA
GAGAGTGGAGCCCAAGAGCTGCGACA
AGACCCACACCTGCCCCCOCTGCCCAG
CTCCAGAACTGCTGGGAGGGCCTTCCG
TCTTCCTGTTCCCCCCCAAGCCCAAGGA
CACCCTGATGATCAGCAGGACCCCCGA
GGTGACCTGCGTGGTGGTGGACGTGTC
CCACGAGGACCCAGAGGTGAAGTTCAA
CTGOGTACGTGGACGGUGTGGAGGTGCA
CAACGCCAAGACCAAGUCCAGAGAGG
AGCAGTACAACAGCACCTACAGGGTGG
TCTCCGTGCTGACCGTGUTGCACCAGE
ACTGGCTGAACGGCAAAGAATACAAGT
GCAAAGTCTCCAACAAGGCCCTGUCAG
CCCCAATCGAAAAGACAATCAGCAAGG
CCAAGGOGUCAGCCACGGGAGCCCCAGE
TCTACACCCTGCCCCCCAGCCGGLAGG
AGATGACCAAGAACCAGGTGTCCCTGA
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CCTGTCTGGTGAAGGGCTTCTACCCCA
GCGATATCOGCCGTGGAGTGGGAGAGCA
ACGGCCAGCCCGAGAACAACTACAAGA
CCACCCCCCCAGTGCTGGACAGUGACG
GCAGCTICTTCCTGTACAGCAAGCTGA
CCGTGGACAAGTCCAGGTGGCAGCAGG
GCAACGTGTTCAGCTGCAGCGTGATGC
ACGAGGCCCTGCACAACCACTACACCC
AGAAGTCCCTGAGCCTGAGCCCCGGCA

AG

Kabat LCDRI TGSSSNIGAGYSVH 59
Kabat LCDR2 GOQSERPS 60
Kabat LCDR3 QSWDSSQTLVY 61
Chothia LCDRI SSSNIGAGYS 62
Chothia LCDR2 GQS 63
Chothia LCDR3 WDSSQTLY 64

Vi OSYLTQPPSVSGAPGQRVTISCTGSSSNIG | 65

AGYSVHWYQOQLPGTAPKLLIYGQSERPS
GVPDRFSGSKSGTSASLAITGLOAEDEAD
YYCQSWDSSQTLVVEGGGTKLTVL

DNA VL CAGTCAGTCCTGACTCAGCCCCCTAGC | 66
GTCAGCGGCGCTCCCGGTCAGAGAGTG
ACTATTAGCTGCACCGGCTCTAGCTCTA
ATATCGGCGCTGGCTATAGCGTGCACT
GGTATCAGCAGCTGCCCGGCACCGCCC
CTAAGCTGCTGATCTACGGTCAGTCAG
AGCGGCCTAGCOGCGTGCCCGATAGGT
TTAGCGGCTCTAAGTCAGGCACTAGCG
CTAGTCTGGCTATCACCGGCCTGCAGG
CTGAGGACGAGGCCGACTACTACTGTC
AGTCCTGGGACTCTAGTCAGACCCTGE
TGGTGTTCGGCGGAGGCACTAAGCTGA
CCOGTGCTG
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Light Chain | QSVLTQPPSVSGAPGORVTISCTGSSSNIG | 67
AGYSVHWYQOLPGTAPKLLIYGQSERPS
GVPDRFSGSKSGTSASLAITGLOAEDEAD
YYCQSWDSSQOTLYVFGGGTKLTVLGOPK
AAPSVTLFPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETTTPSKQS
NNKYAASSYLSLTPEQWKSHRSYSCOQVT
HEGSTVEKTVAPTECS

DNA Light | CAGTCAGTCCTGACTCAGCCCCCTAGC | 68
Chain GTCAGCGGCGCTCCCGGTCAGAGAGTG
ACTATTAGCTGCACCGGCTCTAGCTCTA
ATATCGGCGCTGGCTATAGCGTGCACT
GGTATCAGCAGCTGCCCGGCACCGCC
CTAAGCTGCTGATCTACGGTCAGTCAG
AGCGGCCTAGCGGCGTGCCCGATAGGT
TTAGCGGCTCTAAGTCAGGCACTAGCG
CTAGTCTGGCTATCACCGGCCTGCAGG
CTGAGGACGAGGCCGACTACTACTGTC
AGTCCTGGGACTCTAGTCAGACCCTGG
TGGTGTTCGGCGGAGGCACTAAGCTGA
CCGTGCTGGGTCAGCCTAAGGCTGCCC
CCAGCGTGACCCTGTTCCCCCCCAGCA
GCGAGGAGCTGCAGGCCAACAAGGCC
ACCCTGGTGTGCCTGATCAGCGACTTCT
ACCCAGGCGCCGTGACCGTGGCCTGGA
AGGCCGACAGCAGCCCCGTGAAGGCCG
GCGTGGAGACCACCACCCCCAGCAAGT
AGAGCAACAACAAGTACGCCGCCAGCA
GCTACCTGAGCCTGACCCCCGAGCAGT
GGAAGAGCCACAGGTCCTACAGCTGCC
AGGTGACCCACGAGGGCAGCACCGTGG
AAAAGACCGTGGCCCCAACCGAGTGCA
GC
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ANTIBODY 7

Kabat HCDR1 SYVVH 69
Kabat HCDR2 RIRLETHGYAAEYAASVEG 70
Kabat HCDR3 VERSKSGFDN 71
Chothia HCDRI GETFSSY 72
Chothia HCDR2 RLETHGYA 73
Chothia HCDR3 VERSKSGFDN 74

VH QVQLVESGGGLVKPGGSLRLSCAASGFT | 75

FSSYVVHWVRQAPGKGLEWVGRIRLETH
GYAAEYAASVEGRFTISRDDSENTLYLQ
MNSLETEDTAVYYCARVERSKSGFDNW
GQGTLVTVSS

DNA VH CAGGTGCAGCTGGTGGAATCAGGCGGL | 76
GGACTGGTCAAGCCTGGCGGTAGCOTIG
AGACTGAGCTGCGCTGCTAGTGGCTTC

ACCTTCTCTAGCTACGTGGTGCACTGGE
TCAGACAGGCCCCTGGTAAAGGUCTOG
AGTGGOGTCGGACGGATTAGACTGGAAA
CTCACGGCTACGCCGCCGAGTACGCCG
CTAGTGTGAAGGGCCGGTTCACTATCT

CTAGGGACGACTCTAAGAACACCCTGT
ACCTGCAGATGAATAGCCTGAAAACCG
AGGACACCGCCOGTCTACTACTGCGCTA

GAGTGGAACGOTCTAAGTCAGGCTTICG
ATAACTGGGGTCAGGGCACCCTGGTCA
CCOGTGTCTAGC

Heavy Chamr | QVOLVESGGGLVKPGGSLRLSCAASGFT | 77
FSSYVVHWVRQAPGKGLEWVGRIRLETH
GYAAEYAASVEGRFTISRDDSKENTLYLO
MNSLKTEDTAVYYCARVERSKSGFDNW

GQOTLVTVSSASTEGPSVFPLAPSSKSTS

GOTAALGCLVEKDYFPEPVTVSWNSGALT
SGVHTFPAVLOSSGLYSLSSVVTVPSSSL
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GTOTYICNVNHKPSNTKVDRKRVEPKSCD
KTHTCPPCPAPELLGGPSVFLFPPKPRKDTL
MISRTPEVICVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRVVYSVLT
VEHQDWINGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVYTLPPSREEMTEKNQVS
LTCLVKGFYPSDIAVEWESNGOPENNY K
TIPPVLDSDGSFFLY SKLTVDESRWQQG
NVEFSCSVMHEALHNHYTQKSLSLSPGK
DNA Heavy | CAGGTGCAGCTGGTGGAATCAGGCGGC | 78
Chain GGACTGUGTCAAGCCTGOGCGGTAGCCTO
AGACTGAGCTGCGCTGCTAGTGOGCTTC
ACCTICTCTAGCTACGTGGTGCACTGGG
TCAGACAGGCCCCTGOGTAAAGGCCTGG
AGTGGGTCGGACGGATTAGACTGGAAA
CTCACGGCTACGUCGLCCGAGTACGCCG
CTAGTGTGAAGGGCCGGTTCACTATCT
CTAGGGACGACTCTAAGAACACCCTGTY
ACCTGCAGATGAATAGCUTGAAAACCG
AGGACACCGUCGTCTACTACTGCGCTA
GAGTGGAACGGTCTAAGTCAGGLTICG
ATAACTGGGOTCAGGGCACCCTGUTCA
CCGTGTCTAGCGUTAGCACTAAGGGCC
CAAGTGTGTTITCCCCTGGCCCCCAGCA
GCAAGTCTACTTCCGGOGGAACTGOTG
CCCTGOGOTTGCCTGUGTGAAGGACTACT
TCCCCGAGCCCGTGACAGTGTCCTGGA
ACTCTGGGGCTCTGACTTCCGGCGTGE
ACACCTTCCCCGCCOGTGUTGCAGAGCA
GCGGCCTGTACAGCCTGAGCAGCGTGG
TGACAGTGCCCTCCAGCTCTICTGGGAA
CCCAGACCTATATCTIGCAACGTGAACC
ACAAGCCCAGCAACACCAAGGTGGACA

61



WO 2017/216724 PCT/IB2017/053507

AGAGAGTGGAGCCCAAGAGCTGCGAC
AAGACCCACACCTGCCCCCCCTGCCCA
GCTCCAGAACTGUTGGGAGGGCCTTCC
GTIGTTICCTGTTCCCCCLCAAGUCCAAGS
ACACCCTGATGATCAGCAGGACCCCCG
AGGTGACCTGCGTOGOTOGOGTGGACGTGT
CCCACGAGGACCCAGAGGTGAAGTTCA
ACTGGTACGTGCACGGCGTGGAGGTGC
ACAACGCCAAGACCAAGCCCAGAGAG
GAGCAGTACAACAGCACCTACAGGGTG
GTGTCCGTGCTGACCGTGCTGCACCAG
GACTGGCTGAACGGCAAAGAATACAAG
TOGCAAAGTCTCCAACAAGGCCCTGCCA
GCCCCAATCGAAAAGACAATCAGCAAG
GCCAAGGGCCAGCCACGGGAGLCCCCAG
GTGTACACCCTGCCCCCCAGCCGGGAG
GAGATGACCAAGAACCAGGTGTCCCTG
ACCTOGTCTGGTGAAGGGCTICTACCCC
AGCGATATCGCCGTGGAGTGGGAGAGC
AACGGCCAGCCCGAGAACAACTACAAG
ACCACCCCCCCAGTGUTGGACAGCGAC
GGCAGCTTCTTCCTGTACAGCAAGCTG
ACCGTGGACAAGTCCAGGTGGCAGCAG
GOGCAACGTGTTCAGCTGCAGCGTGATG
CACGAGGCCCTGCACAACCACTACALCC
CAGAAGTCCCTGAGCCTGAGCCCCGGL

AAG
Kabat LCDR1 TGSSSNIGAGYSVH 79
Kabat LCDR2 GOSERPS ]0
Kabat LCBR3 QSWDSSQTLYY 81
Chothia LCBR1 SSSNIGAGYS 32
Chothia LCBR2 GOS 83
Chothia LCDR3 WDSSQTLY 84
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VL QSVLTQPPSVSGAPGORVTISCTGSSSNIG | 85
AGYSVHWYQOLPGTAPKLLIYGQSERPS
GVPDRFSGSKSGTSASLAITGLOAEDEAD
YYCQSWDSSOTLVVFGGGTKLTVL
DNA VL CAGTCAGTCCTGACTCAGCCCCCTAGE | 36
GTCAGCGGCGCTCCCGGTCAGAGAGTG
ACTATTAGCTGCACCGGCTCTAGCTCTA
ATATCGGCGCTGGCTATAGCGTGCACT
GGTATCAGCAGCTGCCCGGUACCGCCC
CTAAGCTGCTGATCTACGGTCAGTCAG
AGCGGCCTAGCGGCGTGCCCGATAGGT
TTAGCGGCTCTAAGTCAGGCACTAGCG
CTAGTCTGGCTATCACCGGCCTGCAGG
CTGAGGACGAGGCCGACTACTACTGTC
AGTCCTGGGACTCTAGTCAGACCCTGG
TGGTGTTCGGCGGAGGCACTAAGCTGA
CCGTGCTG

Light Chain | QSVLTQPPSVSGAPGORVTISCTGSSSNIG | 87
AGYSVHWYQOQLPGTAPKLLIYGQSERPS
GVPDRFSGSKSGTSASLAITGLQAEDEAD
YYCQSWDSSQOTLYVFGGGTKLTVLGOPK
AAPSVTLFPPSSEELOANKATLVCLISDFY
PGAVTVAWKADSSPVKAGVETTTPSKQS
NNKYAASSYLSLTPEQWKSHRSYSCOQVT
HEGSTVEKTVAPTECS

DNA Light | CAGTCAGTCCTGACTCAGCCCCCTAGC | 88
Chain GTCAGCGGCGCTCCCGGTCAGAGAGTG
ACTATTAGCTGCACCGGCTCTAGCTCTA
ATATCGGCGCTGGCTATAGCGTGCACT
GGTATCAGCAGCTGCCCGGCACCGCC
CTAAGCTGCTGATCTACGGTCAGTCAG
AGCGGCCTAGCGGCGTGCCCGATAGGT
TTAGCGGCTCTAAGTCAGGCACTAGCG
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CTAGTCTGGCTATCACCGGCCTGCAGE
CTGAGGACGAGGCCGACTACTACTGTC
AGTCCTGGGACTCTAGTCAGACCCTGE
TGGTGTICGGCGGAGGCACTAAGCTGA
CCGTGCTGGGTCAGCCTAAGGUTGCCC
CCAGCGTGACCCTOGTTCCCCCCCAGCA
GCGAGGAGCTGCAGGCCAACAAGGCC
ACCCTGOGTGTGCCTGATCAGCGACTTCT
ACCCAGGCGCCGTGACCOGTGGCCTGGA
AGGCCGACAGCAGCCCCGTGAAGGUCG
GUGTGGAGACCACCACCCCCAGUAAGC
AGAGCAACAACAAGTACGCCGCCAGCA
GCTACCTGAGCCTGACCCCCGAGCAGT
GGAAGAGCCACAGOGTCCTACAGOTGCC
AGGTGACCCACGAGGGCAGCACCGTGG
AAAAGACCGTGGCCCCAACCGAGTGCA
G

Other antibodies and antigen-binding fragments thereof of the invention
mclude those wherein the amino acids or nucleic acids encoding the amino acids have
been mustated, vet have at least 60, 70, 80, 90 or 95 percent identity to the sequences
described m Table 1 and/or Table 14, In one embodiment, it mchide mutant amino
acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been mutated in
the variable regions when compared with the variable regions depicted in the
sequence described in Table 1 and/or Table 14, while retaining sobstantially the same
therapeutic activity.

In another specific embodiment, the present invention provides an isolated antibody
or antigen-binding fragment thercof, which binds human BMP6 and comprises the
HCDRI, HCDRZ, and HCDRS sequences of SEQ ID NQOs: 9, 10 and 11, respectively,
and the LCDRI, LCDRZ, and LCDR3 sequences of SEQ D NOs: 19, 20 and 21,
respectively.

In another specific embodiment, the present invention provides an isolated antibody

or antigen-binding fragment thereof, which binds human BMP6 and comprises the
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HCDRI, HCDR2, and HCDR3 sequences of SEQ 1D NOs: 12, 13 and 14,
respectively, and the LCDRY, LCDR2, and LUDR3 sequences of SEQ H3 NQOs: 22,
23 and 24, respectively.
In another specific embodiment, the present invention provides an isolated
5 antibody or antigen-binding fragment thereof, which binds hvman BMP6 and
comprises the HCDR1, HCDRZ, and HCDR3S sequences of SEQ ID NQOs: 29, 30 and
31, respectively, and the LCDRI, LCDRZ, and LCDR3 sequences of SEQ 1D NOs:
39, 40 and 41, respectively.
In another specific embodiment, the present invention provides an isolated antibody
10 or amtigen-binding fragment thercof, which binds human BMP6 and comprises the
HCDR1, HCDR2, and HCDR3 sequences of SEQ 1D NOs: 32, 33 and 34,
respectively, and the LCDRY, LCDR2, and LCDIR3S sequences of SEQ D NOs: 42,
43 and 44, respectively.
In another specific embodiment, the present invention provides an isolated antibody
15 or antigen-binding fragment thereof, which binds human BMP6 and comprises the
HCDRI, HCDR2, and HCDIR3S sequences of SEQ 1D NOs: 49, 50 and 51,
respectively, and the LCDRY, LCDRZ, and LCDR3 sequences of SEQ 13 NQOs: 59,
60 and 61, respectively.
In another specific embodiment, the present invention provides an 1solated antibody
20 or antigen-binding fragment thereof, which binds human BMP6 and comprises the
HCDRI, HCDR2, and HCDR3 sequences of SEQ 1D NOs: 52, 53 and 54,
respectively, and the LCDRY, LCDR2, and LUDR3 sequences of SEQ 1D NQOs: 62,
63 and 64, respectively.
In another specific embodiment, the present invention provides an isolated antibody
25 or antigen-binding fragment thereof, which binds hurman BMP6 and comprises the
HCDRI, HCDRZ, and HCDRS sequences of SEQ ID NQOs: 69, 70 and 71,
respectively, and the LCDRI, LCDR2 and LCDR3 sequences of SEQ D NOs: 79,
80 and 81, respectively.
In another specific embodiment, the present invention provides an isolated antibody
30  or anbigen-binding fragment thereof, which binds human BMP6 and comprises the
HCDRI, HCDR2, and HCDRS3 sequences of SEQ 1D NOs: 72, 73 and 74,
respectively, and the LCDR1Y, LCDRZ, and LCDR3S sequences of SEQ 1D NOs: 82,
83 and 84, respectively.
Since each of these antibodies can bind to BMP6, the VH, VL, full length Eght chain,
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and full length heavy chain sequences {(amino acid sequences and the nucleotide
sequences encoding the amino acid sequences) can be "mixed and matched" to create
other BMP6-binding antibodics and antigen-binding fragments thereof of the
mvention. Such "mixed and matched" BMP6-binding antibodies can be tested using
the binding assays known in the art {¢.g., ELISAs, and other assays described in the
Example section}. When these chains are mixed and matched, a VH sequence from a
particular VH/VL pairing should be replaced with a structurally similar VH sequence.
Likewise a full length heavy chain sequence from a particular full length heavy
chain/full length hight chain pairing should be replaced with a structurally similar full
flength heavy chain sequence. Likewise, a VL sequence from a particular VH/VL
pairing should be replaced with a structurally similar VL sequence. Likewise a full
length light chain sequence from a particular full length heavy chain/fisll length hght
chain pairing should be replaced with a structurally similar full length light chain
sequence.

In another aspect, the present invention provides BMP6-binding antibodies
that comprise the heavy chain and hight chain CDR1s, CBR2s and CDR3s as
described in Table 1 and/or Table 14, or combinations thereof. The CDR regions are
delineated using the Kabat system (Kabat et al. 1991 Sequences of Proteins of
Immunoclogical Interest, Fifth Edition, U.S. Department of Health and Human
Services, NIH Puoblication No. 91-3242), or using the Chothia system {Chothia et al.
1987 J. Mol. Biol. 196: 901-917; and Al-Lazikani ¢t al. 1997 J. Mol. Biol. 273: 927-
G481

Given that cach of these antibodies can bind to BMP6 and that antigen-binding
specificity is provided primartdy by the CDRI1, 7 and 3 regions, the VH CDR1, 2 and
3 sequences and VL CDRI, 2 and 3 sequences can be "mixed and matched” (i¢.,
CDRs from different antibodies can be mixed and match, although cach antibody
must contain a YH CDR1, 2 and 3 and a VL CDRI, 2 and 3 to create other BMP6-
binding binding molecules of the invention. Such "mixed and matched” BMP6-
binding antibodies can be tested using the binding assays known in the art and those
described in the Examples {e.g., ELISAs) When VH CDR sequences are mixed and
matched, the CDRI, CDR2 and/or CDR3 sequence from a particular VH sequence
should be replaced with a structurally similar CDR sequence (s). Likewise, when VL
CDR sequences are mixed and matched, the CDR1, CDR2 and/or CDR3 sequence

from a particular VL sequence should be replaced with a structurally similar COR
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sequence (s). It will be readily apparent to the ordinaniy skilled artisan that novel VH
and VL sequences can be created by mmtating one or more VH and/or VL CDR
region sequences with structurally similar sequences from the CDR sequences shown
herein for monoclonal antibodies of the present mvention.

5 Accordingly, the present invention provides an isolated monoclonal antibody
or antigen binding region thereof comprising a heavy chain vanable region CDR1
comprising an aming acid sequence selected from any of SEQ 1D NOs: 29, 49, 69, 12,
32,52, 72, or 9; a heavy chain varable region CDR2 comprismg an amine acid
sequence selected from any of SEQ 1D NQOs: 10, 30, 50, 70, 13, 33, 53, or 73; a heavy

10 chamn vanable region CDR3 comprising an anuno acid sequence selecied from any of
SEGID NOs: 11, 31,51, 71, 14, 34, 54, or 74; a light chain vanable region CDRI
comprising an amino acid sequence selected from any of SEQ 1D NOs: 19,39, 56, 79,
22,42, 62, or 82; a light chain vaniabie region CDR2 comprising an amino acid
sequence selected from any of SEQ 1D NOs: 20, 40, 60, 80, 23,43, 63, or83;and a

15 light chain vanable region CDR3 comprising an amino acid sequence selected from
any of SEQ IDNOs: 21, 41, 61, &1, 24, 44, 64, or 84; wherein the antibody
specifically binds BMPS.

In one embodiment, an antibody that specifically binds to BMP6 15 an
antibody that 1s described in Table 1 and/or Table 14,

20 As used herein, a human antibody comprises heavy or light chain variable
regions or full length heavy or ight chains that are "the product of" or "derived from"
a particular germiing sequence if the variable regions or full length chains of the
antibody are obtained from a sysiem that uses human germline immunoglobulin
genes. Such svstems include immunizing a transgenic mouse carrying buman

25 mmumoglobulin genes with the antigen of mierest or screening a human
mnnnmnoglobulin gene library displayed on phage with the antigen of mterest. A
human antibody that is "the product of or "derived from" a human germling
immunoglobulin sequence can be identified as such by comparing the amino acid
sequence of the human antibody to the amino acid sequences of human germline

30  immunoglobulins and selecting the human germline immunoglobulin sequence that is
closest in sequence (i.¢., greatest % identity) to the sequence of the human antibody.
A human antibody that is "the product of” or "derived from” a particular human
germline immunoglobulin sequence may contain amino acid differences as compared

to the geomline sequence, dug to, for example, naturally occurming somatic mutations
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or intentional mtroduction of site~directed mutations. However, inthe VH or VL
framework regions, a selected human antibody typically is at least 90% identical in
amino acids sequenee to an amino acid sequence encoded by a human germline
mmmunoglobulin gene and contains amuno acid residues that identify the human

5 antibody as being human when compared to the germline immunoglobulin ammoe acid
sequences of other species {e.g., murine germline sequences). In certain cases, 3
buman antibody may be at least 60%, 70%, 80%, 90%, or at least 953%, oreven at
teast 96%%, 97%, 98%, or 99% 1dentical m anuno acid sequence to the amino acid
sequence encoded by the germline immunoglobulin gene. Typically, a recombinant

10 human antibody will displav no more than 10 amino acid differences from the amino

acid sequence encoded by the human germline immunoglobulin gene 1 the VH or VL
framework regions. In certain cases, the human antibody may display no more than 3,
or even no more than 4, 3, 2, or 1 amino acid difference from the aminoe acid sequence

encoded by the germline sunwmoglobulin gene.

BMP FAMILY MEMBERS AND HEPCIDIN

In one embodiment, the invention provides an antibody or binding fragment
thereot that specifically binds to BMP6 is an antibody. In one embodiment, the
antibody or binding fragment thereof is described in Table 1 and/or Table 14,

20 In one embodiment, the antibody or binding fragment thereof specifically binds to
BMP6 but not to other BMP proteins (such as BMP2Z, BMPS or BMP7).
BMPS6, a secreted BMP family growth factor ligand, s a 30 kDa disulfide-linked
homodimer 1o its mature active form. The protein is a member of the TGF-Beta
superfamilv. Bone morphogenectic proteins arc known for their ability to induce the
25 growth of bone and cartilage. BMP6 is able to induce all osteogenic markers m
mesenchymal stem cells.

The bone morphogenetic proteins {(BMPs} are a family of secreted signaling
maolecules that can mduce ectopic bone growth. BMPs are part of the transforming
growth factor-beta (TGF-Beta) superfamily. BMPs were originally identified by an

30 ability of demuncralized bone extract to mduce endochondral osteogenesis in vivo in
an extraskeletal site. Based on its expression eardy in embryogenesis, the BMP
encoded by this gene has a proposed role in early development. In addition, the fact
that this BMP is closely related to BMP3 and BMP7 has led to speculation of possible

bone inductive activity. An additional function of BMP6 has been identified as
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described i Nature Genetics April; 41 {4]:386-8.
Mice with a knock-out of BMP6 arc viable and fertile, and show normal bone and
cartilage development.

BMPS6 1s the key regulator of hepeidin, the small pepude secreted by the hiver

5 which is the major regulator of iron metabolism in mammals. Hepcidin controls both
the amount of dictary iron absorbed in the duodenum and iron released by
reticuloendothelial cells. Hepcidin is upregulated by a variety of stimuli, including
mflammation and ron overload, and downregulated by anemua, hyvpoxia, and iron
deficiency.

10 Without being bound by any particular theory, this disclosure suggests that a
BMP6 antagomist antibody as a hepaidin-lowering therapy s expected to benefit
patients with iron-restricted anemia by overcoming resistance to Hrythropoiesis
Stimuiating Agent (ESA), which adds substantially to the morbidity of an underlving
discasc and 15 often a predictor of adverse outcome. Through its interaction with

15  BMPRI and BMPR2 recepiors, i induces receptors dimenzation and transcription of
hepcidin. BMP6 also binds to HIV co-receptor in Hver and muscle cells.

Thus, BMP6 is known to increase expression of hepcidin. Hepeidin 1s known
to be a kev hormone involved 1n iron homeostasis. High hepcidin levels are
associated with iron restricted erythropoiesis in ACD.

20 WO 2010/056981 disclosed that administration to mice of an antibody to BMP6
decreased hepeidin and increased wron.

BMPG6 15 further described in the art, e.g. Hahn ot al. 1992 Genomics 14: 759-
62:; Savermann et al. 1993 J. Neurosci. Res. 33: 142; Celeste et al. 1991 Proc. Natl.
Acad. Sci. USA 87: 9843; Schluesener et al. 1995 Atherosclerosis 113: 153; Gitelman

25 etal 1994 | Cell Biol. 126: 1593; Bamnes et al. 1997 W I Urol. 13: 337, and Hamdy
ct al. 1997 Cancer Res. 57: 4427,

BMP2, hike other bone morphogenetic proteins, plays an important role in the
development of bone and cartdage. K is mvolved in the hedgehog pathway, TGF-
Beta signaling pathway, and in cyvtokine-cytokine receptor mteraction. I is also

30 involved m cardiac cell differentiation and epithelial to mesenchymal transition.
BMP? has many cssential roles, as noted by Kishimoto et al. 1997 Dev. 124: 4457,
Maetal. 2003 Dev. 132: 3601, Wang ¢t al. Bone 48: 524; and Rosen 2009 Cyt.
Growth Fact. Rev. 20: 475, It 1s thus preferable for a BMP6 antibody to not bind to
BMP2.
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BMP?2 1s turther described m, inter alia; Sampath et al. 1990 I Biol. Chem.
265: 13198; Chen et al. 2004 Growth Factors 22: 233; Marie et al. 2002 Histol.
Histopath. 17: 877; Nickel et al. 2001 J. Bone Joint Surg. 83-A Supp. 1: 87-14; Kirsch
ot al. 2000 FEBS Lett. 468: 215; Kirsch et al. 2000 EMBO 1. 19 3314; Gilboa et al.
5 2000 Mol Biol. Cell 11: 1023,
BMPS3 is also a member of the TGF-Beta superfamily. Like other BMPs, it is known
for its ability to induce bone and cartilage development. BMPS is expressed in the
trabecular meshwork and optic nerve head and may have a role in development and
normal function. It is also expressed in lung and hiver.
10 Additional information on BMPS 1s known in the art, ¢.g., Hahn et al. 1992
Genomics 14 759; Beck et al. 2003 BMC Neurosci. 2: 12; Celeste et al. 1991 Proc.
Natl. Acad. 8ci. USA 87: 9843, and Sakaue et al. 1996 Biochem. Biophys. Res.
Comm. 221: 768.
BMP7 is also a member of the TGF-Beta superfamily. Like other members of the
15 BMP family of proteins, it plays a key role in the transformation of mesenchymal
cells into bone and cartilage. It induces the phosphorviation of SMAD and SMADS3,
which in turn induce transcuption of numerous ostcogenic genes.
As noted above, mice with a knock-out of BMP6 are viable and fertide, and
show normal bone and cartilage development. However, knock-out mice for BMP7
20 die after birth with kidney, eve and bone defects. Individual knock-outs of either gene
do not alter cardiogencsis, but a double knock-out of BMP6 and BMP7 demonstrated
several defects and delays in the heart; embryos died to cardiac wnsufficiency, BMP7
1S important in preventing progression of chromic heart disease associated with
fibrosis. Therefore, cross-reactivity of an anti-BMP6 antibody with BMP7 is not
25 desirable.
Additional mformation related to BMP7 1s provided in the art, ¢ g, Hahn et al.
1992 Genomies 14: 759; Chen et al. 2004 Growth Factors 22: 233; Itoh et al. 2001
EMBO J. 20: 4132; Zeisberg et al. 2003 Am. J. Physiol Renal Physiol. 285 F1060;
Kallui et al. 2009 J. Chin. Invest. 119 1420; and Wang ¢t al. 2001 J. Am. Soc. Neph.
30 122392
Hepcidin is a peptide hormone also known as HAMP (Hepcidin anti-microbial protein
or peptide}.
A recent gene duplication event in mouse evolution has led to the presence of

two similar hepeidin genes in mice, Hepeidinl and HepcidinZ. Hyin et al. 2003 FEBS

70



WO 2017/216724 PCT/IB2017/053507

10

20

25

30

Lett. 542: 22-26. Mouse hepaidin2 lacks several conserved residues found in
mammalian hepeidins. Lou et al. 2004 Blood 103: 2816-2821.

The Hepeidin gene product 1s involved in the maintenance of iron
homeostasis, and it is necessary for the regulation of won storage in macrophages, and
for intestinal iron absorption. These peptides exhibit antimicrobial activity.

The preproprotein {or preprobormone or preprohepeiding (84 aa) and
proprotein (or prohommone or prohepciding (60 aa) arc processed into mature peptides
of 20, 22 and 25 amino acids. The 25-aa peptide 1s secreted mainly by the hiver and 1s
considered the “master regulator” of iron metabolism. The 20- and 22-aa metabolites
exist in the urine. The N-terminal region of Hepeidin is required for function;
deletion of the 5 N-terminal amino acids resuits in loss of function.

The active Hepeidin peptides are rich in cystemes, which form intramolecular
bonds that stabilize their beta sheet structures.

Hepeidin 1s mainly synthesized in the liver, with smalier amounts found to be
synthesized m other tissues. Bekri et al. 2006 Gastroent. 131: 788-96,

The 25-aa Hepcidin peptide is secreted mainly by the biver and is considered
the “master regulator” of won metabolism. Hepcidin inhibits iron transport by
binding to the iron export channel ferroportin, which is located on the basolateral
surface of gut enterocytes and the plama membrane of reticuloendothelial cells
{macrophages). By inhibiting ferroportin, hepcidin prevents enterocvies of the
intestines from secreting iroun ito the hepatic portal system, thercby functionally
reducing iron absorption. The iron release from macrophages is also prevented by
ferroportin inhibition; therefore, the hepcidin maimtains iron homeostasis. Hepcidin
activity is also partially responsible for iron sequestration seen in ancnua of cluonic
mflammation such as mflammatory bowel disease, chronic heart failure, carcinomas,
rheumatoid arthritis and renal failure.

Mutations in the hepeidin gene cause hemochromatosis type 2B, also known
as juvenile hemochromatosis, a disease caused by severe iron overload that resulis in
cardiomyopathy, cirrhosts, and endocrine failure. The majority of juvenile
hemochromatosis cases are due to mutations in hemojuvelin, a regulator of hepeidin
production.

Genetically modified mice engmeered to overexpress hepeidin die shortly after burth
with severg iron deficiency, suggesting a central and not redvndant role in iron

regulation. The first evidence that linked hepcidin to anenua of mflammation came
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when researchers examined tissues from two patients with fiver tumors with a severe
microcvtic anemia that did not respond to iron supplements. The tumor tissue
overproduced hepeidin, and removing the tumors surgically cured the anenia.

There are many diseases wherem faiture to adequately absorb ron contributes
to iron deficiency and iron deficiency anemia. The treatment will depend on the
hepcidin levels, as oral treatment will likely be ineffective if hepceidin is blocking
enteral absorption.

In one embodiment, administration of the antibody or binding fragment thereofto
BMPS6 reduces the activity and/or level of Hepeidin and is thus useful in a treatment
for anemia. In one embodiment, the invention pertams to a method of reducing the
activity or level of Hepeidin in a patient i need thereof, the method comprising the
step of administering to the patient an antibody or antigen-binding fragment thereof to
BMP6. In one embodiment, the activity or level of Hepcidin is reduced by at least
509%.

fnhibitors to Hepeidin, such as BMP6 antibodies, can be used {o treat a
Hepcidin-related discase. This includes any dissase associated with Hepcidin and/or a
mutation and/or an over-cxpression of a wild-tvpe and/or mutant Hepeidin, and/or
diseases wherein disease progression is enhanced by or prognosis worsened by the
presence of Hepaidin and/or a mutation and/or an over-gxpression of wild-type and/or
mutant Hepcidin, and/or reduced renal elimination of hepeidin via the urine. Non-
himiting examples of Hepeidin-related diseases include: ancnua, tron-deficient
ervthropoiesis, hypoferremia, impaired dietary iron aptake, iron sequestration, anemia
of inflaramation {Al), atherosclerosis, diabetes, and multiple neurodegenerative
disorders such as Alzheimer’s discase, Parkinson’s disease and Friedrich’s ataxia,
heart failure, chronic kidney discase, cardiorenal~-anenua syndrome, mfection, blood
loss, hemolysis, vitamin B12 or folate deficiency, hyperparathvroidism,
hemoglobinopathics and malignancies, cancer, AIDS, surgery, stunted growth, and/or
hair loss. In one embodiment, the subject is a dialysis patient. In one embodiment,
the Hepeidin-related disease 18 anermia and the subject 1s a dialysis patient. The
prevalence of iron and ESA-refractory anemia is high in chronic hemodialvsis
population.

Anemia includes, inter alia, anemia of chromie disease (ACD), anemua of
chronic kidoney disease (CKD), anemia of cancer, erythropoiesis stimulating agent

{ESA) resistant anemia, and/or iron-restricted ancmua.
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Anenua of CKD is a common and early complication of chromc kidney
disease. Anemia of cancer 18 caused by hematological malignancics and some solid
umors, As defined herein, this term also includes chemotherapy-induced ancmia,
which is anemia caused by chemotherapeutic agents. Anenua in chronic kidney
diseases can worsen diabetic neuropathy, cardiovascular disease, retinopathy and
other problems. Cancer-related anemia is associated with increased risk of death.

Some chronic discases such as cancer, kidney discase and autoimmune
disorders can lead to anemia. Overactive inflammatory cyvtokmes can cause
dvsregulation of iron homeostasis, reduction of ervihropoiesis, and a decrease in the
fite span of red blood cells. Some treatments for anemia include administration of an
ESA, ervthropoietm, iron {as a dietary supplement) or a blood transfusion.

Hepcidin 1s a key hormone involved in tron homeostasis. High lovels of
hepeidin have been associated with iron restricted erythropoiesis in ACD. BMP6 s
konown to mcrease expression of hepeidin,

Various types of antibodies and antigen-binding fragments thereof to BMP6

are described below.

HOMOLOGOUS ANTIBODIES

In vet another embodiment, the present invention provides an antibody or an
antigen-binding fragment thereof comprising amino acid sequences that are
homologous to the sequences descrbed in Table 1 and/or Table 14, and said antibody
binds to BMP6, and retains the desired functional properties of those antibodics
described in Table 1 and/or Table 14,
For example, the invention provides an isolated monocional antibody {(or a functional
antigen-binding fragment thereof) comprising a heavy chain vanable region and a
light cham variable region, wherem the heavy chain vanable region comprises an
aming acid sequence that is at least 80%, at least 90%, or at least 95% identical to an
aming acid sequence selected from the group consisting of SEQ 1D NOs: 16; 36; 56;
or 76; the hight chain variable region corprises an amino acid sequence that is at least
809, at least 90%, or at least 95% identical to an aming acid sequence selected from
the group consisting of SEQ 1D NOUs: 26; 46; 66; or 86; the antibody specifically
binds to BMP6 protein, and the antibody can inhibit red blood cell lysis in a hemolytic
assay, wherein a hemolvtic assay is known i the art. In a specific example, such

antibodies have an ICsp value tn a hemolytic assay of 20-200 pM when using human
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BMPo-depleted serum that 1s reconstituted with 100 pM human BMP6.

In one embodiment, the VH and/or VL amino acid sequences may be 50%,
60%, 70%, 80%. 90%, 95%, 96%, 97%, 98% or 99% identical to the sequences set
forth in Table 1 and/or Table 14, In one embodiment, the VH and/or VL anuno acid

5 sequences may be identical except an amino acid substitution in ne more than 1, 2, 3,

4 or 5 amino acid posttion. An antibody having VH and VL regions having high {ic,
80% or greater) identity o the VH and VL regions of those deseribed in Table |
and/or Table 14 can be obtained by mutagenesis (e.g., site~directed or PCR-mediated
mutagenesis} of nucleic acid molecules encoding SEQ D NQOs: 16; 36; 56; or 76; and

10 26; 46; 66; or 86 respectively, followed by testing of the encoded altered antibody for
retamed function using the functional assays described herein.

In onc embodiment, the full length heavy chain and/or full length hight chain asmino
acid sequences may be 50% 60%, 70%, 80%. 909%, 95%, 96%, 97%, 98% or 99%
identical to the sequences set forth in Table 1 and/or Table 14. An antibody having a

15 full length heavy cham and full length light chain having high G.e., 80% or greater)
identity to the full length heavy chams of any of SEQ 1B NQOs: 18; 38; 58, or 78 and
full length light chains of anv of SEQ ID NOs: 28; 48; 68 or 88 respectively, can be
obtained by mutagenesis {¢.g., site~directed or PCR-mediated mutagenesis) of nucleic
acid molecules encoding such polyvpeptides respectively, followed by testing of the

20 encoded altered antibody for retained function using the functional assays described
herem.

In one embodiment, the full length heavy chain and/or full length light chain
nucleotide sequences may be 609%, 70%, 80%, 90%, 95%, 96%. 97%, 98% or 99%
wdentical to the sequences set forth in Table 1 and/or Table 14.

25 In one embodiment, the variable regions of heavy chain and/or light chain
nucleotide sequences may be 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99%
identical to the sequences set forth in Table 1 and/or Table 14

As used herein, the percent identity between the two sequences is a function of
the number of identical positions shared by the sequences (i.e., % identity equals

30 number of identical positions/total number of posttions X 100}, taking into account
the number of gaps, and the length of cach gap, which need to be introduced for
optimal alignment of the two sequences. The comparison of sequences and
determination of percent identity between two sequences can be accomplished using a

mathematical algorithm, as descnibed in the non-limiting examples below.
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Addinonally or altematively, the protein sequences of the present invention can
further be used as a "query sequence” to perform a search against public databases to,
for example, identify related sequences. For examaple, such searches can be performed
using the BLAST program (version 2.0} of Alischul, et al, 1990 J. Mol. Biol.
215:403-10.
Antibodies with Conservative Modifications

In onc embodiment, an antibody of the jnvention has a heavy chain varable
region comprising CDR1, CDR2, and CDR3 sequences and a light cham vanable
region comprising CDR1, CDR2, and CPR3 sequences, wherein one or more of these
CDR sequences have specified amino acid sequences based on the antibodics
described herem or conservative modifications thereof, and wherein the antibodies
retain the desired functional properties of the BMP6-binding antibodies and antigen-
binding fragments thereof of the nvention. Accordingly, the invention provides an
isolated monoclonal antibody, or a functional antigen-binding fragment thercof,
consisting of a heavy chain varnable region comprismg CDR1, CDR2, and CDR3
sequences and a light cham variable region comprising CDR1, CDR2, and CDR3
sequences, wherein: a heavy cham variable region CDR1 comprising an amino acid
sequence selected from any of SEQ 1D N(s: 29, 49,69, 12,32, 52,72, or Y or
congervative vanants thereof; a heavy chain variable region CDR2 comprising an
amino acid sequence selected from any of SEG 1D NOs: 10,30, 50,70, 13,33, 53, or
73 or conservative variants thercof, a heavy chain vanable region CDR3 comprising
an amino acid sequence selected from any of SEQ 1D NQOs: 11, 31, 51, 71, 14, 34, 54,
or 74 or conservative variants thereof; a hight chain variable region COR1 comprising
an amino acid sequence selected from any of SEQ 1D NOs: 19, 39, 59, 79, 22, 42, 62,
or 82 or conservative variants thereof; a light chain vanable region CDR2 comprismg
an amino acid sequence selected from any of SEQ 1D NOs: 20, 40, 60, 80, 23, 43, 63,
or 43 or conservative variants thereof, and a light chain variable region CBR3
comprising an amino acid sequence selected from any of SEQ 1D NGs: 21, 41, 61, 81,
24, 44, 64, or 84 or conservative variants thereof, the antibody or the antigen-binding
fragment thereof specifically binds to BMP6, and inhibits red blood celi lysisin a
hemolytic assay.

In one embodiment, an antibody of the invention optimized for expression in a
manmalian ccll has a full length heavy chain sequence and a foll length light chain

sequence, wherein one or more of these sequences have specified amino acid
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sequences based on the antibodies described herein or conservative modifications
thereof, and wherein the antibodies retain the desired functional propertics of the
BMP6-binding antibodies and antigen-binding fragments thereof of the invention.
Accordingly, the mvention provides an 1solated monoclonal antibody optimized for
5 expression in a mammalian cell consisting of a full length heavy chain and a fall

length light chain wherein: the full length heavy chain has amino acid sequences
selected from the group of SEQ 1D NOs: 18; 38; 58; or 78, and conscrvative
moditications thereof, and the full length hight chain has amino acid sequences
selected from the group of SEQ 1D NQOs: 2&; 48; 68 or 88, and conservative

10 modifications thercof: the antibody specificallv binds to BMP6; and the antibody
inhibits red blood cell tysis in a hemolytic assay as described heren. In a specific
embodiment, such antibodies have an 1Cs; value in a hemolvtic assay of 20-200 pM
when using human BMP6&-depleted seram that is reconstituted with 100 pM human

BMPS.

ANTIBODIES THAT BIND TO THE SAME EPITOPE
The present invention provides antibodies that bind to the same epitope as do
the BMP6-binding antibodies histed in Table 1 and/or Table 14. The epitope bound by
Antibody 7 is shown m Fig. 5. Additional antibodies can therefore be identified based
20 outheir ability to cross-compete {e.g., to competitively inhibit the binding of in a
statistically significant manner) with other antibodics and antigen-binding fragments
thereof of the invention in BMP6 binding assays. The ability of a test antibody to
inhibit the binding of antibodies and antigen-binding fragments thereof of the present
mvention to BMP6 protein demonstrates that the test antibody can compete with that
25 antibody for binding to BMP6; such an antibody may, according to non-himiting
theory, bind to the same or a related {e.g., a structurally similar or spatially proxumal)
epitope on the BMPS as the antibody with which it competes. In a certain
cmbodiment, the antibody that binds to the same epitope on BMPS as the antibodies
and antigen-binding fragments thereof of the present invention is a human
30  monocclonal antibody. Such human monoclonal antibodies can be prepared and
1solated as described herein.
Once a desired epitope on an antigen is determined, 1t is possible to generate
antibodics to that epitope, ¢.g., using the techniques described m the present

mvention. Alternatively, during the discovery process, the generation and
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charactenization of antibodies may elucidate information about desirable epitopes.
From this mformation, if is then possible to competitively screen antibodigs for
binding to the samc epitope. An approach to achieve this is to conduct cross-
competition studies to find antibodies that competitively bind with one another, e.g.,
5 the antibodies compete for binding to the antigen. A high throughput process for
“bianing” antibodies based upon their cross-competition is described in fntemational
Patent Application No. WO 2003/48731. As will be appreciated by one of skill in the
art, practically anything to which an antibody can specifically bind could be an
epitope. An epitope can comprises those residues to which the antibody binds.

10 Generally, antibodics specific for a particular target antigen will preferentially
recognize an epitope on the target antigen in a complex mixture of proteins and/or
macromolecules.

Regions of a given polypeptide that include an epitope can be identified using
any number of epitope mapping techniques, well known n the art. See, ¢.g., Epttope

15 Mapping Protocols n Methods in Molecular Biology, Vol. 66 (Glenn E Morns, Hd,,
1996} Humana Press, Totowa, New Jersey. For example, linear gpitopes may be
determined by e.g., concurrently synthesizing large numbers of peptides on solid
supports, the peptides corresponding o portions of the protem molecule, and reacting
the peptides with antibodies while the peptides are still attached to the supports. Such

20 technigues are known in the art and described n, e.g., U.S. Patent No. 4,708,871,
Geysen et al., (1984) Proc. Natl. Acad. Sci. USA 8:3998-4002; Geysen et al, {1985)
Proc. Natl Acad. Sci. USA 82:78-182; Geysen et al., (1986} Mol. Immunol. 23:709-
715, Similarly, conformational epitopes are readily identified by determining spatial
conformation of amino acids BMP6such as by, ¢.g., hydrogen/deuterium exchange, x-

25 rav crystallography and two-dimensional nuclear magnetic resonance. See, ¢.g.,
Epttope Mapping Protocols, supra. Antigenic regions of proteins can also be
wdentified using standard antigenicity and hydropathy plots, such as those calculated
using, ¢.g., the Omiga version 1.0 software program avatiable from the Oxford
Molecular Group. This computer program employs the Hopp/Woods method, Hopp et

30 al, {(1981) Proc. Natl. Acad. 5ci USA 78:3824-3828; for determining antigenicity
profiles, and the Kyte-Doolittle technique, Kyte et al,, (1982} J. Mol. Biol. 157:105-
132; for hydropathy plots.

Engineered and Modified Antibodies

Ar antibody of the invention further can be prepared using an antibody having
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one or more of the VH and/or VL sequences shown herein as starting matenal to
engineer a modified antibody, which modified antibody may have altered propertics
from the starting antibody. An antibody can be engineered by modifying one or more
residues within one or both variable regions (1., VH and/or VL), for example within
one or more CDR regions and/or within one or more framework regions. Additionally
or alternatively, an antibody can be engineered by modifyving residues within the
constant region {s), for example to alter the effector function {s) of the antibody.

One type of varnable region engineering that can be performed 1s CDR
grafting. Antibodies mteract with target antigens predominantly through aming acid
residucs that are located in the six heavy and light chain complementanty determining
regions (CDRs). For this reason, the amino acid sequences within CDRs are more
diverse between individual antibodies than sequences outside of CBRs. Because CDR
sequences are responsible for most antibody-antigen nteractions, i is possible to
express recombinant antibodies that mimic the propertics of specific naturally
occurring antibodies by constructing expression vectors that include CDR seguences
from the specific naturally occurring antibody grafted onto framework sequences
from a different antibody with different properties (see, ¢.g., Ricchmaon, L. et al |
1998 Nature 332:323-327; Jones, P. et al,, 1986 Nature 321:522-5325; Queen, C. et al,
1989 Proc. Natl. Acad., U.S. A, 86:10029-10033; UK. Pat. No. 5,225,539 t¢c Winter,
and U.8. Pat. Nos. 5,530,101, 5,585,089, 5,693,762 and 6,180,370 to Queen et al }
Such framework sequences can be obtained from public DNA databases or published
references that include germine antibody gene sequences. For example, germine BNA
sequences for human heavy and hight chain variable region genes can be found in the
"VBase" human germiine sequence database (available on the Intermet at www.mre-
cpe.cam.ac.uk/vbase), as well as in Kabat, E. A, et al, 1991 Sequences of Proteins of
Immunoclogical Interest, Fifth Edition, U.S. Department of Health and Human
Services, NIH Publication No. 91-3242; Tomhinson, I M, et al, 1992 J. fol. Biol.
227:776-798%; and Cox, J. P. L. et al., 1994 Eur. J Imnunol. 24:827-836; the contents
of cach of which are expressly incorporated herein by reference.

An example of framework sequences for use in the antibodies and antigen-
binding fragments thereof of the invention are those that are structurally similar to the
framework sequences used by selected antibodies and antigen-binding tragments
thereof of the invention, ¢.g., consensus sequences and/or framework sequences used

by monoclonal antibodies of the invention. The VH CDR1, 2 and 3 sequences, and
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the VL CDR1, 2 and 3 sequences, can be gratied onto framework regions that have
the wleatical sequence ag that found 1n the germline immunoglobulin gene from which
the framework sequence derive, or the CDR scquences can be grafted onto framework
regions that contain one or more mutations as compared to the germline sequences.
For example, 1t has been found that in certain instances it is beneficial to mutate
residucs within the framework regions to maintain or enhance the antigen binding
ability of the antibody {(see e.g., U.S. Pat. Nos. 3,530,101 5,585,089, 5,693,762 and
6,180,370 to Queen et al).

Another type of variable region modification s to mutate ammo acid residues
within the VH and/or VL CDR1, CDR2 and/or CDR3 regions to thereby mmprove one
or more binding properties {¢.g., affinity) of the antibody of interest, known as
"affinity maturation.” Site-directed nuutagencsis or PCR-mediated mutagenesis can be
performed o mtroduce the mutation (s) and the effect on antibody binding, or other
functional property of interest, can be evaluated in in vitro or n vivo assays as
described herein and provided in the Examples. Conservative modifications (as
discussed above) can be mtroduced. The mutations may be amine acid substitutions,
additions or deletions. Moreover, typically no more than one, two, three, four or five

residues within a CDR region are altered.

GRAFTING ANTIGEN-BINDING DOMAINS INTO ALTERNATIVE
FRAMEWORKS OR SCAFFOLDS

A wide variety of antibody/immunoglobulin frameworks or scaffolds can be
employed so long as the resulting polypeptide mchides at least one binding region
which specifically binds to BMP6. Such framewaorks or scaffolds include the 5 main
idiotypes of human immunoglobulins, antigen-binding fragments thereof, and include
inmumoglobuling of other amimal species, preferably having humanized aspects.
Single heavy-chain antibodies such as those identified in camelids are of particular
iterest in this regard. Novel frameworks, scaffolds and fragments continue to be
discovered and developed by those skilied i the art.

In one aspect, the mvention pertains to a method of generating non-
mmmunoglobulin based antibodics using non-tmpwunoglobulin scaffolds onto which
CDRs of the invention can be grafted. Known or futare non-immunoglobulin
frameworks and scaffolds may be employed, as long as they comprise a binding

region specific for the target BMPS protein. Known non-immunoglobulin
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frameworks or scaffolds include, but are not hinuted to, fibronectin (Compound
Therapeutics, Inc., Waltham, Masgs }, ankynn (Molecuolar Partners AG, Zurich,
Switzerland), domain antibodies {Domantis, Lid., Cambridge, Mass., and Ablynx nv,
Zwinaarde, Belgium), lipocalin (Pieris Proteolab AG, Freising, Germany), small
modular immuno-pharmaceuticals {Trubion Pharmaceuticals Inc ., Seattle, Wash ),
maxybodies (Avidia, Inc., Mountain View, Calif}, Protein A {Affibody AG, Sweden),
and affilin (gamma-~crystallin or ubiquitin (Scil Proteins GmbH, Halle, Germany).

¢ fibronectin scaffolds are based on fibronectin type 1 domain {c.g., the
tenth module of the fibronectin type IH (10 Fn3 domain}}. The fibronectin type HI
domain has 7 or 8§ beta strands which are distributed between two beta sheets, which
themselves pack against each other to form the core of the protein, and further
containing loops {analogous to CORs} which connect the beta strands to each other
and are solvent exposed. There are at least three such loops at each edge of the beta
sheet sandwich, where the cdge 15 the boundary of the protein perpendicular to the
direction of the beta strands {(see U.S. Pat. No. 6,818.418). These fibronectin-based
scaffolds are not an immunoglobulin, although the overall fold is closely related to
that of the smallest functional anttbody fragment, the varnable region of the heavy
chain, which comprises the entire antigen recognition unit in camel and llama IgG.
Because of this structare, the non-imnmunoglobulin antibody mimics antigen binding
propertics that are similar in nature and affinity for those of antibodies. These
scaffolds can be used in a loop randomization and shuffling strategy i vitro that is
similar to the process of affinity maturation of antibodies in vivo. These fibronectin-
based molecules can be used as scaffolds where the loop regions of the molecule can
be replaced with CDRs of the invention using standard cloning techniques.

The ankynin technology is based on using proteins with ankyrin denved repeat
modules as scaffolds for bearimg variable regions which can be used for binding to
different targets. The ankyrin repeat module 1s a 33 amino acid polypeptide consisting
of two anti-paralie! alpha-helices and a beta-turn. Binding of the vanable regions is
mostly optimized by using nbosome display.

Avimers are dertved from natural A-domain containing protein such as LRP-1
These domains are used by nature for protein-protein interactions and in buman over
250 protems are structurally based on A-domains. Avimers consist of a number of
different "A-domain” monomers {2-10} linked via amino acid linkers. Avimers can be

created that can bind to the target antigen using the methodology described in, for
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example, U.S. Patent Application Publication Nos. 20040175756; 20050053973,
20030048512; and 20060008844,
Aftibody affinity ligands are small, simple proteins composed of a three-helix bundle
based on the scatfold of one of the IgG-binding domains of Protem A, Protein A is a

5 surface protein from the bacteriom Staphylococcus aureus. This scaffold domam
consists of 58 amino acids, 13 of which are randomized to generate affibody libranes
with a large number of higand vanants (Sece.g., U.S. Pat. No. 5,831,012}, Affibody
molecules mimic antibodies, they have a molecular weight of 6 kDa, compared 1o the
molecular weight of antibodies, which 1s 150 kDa. In spite of its small size, the

10 binding stic of affibody molecules is similar to that of an antibody.

Anticaling are products developed by the company Pienis ProteoLab AG. They
are derived from hipocaling, a widespread group of small and robust proteins that are
usually involved in the physiological transport or storage of chemically sensitive or
msoluble compounds. Several natural lipocalins occur in human tissues or body

15 higwds. The protein architecture is reminiscent of immunoglobulins, with
hypervariable loops on top of a rigid framework. However, in contrast with antibodies
o1 ther recombinant fragments, lipocalins are composed of a single polvpeptide chain
with 160 to 180 amino acid residues, being just margimally bigger than a single
mnmumnoglobulin domain. The set of four loops, which makes up the binding pocket,

20 shows pronounced structural plasticity and tolerates a variety of side chains. The
binding site can thus be reshaped 1n a proprictary process in order to recognize
prescribed target molecules of different shape with high affinity and specificity. One
protein of lipocalin family, the bilin-binding protein (BBP) of Pieris Brassicae has
been used to develop anticalins by mutagenizing the set of four loops. One example of

25 apatent application describing anticalins is in PCT Publication No. W( 199916873,

Affilin molecules are small non-tmmunoglobulin proteins which are designed
for specific affinities towards proteins and small molecules. New affilin molecules
can be very quickly selected from two libraries, cach of which is based on a different
human derived scaffold protein. Affilin molecules do not show any structural

30  homology to immmunoglobulin proteins. Currently, two affilin scaffolds are employed,
one of which is gamoma crystaliine, a buman structural ove lens protein and the other
15 "ubiquitin” superfamily proteins. Both human scaffolds are very small, show high
temperature stability and are almost resistant to pH changes and denaturing agents.

This high stability is mainly due to the expanded beta sheet structure of the proteins.
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Examples of gamma crystalline derived proteins are deseribed in W0200104144 and
examples of "ubiquitin-iike" proteins are described 1n W(2004106368.

Protein epitope numetics (PEM) are medium-sized, cyclic, peptide-like molecules
(MW 1-2 kDa) mimicking beta-hairpin secondary structures of proteins, the major
secondary structure mvolved in protem-protein mteractions.

The human BMP6-binding antibodies can be generated using methods that are
known in the art. For example, the humancering technology used to converting non-
human antibodies into enginecred human antibodies. U.S. Patent Publication No.
20050008625 describes an m vive method for replacing a nonhuman antibody
variable region with a human variablc region in an antibody while maintaining the
same or providing better binding characteristics relative to that of the nonhuman
antibody. The method relies on epitope guided replacement of variable regions of a
non-human reference antibody with a fully human antibody. The resulting buman
antibody is generally unrelated structurally to the reference nonhuman antibody, but
binds to the same epitope on the same antigen as the reference antibody. Briefly, the
serial epitope-guided complementarity replacement approach iz enabled by setting up
a competition in cells between a "competitor” and a library of diverse hybrids of the
reference antibody ("lest antibodies”) for binding to himiting amounts of antigen n the
presence of a reporter system which responds to the binding of test antibody to
antigen. The competitor can be the reference antibody or derivative thereof such as a
single-cham Fv fragment. The competitor can also be a natural or artificial igand of
the antigen which binds to the same epitope as the reference antibody. The only
requirements of the competitor are that it binds to the same epitope as the reference
antibody, and that it competes with the reference antibody for antigen binding. The
test antibodies have one antigen-binding V-region in common from the nonhuman
reference antibody, and the other V-region selected at random from a diverse source
such as a repertoire library of human antibodies. The common V-region from the
reference antibody serves as a guide, positioning the test antibodies on the same
epitope on the antigen, and in the same orientation, so that selection 1s biased toward
the highest antigen-binding fidelity to the reference antibody.

Many types of reporter system can be used to detect desired interactions
between test antibodies and antigen. For example, complementing reporter fragments
may be linked to antigen and test antibody, respectively, so that reporter activation by

fragment complementation only occurs when the test antibody binds to the antigen.
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When the test antibody- and antigen-reporter fragment fusions are co-expressed with
a competitor, reporter activation becomes dependent on the ability of the test antibody
to compete with the competitor, which is proportional to the affinity of the test
antibody for the antigen. Other reporter systems that can be used include the
reactivator of an auto-inhibited reporter reactivation system (RAIR) as disclosed in
UK. patent application Ser. No. 10/208,730 (Publication No. 20030198971), or
competitive activation system disclosed in U.S. patent application Ser. No.
10/076,845 {Publication No. 20030157579).

With the senal epifope-guided complementarity replacement system, selection
1s made to dentify cells expresses a single test antibody along with the competitor,
antigen, and reporter components. In these cells, cach test antibody competes one-on-
one with the competitor for binding to a limiting amount of antigen. Activity of the
reporter is proportional to the amount of antigen bound to the test antibody, which i
turn is proportional to the affinity of the test antibody for the antigen and the stability
of the test antibody. Test antibodies are imtally selected on the basis of their activity
relative to that of the reference antibody when expressed as the test antibody . The
result of the first round of selection is a set of "hyvbnid" antibodics, cach of which is
comprised of the same non-human V-region from the reference antibody and a human
V-region from the hibrary, and cach of which binds to the same epitope on the antigen
as the reference antibody. One of more of the hybnd antibodies selected in the first
round wili bave an affinity for the antigen comparable to or higher than that of the
reference antibody.

In the second V-region replacement step, the human V-regions sclected in the
first step are used as guide for the sclection of buman replacements for the remaining
non-human reference antibody V-region with a diverse library of cognate human V-
regions. The hybnd antibodies selected i the first round may also be used as
competitors for the second round of selection. The result of the second round of
selection 1s a set of fully human antibodies which differ structurally from the
reference antibody, but which compete with the reference antibody for binding to the
same antigen. Some of the selected human antibodies bind to the same epitope on the
same antigen as the reference antibody. Among these sclected hurnan antibodies, one
or more binds to the same epitope with an affinity which 1s comparable to or higher
than that of the reference antibody.

Using onc of the mouse or chimeric BMP6-binding antibodies described
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above as the reference antibody, this method can be readily emploved to generate
humar antibodies that bind to human BMPG6 with the same binding specificity and the
same or better binding affimity. In addition, such human BMP6-binding antibodics can
also be commercially obtained from companies which customarily produce human

5 antibodies, e.g., KaloBios, Inc. (Mountain View, Calif )},
CAMELID ANTIBODIES

Antibody proteins obtained from members of the camel and dromedary
(Camelus bactrianus and Calelus dromaderius) family including new world members

10 such as Hama species (Lama paccos, Lama glama and Lama vicugna) have been
characterized with respect to size, structural complexity and antigenicity for human
subjects. Certain Ig(s antibodigs from this family of mammals as found in nature lack
Eght chains, and are thus strecturally distinct from the typical four chain quaternary
structure having two heavy and two light chains, for antibodics from other animals.

15 See PCT/EP93/02214 (W0 94/046738 published 3 Mar. 1994).

A region of the camelid antibody which is the small single variable domain
wdentificd as VHH can be obtained by genetic engincering to vickd a small protein
having high affinity for a target, resulting in a low molecular weight antibody-derived
protein known as a "camelid nanobody”. See U.S. Pat. No. 5,759,808 tssued Jun. 2,

20 1998; sce also Stijlemans, B et al | 2004 § Biol Chem 279; 1256-1261; Bumoulin, M.
et al., 2003 Nature 424; 783-788; Pleschberger, M. et al. 2003 Bioconjugate Chem 14:
440-448; Cortez-Retamozo, V. et al. 2002 Int § Cancer 89; 456-62; and Lauwereys,
M. etal. 1998 EMBG § 17: 3512-3520. Enginecred libraries of camelid antibodies and
antibody fragments are commercially available, for example, from Ablynx, Ghent,

25 Belgium. As with other antibodics and antigen-binding fragments thercof of non-
human origin, an aming acid sequence of a camelid antibody can be altered
recombinantly to obiain a sequence that more closely resembles a human sequence,
i.¢., the nancbody can be "humanized”. Thus the natural low antigenicity of camelid
antibodies to humans can be further reduced.

36 The camelid nancbody has a molecular weight approximately one-tenth that of
a human 1gG molecule, and the protem has a physical diameter of only a fow
nanometers. One consequence of the small size 1s the ability of camelid nancbodies to
bind to antigenic sites that are functionally mvisible to larger antibody protemns, 1.e.,

camelid nanobodies are useful as reagents detect antigens that are otherwise crypiic
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using classical immunological technigues, and as possible therapeutic agents. Thus
vet another consequence of small size is that a camelid nanobody can inhibitas a
result of binding to a specific site in a groove or narrow clett of a target protein, and
hence can serve m a capacity that more closely resembles the function of a classical
low molecolar weight drug than that of a classical antibody.

The low molecular weight and compact size further result in camelid
nanobodies being extromely thermostable, stable to extreme pH and to proteolvtic
digestion, and poorly antigenic. Another consequence 1s that camelid nanobodies
readily move from the circudatory system into fissues, and even cross the blood-bramn
barrier and can treat disorders that affect nervous tissue. Nanobodies can further
facilitated drug transport across the blood brain barrier. See U.S. patent application
20040161738 published Aug. 19, 2004, These features combined with the low
antigenicity to humans indicate great therapeutic potential. Further, these molecules
can be fully expressed in prokaryotic cells such as E. coli and are expressed as fusion
proteins with bacteriophage and are functional.

Accordingly, a feature of the present mvention is a camelid antibody or
nanobody having high affinity for BMP6. In onc embodiment herein, the camelid
antibody or nanobody 1s naturally produced in the camelid animal, 1.¢., is produced by
the camehid following immanization with BMP6 or a peptide fragment thereof, using
techniques described herein for other antibodies. Alternatively, the BMP6-binding
camehid nanobody is engineered. 1.¢., produced by selection for example from a
library of phage displaying appropnately mutagenized camelid nanobody proteins
using panning procedures with BMP6 as a target as described in the examples herein.
Engincered nanobodies can further be custonuzed by genetic engineering to have a
half life in a recipient subject of from 45 minutes to two weeks, In a specific
embodiment, the camelid antibody or nanobody 13 obtained by grafting the CDRs
sequences of the heavy or light chain of the human antibodies of the mvention into
nanobody or single domain antibody framework sequences, as described for example

m PCT/EP93/02214.

BISPECIFIC MOLECULES AND MULTIVALENT ANTIBODIES
In another aspect, the present invention features bispecific or multispecific
molecules comprising an BMP6-binding antibody, or a fragment thereof, of the

mvention. An antibody of the mvention, or antigen-binding regions thereof, can be
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dervatized or linked to another functional molecule, e.g., another peptide or protein
{e.g.. another antibody or ligand for a receptor) to generate a bispecific molecule that
binds to at least two different binding sites or target molecules. The antibody of the
mvention may n tact be denivatized or linked to more than one other functional
molecule to generate muldti-specific molecules that bind to more than two different
binding sites and/or target molecules; such multi-specific molecules are also mtended
to be encompassed by the term "bispecitic molecule” as used herein. To create a
bispecific molecule of the invention, an antibody of the invention can be functionally
linked (e.g., by chemical coupling, genetic fusion, noncovalent association or
otherwise} to one or more other binding molecules, such as another antibody,
antibody fragment, peptide or bindmg mimetic, such that a bispecific molecule
resulis.

Accordingly, the present invention includes bispecific molecules comprising
at least one first binding specificity for BMP6 and a second binding specificity for a
second target epitope. For example, the second target epitope is another epitope of
BMP6 different from the first target epitope.

Additionally, for the invention in which the bispecific molecule 15 nulti-
specific, the molecule can further include a third binding specificity, 1n addition to the
first and second target epitope.

In one embodiment, the bispecific molecules of the wnvention comprise as a
binding specificity at least onc antibody, or an antibody fragment thereof, including,
g.g., an Fab, Fab', F {(ab")2, Fv, or a single chain Fv. The antibody may also be a light
chain or heavy chain dimer, or any minimal fragment thereof such as a Fv or a single
chatn construct as described in Ladoer et al. U.S. Pat. No. 4,946,778,

Diabodies are bivalent, bispecific molecules m which VH and VL domains are
expressed on a single polypeptide chain, connected by a linker that is too short to
allow for pairing between the two domains on the same chain. The VH and VL
domains pair with complementary domains of another chain, thereby creating two
antigen binding sites (see ¢.g., Holliger et al., 1993 Proc. Natl. Acad. Sci. USA
50:6444-6448; Poijak et al., 1994 Structure 2:1121-1123). Diabodies can be produced
by expressing two polypeptide chains with either the structure VHA-VLEB and VHB-
VLA (VH-VL configuration), or VLA-VHB and VLB-VHA (VL-VH configuration}
within the same cell. Most of them can be expressed m soluble form in bacteria.

Single chain diabodies (scDb) are produced by connecting the two diabody-forming
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polypeptide chains with linker of approximately 15 amino acid residues (see Holliger
and Winter, 1997 Cancer Immunol. Immunother , 45 (3-4):128-30; Wuet al,, 1996
Immunotechnology, 2 {1):21-36). scDb can be expressed in bacteria in soluble, active
monomeric form {see Holliger and Winter, 1997 Cancer Immunol. Imnumother ., 43

5 {34y 128-30; Wu et al., 1996 Immunotechnology, 2 (1}:21-36; Pluckthur and Pack,
1997 Immunotechnology, 3 (23 83-105; Ridgway et al.,, 1996 Protein Eng., 9 (7):617-
21). A diabody can be fused to Fc to gencrate a "di-diabody" (sec Luctal,, 2004 J.
Bl Chem., 279 (4):2856-65).

Other antibodies which can be employed in the bispecific molecules of the

10 invention are murine, chimeric and humanized monoclonal antibadies.

The bispecific molecules of the present invention can be prepared by
conjugating the constituent binding specificities, using methods known in the art. For
example, each binding specificity of the bispecific molecule can be generated
separately and then conjugated to one another. When the binding specificities are

15 proteins or peptides, a variety of coupling or cross-linking agents can be used for
covalent conjugation. Examples of cross-hnking agents mclade protein A,
carbodiimide, N-succiimidvi-S-acetyl-thioacetate (SATA), 5,5'-dithiobis (2-
nitrobenzoic acid) (DTNB), o-phenyvienedimaleimide (oPDM), N-succinimidyi-3- (2-
pyridvidithicpropionate (SPDP), and sulfosuccinimidyl 4- (N-

20 maleimidomethyDeyclchaxane-1-carboxylate (sulfo-SMCC) (see ¢ g, Karpovsky et
al., 1984 1 Exp Med. 160:1686; Liu, M A ctal.,, 1985 Proc. Natl. Acad. Sci. USA
82:8648). Other methods include those described in Paslus, 1985 Behring Ins. Mitt.
No. 78, 118-132; Brennan et al |, 1985 Science 229:81-83), and Glennie et al., 1987 J.
Iroanol. 139: 2367-2375). Conjugating agents are SATA and sulfo-SMCC, both

25 available from Pierce Chemical Co. (Rocktord, 11

When the binding specificities are antibodies, they can be conjugated by
sulfhvdryl bonding of the C-terminus hinge regions of the two heavy chains. Ina
particularly embodiment, the hinge region is modified to contain an odd nmumber of
sulthydryl residues, for example one, prior to conjugation.

36 Alternatively, both binding specificities can be encoded in the same vector and
expressed and assembled in the samc host coll. This method is particularly useful
where the bispecific molecule is a mAb X mAb, mAb X Fab, Fab X F (ab)2 or ligand
X Fab fusion protein. A bispecific molecule of the invention can be a single chain

molecule comprising one single chain antibody and a binding determinant, or a single
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chain bispecific molecule comprising two binding determinants. Bispecific molecules
may comprise at least two single chain molecules. Methods for preparing bispecific
molecules are descrbed for example i U.S. Pat. No. 5,260,203, U.S. Pat. No.
5,455,030; U.S. Pat. No. 4,881,175 U.S. Pat. No. 5,132,405; U.5. Pat. No. 5,091,513;

5 U5 Pat No. 5,476,786, U.S. Pat. No. 5,013,653; U.8. Pat. No. 5258 498, and U S,
Pat. No. 5,482,858,

Binding of the bispecific molecules to their specific targets can be confirmed
by, for example, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay
(REA}, FACS analysis, broassay (e.g., growth inhibition), or Western Blot assay.

10 Each of these assays gencrally detects the presence of protem-antibody complexes of
particular mtercat bv emploving a labeled reagent {¢.g., an antibody) specific for the
complex of interest.

In another aspect, the present invention provides multivalent compounds
comprising at least two identical or different antigen-binding portions of the

15  antibodies and antigen-binding fragments thereof of the invention binding to BMP6.
The antigen-binding portions can be linked together via protem fusion or covalent or
non covalent linkage. Alternatively, methods of linkage has been described for the
bispecitic molecules. Tetravalent compounds can be obtained for example by cross-
hinking antibodies and antigen-binding fragments thereof of the invention with an

20 antibody or antigen-binding fragment that binds to the constant regions of the
antibodies and antigen-binding fragments thereof of the invention, for example the Fe
or hinge region.

Trimerizing domain are described for example in Borean patent EP 1 012 280B1.
Pentamerizing modules are described for example in PCT/EPS7/05897.

25
ANTIBODIES WITH EXTENDED HALF LIFE

The present invention provides for antibodies that specifically bind to BMPo
which have an extended half-life 1o vivo.

Many factors may atfect a protein's half life in vivo. For examples, kidney

30 flration, metabolism n the liver, degradation by proteolytic enzymes (proteases),
and immunogenic responses {e.g., protemn neutralization by antibodics and uptake by
macrophages and dentritic cells). A variety of strategics can be used to extend the half
life of the antibodies and antigen-binding fragments thereof of the present invention.

For example, by chemical linkage to polvethyleneglyeol (PEG), reCODBE PEG,
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antibody scaffold, polysialic acid {PSA), hvdroxyethyl starch (HES), albumin-binding
higands, and carbohydrate shields; by genetic fusion to proteins binding o scrum
proteins, such as albumin, lgG, FcRn, and transferring; by coupling {genctically or
chemically) to other binding moieties that bind to scrum proteins, such as nanobodies,
Fabs, DARPng, avimers, affibodies, and anticaling; by genetic fusion to rPEG,
afbumin, domain of albumin, albunuo-binding proteins, and Fe; or by incorporation
mmto nancarricrs, slow release formulations, or medical devices.

To prolong the serum circulation of antibodies in vivo, inert polymer
molecules such as high molecular weight PEG can be attached to the antibodics or a
fragment thereof with or without a multifunctional linker either through site-specific
conjugation of the PEG to the N- or C-ierminus of the antibodies or via epsilon~-amino
groups present on lysine residues. To pegylate an antibody, the antibody, antigen-
binding fragment thercof, typically is reacted with polvethviene glveol (PEG), such as
a reactive ester or aldchyde derivative of PEG, under conditions in which one or more
PEG groups become attached to the antibody or antibody fragment. The pegylation
can be carried out by an acylation reaction or an alkylation reaction with a reactive
PEG molecule {or an analogous reactive water-soluble polymer). As used herein, the
term "polyethviene glycol” is intended to encompass any of the torms of PEG that
have been used to denvatize other proteins, such as mono (C1-Cl{Halkoxy- or
arvloxy-polyethviene glycol or polvethviene glycol-maleimide. In one embodiment,
the antibody to be pegylated is an aglveosvlated antibody. Lincar or branched
polymer derivatization that results in minimal loss of bislogical activity will be used.
The degree of conjugation can be closely monitored by SDS-PAGE and mass
spectrometry to ensure proper conjugation of PEG molecules to the antibodies.
Unreacted PEG can be separated from antibody-PEG conjugates by size-exclusion or
by ion-exchange chromatography. PEG-derivatized antibodies can be tested for
binding activity as well as for in vivo efficacy using methods well-known to those of
skill 1o the art, for example, by immunoassavs described herein. Methods for
pegyiating proteins are known n the art and can be applied to the antibodies and
antigen-binding fragments thereof of the invention. See for example, EF 0 154 316 by
MNishinra et al. and EP 0 4061 384 by Ishikawa ¢t al.

Other modified pegyvlation technologies include reconstituting chemically
orthogonal directed engineering technology (ReCODE PEG), which incorporates

chenically specified side chains into biosyathetic proteing via a reconstituied system
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that includes tRNA synthetase and tRNA. This technology enables mcorporation of
more than 30 new aming acids into biosynthetic proteins in E. coli, yeast, and
mammalian cells. The tRNA incorporaies a normative amino acid any place an amber
codon is positioned, converting the amber from a stop codon to one that signals
meorporation of the chemically specified amino acid.

Recombinant pegylation technology (rPEG) can also be used for serom
halflife extension. This technology mvolves genctically fusing a 300-600 amino acid
unstructured protein tail to an existing pharmaceutical protein. Because the apparent
molecular weight of such an unstractured protein chain is about 15-fold larger than its
actual molecular weight, the serum halflifc of the protein is greatly increased. In
contrast to traditional PEGvylation, which requires chemical conjugation and
repurtfication, the manufacturing process is greatly simplified and the product is
homogeneous.

Polysialytion is another technology, which uses the natural polymer polysialic
acid (PSA} to prolong the active Iife and improve the stability of therapeutic peptides
and protemns. PSA 1s a polymer of sialic acid (a sugar}. When used for protein and
therapeutic peptide drug delivery, polysialic acid provides a protective
microenvironment on conjugation. This increases the active hife of the therapeutic
protein in the circulation and prevents it from being recognized by the immune
system. The PSA polymer is naturally found in the human body. B was adopted by
certain bacteria which evolved over millions of years to coat their walls with . These
naturally polysialylated bacteria were then able, by virtue of molecular mimicry, to
foil the body's defense system. PSA | nature's ultimate stealth technology, can be
casily produced from such bacteria in large quantitics and with predetermined
physical characteristics. Bacterial PSA s completely non-immunogenic, even when
coupled to proteins, as it 1s chemically identical to PSA in the human body.

Another technology include the use of hydroxyethyl starch ("HES")
derivatives hinked to antibodies. HES is a modified natural polymer derived from
waxy maize starch and can be metabolized by the body's enzymes. HES solutions are
usually administered to substitute deficient blood volume and to tmprove the
rheological properties of the blood. Hesvlation of an antibody cnables the
prolongation of the circulation half-life by mcreasing the stability of the molecule, as
well as by reducing renal clearance, resolting 1n an increased bioclogical activity. By

varying different parameters, such as the molecular weight of HES, a wide range of
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HES antibody conjugates can be customized.

Antibodies having an imcreased half-life in vivo can also be generated
mtroducing one or more amino acid modifications (i.¢.. substitutions, msertions or
deletions) into an IgG constant domain, or FcRn binding fragment thereof (preferably
a Fe or hinge Fc domain fragment}. Sce, ¢.g., lnternational Publication No. WO
98/23289; International Publication No. WO 97/34631; and U.S. Pat. No. 6,277 375,
Further, antibodies can be conjugated to albumin in order to make the antibody or
antibody fragment more stable m vivo or have a longer half Iife m vivo. The
technigues are well-known in the art, see, ¢.g., Interational Publication Nos, WO
93/15199, WO 93/15200, and WO 01/77137; and European Patont No. EP 413,622,

The strategies for mereasing half Iife 1s especially useful 10 nanobodies,
fibronectin-based binders, and other antibodies or proteins for which increased n vivo

half life 1s desired.

ANTIBODY CONJUGATES

The present mvention provides antibodies or antigen-binding fragments
thereof that specifically bind to BMPG6 recombinantly fused or chemically conjugated
{including both covalent and non-covalent comjugations) to a heterologous protein or
polyvpeptide (or antigen-bimding fragment thereof, preferably to a polvpeptide of at
least 10, at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least
80, at least 90 or at least 100 amino acids) to generate fusion proteins. In particular,
the mvention provides fusion proteins comprising an antigen-binding fragment of an
antibody described herem {¢.g., a Fab fragment, Fd fragment, Fv fragment, F (ab);
fragment, a YH domain, a VH CDR, a VL domain or a YL CDR) and a heterologous
protein, polypeptide, or peptide. Methods for fusing or conjugating proteins,
polyvpeptides, or peptides to an antibody or an antibody fragment are known in the art.
See, c.g., U.S Pat Nos. 5,336,603, 5,622,929, 5 359,046, 5,349,053, 5 447 %51, and
5,112.946; European Patent Nos. EP 307,434 and EP 367,166, International
Publication Nos, WO 96/04388 and W 91/06570; Ashkenazi ¢tal., 1991, Proc. Natl.
Acad. Sci. USA 8% 10535-10539; Zheng et al, 1993, J. Immunol. 154:5590-5600;
and Vil et al, 1992, Proc. Natl. Acad. Sci. USA 89:11337-11341.

Additional fusion proteins may be generated through the technigues of gene-
shuffling, motif-shuffling, exon-shutfling, and/or codon-shuffling {collectively

referred to as "DNA shuffling™y. DNA shuffling may be employed to alter the

91



WO 2017/216724 PCT/IB2017/053507

activities of antibodies and antigen-binding fragments thereof of the nvention {(.g.,
antibodies and antigen-binding fragments thereof with higher affinities and lower
dissociation rates). Sce, gencrally, U.S. Pat. Nos. 5,605,793, 5,811,238, 5,830,721,
5,834,252, and 5,837 458 Patten et al., 1997, Curr. Opinion Biotechnol. 8:724-33;

5 Harayama, 1998, Trends Biotechnol. 16 (2}:76-82; Hansson, et al., 1999, J. Mol Biol.
287:265-76; and Lorenzo and Blasco, 1998, Biotechniques 24 (2):308-313 {each of
these patents and publications are hereby incorporated by reference 1n its entirety ).
Antibodies and antigen-binding fragments thereof, or the encoded antibodies and
antigen-binding fragments thereof, may be altered by being subjected to random

10 mutagenesis by error-prone PCR, random nucleotide msertion or other methods prior
to recombination. A polynucleotide encoding an antibody antigen-binding fragment
thereof that specifically binds to BMP6 may be recombined with one or more
components, motifs, sections, parts, domains, fragments, etc. of ong or more
heterologous molecules.

15 Moreover, the antibodies and antigen-binding fragments thereot can be fused
to marker sequences, such as a peptide to facilitate purification. In one embodiment,
the marker amino acid sequence 1s a hexa-histidine peptide (SEQ 1D NO: 973, such as
the tag provided m a pQE vector ({QLAGEN, Inc., 9239 Eton Avenue, Chatsworth,
Calif | 91311), among others, many of which are commercially available. As

20 described in Gentz et al., 1989, Proc. Natl. Acad. Sci. USA 86:821-824, for instance,
hexa-histidine (SEQ 1D NO: 97) provides for convenient purtfication of the fusion
protein. Other peptide tags useful for purification include, bat are not limited to, the
hemagglutinin {"HA"} tag, which corresponds to an epitope derived from the
mfluenza hemagglhutinin protein (Wilson ot al., 1984, Cell 37:767), and the "flag” tag.

25 In one embodiment, antibodies and antigen-binding fragments thercot of the
present invention antigen-binding fragments thercof conjugated to a diagnostic or
detectable agent. Such antibodies can be useful for monitoring or prognosing the
onsct, development, progression and/or severity of a disease or disorder as partof a
chimical testing procedure, such as determining the efficacy of a particuiar therapy.

30 Such diagnosis and detection can accomplished by couphing the antibody to detectable
substances including, but not limited to, various enzymes, such as, but not limited to,
horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or
acetvichohinesterase; prosthetic groups, such as, but not limited to, streptavidin/biotin

and avidin/biotin; fluorescent materials, such as, but not limited to, umbelliferone,
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fluorescem, fluorescein 1sothiocynate, rhodamine, dichlorotriazinylamine fluorescen,
dansyl chloride or phycoerythrin, luminescont materials, such as, but not limited to,
fuminol; bioluminescent materials, such as but not limited to, lnciferase, luciferm, and
acquorm; radioactive materials, such as, but not limited to, 1odine (1311, 1231, 1231,
and 1211), carbon (14C), sulfur (358}, tritiwmn (3H), mdium (1151n, 113In, 112In, and
111}, technetiom {997T¢), thallium (2011, gallium {68Ga, 67Ga), palladium
{103Pd), molybdenum (99Mo), xenon (133Xe), fluonine (18F), 1535m, 1771,
159G4d, 149 Pm, 140La, 175Yh, 166Ho, 90Y, 475c, 186Re, 188Re, 142Pr, 105Rh,
97Ru, 68Ge, 57Co, 65Zn, 835, 32P, 153Gd, 169YDb, 51, S54Mn, 755¢, 113Sn, and
117T1n; and positron cmitting metals using various positron emission tomographics,
and nonradicactive paramagnetic metal ions.

The present invention further encompasses uses of antibodies and antigen-
binding fragments thereof conjugated to a therapeotic moicty. An antibody antigen-
binding fragment thercof may be conjugated to a therapeutic moicty such as a
cviotoxim, €.g., a cvtostatic or cviocidal agent, a therapeutic agent or a radioactive
metal ion, ¢.g, alpha-emitters. A cvtotoxin or eytotoxic agent includes any agent that
is detrimental to cells,

Further, an antibody antigen-binding fragment thercof may be conjugated to a
therapeutic moiety or drug moiety that modifies a given biological response.
Therapeutic moieties or drug moicties are not to be construed as limited to classical
chemical therapeutic agents. For example, the drug moiety may be a protein, peptide,
or polypeptide possessing a desired biological activity. Such proteins may include, for
example, a toxin such as abrin, ricin A, pscedomonas exotoxin, cholera toxin, or
diphtheria toxin; a protein such as tumor necrosis factor, alpha-interferon, beta-
mterferon, nerve growth factor, platelet derived growth factor, tissue plasminogen
activator, an apoptotic agent, an anti-angiogenic agent; or, a biological response
modifier such as, for example, a lvraphokine.

Moreover, an antibody can be conjugated to therapeutic moictics such as a
radioactive metal ion, such as alpha-emitters such as 21381 or macrocyehce chelators
useful for conjugating radiometal ions, including but not Hmited to, 131n, 131LU,
131Y, 131Ho, 1315m, to polypeptides. In one embodiment, the macrocychic chelator
is 1,4,7, 10-tetraazacyclododecane-N N N" N"-tetraacetic acid (DOTA) which can be
attached to the antibody via a linker molecule. Such hnker molecules are commonly

known in the art and descrbed in Benardo et al, 1998, Clin Cancer Res. 4 (1032483~
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O0; Peterson et al., 1999, Bioconjug. Chem. 10 (4):553-7; and Zimmemman et al.,
1999, Nucl. Med. Biol. 26 {83:943-50, each mcorporated by reference in their
cntireties.

Technigues for conjugating therapeutic moietics to antibodies are well known,

5 see, e.g. Amon et al,, "Monoclonal Antibodics For Immuonotargeting Of Drugs In
Cancer Therapy”, in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al.
{cds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug
Delivery”, in Controlled Dirug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53
{Marcel Dekker, Ine. 1987); Thorpe, "Antibody Carriers Of Cyvtotoxic Agents In

10 Cancer Therapy: A Review", in Monoclonal Antibodies 84: Biological And Chinical
Apphications, Pinchera et al. {eds.), pp. 475-506 (1985); "Analysis, Results, And
Future Prospective Of The Therapeutic Use OF Radiolabeled Antibody In Cancer
Therapy”, in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et
al. {eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al,, 1982, Inununol. Rev.
15 62:119-58,

Antibodies may alsc be attached to solid supports, which are particularly
useful for immunoassays or purtfication of the target antigen. Such solid supports
mnclude, but are not limited to, glass, cellulose, polvacrvlamude, nvlon, polystyrene,
polyvinyl chloride or polypropyvlene.

20
METHODS OF PRODUCING ANTIBODIES OF THE INVENTION
Nucleic Acids Encoding the Antibodies
The invention provides substantially purified nucleic acid molecules which
encode polvpeptides comprising segments or domains of the BMP6-binding antibody
25 chains described above. Some of the nucleic acids of the mvention comprise the
nucleotide sequence encoding the heavy chamn vanable region shown in any of SEQ)
1D NOs: 16; 36; 56; or 76, and/or the nucleotide sequence encoding the light chain
variablc region shown in any of SEQ H3 NQOs: 26; 46; 66; or 86. In a specific
embodiment, the nucleic acid molecules are those identified in Table 1. Some other
30 nucleic acid molecules of the invention comprise nucleotide sequences that are
substantially identical {c.g., at feast 65, 80%, 95%, or 999%;) to the nucleotide
sequences of those identified 1 Table 1. When expressed from appropriate expression
vectors, polypeptides encoded by these polynucleotides are capable of exhibiting

BMP6 antigen binding capacity.
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Also provided 1n the invention are polynucleotides which encode at least one
CDR region and usually all three CDR regions from the heavy or hight chain of the
BMP6-binding antibody set forth in Table 1 and/or Table 14. Some other
polynucieotides encode all or substantially all of the vanable region sequence of the
heavy chain and/or the light chain of the BMP6-binding antibody set forth in Table 1
and/or Table 14, Because of the degeneracy of the code, a variety of nucleic acid
sequences will encode each of the mmunoglobulin amino acid sequences.

The nucleic acid molecules of the invention can encode both a vanable region
and a constant region of the antibody. Some of nucleic acid sequences of the
mvention comprise nucleotides encoding a mature heavy chain variable region
sequence that is substantially identical (¢.g., at least 0%, 90%, or 9%} to the mature
heavy chain variable region sequence set forth in any of SEQ ID NOs: 16; 36; 56; or
75. Some other nucleic acid sequences comprising nucleotide encoding a mature light
chain variable region sequence that is substantially identical {e.g., at least 80%, 90%,
or 99%) to the mature hight chain variable region sequence set forth in any of SEQ ID
NQs: 26, 46; 66; or 86.

The polynucieotide sequences can be produced by de novo solid-phase DNA
synthesis or by PCR mutagenesis of an existing sequence (.8, sequences as
described in the Examples below) encoding an BMP6-binding antibody or its binding
fragment. Direct chemical synthesis of nucleic acids can be accomplished by methods
konown in the art, such as the phosphotrester method of Narang et al., 1979, Meth.
Enzymol. 68:90; the phosphodiester method of Brown et al., Meth. Enzvmol. 68:109,
1979, the dicthylphosphoramidite method of Beaucage et al., Tetra. Lett,, 22:1859,
1981, and the solid support method of U.S. Pat. No. 4,458,066, Introducing mutations
to a polvnucleotide sequence by PCR can be performed as described m, e.g., PCR
Technology: Principles and Applications for BNA Amplification, H. A, Erlich (Ed.},
Freeman Pregs, NY. N.Y ., 1992; PCR Protocols: A Guide to Methods and
Applications, Innis et al. (Ed.), Academic Press, San Diego, Calif,, 1990; Mattila ot
al., Nucleic Acids Reg. 19:967, 1991, and Eckert et al, PCR Mcthods and
Applications 1:17, 1991

Also provided m the invention are ¢xpression vectors and host cells for
producing the BMP6-binding antibodies described above. Various expression vectors
can be emploved to express the polynucleotides encoding the BMP6-binding antibody

chains or binding fragments. Both viral-based and nonviral expression vectors can be
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used to produce the antibodies in a mammalian host cell. Nonviral vectors and
systems inchide plasmids, episomal vectors, typically with an expression cassette for
expressing a protein or RNA, and buman artificial chromosomes (see, ¢.g., Harrington
et al., Nat Genet. 15:3453, 1997). For example, nonviral vectors useful for expression
of the BMP6-binding polynucleotides and polypeptides in mammalian (e.g., human)
cells include pThioHis A, B & C, pcDNASZ 1/His, pEBYVHis A, B & C, {Invitrogen,
San Diego, Calif ), MPSVY vectors, and numerous other vectors known in the art for
expressing other proteins. Useful viral vectors include vectors based on retroviruses,
adenoviruses, adenocassociated viruses, herpes viruses, vectors based on 5V40,
papilioma virus, HBP Epstein Barr virus, vaccinia virus vectors and Semdiki Forest
virus {8FV). See, Brent et al., supra; Smith, Annu. Rev. Microbiol. 49:807, 1995; and
Rosenfeld et al, Cell 68:143, 1992,

The choice of expression vector depends on the intended host cells in which
the vector is to be expressed. Typically, the expression vectors contain a promoter and
other regulatory sequences {¢.g., enhancers) that are operably linked to the
polynucleotides encoding an BMP6-binding antibody chain antigen-binding fragment.
In one embodiment, an inducible promaoter is emploved to prevent expression of
mserted sequences except under inducing conditions. Inducible promoters mclade,
¢.g., arabinose, lacZ, metallothionein promoter or a heat shock promoter. Coltures of
transformed organisms can be expanded under noninducing conditions without
biasing the population for coding sequences whose expression products are betier
tolerated by the host cells. In addition to promoters, other regulatory elements may
also be required or desired for efficient expression of an BMP6-binding antibody
chatn antigen-binding fragment. These clements typically include an ATG mitiation
codon and adjacent nbosome binding site or other sequences. In addition, the
cfficiency of expression may be enhanced by the inclusion of enhancers appropriate to
the cell system in use {see, e.g., Scharfet al | Results Probl. Cell Differ. 20:125, 1994,
and Bittner et al |, Meth. Enzymol., 153:516, 1987}, For example, the SV40 enhancer
or CMYV enhancer may be used to increase expression in mammalian host cells,

The expression vectors may also provide a secretion signal sequence position
to form a fusion protein with polypeptides encoded by inserted BMP6-binding
antibody sequences. More often, the inserted BMP6-binding antibody sequences are
hinked to a signal sequences before inclusion in the vector. Vectors to be used to

recetve sequences encoding BMP6-binding antibody light and heavy chain variable
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domains sometimes also encode constant regions or paris thereot. Such vectors allow
expression of the variable regions as fusion proteins with the constant regions thereby
leading to production of intact antibodies and antigen-binding fragments thereof,
Typically, such constant regions are human.

The host cells for harboring and expressing the BMP6-binding antibody chains
can be etther prokarvotic or eukarvotic. E. coli 1s one prokaryotic host useful for
cloning and expressing the polvnucieotides of the prescut invention. Other microbial
hosts suitable for use include bacilli, such as Bacillus subtilis, and other
enterobacteriaceas, such as Salmonella, Serratia, and various Pseudomonas species. In
these prokaryotic hosts, onc can also make expression vectors, which typically
contain expression control sequences compatible with the host cell {¢.g., an orngin of
replication). In addition, any number of a variety of well-known promoters will be
present, such as the lactose promoter system, a tryptophan (trp} promoter systen, a

beta-lactamase promoter system, or a promoter system from phage lambda. The

promoters typically control expression, optionally with an operator sequence, and
have ribosome binding site sequences and the like, for mitiating and completing
transcription and translation. Other microbes, such as veast, can also be employed to
express BMPo-binding polypeptides of the mnvention. Insect cells in combination with
baculovirus vectors can also be used.

In one embodiment, mammalian host cells are used to express and produce the
BMP6-binding polypeptides of the present invention. For example, thev can be cither
a hybridoma cell line expressing endogenous immunoglobulin genes {e.g., the 1D6.CS
myeloma hybridoma clone as descnbed in the Examples) or a mammalian cell line
harboring an exogenous expression vector {¢.g., the SP2/0 myeloma cells exemplified
below). These include any normal mortal or normal or abnormal immortal ammal or
human cell. For example, a number of saitable host cell lines capable of secreting
intact impmunoglobulins have been developed including the CHO cell lines, various
Cos cell hines, Hel.a cells, myeloma cell lines, transformed B-cells and hybridomas.
The use of mammalian tissue cell culture to express polypeptides is discussed
generally in, ¢ g, Wimnacker, FROM GENES TO CLONES, VCH Puablishers, NY
MN.Y., 1987, Expression vectors for mammalian host cells can include expression
control sequences, such as an ongin of replication, a promoter, and an enhancer (see,
c.g., Queen, et al, Immunol. Rev. 89:48-68, 1986}, and necessary processing

information sies, such as ribosome binding sites, RNA splice sites, polyadenyiation
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sites, and transcriptional terminator sequences. These expression vectors usually
contain promoters denved from mammalian genes or from mammalian viruses.
Suitable promoters may be constitutive, cell type-specific, stage-specific, and/or
modulatable or regulatable. Useful promoters include, but are not limited to, the

5 metallothionein promoter, the constitutive adenovirus major late promoter, the
dexamethasone-inducible MMTYV promoter, the SV40 promoter, the MRP poilil
promoter, the constitutive MPSV promeoter, the tetracycline-inducible CMV promoter
(such as the human immediate-carly CMV promoter), the constitutive CMV promoter,
and promoter-enthancer combinations known in the art.

10 Methods for introducing cxpression vectors containing the polvoucieotide
sequences of inferest vary depending on the tvpe of cellular host. For example,
calcium chlornide transfection 1s commonly utilized for prokaryotic cells, whereas
calcium phosphate treatiment or electroporation mayv be used for other cellular hosts.
{Sece generally Sambrook, et al., supra). Other methods include, e g, electroporation,

15 calcium phosphate treatment, iposome-mediated transformation, injection and
micromjection, ballistic methods, virosomes, immunoliposomes, polycation nucleic
acid conjugates, naked DNA, artificial virions, tusion to the herpes virus structural
protein VP22 (Elhot and O'Hare, Cell 88:223, 1997), agent~enhanced uptake of DNA,
and ex vivo transduction. For long-term, high-vield production of recombinant

20 proteins, stable expression will often be desired. For cxample, cell ines which stably
express BMP6-binding antibody chains or binding fragments can be prepared using
expression vectors of the invention which contain viral onigins of replication or
endogenous expression clements and a selectable marker gene. Following the
mtroduction of the vector, cells may be allowed to grow for 1-2 days in an enriched

25 media before thev are switched to selective media. The purpose of the selectable
marker is to confer resistance to selection, and its presence allows growth of cells
which successtully express the infroduced sequences in selective media. Resistant,
stably transfected cells can be proliferated using tissue culture techniques appropriate
to the cell type.

30
GENERATION OF MONOCLONAL ANTIBODIES OF THE INVENTION

Monoclonal antibodies (mAbs) can be produced by a vaniety of techniques,
mncluding conventional monocional antibody methodology ¢.g., the standard somatic

cell hybridization technique of Kohler and Milstein, 1975 Nature 256: 495. Many
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technigues for producing monocional antibody can be emploved e.g., viral or
oncogenic transformation of B lymphooytes.
An amimal system for preparing hvbridomas is the muring system. Hybridoma
production in the mouse is a well established procedure. Immunization protocols and
5 techmiques for isolation of immunized splenocytes for fusion are known in the art.
Fusion partners {e.g., murine myeloma cells) and fusion procedures are also known.
Chimeric or humanized antibodics and antigen-binding fragments thereof of the
present invention can be prepared based on the sequence of a murine monoclonal
antibody prepared as described above. DNA encoding the heavy and light chain

10 immunoglobulins can be obtained from the murine hybrndoma of mterest and
engineered to contain non-murine {¢.g., human) immunoglobulin sequences using
standard molecular bislogy techniques. For example, to create a chimeric antibody,
the munne vanable regions can be linked to human constant regions using methods
known i the art {see ¢.g., U.S. Pat. No. 4,816,567 to Cabilly et al.}). To create a

15 bhumanized antibody, the murine CDR regions can be mserted into a human
framework using methods known in the art. See ez, U.S. Pat. No. 5,225,539 to
Winter, and U.S. Pat. Nos. 5,530,101; 5,585,089; 5,693,762 and 6186370 to Queen ct
al.

In a certain embodiment, the antibodics of the mvention are human

20 monoclonal antibodies. Such human monoclonal antibodies directed against BMP6
can be generated using transgenic or transchromosomic mice carrying parts of the
human 1mmane system rather than the mouse system. These transgenic and
transchromosomic mice include mice referred to hereinr as HoMAD mice and KM
mice, respectively, and are collectivelv referred to herein as "human g mice "

25 The HuMAb Mouse® {(Medarex, Inc.} contains human immunoglobulin gene miniloct
that encode un-rearranged human heavy (mu and gamma) and kappa light chain
mmmunoglobulin sequences, together with targeted mutations that inactivate the
endogenous mu and kappa chain loci {see e.g., Lonberg, et al., 1994 Nature 368
{6474} 856-839). Accordingly, the mice exhibit reduced expression of mouse IgM or

30 K and n response to immunization, the introduced human heavy and light chain
transgencs vndergo class switching and somatic mutation o generate high affinity
human lgG-kappa monoclonal (Lonberg, N. et al., 1994 supra; reviewed in Lonberg,
N., 1994 Handbook of Experimental Pharmacology 113:49-101; Lonberg, N. and

Huszar, 3., 1995 Intern. Rev, Immunocl. 13: 65-93, and Harding, F. and Lonberg, N |
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1995 Ann. NY. Acad. Sci. 764:536-546). The preparation and use of HuMADb mice,
and the genomic modifications carried by such mice, is further described in Taylor, L.
gt al., 1992 Nucleic Acids Rescarch 20:6287-6295; Chen, J. et al., 1993 Intcrmational
Imounoclogy 3: 647-636; Tuaillon et al., 1993 Proc. Natl. Acad. Sci. USA 94:3720-
3724; Chot et al., 1993 Nature Genetics 4:117-123; Chen, J. ctal,, 1993 EMBO J. 12:
821-830; Tuailon et al , 1994 §. Immunol. 152:2912-2920; Tayior, L. etal,, 1994
International mmunology 579-391; and Fishwild, D. et al., 1996 Nature
Biotechnology 14: 843-851, the contents of all of which are hereby specitically
incorporated by reference in their entirety. Sce further, U.S. Pat. Nos. 5,545 806;
5,569,825, 5,625,126, 5,633,425, 5,789,650, 5,877,397, 5,661,016, 5,814.318;
5,874,299; and 5,770,429, all to Lonberg and Kay, U.S. Pat. No. 5,545,807 to Suram
et al.; PCT Publication Nos. WO 92103918, W( 93/12227, WO 94/253585, WO
07113832, WO 98/24884 and WO 99/45962, all to Lonberg and Kay; and PCT
Publication No. W0 01/14424 to Korman ¢t al.

In another embodiment, human antibodies of the invention can be raised using
a mouse that carries human immunoglobulin sequences on transgenes and
transchomosomes such as a mouse that carries a human heavy chain transgenc and a
human hight chain transchromosome. Such mice, referred to herein as "KM mice”, are
described in detail in PCT Publication WO 02/4347¢ to Ishida et al.

Still further, altemative transgenic animal systems expressing human immunoglobulin
genes are available in the art and can be used to raise BMP6-binding antibodies and
antigen-binding fragments thereof of the invention. For example, an altemative
transgenic system referred o as the Xenomouse (Abgenix, Inc.) can be used. Such
mice are described i, ¢.g., U.S. Pat. Nos. 5,939,598, 6,075,181; 6,114,598; 6,150,584
and 6,162,963 to Kucherlapati ¢t al.

Moreover, altemative transchromosomic animal systemas expressing human
immunoglobulin genes are available in the art and can be used to raisc BMP6-binding
antibodies of the invention. For example, mice carrying both a human heavy chain
transchromosome and a human light chain transchromosome, referred to as "TC
mice” can be used; such mice are described m Tomizuka et al |, 2000 Proc. Natl. Acad.
Sci. USA 97:722-727. Furthermore, cows carrying hwman heavy and light chain
transchromosomes have been described in the ant (Kurowwa et al., 2002 Nature
Biotechnology 20:889-894) and can be used to raise BMP6-binding antibodies of the

mvention.
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Human monoclonal antibodies of the mvention can also be prepared using
phage display methods for screening libraries of human immunoglobulin genes. Such
phage display methods for isolating human antibodies are established in the art or
described in the examples below. See for example: U.S. Pat. Nos. 5,223,409,

5  3,403,484; and 5,571,698 to Ladner et al; U.S. Pat. Nos. 5,427,908 and 5,580,717 to
Doweretal, US. Pat Nos 5,969,108 and 6,172,197 to McCafferty etal; and U S,
Pat. Nos. 5,885,793, 6,521,404, 6,544,731, 6,555,313, 6,582,915 and 6,393,081 to
Griffiths et al.
Human monoclonal antibodies of the invention can also be prepared using
10 SCID mice mnto which human iounune cells have boen reconstituted such that a
human antibody response can be generated upon tmmunization. Such mice are

described in, for example, U.S. Pat. Nos. 5,476,996 and 5,698,767 to Wilson et al.

FRAMEWORK OR Fc ENGINEERING
15 Enginecred antibodics and antigen-binding fragments thereof of the mvention
mcloade those in which modifications have been made to framework residues within
YH and/or VL, e.g. to improve the properties of the antibody. Typicallv such
framework modifications are made to decrease the immunogenicity of the antibody.
For example, one approach is to "backmutate” one or more framework restdues to the
20 corresponding germbline sequence. More specifically, an antibody that has undergone
somatic mutation may contain framework residues that differ from the germbine
sequence from which the antibody 1s derived. Such residues can be identified by
comparing the antibody framework sequences to the germline sequences from which
the antibody is derived. To return the framework region seqguences to their germbine
25 configuration, the somatic mutations can be "backmutated” to the germline sequence
by, for example, site-directed mutagenesis. Such "backmutated” antibodies are also
intended to be encompassed by the nvention.
Another type of framework modification involves mutating one or more
residues within the framework region, or even within one or more CDR regions, to
30  remove T celi-epitopes to thereby reduce the potential immunogenicity of the
antibody. This approach is also referred to as "deimmunization” and is described in
further detail in U 8. Patent Publication No. 20030153043 by Carr et al.
In addition or alternative to modifications made within the framework or COR

regions, antibodies of the invention may be engineered to include modifications
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within the Fe region, typically to alter one or more functional properties of the
antibody. such as serum half-life, complement fixation, Fc receptor binding, and/or
antigen-dependent cellular cytotoxicity. Furthermore, an antibody of the invention
may be chemically modified {¢.g., one or more chemical moieties can be attached to
5 the antibody} or be modified to alter its glveosviation, again to alter one or more
functional properties of the antibody. Each of these embodiments is described m
further detail below. The numbering of residues in the Fe region is that of the EU
mdex of Kabat.
In one embodiment, the hinge region of CH1 1s modified such that the mumber

10 of cysteine residucs in the hinge region is altered, ¢.g., increased or decreased. This
approach is described further in U.S. Pat. No. 5,677,425 by Bodmer et al. The number
of cysteine residues in the hinge region of CHI is altered to, for example, facilitate
asscmbly of the light and heavy chains or to mcrease or decrease the stability of the
antibody.

15 In another embodiment, the Fe hinge region of an antibody is mutated to
decrease the biclogical half-life of the antibody. More specifically, one or more amino
acid mutations are mtroduced into the CH2-CH3 domain interface region of the Fe-
hinge fragment such that the antibody has 1mpaired Staphylococeyl protein A (SpA)
binding relative to native Fe-hinge domain SpA binding. This approach is described

20 i further detail in U 8. Pat. No. 6,165,745 by Ward et al.

in another embodiment, the antibody is modified to increase its biclogical
half-life. Various approaches are possible. For example, one or more of the following
mutations can be introduced: T252L. T2548, T236F, as described in U.S. Pat. No.
6,277,375 to Ward. Alternatively, to increase the biological half life, the antibody can

25 be altered within the CHI or CL region to contain a salvage receptor binding epitope
taken from two loops of a CH2 domain of an Fe region of an IgG, as described in U.S.
Pat Nos. 5,869,046 and 6,121,022 by Presta et al.

in one embodiment, the Fe region is altered by replacing at least one amino
acid residue with a different amino acid residue to alter the effector functions of the

30  anuibody. For example, one or more amine acids can be replaced with a different
amino acid residuce such that the antibody has an altered affinity for an effector higand
but retains the antigen-binding ability of the parent antibody. The effector ligand to
which affinity is altered can be, for example, an Fe receptor or the C1 component of

complement. This approach is described in further detail in U.S. Pat. Nos. 5,624 821
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and 3,648,260, both bv Winter et al.

In another embodiment, one or more amino acids selected from amino acid
residucs can be replaced with a different amino acid residuc such that the antibody has
altered Clg binding and/or reduced or abolished complement dependent cyvtotoxicity

5 (CBC). This approach is deseribed in further detal imn U S, Pat. No. 6,194,551 by
Idusogic et al.

in another embodiment, one or more amino acid residues are altered to thereby
ajter the ability of the antibody to fix complement. This approach is described further
in PCT Publication WO 94/29351 by Bodmer et al.

10 In vet another embodiment, the Fe region is modified to increase the ability of
the antibody to mediate antibodyv dependent cellular eytotoxicity (ADCC) and/or to
increase the affinity of the antibody for an Fe-gamma receptor by modifying one or
more amino acids. This approach is described further in PCT Publication WO
00/42072 by Presta. Moreover, the binding sites on human 1gG1 for Fe-gamma RE,

15  Fe-gamma RIL Fe-gamma RITT and FeRn have been mapped and variants with
mmproved binding have been described (sce Shields, R L. et al., 2001 J. Biol. Chen.
276:6591-6604).

In still another embodiment, the glycosylation of an antibody 1s modified. For
example, an aglveoslated antibody can be made (1o, the antibody lacks

20 glveosylation}. Glvcosylation can be altered to, for example, increase the affinity of
the antibody for "antigen’. Such carbohydrate modifications can be accomplished by,
for example, altering one or more sites of glycosylation within the antibody sequence.
For example, one or more aming acid substitutions can be made that result in
chimination of one or more variable region framework glveosvlation sites to thercby

25 chiminate glveosyiation at that site. Such aglyvcosylation may increase the affinity of
the antibody for antigen. Sach an approach is described in further detail in U.S. Pat.
Nos. 5,714,350 and 6,350,861 by Co et al.

Additionally or alternatively, an antibody can be made that has an altered tvpe
of giveosylation, such as a hypofucosviated antibody having reduced amounts of

30  fucosyl residues or an antibody having increased bisecting GleNac structures. Such
altered glveosylation patterns have been demonstrated to increase the ADCC ability
of antibodies. Such carbohvdrate modifications can be accomplished by, for example,
expressing the antibody in a host cell with altered glyvcosylation machinery. Cells with

altered glvcosylation machinery have been described in the art and can be used as host
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cells in which to express recombinant antibodies of the mvention to thereby produce
an antibody with altered glycosylation. For example, EP 1,176,195 by Hang ct al.
describes a cell hme with a functionally disrupted FUTE gene, which encodes a
fucosvl transferase, such that antibodies expressed m such a cell line exhibit
5 hypofucosylation. PCT Publication W 03/035835 by Presta describes a variant CHO

cell line, Lecl3 cells, with reduced ability to attach fucose to Asn (297}-linked
carbohvdrates, also resulting in hypofucosylation of antibodics expressed in that host
cell {see also Shields, R L. et al,, 2002 1. Biol. Chem. 277:26733-26740). PCT
Publication W 89/54342 by Umana et al. describes cell lines engincered to express

10 glveoprotein-modifying glycosvl transferases {(e.g , beta (1,4)--N
acetviglucosanunyltransferase I {GnTi)) such that antibodies expressed in the
engineered cell lines exhibit increased bisecting GleNac structures which results in
increased ABCC activity of the antibodies {see also Umana et al.. 1999 Nat. Biotech.

17:176-180).

METHODS OF ENGINEERING ALTERED ANTIBODIES

As discussed above, the BMP6-binding antibodics having VH and VL
sequences or full iength heavy and light chain sequences shown herein can be used 1o
create new BMP6o-binding antibodies by modifving full length heavy chain and/or

20 hght chain sequences, VH and/or VL sequences, or the constant region {8} attached
thereto. Thus, in another aspect of the mvention, the structural features of BMP6-
binding antibody of the mvention are used to create structurally related BMP6-
binding antibodies that retain at least one functional property of the antibodigs and
antigen-binding fragments thercof of the invention, such as binding to human BMP6

25 and also mhibiting one or more functional properties of BMPG6 (e.g., inhibit red blood
cell fyvsis in a hemolytic assay).

For example, one or more CDR regions of the antibodies and antigen-binding
fragments thereot of the present invention, or mutations thereof, can be combined
recombmantly with known framework regions and/or other CDRs to create additional,

30  recombinantly-engineered, BMP6-binding antibodies and antigen-binding fragments
thercof of the invention, as discussed above. Uther types of modifications include
those described in the previous section. The starting matenal for the engimecring
method ts one or more of the VH and/or VL sequences provided herein, or one or

more CDR regions thereof. To create the engineered antibody, it is not necessary o
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actually prepare (i.e., express as a protein} an antibody having one or more of the VH
and/or VL sequences provided herein, or one or more CDR regions thereof. Rather,
the information contained in the sequence (s) is used as the starting matenal to create
a "second generation” sequence (s} denved from the onginal sequence (s) and then the
5 "second generation” sequence {s) 1s prepared and expressed as a protein.
The altered antibody sequence can also be prepared by screening antibody libraries
having fixed CDDR3 sequences or minimal essential binding determinants as deseribed
i USZ20050255552 and diversity on CDR1 and CDR2 sequences. The screening can
be performed according to any screening technology appropriate for screening

10 antibodics from antibody libraries, such as phage display technology.

Standard molecular biclogy techmiques can be used to prepare and express the
altered antibody sequence. The antibody encoded by the altered antibody sequence {s)
is one that retains one, some or all of the functional properties of the BMP6-binding
antibodies described herein, which functional properties include, but are not limited

15  to, specifically binding to human BMP6 protein; and the antibody inhibit red blood
cell lysis in a hemolyviie assay.

The functional properties of the altered antibodies can be assessed using
standard assavs available in the art and/or described herein, such as those set forth in
the Examples {e.g., ELISAs).

20 In one embodiment of the methods of engineering antibodies and antigen-
binding fragments therecof of the invention, nwitations can be introduced randomly or
selectively along all or part of an BMP6-binding antibody coding sequence and the
resulting modified BMP6-binding antibodies can be screened for binding activity
and/or other functional properties as described herein. Mutational methods have been

25 described in the art. For example, PCT Publication WO 02/092780 by Short describes
methods for creating and screening antibody mutations using saturation mutagenesis,
synthetic ligation assembly, or a combination thereof. Alternatively, PCT Publication
WO 03/074679 by Lazar ¢t al. describes methods of using computational screening
methods to optimize phvsiochemical properties of antibodies.

30
CHARACTERIZATION OF THE ANTIBODIES OF THE INVENTION

The antibodies and antigen-binding fragments thereof of the invention can be
characterized by various functional assayvs. For example, they can be characterized by

their ability to mnhibit BMP6.
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The ability of an antibody to bind to BMPG6 can be detected by labelling the
antibody of interest directly, or the antibody may be unlabelied and binding detected
mdirectly using various sandwich assay formats known i the art.

In one embodiment, the BMP6-binding antibodies and antigen-binding

5 fragments thereof of the invention block or compete with binding of a reference
BMP6-binding antibody to BMP6 polypeptide. These can be fully human BMP6-
binding antihodies described above. They can also be other mouse, chimeric or
humanized BMP6-binding antibodies which bind to the same epitope as the reference
antibody. The capacity to block or compete with the reference antibody binding

10 indicates that BMP6-binding antibody under test binds to the same or similar cpitope
as that defined by the reference antibody, or to an epitope which 1s sufficiently
proximal to the epitope bound by the reference BMP6-binding antibody. Such
antibodics are especially likely to share the advantageous properties identified for the
reference antibody . The capacity to block or compete with the reference antibody may

15  be determined by, ¢.g., a competition binding assay. With a competition binding
assay, the antibody under test 1s examined for ability to inhibit specific binding of the
reference antibody to a conumnon antigen, such as BMP6 polypeptide. A test antibody
competes with the reference antibody tor specific binding to the antigen if an excess
of the test antibody substantially inhibits binding of the reference antibody.

20 Substantial inhibrtion means that the test antibody reduces specific binding of the
reference antibody usually by at least 10%, 25%, 50%, 75%, or 90%.

There are a number of known competition binding assays that can be used to
assess competition of an antibody with a reference antibody for binding to a particular
protein, in this case, BMP6. These include, ¢.g., sohid phase direct or indirect

25 radicimmunoassay (RIA), solid phase direct or indirect enzyvme immunoassayv (EIA),
sandwich competition assay (see Stahli et al., Methods in Enzymology 9:242-253,
1983}; sclid phase direct biotin-avidin EIA {(see Kirkland et al, J. Immunocl.
137:3614-3619, 1986); solid phase direct labeled assay, solid phase direct labeled
sandwich assay (see Harlow & Lane, supra); solid phase direct label RIA using 1-125

30 label {see Morel et al | Molec. Immunol. 25:7-15, 1988); solid phase direct biotin-
avidin EIA (Cheung ot al., Virology 176:546-352, 1990}, and direct labeled RIA
{Moldenhauer et al., Scand. J. Immunol. 32:77-82, 1990). Typicaily, such an assay
mvolves the use of purified antigen bound to a solid surface or cclls bearing cither of

these, an unlabelled test BMP6-binding antibody and a labelled reference antibody.
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Competitive inhibition 18 measured by determining the amount of label bound to the
solid surface or cells i the presence of the test antibody . Usually the test antibody is
present in excess. Antibodics identificd by competition assay (competing antibodics)
mclude antibodies binding to the same epitope as the reference antibody and

5  antibodies binding to an adjacent epitope sufficiently proxamal to the epitope bound
by the reference antibody for steric hindrance to cocur.

To determine if the selected BMP6-binding monoclonal antibodics bind to
unigue epitopes, each antibody can be biotinvlated using commercially available
reagents {¢.g., reagents from Pierce, Rockford, T}, Competition studies using

10 unlabeled monoclonal antibodies and biotinviated monoclonal antibodics can be
performed using BMPG6 polypeptide coated-ELISA plates. Biotinylated MAD binding
can be detected with a strep-avidin-atkaline phosphatase probe. To determine the
isotype of a purified BMP6-binding antibody, isotvpe ELISAs can be performed. For
cxample, wells of microtiter plates can be coated with 1 Dg/ml of anti-human IgG

15  overmight at 4 degrees C. After blocking with 1% BSA, the plates are reacted with 1
Cg/ml or less of the monoclonal BMP6-bindimg antibody or purified isotyvpe controls,
at ambient temperature for one to two hours. The wells can then be reacted with either
human IgG1 or human IgM-specific alkaline phosphatase-conjugated probes. Plates
are then developed and analyzed so that the sotype of the purified antibody can be

20 determined.

To demonstrate binding of monoclonal BMP6-binding antibodies to live cells
expressing BMP6 polvpeptide, flow cytometry can be used. Briefly, cell lines
expressing BMP6 (grown under standard growth conditions) can be muxed with
various concentrations of BMP6-binding antibody in PBS containing 0.1% BSA and

25 10% fetal calf serum, and incubated at 37 degrees €. for 1 hour. After washing, the
cells are reacted with Fluorescein-labeled anti-luiman IgG antibody under the same
conditions as the prmary antibody staiming. The samples can be analyzed by
FACScan instrument using light and side scatter propertics 1o gate on single cells. An
alternative assay using fluorescence microscopy may be used (in addition to or instead

30 of) the How cytometry assay. Cells can be stained exactly as described above and
examined by fluorescence microscopy. This method allows visualization of individual
cells, but may have diminished sensitivity depending on the density of the antigen.
BMP6-binding antibodies and antigen-binding fragments thereof of the invention can

be further tosted for reactivity with BMP6 polypeptide or antigenic fragment by
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Western blotting. Briefly, purified BMP6 polypeptides or fusion proteins, or ceil
extracts from cells expressing BMPS can be prepared and subjected to sodinm
dodecyl sulfate polyacrvlamide gel clectrophoresis. Atier clectrophoresis, the
separated antigens are transferred to nitrocellulose membranes, blocked with 10%
fetal calf serum, and probed with the monoclonal antibodies to be tested. Human IgG
binding can be detected using anti-human IgG alkaline phosphatase and developed
with BCIP/NBT substrate tablets (Sigma Chem. Co., 5t. Lows, Mo.).

Examples of functional assays are also described m the Example section below.

PROPHYLACTIC AND THERAPEUTIC USES

The present invention provides methods of treating a discase or disorder
associated with increased BMP6 activity by admunistering to a subject in need thercof
an effective amount of the antibodies and antigen-binding fragments thercof of the
mvention. In a specific embodiment, the present invention provides a method of
treating ancmia by administering to a subject 1n need thereof an effective amount of
the antibodies and antigen-binding fragments thereof of the invention.
The antibodies and antigen-binding fragments thercof of the mvention can be used,
mter alia, to prevent progression of anemia. It can also be used in combination with
other therapies for the treatment of anemia patients.

In one embodiment, the present invention provides methods of treating a
BMPS related discase or disorder by administering to a subject in need thercof an
effective amount of the antibodics and antigen-binding fragments thereof of the
mvention. Examples of known BMP6 related discases or disorders include: anemia.
mcluding, as non-limiting examples: anenua of chronic discase {ACD), anemia of
{c.g., associated with) chronic kidney disease (CKD), anemia of cancer, anemia of
mflammation, ervthropotesis stimulating agent (ESA) resistant anemia {(for example
erythropoictin {EPQ) resistant anemia, ESA hyporesponsive angmia {for example,
EPO hyporesponsive anemia), functional iron-deficiency anemia, and/or 1iron-
restricted anenua.

In a specific cmbodiment. the present invention provides methods of treating a
BMP6 related disease or disorder by administering to a subject in need thercof an
effective amount of the antibodies and antigen-binding fragments thereof of the
imvention, wherein said disease or disorder 1s anemia. In an embodiment the anemia

is angmia of chronic disease. In an embodiment the chronic disease is chronic kidaey
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discase. In an embodiment the chronic disease is cancer. In an embodiment the
chronic disease is inflanmmation. Inn an embodiment the anemia (¢.g., the anenua of
chronic discase) is ESA (for example, EPO)-resistant anemia. In an embodiment the
anemia {¢.g., the anenua of chromic disease) is ESA (for example, EPQO)-

5 hyporesponsive anemia. In an embodiment, the anemia {¢.g., the anemia of chronic
disgase) is iron-restricted anemia. In embodiments, including in any of the above
cmbodiments, the subject 15 a chromic hemodialysis (HD) subject. fn embodiments,
mcluding m any of the above embodiments, the subject has renal disease, for
gxample, end-stage renal disease.

10 In a specific cmbodiment, the present tvention provides methods of treating a
BMP6 related discase or disorder by adnmunistering to a subject in need thereof an
cffective amount of an antibody and antigen-binding fragment thereof of the
invention, wherein said disease or disorder i1s functional iron deficiency anemia. Inan
cmbodiment, the subject is an ESA (for example, EPO} treated chronic hemodialysis

15  patients. In an embodiment, the subject is an ESA (for example, EPQ) treated chronic
hemodialysis patient with chronic kidney discase.

In a specific cmbodiment, the present nvention provides methods of treating
anermia by admimistering to a subject in need thereof an effective amount of a
composition comprising an antibody of the present invention. In a specific

20 embodiment, the present invention provides methods of treating anenua by
administering to a subject in need thereof an effective amount of a composition
comprising an antibody of the present invention. In an embodiment the anemia s
anemia of chronic kidney discase. In an embodiment the anemia is ESA (for
example, EPO)-resistant anenua. In an embodiment the anemia is ESA (for example,

25 EPOj-hyporesponsive anemia. In an embodiment, the anemia is iron-restricted
anenta. In an embodiment, the anemia 1s anemia associated with kidney discase, for
example, chronic kidney disease. In embodiments, including in any of the above
cmbodiments, the subject 15 a chronic hemodialysis (HD) subject. fn embodiments,
mcluding m any of the above embodiments, the subject has renal disease, for

30  example, end-stage renal discase.

In a specific cmbodiment, the present tvention provides methods of treating a
BMP6 related discase or disorder by adnunistering to a subject in need thereof an
cffective amount of a composition comprising an antibody of the present invention,

wherein said discase or disorder is functional iron deficiency anemia. In an
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embodiment, the subject 13 an ESA (for example, EPO) treated chronic hemodialysis
patients. In an embodiment, the subject is an ESA (for example, EPO) treated chronic
hemodialysis patient with chrounic kidnev discase.
In a specific embodiment, the present invention provides methods of treating
5  anemia.
In a specific embodiment, the present invention provides a method for
reducing a subjoct’s ESA (for example, EPO) dosing needs by admiunistering to a
subject in need thereof an effective amount of an antibody or antigen-binding
fragment thereof of the invention. In an embodiment the anemia is anemia of chronic
10 discase. In an embodiment the chronic disease is chronic kidney disease. In an
embodiment the chronic discase is cancer. In an embodiment the chronie discase is
inflammation. In an embodiment the anemia (e g, the anemia of chronic disease) 15
ESA (for example, EPO)-resistant anemia. In an embodiment the anemia (¢.g., the
aneniia of chronic disease) 15 ESA {for example, EPO)-hyporesponsive anemia. Inan
15  embodiment, the anemia (e.g., the anemia of chronic disease} is iron-restricted
anemia. In embodiments, including in any of the above embodiments, the subject is a
chronic hemodialysis (HD) subject. In embodiments, mcluding in any of the above
embodiments, the subject has renal disease, for example, end-stage renal disease.
In embodiments, the methods and use of the invention result 1n a decrease in a
20 patients ESA resistance index (ERI).
In a specific embodiment, the present invention provides methods of reducing
s subiect’s ESA (for example, EPO) dosing needs by admuinistering to a subject in
need thercof an effective amount of an antibody or antigen-binding fragment thereof
of the invention, wherein said subject has functional iron deficiency anemia. o an
25 embodiment, the subject is an ESA (for example, EPO) treated chronic hemodialysis
patient. In an embodiment, the subiect is an ESA (for example, EPQO} treated chronic
hemodialysis patient with chronic kidoey disease.
In a specific embodiment, the present invention provides a mcthod for
reducing a subject’s ESA (for example, EPO) dosing needs by administerning to a
30 subject in need thereof an effective amount of a composition comprising an antibody
of the present invention. In an embodiment, the subject has ancmia. Inan
embodiment the anemia ts anemia of chronic discase. In an embodiment the chronic
disgase 1a chronic kidney disease. In an embodiment the chronic disease is cancer. In

an embodiment the chronic disease s mflammation. In an embodiment the anemia

110



WO 2017/216724 PCT/IB2017/053507

{¢.g., the anemia of chronic disease) s ESA (for example, EPO)-resistant anenua. In
an embodiment the anenua {¢.g., the anemia of chronic disgase) is ESA {for example,
EPO)-hyporesponsive ancmia. fn an embodiment, the ancmia (e.g., the anemia of
chronic disease) is iron-~restricted anemua. In embodiments, including in any of the
5 above embodiments, the subiect 13 a chronic hemodialysis (HD) subject. In

embodiments, including in any of the above embodiments, the subject has renal
disease, for example, end-stage renal disease.

In a specific embodiment, the present invention provides methods of reducing
s subiect’s ESA (for example, EPO) dosing needs by admuinistering to a subject in

10 need thereof an cffective amount of a composition comprising an antibody of the
present invention, wherein said subject has functional iron deficiency anermia. Inan
embodiment, the subject is an ESA {(for example, ERPO} treated chronic hemodialysis
patient. In an embodiment, the sabject is an ESA (for example, EPO) treated chronic
hemodialysis patient with chronic kidoey discase.

15 In a specific embodiment, the present invention provides a method for
reducing a subject’s iron (for example, IV tron} dosing needs by administering to a
subject 1n need thercof an effective amount of the antibodics and antigen-binding
fragments thereof of the invention. In an embodiment, the subject has anernma. Inan
embodiment the anemia is anemia of chronic discase. In an embodiment the chronic

20 discase is chronic kidnev disease. In an embodiment the chronic disease is cancer. In
an cmbodiment the chronic discase is inflammation. in an embodiment the anemia
(e.g., the anemia of chronic disease) 1s ESA {for example, EPQ}-resistant anenma. In
an embodiment the anenua {¢.g., the anemia of chronic disgase} is ESA {for example,
EPO)-hyporesponsive ancmia. fn an embodiment, the ancmia (e.g., the anemia of

25 chronic disease) is won-restricted anemia. In embodiments, including in any of the
above embodiments, the subject 18 a chronic hemodialysis (HD) subject. In
embodiments, including in any of the above embodiments, the subject has renal
disease, for example, end-stage renal disease.

In a specific embodiment, the present invention provides methods of reducing

30 ssubject’s tron (for example, 1V wron) dosing needs by admiuustering to a subject
need thereof an effective amount of the antibodies and antigen-binding fragments
thereof of the invention, wherein said subject has functional wron deficiency anemia.
In an embodiment, the subject 1s an ESA {(for example, EPQ) treated chronic

hemodialysic patient. In an embodiment, the subject 1s an ESA (for example, EPO)
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treated chronic hemodialvsis patient with chronic kidney disease.
In a specific embodiment, the present invention provides a method for
reducing a subject’s ron (for example, IV iron) dosing needs by administering to a
subject 1n need thereof an effective amount of a composition comprising an antibody
5 of'the present invention. In an embodiment, the subject has anemia. Inan
embodiment the anemia is anemia of chronic discase. fn an embodiment the chronic
disease 1s chronic kidney disease. In an embodiment the chronic disecase is cancer. In
an embodiment the chronic disease is mnflammation. In an embodiment the anemua
(e.g., the anemia of chronic disease) 1s ESA {for example, EPQ}-resistant anenma. In
10 an embodiment the anenua {¢.g., the ancmia of chronic discase) 15 ESA (for example,
EPG)-hyporesponsive anemia. In an embodiment, the anemia (e.g., the anemia of
chronic disease) 1s iron~restricted anemia. In embodiments, mcluding in any of the
above embodiments, the subject is a chronic hemodialysis (HP) subject. In
cmbodiments, including in any of the above embodiments, the subject has renal
15 disease, for example, end-stage renal disease.
In a specific embodiment, the present invention provides methods of reducing
s subject’s iron {for exarple, 1V iron) dosing needs by administering to a subject in
need thereof an etfective amount of a composition comprising an antibody of the
present imvention, wherein said subject has functional iron deficiency anemia. In an
20 embodiment, the subject is an ESA (for example, EPO} treated chronic hemaodialysis
patient. In an crobodiment, the subject is an ESA (for example, EPO) treated chronic
hemodialysis patient with chronic kidney discase.
In a specific embodiment, the invention provides a method for reducing a
subject’s iron {(for cxample, IV won} dosing needs and reducing a subject’s ESA (for
25 example, EPO) dosing needs, comprising administering the antibody or antigen
binding fragment of the invention or a composition comprising said antibody or
antigen binding fragment. In an embodiment the anemia is anemia of chronic discase.
In an embodiment the chronic disease is chronic kidney discase. In an embodinment
the chronic disease is cancer. In an embodiment, the subject has anemia. In an
30  embodiment the chronic disease 1s inflammation. In an embodiment the anemia{e g,
the anenua of chronic disease) is ESA {for example, EPO)-resistant ancmia. In an
embodiment the anenua {e.g., the anemia of chronic disease) is ESA (for example,
EPQG)-hyporesponsive anemia. In an embodiment, the anemia (e.g., the anemia of

chronic disease) is iron-restricted ancmia. In embodiments, inchiding in anv of the
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above embodiments, the subject 1s a chromic hemodialyvsis (HD} subject. In
embodiments, mncluding in any of the above embodiments, the subject has renal
discase, for example, end-stage renal discase.

In an embodiment, present invention provides methods of mobilizing
sequestered iron by administering to a subject in need thereof an effective amount of
the antibodies and antigen-binding fragments thereof of the invention.

In an embodiment, present invention provides methods of mobilizing sequestered ron
bv administering to a subject in need thereof an effective amount of a composition
comprising an antibody of the present invention.

In an embodiment, the present invention provides a method for improving (for
example, increasing) the level of hemoglobin in a subject with anemia, while reducing
the need for dosing with ervthropoietin and/or tron (e.g., IV tron), said method
comprising administering to a subject in need thereof an antibody or antigen binding
fragment thereof of the invention. in an embodiment, the anemia is anemia associated
with chronic disease. In an embodiment, the improving the level of hemoglobmn
comprises improving the level to a level as specified by a clinical practice gindeline,
for example, Kidney Discase: Improving Global Outcomes (KDIGO) Anemia Work
Group. KDIGO Clinical Practice Guideline for Anenua in Chronic Kidney Disease.
Kidney inter., Suppl. 2012; 2: 279-335, the contents of which are hereby incorporated
by reference in thier entirety. In an embodiment, the improving the level of
hemoglobin comprises improving the level of hemoglobin to at least about 11.0 g/dl,
e.g.. to from about 11.0 g/dL to aboot 12.5 g/dL. In an embodiment, the improving the
fevel of hemoglobin comprises improving the level of hemoglobin to at least 11.0
g/dl, e.g., to from 11.0 g/dL to0 12.5 g/di..

In an embodiment, the present invention provides a method for improving (for
example, increasing} the level of hemoglobin in a sabject with anemia, while reducing
the need for dosing with erythropoietin and/or tron {e.g., 1V ron), said method
comprising administering to a subject m need thereof a composition comprising an
antibody of the invention. In an embodiment, the anemia is anenia associated with
chronic disease. In an embodiment, the improving the level of hemoglobin comprises
mmproving the level to a level as specified by a clinical practice guideline, for
example, Kidney Disease: Improving Global Outcomes (KDIGO) Anemia Work
Group. KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Bisease.

Kidney inter., Suppl. 2012; 2: 279-335, the contents of which are hereby incorporated
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by reference in ifs entirety. In an embodiment, the improving the level of hemoglobin
comprises improving the level of hemoglobin to at least about 11.0 g/dL, e.g., to from
about 11.0 g/dL to about 12.5 g/dL.. In an embodiment, the improving the level of
hemoglobin comprises improving the level of hemoglobin to at least 11.0 g/dL, ¢ g.,

5 tofrom 11.0 g/dl to 12.5 g/dL.

In an embodiment, the present invention provides a method for maintaining
the fevel of hemoglobin in a subject with anenia, while reducing the need for dosing
with erythropoietin and/or iron {¢.g., IV iron), said method comprising administening
to a subject in need thercof an antibody or antigen binding fragment thereof of the

10 invention. Inan embodiment, the anemia is anemia associated with chronic discase.
In an embodiment, the improving the level of hemoglobin comprises improving the
level to a level as specified by a chinical practice guideling, for example, Kidney
Disease: Improving Global (htcomes (KBIGO) Avemia Work Group. KBIGO
Chinical Practice Guideline for Anenua m Chronic Kidney Disease. Kidney mter,

15 Suppl 2012; 2: 279-335, the contents of which are hereby incorporated by reference
in its entirety. In an embodiment, the improving the level of hemoglobin comprises
mmproving the level of hemoglobin to at least about 11.0 g/dL, ¢.g., to from about 11.0
g/dL to about 12.5 g/dL. In an embodiment, the improving the level of hemoglobmn
comprises improving the level of hemoglobin to at least 11.0 g/dL, e.g., to from 11.0

20 g/dlto 12.5 g/dL.

in an embodument, the present invention provides a method for maintaining
the level of hemoglobin in a subject with anemia, while reducing the need for dosing
with ervthropoietin and/or iron {(e.g., 1V iron}, said method comprising administenng
1o a subject in need thercof a composition comprising an antibody of the invention. In

25 an embodiment, the anemia 1s anemia associated with chronic disease. Inan
embodiment, the tmproving the level of hemoglobin comprises improving the level to
a level as specified by a clinical practice guadeline, for example, Kidney Dhsease:
Improving Global Outcomes (KDIGU) Anemia Work Group. KDIGO Clinical
Practice Guideline for Anemia in Chronic Kidney Discase. Kidney inter., Suppl.

30 2012;2: 279335, the contents of which are hereby incorporated by reference in its
entirety. In an emboduncent, the improving the level of hemoglobin comprises
improving the level of hemoglobin to at least about 11.0 g/dl, e.g., to from about 1.0
g/dL to about 12.5 g/dL. In an embodiment, the improving the level of hemoglobin

comprises improving the level of hemoglobinto atleast 11.0 g/dLl, e g to from 11.0
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g/dl to 12.5 g/dL.

In one embodiment, the isolated antibody or antigen-binding fragment thereof
descnbed in Table 1 and/or Tablc 14 can be adnunistered to a patient in need thercof
in conjunction with a therapeutic method or procedure, such as described herein or
known i the art. Such a method or procedure includes, as non-limiting examples:
administration of a therapeutically effective amount of ESA (for example, EPO),
crythropoictin, or iron, and blood transfusion. Treatmaent is typically continued at
mtervals for a period of a week, a month, three months, six months or a vear. In some
patients, treatment is administered for up to the rest of a patient’s life.

When the therapeutic agents of the present invention are administered together
with another agent, the two can be administered sequentially m either order or
simultancously. In some aspects, an antibody of the present invention is administered
to a subject who is also receiving therapy with a second agent or method (e.g., ESA,
crythropoictin, iron, blood transfusion). In other aspects, the binding molecule is
administered in conjunction with surgical treatments.

Suitable agents for combination treatment with BMP6-binding antibodies
mclude agents known in the art that inhibit or reduce the expression, lovel, stability
and/or activity of BMP6. Such agents mclude antibodics, siRNAs, and small

molecules to BMP6.

Various antibodies to BMPG6 are known in the art, including, inter alia, those
described m:

Andriopoulos et al. 2009 Nat. Genet. 41: 482-487;
Amdt et al. 2010 Gastroent. 138: 372-382;

Bames et al. 1993 World J. Urol. 13: 337-343;
Camaschella et al. 2009 Nat. Genet. 41: 386-388;
Celement et al. 1999 Int. J. Cancer 80: 250-256;
Corradini et al. 2011 Hepatol. 54: 273-284;
Crews et al 2010 F Newro. 30: 1225212262,

Dai et al. 2005 Cancer Res. 65 8274;

Darby ct al. 2007 J. Pathol. 214 394-404;
Hadziahmetovic et al. 2011 179:; 335-348;
Hamdy et al. 1997 Cancer Res, 57 4427,

Haudenschild et al. 2004 Cancer Res. 64: 8276,
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Hee et al. 2008 J. Orth. Res. 27; 162-168;
Herrera et al. 2009 BMC Cell Biol. 10: 20;
Inagaki ct al. 2005 Endocrin. 147: 2681-2689;
Jung et al. 2008 Stem Cells 26: 2042-2051;
5 Kaseretal 1998 1 Invest. Derm. 111: 1145-1152;

Kautz et al. 2011 Haematol. 96: 199-203;
Khalafet al. 2012 Fur. J. Endocrin. 168; 437-444;
Kochanowska et al. 2002 Exp. Biol. Med. 227: 57-62;
Lietal 2006 Int. J. Med. Sci. 3: 97-105;

10 Meynard et al. 2011 Blood 118: 747-756;
Pederson et al. 2008 Proc. Natl. Acad. Sci. USA 105: 20764-69;
Plant et al. 2002 J. Bone Min. Res. 17: 782-790;
Schiuvesener et al. 1994 Atheroscl. 113: 153-156;
Schlueseneret al. 2004 GLIA 12: 161-164;

15  Shietal 2009 Fert. Stenid. 92 1794-1798;
Varley ot al. 1996 Exp. Neur. 140: 84-94;
Wang et al. 2007 Mol. Cell. Neuroset. 34: 633-661; and
Zhang et al. 2006 Neurosct. 138: 47-33;
U.5. Pat. No. 8,795,665; and

20 WO 2010/056981;
Additional antibodies to BMP6 arc known o the art; many are conunercially
available.
Yariocus siRNAs to BMP6 are known in the art, including, inter alia, those described
1

25 Heetal 2003 Cell. Signal. 25: 1372-1378;
Tkeda et al. 2012 PLoS 0040465,
Kautz et al. 2008 Blood 112: 1503,
Mictal 2011 J. Cancer Res. Chin. Oncol. 137; 245,
Xiaetal 2007 J. Biol. Chem. 282: 18129-18140;

30 Xiaectal 2008 Blood 111: 5195; and
Yang et al. 2009 Int. J. Bioch. Cell Biol. 41: 853-861.

Additional mhibitors of BMP6 are known. Any of these can be used in

combination with any antibody or antigen-binding fragment thereof disclosed herein.
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A combination therapy regimen may be additive, or it may produce svnergistic
results {¢.g., reductions in BMPS activity more than expected for the combined use of
the two agents). In onc embodiment, the present invention provide a combination
therapy for preventing and/or treating anemia or another BMP6 related disease as
described above with BMP6-binding antibody of the invention and an anti-anemia

agent or method, such as ESA | ervthropoietin, iron, or blood transfusion.

DIAGNOSTIC USES

In one aspect, the invention encompasses diagnostic assays for determining
BMP6 and/or nucleic acid expression as well as BMP6 function, in the context of a
biological sample {e.g., blood, serum, cells, tissue) or from individual is afflicted with
a disease or disorder, or 1s at risk of developing a disorder associated with anemia.
Diagnostic assays, such as competitive assays rely on the ability of a labelled
analogue (the "tracer™) to compete with the test sample analvie for a limited number
of binding sites on a common binding partner. The binding pariner generally is
insolubilized before or after the competition and then the tracer and analyte bound to
the binding partner are separated from the unbound tracer and analvte. This separation
is accomphished by decanting {(where the binding partner was preinsolubilized) or by
centrifuging (where the binding partner was precipitated after the competitive
reaction}. The amount of test sample analyie is inversely proportional to the amount
of bound tracer as measured by the amount of marker substance. Dose-response
curves with known amounts of analyvte are prepared and compared with the test results
i order to guantitatively determioe the amount of analyie present in the test sample.
These assays are called ELISA svstems when enzvmes are used as the detectable
markers. In an assay of this form, competitive binding between antibodies and BMP6-~
binding antibodigs results in the bound BMP6, preferably the BMP6 epitopes of the
mvention, being a measure of antibodies in the serum sample, most particularly,
neutralising antibodies in the serum sample.

A significant advantage of the assay is that measurement is made of
neutralising antibodics directly (i.e.. those which interfere with binding of BMP6,
specifically, epitopes). Such an assay, particularly o the form of an ELISA test has
considerable applications in the clinical environment and in routine blood screening.
In the clinical diagnosis or monitoring of patients with disorders associated with

anemia, the detection of BMP6 proteins in comparison to the levels in a
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corresponding biological sample from a normal subject is indicative of a patient with
disorders associated with anemia.

In vivo diagnostic or imaging is described in USZ2006/0067935. Briefly, these
methods generally comprise administering or introducing fo a patient a diagnostically
effective amount of BMP6 binding molecule that 1s operatively attached to a marker
or label that is detectable by non-invasive methods. The antibody-marker conpugate is
allowed sufficient time to localize and bind to BMP6. The patient is then exposed to a
detection device o identify the detectable marker, thus forming an image of the
location of the BMP6 binding molecules in the tissue of a patient. The presence of
BMP6 binding antibody or an antigen-binding fragment thereof 1s detected by
determining whether an antibody-marker binds to a component of the tissue.
Betection of an increased level in BMP6 proteins or 2 combination of protein in
comparison to a normal individual without anemua is indicative of a predisposition for
and/or on set of disorders associated with anemia. These aspects of the mvention are
ajso for use in tissue 1maging methods and combined diagnostic and treatment
methods.

The mvention also pertains to the field of predictive medicine in which
diagnostic assays, prognostic assavs, pharmacogenomics, and monitoring clinical
tnals are used for prognostic (predictive) purposes to thereby treat an individual
prophylactically.

The mvention also provides for prognostic {or predictive} assays for
determining whether an individual 1s at nisk of developing a disorder associated with
dyvsregulation of BMP6 pathway activity. For example, mutations in BMPS gene can
be assaved in a biological sample. Such assays can be used for prognostic or
predictive purpose to thereby prophylactically treat an individual prior to the onset of
a disorder characterized by or associated with BMP6, nucleic acid expression or
activity.

Another aspect of the invention provides methods for determining BMP6
nucleic acid expression or BMP6 activity i an individual to thereby select
appropriate therapeutic or prophylactic agents for that mdividual (referred to herein as
"pharmacogenomics”). Pharmacogenomics allows for the selection of agents {c.g.,
drugs) for therapeutic or prophylactic treatment of an individual based on the
genotype of the mdividual (2 g, the genotype of the individual examined to determine

the ability of the individual to respond to a particular agent )
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Yet another aspect of the invention provides a method of monitoring the
influence of agents {o.g.. drugs) on the expression or activity of BMPS in clinical

trials.

PHARMACEUTICAL COMPOSITIONS

The invention provides pharmaceutical compositions comprising the BMPé6-
binding antihody or binding fragment thereof formulated together with a
pharmaceutically acceptable cammer. The compositions can additionally contain one or
more other therapeutical agents that are suitable for treating or preventing a BMP6-
associated discase (c.g., anemia). Pharmaccutically carriers enhance or stabilize the
composition, or to facilitate preparation of the composition. Pharmaceutically
acceptable camiers inchude solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying ageunts, and the like that are
physiologically compatible.

A pharmaceutical composttion of the present invention can be administered by
a variety of methods known in the art. The route and/or mode of administration vary
depending upon the desired results. Adnunistration can be intravenous, intramuscular,
mtraperitoneal, or subcutaneous, or admimstered proximal o the site of the target.
The pharmaceutically acceptable camer should be suitable for intravenous,
intramuscular, subcutancous, parenteral, spinal or epidermal administration {&.g., by
imjection or infusion). Depending on the route of administration, the active compound,
t.e., antibody, bispecific and multispecific molecule, may be coated m a material to
protect the compound from the action of acids and other natural conditions that may
mactivate the compound.

The composition should be sterile and fluid. Proper thudity can be mamtained,
for example, by use of coating such as lecithin, by maintenance of required particle
size in the case of dispersion and by use of surfactants. In many cases, it is preferable
to include isotonic agents, for example, sugars, polvalcohols such as mannitol or
sorbttol, and sodinm chlonde in the composition. Long-term absorption of the
injectable compositions can be brought about by including in the composition an
agent which delays absorption, for example, aluminum monostearate or gelatin.
Pharmaceutical compositions of the invention can be prepared i accordance with
methods well known and routinely practiced in the art. See, e.g., Remington: The

Science and Practice of Pharmacy, Mack Publishing Co., 20th ed., 2000; and

119



WO 2017/216724 PCT/IB2017/053507

10

20

25

30

Sustained and Controlled Release Drug Delivery Systems, J. R, Robinson, ed., Marcel
Dekker, Inc., New York, 1978, Pharmaceutical compositions are preferably
manufactured under GMP conditions. Typically, a therapeutically effective dose or
efficacious dose ot the BMP6-binding antibody 1s emploved in the pharmaceutical
compositions of the invention. The BMPo-binding antibodies are formulated ito
pharmaceutically acceptable dosage forms by conventional methods known {o those
of skill in the art. Dosage regimens are adjusted to provide the optimum desired
response {e.g., a therapeutic response). For example, a single bolus may be
administered, several divided doses may be administered over time or the dose may
be proportionally reduced or increased as indicated by the exigencies of the
therapeutic situation. It is especially advantageous to formulate parenteral
compositions in dosage unit form for case of administration and wniformity of dosage.
Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; cach unit contains a predetermined quantity of
active compound calculated to produce the desired therapeutic effect in association
with the required pharmaceutical carrier.

Actual dosage levels of the active ingredients in the pharmaceutical
compositions of the present mvention can be varied so as to obfain an amount of the
active ingredient which is effective to achieve the desired therapeutic response fora
particelar patient, composition, and mode of administration, without being toxic to the
patient. The selected dosage level depends upon a variety of pharmacokinetic factors
mclading the activity of the particalar compositions of the present mvention
employed, or the ester, salt or amide thereof, the route of administration, the time of
adnuinistration, the rate of excretion of the particular compound being emploved, the
duration of the treatment, other drugs, compounds and/or materials used in
combination with the particular compositions employed, the age, sex, weight,
condition, general health and prior medical history of the patient being treated, and
like factors.

A physician or vetermarian can start doses of the antibodies and antigen~
binding fragments thergof of the invention emploved m the pharmaceutical
composition at levels lower than that required to achicve the desired therapeutic effect
and gradually mcrease the dosage until the desired effect is aclieved. In general,
effective doses of the compositions of the present invention, for the treatment of an

allergic inflammatory disorder described herein vary depending vpon many different
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factors, including means of admimistration, target site, physiological state of the
patient, whether the patient is human or an animal, other medications administered,
and whether treatment is prophvlactic or therapeutic. Treatment dosages need to be
titrated to optimize safety and efficacy. For syvstemic admunistration with an antibody,
the dosage ranges fiom about 0.0001 to 100 mg/kg, and more usually 0.001 t0 135
mg/kg, of the host body weight. An exemplary treatment regime entails systemic
administration {¢.g., intravenous or subcutancous) once, or alternatively, more than
once on a dosing schedule {e.g., repeat dosing), tor example, once per every two
weeks, once every three weeks, or once a month or once every 3 to 6 months. For
mitravitreal administration with an antibody, the dosage ranges from about 0.0001 to
about 10 mg. An cxeraplary treatment regime entails systemic administration once per
every two weeks, once every three weeks, or once a month or once every 310 6
months,

Antthody is usually adoinistered on multiple oceasions. Intervals between
single dosages can be weekly, monthly or vearly. Intervals can also be wregular as
indicated by measuning blood levels of BMP6-binding antibody in the patient. In
some methods of systemic adnunistration, dosage is adjusted to achieve a plasma
antibody concentration of 1-1000 Cg/ml and in some methods 25-300 Dg/ml.
Alternatively, antibody can be administered as a sustained release formulation, in
which case less frequent adminisiration is required. Dosage and frequeney vary
depending on the half-life of the antibody in the patient. In general, humanized
antibodies show longer half life than that of chimeric antibodies and nonhuman
antibodies. The dosage and frequency of administration can vary depending on
whether the treatment is prophylactic or therapeutic. In prophvlactic applications, a
relatively low dosage 1s administered at relatively infrequent intervals over a long
period of time. Some patients continue to receive treatment for the rest of their lives.
In therapeotic applications, a relatively high dosage at relatively short intervals is
sometimes required until progression of the diseasc is reduced or ternunated, and
preferably until the patient shows partial or complete amelioration of symptoms of
disease. Thereafter, the patient can be administered a prophvlactic regime.

In a specific cmbodiment the composition comprising the antibody or antigen
binding fragment of the invention 1s adnunistered at a dose (antibody or antigen-
binding fragment thercof) of between 0.001 mg/kg and 0.1 mg/kg. In a specific

embodiment the composition comprising the antibody or antigen binding fragment of
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the mvention is administered at a dose of between about 0.001 mg/kg and about 0.1
mg/ke. In a specific embodiment the composition comprising the antibody or antigen
binding fragment of the mvention is administered at a dose of 0.001 mg/kg, 0.0016
mg/kg, 0.0025 mg/kg, 0.0040 mg/kg, 0.0063 mg/kg, 0.01 mg/kg, 0.016 mgikg, 0.023
5 mg/kg, 0.040 mg/kg, 0.063 mg/ke, or 0.1 mg/kg. In aspecific embodiment the

composition comprising the antibody or antigen binding fragment of the invention is
administered at a dosc of about 0.001 mg/kg, about 0.0016 mg/kg, about 0.002Z5
mg/kg, about 0.0040 mg/kg, about 0.0063 mg/kg, about 0.01 mg/kg, about 0.016
mg/ke, about 0.025 mg/kg, about 0.040 mg/kg, about 0.063 mg/kg, or about 0.1

10 mg/kg. Inan embodiment, the composition compnising the antibody or antigen
binding fragment of the mvention s admmistered, including, for example, at any of
the doses recited above, mtravenously. In embodiments, the intravenous
administration 1g an intravenous infusion. In embodiments, the infusion takes place
over 30-60 minutes. In embodiments, the infusion takes place over about 30-60

15 wvunuies.
LEVEL OF FERRITIN

The disclosed methods may nvolve the determination of the level of ferntin

from a biological sample, ¢.g., blood or serum, and in embodiments, patients, e.g.,
patients having a discase described herein, ¢.g., anemia, are selected for treatment

20 with a BMP6 antagonist {¢.g, as described herein, 2.5, a BMP6 antibody, e.g.,
Antibody 7, ¢.3., as described in Table 1) or are predicted 1o have a response to BMP6
antagonist therapy based on the level of ferritin,
In embodiments, the level of ferritin, .2, the level of ferritin predictive of response
{c.g., increased response) to treatment with BMP6 15 <about 1500 ng/mb. In

25 embodiments, the level of ferritin, e.g., the level of ferritin predictive of response
{c.g., increased response) to treatment with BMP6 1s < 1500 ng/mL. In embodiments,
the fovel of ferritin is < 1500 ng/mL. In embodiments, the level of ferritin is < about
2000 ng/mi. In embodiments, the level of formtin 1s <2000 ng/mi.. In crobodiments,
the level of ferritin is < about 2000 ng/mi..

36 In embodiments, the kevel of forritin, e.g.. the lovel of ferritin predictive of
response {¢.g., mereased response} to treatment with BMP6 is < about 1450 ng/ml.,
¢.g., <about 1400 ng/mL, <about 1350 ng/mL, < about 1300 ng/mL, < about 1250
ng/mb, <about 1200 ng/mb, < about 1150 ng/ml, < about 1100 ng/mL, < about 1050

ng/mL., or < about 1000 ng/mL, etc.
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In embodiments, the level of ferritin, e.g., the level of ferritin predictive of
response {.g., increased response} 1o treatment with BMPS i3 > about 200 ng/mlL,
¢.g.. > about 250 ng/mi., > about 300 ng/ml, = about 350 ng/ml, > about 400 ng/ml.,

s

> about 450 ng/mL., > about 500 ng/mi., > about 550 ng/ml., > about 600 ng/mkL, >

A\

5 about 630 ng/mL, > aboat 700 ng/mkL, > about 750 ng/mL, > about 800 ng/mk., >

about 850 ng/mL., > about 900 ng/mL., > about 950 ng/mL., > about 1000 ng/mi., or>

Y

about 1500 ng/mk., ctc. In embodiments, the level of ferritin is botween any of the
levels recited above and about 2000 ng/mlL.

In embodiments, the level of fernitin, e g, the level of ferritin predictive of

10 responsc {¢.g., increased response) o treatroent with BMP6 is 2> about 500 ng/ol., =

s

about 350 ng/ml, > about 600 ng/mL, > about 630 ng/mL, = about 700 ng/mL. :

Y

about 750 ng/mL, > about 800 ng/mL, > about 850 ng/mL., > about 900 ng/ml., :

Y

the fovel of ferritin 1s between any of the levels recited above and about 2000 ng/ml.
15  In embodiments, the level of fernitin, e.g., the level of ferritin predictive of response
{e.g., increased response) to treatment with BMP6 is > about 500 ng/mbL. In
embodiments, the level of forritin 1s between about 500 ng/mi. and about 2000
ng/mb. In embodiments, the level of ferrtin s between about 500 ng/mL and about
1000 ng/mL. In embodiments, the level of ferntin 1s between about 500 ng/mL and
20 about 1500 ng/mkb.
In embodiments, the level of forriting, ¢.g., the lovel of ferritin predictive of
response {e.g., increased response} to treatment with BMP6 1s between about 200
ng/mb and about 1500 ng/mb. In embodiments, the level of ferritin, e.g., the level of
ferritin predictive of response {e.g., increased response} to treatment with BMP6 s
25 between about 300 ng/mL and about 1300 ng/mL. In embodiments, the level of
ferritin, ¢ g, the level of formtin predictive of response {e.g., increased response) to
treatment with BMP6 is between about 400 ng/mlb and about 1500 ng/ml. In
embodiments, the level of ferritin, e.g., the level of ferritin predictive of response
(e.g., mereased response) to treatment with BMP6 is between about 300 ng/ml. and
30 about 1500 ng/mb.. In embodiments, the level of ferritin, e.g., the level of forritin
predictive of response (¢.g., increased response) to treatment with BMP6 1s between
about 600 ng/mlL and about 1500 ng/mL. In embodiments, the level of ferritin, e g,
the fevel of ferritin predictive of response (e.g., increased response) to treatment with

BMPS6 is between about 760 ng/mL and about 1500 ng/mL. In embodiments, the
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tevel of ferritim, ¢.g., the level of fermun predictive of response {(e.g., ncreased
response) to treatment with BMP6 is between about 800 ng/mbL and about 1500
ng/mh.. In emboduments, the level of ferritin, e.g., the level of forritin predictive of
response (2.g., mcreased response) fo treatment with BMP6 15 between about 900
5  ng/mL and about 1500 ng/mL. In embodiments, the level of ferritin, e.g., the level of
ferritio predictive of response {¢.g., increased response) to treatment with BMP6 ig
between about 1000 ng/mL and about 1500 ng/mL. In embodiments, the level of
ferritin, ¢.g., the level of ferntin predictive of response {e.g., increased response) to
treatment with BMP6 is between about 1100 ng/mL and about 1500 ng/mL. In
10 cmbodiments, the level of ferritin, ¢.g., the level of ferntin predictive of response
{¢.g., increased response) to treatment with BMP6 is between about 1200 ng/mL and
about 1500 ng/mb. In embodiments, the level of ferritin, e.g., the level of ferntin
predictive of respounse {¢.g., increased response} to treatment with BMP6 is between
about 1300 ng/mL and about 1500 ng/mi.. In embodiments, the level of fernitin, e.g.,
15 the level of forritin predictive of response {(¢.g., increased response} 1o treatment with
BMP6 18 between about 1400 ng/mb and about 1500 ng/mL.
In embodiments, the level of ferritin, ¢.g.. the level of territin predictive of
response (2.g., mcreased response) o treatment with BMP6 15 between about 200
ng/mL and about 1600 ng/mL. In embodiments, the level of ferritin, ¢ g, the level of
20 ferritin predictive of response {¢.g., increased response) to treatment with BMP6 ig
between about 300 ng/mlL and about 1600 ng/ml.. In embodiments, the level of
ferritin, ¢.g., the level of ferntin predictive of response {e.g., increased response} to
treatment with BMP6 is between about 400 ng/mi and about 1600 ng/mL. In
embodiments, the level of ferritin, ¢.g., the level of fernitin predictive of response
25 {e.g., mcreased response) to treatment with BMP6 is between about 300 ng/mL and
about 1600 ng/mb. In embodiments, the level of ferritin, ¢.g., the level of ferritin
predictive of respounse {¢.g., increased response} to treatment with BMP6 is between
about 600 ng/ml. and about 1600 ng/mL.. fn embodiments, the level of ferritin, .z,
the fevel of forritin predictive of response {¢.g., increased response) o treatment with
30  BMP6 is between about 700 ng/ml. and about 1600 ng/mL. In embodiments, the
level of ferritin, ¢.g., the level of ferritin predictive of response {(¢.g., increased
response) to treatment with BMP6 is between about 800 ng/mL and about 1600
ng/mb. In embodiments, the level of ferritin, e.g., the level of ferritin predictive of

response (.g., increased response) o treatment with BMP6 15 between about 500
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ng/rok. and about 1600 ng/mL. In embodiments, the level of forntin, e.g., the level of
ferritin predictive of response (2.g., increased response) to treatment with BMP6 is
between about 1000 ng/ml and about 1600 ng/ml.. In embodiments, the level of
fernitin, ¢.g., the level of ferrtin predictive of response {¢.g., increased response) to
5 treatment with BMP6 15 between about 1100 ng/mL and about 1600 ng/mL. In

embodiments, the level of ferritin, e g, the level of ferritin predictive of response
{c.g., increased response) to treatment with BMPS is between about 1200 ng/mb and
about 1600 ng/ml.. In embodiments, the level of ferritin, e.g., the level of ferritin
predictive of response (e.g., increased response) to treatment with BMP6 is between

10 about 1300 ng/ml. and about 1600 ng/ml. In embodiments, the level of foratin, ¢ .g.,
the level of ferntim predictive of response (e.g., mcreased response) to treatment with
BMP6 is between about 1400 ng/mL and about 1600 ng/mbL. In embodiments, the
level of ferritin, o.g., the level of ferritin predictive of response {e.g., increased
response) to treatment with BMP6 is between about 1500 ng/ml. and about 1600

15 ng/ml.

In embodiments, the level of fernitin, e g, the level of ferritin predictive of

response (¢.g., increased response) o treatment with BMP6 1s between about 200
ng/mkL and about 1700 ng/mL. In embodiments, the level of ferntin, e.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 is

20 between about 300 ng/mL and about 1700 ng/mL. In embodiments, the level of
ferritin, e.g., the level of ferritin predictive of response (¢ .g., increased response) to
treatment with BMP6 1s between about 400 ng/imbL and aboat 1700 ng/mL. In
embodiments, the level of ferrtin, ¢.g., the level of ferritin predictive of response
{c.g., increased response) to treatment with BMP6 is between about 500 ng/mL and

25 about 1700 ng/mb. In embodiments, the level of ferritin, e.g., the level of ferritin
predictive of response {¢.g., increased response) to treatment with BMPS 18 between
about 600 ng/mL and about 1700 ng/mL. In embodiments, the level of ferritin, e g,
the fevel of forritin predictive of response {¢.g., increased response) to treatment with
BMPS6 is between about 700 ng/mL and about 1700 ng/mL. Tn embodiments, the

30 level of ferritin, e g, the level of fermitin predictive of response {¢.g., increased
response} to treatment with BMP6 is between about 800 ng/mL and about 1700
ng/mL. In embodiments, the level of ferritin, e.g., the level of ferritin predictive of

mcreased response) to treatment with BMP6 is between about 900

response (e.g.

Pl

ng/mkb and about 1700 ng/ml. In embodiments, the level of ferritin, e.g., the level of
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ferritin predictive of response {e.g., increased response) to treatment with BMP6 13
between about 1600 ng/mL and about 1700 ng/ml. In embodiments, the level of
ferritin, ¢.g., the lovel of ferritin predictive of response {e.g., tncreased response} to
treatment with BMP6 18 between about 1100 ng/mL and about 1700 ng/mL. In
5 embodiments, the level of ferritin, e g, the level of ferritin predictive of response
{c.g., mercased response) to treatment with BMPS is between about 1200 ng/mb and
about 1700 ng/mkb. In embodiments, the lovel of ferriting, ¢.g., the level of forritin
predictive of response (e.g., increased response) to treatment with BMP6 15 between
about 1300 ng/mL and about 1700 ng/mb. In embodiments, the level of fermitin, e.g.,
10 the level of ferritin predictive of response (e.g., mcreased response) to treatment with
BMP6 is between about 1400 ng/mL and about 1700 ng/mlL. In embodiments, the
level of ferriting, e.g., the level of ferritin predictive of response {¢.g., increased
response} to freatment with BMP6 is between about 1500 ng/mL and abowt 1700
ng/ml. In cmbodiments, the level of ferriting ¢.g., the level of forritin predictive of
15  response {¢.g., mcreased response} to treatment with BMP6 is between about 1600
ng/mk. and about 1700 ng/mL.
In embodiments, the level of ferritin, ¢.g.. the level of territin predictive of
response (2.9, mcreased response) o treatment with BMP6 1s between about 200
ng/mL and about 1800 ng/mL. In embodiments, the level of ferritin, ¢ g, the level of
20 ferritin predictive of response {¢.g., increased response) to treatment with BMP6 ig
between about 300 ng/ml and about 1800 ng/ml.. In embodiments, the level of
ferritin, ¢.g., the level of ferntin predictive of response {e.g., increased response} to
treatment with BMP6 is between about 400 ng/mi and about 1800 ng/mL. In
embodiments, the level of foratin, ¢.g., the level of ferritin predictive of response
25 {e.g., mcreased response) to treatment with BMP6 is between about 500 ng/mbE and
about 1800 ng/mb. In embodiments, the level of ferritin, ¢.g., the level of ferritin
predictive of respounse {¢.g., increased response} to treatment with BMP6 is between
about 600 ng/ml. and about 1800 ng/mL.. fn embodiments, the level of ferritin, g,
the fevel of forritin predictive of response {¢.g., increased response) o treatment with
30  BMP6 is between about 700 ng/mi. and about 1800 ng/mL. In embodiments, the
level of ferritin, ¢.g., the level of ferritin predictive of response {(¢.g., increased
response) to treatment with BMP6 is between about 800 ng/mL and about 1800
ng/mb. In embodiments, the level of ferritin, e.g., the level of ferritin predictive of

response (2.g., increased response) o treatment with BMP6 15 between about 500

126



WO 2017/216724 PCT/IB2017/053507

5

10

20

25

30

ng/rol. and about 1800 ng/mL. In embodiments, the level of forntin, e.g., the level of
ferritin predictive of response (2.g., increased response) to treatment with BMP6 is
between about 1000 ng/ml and about 1800 ng/ml.. In embodiments, the level of
fernitin, ¢.g., the level of ferrtin predictive of response {¢.g., increased response) to
treatment with BMP6 1s between abouat 1100 ng/mb and about 1800 ng/mL. In
embodiments, the level of ferritin, e g, the level of ferritin predictive of response
{c.g., increased response) to treatment with BMPS is between about 1200 ng/mb and
about 1800 ng/mk.. In embodiments, the level of ferritin, e.g., the level of ferritin
predictive of response (e.g., increased response) to treatment with BMP6 is between
about 1300 ng/mL and about 1800 ng/ml.. In embodiments, the level of ferntin, ¢ g.,
the level of ferntim predictive of response (e.g., mcreased response) to treatment with
BMP6 is between about 1400 ng/mL and about 1800 ng/mL. In embodiments, the
fevel of ferritin, o.g., the level of ferritin predictive of response {e.g., increased
response) to treatment with BMP6 is between about 1500 ng/ml. and about 1800
ng/rol.. In embodiments, the level of ferritin, ¢ g., the level of ferrtin predictive of
response {¢.g., increased response} to treatment with BMP6 13 between about 1600
ng/ml. and about 1800 ng/mL. In embodiments, the level of forritin, ¢.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 is
between about 1700 ng/mb. and about 1800 ng/mL.

In embodiments, the level of fornitin, ¢ g, the lovel of ferritin predictive of
response (€.g., increased response) to treatment with BMP6 is between about 200
ng/ml. and about 1900 ng/mL. In embodiments, the level of ferritin, e.g., the level of
ferritin predictive of response (2.g., increased response) to treatment with BMP6 is
between about 300 ng/mL and about 1900 ng/mL. fn embodiments, the level of
fernitin, ¢.g., the level of ferritin predictive of response {¢.g., increased response) to
treatment with BMP6 18 between about 400 ng/mL and about 1900 ng/mL. In
embodiments, the level of ferritin, e g, the level of ferritin predictive of response
{c.g., increased response) to treatment with BMPS is between about 500 ng/ral. and
about 1900 ng/ml.. In embodiments, the level of forritin, e.g., the level of ferntin
predictive of response {e.g., increased response} to treatment with BMP6 is between
about 600 ng/ml. and about 1900 ng/ml. In embodiments, the level of forritin, c.g.,
the level of ferntim predictive of response (e.g., mcreased response) to treatment with
BMP6 is between about 700 ng/mL and about 1900 ng/mL. In embodiments, the

level of ferritin, o.g., the level of ferritin predictive of response {e.g., increased
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response) to treatment with BMP6 1s between about 800 ng/ml. and about 1900
ng/mb. In embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of
response (¢.g., increased response) o treatment with BMP6 1s between about 900
ng/mkb and about 1900 ng/mL. In embodiments, the level of ferritin, e.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 is
between about 1000 ng/mL and about 1900 ng/mL. In embodiments, the leve] of
ferritin, e.g., the level of ferritin predictive of response (¢ .g., increased response) to
treatment with BMP6 1s between about 1100 ng/mL and about 1900 ng/ml. In
embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of response
{¢.g.. increased rosponse) to treatment with BMPG 1s between about 1200 ng/mi. and
about 1900 ng/mb. In embodiments, the level of ferritin, e.g., the level of ferntin
predictive of response {¢.g., increased response) to treatment with BMPS 18 between
about 1300 ng/mL and about 1900 ng/mb. In embodiments, the level of ferritin, ¢.g.,
the fevel of forritin predictive of response {¢.g., increased response) to treatment with
BMPS6 is between about 1400 ng/mL and about 1900 ng/mL. In embodiments, the
level of ferritin, ¢.g., the level of fermitin predictive of response (e.g., increased
responsc} to treatment with BMP6 is between about 1500 ng/mL and about 1900
ng/mL. In embodiments, the level of ferritin, e.g., the level of ferritin predictive of
response (e.g., increased response} to treatment with BMP6 1s between about 1600
ng/mkb and about 1900 ng/ml. In embodiments, the level of ferritin, e.g., the level of
ferritin predictive of response {¢.g., increascd response) to treatment with BMPS is
between about 1700 ng/mL and about 1900 ng/mL. In embodiments, the level of
ferritin, ¢.g., the level of ferritin predictive of response {e.g., increased response} to
treatment with BMPS6 is between about 1800 ng/ml. and about 1900 ng/ml..

In embodiments, the level of ferntin, ¢.g., the level of ferritin predictive of
response (e.g., increased response} fo treatment with BMP6 1s between about 200
ng/mL and about 2000 ng/mi.. In embodiments, the level of ferritin, ¢z, the level of
ferritin predictive of response {¢.g., increascd response) to treatment with BMPS is
between about 300 ng/mL and about 2000 ng/mL. In embodiments, the level of
ferritin, ¢.g., the level of ferritin predictive of response {e.g., increased response} to
treatment with BMP6 is betwecn about 400 ng/ml and about 2000 ng/mL. In
embodiments, the level of ferrtin, ¢.g., the level of ferritin predictive of response
{¢.g., increased response) to treatment with BMP6 is between about 500 ng/mL and

about 2000 ng/mb. In embodiments, the level of ferritin, ¢.g., the level of ferritin
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predictive of response (e.g., increased response) to treatment with BMP6 15 between
about 600 ng/mL and about 2600 ng/mL. In embodiments, the level of ferritin, e g,
the fevel of ferritin predictive of response {¢.g., increased response) 1o treatment with
BMP6 is between about 700 ng/mL and about 2000 ng/mL. In embodiments, the
5 level of ferritin, e.g., the level of fornitin predictive of response {¢.g., increased

response) 1o treatment with BMP6 i3 between about 800 ng/mL and about 2000
ng/ml. In cmbodiments, the level of ferriting, ¢.g., the level of forritin predictive of
response {.g., increased response} (o treatment with BMPO6 1s between about 900
ng/mk. and about 2000 ng/mL. In embodiments, the level of fernitin, e.g., the level of

10 ferritin predictive of response (e.g., increased responsc) to treatment with BMP6 is
between about 1000 ng/ml. and about 2000 ng/mL. In embodiments, the level of
ferritin, ¢ g, the level of formtin predictive of response {e.g., increased response) to
treatment with BMP6 is between about 1100 ng/mL and about 2000 ng/mb. In
cmbodiments, the level of ferritin, e.g., the level of ferritin predictive of response

15 (e.g., increased response) to treatment with BMP6 1s between about 1200 ng/ml and
about 2000 ng/mkb.. In embodiments, the level of ferritin, ¢ g, the level of ferrntin
predictive of response (¢.g., increased response) to treatment with BMP6 1s between
about 1300 ng/mL and about 2000 ng/ml. In embodiments, the level of fermitin, . g.,
the level of forritin predictive of response {e.g., increased response) to treatment with

20 BMP6 is between about 1400 ng/mL and about 2000 ng/ml.. In embodiments, the
level of ferritin, ¢.g., the level of ferritin predictive of response {e.3., increased
response) to treatment with BMP6 1s between about 15300 ng/mL and about 2000
ng/mb. In embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of
response {¢.g., mereased response} to treatment with BMP6 is between about 1600

25 ng/mL and about 2000 ng/ml. In embodiments, the level of ferntin, e.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 is
between about 1700 ng/mb and about 2000 ng/mL. In embodiments, the level of
ferritin, ¢.g., the level of forntin predictive of response {¢.g., increased response) {o
treatment with BMP6 1s between about 1800 ng/mL and about 2000 ng/mL. In

30 embodiments, the level of ferritin, e g., the level of ferritin predictive of response
{¢.g.. increased response) to treatment with BMPG 15 between about 1900 ng/mi. and
about 2000 ng/mL.

In embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of

response {2.g., increased response) to treatment with BMP6 1s between 200 ng/mi

129



WO 2017/216724 PCT/IB2017/053507

and 1500 ng/mL. In embodiments, the level of forritin, e g, the level of ferrtin
predictive of response {e.g., increased response} to treatment with BMP6 is between
300 ng/mL and 1500 ng/ml.. In embodiments, the level of ferrtin, ¢.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 is
5 between 400 ng/mbL and 1500 ng/mL. In embodiments, the level of fermitin, ¢.g., the
level of ferritin predictive of response {¢.g., increased response} to treatment with
BMPS is between 500 ng/mL and 1500 ng/mi.. In embodiments, the level of ferntin,
e.g., the level of ferntin predictive of response {e.g., increased response} to treatment
with BMP6 1s between 600 ng/mL and 1500 ng/mL. In embodiments, the level of
10 ferritin, e.g., the lovel of forritin predictive of response (¢.g., increased response) to
treatment with BMP6 18 between 700 ng/mL and 1500 ng/mL. Tn embodiments, the
level of ferriting, e.g., the level of ferritin predictive of response {¢.g., increased
response} to freatment with BMP6 is between 800 ng/mbL and 1500 ng/ml. In
cmbodiments, the level of ferritin, e.g., the level of ferritin predictive of response
15 (e.g., increased response) to treatment with BMP6 is between 900 ng/ml and 1500
ng/mb. In embodiments, the level of fernitin, ¢.g., the level of ferritin predictive of
response {¢.g., mereased responsc} to treatment with BMP6 is between 1000 ng/mlL
and 1500 ng/ml.. In embodiments, the level of fermitin, e.g., the level of ferntin
predictive of response {¢.g., increased response) to treatment with BMP6 is between
20 1190 ng/mL and 1500 ng/mL. In embodiments, the level of ferritin, e.g., the level of
ferritin predictive of response {¢.g., increascd response) to treatment with BMPS is
between 1200 ng/mL and 1500 ng/mL. In embodiments, the level of forrttin, e.g., the
level of ferritin predictive of response (e.g., increased response} to treatment with
BMP6 is between 1300 ng/mb and 1500 ng/mL. In embodiments, the level of
25 fermntin, e.g., the level of ferritin predictive of response {(¢.g., increased response) to
treatment with BMP6 is between 1400 ng/mL and 1500 ng/mL. In preferred
embodiments, all ranges are inclusive of the recited endpoint values.
in embodiments, the level of forriting, ¢.g., the lovel of ferritin predictive of
response {¢.g., increased response) to treatment with BMP6 1s between 200 ng/mL
30 and 1600 ng/mL. In cmbodiments, the level of forritin, e.g.. the level of ferritim
predictive of response (¢.g., increased response) to treatment with BMP6 1s between
300 ng/mL and 1600 ng/ml.. In embodiments, the level of fernitin, e.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 s

between 400 ng/mb and 1600 ng/mb. In embodiments, the level of ferritin, ¢ g, the
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level of ferritin predictive of response (e.g., increased responsc) to treatment with
BMP6 is between 500 ng/mL and 1600 ng/mL. In embodiments, the level of ferritin,
¢.g., the level of fernitin predictive of response {¢.g., increased response) o treatment
with BMP6 18 between 600 ng/mL and 1600 ng/mL. In embodiments, the level of
5 femitin, g, the level of forritin predictive of response (.2, increased response) to

treatment with BMP6 is between 700 ng/mb and 1600 ng/mb. In ¢mbodiments, the
level of ferritin, ¢.g., the level of ferritin predictive of response {e.3., increased
response) to treatment with BMP6 15 between 800 ng/ml and 1600 ng/mL. In
embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of response

10 (e.g., increased response) to treatment with BMPG6 1s between 900 ng/ml. and 1600
ng/mL. In embodiments, the level of ferritin, e.g., the level of ferritin predictive of

response (e.g., increased response} to treatment with BMP6 1s between 1000 ng/mL

and 1600 ng/mb.. In embodiments, the level of fornitin, ¢ g, the level of ferritin
predictive of response {(¢.g., increased response) to treatment with BMP6 is between

15 1100 ng/mlL and 1600 ng/ml.. In embodiments, the level of ferritin, ¢.g., the level of
ferritin predictive of response {o.g., increased response} to treatment with BMP6 s
between 1200 ng/mi and 1600 ng/ml. In crobodiments, the level of ferritin, c.g., the
fevel of ferritin predictive of response (¢.g., increased response} to treatment with
BMP6 is between 1300 ng/mb and 1600 ng/mL. In embodiments, the level of

20 ferritin, ez, the level of ferritin predictive of response {e.g., increased response) to
treatment with BMP6 is between 1400 ng/mi and 1600 ng/ml. In embodiments, the
level of ferritin, ¢.g., the level of fermitin predictive of response (e.g., increased
response) to treatment with BMP6 is between 1500 ng/mL and 1600 ng/mb. In
preferred erabodiments, all ranges arc inclusive of the recited endpoint values.

25 In embodiments, the level of ferntin, ¢.g., the level of ferntin predictive of response
{¢.g., mcreased response) to treatment with BMP6 is between 200 ng/mL and 1700
ng/mb. in embodiments, the level of ferritin, ¢.g.. the level of ferritin predictive of
response {e.g., increased respounse) to treatment with BMP6 1s between 300 ng/md.
and 1700 ng/mL. In embodiments, the level of forritin, e g, the level of ferrtin

30 predictive of response (¢.g., increased response} to treatment with BMP6 is between
400 ng/mL and 1700 ng/ml.. In embodiments, the fevel of fermtin, ¢.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 is
between 500 ng/mkb and 1700 ng/mL. In embodiments, the level of forritin, 2.z, the

level of ferritin predictive of response {¢.g., increased response} to treatment with
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BMPS6 is between 600 ng/mL and 1700 ng/mL. In embodiments, the level of ferntin,
o.g., the level of fernitin predictive of response {¢.g., increased response} to treatment
with BMPS is between 700 ng/mL and 1700 ng/mi.. In embodiments, the level of
fernitin, ¢.g., the level of ferritin predictive of response {¢.g., increased response) to

5 treatment with BMP6 1s between 800 ng/mL and 1700 ng/mL. In embodiments, the
level of ferritin, o.g., the level of ferritin predictive of response {e.g., increased
response) o treatment with BMP6 is between 900 ng/mb and 1700 ng/ml.. In
embodiments, the level of ferrtin, e.g., the level of ferntin predictive of response

{e.g., increased response) to treatment with BMP6 is between 1000 ng/mL and 1700

10 ng/mb. In embodunents, the level of ferritin, e.g., the level of forritin predictive of
response (2.8, mcreased response) to treatment with BMP6 1s between 1100 ng/mL
and 1700 ng/ml.. In embodiments, the level of ferritin, ¢ g, the level of ferritin
predictive of respounse {¢.g., increased response} to treatment with BMP6 is between
1200 ng/ml and 1700 ng/ml.. In crobodiments, the level of forritin, ¢.g., the level of

15 ferritin predictive of response (e.g., mcreased response} to treatment with BMP6 1s
between 1300 ng/mL and 1700 ng/mL. In cmbodiments, the level of ferritin, e.g., the
level of ferritin predictive of response {¢.g., increased respounsc) to treatment with
BMP6 is between 1400 ng/mb and 1700 ng/mL. In embodiments, the level of
ferritin, ¢ g, the level of fermntin predictive of response (.2, increased response) to

20 treatment with BMPG6 s between 1500 ng/mb and 1700 ng/mL. In embodiments, the
level of ferritin, ¢.g., the level of ferritim predictive of respouse {e.g , increased
response) to treatment with BMP6 is between 1600 ng/mL and 1700 ng/mb. In
preferred embodiments, all ranges are inclusive of the recited endpoint values.

In embodiments, the level of ferritin, ¢.g.. the level of territin predictive of

25 response (e.g., ncreased response) to treatment with BMPS 1s between 200 ng/mL
and 1800 ng/ml.. In embodiments, the level of ferritin, ¢ g, the level of ferritin
predictive of respounse {¢.g., increased response} to treatment with BMP6 is between
300 ng/mb and 1800 ng/mlL. In embodiments, the level of fernitin, ¢.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 13

30  between 400 ng/mL and 1800 ng/mi. In cmbodiments, the level of ferritin, ¢.g., the
level of ferritin predictive of response {¢.g., increased respounse) to treatment with
BMP6 is between 500 ng/mL and 1800 ng/mL. In embodiments, the level of ferntin,
¢.g., the level of fernun predictive of response (e.g., increased response} to treatment

with BMP6 1s between 600 ng/mlb and 1800 ng/mb. In embodiments, the level of
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ferritin, ¢.g., the level of ferntin predictive of response {e.g., increased response} to
treatment with BMP6 is between 700 ng/mL and 1300 ng/mi.. fn embodiments, the
level of ferritin, ¢.g., the level of ferritin predictive of response {(¢.g., increased
response) to treatment with BMP6 is between 800 ng/mL and 1800 ng/mL. In
5 embodiments, the level of ferritin, e g, the level of ferritin predictive of response

{c.g., mereased response) to treatment with BMP6 is between 900 ng/mbL and 1800
ng/ml. In cmbodiments, the level of ferriting ¢.g., the level of forritin predictive of
response {e.g., increased response} to treatment with BMP6 is between 1000 ng/ml
and 1800 ng/mL. In embodiments, the level of ferriting, e g, the level of ferritin

10 predictive of response {¢.g., increased response) to treatment with BMP6 1s between
1100 ng/mL and 1800 ng/mL. In embodiments, the level of forntin, e.g., the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 is
between 1200 ng/mb and 1300 ng/mL. in embodiments, the level of fornitin, e.g., the
level of ferritin predictive of response (¢.g., increased response) to treatment with

15  BMP6 is between 1300 ng/mL and 1800 ng/mL.. In embodiments, the level of
ferritin, ¢.g., the level of ferntin predictive of response {e.g., increased response} to
treatment with BMP6 is between 1400 ng/ml and 1800 ng/mi.. In cmbodiments, the
fevel of ferritin, ¢.g., the level of ferritin predictive of response {¢.g., increased
response} to treatment with BMP6 is between 1500 ng/mL and 1800 ng/mbL. In

20 embodiments, the level of ferritin, e g, the level of ferritin predictive of response
{c.g., increased response) to freatment with BMPS is between 1600 ng/ml and 1800
ng/mb. In embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of
response {¢.g., increased response} to treatment with BMP6 is between 1700 ng/mbL
and 1800 ng/mk.. In preforred embodiments, all ranges are inclusive of the recited

25 endpoint values.

In embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of
response {2.g., increased response) to treatment with BMP6 1s between 200 ng/mi
and 1900 ng/mL. In embodiments, the level of forritin, e g, the lovel of ferritin
predictive of response (e.g., increased response) to treatment with BMP6 15 between

30 300 ng/mb and 1900 ng/mi.. In embodiments, the level of ferntin, ¢.g., the level of
ferritin predictive of response {e.g., increased response} to treatment with BMP6 is
between 400 ng/mL and 1900 ng/mL. In embodiments, the level of ferritin, ¢.g., the
level of ferritin predictive of response (¢.g., increased response} to treatment with

BMPS6 is between 300 ng/mL and 1960 ng/ml. In embodiments, the level of ferritin,
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e.g., the level of ferntin predictive of response {e.g., increased response} to treatment
with BMP6 1s between 600 ng/mL and 1900 ng/ml.. In embodiments, the level of
ferriting, ¢.g., the level of forritin predictive of response {e.g., increased response) to
treatment with BMP6 18 between 700 ng/mL and 1900 ng/mL. Tn embodiments, the
level of ferriting, e.g., the level of ferritin predictive of response {¢.g., increased
response} to freatment with BMP6 is between 800 ng/mL and 1900 ng/ml. In
embodiments, the level of ferritin, e.g., the level of ferritin predictive of response
{c.g., ncreased response) to freatment with BMP6 is between 900 ng/mL and 1900
ng/mb. In embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of
response {¢.g., mereased responsc) fo treatment with BMP6 is between 1000 ng/mL
and 1900 ng/ml.. In embodiments, the level of fermitin, e.g., the level of ferntin
predictive of response {¢.g., increased response) to treatment with BMPS 18 between
1100 ng/mb and 1900 ng/mL. In embodiments, the level of forritin, ¢.g., the level of
ferritin predictive of response {¢.g., increascd response) to treatment with BMPS is
between 1200 ng/mL and 1900 ng/mL. In embodiments, the level of fornitin, e.g., the
level of ferritin predictive of response (e.g., increased response) to treatment with
BMP6 is between 1300 ng/mb and 1900 ng/mL. In embodiments, the level of
fernitin, ¢.g., the level of ferritin predictive of response {¢.g., increased response) to
treatment with BMP6 is between 1400 ng/mbL and 1900 ng/mL. In embodiments, the
level of ferritin, o.g., the level of ferritin predictive of response {e.g., increased
response) 1o treatment with BMP6 1s between 1500 ng/ml and 1900 ng/mL. In
embodiments, the level of ferritin, ¢.g., the level of ferritin predictive of response
{e.g.. increased respounse) to treatment with BMP6 is between 1600 ng/mL and 1900
ng/mh.. In emboduments, the level of ferritin, e.g., the level of forritin predictive of
response (2.8, mcreased response) to treatment with BMP6 1s between 1700 ng/mL
and 1900 ng/ml.. In embodiments, the level of ferritin, ¢ g, the level of ferritin
predictive of respounse {¢.g., increased response} to treatment with BMP6 is between
1800 ng/ml and 1900 ng/ml.. In preferred embodiments, all ranges are inclusive of
the recited endpoint values,

In embodiments, the kevel of forritin, e.g.. the lovel of ferritin predictive of
response {¢.g., mereased response) to treatment with BMP6 1s between 200 ng/ml.
and 2000 ng/ml.. In embodiments, the level of fermitin, e.g., the level of ferntin
predictive of response {¢.g., increased response) to treatment with BMPS 18 between

300 ng/mk and 2000 ng/ml. In embodiments, the level of ferritin. e.g., the level of
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ferritin predictive of response {e.g., increased response) to treatment with BMP6 13
between 400 ng/mL and 2000 ng/ml.. In embodiments, the level of ferritin, e g, the
level of ferritin predictive of response (¢.g., increased response} to treatment with
BMP6 is between 500 ng/mL and 2000 ng/mL. In embodiments, the level of fermtin,
5  ¢.g,the level of fernun predictive of response (e.g., increased response} to treatment

with BMP6 1s between 600 ng/mlb and 2000 ng/mb. In embodiments, the level of
ferritin, ¢.g., the level of forntin predictive of response {¢.g., increased response) to
treatment with BMPG6 1s between 700 ng/mL and 2000 ng/ml. In embodiments, the
level of ferritin, ¢.g., the level of fermitin predictive of response (e.g., increased

10 responsc) to treatment with BMPG6 is between 800 ng/mi. and 2000 ng/ml.. In
embodiments, the level of ferrtin, ¢.g., the level of ferritin predictive of response
{c.g., increased response) to treatment with BMP6 is between 800 ng/mL and 2000
ng/mb. in embodiments, the level of ferritin, ¢.g.. the level of ferritin predictive of
response (€.g., increased response) to treatment with BMP6 1s between 1000 ng/ml.

15  and 2000 ng/mL. In embodiments, the level of forritin, e g, the level of fernitin
predictive of response (e.g., increased response) to treatment with BMP6 is between
1100 ng/mi. and 2000 ng/mL. fn cmbodiments, the level of fornitin, ¢z, the level of
ferritin predictive of response {e.g., increased response) to treatment with BMP6 is
between 1200 ng/mb and 2000 ng/mL. In embodiments, the level of fernitin, g, the

20 level of ferritin predictive of response {¢.g., increased response} to treatment with
BMPS is between 1300 ng/ml. and 2000 ng/ml.. In embodiments, the level of
ferritin, ¢.g., the level of ferntin predictive of response {e.g., increased response} to
treatment with BMP6 is between 1400 ng/mL and 2000 ng/mL. In cmbodiments, the
level of ferritin, ¢.g., the level of ferritin predictive of response {(¢.g., increased

25 response) to treatment with BMPG is between 1500 ng/mL and 2000 ng/mi. In
embodiments, the level of ferritin, e.g., the level of ferritin predictive of response
{c.g., morcased response) to treatment with BMPS is between 1600 ng/mb and 2000
ng/ml. In cmbodiments, the level of ferriting ¢.g., the level of forritin predictive of
response {e.g., increased response} to treatment with BMP6 is between 1700 ng/ml

30 and 2000 ng/mL. In cmbodiments, the level of forritin, e.g.. the lovel of ferritin
predictive of response (¢.g., increased response) to treatment with BMP6 1s between
1800 ng/mL and 2000 ng/mL. In preferred embodiments, all ranges are inclusive of
the recited endpoint values.

in embodiments, the fevels of ferritin described above are measured from a
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biological sample selected trom blood and serum. In embodiments, the levels of
ferritin described above are measured from serum.
TECHNIQUES FOR ASSAYING, DIAGNOSTIC METHODS AND METHODS OF
PRODUCING TRANSMITTABLE FORM OF INFORMATION
5 The disclosed methods are useful for the treatment, prevention, or

amelicration of diseases associated with low iron levels, e.g., discases described
herein, ¢.g., anemia, as well as predicting the likelihood of a disease patient’s
response to treatment with a BMP6 antagonist, e.g., Antibody 7 {¢.g., as described in
Table 1}, These methods employ, inter alia, determining whether a patient has a

10 particular level of ferritin, ¢.g., as descubed herein, in a sample from the patient.
A biological sample from the patient mayv be assaved for the level of ferritin by any
applicable conventional means.

Numerous biological samples may be used to identify the presence the marker,

¢.g., proteins, the level of expression of genes or proteins, and the activity of a

15  protein, e.g., blood, synovial fluid, buffy coat, serum, plasma, iymph, feces, urine,
tear, saliva, cercbrospinal fhud, buccal swabs, sputum, or tissue. Various sources
within a biological sample may be used in the disclosed methods, ¢.g., one may assay
a biological sample, ¢.g., blood or serum, from the patient for the level of ferntin,
We have determined that the level of ferritin may be a useful biomarker in

20 determining or predicting response fo therapy with a BMP9 antagonist. Accordingly,
a skilled artisan will understand that one may identify whether a subject has a given
level of ferritin by assayimg a biological sample, e.g., blood or serum, from the patient
for the level of ferntin. In preferred embodiments, patient serum is analyzed to
determine whether a subject has a particular fevel of forntin. In other preferred

25 embodiments, patient blood is analyzed to determine whether a subject has a
particolar fevel of ferritin,

As described herein, the tnvention is based in part on the conclusion that the

level of ferritin mayv be useful to predict improved response to BMP6 antagonism
{c.g., Antibody 7, as described 1n Table 1) for anemia or other disease described

30 herein. Detection of ferritin can be performed using any known method in the art
mcluding, but not himited, to immunocytochemical staining, ELISA, flow cytometry,
Western blot, spectrophotometry, HPLC, and mass spectrometry. One method for
detecting polypeptide products tn a sample is by means of a probe that is a binding

protein capable of inderacting specifically with a marker protein {¢.g., an antibody
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capable of binding ferntin protemn}. Preferably, labeled antibodies, binding portions
thereof, or other binding partners can be used. The antibodies can be monoclonal or
polyclonal in origin, or may be biosynthetically produced. The binding partners may
also be naturally occurring molecules or synthetically produced. The amount of
5 complesed proteins is determined using standard protein detection methodologies
described in the art. A detailed review of immunoclogical assay design, theory and
protocols can be found in numerous toxts 1 the art, including Practical Immunology,
Buit, W. R, ed., Marcel Dekker, New York, 1984, A variety of assays are available
for detecting proteins with labeled antibodies. Direct labels include fluorescent or
10 luminescent tags, metals, dyes, radionucleides, and the like, attached to the antibody.
Indirect labels include vanous enzymes well known in the art, such as alkaline
phosphatase, hydrogen peroxidase and the like. In a one-step assay, polypeptide
products, if present, are immobilized and incubated with a labeled antibody. The
labeled antibody binds to the immobilized target molecule. After washing to remove
15  unbound molecules, the sample is assaved for the Jabel
The use of immobilized antibodies specific for the proteins or polypeptides is
also contemplated by the present disclosure. The antibodies can be immobilized onto
a variety of solid supports, such as magnetic or chromatographic matnx particles, the
surface of an assay place (such as microtiter wells), pieces of a sohid substrate
20 material (such as plastic, nylon, paper), and the like. An assay strip can be prepared
by coating the antibody or a plurality of antibodics in an array on solid support. This
strip can then be dipped into the test sample and then processed gaickly throagh
washes and detection steps to generate a measurable signal, such as a colored spot.
In a two-step assay, inunobilized marker {c.g., ferritin} may be incubated with
25 an unlabeled antibody. The unlabeled antibody complex, f present, 1s then bound to a
second, labeled antibody that is specific for the unlabeled antibody. The sample 15
washed and assayed for the presence of the label The choice of marker used to label
the antibodics will vary depending upon the apphication. However, the choice of the
marker is readilv determinable to one skilled in the art. The antibodics may be
30 labeled with a radicactive atom, an enzyme, a chromophoric or flucrescent moiety, or
a colornimetric tag. The choice of tagging label also will depend on the detection
hinitations desired. Enzyme assavs {ELISAs} typically allow detection of a colored
product formed by mteraction of the enzyvme-tagged complex with an enzyvme

substrate. Some examples of radicactive atoms include 32, 1251, 3H, and 14P. Some
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examples of enzymes include horseradish peroxidase, alkaline phosphatase, beta-
galactosidase, and glucose-6-phosphate dehydrogenase. Some examples of
chromophoric moicties include fluorescein and rhodamine. The antibodies may be
conjugated to these labels by methods known in the art. For example, enzyvmes and

5  chromophoric molecules may be comjugated to the antibodics by means of coupling
agents, such as dialdchydes, carbodiimides, dimaleimides, and the like. Alternatively,
conjugation may occur through a higand-receptor pair. Some suitable ligand-recepior
pairs include, for example, biotin-avidin or ~streptavidin, and antibody-antigen.

In one aspect, the present disclosure contemplates the use of a sandwich

10 technique for detecting polvpeptide products in biological samples. The technique
requires two antibodies capable of binding the protein of interest: e.g., one
mnmobilized onto a solid support and one free 1n solation, but labeled with some
casily detectable chemical compound. Examples of chemical labels that may be used
for the second antibody include but are not limited to radioisotopes, fluorescent

15  compounds, and enzyvmes or other molecules which generate colored or
electrochemically active products when exposed to a reactant or enzyme substrate.
When samples containing polypeptide products arc placed in this system, the
polypeptide products binds to both the immobilized antibody and the labeled
antibody. The result is a "sandwich" immune complex on the support's surface. The

20 complexed protein is detected by washing away nonbound sample components and
cxcess labeled antibodv, and measuring the amount of labeled antibody complexed to
protein on the support’s surface. The sandwich immunoeassay s highly specific and
very seasitive, provided that labels with good limuts of detection are used.

Preferably, the presence of polypeptide products in a sample is detected by

25 radioimmunoassavs or enzyme-linked immunoassays, competitive binding enzyme-
linked immunoassays, dot blot, Western blot, chromatography, preferably high
performance liquid chromatography {(HPLC), or other assays known in the art,
Specific immunoiogical binding of the antibody to the protein or polypeptide can be
detected directly or indirectly.

36 Dot blotting is routinely practiced by the skilled artisan to detect a desired
protein using an antibody as a probe (Promega Protocols and Applications Guide,
Second Edition, 1991, Page 263, Promega Corporation). Samples are apphied to a
membrane using a dot blot apparatus. A labeled probe is incubated with the

membrane, and the presence of the protein is detected.
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Western blot analysis is well known to the skilled artisan (Sambrook et al |
Molecular Cloning, A Laboratory Manual, 1989, Vol. 3, Chapter 18, Cold Spring
Harbor Laboratory}. In Westem blot, the sample 15 separated by SDS-PAGE. The gel
15 transferred to a membrane. The membrane is incubated with Iabeled antibody for

5 detection of the desired protein.

The assays described above involve steps such as but not hinuted to,
immunoblotting, tmomnodiffusion, inununoclectrophoresis, or immunoprecipitation.
In some embodiments, an automatic analyzer is used to determine the presence and/or
level of ferritin.

10 The level of ferritin activity may be assayed by various methods disclosed in
the art, e.g., via the methods set forth in Kochan et al. (201 1) Proc Natl Acad Sci U 8
A 108(19):.7745-50.

For comparative purposes, the level of ferritin expression, ferritin protein, or
ferritin activity from a patient may be compared 1o the level of ferritin expression,

15 ferritin protem, or ferritin activity from a control. The control may be a reference
tevel of ferritin expression, ferritin protein, or ferritin activity derived from subjects
{¢.g.. anemia patients) known to respond well to treatment with a BMP6 antagonist
{¢.g., Antibody 7, described in Table 1) or subjects known to respond poorly to
treatment with a BMP6 antagonist {¢.g., Antibody 7, described in Table 1), as the case

20 may be. A control level of expression may be derived from biclogical samples from
reference subjects (1.¢., anemia patients known 1o respond well to treatment with a
BMP6 antagonist {c.g., Antibody 7, described in Table 1) or subjects known to
respond poorly to treatment with a BMP6 antagonist (¢.g., Antibody 7, described in
Table 1}), or may simply be a numerical standard {¢.g., mean, median, range, {+/-

25 standard deviation}} previously denived from reference subjects. In some
embodiments the control is a reference level of ferritin expression, ferritin protein, or
ferritio activity derived from a subject known to respond poorly 1o treatment with a
BMP6 antagomist and the level of ferritin expression, ferritin protein, or ferntin
activity {as the case may be) from the patient is compared to this control. In other

30  embodiments, the control is a reference level of ferritin expression, ferritin protein, or
ferritin activity derived from a subject known to respond well to treatment with a
BMP6 antagonist and the level of ferntin expression, ferritin protein, or ferritin
activity from the patient to be treated is compared to this control, wherein a similar

{c.g., statistically stmilar} level of ferritin expression, ferritin protein, or ferritin
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activity in the patient (relative to a control) provides an indication that the patient will
have an increased likelithood of responding to treatment with the BMPS antagonist
{c.g., Antibody 7, described in Table 7).
In performung any of the methods described herein that require determining
5 the presence or level of ferritin expression, ferritin protein, or ferritin activity, such
determination may be made by consulting a data repository that contains sufficient
mformation on the paticnt's composition to determine whether the patient has the
marker (or level of marker) of interest. Preferably, the data repository lists the marker
and level of marker of interest mn the individual. The data repository could include the
10 individual's patient records, a medical data card, a file {¢. g., a flat ASCH file)
accessible bv a computer or other electronic or non-electronic media on which
appropriate mformation or genetic data can be stored. As used herein, a medical data
card is a portable storage device such as a magnetic data card, a smart card, which has
an on-board processing unit and which is sold by vendors such as Siemens of Munich
15  Germany, or a flash-memory card. If the data repository is a file accessible by a
compuier; such files may be located on various media, including: a server, aclient, a
hard disk, a CI3, a BVYD, a personal digital assistant such as a smart phone, Palm
Pilot, a tape recorder, a zip disk, the computer's mternal ROM (read-oniv-memory) or
the mternet or worldwide web. Other media for the storage of files accessibie by a
20 computer will be obvious to one skilled in the art.

Typically, once levels of ferritin expression, ferritin protein, or ferritin activity
is determined, physicians or genetic counselors or patients or other researchers may
be wformed of the result. Specifically the result can be cast in a transmitiable form of
mformation that can be comnwinicated or transmitted to other rescarchers or

25 physicians or genetic counselors or patients. Such a form can vary and can be
tangible or intangible. The result in the individual tested can be embodied in
descriptive statements, diagrams, photographs, charts, images or any other visual
forms. For example, images of gel electrophoresis or capture assays can be used in
explaining the results. Statements regarding fevels of ferritin expression, formtin

30  protein, or ferritin activity are also usefud in ndicating the testing results. These
statements and visual forms can be recorded on a tangibie media such as papers,
computer readable media such as Hoppy disks, compact disks, etc., or on an intangible
media, ¢.g., an electronic media in the form of email or website on mternet or ntranet.

In addition, the result can also be recorded in a sound form and transmitted through
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any suitable media, e.g., analog or digital cable hines, fiber optic cables, etc., via
telephone, facsimile, wircless mobile phone, internet phone and the hke. All such
forms (tangible and intangible) would constitute a “transmittable form of
mformation”. Thus, the imformation and data on a test result can be produced

5 anvwhere in the world and transmitted to a different location. The test resultina
transmittable form thus can be imported mto the U.S. Accordingly, the present
disclosure also encompasses a method for producing a transmuttable form of
mformation containing levels of ferntin expression, ferntin protein, or ferritin activity
in an individual., This form of mformation is usefl for predicting the responsiveness

10 of a patient having a discase described herein, ¢.g., anemia, with a BMP6 antagonist,
for selecting a course of treatment based upon that mformation, and for selectively
treating a patient based upon that information.

Bisclosed herein are methods of predicting the likelihood that a patient with
levels of ferritin protein will respond {e.g., respond with enhanced efficacy, ¢.g.,

15 relative to a general population of patients suffering from the same or similar disease)
to treatment with a BMP6 antagonist, comprising detecting the level of ferritimin a
biological sample from the patient, wherein a level of ferritin deseribed herein, ¢.g., <
1500 ng/mL., 1s indicative of an increased likelihood that the patient will respond 1o
treatment with the BMP6 antagonist.

20 In some embodiments, the method further comprises the step of obtaining the
biclogical sample from the patient, wherein the step of obtaining is performed prior to
the step of assaying,

In some embodiments, the biological sample is selected from the group
consisting of synovial fluid, blood, serum, feces, plasma, urine, tear, saliva,

25 cerebrospinal thud, a leukocvie sample and a tissue sample. In some embodiments,
the biological sample 1 blood or serum.

In some embodiments, the presence and/or level of ferritin expression, ferritin
protein, or ferntin activity is detected by a technigue selected from the group
consisting of immunoassays, immunohistochemistry, ELISA, flow cytometry,

30 Western blot, HPLC, and mass spectrometry .

In some embodiments of the disclosed methods and uses, the BMP6 antagonist
15 a BMP6 binding molecule or a BMP6 receptor binding molecule. In some
embodiments, the BMP6 binding molecule or BMP6 receptor binding molecule is a

BMP6 binding molecule. In some embodiments, the BMP6 binding molecule is a
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BMP6 antibody or antigen-binding portion thercof.

In some embodiments of the disclosed methods and uses, the BMP6 antibody
15 Antibody 7, ¢.g., as described in Table 1.
METHODS OF TREATMENT AND USES OF BMP6 ANTAGONISTS

The disclosed methods allow clinicians to provide a personalized therapy for
patients suffering from a discase described herein, ¢.g., anemia patients, 1.¢., they
allow determination of whether to selectively treat the patient with a BMP6 antagonist

{c.g.

=

Antibody 7, e.g., as described in Table 1). In this way, a clinician can maximize
the benefit and minimize the risk of BMP6 antagonism in the entire population of
patients afflicted with a discase described herein, ¢.g., anemia. {t will be understood
that BMP6 antagomsts, ¢.g., BMP6 binding molecules {c.g., BMP6 antibody or
antigen-binding portion thereof, ¢.g., Antibody 7, ¢.g., as described in Table 1) or
BMP6 receptor binding molecules {¢.g., BMPS receptor antibody or antigen-binding
portion thereof) are useful for the treatment, prevention, or amelioration of a disease
described herein, ¢.g., anemia {¢.g., signs and symptoms, etc.) as disclosed herein,

particularly in patients that have a level of ferritin described herein.

EXAMPLES
The following examples are provided to further ilfustrate the invention but not
to limit its scope. Other vanants of the invention will be readily apparent to one of

ordinary skill in the art and are encompassed by the appended clamms.

EXAMPLE | - In vitro and in vivo activity, and PK/PD of anti-BMP6 antibodies

Materials

Test compounds were Antibodies 5, 6 and 7 (Table &), at a concentration of ~8
mg/ml in 50mM citrate buffer, pH 7.0, 136 mM Na{ll and diluted in PBS before
animal adnunistration. Male C56BL/6 mice or Spraguc Dawley rats were used (Table

9).

Table 8. Properties of BMP6 antagonist antibodies

Antibody 1D Framework KD{EM) BMPs | 1IC50(ug/ml) BMP6

reporter
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Antibody iD Framework KDunM) BMPs | IC50{ug/mi) BMPS
reporter

ANTIBODY 5 VH3 15 Vi {01 0.06
ANTIBODY 6 VH3 15, VI | <01 0.08
ANTIBODY 7 YVH3 15 Vi1 {01 0.07
Tabie 9. Avimal characteristics
Species Strain Category | Vendor Gender | Age
Mouse (Mus | C57BL/6 | wild-type | Jackson Laboratory, Bar Male 8-8
musculus) Harbor, ME Weeks
Rat (Rattus Sprague | wild-type | Charles River Laboratory, | Male 8-12
norvegicu} Dawley Wilmington, MA weeks

U

10

20

For BMP reporter gene assays, a lentiviral vector was constructed containing
BMP respounsive clement BRE in the promoter {Korchynskyi et al. 2002, §. Biol.
Chem. 277 4882-91]dniving firctly luciferase derived from pGL4-BRE2-Luc?. The
tentiviral vector was used to stably transfect HEP3B hepatoma cell ine. The cell line
was maintamed in EMEM with 10% fetal bovine serum, 1% Penicillin/streptomyein,
and Sug/ml Blasticidin. Recombinant human BMP proteins were purchased from

R&D Systems,

Brucclla abortus Ring Test Antigen (strain 1119-3) 1n 60 ml bottles were
purchased from U.S. Department of Agriculture, Animal and Plant Health Inspection
Service, National Veterinary Services Laboratories, Ames, Iowa. Brucellosis ring test
antigen contams a suspension of killed, stained B. abortus strain 1119-3 cells in
phenolized buffer. The concentration of each 60 mL bottle is approximately 10°
particles/ml. A 5 X 10° stock is washed and prepared in the following manner. First,
60 ml bottles are removed from refrigerator and mix completely. 500 mi of BA is then
transferred mto 500 mi centrifuge bottle. These are then centrifuges at 10,000 pm
for 15 minutes using an ultracentrifuge. The supematant s removed and re-suspend in
100 mL PBS, resulting a 3 X 107 particles/ml stock, which was aliquoted and frozen

at -80°C.
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Animal Maintenance Conditions

Animals were socially housed in micro-isolator solid-bottom cages during the
acclimation and study periods. Animals were kept under a standard light cycle as
follows: 12 hoars dark, 12 hours light (lights on: 6:30 AM, lights off: 6:30 PM} with
room temperature 21 — 23 °C and homidity 30 ~ 70%. During the acclimation and

study periods, animals were given access to rodent diets and water ad libitum {ad lib).
Experimental Conditions

Betermination of the antibedy activity in BMP reporter gene assay

Tn a typical assay, 0.6 X 10" BRE-Luc2 HEP3B cells were seeded on 384-
well plates in 25ul of basie culture mediom except that serum was reduced to 2%. On
the next day antibodies diluted in PBS were added, following by the addition of
BMP6 to a tinal concentration of 10 ng/ml. The volume was brought to 50ul with
EMEM media without any serum, making final serum concentration 1%. As counter
assays, activation with BMP2/4/7 wag done in paraliel. BrighGlo assay (Promega)
was performed 24 hours post-antibody addition according to manufacturer’s
mstruction, using an Envision plate reader (PerkinElmer). Data were calculated as
percent of mhibition for each antibody compared to full reporter activation by a

control antibody .

Single dose antibody pharmacokinetics study in rat

The rat PX triaging stady is not intended to determine classical PK parameters
with a defined statistical certaunty, but rather to provide an gstimate of the serum half-
life for the test antibody. 3 animals were injected with a single 1V dose of the

antibody.

For mouse dosc-response PK/PD study, animals were divided into in 2
separate cohorts of equal numbers. Each cobort includes both vehicle- and compound-
treated mice. Une cohort was subjected for analvses on day 2, 4 whereas the second
cohort was analyzed on day 6, £ after antibody injection. The reason for the
separation of coborts is to reduce the need for serial bleeding so that the impact on

serum ron parameters 1s kept minimal. The ammal groups are shown i Table 10,
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Table 10. Design, animal allocation and test article doses
Dose
Experiment | Group Number | (mg/kg, Frequency
1Y)
Mouse ]
Control higG 3 0.3 Once
PK/PD
(.05 mpk ANTIBODY ]
5 0.05 Unee
6
0.1 mpk ANTIBODY 6 | 5 0.1 Once
0.5 mpk ANTIBODY 6 | 5 0.5 Unee
Mousc BA - )
‘ Sham (No BA) 6 0 0
ancmia
BA, EPO+ control )
6 2 Unee
higG
BA, EPO+
& 2 Once
ANTIBODY §
BA, EPO+
7 2 Once
ANTIBODY 6
BA, EPO+
6 2 {Once
ANTIBODY 7

4y

10

Establishment of anemia of inflammation in mice and therapeutic treatment

5 X 10° BA particles for injection are prepared in the following masner
{example for 10 mice). Starting concentration needs to be 2.5 X 107 particles/ml since

200 pl/mouse will be mjected. Dilute stock 2-fold using PBS. For example, 10 mice

times 0.200 ul=2 m1+20% overage=2.2 mL of 2.5 X 10’ particles/ml needed. 1.1 mi

BA stock+1.1 mbL PBS. BA admiuustration 1 to 8 days before ESA treatment was
shown to result in a blunted HGB response 6 to 7 days later.

C37BL/6 mice were injected with BA (3 X 10" particles/mouse) and serum
1L6 levels were measured 5 hours later by ELISA (KMCO0061, Life Technologies) to

determine the inflammatory vesponse. Animals with a IL6 concentration lower than

the 95% confidence mierval of the mean for all BA-treated animals were excluded
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from the study, resulting in fower than 5-6 mice in some groups. This exclusion
process was carried out 1o fessen the possibility of false-positive results produced by
mcluding animals that did not have sufficient inflanunation to blunt ESA response.
Afier the exclusion process, mice were mjected IV with the antibodies as indicated on
day 6, and EPQ (100 g/kg subcutancous darbepoetin alfa, Amgen) was administered
at 100mg/ke on day 7 relative to BA treatment. Response to ESA and antibody

therapy was measured 6 days later.

Analyses of pharmacokinetics, pharmacodynamics, and efficacy endpoints

For mouse and rat PK/PD studies, serom samples were collected at indicated
time points post antibody injection. Aliguots of the sera were used to determine
circulating antibody concentration through antomated high-throughput immunoassay
system {(Gyros) with biotinyvlated anti-human IgG as primary capture antibody. A
second serum aliquot of cach sample was used for quantitative colorimetric iron assay
(Quntichrom, DIFE-250, Bioassay Systems). A third aliquot was processed for LC-
MS guantitation of the rat or mouse hepeidin-25 peptide, following a modified
procedure described earlier. Liet al. 2009, 1. Pharm. Tox. Meth. 59 171-80.

For BA-induced ancoua and antibody treatment study, a final bleed in EDTA-
coated BD Microtainer tubes were obtained at termination through cardiac puncture.
The whole blood was used for Complete Blood Count analyses on an XT-2000:V

hematology analvzer. Efficacy endpoints include HGB, HCT, RETA, and RET-HE.

Statistical analyses

One-way analysis of variance (ANGVA) followed by Bonferroni's post hoc
test was carried out to analyze group differences {with p< (.05 considered significant)

1 hematology parameters. Data are reported as means = SEM.
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Besults

Biological activity of BMP6 antagonist antibodies in cellular BMP-dependent

transcriptional assays

All three BMP6 antagonist antibodies 3, 6 and 7 fully inhibit the bicactivity of
recombinant human BMP6-induced BMP reporter (BRE-hue) activity in buman
hepatoma cell ine Hep3B (1C50 = 0.4u0M against 6.3nM rhBMP6) and therefore is
active at a 1:1 Ag/mAb molar ratio or better. The antibodics demonstrated good
selectivity over the related BMP family proteins including BMPZ, 5, and 7, with a

window of 500 fold or more. Seg Fig. 1.

Snapshot pharmacokinetics and pharmacodynamics profiles of BVIP6 antagonist

antithodies in rat

Single dose triage pharmacokinetics study in Sprague Dawley rats was
performed for BMP6 antibodies 5, 6 and 7, through IV injection via jagular vein
catheter at 10 mg/kg body weight. Comparing the total antibody concentration-time
rclationship (particularly 12, MRT) in serwm of the three antibodies with a standard
profile suggested characteristics consistent with a typical human IgG (see Fig. 2 and
Table 113, There 1s no evidence of target-mediated drug disposition. At this dose, all
BMP6 antibodics suppressed seram hepcidin to below detection levels by day 1 post
ijection. The sustained strong suppression of hepeidin expression was still evident by
day 16, suggesting a long duration of activity. Correspondingly, a transient peak rise
in circulating tron concentration was observed on day 2 after antibody injection and
the fevels remain clevated by dav 16.

Serum antibody concentration was measured overtime after a single antibody
njection. Samples were collected at 1hr, 6hr, 1, 2, 4, 8, 16, 28 days post dose (10
mg/kg, 1V).

Table 11, Key parameters in single dose rat triage PK study

Parameters ANTIBODY S | ANTIBODY 6 ANTIBODY 7
T2 (days) a1 78 92

Comax (ug/ml) 1407 189.0 146.2

Mean resident time {days} | 8.6 7.0 6.9
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As well, total serum concentration of Antibody 7 (both free and BMP6-bound)
was measured in rats and cynomolgus mounkeys following a single 1V imjection of
Antibody 7 (in rats, at doses of 10, 3, 1, 0.3, 0.1 and 0.03 mg/kg; in monkey at 3
mg/kg) at the indicated times by ELISA with an LLOQ of 46 ng/ml. {dotted ling) in
rats and a LLOQ of 0.2 ug/mL (dotted line) i monkev. The results are shown m

Figs. 9 {rat} and 12 {monkey}.

Diose-dependent response in serum iron parameters after BMP6 antibody
treatment in mice and cynomolgus monkey

To further define dose-dependent response of iron metabolism 1o BMP6
antibody treatment, naive CS7BL/6 mice were injected with increasing dose of
Antibody 6, ranging from 0.02 to 0.3 mg/kg, as indicated. Antibody 6 was chosen as
representative of the 3 antibodies since they share similar framework, rodent PK
profile and in vitro activities. A single dose of 0.5 or 0.1 mg/ke significantly
suppressed seram hepeidin and accordingly mcreased serum iron concentration 2 days
after treatment. However, only at 0.5 ma/kg, was a strong sustained effect on iron
metabolism observed up to & days post injection. See Fig. 3. These results suggest
dose-dependent, saturable target neutralization can be readily achicved using potent

BMP6 antagonist antibodics.

See Fig. 3. Dose-dependent effects of a BMP6 antibody on serum biomarkers
of iron metabolism Top: Serum higG concentration over tume following a single 1V
mjection of Antibody 6 at the indicated doses. Bottom: Left panel is quantitative
analysis of senum hepeidin concentration after a single Antibody 6 or control human
12G injection, whercas right panel is serum iron concentration.

-y

Similar experiments were performed with Antibody 7. Dose- and time-
dependent suppression of circulating serum hepcidin by Antibody 7 was tested in
malc Sprague-Dawley rats. Scram samples were collected at 025, 1,2, 6 br, and 1, 2,
4, 7 and 14 d post-dose after a single dose of Antibody 7 was admimstered by IV
mjection at a dose ranging from 0.03 mg/kg to 10 mg/kg. Scrum hepeidin levels were
measured by LE/MS with a LLOQ = 9 ng/ml. In the same animals, serum iron levels

were also measured. The results are reported in Fig. 11,
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These results indicate that the anti-BMP6 antibodies of the present invention
are able to cause a dose-dependent increase in serum iron. The effects werg robust

and persisted for at least 2 weeks after antibody administration.

The effects on serum iron parameters in response to anti-BMP6 antibody was

5 alsotested 1o cynomeolgus monkey. Male Cyvaomogus monkeys were given a single
mtravenous injection of Antibody 7 at a dose of 3 mg/kg. At indicated days post
mjection, serum samples were collected and analvzed for total seram 1ron (Fe) and
hepcidin concentration. The results are shown in Fig. 13. Data from 3 individual
animals arc presented (plotted agamst the pre-dose baschine levels). Mean values are

10 indicated by the “x” line. An increase in serum 1ron and suppression of serum

hepeidin were observed 24 hr after antibody administration and the effects remained
{relative to pre-dose levels} through the end of the 28-day study. These results
indicate that the BMP6 antibodies of the invention potently induce hepcidin

expression and reduce circulating ron concentration in non-human primates.

15 Effect of BMPG antibodies on red cell parameters in inflammation-driven, ESA-

resistant anemia in mice

Experiments were performed to evaluate the therapeutic utility of the anti-
BMP6 antibodies in a mouse model of anemia of imflammation. Sce Fig. 4. Mice
treated with abormus antigen (BA) developed anernia 6 days later. Anemic animals
20 were treated with anti-BMP6 plus antibody recombinant erythropotetin (EPO)
imitiated at one day apart, and the effect of antibody therapy on anemia progression
was monttored at day 13 relative to BA. HGB and HU'T values decreased between
onset of treatment and day 13, which was resistant to EPQO treatment alone. Combine
BMP6 antibody and EPQ treatment effectively restored EPQ response and significant
25 raised HGB and HCT levels. This effect was associated with a concomitant
stimulation of erythropoietin activity, as reflected by persistent increase in RETA, as
well as restored reticulocyte hemoglobin content, suggesting a correction of heme

synthesis due to functional 1iron deficiency 1n the ervthropoiesis compartment,

See Fig. 4, therapeutic treatment of BMP6 Antibody in an ESA-resistant
30 anemia of milammation mouse model. Top: Experimental scheme of BA-induced

ESA-resistant ancrmia of inflammation model. Botton: Erythropoiesis parameters at
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13 days after BA treatment. HGB: hemoglobin; HCT: hematocrit; RETA: reticulocyte
count; RET-HE: Reticulocvie hemoglobin equivalent.

Fp <005, FF p<QOL FFF p <0001, #FFF p < 0.0001 versus BA+EPO+higGH

5  EXAMPLE 2 - Clinical plan for testing of BMPS antibedies in humans
Clinical Trial Plan: Assessment of therapy using antibodies or antigen-binding
fragments thereof that bind human BMP6.
Patients with end-stage renal discase {ESRDY produce hittle, if any

erythropoictin {EP() and generally requure periodic administration of exogenous EPO

10 and itravenous {1V} infusions of ron to enable EPU-induced syvathesis of Hgb. Upto
one third of chronic hemodialvais (HD) patients do not respond adequately to EPQ,
owing primanly to mtracelhdar sequestration of tron. Hepcidin 1s primarnily cleared by
the kidney, but removal by dialysis is insufficient. Therefore, chronic HD patients
tend to have significantly elevated hepcidin levels, which block mobilization of iron

15 forervthropoicsis. IV iron therapy is no longer effective or recommended once body
tron stores reach a critical fevel {indicated by high serum feratin levels). Current
guidelines reconunend against giving I'V iron to ancouc dialysis patients with high
ferritin levels, and these patients may therefore receive even higher EPO doses, with
the potential associated risk of EPO hypo-responsive anemia (Kidney Discase

20 Improving Global Qutcomes (KDIGO) Ancnua Work Group 20123, EPO hypo-
responsive anemia imparts a significantly increased risk of all-cause mortality related
to both anemia and higher EPO dose in hemodialysis (Kilpatrick et al 2008, Lopez-
Gomerz et al 2008, Fukuma et al 2012) and peritoneal dialysis patients (Suttorp et al

2013). The isolated antibodies or antigen-~binding fragments thereof that bind human

[oe]
(@31

BMP6 of the present disclosure may benefit chronic kidney discase patients with iron-
restricted anemia by improving hemoglobin (Hgb} levels while simultancously
reducing EPO and IV iron dosing needs. A lower EPO resistance index (ratio of EPO
dose vs. Hgb level) is correlated with a lower mortality risk.

In summary, the goal of therapy using the isolated antibodies or antigen-
30 binding fragments thereof that bind human BMP6 of the present disclosuie is to
maobilize sequestered iron, which may then reduce EPO and iron dose needs and
mprove Heb levels, all of which is expected to improve patient ocutcomes. Thisisa
first-in-human, single dose study of therapy using isolated antibodies or antigen-

binding fragments thereof that bind human BMPS. This study will assess safety,
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tolerability, pharmacokinetics, pharmacodvnamics and efficacy in a chronic
hemodialysis patient population. The purpose of this study is to evaluate whether
therapy using i1solated antibodics or antigen-binding fragments thereof that bind
human BMP6 warrants further clinical development in anemia associated with
chronic kidoey disease.

Investigational plan

Study design

This is a first-in-human, two-part, single-dose, non-confumatory study of
an isolated antibody or antigen-binding fragment thereof that binds human BMP6 to
assess safety, tolerability, PK, PP and efficacy in a chronic hemodialysis patient
population. Part 1 is a first-in-human, single-dose, open-label dose-finding study. Part
2 is a randomized, double-blind, placebo-controlled, single-dose study that will
compare two dose levels of an isolated antibody or antigen-binding fragment thereof
that binds human BMP6.

Safety assessments will include physical examinations, ECGs, vital signs,
standard clinical laboratory evaluations (hematology, blood chemistry, serum tron

indices) adverse event and serious adverse event monitoring,

Part 1

The mims of Part 1 are (a} to evaluate single-dose safety, PK, PD, and
tolerability, and (b} to determine the nunimum PAD of an isolated antibody or
antigen-binding fragment thercof that binds human BMP6, defined as the lowest dose
tested in Part 1 that results in an merease in Hgb (median change from bascline ~ 0.5
g/dL} at 29 days post-dose.
During Part 1, a screening visit will take place, where the patient's eligibility to enter
the study will be deternined (Figure 6). Ehigible patients will be admitted to the study
site and re~evaluated for chgibility critenia during the baseline visit. All baseline
safety evaluation results must be available and reviewed prior to dosing,.

Figure 6 provides and overview of the study design for Part 1. Patients
will be asked to arrive at the study site on Day 1, directly following their routine
dialysis visit. Patients will then receive an infusion of an antibody or antigen-binding

fragment thereof that binds human BMP6 {exact dose will be dependent on cohort). If
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possible, dosing should preferably take place on a dialvsis day prior to two inter-
dialyeis days {e.g. Friday or Saturday}, and will cocur following that day’s dialysis
session. However, 1f not possible, then dosing may occur on a dialysis day not
preceding two inter-dialysis days. Following dosing, the first two patients in Part 1

5 will be domiciled for at least 48 hours for safety and PK/PD assessments. Patients will
returmn to the study site at Bays 4 and 6 for PK /PD assessments, and then weekly fora
total of 29 days for PK assessments, and a total of 12 wecks for safety assessment,
with an end-of-study visit at approximately Day 85, Study visits, including all
laboratory tests other than post-dialysis PK assessments, should take place before the

10 patient's scheduled dialysis visit,

Part 1 will be imitiated with a dose that is predicted to be not
pharmacologically active. The dose will be adjusted for each subseqguent Part 1
cohort, based on cach cohort's median change in Hgb following a single dose of an
isolated antibody or antigen-binding fragment thereof that binds human BMP6 and

15 transferrin saturation {TSAT) level as discussed in the Statistical Considerations
section and shown in Figure 7. The aim of this decision tree is to dentify the
miminnum feasible dose that induces iron mobilization (as indicated by transferrin
saturation {TSAT) levels > 50% observed in at least 4 patients 1o the 6-patient cohort
at one week post-dose) and increases Heb. If iron is mobilized but Hgb does not

20 increase by at least 0.5 g/dL at 29 days post-dose, then the clinical data will be
analvzed to assess potential confounding factors {e.g. blood loss due to excessive non-
study phlebotomy}. The applicable Investigators and representative(s) from the
Sponsor will review each cohort’s adverse events and will assess these evenis in the
context of (a) known medical issucs associated with chronic renal faitlure and (b) an

25 nonclinical toxicology findings. Subsequent cohorts will not be dosed until the
Investigators and Sponsor indicate that it 18 safe to proceed.

Figure 7 provides the algorithm for adjostment of doses 1n Part 1. Blood
work includimg Hgb measurements will oceur pre-dialysis. The starting dose will be
0.01 mg/kg. In Part 1, patients will be assigned to one of up to 6 open label dose

30  cohorts of up to 6 patients each. The minimum PAD of an isslated antibody or
antigen-binding fragment thercof that binds human BMP6, as defined above, will be
the lower dose arm selected for Part 2. The dose for each subsequent cohort may be
adjasted higher or lower, as shown in Figure 7. If the lowest feasible dose {0.001

mg/kg) results in a median increase in Hgb of > 0.5 g/dL., it will be the minimum
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PAD and the lower dose selected for Part 2 and the next highest dose evaluated in Part
1 will be the higher dose arm for Part 2. If the highest dose (0.1 mg/kg) evaluated in
Part 1 1s the minimum PAD, Part 2 will proceed with 2 arms only: placebo and
mumimun PAD. In the event that additional dose cohorts are needed in Part 1, these
cohorts will be added as deseribed m herein.

Each Part 1 cohort will include 6 patients. The first 2 patients in the first
cohort of Part 1 will be dosed at least 7 days apart. Timing of subsequent Part 1 cohort
patient doses will oceur as is feasible for the respective site’s schedule and support

resources. All Part 1 patients will be followed for 12 weeks following the dose.

Part 2

The aims of Part 2 are {a) to evaluate safety, PK, PD, and tolerability and
{b} tc determine efficacy based on Hgb changes in response o single dose of an
antibody that binds human BMP6 vs. placcho. Part 2 will include up to three arms: Up
to two Ab dose arms and a placebo arm (Figure 8). The two Ab dose arms will be
dertved from data generated in Part 1. Part 2 will include approximately 60 patients
with a randomization of 1:1:1 to the three arms. If, in Part 1, the mummum PAD is
also the highest dose (0.1 mg/kg) evaluated, then Part 2 will have only two arms:
minimam PAD and placebo. In this case, 40 patients will be randomized to the two
arms with a randomization ratio of 11, Sample size of Part 2 may be adjusted based
on the variability of the change from basclhine in Hgb mw Part 1.

Figure 8 provides a study design for Part 2. Daring Part 2, a screening
vigit will take place, where patient's eligibility to enter the study will be determuned.
Eligible patients will be re-evaluated as per cligibility criteria during the baseline
visit, All baseline safety evaluation results must be available and reviewed prior to
dosing.

Patients will be asked to arrive at the study site on Day 1, directly
following their routine dialysis visit. Patients will then reccrve either an mfusion of
Ab or placebo, as determined by randonuzation assignment. If possible, dosing should
preferably take place on a dialysis day prior to two mter-dialysis days (e.g. Friday or
Saturday}, and will occur following that day’s dialysis session. However, if not
possible, then dosing may occur on a dialysis day not preceeding two inter-dialysis
davs. Patients will return to the study site on Bays 4 and 6, then weekly for follow up

assessments. During follow up visits patients will undergo routine safety assessments
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and PK data will also be collected 85 days. Study visits may take place following the
patient's scheduled dialysis visit, in order to fit with the dialysis schedule of the
paticnt. All patients enyolled in Part 2 will be followed for 12 weeks following the
dose of Ab {or placebo).

EPQ dose management {(both Parts)

Individual EPO dosc adjustments during both Parts will be managed as
per each dialysis site’s standard of care protocol. Site protocols will be reviewed as
part of site assessment, and will be checked for compliance with standard of care

10 guidelines (KDIGO Chinical Practice Guideline for Anemia in Chronic Kidnev
Discase Anemia Work Group 2012). Patients who achieve a Hgb level of > 13 g/dL at
any time during the study may be managed with therapeutic phicbotomy, at the
discretion of the investigator, in addition to site-specific guidelines for managing Hgb

values above target levels.

intravenous iron management {(both Parts)
Patients receiving loading doses of IV iron (100 mg/week) will be
excluded from the study. Patients receiving weekly mamtenance [V iron (< 100
mg/week) may be included n this study. The weekly maintenance [V iron dose will
20 be held at the beginning of week 1 of Ab dosing. fron indices will be mouitored
during the first week post-Ab dosing, and rescue iron therapy and mamtenance [V
tron management will follow standard of care guidelines as per the managing
hemodialysis unit’s profocol. Site protocols will be reviewed as part of site
assessment, and will be checked for compliance with standard of care guidehines
25 (KDIGO Chinical Practice Guideline for Anemia in Chronic Kidnev Disease Anemia

Work Group 2012},

Rationale of study design
Rationale for twe-part study design

36 The rationale for two parts in the same patient population is to identify the
minimum PAD safely and efficiently, aiming to minimize the number of patients and
cohorts exposed to potentially sub-therapeutic doses. Part 2 will assess the efficacy of
the mmimum PAD, and one dose level above the minimum PAD (as determined in

Part 1}, in comparison with a placebo group.
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Part 1 1s designed to evaluate single-dose safety, tolerabiity, PK/PD, as
well as the minimum PAD of Ab in an open label study. The minimoum PAD will be
determined based on cach dose cohoit’s median change m Hgb at 29 days following
Ab dosing. The rationale for the PAD determination criteria is that clinically
meaningful responses to EPO may require up o 4 weeks following an EPO dose
change. If Ab mobilizes iron in the target population, then that may enable the
patient’s current EPO dose to exert a more robust ervthropoictic effect. The 29 days
Hgb ranges listed in the PAD determination crifenia are based on clinically significant
& safe rates of increase in Hgb in response to an EPO dose {(~ 0.5 g/dL over 29 days).
The rationale for secking the munimum PAD rather than a maximal effect is that an
overly robust Hegb response 1s a safety risk in this paticnt population, as retlected by
the target Hgb ranges in the current standard of care guidelines (Kidney Disease
Improving Global Outcomes (KBGO} Anemia Work Group 2012). The geals of the
safety and tolerability assessments in Part 1 are (a) to identify safety signals, and (b}
to inform dose adjustment decisions, ensuring that the doses selected for Part 2
{mimimum PAD + 1 dose higher} are suitable for further evaluation of both safety and
cfficacy relative to placebo. While Part 1 is inadequately powered to afford an
unbiased assessment of safety, the placebo group and larger sample sizes in Part 2
will enable an vnbiased safety assessment at the minimom PAD and one dose higher.
In addition to safety, tolerability, and PK/PD, Part 2 is designed to assess ¢fficacy vs.
placebo in a double-blind study. Efficacy assessment will be based primarily on Hgb,
with EPQO resistance index (ERI = weekly weight-adjusted EPO dose divided by Hgh)
as a key secondary endpoint. ERI provides a quantitative measure of the amount of
EPO needed to achieve a given Hgb value, and therefore provides clinically important

mformation n addition to Hgb alone.

Rationale for FIH in dialysis patienis

This first-in-human (FiH) study will be conducted in chronic
hemodialysis (HD) patients rather than healthy volunteers (HV). Evaluation of safety,
tolerability, and PK/PD response to anti-human BMP6 Ab in HY is hikely not
translatable to chronic HD patients for several reasons:
Unlike HY, chronic HD patients with ancmua, high serum ferritin, and low TSAT
have chronically accumulated intracelbidar tron stores. Therefore, safety, tolerability,

and pharmacological effects related to iron mobilization in response to low doses of
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Ab are most appropriately evaluated in chronic HD patients. In HV with normal renal
function, hepcidin {of which BMPS is a kev regulator) is filtered by the kidney and is
excreted cfficiently in the urine, leading to low circulating levels. In contrast, hepeidin
15 filtered less efficiently and transiently by dialvsis, leading to higher circulating

5 levels in chronic HD patients (Zarnitsky et al 2010). Forthermore, normal kidneys will
adjust endogenous EPQO levels dynamically and a change in Hgb may not be evident
in response to Ab. Therefore, safety and tolerability related to modulation of hepaidin
bv the BMP6 pathway and the effect of Ab on Hgb are most appropniately evaluated
in chronic HD patients.

10
Rationale for target patient population

This study is designed to evaluate an anti-human BMP6 Ab m the setting
of EPO-hypo-responsive, tron-restricted anemia. Established chinical guidelines
{(KDIGO Clinical Practice Guidehine for Anemia in Chronic Kidney Disease Ancmia

15 Work Group 2012) define EPO hypo-responsiveness as the need for two mcereases in
EPO dose, up to 50% above the stable dose, to maintain a stable Hgb concentration.
The proposed cligibility criteria are designed to select for stable chronic HD patients
with anemia, and clinical indicators of iron restriction: mcereased fernfin and low
TSAT (TSAT = serum iron / total iron binding capacity: TSAT correlates very closely

20 with serum ron). Furthermore, adjustments in EPO and [V iron doses will adhere to
strict standard of care targets for Hgh, TSAT, and ferritin. This design reduces the risk
of over-shooting desired Hgb targets because changes in iron and hematologic
parameters will continue to be managed as per standard of care. Furthermore, patients
recetving loading doses of IV tron within 1 weck prior to baseline will be excluded.

25 Paticnts receiving maintenance [V iron may be included (if all other eligibility crteria
arg met}). The rationale for including these patients is that current standard of care in
the USA dictates that Hgb and TSAT be maintained within narrow limits, and
therefore, full withdrawal of maintenance iron therapy for the purpose of meeting
lower TSAT cligibility eritenia would place patients at risk for TSAT below 25%,

30  necessitating a course of IV wron loading doses as per standard of care. However,
cligible patients on maintenance 1Y iron will have their weekly IV iron dose held at
the beginning of the week of Ab dosing, and will resume maintenance [V iron therapy
only as determined by site's standard of care protocol, based on monitored iron

ndices.
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Rationale of dose/regimen, duration of treatment
Starting dose rationale

The maximum recommended starting dose (MRSD) was calculated based
on the no adverse effect level (NGAEL} from the 13-week (14-dose) GLP toxicology
studies conducted in rats and cynomolgus monkevs. Animals received weekly [V
bolus doses of 0.1, 1, 10, and 100 mg/kg. The 1 and 100 mg/kg dose groups {only}
were subsequently followed for 16 wecks in rats or 24 weeks m cynomolgus monkevs
after the last dose of an isolated antibody or antigen-binding fragment thereof that
binds human BMP6. The MRSD was estimated by first calculating the human
equivalent dose (HED) for the NOAEL from these studies (0.1 mg/kg)—an approach
deemed appropriate for drugs with a molecular weight > 100 kDa-——and subsequently
applying a safety factor of 10 to account for differences between nonclinical species
and paftients, such as the amount of stored 1ron and the demand for ervthropoiesis. PK
parameters for the nonclinical species were inferred from the toxicokinetic {TK) data
collected during the IND-enabling toxicology studies. Corrgsponding PK parameters
1 paticnts were then cstunated using allometric scaling, and these parameters were
used to predict free an 1solated antibody or antigen-binding fragment thereof that
binds human BMP6 concentration as a function of time in patients for a given dose.
Comparing the TK data from the toxicology studies to the model-based an Ab PK in
patients indicated that a dose 10-fold lower than the NOAEL/HED was predicted to
vield a (minimuem) 10-fold margin based on Ab concentration.

The maximal levels of seram iron observed 1n response to Ab in animal
studies may undercstimate the predicted human ron response to Ab, because HD
patients who have been administered IV wron therapy likely have higher tissue stores
of iron than healthy animals. However, unlike healthy, non-anemic animals, HD
patients are expected to utilize the released serum iron for ervthropoiesis; thercfore
animal models may overestimate the duration of tron elevation. The liver pathology
observed 1n the 13-week studies was not observed in the 4-week studies, suggesting
that the toxicities owe to the comulative exposure to serum iron rather than a response
to the acute release of won.

To account for the anticipated differences in stored iron between
nonclinical species and patients, MRSD was also predicted based on a model-based

analvsis of serum tron concentrations. The cunmilative exposure to serom iron that
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resulted n the toxicology findings was represented as an iron area-under-the-curve
{(Fe AUC). In this approach, the Fe AUC calculated for the NOAEL dose {0.1 mg/kg)
was regarded as being adequately safe. The Fe AUC at the proposed MRSD in
patients was then predicted and compared to the Fe AUC i nonclinical species at the
NOAEL. Because the model-predicted serum iron exposure at the MRSD in patients
was > 10-fold less than that at the NOAEL in nonclinical species, decreasing the
NOAEL/HED by a safety factor of 10 was deemed adequate for the estimation of a
MRSD. The proposed MRSD is therefore 0.01 mg/kg.

Dose adjustment rationale

For this study, the maximum test dose {rmax} will be the HED
corresponding to the NOAEL in each of the 2 IND-enabling toxicology studies: 0.1
mg/kg. The minimum feasible test dose (xnunj is the lowest technically feasible dose
based on compatibility studies: 0.001 mg/kg. The MRSD (x0) will be evaluated
according to the safety, TSAT, and Hgb critenia (Figure 7). I x0 results m a median
change m Hgb < 0.5 g/dL relative to pre-dose, selection of x + (Figure 7} will be
guided by linearly extrapolating on a natural base logarithmic scale (in anticipation of
a sigmoidal dose-response relationship) between x0 and xmax. Provisional doses for
this dose escalation are provided above. These provisional doses may be adjusted
based on the review of data during the informal internim analysis between each cohort,
This approach will continue untd cither the mmimum PAD 1s identificd or xmax is
reached. If xmax resulis in a median change in Hgb < 0.5 g/dL, the safety of this dose
will be evaluated and a decision will be made whether to amend the protoco! to add
additional cohorts at doses that exceed the xmax, based on safety, PK, and PD data. If
the highest dose tested in Part 1 results in a median increase m Hgb < 0.5 g/dL., does
not increase TSAT above 50%, and that dose 1s below xmax, the protocol may be
amended to add additional cohorts.

If x0 instead results in a median change in Hgb > 0.5 g/dL relative to pre-
dose, the dose for the next cohort will be adjusted to xmin. If xmin also resufts ina
median change in Hgb > 0.5 g/dL, xmin will be deemed the nunimum PAD, and xmin
and x0 will be evalnated 1n Part 2. If xoin results in a median change in Hgb < 0.5
g/dl and TSAT < 50% (Figure 7), doses will be increased by hinear extrapolation
within the interval (xmin, x0} on the natural base logarithmic scale until either the

mintmum PAD is identified or until 6 doses (cohorts) have been evaluated.
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Provisional doses within the mterval (xmin, x0} are provided above. These provisional

doses may be adjusted based on the review of data during the mformal interim

tested that results in a median change in Hgb > 0.5 g/dL relative 1o pre~-dose.

5 The Ab will be administered as a single dose IV nfusion to ensure serum
iron exposure (Fe AUC) less than that associated with adverse findings m nonchinical
toxicology studics. The Ab solution will be infused immediately following the
hemodialysis session on Day 1 to minimize the potential impact of dialysis on PK or
immediate post-dose tron bicavailability. The additional approximately 30 minutes of

10 dosing infusion following dialysis (on dosing day only} is not expected to posc any

significant risk or discomtort to patients.

Rationale for choice of comparater
Placebho 1s emploved as a comparator in Part 2 to enable unbiased

15  evaluation of chimcal outcomes.

Purpose and timing of interim analyses/design adaptations
In Part 1, afier cach cobort of 6 patients finishes the week 4 post-dose
assessment, an informal interim analysis will be conducted to make the dose
20 adjustment decision for the next cohort. Safety and PD markers will be reviewed by
all members of the dose adjustment team, including the applicable Investigators and
representative(s) from the Sponsor. New cohorts will be triggered only if safety and
tolerability is confirmed, and if the PD conditions are met as described in Figure 7.
There will be up to 5 informal interim analyses i Part 1. A formal interum analvsis is
25 planned after all patients from the last cohort of Part 1 finush the week 4 post-dose
assessment to evaluate the clinical effects of doses investigated. and potentially
trigger additional non-chinical studies, and may inform subsequent clinical studies
Body temperature, blood pressure, pulse rate, ECG evaluation, blood chemistry,
hematology iron indices, EPO resistance index, and adverse events collected through
30  Day 29 of the last cobort conducted in Part 1 will be mcladed.
The minimum PAD and a dose one level higher than the minunum PAD will be
selected for Part 2. It the lowest possible tested dose induces a Hgb mncrease of = 0.5

g/dL, the two lowest doses tested will be selected for Part 2.
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Risks and benefiis

The potential benefit for patients participating in this study may include
reduced EPO and IV iron needs, and improved Hgb levels during the time of
treatment and for some time bevond.

5 The risk to paticnts in this trial will be minimized by adherence to the
cligibility criteria, and close clinical monitoring of all patients (and domiciling the
first two patients in Part 1) for the first 48 hours following admmnistration Ab.

The potential risks associated with iron mobilization include (a) iron

redistribution to tissues and organs such as the spleen, liver, heart, pancreas, and

10 pituitary, and (b) a small increased susceptibility to bacterial infection, particularly in
patients with indwelling vascular catheters. Several of the eligibility eriteria reduce
the risk of complications. Increased levels of liver function tests may be seen in
association with iron redistribution. Liver function will be monitored in paralicl with
hematologic and iron parameters. Overshooting of standard of care Hgb targets may

15 result m polveythemia. Management of Hgb, EPO therapy, and iron therapy may be
undertaken

HD patients who have been administered 1V tron therapy may have higher

tissue stores of wron than healthy animals; therefore the maximal levels of serum ron
observed in patients treated with an isolated antibody or antigen-binding fragment

20 thereof that binds human BMP6 may exceed those seen in animal studies. However,
vnlike healthy animals, HD patients are expected to utilize the released serum iron for
erythropoiesis; thercfore animal models may overestimate the duration of tron
elevation. The model-predicted exposure to Ab {e.g., Cmax, AUC) at the MRSD 1g
anticipated to be 10-fold less than that observed at the NOAEL in nonclinical studies.

25 This exposure 1s not expected to result in serum 1ron exposure (AUC) levels
associated with the elevated liver transaminases and single cell necrosis in the hiver
observed in preclinical studies. Escalation of Ab dose to the NOAEL will ocour
following described safety cvaluations. Clinical experience with patients with chronic
iron overload as well as those who receive parenteral iron hikely does not necessanly

30  predict the effects that may occur from acute increases in intracelludar iron nduced by
Ab. Theretfore the potential risk Ab-induced acute iron toxicity 1s probably low. Acute
iron toxicity may affect the heart, hiver, and/or pancreas. Clinical mamifestations of
acute 1ron toxicity may include cardiac conduction defects, elevated hiver

transaminases, and glucose intolerance/hyperglvcenua. Severe acuie tron toxicity may
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also include metabolic acidosis, electrolyvte abnormalities, and neurologic
manifestations. In the ovent that acute iron toxicity occurs, patients may be
emergently treated with iron chelation therapy such as deferoxamine combined with
hemodialysis. A maximum of 134 mi (Part 1) and 172 mi (Part 2} of blood is
planned to be collected over a period of 115 days, from each patient as part of the
study. Additional samples for monitoring of anv safety findings would be in addition
to this. This 15 not considered to be a nisk for this population.

No reproductive toxicity studies have been performed to date with the
anti-human BMP6 antibodes. Potential effects on male or female reproductive organs
have been assessed by carctul standard histopathological examunation of the ovarics
and testes and accessory reproductive organs in the 13-week toxicity study in
cvnomolgus monkeys. No treatment-related effects were observed. BMP6 knock out
mice showed delayed sternum ossification and iron overload {(Meynard et al 2009).

Significant fetal and matemal morbidity and mortality is associated with
chronic hemodialvsis. In one retrospective cohort study comparing women on chronic
hemodialysis (267 births) with women who received a renal transplant (264 births),
women on hemodialysis demonstrated higher rates of placental abruption, blood
transfusion, small-for-gestational-age babies, fetal deaths, and maternal deaths
{Saliem et al 2013}, Therefore, women of childbearing potential should use highly
cffective contraception to prevent pregnancy during an isolated antibody or antigen-
binding fragment thercof that binds human BMP6 administration and for 125 davs

following the last dosc.

Population

The study population will be comprised of patients with end-stage renal
disease who require chronic hemodialysis therapy at least two times per week, and
who have clinical evidence of functional iron-deficiency anemia, defined as anemia in
the presence of apparently sufticient iron stores as determined by ferritin and
transferrin saturation levels. Part 1 includes a plan to evaluate up to 36 patients
mnitially in 6 cohorts (6 patients/cohort). If after 6 cohorts, no effects on TSAT and
Hgb are seen, and there are no safety concerns (as determined by the applicable
Investigators and representative(s) from the Sponsor), up to 2 additional 6-patient
cohorts may be added (totaling 48 patients in Part 1), Part 2 consists of up to 3 arms

{2 dose levels selected for further evaluation from Part 1, and a placebo group), with
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up to approxamately 20 patients per arm (totaling 60 patients m Part 2}. Therefore,
enroliment of a total of approximately 96 patients (up to a maximuim of 108} is
planned, of which approximately 60 will be randomized in Part 2. Approximately 60
patients (12 in Part 1, 48 1n Part 2) are expected to complete the study. The

5 imvestgator must ensure that all patients being considered for the study meet the
following eligibility criteria. No additional criteria should be applied by the
mvestigator, in order that the study population will be representative of all cligible
patients,

Patient selection is to be established by checking through all chigibility
10 critenia at scroening and first baseline. A relevant record {e.g. checklist) of the

cligibility criteria must be stored with the source documentation at the study site.

Beviation from any entry criterion excludes a patient from enrollment into the study.

Inclusion criteria (both Parts)

15 Patients eligible for inclusion in this study have to fulfill all of the following critena:
Written infonmed consent mast be obtained before any asscssment is performed. If
consent cannot be expressed in writing, it must be formally documented and
witnessed, ideally via an independent trusted witness
Age > 18 years at screening.

20 Hemodialysis-dependent for at least 2 months prior to screening,

Receiving adequate hemodialysis at least 2 times per week for end stage renal discase;
adequate 15 defined as Kt/V > 1.2 at the most recent monthly assessment prior to
screening.

Recetving chronic erythropoietin (EPO) therapy, as per the dialvsis site's ancmia

25 management protocol. EPO dose not increased by 50% or more dunng 14 days prior
to basehine. EPO therapy must be short-acting formudation only (not darbepoetin} and
administered IV (not SC).

Hgb > 8.5, including Hgb > 8.5 and < 11.5 g/dL., and not increased by > 0.5 o/dL at
baseline vs. prior 14 days.

30 Ferntin <1500 ng/mL (inclusive) for at least 28 days prior to baseline (may include
screening). Alternatively, Ferritin > 500 ng/ml. and < 1000 ng/mL at screening.
TSAT <30% at a mimmum of one time pomnt dunng the 90 davs prior to baseline,

and TSAT < 30% at baseline.
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Exclasion criteria {both Parts)

Patients fulfilling any of the following criteria are not ¢higible for inclusion in this
study. No additional exclusions may be apphied by the investigator, in order to ensure

5 that the study population will be representative of all eligible patients.

1. Use of other investigational drugs within 5 half-lives of enrollment, or until the
expected pharmacodynamic effect has returned to baseling, whichever is longer.
2. History of hypersensitivity 1o the study drug or to therapeutic antibodies.
10 3. Known diagnosis of hemochromatosis.
4. Known bone marrow malignancy, tymphatic malignancy or myelodvsplastic
syndrome.
5. History of dialysis AV fistula thrombosis within 2 months prior to screening, or 2
or more opisodes of AV fistula thrombosis within 6 months prior to screening,
15 6. Severe co-morbid biver disease/dystunction (Child-Pugh score > 6) or prior liver
transplant 7. Heart failare (New York Heart Association (NYHA) Functional Class HI
or V)
8. Gastrointestinal bleeding requiring intervention within the past 2 months of
screening. Patients with Hepatitis C Virus (HCV) infection may be incloded if all
20 other liver function ehigibility criteria are met.
O ALT, AST or bilirubin > 1 5x ULN within 4 weeks prior to baseline.
10. Uncontrolled renal osteodystrophy defined as intact PTH > 750 pg/mL at
screening.
11. Conditions predisposing o an increased risk of serious infection, such as an
25 mdwelling vascular catheter {central venous line or hemodialysis catheter) or active
mfection requiring antibiotic therapy at any time during the 2 weeks prior to
screening.
12. Blood transfusion administered within 4 weeks prior to bascling.
13. Recetving a loading dose (100 mg/wecek) IV iron within 1 week prior to basehne.
30 14 Historv of drug or alcohol abuse within the 12 months prior to dosing, or evidence
of such abuse as indicated by the laboratory assays conducted during screening,
15. A positive Hepatitis B surface antigen test result.
16. History of immunodeficiency diseases, including a positive HIV (ELISA and

Western blot) test result.
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17. Women of childbearing potential may be enrolled in this study if hughly etfective
contraception is used, for a minimum of 125 days following dosing with an antibody
or antigen-binding fragment that binds human BMP6. Highlv effective contraception
is defined as one of the following: a. Total abstinence (when this is in ine with the

5  preferred and usual lifestyle of the patient. Periodic abstinence {e.g.

P

calendar,
ovulation, symptothermal, post-ovulation methods) and withdrawal arc not acceptable
methods of contraception) b. Male/female stenilization ¢. Use of oral, injected or
mmplanted hormonal methods of contraception or placement of an intrautenine device
(UD} or intravtenine system (IUS) or other forms of hormonal contraception that

10 have comparable efficacy (failure rate <1%), for example hormone vaginal ring or

transdermal hormone contraception.

Treatment

15  Investigational treatment
The investigational therapy in this study 18 an antibody or antigen-binding
fragment that binds human BMP6, for example an anti-BMP6 IgG1, fully human
antibody. The antibody 1s provided in hguid solution. The stock concentration will be
dilated on site in accord with the dose to be administered. Infusion time will be
20 mamtamed relatively constant across cohorts at approximately 30 minutes. Part 1 will
be open label single dose, and Part 2 will be double-blinded, single dose, in
comparison to a matching placebo (vehicle control}. The anti-human BMP6 Ab active
substance and placebo will be supplied as liguid in vials. The excipients in the active
and placebo are identical.
25 Treatment arms
In Part 1, patients will be assigned to one of up to 6 dose cohorts
consisting of 6 patients each. Part 1 is an open label treatment. The starting dose, top
dose, and dose adjustment rationale are described above. Provisional doses for Part |
are given in Table 12 (Hgb < 0.5 g/dL. at MRSD} and Table 13 (Hgb > 05 g/dl at
30 MRSD).

Table 12: Provisional dose levels for Part |

For Hgb less than 0.5 Provisional dose Increment from
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g/dL at MRSD Dose
level

1 {(MRSD)

2

3

4

5

6 (NOAEL)

0.010 mg/kg
0.016 mg/kg
0.025 mg/kg
0.040 mg/kg
0.063 mg/kg

0.100 mg/kg

PCT/IB2017/053507

previous dose

starting dose
60% 1
60% 1
60% 1
60% 1

60% 1

This table 15 intended as an example of Part 1 dose adjustment for guidance only.

Intermediate or higher dose levels may be used and some dose levels may be skipped

based on data evaluation duning the informal interim analyses between cach cohort.

Actual dose levels will be confirmed o writing by Novartis and provided to all

5  participating study sites before treatment of patients in a new cohoit.

Table 13: Provisional dose levels for Part |

For Hgb greater than
or equal to 0.5 g/dL at
MRSD Doge level

1 {MRSD)

]

3
4
5

6

Provisional dose

0.0100 mg/kg
0.0010 mg/kg
0.0016 mg/kg
0.0025 mg/kg
0.0040 mg/kg

0.0063 mg/kg

Inerement from

previous dose

starting dose
90% |
60% 1
60% 1
60% 1
60% 1

This table is intended as an example of Part 1 dose adjustment for guidance only.

14

15

Intermediate or higher dose levels may be used and some dose levels may be skipped

based on data evaluation during the informal interim analyses between cach cohort.

Study treatments are defined as:
» A: single dose of placebo.
« B: single dose of anti-human BMP6 Ab at minimum PAD, as deternuned m Part 1.

» : single dose of anti-human BMP6 Ab at one dose level above mintmum PAD, as

determined in Part 1.
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Concomitant treatment
Al prescription medications, over-the-counter drugs and significant non-
drug therapies (including physical therapy and blood transtusions) administered or
5 taken within the timeframe defined in the entry criteria prior to the start of the study
and during the study, must be recorded on the Conconutant medications/ Significant
non-drug therapies section of the CRF. Medication entries should be specific to trade
name, the single dose and unit, the frequency and route of administration, the start and
discontinuation date and the reason for therapy.
10
Efficacy / Pharmacodynamics
Efficacy asscssments are specified below. Samples for efficacy
assessments will be collected at various timepoimnts. Hematology labs will be assessed.
Hgb and Fe indices will be reviewed during cach mter-cohort nformal interim
15  analvsis as part of the dose adjustment evaluation during Part | of the study. i the
sample collection times set initially are deemed suboptimal for understanding the
relationship between tron and PK, the sample collection times may be altered in

subsequent cohorts in Part 1.

20  Iron indices panel
The anti-human BMP6 Ab 1s expected to mobilize Fe from body stores
resulting in changes in serom Fe parameters mnclading: serum Fe, transferrin
sataration {TSAT), unbound Fe binding capacity (UIBC), total Fe binding capacity
{(TIBC), foermtin, and reticulocyie hemoglobin content {CHr). These will be measured

25 i serum using validated assavs.

Safety
Safety assessments are specified below.
Physical examination
30 A complete physical examination will include the examination of general
appearance, skin, neck (including thyroid), eves, cars, nose, throat, lungs, heart,
abdomen, back, lvmph nodes, extrenuties, vascular and neurological. If indicated
based on medical history and/or symptoms, rectal, external genitalia, breast, and/or

pelvic exams mayv be performed.
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Significant findings that are present prior to the start of study drug must
be included in the Relevant Medical History/Current Medical Conditions screen on
the patient’s cCRF . Significant findings made after the start of study drug which meet
the definition of an Adverse Event must be recorded on the Adverse Event screen of

5 the patient’s eCRF.

Yital signs
« Body temperature
» Blood pressure (BP)
» Pulse

10 Height and weight
 Height
« Body weight
« Body mass mndex (BMI) will be calculated {Body weight (kg / {Height (m}i2)

15  Laboratory evaluations
Climically relevant deviations of laboratory test results will be evaluated
for criteria defining an adverse gvent and reported as such if the criteria are met.
Repeated evaluations are mandatory until normalization of the result(s) or until the
change is no longer clinically relevant.
20
Hematology
Hemoglobin, hematocrit, red blood cell count, white blood cell count with

differential and platelet count will be measured. fron indices will be monitored.

25 Clinical chemistry
Sodium, potassium, creatining, urea, chlonde, albumin, calcium, alkaline
phosphatase, total bilirebin, LDH, GGT, AST, and ALT will be monitored. i the iotal
bilirubin concentration 15 mncreased above 1.5 times the upper limit of normal, direct
and indirect reacting bilirubin should be differentiated.
30
Electrocardiogram (ECG)
PR interval, QRS duration, heart rate, RR, QT, ¢T¢
The Fridericia QT correction formula (3TcF) should be used for clinical

decisions.
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Pregnancy and assessments of fertility
Pregnancy tests are required of all fomale patients regardless of reported
reproductive/ menopausal status.
5 Serum pregnancy tests will be performed for this stady. If positive, the
patient must be discontinued from the trial.
When performed at screening and bascline, the result of this test must be

received before the patient may be dosed.

10 Pharmacokinetics

P samples will be collected. PK data will be reviewed during each inter-
cohort informal interim analysis as part of the dose adjostment evaloation duning Part
1 of the study. If the sample collection times set imitially are deemed inadequate or
inappropriate for characterizing the PK profile, the sample collection times may be

15  altered m subsequent cohorts. The number of biood draws and total blood volume
collected will not exceed those stated in the protocol.

PK samples will be collected and evaluated in all patienis at all dose
fevels.

The concentration of free anti-human BMP6 Ab will be determined using an ELISA
20 assay. The anticipated tower himit of quantification (LLOGQ) 15 10 pg/mb.

Untreated {placcbo) samples will not be analyzed.

Free anti-human BMP6 Ab concentrations will be expressed at yg/mb.
All concentrations below the LLOGQ or missing data will be labeled as such in the
conceuntration data listings. Concentrations below the LLOQ will be treated as zero in

25 summary statistics for concentration data only. They will not be considered in the
calculation of PK parameters.

PK samples remaining after determination of free anti-human BMP6 Ab
mayv be used for cxploratory assessments or other bicanalytical purposes {¢.g. cross-
check between ditferent sites, stability assessment).

30 The following pharmacokinetic parameters will be determined (f feasible)
using non-compartmental method(s) with Phoenix WinNonlin (Version 6.2 or higher):
Cmax, tmax, AUC{0-t), AUC(0-tlast), Cmax/D, and AUC/D based on the serum

concentration-time data. The linear trapezoidal nide will be used for AUC
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calculations. The termmal half-life of an antibody or antigen-binding fragment that

binds human BMP6 (t1/2} will also be estimated if feasible based on the data.

Other assessments
5 Immusogenicity
An ELISA assay will be used to detect anti-human BMP6 antibodies. G
samples remaining after immunogenicity analysis may be used for exploratory

assessment or other bioanalvtical purposes {e.g., cross-check between different sites).

10 Exploratory assessments

Biomarkers are objectively measured and evaluated mdicators of normal
biclogical processes, pathogenic processes, or phanmacologic responses to a
therapeutic intervention {Biomarkers Definitions Working Group 2001},

The BMP6-hepeidin pathway is as follows: BMP6 signaliing in

15  hepatocvies 1s required for induced expression of hepeidin, inhibiting enterocyie iron
absorption and macrophage iron export. BMP6-neutralizing antibody as a hepeidin-
lowering therapy should benefit paticnts with iron-restricted anemia by reducing EPQO
requirement and increasing the number of patients who reach target Hgb level

Based on the above described biclogy, exploratory biomarker assessments

20 mchude, but not limited to hepcidin (measured using LL-MS assay).

Additional exploratory assessments may investigate potential roles of
bone absorption markers, as well as address mflammation as a factor contributing to
the mechanism of action.

The exploratory objectives are as follows:

25 <o assess the relationships between hepeidin levels and several key measures such
as ERI and ron indices;

« To study the dynamics between primary and secondary endpoints and exploratory
biomarkers longitudinally;
» To assess pharmacogenetics,

30+ To assess immunogenicity
Saraple(s) will be collected at various time point(s).

Further details on sample collection, numbering, processing and shipment will be

provided in a central lab manual.
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DNA

Exploratory DNA rescarch studies are planned as a part of this study with
the objectives of identifying genetic factors which may (1} be related to
ervthropoictin-treated chronic hemodialysis patients with functional iron-deficiency

5 anemia, (2) predict response to treatment with anti-human BMP6 Ab, or (3) predict
genetic predisposition to side effects.

In addition, recent advances in genotyping technologices have made
genome-wide approaches possible. Genome-wide approaches may also be undertaken
within the restricied scope of these studies as described above.

10
Soluble Biomarkers

Hepeidin will be quantified m plasma as a potential PV biomarker.

Detailed descriptions of the assays will be included in the bicanalytical
data reports.

15  Other biomarkers

Hypothesis-free platforms might be used to understand disease
heterogeneity, mode of action and/or potential identitication of stratification markers.
Immunogenicity (1(3) samples will be collected at various timepoints.
Immunogenicity of anti-human BMP6 Ab will be assessed by measuring antibodies

20 recognizing the anti-human BMPS antibody .
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EXAMPLE 3: TSAT levels for patients treated with 0.81 mg/kg Antibody 7
10 Data, including TSAT (iron saturation, %;) levels were assessed for the first 10
patients treated according 1o the chinical protocol described m Example 2, with each
patient receiving a single infusion of 0.01 mg/kg Antibody 7. None of these patients
demonstrated any liver safety signals that defined the no observed adverse effect level
{NOAEL) of 0.1 mg/kg/week. Cohort 1 included 3 ancmic hemodialysis patients with
15 low ferntin levels of less than or equal to 500 ng/mL, while Cohort 2 mcluded 5
ancmic hemodialysis patients higher ferntin levels (between 500 and 1000 ng/mL).
In the five Cohort 1 (low ferritin} patients who received 0.01 mg/kg Antibody
7, post-dose TSAT levels increased bv an average of only 9.8% (mean 38.6% post-
dose vs. 24 8% pre-dose). In contrast, post-dose TSAT levels increased by an average
20 of 17.6% (mean 48 4% post-dose vs. 30.8% pre-dose} in five Uohort 2 (high ferritin}
patients who recetved 0.01 mg/kg Aotibody 7. The data are shown in Figure 14,
which shows the peak TSAT levels pre-Antibody 7 vs. within 72 hours post-Antibody
7 administration in the 2 cohorts. Surprisingly, in contrast to the Cohort 1 patients, the
Cohort 2 anemia patients demonstrate a distinct TSAT increase in comparison o
25 baseline. These data indicate that patients with ferrntin levels greater than or equal o
500 ng/mb are good candidates for response to anti-BMP6 therapy, and that ferntin
level, for example, a fernitin fevel greater than or equal to 500 ng/mb., may be an
ndicator of response.
Unless defined otherwise, the technical and scientific terms used heremn
30 have the same meaning as that usually understood by a specialist familiar with the
ficld to which the disclosure belongs.
Unless indicated otherwise, all methods, steps, techmiques and
manipulations that are not specifically desertbed in detail can be performed and have

been performed 1 a manner known per se, as will be clear {o the skitled person.
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10

20

Reference is for example again made to the standard handbooks and the general
background art mentioned herein and to the further references cited therein. Unless
mdicated otherwise, cach of the references cited herein 1s incorporated in its entirety
by reference.

Claims to the invention are non-limiting and are provided below.

Although particular aspects and claims have been disclosed herein in
detail, this has been done by way of example for purposes of illustration only, and is
not intended to be hmiting with respect o the scope of the appended claims, or the
scope of subject matter of claims of any corresponding fubire application. In
particular, it is contemplated by the inventors that various substitutions, alterations,
and modifications may be made to the disclosure without departing from the spirit and
scope of the disclosure as defined by the claims. The choice of nucleic acid starting
material, clone of interest, or library type is believed to be a matter of routine fora
person of ordinary skill in the art with knowledge of the aspects described hercin.
Other aspects, advantages, and modifications considered to be within the scope of the
following claims. Those skilled in the art will recognize or be able to ascertain, using
no more than routing experimentation, many equivalents of the specific aspects of the
mvention described herein. Such equivalents are intended to be encompassed by the
following claims. Redrafting of claim scope in later filed corresponding applications
may be due to limitations by the patent laws of various countries and should not be

imterpreted as giving up subject matter of the claims.
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CLAIMS

What is claimed 1s:

1. A method of selectively:
a. inhibiting BMP6;
b. increasing serum 1ron levels, transforrin saturation (TAST), reticulocyte
hemoglobin content (CHr), reticulocyie count, red blood cell count,
hemoglobin, or hematocrit;
¢. reducing the activity or level of Hepeidin;
d. treating anemia; or
¢. increasing or maintaining hemoglobin level
in a paticnt in need thereof, corpnsing sclectively administering a therapeutically
effective amount of a BMP6 antagonist to the paticnt on the basis of a biological
sample from the patient having a ferritin level of < 2000 ng/mb.
2. A method of treating a patient having anenua with a BMP6 antagonist,
comprising selectively administering a therapeutically effective amount of a BMP6
antagonist to the patient on the basis of a biological sample from the patient having a
ferritin level of < 2000 ng/mi..
3. A method of selectively treating a patient having ancnua with a BMPo
antagonist, comprising;
a) assayving a biological sample from the patient for ferritin level; and
b} thereafter, selectively administering to the patient a therapeutically
effective amount of a BMPY antagonist, wherein the ferrtin level 15 < 2000
ng/ml.
4, A method of selectively treating a patient having anemia with g BMP6
antagonist, comprising:
a) assaving a biological sample from the patient for ferntin level;
b} thereafter, selecting the patient for treatment with the BMP6 antagonist
on the basis of the biclogical sample from the pationt having a ferritin level <
2000 ng/mk; and
¢} thereafier, administering a therapeutically effective amount of a BMP9

antagonist to the patient.
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5. A method of selectively:
a. inhibiting BMP6;
b. increasing serum iron levels, transferrin saturation (TAST), reticulocyie
hemoglobin content (CHr), reticulocyte count, red blood cell count,
hemoglobin, or hematocerit;
¢. reducing the activity or level of Hepeidin;
d. treating ancnua; or
¢. increasing or maintaining hemoglobin level;
in 3 patient in need thereof, comprising selectively admunistering a therapeutically
cffective amount of a BMP6 antagonist to the patient on the basis of a biological
sample from the patient having a ferntin level of = 500 ng/mi.
6. A method of treating a patient having anemia with a BMP6 antagonist,
comprising selectively administering a therapeutically effective amount of a BMP6
antagonist to the patient on the basis of a biological sample from the patient having a
ferritin level ot = 300 ng/ml.
7. A method of selectively treating a patient having anemia with a BMP6

antagonist, comprising;

a) assaying a biological sample from the patient for ferrtin level; and
b} thereafter, selectively administering to the patient a therapeutically

effective amount of a BMPY antagonist, wherein the ferntin fevel is 2 500
ng/ml..
3. A method of selectively treating a patient having anemia with a BMP6

antagonist, comprising:

a) assaying a biological sample from the patient for forritin level;
b} thereafier, selecting the patient for treatment with the BMP6 antagonist

on the basis of the biclogical sample from the patient having a forntin level =
500 ng/mL; and
c} thereafter, administering a therapeutically cffective amount of 3 BMP9
antagonist to the patient.
9. A BMP6 antagonist for use in treating a patient having anemia, characterized
1 that a therapeutically effective amount of the BMP6 antagonist is to be
admunistered to the patient on the basis of a biological sample from the patient having

a forritin lovel of £ 2000 ng/mb.
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10, A BMPS6 antagonist for use in treating a patient having anenua, characterized
1 that a therapeutically effective amount of the BMP6 antagonist is to be
adnunistered to the patient on the basis of a biological sample from the patient having

a ferritin level of > 300 ng/mlL..

11. A BMPS6 antagonist for use in treating a patient having anemia, characterized
in that:
a) the patient 15 to be sclected for treatment with the BMP6 antagonist on

the basis of a biological sample from the patient having a feratin level of <
2000 ng/mb; and
b} thereafier, a therapeutically effective amount of the BMP6 antagonist

is to be administered to the patient.

12, A BMP6 antagonist for use in treating a patient having anemia, characterized
in that:
a) the patient 15 to be sclected for treatment with the BMP6 antagonist on

the basis of a biological sample from the patient having a ferritin level of >
500 ng/mL; and
b} thereafier, a therapeutically effective amount of the BMP6 antagonist
is to be administered to the patient.
13, A BMPS6 antagonist for use in treating a patient having anemia, characterized
in that:
a} a biological sample from the paticot 1s to be assayed for ferriting and
b} a therapeutically effective amount of the BMP6 antagonist is to be
sclectively administered to the patient on the basis of the biological sample
from the patient having a ferritin level of <2000 ng/mi..
4. A BMPG6 antagonist for use in treating a patient having anemia, characterized
i that:
a} a biological sample from the patient is to be assayed for ferritin; and
b} a therapeutically effective amount of the BMPG antagonist is to be
sclectively administered to the patient on the basis of the biological sample

from the patient having a ferritin level of > 500 ng/ml..

15, A BMP6 antagonist for use in treafing a patient having anemia, characterized
m that:
a) a biclogical sample from the patient 1s to be assayed for ferntin;
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b) the patient is selected for treatment with the BMP6 antagonist on the
bagsis of the biclogical sample from the patient having a ferritin level of <
2000 ng/od.; and

c) a therapeutically etfective amount of the BMP6 antagonist is to be

selectively administered to the patient,

16. A BMP6 antagonist for use in treating a patient having anemia, characterized
in that:

a) a biological sample from the patient 15 to be assaved for fernting

b) the patient is selocted for treatment with the BMP6 antagonist on the

basis of the biological sample from the patient baving a ferritin level of > 500
ng/ml; and
¢} a therapeutically effective amount of the BMP6 antagonist s to be
selectively administered to the patient.
17, A method of predicting the likelihood that a patient baving ancoia will
respond to treatment with a BMP6 antagonist, comprising assaying a biological

-

sample from the patient for ferritin, wheremn a ferritin level of <2000 ng/mL is
mdicative of an increased hikelihood the patient will respond to treatment with the
BMP6 antagomist.

18. A method of predicting the hikelihood that a patient having anemia will
respond to treatment with a BMP6 antagonist, comprising assaving a biological
sample from the patient for territin, wherein a ferritin level of 2 300 ng/ml is
indicative of an increased likelihood the patient will respond to treatment with the
BMP6 antagonist,

19, The method according to any of claims 17-18, further comprising the step of
obtaining the biological sample from the patient, wherein the step of obtaining is
performed prior to the step of assaving.

20.  The method or use of any of claims 1-19, wherein the ferntin level is ferntin
protein level.

21, The method of any of claims 3, 4, 7, &, or 13-19, wherein the step of assaying
comprises a technique selected from the group consisting of an immunoassay,
mmmunchistochemistry, ELISA, flow cvtometry, Western blot, HPLC, and mass

spectrometry.
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22 A method for producing a transmittable form of information for predicting the
responsiveness of a patient having anemia to freatiment with a BMP6 antagonist,
comprising:
a} determining an increased hikelihood of the patient responding to treatment
with the BMP6 antagonist based on the presence of a ferritin level of £ 2000
ng/mL in a biological sample from the patient; and
b} recording the result of the determining step on a tangible or intangible
media form for use in transmission.
23. A method for producing a transmiitable form of information for predicting the
responsiveness of a patient having anemia to treatment with a BMP6 antagonist,
comprising:
a} determining an mcreased hkelihood of the patient responding to treatment
with the BMP6 antagonist based on the presence of a ferritin level of > 500
ng/mkL i a biological sample trom the patient; and
b} recording the result of the determining step on a tangible or intangible
media form for use in transmission.
24, The method or use according to any of claims 1-23, wherein the anemia is
anerma associated with chronic disease.
25.  The method or use according to claim 24, wherein the chronic disease is
chronic kidney disease, cancer or inflammation.
26.  The method or use according to any of claims 1-25, wherein the patient is

being or has been treated with an ervthropotesis stimulating agent (ESA).

27.  The method or use according to claim 26, wherein the ESA is ervthropoietin
(EPO).
28, The method or use accordimg to any of claims 1-27, wherein the anemia is

EPQ-hyporesponsive anenia.

29.  The method or use according to any of claims 1-28, wherein the anemia is
p=l ) >

iron-restricted ancmia, ¢.g., functional ron-restricted anemia.

30, The method or use of any of claims 1-29, wherein the patient 18 a chronic

hemodialysis patient.

31, The method or use according to any of claims 1-30, further comprising

reducing the patient’s iron dose requirement, reducing the patient’s EPO dose

requirement, or reducing both the patient’s iron dose requirement and the patient’s

EPO dose requirement, relative to said EPO dose requirement and/or iron dose
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requirement in the absence of treatment with the therapeutically effective amount of
the BMP6 antagonist,

32.  The method or use according to any of claims 1-31, wherein the biological
sampie 15 synovial fluid, blood, serum, feces, plasma, unne, tear, saliva, cerebrospinal
fhud, a leukocyte sample or a tissue sample.

33, The method or use according to claim 32, wherein the biological sample is

serum o1 blood.

34, The method or use according to claim 33, wherein the biological sample s
SETUL.
35, The method or use according to any of claims 1-34, wherein the BMP6

antagonist is a BMP6 binding molecule.
36.  The method or use according to claim 35, wherein the BMP6 antagonist is an
anti-BMP6 antibody or antigen-binding fragment thereof.
37 The method or use according to claim 36, wheremn the anti-BMP6 antibody or
antigen-binding fragment thereof is an anti-BMP6 antibody or antigen-binding
fragment thereof of an antibody described in Table 1 or Table 14.
38 The method or use according to any of claims 36-37, wherein the anti-BMP6
antibody or antigen-binding fragment thereof comprises:
(a) HCDR1, HCDR2, and HCDR3 sequences of SEQ ID NOs: 69, 70 and
71, respectively, and LCBRY, LCDR2, and LCDRS sequences of SEQ ID
NOs: 79, 80 and 81, respectively;
{b) HCDRI, HCDR2, and HCDRS3 sequences of SEQ ID NQs: 72, 73 and
74, respectively, and LCDRI, LCDR2, and LCBR3 sequences of SEQ 1D
NQOs: 82, 83 and 84, respectively;
{c} HCDRI, HCDRZ, and HCDR3 sequences of SEQ 1D NOs: 29, 30 and
31, respectively, and LCDR, LCDR2, and LUDR3 sequences of SEQ ID
NOs: 39, 40 and 41, respectively;
{d) HCDRI, HCDR2, and HCDR3 sequences of SEQ 1D NOs: 32, 33 and
34, respectively, and LCDRI, LCDR2, and LCDR3 sequences of SEQ 1D
NQg: 42, 43 and 44, respectively;
{e) HCDRI, HCDRZ, and HCDR3 sequences of SEQ 1D NOs: 49, 50 and
31, respectivelv, and LCDRI, LCDR2, and LUDR3 sequences of SEG ID
Ns: 59, 60 and 61, respectively;
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{f) HCDRI, HCDR2, and HCDR3 sequences of SEQ [D NOs: 52, 53 and
54, respectively, and LCDRI, LCDR2, and LCBR3 sequences of SEQ 1D
NQOs: 62, 63 and 64, respectively;
ey HCDRI, HCDR2, and HCDR3 sequences of SEQ 1D NOs: 9, 10 and
11, respectively, and LCDR, LCDR2, and LCDR3 sequences of SEQ ID
NOs: 19, 20 and 21, respectively; or
{h) HCDRI, HCDR2, and HCDR3 sequences of SEQ 1D NOs: 12, 13 and
14, respectively, and LCDRI, LCDRZ, and LCDR3 sequences of SEQ 1D
NQs: 22, 23 and 24, respectively.
39, The method or use according to any of claims 36-38, wherein the anti-BMP6
antibody or antigen-binding fragment thereof comprises:
{a) A VH sequence of SEQ ID NG: 75;
{b) A VH sequence of SEQ 1D NO: 35;
{c) A VH sequence of SEQ ID NO: 55; or
{d) A VH sequence of SEQ ID NO: 15,
40, The method or use according to any of claims 36-39, wherein the anti-BMP6
antibody or antigen-binding fragment thereof compriscs:
{a) A VL sequence of SEQ [D NO: 85;
{b} A VL sequence of SEQ 1D NO: 45;
{c) A VL sequence of SEQ D NO: 65 or
{d) A VL sequence of SEQ 1D NG 25,
41, The method or use according to any of claims 36-40, wherein the anti-BMP6
antibody or antigen-binding fragment thercof comprises:
{a) A VH sequence of SEQ ID NO: 75; and a VL sequence of SEQ 1D
NO: 85;
{b) A VH sequence of SEQ 1D NO: 35; and a VL sequence of SEQ ID
NO: 45;
{c) A VH sequence of SEQ ID NO: 55; and a VL sequence of SEQ ID
NG: 65, o1
{d) A VH sequence of SEQ ID NO: 15; and a VL sequence of SEQ ID
NO: 25
42, The method or use according to any of claims 36-41, wherem the anti-BMP6
antibody or antigen-binding fragment thereof comprises:

{a) A heavy chain sequence of SEQ ID NG: 77,
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(b} A heavy chain sequence of SEQ ID NG: 37;
{c) A heavy chain sequence of SEQ 1D NG: 57 or
{d) A heavy chain sequence of SEQ 1D NO: 17,
43, The method or use according to any of claims 36-42, wherem the anti-BMP6
antibody or antigen-binding fragment thereof comprises:
{a} A light chain sequence of SEQ 1D NG: 8
(b} A light chamn sequence of SEQ 1D NO: 47,
{c) A light chain sequence of SEQ ID NG: 67; or
{d) A light chain sequence of SEQ ID NO: 27,

3

44, The method or use according to any of claims 36-43, wherein the anti-BMP6
antibody or antigen-binding fragment thereof comprises:
{a) A heavy chain sequence of SEQ ID NG: 77, and a light chamn sequence
of SEQ} ID NG: 87,
(b} A heavy chain sequence of SEQ 1 NO: 37; and a light chain sequence
of SEQ ID NG: 47;
{c) A heavy chain sequence of SEQ ID NQ: 57; and a light chain sequence
of SEQ D NQ: 67; 01
{d) A heavy chain sequence of SEQ D NO: 17; and a light chain sequence
of SEG IDNO: 27,
45.  The method or use according to any of claims 36-44, whercmn the anti-BMP6
antibody or antigen-hbinding fragment thercof
a) binds human BMP6 with a KD of <1 aM; or
b} binds human BMP6 with a KD of < 0.1 oM.
46.  The method or use according to any of claims 36-45, wherein the anti-BMP6
antibody or antigen-binding tragment thereof:
a} has at least about 100-fold greater affinity for human BMP6 than human
BMP7;
b} has at Ieast about 100~fold greater affinity for human BMP6 than human
BMPZ, human BMPS, or human BMP7,
¢) has at least about 500-fold greater affinity for human BMP6 than human
BMP2, human BMP35, or human BMP7; and/or
d} has no detectable binding to human BMP2 and/or BMP7 1 an ELISA.
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47.  The method or use according to any of claims 36-46, wherem the anti-BMP6
antibody or antigen-binding fragment thercof comprises a scaffold selected from an
IgM and an IgG.
48.  The method or use according to any of claims 36-47, wheremn the anti-BMP6
antibody or antigen-binding fragment thereof 1s an IgG selected from an 1gGl, an
12G2, and 123 or an 1gG4.
49,  The mcthod or use according o anv of claims 36-48, whercm the anti-BMP6
antibody or antigen-binding fragment thereof1s sclected from the group consisting of:
a monocional antibody, a chimenic antibody, a single chain antibody, a Fab and a
scFv.
50.  The method or use according to any of claims 36-49, wherein the anti-BMP6
antibody or antigen-binding fragment thereof 1s a component of an immunoconjugate.
51.  The method or use according to anv of claims 36-30, wherein the anti-BMP6
antibody or antigen-binding fragment thercof has altered effector function through
mutation of the Fe region.
52.  The method or use according to any of claims 36-51, wherein the anti-BMP6
antibody or antigen-binding fragment thereof binds to a human BMPS epitope
comprising, ¢.g., consisting of, the sequence QTLVHLMNPEY VPKP (SEQ ID NO:
98}.
33, The method or use according to any of claims 36-52 wherein the antibody or
antigen-binding tragment thereof is administered at a dose ranging from 0.001 mg/kg
to 0.1 mg/kg.
54, The method or use according to claim 53, wherein the antibody or antigen-
binding fragment thercof is administered at a dose ranging trom 0.0063 to 0.1 mg/kg.
55. The method or use according to claim 36-53, wherein the antibody or antigen-
binding fragment thercof 13 administered at a dose of 8.001 mg/kg, 0.0016 mg/kg,
6.0025 mg/ke, 0.0040 me/kg, 0.0063 mg/ke, .01 mg/ke, 0.616 mg/kg. 0.025 mg/kg,
0.040 mg/kg, 0.063 mg/kg, or 0.1 mg/kg.
56.  The method or use according to any of claims 36-53, wherein the antibody or
antigen-binding fragment thercof is administered more than once to said patient.
57.  The method or use according to any of claims 36-56, wherein the antibody or
antigen-binding fragment thercof is administered:

a} mtravenously; or

b} subcutancously.
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58, The method or use according to clawm 57, wherein the administration is by
infusion over a pertod of about 30 to about 60 minutes.

59.  The method or use according to any of claims 1-538, wherein the ferritin level
15 < 1900 ng/mi., < 1800 ng/ml, < 1700 ng/ml., < 1600 ng/ml., < 1500 ng/mlL, <
1400 ng/mL, < 1300 ng/ml, <1200 ng/mb, <1100 ng/ml., or < 1000 ng/mk..

60.  The method or use according to any of claims 1-539, wherein the ferritin level
is <1500 ng/ml.

61. The method or use according to any of claims 1-60, wherein the ferntin level
ts > 500 ng/mlL, > 600 ng/mL, > 700 ng/mL., > 800 ng/ml, > 900 ng/mk, > 1000
ng/mb., > 1100 ng/ml., = 1200 ng/mL, > 1300 ng/mL., = 1400 ng/ml, > 1500 ng/mi.,
> 1600 ng/mL, > 1700 ng/mL, > 1800 ng/mL., or = 1900 ng/ml.

62.  The method or use according to any of claims 1-60, wherein the ferritin level
ng/mk, Z 1100 ng/ml., > 1200 ng/ml., > 1300 ng/mL, or > 1400 ng/mi..

63, The method or use according to any of claims 1-4, 9, 11, 13, 15, 17, 22 or 23~

62, wherein the ferritin level is > 500 ng/mL.
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