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ONCOST ATTN M RECEPTOR ANTIGEN BINDING PROTEINS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[001] This application claims the benefit of priority to LIS, Provisional Appl, No. 61/829,082, 
filed May 30,2013, the content of which is incorporated by reference in its entirety herein, 

BACKGROUND OF THE INVENTION 

[0021 Oneostarin M (OSM) and 1 n terieufcift-31 (IL-31} are members of the IL-6 superfamily 
and share a receptor subumt, oneosfatin M receptor-p (OSMR) (Dillon et al., Nat, Immunol. 
5(7): 752-60, 2004). All of the .members of thi s family, except. IL-31, share the common chain 
of glycoprotein 130 (gp'i 30) in their muitimeric receptor complexes. OSM signals through a 
heterodiraeric receptor complex containing OSMR.and gp!30, while IL-3.1 utilizes a gp.130-
like receptor, IL-3IR, in combination with OSMR (Dillon et aL supm; Dreisw et at, J. Biol 
Chem. 279(34): 36112-20, 2004), In general, OSMR and gp'130 are expressed fairly 
ubiquitously across tissues and. cell types, andean be induced, under a variety of stimulation 
conditions. IL-31R expression appears to be relatively more restricted and tightly regulated, to 
human and mice alike, IL-31R mRNA expression is detectable at low levels in tissues such as 
trachea, skeletal muscle, thymus and bone marrow (Dillon et al, supm). Although the level of 
expression is starkly different, both IL-31R. and OSMR, are co-expressed on a multitude of 
tissues, including skin and intestinal epithelial cells, suggesting those tissues should respond to 
IL-31 (Dillon et al., supm; Dambacher et al, Gut 56(9); 1257-65, 2007), While OSMR is 
expressed constitutively in the lung on epithelial cells, IL-31R expression is at negligible to low 
levels in the lung tissue, but upregulated upon various methods of airway challenge (Dillon et 
al, supra; Jawa et al., J. Interferon Cytokine Res. 28(4): 20?-! 9, 2008), 

[0031 Secreted primarily by T lymphocytes, macrophages, and neutrophils, OSM and IL-31 
are both upregulated in a variety of disease states that involve inflammation. OSM has been 
implicated in diverse biological roles including bane formation, cartilage degradation, 
cholesterol uptake, pain and inflammation (Cawston et al., Arthritis Rheum. 41(10): ! 760-71, 
1998; Hasegawa et al, Rheumatology (Oxford) 38(7); 612-7,1999; Levy etal., J, Hepatol, 
32(2): 218-26,2000; Mameourt et al. Arthritis. Rheum. 43(2); 281-8,2000; de Hooge et al„ 
Am J, Pathol. 160(5): 1733-43,2(X>2; Luzina et al.. Arthritis Rheum 48(8): 2262-74, 2003; 
Morikawa et al., J. Neurosei. 24(8): 1941-7,2004; Kong et at, I. Lipid Res, 46(6): 1163-71, 
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2005). OSM has been demonstrated to be a potent modulator of extraceikiiar matrix (ECM) in 
a variety of contexts, .suggesting that OSM is able to mediate seemimgly opposite pathological 
consequences,, including fibrosis fan excess of ECM) and cartilage degradation (a breakdown of 
ECM). Depending on tissue type and environmental milieu, both, of these effects have been 
observed when OSM has been overexpressal or exogenously administered into lungs or joints 
of mice, respectively (Richards et al., Btochem. Soc. Trass. 30(2): 107-11,2002; Hui et al, 
Arthritis Rheum. 48(12); 3404-18, 2003; Rowan et al, Am. 1 Pathol. 162(6): 1975-84, 2003). 
In addition, OSM has previously been shown to be upregulated in human pathologies where 
these types of consequences exist (Cawston et al. supra; Ilasegasva et al. supra; Levy et al, 
supra; Manicourt et al, supm; Lwzina et ai, supra). Predominantly, a locally-acting cytokine, 
OSM is upregulated in the synovial fluid from joints of patients with rheumatoid arthritis (RA> 
(Cawsioii et al, supra; Manicourt et al, supra), in. the broneheoalevokr lavage (BAL) fluid of 
patients with seieroderma-associated interstitial lung disease (Luzinaet al, supra), idiopathic 
pulmonary fibrosis (IFF), and in the livers of patients with cirrhosis (Levy et al, supm). The 
proposed impact on ECM by OSM can be attributed in part to the ability of OSM to shift the 
balance between matrix metalloproteinases {MMPs) and tissue inhibitors of MMPs (TLMPs), 
TIMPs bind to MMPs in a 1:! ratio with, a high affinity that results hi a loss of MMP 
proteolytic activity. TIMP-.1 and Tl'MP-3 have been previously shown to be differentially 
regulated by OSM, resulting in an increase in TIMP- i and a decrease in TLMP-3 (Gatsios et ai, 
Eur. .1 Biocheni. 241(1): 56-63, 1996), In addition to regulating the digestion of extracellular 
matrix components, MMPs are also implicated in the cleaving and subsequent acti vation of a 

number of proteins, including TGF~p, a potent pro-fibrotic cytokine (Leask et al, FASEB J. 
18(7): 8 .16-27,. 2004). OSM has also been reported to be capable of directly inducing the 
transcription, of type I collagen in vitro (Hasegawa et al, J. Rheumatol, 25(2): 308-13, 1998), 

[004] Expression of both. OSM and IL-31 has been found, in the* skin of patients with psoriasis 
and atopic dermatitis, and mutations in OSMR and IL-3.1 R have been linked to systemic 
cutaneous amyloidosis. System-wide transgenic overexpression of I L-31 induced a pruritic 
inflammatory response in the skin of mice. Both. OSM and IL-31 both signal through OSMR 
on. neurons where they have been suggested to promote nociceptive and pruritic responses. 

[005.1 Collectively, these links to human diseases and the ability of OSM and IL-31 to 
promote a diverse array of pathologies, including at least inflammation, extracellular matrix 
remodeling, pain, and pruritis, suggest blockade of OSMR is a useful target for therapeutic 
intervention in many diseases and disorders associated with OSMR, 
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SUMMARY OF THE INVENTION 

[006] The invention provides anti-OSMR antigen binding proteins, e,g., antibodies and 
functional fragments thereof having properties amenable to commercial production and 
therapeutic use .in humans. The anti-OSMR antigen binding proteins are useful in methods of 
treating diseases and disorders associated with OSMR and, particularly, those associated with 
the binding of OSM or .11,-3.1 to OSMR. Provided herein are OSMR-binding antibodies that 
bind OSMR with high affinity and effectively block OSM and/or IL-31 binding to OSMR. 
thereby reducing OSMR-mediated signaling in the cell. 

[007] hi a first aspect, the OSMR antigen binding protein comprises a) a light chain variable 
domain having at least 90% identity, at least 95% identity, or is identical to the amino acid 
sequence set forth in SEQ ID NO:27, SEQ ID NO:28, or SEQ ID NO:29; bj a heavy chain 
variable domain having at least 90% identity, at least 95% identity, or is identical to the amino 
acid sequence set forth in SEQ ID NG:9, SEQ ID NO: 10, or SEQ ID NO: 11; or c) the light 
chain variable domain of a) and the heavy chain variable domain of b). 

[008] Preferred antigen binding proteins of the first aspect include those comprising a light 
chain variable domain having at least 90%, at least 95%, or is identical to the amino acid 
sequence set forth in SEQ ID NO:2? and a heavy chain variable domain having at least 90%, at 
least 95%, or is identical to the amino acid sequence set forth in SEQ ID MO:9; those 
comprising a light chain variable domain having at least 90%, at least 95%, or is identical to the 
amino acid sequence set forth in SEQ ID NO:28 and a heavy chain variable domain having at 
least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO: 10; 
and those comprising a light chain variable domain ha ving at least 90%, at least 95%, or is 
identical to the amino acid sequence set forth in SEQ ID NO:29 and a heavy chain variable 
domain having at least 90%, at least 95%, or is identical to the amino acid sequence set forth in 
SEQ ID NO:II, 

OSMR antigen binding proteins comprising a heavy chain variable domain having the above-
defined sequence reiatedness to SEQ ID NO:9 can optionally contain an amino acid other than 
asparagiue (for example, aspartic acid) at the position corresponding to position 73 in SEQ ID 
NO:9. In. such embodiments, the heavy chain variable domain optionally comprises the amino 
acid sequence set forth in SEQ I D NO:53. 

OSMR. antigen binding proteins comprising a heavy chain, variable domain having the above-
defined sequence reiatedness to SEQ ID NO: 1.0 can optionally contain an amino acid other than 
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asparagine (for example, aspartsc acid) at the position corresponding to position 73 in SEQ ID 
NO: 10. In such embodiments, the heavy chain variable domain optionally comprises the amino 
acid sequence set forth in SEQ ID NO:54. 

{0091 In a second aspect, the OSMR antigen binding protein comprises a) a light chain 
variable domain having no more than ten or no more than five amino acid additions, deletions 
or substitutions from the amino acid sequence set forth in SEQ ID NO:27„ SEQ ID NO:28, or 
SEQ ID NO:29; b) a heavy chain variable domain having no more than ten or no more than five 
amino acid additions, deletions or substitutions from the amino acid sequence set forth in SEQ 
ID NO#, SEQ ID NO: 10, or SEQ ID NO: 11; or e) the light chain variable domain of a) and the 
heavy chats variable domain of bj. 

[00101 Freferted antigen binding proteins of the second aspect include those comprising a light 
chain variable domain having no more than ten or no more than five amino acid additions, 
deletions or substitutions from the amino acid sequence set forth in SEQ IDNO:27 and a heavy 
chain variable domain having no more than ten or no more than five amino acid additions, 
deletions or substitutions from the amino acid sequence set forth in SEQ IDNO:9; those 
comprising a light chain variable domain having no more than ten or no more than: fi ve amino 
acid additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID 
NO:28 and a heavy chain variable domain having no more than ten or no more than fi ve amino 
acid additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID 
NO: 10; and those comprising a light chain, variable domain having no more than, ten or no more 
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth 
in SEQ ID NO:29 and a heavy chain variable domain ha ving no more than ten or no more than 
five amino acid additions,, deletions or substitutions from the amino acid sequence set forth in 
SEQ ID NO: 11. 

OSMR antigen binding proteins comprising a heavy chain variable domain having the above-
defined. sequence reiatedness to SEQ ID NO:9 can optionally contain an amino acid other than 
asparagine (for example, aspailic acid) at the position corresponding to position 73 in SEQ ID 
NO:9. In such embodiments, the heavy chain variable domain optionally comprises the amino 
acid sequence set forth in SEQ ID NO: 53,. 

OSMR antigen binding proteins comprising a heavy chain variable domain having the above-
defined sequence reiatedness to SEQ ID NO: 10 can optionally contain an amino acid other than 
asparagine (for example, aspartic acid) at the position corresponding to position 73 in SEQ ID 
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NO: 10. In such embodiments, the heavy chain variable domain optionally comprises the amino 
acid sequence set forth in SEQ ID NO: 54. 

1001Ij In a third aspect, die OSMR. antigen binding protein contains a light chain variable 
domain comprising a) an LC0R i having no wore than three amnio acid additions, deletions, or 
substitutions .from the LCDRJ sequence set forth hi SEQ ID NO;30; an LCDR2 having no 
more than three amino acid additions, deletions, or substitutions from the LCD.R2 sequence set 
forth in SEQ ID NO:33; and an LCDR.3 having no more than three amino acid additions, 
deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NO:36; b) an LCDR1 
having no more than three amino acid additions, deletions, or •substitutions from the ICDRi 
sequence set forth in SEQ ID NO:31: an LCDR2 having no more than three amino acid 
additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID NO:34; and 
an LCDR3 having no niore than three amino acid additions, deletions, or substitutions from the 
LC.D.R3 sequence set forth in SEQ TD NO:37: or c) an LCDRi having no more than three 
amino acid, additions, deletions, or substitutions from the LCPR.I sequence set forth in SEQ ID 
NO:32; an LCDR2 having no more than three amino acid additions, deletions, or substitutions 
from the LCDR2 sequence set forth in SEQ ID NO:35; and an LCDR3 having no more than 
three amino acid additions, deletions, or substitutions from the LCDR3 sequence set forth in 
SEQ ID NO;38; and a heavy chain variable domain comprising d) an HCDRI having no more 
than three amino acid additions, deletions, or substitutions from the HCDRI sequence set forth 
in SEQ ID NO: 12; an HCDR2 having no more than three amino acid additions, deletions, or 
substitutions from the RC.D.R2 sequence set forth in SEQ ID NO; 15; and an HCDR3 having no 
more than three amino acid additions, deletions, or substitutions from the HCDR3 sequence set 
forth in SEQ ID NO:IS; c) an HCDRI having no- more- than three amino acid additions, 
deletions, or substitutions from the HCDRI sequence set forth in SEQ ID NO;. 13; an H.CD.R2 
having no more than three amino acid additions, deletions, or substitutions from the MCDR2 
sequence set forth in SEQ ID 'NO: 16; and an HCDR3 having no more than three amino acid 
additions, deletions, or substitutions from the HCDR3 sequence set-forth in SEQ I'D NO: 19; or 
ij an HCDRI having no more than three amino acid additions, deletions, or substitutions .from 
the HCDRI sequence set forth in SEQ ID NO: 14; an HCDR2 having no more than three amino 
acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID 
NO: 17; and. an HCDR.3 having no more than three amino acid additions, deletions, or 
substitutions from the HCDR3 sequence set forth in SEQ ID N0:20. 
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[0012 ] Preferred OSMR antigen binding proteins of third aspcct include those comprising the 
light chain variable domain of a) and the heavy chain variable domain of d); those comprising 
the light chain variable domain of b) and the heavy chain -variable domain of c); and those 
comprising the light chain variable domain of c) and the heavy chain variable domain off), 

OSMR antigen binding proteins comprising the light chain variable domain of a) and tbe heavy 
chain variable doma in of d) can optionally contain a heavy chain variable domain that 
comprises an amino acid other than asparagine (tor example, aspartic acid) at the position 
corresponding to position 73 In SEQ ID NG:9. In such embodiments, the heavy chain variable 
domain optionally comprises the amino acid sequence set forth in SEQ ID NO:53. 

OSMR antigen binding proteins comprising the light chain variable domain of b) and the heavy 
chain variable domain of e.) can optionally contain a heavy chain variable domain that 
comprises an amino acid other than asparagine (for example, aspartic acid) at the position 
corresponding to position 73 in SEQ ID NO: 10, In such embodiments, the heavy chain 
variable domain optionally comprises the amino acid sequence set forth in SEQ ID NO:S4. 

[0013] In a fourth aspect of the invention,, the OSMR antigen binding protein, of the first, 
second, or third aspect binds to human OSMR with an affinity of less than or equal to .1 x 
M. 

[0014| In a fifth aspect of the invention, the OSMR antigen, binding protein of the first, second, 
third, or fourth aspec t inhibits binding of human OSM to human OSMR and/or human IL-31 to 
human OSMR. 

[001,5] in a sixth aspect of the invention, the OSMR antigen binding protein of the first, second, 
third, fourth, or fifth aspect reduces human OSM-mediated and/or human IL-31-mediated 
OSMR signaling in. human. OSMR-cxpressing cells, 

[0016 ] In a seventh aspect of the invention, the OSMR antigen binding protein of the sixth 
aspect reduces cynomolgns monkey OSM-rnediated and/or IL-31-racdiated OSMR signaling in 
cynooiolgus monkey OSMR-expressiag ceils,. 

{'001.7] In an. eighth aspect of the invention, the OSMR antigen binding protein of the first, 
second, third, fourth, fifth, sixth or seventh aspect is an antibody, such as a human antibody, 
Preferred antibodies include those antibodies that comprise a light chain having the amino acid 
sequence set forth in SEQ ID NO:24 and a heavy chain having the amino acid sequence set 
forth in SEQ ID NQ:6; those that comprise a light chain having the amino acid sequence set 
forth in SEQ ID:25 and a heavy chain having the amino acid sequence set forth m SEQ ID 
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NC):7; and those that comprise a fight chain having the ammo acid sequence set forth in SEQ 
ID: 26 and a heavy chain having the amino acid sequence set forth to SEQ ID NO:8. 

Additional antibodies include those antibodies that comprise a light chain having the amino 
acid sequence set forth m SEQ ID NO:24 and a heavy chain having the amino acid sequence set 
forth hi SEQ ID N0:50; those that comprise a light chain haying, the ammo acid sccjuenee set 
forth in SEQ !.D:25 and a heavy chain having the amino acid sequence set forth in SEQ ID 
NO:5 I; and those that comprise a light chain having the amino acid sequence set forth in SEQ 
ID:26 and a heavy chain having the amino acid sequence set forth in SEQ ID NO:52. 

[0018] hi a ninth aspect, the invention provides nucleic acids or isolated nucleic acids encoding 
one or more polypeptide components of a OSMR antigen binding protein, e.g., an antibody 
light chain or antibody heavy chain. In preferred embodiments the nucleic acid encodes a 
polypeptide comprising: 

[00191 a) a light chain variable domain having at least 95% identity to the amino acid 
sequence set forth in SEQ ID MO:27, SEQ ID NO:2S, or SEQ ID NO:29; 

[ 00201 b) a heavy chain variable domain having at least 95% identity to the amino acid 
sequence set forth in SEQ ID NO:9, SEQ ID MO: 10, or SEQ ID NO: 11; 

[0021 ] e) a light chain variable domain having no more than five amino acid additions, 
deletions or substitutions from the amino acid sequence set forth in SEQ ID NO:27, SEQ ID 
NO:28; or SEQ ID NO:29; 

[00221 d) a heavy chain variable domain having no more than five amino acid additions, 
deletions or substitutions from the amino acid sequence set forth in SEQ ID NQ:9, SEQ ID 
NO: 10, or SEQ ID .NO: II; 

[0023} e) a light chain variable domain comprising: 

[0024] i) an LCDRI having no more than three amino acid additions, deletions, or 
substitutions from the LCDRI sequence set forth in SEQ ID NO:3t>; an LC.D.R2 having no 
more than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set 
forth in SEQ ID NO:33; and an LCDR3 having no more than three amino acid additions, 
deletions, or substitutions from the LCOR3 sequence set. forth in SEQ ID NO;36; 

[0025] is) an LCDRI having no more than, three amino acid additions, deletions, or 
substitutions from the LCDRI sequence set forth in SEQ ID NQ:3I; an'LCDR2 having no 
more than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set 
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forth in SEQ ID NO:34; and an LCDR3 having no more than three amino acid additions, 
deletions, or substitutions ftora the LCDR3 sequence set forth in SEQ ID NO;37; or 

10026j iii) aii LCDRI having; no more than three amino acid additions, deletions, or 
substitutions from the LCDRI sequence set forth in SEQ ID NO:32; an LCDR2 having no 
more than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set 
forth in SEQ ID NO:35; and an LCDR3 having no more than three amino acid additions, 
deletions, or substitutions from the LC.DR3 sequence set forth in SEQ ID NO:38; or 

[0027] f) a heavy chain variable domain comprising: 

[00281 i) an HCDRI having no more than three amino acid additions, deletions, or 
substitutions from the HCDRI sequence set forth in SEQ ID NO: 12; an HCDR2 having no 
more than three amino acid additions, deletions, or substitutions from the HCDR2 sequence set 
forth in SEQ I'D NO: J 5; and an HCD.R3 having no snore than three arai.no acid additions, 
deletions, or substitutions from the HCDR3 sequence set: forth in SEQ ID NO: 18; 

[0029] ii) an HCDRI having no more than three amino acid additions, deletions, or 
substitutions from the HCDRI sequence set forth in SEQ ID NO: 13; an HCDR2 having no 
more than three amino acid additions, deletions, or .substitutions from the HCDR2 sequence set 
forth jin SEQ ID NO; 16; and an HC.DR3 having no more than three amino acid additions, 
deletions, or substitutions from, the HCDR3 sequence set forth in SEQ ID NO: 19; or 

[0030] iii) an HCDRI ha ving no more than three amino acid additions, deletions, of 
substitutions from the HCDR 1 sequence set forth in SEQ ID NO: 14; an HCDR2 ha ving no 
more than three amino acid additions, deletions, or substitutions from the RCDR2 sequence set 
forth in SEQ ID NO; i 7; and an HCDR3 having no more than three amino acid additions, 
deletions, or substitutions from the HCDR.3 sequence set forth in SEQ I'D NO:20. 

In certain embodiments, the nucleic acid or isolated nucleic acid encodes a polypeptide that 
comprises the amino acid sequence set forth in SEQ ID NO:53 or SEQ ID NO:54. 

In certain embodiments, the nucleic acid or isolated nucleic acid encodes a polypeptide that 
comprises the amino acid sequence set forth in. SEQ) ID NC):50, SEQ ID NO:51, or SEQ ID 
NO: 52. 

[00311 In certain embodiments of the ninth aspect, the nucleic acid or isolated nucleic acid 
encodes an antibody light chain and is at least 80%, at least 90%, at least 93%, or is 100% 
identical to the nucleotide sequence set forth in SEQ ID NO:2I,: SEQ ID NO:22, or SEQ) ID 
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NO:23. In other embodiments of the ninth aspect the nucleic acid or isolated n ucleic- acid 
encodes an antibody heavy chain and is at least 80%, at least 90%, at least 95%, or is 100% 
identical to the nucleotide sequence set forth in SEQ I'D NO:3, SEQ ID N'0:4;, or SEQ ID 
NO:5. 

to certain embodiments, the heavy chain is encoded by a nucleic acid comprising a nucleotide 
sequence set forth in SEQ ID NO:47, SEQ ID NO:48, or SEQ I'D NO:49. 

[00321 In a tenth aspect, the invention provides an expression vector comprising one or more 
nucleic acids or isolated nucleic acids of the eighth aspect, in certain embodiments, the 
expression vector encodes an. antibody light chain, an antibody heavy chain, or both, an 
antibody light chain and a heavy chain. 

[0033] In an eleventh aspect, the invention provides a recombinant host cell comprising one or 
more nucleic acids or i solated, nucleic acids of the ninth, aspect operably linked to a promoter, 
including recombinant host cells comprising one or more expression vectors of the tenth aspect 
of the invention, in preferred embodiments, tire recombinant host cell secretes an antibody that 
binds OSMR. Preferred host cells are mammalian host cells, including C.H.0 cell lines. 

[ 0034] In a twelfth aspect, the invention provides methods of treating an autoimmune disorder, 
an. inflammatory disorder, or a disorder associated with extracellular matrix deposition or 
remodeling, said method comprising administering a therapeutically effective amount of an 
OSMR. antigen binding protein of any one of the first, second, third, fourth, fifth, sixth, sixth, 
seventh, or eightii aspects to a patient in need thereof. In preferred embodiments, the OSMR 
antigen binding protein is an antibody comprising a light, chain, variable domain amino acid 
sequence as set forth in SEQ ID NO:27 and a heavy chain variable domain amino add 
sequence as set forth in SEQ ID N0:9 (e.g., Abl), an. antibody comprising a light chain 
variable domain amino acid sequence as set forth, in SEQ ID.NQ:28 and a heavy chain variable 
domain amino acid sequence as set forth in SEQ ID NO; 10 (e.g., Ab2), or an antibody 
comprising a light chain variable domain amino acid sequence as set forth in SEQ ID NO:29 
and a heavy chain variable domain amino acid sequence as set forth in SEQ ID NO; 11 (e,g„ 
Ab3), In some embodiments, the OSMR antigen binding protein is an antibody comprising a 
light chain variable domain, amino acid sequence as set. forth in SEQ ID N0;27 and a heavy 
chain variable domain amino acid sequence as set forth in SEQ ID N0:53„ or an antibody 
comprising a light chain variable domain amino acid sequence as set forth in SEQ I'D N0:28 
and a heavy chain variable domain amino acid, sequence as set forth in SEQ ID NG:54. In 
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preferred embodiments, the OSMR antigen binding protein inhibits binding of OSM to OSMR 
or IL-31 to OSMR. In particularly preferred embodiments, the autoimmune disorder, 
inflammatory disorder, or disorder associated with extracellular matrix, deposition or 
remodeling is fibrosis, cartilage degradation, arthritis, rheumatoid arthritis., scleroderma, 
scleroderma-assoeiated interstitial. lung disease, idiopathic pulmonary fibrosis, cirrhosis, 
psoriasis, atopic dermatitis, systemic cutaneous amyloidosis, primary cutaneous amyloidosis, 
inflammation, pruritic inflammation, prurigo nodularis, and pain. 

10035 J In a thirteenth aspect:, the invention pro vides a method of making an OSMR antigen 
binding protein of any one of the first, second, third, fourth, fifth, sixth, sixth, seventh; or eighth 
aspects by cul.tnri.ng a recombinant host cell of the eleventh aspect and isolating the OSMR 
antigen binding protein from said culture. 

jOOM] In a fourteenth aspect, the invention provides OSMR antigen binding proteins of any 
one of the first, second, third, fourth, fifth, sixth, sixth, seventh, or eighth aspects that cross-
compete with an antibody selected from the group consisting of: 

[0037] a) an an.ti.body comprising a light chain comprising the amino acid sequence set forth in 
SEQ ID:24 arid a heavy chain comprising the amino acid sequence set forth in SEQ ID NO:6; 

j0038 [ b) an antibody comprising a light chain, comprising the amino acid sequence set forth in 
SEQ ID:25 and a heavy chain comprising the amino acid sequence set forth in SEQ ID NO:7; 
and 

[0039] c) an antibody comprising a light chain comprising the amino acid sequence set forth in 
SEQ ID:26 and a heavy chain comprising the amino acid sequence set forth hi SEQ ID NO:8. 

DETAILED DESCRIPTION 

10040] The section headings used herein are for organizational purposes only and are not to be 
construed as limiting the subject matter described. All references cited within the body of this 
specification are expressly incorporated by reference in their entirety, 

100411 Standard techniques may be used for recombinant DMA, oligonucleotide synthesis, 
tissue culture and transformation, protein purification, etc. Enzymatic reactions and. 
purification techniques may be performed according to the manufacturer's specifications or as 
commonly accomplished in the art or as described herein. The following procedures and 
techniques may be generally performed according to conventional methods well known in the 
art and as described in various general and more specific references that are cited and discussed 
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throughout the specification. See, e.g., Sambrook et al, 2001, Molecular Cloning: J 
Laboratory Mmml 3m e&, Cold Spring Harbor Laboratory Press, cold Spring Harbor, N.Y., 
which is incorporated herein by reference for any purpose. Unless specific definitions are 
provided, the naimenclature used in connection with, and the laboratory procedures and 
techniques of, analytic chemistry, organic chemistry, and medicinal and pharmaceutical 
chemistry described herein are those well known and commonly used m the art. Standard 
techniques may be used for chemical synthesis, chemical analyses, pharmaceutical preparation, 
formulation, and delivery and treatment of patients. 

OSMR 

{0042} The antigen binding proteins described herein bind to OSMR, OSM and IL-31 signal 
through OSMR. OSMR is a member of the type I cytokine receptor family. OSMR 
hcterodimenzes with glycoprotein 130 (also known as gpl30, interleukm 6 signal transducer 
(IL6ST), lL6-beta, or CD 130) to form the type II OSMR. OSMR. also heterodimerizes with IL~ 
31 receptor A (IL31RA) to form the IL-31 receptor and, thus, transduces OSM- and IL-31-
induced signaling events, in exemplary embodiments, an OSMR antigen binding protein hinds 
OSMR and prevents OSM- and/or IL-3 i -mediated signaling in cells expressing OSMR. 

{'00431 Human OSMR sequences are knows in the art. In various aspects, human OSMR 
protein sequences are provided in GenBank Accession Nos, AA125210, AA1.25211, 
KP_003990, and EAW55976.. An exemplary human OSMR amino acid sequence (SEQ ID 
NO: 1) is provided in Table 1. The protein is made up of several domains: Amino acids 1.-27 
correspond to the signal sequence which may be cleaved during processing of fee protein in 
mammalian ceils; amino acids 28-740 correspond to the extracellular domain; and amino acids 
741-761 correspond to the transmembrane domain. In preferred embodiments, the antigen 
binding proteins described herein bind to the extracellular domain of OSMR and prevent the 
interaction, of OSM. and/or IL-31 with. OSMR, 

[0044] Human OSM sequences are known in the art. hi various aspects, human OSM protein 
sequences are provided in GenBank Accession Nos, CAG30420. CAG46504, N'P 06S391, 
PI3725, AAC05173, EAW59864, and AAHU.589. An exemplary human OSM amino acid 
sequence (SEQ ID NO: 39) is provided in. Table 1. Amino acids .1 -25 correspond to the signal 
sequence: amino acids 26-220 correspond to the mature protein; and amino adds 221-252 
correspond to the propeptide sequence. 

-11 -



WO 2014/194274 PCT/US2014/040360 

[0045] Human IL-31 sequences -are known in the art. In various aspects, human IL-31 protein 

sequences are provided in GenBank Accession Nos. NP 001014358, AAS86448, AAI32999, 

AA1330O1, Q6EBC2, and EAW98310. An exemplary 'human IL-31 amino acid sequence (SEQ 

ID NO: 41) is provided m Table 1. Amino acids I-23 correspond to the putative signal 

sequence. 

[0046] Human I.L3.I RA sequences are known in the ait. hi various aspects, human IL3 IRA 

protein sequences are provided in GenBank Accession Nos. AAS86447, NP_00.1229567, and 

CBL94051. An exemplary human IL3IRA (v4„ isoform3) amino acid sequence (SEQ ID'NO: 

43) is provided in Table 1. Ammo acids 1-32 correspond to the signal sequence; and amino 

acids 533-553 correspond to the transmembrane sequence. 

[0047] Human gpl 30 sequences are known in the art, In various aspects, human gp 130 protein-

sequences are provided in GenBank Accession.Nos. AA117403, AA.1'17405, EAW54936, 

NP_002I75, ABK.41.905, and AAA59155. An exemplary human gpl 30 amino acid sequence 

(SEQ ID NO: 45) is provided in Table L The protein is made up of several domains: Amino 

acids 1-22 correspond to the signal sequence; amino acids 23-619 correspond to the 

extracellular domain; amino acids 620-641 correspond to the transmembrane domain; and 

amino acids 642-918 correspond to the cytoplasmic domain. 

Table I 

Human OSMR amino add sequence (SEQ ID NO:!) 

MALFAVFQTT.FFLTLLSLRTYQSEVLAERLPLTPVSLKVSTNSTRQSLHLQ\VTVHNLPY 
HQELKMVFQlQi'SRfETSNYIWVGNYSTTVKWNQVLHWSWESELPLECAtHFVRIKSL 
VDDAKFPEPNFWSNWSSWEEVSVQDSTGQDILFVFP&DKLYEEGTNVTICYVSRNIQN 
NVSCYLEGKQIH'G.EQLDPHVTAFNLNSVPFIRNKGTNlYCEASQGNySEGMKGIVLFVS 
K¥.LEEPKD.FS€ETEDF.KTLHC'TWDPGTDT:ALGWSKQPSQSYTLF.ESFSGEKKLCTHKN 
WCNWQITQDSQETYNFTL1.AENYLRKRSVNILFNLTHRVYLMNPFSVNFENVNATNA1. 
MTWKVHSIRNNFIYLCQIELHGEGKMMQYNVSIKVNGEYFLSELEPATEYMARVRCA 
DASHFWKWSEWSGQNFTTLEAAPSBAPDVWRIVSLEPGNHTVTLF'WKPLSICLHANGK 
ILFYNVVVENLDKPSSSELHSIPAPANSTKLILDRCSYQICVIANNSVGASPASVIVISADP 
ENKEVEEERIAGTEGGFSLSWKPQPGDViGYVVDWCDHTQDVLGDFQWKNVGPNTTS 
T Vl'STD A FR PG V R Y.DFRIYGLSTK Rl ACLLEKKTG YSQEL APS'DNPH VL V.DTLTS HSFTL 
SWKDYSTESQPGFIQGYHVYLKSKAR.QCHPRFEKAVLSDGSECeKYKlDNPEEfCAIJV 
DNLK.PES.FYEF.FIT'PFTSAGEGPSATFTKV'.TTP'DEHSSMlJHII.L.PM.V'FCVLI.,iMVMCY'i, 
K SQ WIK ETCY PD1PD P Y KS SlLSLlKFKENPHLnMN VSDCIP Q Al EV VSKPEGTK1Q FLGT 
RKSLTETELTKPNYLYLLPTEKNHSGPGPCICFENLTYNOAASDSGSCGHVPVSPKAPS 
MLGLMTSPENVLKALEKNYMNSLGEIPAGETSLNYYSQLASPMFGDKDSLPTNPVEAP 
HCSEYKM.QMAYSLRLALPPPTENSSLSS1TLLDPGEHYC 
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Human OS M amino acid sequence (SEQ IB NO:39) 

MGVLLTQRXLLSLVLALLFPSMASMAAIGSCSKEYRVLLGQLQKQTDLMQDTSRLLDP 
YIRIQGLDVF&LREHCftERPGAFPSEErLRGLGRRGFLQTLNATLGCVLHRLADLEQRL 
PKAQDLERSGLMEDLEKLGMARPMLGLRNNIYCMAQLLDNSDTAEPTKAGRGASQP 
PTPTPASnAFGRKLBGCRPLHGYHRPMHSVGRVFSKWGBSPNRSRRHSPfiQALRKGY 
RRTRPS.RKGKR.LiVn.RGQ.LPK 

Humatt 1L-31 iunino acid sequence (SEQ ID NO:4l.) 

MASHSGPSTSVLFLFCCLGGWLASI-jTLPVRLLRPSDDVQKfVEELQSLSKMLLKDVEEE 
KGV.LVSQNYTLPC.LSPDAQPPNNJHSPA1RAYLKT1RQL-DKKSV1DETI.EHLDKLIFQ.DAP 
.ETNISVPTPTHBCKRFI.LTI.SQQFSBCMPLA.LKSLl'SGAQQATT 
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Human 1131 RA amino acid sequence (SEQ !JD NO:43) 

MKLSPQFSCVNLGMMWTWALWMLPSLCKFSLAALFAKPENISCVYYYRKNLTCTWS 
PGKETSYIQYTVKRTYAFGEKHDNCTmSSTSENRASCSFFLPRlTiPDNYTiEVEAENG 
DGVIKSHMTYWRLENIAKTEPPKiFRVKPVLGIKRMiQlEWIKPEIAPVSSDLKYTLRFR 
TVNSTSWMEVNEAKNRKDKNQTYNLTGLQPFTEYVIAERCAVKESKFWSDWSQEKM 
GMTEEEAPeGLELWRVLKPAEADGRRPWLLWKKARGAPVLEKTLGYNIWYYPESNT 
NLTETMNTTNOQLELHLGGESFWVSMISYNSLGKSPVATLRIFAIQEKSFQCIEVMQAC 
VAEDQLVVKWQSSALDVNTWMlEWFFDVDSBPlTLSWESVSQA'mVVTiQQDKLKPF 
WCYNtSVYPMLHDKVGEPYSIQAYAKEGVPSEGPETKVEHiGYKTVmWKEIPKSERK 
GH'CNYTIFYQAEGGKGFSKTVNSSILQYGLESLICRICTSYIVQVMASTSAGGTNGTSINF 
KTESFSVFEIILITSLiGGGLEILiiLTVAYGLKKPNKLTHLCWPTVPNPAESSIATWHGDD 
FKDKLNLKESDDSWTEDRILKPCSTPSDKEYiDKLVVMFGNYLQEIFTDEARTGOENN 
LGGEKNGTRILSSCPTSI. 

Human gpi30 amino acid sequence (SEQ I'D NO;45) 

MLTLQTWLVQALFJFLTTESTGELLDPCGYISPESPVVQLHSNFIAVCVLiCE-KCMDYFIl 
VNANYlVWKTNHFTIPKEQYTIlNRIASSVTFTDIASl.NiOL'rCNIETFGQ:LEQNVYGrai 
SGLPPEKPKKIJCIVNEGKKMRCEWDGGREI HLETNFTLKSEWATHK.FADCK.AKRDI' 
PTSCTVDYSTVYFVNIEVWVEAENA.LGKVTS'DHINTF.DPVYKVK'PNPFHNTLSVINSEELS 
SiLKLTWTNPSlKSVULKYNIQYRTKDASTWSQlPPEDTASTRSSfTVQDLKPFTEYVFRI 
RCMKEDGKGYWSDWSEEASGITYEDRPSK.APSFWYKIDPSHTQGYRTVQLVWKTEPP 
FEANGKILDYEVTLTRWKSHEQNYTVNAJKLTVNLTNDRYLATETVRNEVGKSDAAV 
LTIPAC.DFQATHPVMDLKAFPKDNMLWVEWTTPRESVKKYILEWCVLSDKAPCIIDW 
QQEDGT¥HRTYLRGNLAESK.CYLjTVTPVYADGPGSPESIKAYLKQAPPSlCGPTVR:TK 
KVGKNEAVEEWDQLPVDVQNGFlRMYTIFYRT'nGNE'I'AVNVDSSHTEYTLSSETSDTL 
YM VRMAA YIDEGGKDGPEFTFTrPICFA QGEIE Al VV P VCLAFELTTELG YLFCFNKRD 
LiKK'HIWPN'VPDPSKSHIAQWSPHTPPRHNFNSKDQMYSDSNFTDVSVVE1V ANDKKPF 
PEDLKSLDLFK.KEK1NTEGHSSGIGGSSCMSSSRPS1SSSDENESSQNTSSTVQYSTVVHS 
GYRH.QWSVQVFSRSESTQPLLDSEERPEDLQLVDHVDGGDGILPRQQYFKQ-NCSQHE 
SSFDlSHEERSKQVSSVNEEDEVRLKOQiSDHlSQSCGSGQMKMFQEYSAADAFGPGTE 
GQVERFETVGMEAATDEGMFKSYEPQTVRQGGYMPQ 

[0048 j in particular embodiments of the present invention, -antigen binding proteins described 

herein bind both human and cynomofgas monkey OSMR with high affinity, including those 

that bind with high affinity and block interaction of cynomolgus monkey OSM and/or IL-31 to 

cynoffiotgus -monkey OSMR.. These characteristics allow informative toxicology studies in 

non-human primates, 

10049} A Rhesus macaque (Macaca mulatto) OSMR protein sequence is known in the art and 

is provided in GenBank Accession No, XP 00i 083745, AD exemplary cysomolgns monkey 

(Macma Jascicuhms) OSMR. amino acid sequence (SEQ ID NO;2) is provided in Table 2. The 
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protein is made up of several domains: Amino acids 1-27 correspond to the signal sequence 

which may be cleaved during processing of the protein in mammalian cells; ammo acids 28-

737 correspond to the extracellular domain; and amino acids 738-757 correspond to the 

transmembrane domain. In preferred embodiments, the antigen binding proteins described 

.herein bind to the extracellular domain of OSMR and prevent the interaction of OSM and/or 

IL*31 with OSMR, 

[0050 j A Rhesus macaque (Macaco mulatto) OSM protein sequence is known in the art and is 

provided in GenBank Accession No. NPJK11181403, An exemplary eynoraolgus monkey 

(Maeacajmcicuhris) OSM amino acid sequence (SEQ ID H0:40) is provided m Table 2, 

Amino acids l-.i 96 correspond to the mature cynomo!g«s OSM 

[005! | A Rhesus macaque (Moeaca mulatto) IL-31 protein sequence is known in the art and is 

provided in GenBank Accession No. .XP_0G 1006743, An exemplary cynomoigus monkey 

(Macacajascicuiaris) IL-31 amino acid sequence (SEQ ID MO:42) is provided in Table 2. 

This sequence represents the mature eynomolgus monkey I.L-3 .1. 

[0052] An exemplary eynomolgos monkey (Macaca jhsctadaris) 11,31 RA amino acid 

sequence (SEQ ID NO: 44) is provided in Table 2, Amino acids 1-19 correspond to the signal 

sequence; and amino acids 520-540 correspond to the transmembrane domain, 

[0053 j A Rhesus macaque (Macaco mulatto) gp I 30 protein sequence is known in the art and is 

provided in GenBank Accession No. NPJM112S2920. An exemplary cynomolgos monkey 

(Macaca fascicular®:) gpl30 amino acid sequence (SEQ ID NO: 46) is provided m Tabic 2, 

The protein is made up of several domains: Amino acids I -22 correspond to the signal 

sequence; amino acids 23-619 correspond to the extracellular domain; amino acids 620-641 

correspond to the transmembrane domain; and amino acids 642-918 correspond to the 

cytoplasmic domain.. 
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Table 2 

Cy'tiomolgtis monkey OSMR amino add sequence (SEQ I|) NO:2) 

M:ALFVVFQTTFFLILLSLRTYQSEVLAERL,PLTPYSLKVSTNSIHQSLH!,QWTVHNLPY 
HQEEKMYPQiQlSRiETSNVVWVGNYSTPYKWNQVLFiWSWESELPLECATHFYRlKSY 
.!.DDASFPEPNFWSNVVSSWEHVSVQDYLGR.GTLFVFPK'.DKLVEHGSNVTICYVSRN.TQN 
NVSCYLEGKQ1HGEQLDPHVTAFNLNSVPFIRNRGTNIYCEASQGNVSKG1EGIVLFVSK 
VLEEPKDFSCESQDFKTLHCTWUPGTBTALGWSKQPSQSYTLFESFSGEKKLCTKKKW 
CNWQITQDSQEMYNFTLIAENYLRKRSVNILFKLTHRVYLMNPFSVWENVNATNAiM 
TWKVIISMRNMFTYLCQIELHGEGKMMQYDVSINVNGEYFLSELEPATEYMARYRCA 
.DASHFWKWTEWSGQNF'TTLEAAPSEAPDVWRSVMSEPGNHTVTLFWKP.LSKLHANG 
Kll.FYN¥VVEMLDKPSRSFLRSlPAPANSTKLiLDRCSYQlCVTANNSVGASPASIIVISA 
DPENKEVEEERIAGTEGGFSESWKPQPGDVIGYVVDWCDHPQDVLQWKNVGPNTTST 
VISTDAFRPGVRYDFRIYGLSTKRIACLLEKKTGYSQELAPSDNPHVLVDMLTSBSFTLS 
WKDYSTESQPGFIOGYBYYLKSKARQCHFRFQKAVLSDGSECCRYKlDNPEEKAEiVD 
NLKPESFYEFFVTPFTSAGEGPNATFTKVTTPDE]-ISSMLSR.ILLPMVFCVLLlMiVCYLKS 
QWIKETCYPDIPDPYKSSILSUKFKENPHLTMNVSDCIPDAIEWSKPEGTKIQLLGTR 
KSLTETEl.TKPNYLYLLPTEKNHSGPGPCi:CFENFTYNQAASDAGSCGHVPVPPKAPPS 
MLGLMTSPENVLKALEKNYMNSLGEVPAGETSLNYVSQLASPMSGDKDSLPTNPVEP 
PHCSEYKMQMAYPLRLAI:FPPTENSSLSSilIXDPGEHYR 
Cynomoigus monkey OSM amino acid sequence (SEQ ID N0:40) 

AAMGSCSKEYRMLLGQLQKQTDLMQDTSRLLDPYIRIQGLDIPKLREHCRESPGAFPSE 
EILRGLGRRGFLQI'L^A'rLGRILHRLADLEGHLPKAODlERSGIMEDLEKLOMARPN 
VLGLRNNVYCMAQLLDNSDMTEPTKAGRGTPQPPTPTFFS'DVFQRKLEGC'SFLRGYH 
REMHSVGRYFSKWGESPNRSRR 

Cyoomolgus monkey IL-31 amino acid sequence (SEQ ID NO:42) 

TLPVMFLQPSDIOKIVEELQSLSKMLEKDVKBDKGVLVSQHYTLPCLTPQAOPPNimSP 
AlRAYLKTIROLDNKSVIDEimHLDKEIFQDAPETNlSVPTDTHECKRFlLTlSQQFSECM 
PLALKSLTSGAQQATT 

Cvawmolgns monkey 1L31RA amino acid sequence (SEQ ID MO:44) 

MMWTWALWMFPLLCKFGLAALPAKPENBCVYYYRKHLTCTWSPGKETSYTQYTAK 
RTYAFGKKHDNCTTSSSTSENRASCSFFLPR1TIPDNYTIEVEAENGDGV1KSDMTCWRL 
EDIAKTEPPEIFSVKPVLGIKRMIRIEWIiCPELAPVSSDLKYALRFRTVNSTSWMEVNFA 
KNRK.DTNQTYNLMGLQAFTEYVVALRCAVKESKFWSDWSQEKMGMTEBEAPCGLBL 
WRVLKPTEVDGRRPYR.LLWKKARGAPVLEKTLGYN1WYFPENNTNLTETVNTTNQQL 
ELHLGGESYWVSMiSYNSLGKSPVITLRiPAlQEKSFRCIEVMQACLAEDQLVYKWQSS 
ALDVNWMlEWFPDM.DSEHPTLSWESVSQA'rNWnQQDKLKPFWCYNISVYPMLHD 
KVGEPYSIQAYAKEGlPSKGPEmVENlGVKTVTlTWKEIPKSERKGIICNY'nFYQAEGG 
TGFSKTVNSSlLQYGLESLKRKTSYTYRVMASISAGGlHGTSINFKTLSFSVFEilLITSLI 
GGGLLILiILTVAYGLfiKPNKLTHLCWPSVP!SfPAESSIATWRGDDFKDKLNLKESDDSV 
NTEDR1LKPCSTPSDKLVIDKSVVNFGNV.LQEMFTDEARTGQENNLGGEKNEN.RILSSC 
PTSI 
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Cynometgus monkey gpl3Q araiiw acid sequence (SEQ ID NO;4<») 

ML'rLQIWVVQALFIFLTTESlGELLDFCGYISPESFVVQLHSNFTAVCVLKEKCMDYFH 
VNANYlVWKTNHFTIPKEQYTllNRTASSVTFTDISSLNIQLTCNlLTFGQLEONVYGnil 
SGLFPEKPKNLSCiVNEGKKMRCBVVNRGRETHLFrNFrLKSEWATH'KFADCKAKRDT 
PTSCWDYSTYYFWIEYVVVEAENALGKVTSDHINFDPVYKVKPNPPHNLSVINSEELS 
SiLKLTWTNPSIKSViRLKYNiQYRTKDASTWSQIPPEDTASTRSSfTVQDLKFFTEYVFR 
1CCMKEDGKGYWSDWSEEA.NGITYEDRPSKAPSFWYKIDPSHAQGY.R:TVQLM.WKTI,P 
PFE ANGKILD YE VTLTR W K SHLQN YTVN DTK.LTVNLTNDR Y VA.TLTA RNLVG KS DA A 
YLTIPACDFQATHPVMDLKAFFKDNMLWVEWTTPRESV'KKYILEWCVLSDKAPCIAD 
WQQEDGTVHRTHLRGNLAESKCYLITVTPWADGPGSPESIKAYLKQAPPSKIGPTVRT 
KKVGKN'EAVLEWDQLPVDVQNGFIRNYTIFYRTIIGNETAYNVDSSHTEYTLSSLTSDT 
LYMVRMAAYTDEGGRDGPEPTPTTPKFAQGEiEAIVYPVCEAFLLTILLGYLFCFNKR 
DI.JKKHIWPMVTDPSKSHIAQWSPHTPPRHNFSSKDOMYSDGNFTDVSVVES.EANDKKP 
FPEDLKSLDLFKKEKINTEGHSSGIGGSSCMSSSRPSISSSDENESSQNTSSTYQYSTVVH 
SGYRHQVPSVQVFSRSESTQPLLDSEERPEDLQLVDHVDGSDDiLPRQQYFK.ONCSQHE 
SSPDlSMFERSKQYSSVHEEDFYRLKQQlSDMiSOSCGSGEMKMFQEVSAAPPFGPGTE 
GQVERFETfGMBAAIDEGMPKSYLPQTYRQGGYMPQ 

OSMR Antigen Binding Proteins 

[0054 j The present invention provides antigen binding proteins that specifically bind OSMR. 

Embodiments of antigen binding proteins comprise peptides and/or polypeptides that 

specifically bind OSMR, Such peptides or polypeptides may optionally include one or more 

port-translationa! modifications. Embodiments of antigen binding proteins include antibodies 

and fragments thereof, as variously defined herein, that specifically bind OSMR. These include 

antibodies that specifically bind human OSMR, including those that inhibit OSM and/or IL-31 

from binding arid/or activating OSMR. 

[0055] The antigen binding proteins of the invention specifically bind to OSMR. "Specifically 

binds"'1 as used herein means that the antigen binding protein preferentially binds OSMR. over 

other proteins. In some embodiments "specifically binds'' means the OSMR antigen binding 

protein has a higher affinity for OSMR than for other proteins, OSMR antigen binding proteins 

that specifically bind OSMR may have a binding affinity for human OSMR of less than or 

equal to ! x 10* " M, less than or equal to 2 x 10"' M, less than or equal to 3 x 10"' M, less than 

or equal to 4 x 10"' M, less than or equal to 5 x 10"' M, less than or equal to 6 x 10" M, less 
-r *r *r 

than or equal to 7 x .10" M, less than or equal to 8 x .10*' M, less than or equal to 9 x 10" M, 

less than, or equal to 1 x MF8 M, less than, or equal to 2 x 10"* M, less than, or equal to 3 x MFS 

M, less than or equal to 4 x 10"* M. less than or equal to 5 x 10*s M. less than or equal to 6 x 10* 
v M, less than or equal to 7 x W* M, less than or equal to 8 x HT* M, less than or equal to 9 x 

I0"s M, less than or equal to 1 x I0'v M, less than or equal to 2 x I0"'J M, less than or equal to 3 
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x 10* M, less than or equal to 4 x 10"* M, less than or equal to 5 x 10"* M, less than or equal to 
6 x HT* M, less than or equal to 7 x Iff* M. less than or equal to 8 x 10"v M, less than or equal 
to 9 s. 10* M, less than or equal to 1 x !0":0 M, less than or equal to 2 x 10*'° M, less than or 
equal to 3 x. !0*i(t M, iess than or equal to 4 x. 10*w M, less than or equal to 5 x 10'w M, less 
than or equal to 6 x I0*w M. .less than or equal to 7 x 10~u! M, .less than or equal to 8 x 10*'u M. 
less than or equal to 9 x I0"(B M, less than or equal to I x i0"u M, less than or equal to 2 x 10*" 
M, less than or equal to 3 x 10"u M, less than or equal to 4 x 10"u M, less than or equal, to 5 x 
!0"n M, less than or equal to 6 x I0':i M, less than or equal to 7 x .10'n M, less than or equal to 
8 x 1ft"'! M, Jess than or equal to 9 x 10"!! M, less than or equal to 1 x 10"14 M, less than or 
equal to 2 s 10"1M, less than or equal to 3 x 1 IT!M, less than or equal to 4 x 10"1M, less 
than, or equal to 5 x 10*!i M, less than or equal to 6 x M, .less than or equal to 7 x I0*ji M, 
less than, or equal to 8 x 10"!" M, or less than or equal, to 9 x 10"u M. 

[0056] Methods of measuring the binding affinity of an antigen binding protein are well known 
in the art.. Methods in common use for affinity determination include Surface Plasmoa 
Resonance (SFR.) (Morton and Myszka "Kinetic analysis of niaeromolecular interactions using 
surface plasmon resonance biosensors'" Methods in Ensymology (1998) 295, 268-294), Bio-
Layer Interfcrometry. (Abdichc et al "Determining Kinetics and Affinities of Protein 
Interactions Using a Parallel. Real-time Label-free Biosensor, the Octet'' Analytical 
Biochemistry (2008) 377,209-217), Kinetic Exclusion Assay (KinBsA) (Darling and Brault 
"Kinetic exclusion assay technology : characterization of molecular interactions" Assay and 
Drug Dev J'ech (2004) 2, 647-657), isothermal calorimetry (Pierce et al 'Isothermal Titration 
Calorimetry of Protein-Protein Interactions" Methods (1999) .19,213-221) and analytical 
ultraeentxifugation (Lebowite et«/ "Modern analytical ultraeentrifugation in protein science: A 
tutorial review" Protein Science (2002), 1 J.;2067-20?9). Example 5 provides exemplary 
methods of affinity determination. 

[00571 ft is understood that when reference is made to the various embodiments of the OSMR-
bi.nding antibodies herein, thai it also encompasses OSMR-binding fragments thereof. A.n. 
GSMR.-biad.ing fragment comprises any of the antibody tragmeats or domains described herein 
that retains the ability to specifically bind to OSMR. The OSMR-binding fragment may be in 
any of the scaffolds described herein. 

[0058] in certain therapeutic embodiments, an OSMR. antigen binding protein inhibits binding 
of OSM and/or IL-3! to OSMR and/or inhibits one or more biological activities associated with 
the binding of OSM and/or IL-31 to OSMR, e.g., OSM- and/or IL-31 -mediated signaling. Such 
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antigen binding proteins are said to be "neutralizing." In certain embodiments, the neutralizing 

OSMR an tigen binding protein specifically binds OSMR and inhibits binding of OSM and/or 

IL-3i to OSMR from anywhere between 10% to 100%, stieh as by at least about 20, 21, 22, 23, 

24,25, 26, 27, 28. 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,42, 43,44, 45,46, 47, 48, 

49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,62, 63, 64, 65. 66, 67, 68,69, 70, 71,72, 73, 

74, 7.5, 76, 77, 78, 79, 80, 81, 82, 83, 84,85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 

99% or more. For example, OSMR antigen binding proteins may be tested for neutralizing 

ability by determining the ability of the antigen binding protein to block binding of OSM and/or 

IL-31 to OSMR, see, e.g., the human OSMR and eynomolgus OSMR blocking assays of 

Examples 2 and 3, respectively. Alternatively, OSMR antigen binding proteins may be tested 

for neutralizing ability m an assay that measures the effect of the presence of the OSMR 

antigen binding protein in an assay measuring OSM- and'or 1L-31-mediated biological 

function. For example, the ability of OSM to induce a biological response, such as stimulation 

of plasminogen activator activity in. cultured bovine aortic endothelial cells, regulation of.IL-6 

expression in human endothelial cells, and stimulation of LOL uptake and op-regulation of cell 

surface LDL receptors in HepG2 cells. Alternatively, the abili ty of IL-31 to induce 

inflammation in the skin. 

{0059] Embodiments of antigen binding proteins comprise a scaffold structure, as variously 

defined herein, with one or more complementarity determining regions (CDRs). 'Embodiments 

further include antigen binding proteins comprising a scaffold structure with one or more 

antibody variable domains, either heavy or light. Embodiments include antibodies that 

comprise a light chain variable domain selected front the group consisting of Ab l Light Cham 

Variable Domain (LCv), Ab2 LCv, and Ab3 LCv (SEQ ID NOS:27-29, respectively) and/or a 

heavy chain variable domain selected, torn the group consisting of Abl Heavy Chain Variable 

Domain (HO), Ab2 HCv, andAb3 HCv (SEQ IDNOS;9-l L respectively), and fragments, 

derivatives, muteins, and variants thereof 

An exemplary 'heavy chain variable domain variant of SEQ I'D NO:9 contains an amino acid 

other than asparagine (tor example, aspartic acid) at the position corresponding to position 73 

in SEQ ID NO:9. The amino acid sequence set forth in SEQ ID NO;53 is an example of a 

heavy chain variable domain variant of SEQ lDNO:9. 

An exemplary heavy chain variable domain variant of SEQ ID NO: 10 contains an amino acid 

other than asparagioe (for example, aspartic acid) at the position corresponding to position 73 
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in SEQ ID NO: 10, The amino acid sequence set forth in SEQ ID NO:54 is an example of a 
heavy chain variable domain variant of SEQ ID NO: 10. 

10060} An exemplary light-chain comprising Abl LCv is a light chain comprising the amino 
acid sequence set forth in SEQ 3D NO:24. 

[0061] An exemplary light chain comprising Ab2 LCv is a tight chain comprising the amino 
acid sequence set forth in SEQ ID NO:25. 

10062] An exemplary light chain comprising Ab3 LCv is a light chain comprising the amino 
acid sequence set forth in SEQ ID NO: 26, 

[0063] An exemplary heavy chain comprising- Abl HCv -is a heavy chain comprising the amino 
acid sequence set forth in SEQ ID NO: 6. 

An exemplary heavy chain comprising a variant of Abl HCv is a heavy chain comprising the 
amino acid sequence set forth, in SEQ I'D NO:50. 

[0064] An exemplary heavy chain comprising Ab2 HCv is a heavy chain comprising {ire amino 
acid sequence set forth in SEQ ID NO:?. 

An exemplary heavy chain comprising a variant of Ab2 HCv is a heavy chain comprising the 
amino acid sequence set forth in SEQ ID N0:S1. 

[0065] An exemplary heavy chain comprising Ab3 HCv is a heavy chain comprising the amino 
acid sequence set forth in SEQ ID NO:8, 

An exemplary heavy chain comprising a variant of Ab3 HCv is a heavy chain comprising the 
amino acid sequence set forth in SEQ ID NO:S2. 

[0066J Additional examples of scaffolds that are envisioned include, but arc not limited to,: 
fibrofieetin, ncoearainostatin CBM4-2, lipocaHns, T~eel1 receptor, protein. -A domain, (protein 
2), Im.9, TP.R proteins, zinc finger domains, pVIII, avian pancreatic polypeptide, GCN4, WW 
domain Src homology domain 3, PDZ domains, TEM-J beta-lactamase, thioredoxiu, 
staphylococcal nuclease,. PH.D-finger domains, C.L-2, B.PT1, APPi,. HPSTI, ecotin, LACI'-Dl, 
LDTI, MTI.-1I, scorpion toxins, insect defensin-A peptide, EETl-II, Min-23, CBD, PBP, 
cytochrome 1>562, Ldl receptor domains, gamma-crystalUn, ubiquitin, transferrin, and or C~ 
type iectin-lifce domains. Non-antibody scaffolds and their use as therapeutics are reviewed in 
Gebauer and -Skerra, Curr. Opm, Chem. Biol, 13:245-255 (2(X)9) and Bins et alt Nat. Biotech, , 
23f !0}:l25?-f>S (2005), which are incorporated hcrem by reference in its entirety. 
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[0067] Aspects of the invention include antibodies comprising the following variable domains: 
Abl LCv/Ab! HCv (SEQ 10 NO:27/SEQ ID NO:9), Ab2 LCv/Ab2 HCv (SEQ ID NO:28/SEQ 
ID NO; 10), Ab3 LCv/Ab3 HCv (SEQ ID NO:29/SEQ ID NO: 11), and combinations thereof, as 
well as fragments, derivatives, mnteins and variants thereof. 

Also included are antibodies comprising the following variable domains: SEQ ID NO;2?/SEQ 
ID NO:S3; and SEQ ID NO:28/SEQ ID NO:54. 

[0068} Exemplary antibodies of the invention include Ab! (SEQ ID NO:24/SEQ ID NO:6), 
Ab2 (SEQ ID NO:25/SEQ ID NO:?}, and Ab3 (SEQ ID NO:26/SEQ ID NO:S). 

Additional exemplar)' antibodies include: SEQ ID NO;24/SEQ ID NO;SO; SEQ ID 
NO:25/SEQ ID NO:5i; and SEQ ID NO:26/SEQ ID NO:52, 

j 00691 Typically, each variable domain of an antibody light or heavy chain comprises three 
CDRs. The heavy chain variable domain comprises a heavy chain CDR1 (HCDRI}, a heavy 
chain CDR2 (HCDR2), and a heavy chain CDR3 (MCDR3). The light chain variable domain 
comprises a light chain CDB.1 (LCDRI), a light chain CDR2 (LCDR2), and a light chain C.DR3 
(LCDR3). In certain embodiments, an antigen binding protein comprises one or more CDRs 
contained within the preferred variable domains described herein. 

[0070] Examples of such CDRs include, but are not limited to: 

[007 Ij the CDRs of Abl LCv: LCDRI (SEQ ID'NOSO), LCDR2 (SEQ ID NO:33>, and 
LCDR3 (SEQ ID NO:36); 

10072] the CDRs of Ab2 LCv: LCDRI (SEQ ID NO:31), LCDR2 (SEQ ID NO:34), and 
LCDR3 (SEQ ID NO:37); 

[0073] the CDRs of Ab3 LCv: LCDRI (SEQ ID NO:32), LCDR2 (SEQ ID NO:35), and 
LCDR3 (SEQ ID NO: 38): 

[0074] the CDRs of Abl HCv: HCDRI (SEQ ID NO: 12), HCDR2 (SEQ ID NO: 15), and. 
HCDR3 (SEQ ID NO: 18); 

[00751 the CDRs of Ah2 HCv: HCDRI (SEQ ID NO: 13),MCD.R2 (SEQ ID NO: 16), and 
HCDR3 (SEQ ID NO: 19); and 

[0076] the CDRs of Ab3 HCv: HCDRI (SEQ ID NO: 14), HCDR2 (SEQ ID NO: 17), and. 
HCDR3 (SEQ ID N0:20). 
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[0077] In some embodiments, the antigen blading protein comprises; A) a polypeptide, e.g., a 
light chain, that comprises an LCDRI having a» amino acid sequence selected from the group 
consisting of SEQ ID NOS:30, 31, and 32; an LCDR2 having an amino acid sequence selected 
from the group consisting of SEQ ID NOS:33, 34, and 35; and/or an LCDR3 having an amino 
acid sequence selected from the group consisting of SEQ ID NOS:36,37, and 38; and/or 8} a 
polypeptide, e.g., a heavy chain, that comprises an HCDRI having an amino acid sequence 
selected from the group consisting of SEQ ID NOS; 12,13, and 14; an HC.DR2 having an 
amino acid sequence selected from the group consisting of S EQ ID NOS: 15, .16, and 17; and/or 
an. HCDR3 having an amino acid sequence selected from the group consisting of SEQ ID 
NOS:!8, 19, and 20. 

10078 j In further embodiments, the antigen binding protein comprise A) a light chain amino 
acid sequence that comprises a LCDRI, LCDR2, and LCPR.3 of any of Abl LCv; Ab2 LCv, 
and Ab3 LCv and B) a heavy chain amino acid sequence that comprises a HCDR i, HCDR2, 
and HCDR3 of any of Ab l HCv, Ab2 HCv, and Ab3 HCv. 

[0079] In certain embodiments, the CDRs include no more than one, no more than two, no 
.more than three, no more than four, no more than five, or no more than six amino acid 
additions, deletions, or substitutions from an. exemplary CD.R set forth herein. 

[0080] Aspects of the invention include antibodies comprising a light chain variable domain, 
selected from the group consisting of SEQ ID NOS;27, 28, and 29. Aspects of the invention 
include antibodies comprising a heavy chain variable domain selected from the group 
consisting of SEQ ID NOS:9,10, and 11. Further aspects of the invention include antibodies 
comprising A) a light chain variable domain selected from the; group consisting of SEQ ID 
NOS;27, 28, and 29, and 8) a heavy chain variable domain selected from the group consisting 
of SEQ ID NOS;9,10, and 11. 

[0081 j Antibodies of the invention can comprise any constant region known in the art. The 
light chain constant region can be, for example-, a kappa- or lambda-type light chain constant 
region, e.g., a human kappa- or lambda-type light chain constant region. The heavy chain 
constant region can be, for example, an alpha-, delta-, epsilon-, gamma-, or mn-type heavy 
chain constant region, e.g., a human alpha-, delta-, epsilon-, gamma-, or ami-type heavy chain 
constant region. In one embodiment the light or heavy chain constant region is a fragment, 
deri vative, variant, or mutein of a naturally occurring constant region. 
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[0082] Aspects of the invention include antibodies comprising a light chain variable region 
selected from the group consisting of SEQ ID NOS:27,28, and 29 having no more than one, no 
more than two, no more than three, no more than, four, no more than five, no more than six, no 
more than seven, no more than eigh t, no more than nine, or no more than ten amino acid 
additions, deletions, or substitutions. Aspects of the invention include antibodies comprising a 
heavy chain variable region selected from the .group consisting of SEQ ID NQS:9, 10, and i i 
having no more than one, no more than two, no more than three, no more than four, no more 
than five,, no more than sis, no more than seven, no more than eight, no more than nine, or no 
more than ten amino acid additions, deletions, or substitutions. Farther aspects of the invention 
include antibodies comprising A) comprising a light chain variable region selected from the 
group consisting of SEQ ID NOS:27,28, and 29 having no more than one, no more than two, 
no more than three, no more than four, no more than five, no more than six, no more than 
seven, no more than eight, no more than nine, or no more than ten amino acid additions, 
deletions, or substitutions, and B) a hea vy chain variable region selected from the group 
consisting of SEQ ID NOS:9, 10, and 11 having no more than one, no more than two, no more 
than three, no more than four, no more than five, no more than six, no more than seven, no 
more than eight, no more than nine, or no more than ten amino acid additions, deletions, of 
substitutions, 

|O083] In one variation, the antigen binding protein comprises an amino acid sequence that is at 
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at 
least 87%, at least 88%, at least 89%, at least 90%, at least 91 %, at least 92%, at least 93%, at 
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to a 
light chain variable region amino acid sequence selected from the group consisting of SEQ ID 
NOS;27,28, and 29, In another variation, the antigen binding protein comprises a» amino acid, 
sequence that is at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 
85%L at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at 
least 99% identical to a heavy chain variable region amino acid sequence selected from the 
group consisting of SEQ ID NOS:9,10, and 1L In yet a further embodiment, the antigen 
binding protein comprises A) an amino acid sequence that is at least 80%, at least 81%, at least 
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 
89%, at least 90%, at least 91 %, at least 92%, at least 93%, at least 94%, at least 95%, at least 
96%, at least 97%, at least 98%, or at least 99% identical to a light chain variable region amino 
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acid sequence selected (torn the group consisting of SEQ ID NOS:27, 28, and 29, and B) an 
amino acid sequence that is at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, 
at least 85%, at least 86%, at least 87%, ai least 88%, at least 89%, at least 90%, at least 91%, 
at ieast 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, 
or at least 99% identical to a heavy chain variable region, amino acid sequence selected from 
the group consisting of SEQ ID NGS:9,10, and 11, 

OSMR antigen binding proteins comprising a heavy chain variable domain having the above-
defined sequence reiatedness to SEQ ID NO:9 can optionally contain an amino acid other than 
asparagine (for example, aspartic acid) at the position corresponding to position 73 in SEQ ID 
NQ:9, In. such embodiments, the heavy chain variable domain optionally comprises the amino 
acid sequence set forth in SEQ ID NO:53. 

OSMR antigen binding proteins comprising a. heavy chain variable domain having the above-
defined. sequence reiatedness to SEQ ID NO: 10 can optionally contain an amino acid other than 
asparagine (for example, aspartic acid) at the position corresponding to position 73 in SEQ ID 
NO: i 0, in such embodiments, the heavy chain variable domain optionally comprises the amino 
acid sequence set forth in SEQ ID NO: 54. 

{'0084} In certain embodiments, the antigen binding protein comprises a light chain and/or 
heavy chain CDR3. In some embodiments, the antigen binding protein comprises an amino 
acid sequence selected from the group of sequences set 'forth in SEQ ID NOS:36,37,38, 18, 
19, and 20, In certain embodiments, the amino acid sequence includes no more than one, no 
more than two, no more than three, no more than four, no more than five, or no more than six 
amino acid additions, deletions, or substitutions from the exemplary sequence set forth in SEQ 
ID NOS:36, 37, 38, 18, 19, and 20. Thus, embodiments of the invention include antigen 
binding protein comprising an amino acid sequence that is at least 80%, at least 81%, at least 
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 
89%, at least 90%, at least 91%, at least .92%, at least 93%, at least 94%, at least 95%, at least 
96%, at ieast 97%, at least 98%, or at least 99% identical to an amino acid sequence selected 
from the group of sequences set forth in SEQ ID NOS;36, 37, 38,18,19, and 20. 

1008S} In certain embodiments, the antigen binding protein comprises a light chain and/or 
heavy chain CDR2, In some embodiments, the antigen binding protein comprises an amino 
acid sequence selected from the group of sequences set forth in SEQ ID NQS:33,34, 35, 15, 
16, and 17. In certain embodiments, the amino acid sequence includes no more than one, no 
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more than two, no more than three, no more than four, no more than fi ve, or »o more than six 
amino acid additions, deletion, or substitutions from the exemplary sequence set forth in SEQ 
ID NOS:33, 34, 35, ] 5,. 16, and i 7, Thus, embodiments of the invention include antigen 
binding protein comprising an amino acid, sequence that is at least 80%, at least 81%, at .least 
82%, at ieast: 83%, at least 84%, at ieast 85%, at ieast 86%, at least 87%, at least 88%, at least 
89%, at least 90%, at feast 95 %, at ieast 92%, ai least 93%, at ieast 94%, at least 95%, at least 
96%, at ieast. 97%, at least 98%, or at least 99% identical to an amino acid sequence selected 
from the group of sequences set forth, in SEQ ID NOS:33,. 34, 35, 15, .16. and 17. 

[0086] In certain embodiments, the antigen binding protein comprises a light chain aad/or 
heavy chain CD.R1. In some embodiments, the antigen binding protein, comprises an amino 
acid sequence selected from the group of sequences set forth in SEQ ID NGS:30,31, 32, 12, 
13, and 14. in certain embodiments, the amino acid sequence includes no more than one, so 
more than two, no more than three, no more than four, no more than .five, or no more than six 
amino acid, additions, deletions, or substitutions from the exemplary sequence set forth in SEQ 
ID N05;30, 31, 32, 1.2, 13, and 1.4. Thus, embodiments of the invention include antigen 
binding protein, comprising an amino acid sequence that is at least 80%, at least 81%, at least 
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at ieast 88%, at least 
89%, at least 90%, at least 91 %, at least 92%:, at least 93%, at least 94%, at least 95%, at least 
96%, at least 97%, at least 98%, or at least 99% identical to an amino acid sequence selected 
from the group of sequences set forth in SEQ I'D NQS:30, 3t, 32, 12, .13, and 14. 

[0087] The antigen binding proteins of the invention comprise the scaffolds of traditional 
antibodies, including human and monoclonal antibodies, bispeeifie antibodies, diabodies, 
mimbodies, domain antibodies, synthetic antibodies (sometimes .referred to herein as "antibody 
mimetics"), chimeric antibodies, antibody fissions (sometimes referred to as "antibody 
•conjugates"), and fragments of each, respectively. The above described CDRs, including 
various combinations of the CDRs, may be grafted into any of the following sea® ids. 

[O088J As used herein, the term "antibody " refers to the various forms of monomelic or 
multimerle proteins comprising one or more polypeptide chains that specifically binds to an 
antigen, as variously described herein. In certain embodiments, antibodies are produced by 
recombinant DNA techniques. In additional embodiments, antibodies are produced by 
enzymatic or chemical cleavage of naturally occurring antibodies. In another aspect, the 
antibody is selected from the group consisting of: a) a human antibody: b) a humanized 
antibody; c) a chimeric antibody; d) a monoclonal antibody; e) a polyclonal antibody; f) a 
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recombinant antibody; g) an antigen-binding fragment; h) a single chain antibody; i) a diabody; 

j) a triabody, k) a ieirabody, 1) a Fab fragment; m) a FCab1}? fragment, n) an IgA antibody, o) an 

IgD antibody, p) an IgE antibody, q) an IgGl antibody,, r) an fgG2 antibody, s) an IgG3 

antibody, t) aft IgG4 antibody, and u) an IgM antibody. 

10089] A variable region or domain comprises at least three heavy or light chain CDRs 

embedded within a framework region (designated framework regions FRJ, FR2, FF3S and 

FR4). Ksbat et ai, 1991, Sequences of Proteins ofImmunological Interest, Public Health 

Service Befchesda, MD. Traditional antibody structural units typically comprise a 

tetramer. Each tetramer is typically composed of two 'identical pairs of polypeptide chains, 

each pair having one "light'* and one "heavy" chain.. The amino-termmal portion of each chain 

includes a variable region, of about 100 to 110 or more amino acids primarily responsible for 

antigen recognition. The carboxy-terminal portion of each chain defines a cons tant region 

primarily responsible for effector function. Human light chains are classified as .kappa, or 

lambda light chains. Heavy chains are classified as mus delta, gamma, alpha, or epsilon, and 

define the antibody's isotype as IgM, IgD, IgG, IgA, and IgE, respectively. IgG has several 

subclasses, including, but not limited to IgG I, IgG2, IgG3, and IgG4. IgM has subclasses, 

including, 'but not limited to lgM.1 and lgM2. Embodiments of the invention include all such 

classes and subclasses of antibodies that incorporate a variable domain, or CDR of the antigen 

binding proteins, as described herein. 

[0090] Some naturally occurring antibodies, such as those found in camels and llamas, are 

dimers consi sting of two heavy chains and include no light chains. The invention encompasses 

dimeric antibodies of two heavy chains, or fragments thereof, that can bind to OSMR. 

[00911 The variable regions of the heavy and light chains typically exhibit the same general 

structure of relatively conserved framework regions (FR) joined by three hypervariable regions, 

i.e., the complementarity determining regions or CDRs. The CDRs are primarily responsible 

for antigen recognition, and binding. The CDRs from the two chains of each pair are aligned by 

the framework regions, enabling binding to a specific epitope. From N-terminal to C-terminal, 

both light and heavy chains comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3, and 

FI14, The assignment of amino acids to each domain is in accordance with the definitions of 

Kabat. 

[00921 CDRs constitute the major surface contact points for antigen binding. The CDRS or the 

light chain and, particularly, CDR3 of the heavy chain may .constitute the most important 
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determinants in antigen binding within the light and heavy chain variable regions. In some 
antibodies, the heavy chain COR3 appears to constitute the major .area of contact between the 
antigen and the antibody. In vitro selection schemes in which CDR3 alone is varied can be 
used to vary the binding properties of an antibody or determine which residues contribute to the 
binding of an antigen.. 

[0093] Naturally occurring antibodies typically include a signal sequence, which directs the 
antibody into the cellular pathway for protein secretion and which is typically not present in the 
•mature antibody. A polynucleotide encoding an antibody of the invention may encode a 
naturally occurring a signal sequence or a heterologous signal sequence as described below. 

[0094] In one embodiment, the antigen binding protein is an antibody comprising from one to 
six of the exemplary CDRs described herein. The antibodies of the invention may be of any 
type including JgM, IgG (including IgGI, lgG2, IgG3, l'gG4), IgD. IgA, or .IgE antibody. In a 
specific embodiment the antigen binding protein is an IgG type antibody, e.g., a IgGI antibody. 

[00951 In some embodiments, for example when the antigen binding, protein is an antibody 
with complete heavy and light chains, the CDRs are all from the same species, e.g., human. 
Alternatively, for example in embodiments wherein the antigen binding protein contains less 
than, six CDRs from the sequences outlined above, additional CDRs may be either from other 
species or may be different human CDRs than those depicted in the exemplary sequences. For 
example, HCDR3 and LCDR3 regions from the appropriate sequences identified herein may be 
used with HCDRI, HCDR2, LCDRI, and LCDR2 being optionally selected from alternate 
species or different human antibody sequences, or combinations thereof. For example, the 
CDRs of the invention can replace the CDR regions of commercially rele vant chimeric or 
humanized antibodies. 

[0096] Specific embodiments utilize scaffold co mponents of the antigen binding proteins that 
are human components. In some embodiments, however, the scaffold components can be a 
mixture .from different species. As such, if the antigen binding protein is an antibody, such 
antibody may be a chimeric antibody and/or humanized antibody. In general, both "chimeric 
antibodies" and humanized antibodies" refer to antibodies that combine regions from more than 
one species. For example, "chimeric antibodies" traditionally comprise variable region(s) from 
a mouse (or rat, in some eases) and the constant region(s) from a human. 

[0097] "Humanized antibodies" generally refer to non-human antibodies that have had the 
variable domain framework regions swapped for sequences found in human antibodies. 



WO 2014/194274 PCT/US2014/040360 

•Generally, in a humanized antibody, the entire antibody, except one or more CDRs, is encoded 
by a polynucleotide of human origin or is identical to such an antibody except within one or 
more CDR s. The CDRs, some or all of which are encoded by nuc leic acids originating in a 
.non-human organism, are grafted into the beta-sheet framework of a human antibody variable 
region to create an antibody, the specificity of which is determined by Che engrafted CDRs. 
The creation of such antibodies is described in, e.g., WO 92/11018, Jones 1986, Nature 
321:522-525, Verhoeyen et ai., 1988., Science 239:1534-1536. Humanized antibodies can also 
be generated using mice with a genetically engineered immune system (Roque et. al., 2004, 
Bioteehnol, Prog. 20:639-654), In the exemplary embodiments described herein, the identified 
CDRs are human, and thus both humanized and chimeric antibodies in this context include 
some non-human CDRs; for example, humanized antibodies may he generated that comprise 
the HCDR3 and LCDR3 regions, with one or .more of the other CDR. regions being of a 
different species origin. 

[0098] In one embodiment, the OSMR antigen, binding protein is a multispecifie antibody, and 
notably a bispeefie antibody, also sometimes referred to as "diabodies," These are antibodies 
that bind to two or more different antigens or different epitopes on a single antigen. In certain 
embodiments, a bispeeifk antibody binds OSMR and an antigen on a human effector cell (e.g„ 
T cell). Such antibodies are useful in targeting an effector cell response against OSMR 
expressing cells, such as an OSMR-expresstng tumor cell. In preferred embodiments, the 
human effector cell antigen is CD3, U.S.. Pat, No, 7,233,641. Methods of making bispeciflc 
antibodies are known in the art. One such method involves engineering the Fe portion of the 
heavy chains such as to create "knobs" and "holes" which facilitate .heierodiraer formation of 
the heavy chains when co-cxpressed in a cell U.S. 7,695,963. Another method also involves 
engineering the Fc portion of the heavy chain but uses electrostatic steering to encourage 
heterodimer formation while discouraging homodinier formation of the heavy chains when co-
expressed in a cell. WO 09/089,004, which is incorporated herein by reference in its entirety, 

[0099] In one embodiment, the OSMR antigen, binding protein is a minibody. Mimbodies are 
minimized antibody-like proteins comprising a seFv joined to a CH3 domain (Mu et ai1996, 
Cancer Res. 56:3055-306J). 

[00100} In one embodiment, the OSMR antigen binding protein is a domain antibody; 
see, for example U.S. Patent No. 6,248,516. Domain antibodies (dAbs) are functional binding 
domains of antibodies, corresponding to the variable regions of either tile heavy (VH) or fight 
(VL) chains of human antibodies. dABs have a molecular weight of approximately .13 kDa, or 
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less than one-tenth the size of a foil antibody. <IABs axe well expressed In a variety of hosts 
including bacterial, veast, and mammalian cell systems. In addition, dAbs are highly stable and 
retain activity even after being subjected to harsh conditions, stich as freeze-dtying or heat 
denaturation. See, for example, US Patent 6,291,158; 6,582,915; 6,593,08 i; 6,172,197; US 
Serial No. 2004/0110941; European Patent 0368684; US Patent 6,696,245, W004/058821, 
W004/0030I9 and W00.3/002609, 

[00101] In one embodiment, the OSMR. antigen binding protein is an antibody fragment, 
that is a .fragment of any of the antibodies outlined herein that retain binding specificity to 
OSMR. In various embodiments, the antibody binding proteins comprise, but are not limited 
to, a F{ab), F(ab'), F(ab')2, .Fv, or a single chain Fv fragments. At a minimum, an antibody, as 
meant herein, comprises a polypeptide that can bind specifically to OSMR comprising all or 
part of a light or heavy chain variable region, such as one or more CDRs. 

[00102} Further examples of OSMR-binding antibody fragments include, but are not 
limited to, (i) the Fab fragment: consisting of VL, VH, CL and CHI domains, (it) the Fd 
fragment consisting of the VH and CHI domains, (iii) the Fv fragment consisting of the VL and 
VH domains of a single antibody; (iv) the dAb fragment (Ward et aly 1989, Nature 341:544-
546) which, consists of a single variable, (v) isolated CDR regions, (vi) F(ab>); fragments, a 
bivalent fragment comprising two linked Fab fragments (vh) single chain Fv molecules (scFv), 
wherein a VH domain and. a VL domain are linked by a-peptide linker which allows the two 
domains to associate to form an antigen binding site (Bird et at., 1988, Science 242:423-426, 
Huston et a!,, 1988, Proc, Nad. Acad, Set 1.1$,A. 85:5879-5883), (viii) bispeeifie single chain 
Fv dhners (PCT/US92/09965) and (ix) "diabodies" or "triabodies", multivalent: or multispecific 
fragments constructed by gene tits ion (Tomimson et. ai., 2000, Methods Ertzymol 326:461-
479; W094/13804; Holliger et alf 1993,.Proc, Natl. Acad. Sci. USA. 90:6444-6448). The 
antibody fragments may be modified. For example, the molecules may be stabilized by the 
incorporation of disulplnde bridges linking the VH and VL domains (Reitere/ a/., 1996, Nature 
Biotech. 14:1239-1245). Aspects of the invention, include embodiments wherein the non-CDR 
components of these fragments are-human sequences. 

[001031 In one embodiment, the OSMR antigen binding protein is a fully human 
antibody. In this embodiment, as outlined above, specific structures comprise complete heavy 
and light chains depicted comprising the CDR, regions. Additional embodiments utilize one or 
more of the CDRs of the inven tion, with the other CDRs, frame work regi ons, J and D regions, 
constant regions, etc., coming from other human antibodies. For example, the CDRs of the 
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Invention can replace the CDRs of any number of human antibodies, particularly commercially 
relevant antibodies 

[00104] Single chain, antibodies may be formed by linking heavy and light chain variable 
domain (Fv region) fragments via an anii.no acid bridge (short peptide linker), resulting in a 
single polypeptide chain. Such single-chain Pvs (scFvs) have been prepared by fusing DNA 
encoding a peptide linker between DNAs encoding the two variable domain polypeptides (Vj. 
and VH). The resulting polypeptides can fold back on themselves to form antigen-binding 
monotrtersL or they can form routemers (e.g.f dimers, trimers, or tetramers}, depending on the 
length of a flexible linker between the two variable domains (Kortt et al., 1997, Prof. Eng. 
10:423; Kortt et al., 2001, .Biomoi. Eng. 18:95-108); By combining different V\ and VH-
eomprising polypeptides, one eas. form uruitimerie scfvs that bind to different epitopes 
(Kriangfcutn et al,, 2001, Biomoi. Eng. 18:31 -40). Techniques developed for the production, of 
single chain antibodies include those described in U.S. Patent No. 4,946,778; Bird, 1988, 
Science 242:423; Huston et al., 1988, Proc, Natl Acad. Sei. USA 85:5879; Ward eiaL, .1989, 
Nature 334:544, de Graaf et2002, Methods Mol Biol. 178:379-87. Single chain antibodies 
deri ved from antibodies provided herein (including but not limited to scFvs comprising the 
variable domain combinations of Abl LCv/Abi HCv (SEQ ID N0:27/SEQ ID N0:9), Ab2 
LCv?'Ab2 HCv (SEQ ID NQ:28/'SEQ ID NO: 10), and Ab3 LCv/Ab3 HCv (SEQ ID 
NO:29/SEQ ID NO: I I), and. combinations thereof are encompassed by the present invention. 
'Exemplary single chain antibodies include the following variable domain combinations: SEQ 
ID NO:27/SEQ ID NO:53; and SEQ ID NO:28/SEQ ID NO:54. 

[00105J In one embodiment, the OSMR antigen binding protein is an antibody fusion 
protein (sometimes referred to herein as an "antibody conjugate")- The conjugate partner can 
be proteinaeeous or non-proteinaceous; the latter generally being generated using functional 
groups on the antigen binding protein and on the conjugate partner. In certain embodiments, 
the antibody is conjugated to a non-proteinaceous chemical (drug) to form an antibody drug 
conjugate, 

[00106 ji In one embodiment, the OSMR antigen binding protein is an antibody analog, 
sometimes referred to as "synthetic- antibodies," For example, a variety of work utilizes either 
alternative protein scaffolds or artificial scaffolds with grafted CDRs. Such scaffolds include, 
but are not limited to, mutations introduced to stabilize the three-dimensional structure of the 
binding protein as well as wholly synthetic scaffolds consisting for example of biocompatible 
polymers. See, .for example, Komdorfer etaL, 2003, Proteins: Structure, Function, and 
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Bioinfortnalics, Volume S3, Issue 1:12.1-129. Roque etal., 2004, Biotecfmoi. Prog. 20:639-
654. to addition, peptide antibody mimetlcs ("PAMs") can be used, as well as work based on 
antibody mimeties utilizing fibronection components as a scaffold. 

{ 00107} By "protein," as used herein, is meant at ieast two eovalenily attached ammo 
acids, which includes proteins, polypeptides, oligopeptides and peptides. In some 
embodiments, the two or more covalently attached amino acids are attached by a peptide bond. 
The protein may be made up of naturally occurring amino acids and peptide bonds, for example 
when the protein is made recombinant!)' using expression systems and host cells, as outlined 
below. Alternatively, the protein, may include synthetic amino acids (e.g., homophenyialanine, 
citrulline, ornithine,, and norleiieine), or peptidomimetic structures, i.e., "peptide or protein 
analogs", such as peptoids Simon etal,, 1992, Proc. Natl, Acad Sci. U.S.A.. 89:9367, 
incorporated by reference herein), which can he resistant to proteases or other physiological 
and/or storage conditions. Such synthetic amino acids may 'be incorporated in particular when 
the antigen binding protein is synthesized in vitro by conventional methods well, known, in the 
art In addition, any combination of peptidomimetic, synthetic and naturally occurring 
residu.es/stmctures can. be used,. "Amino acid" also includes imino acid residues such as proline 
and hydfoxyprolme, The amino acid "R group" or "side chain" may be in either the (!.'}- or tire 
(S)-coniiguration. In a specific embodiment, -the amino acids are in the (L)- or ($)-
eonfiguration, 

[00108] In certain aspects, the invention provides recombinant antigen, binding proteins 
that bind OSMR and, in some embodiments, a recombinant, human OSMR or portion thereof. 
In this context, a "recombinant protein" is a protein made using recombinant techniques using 
any techniques and. methods known in the art, i.e., through, the expression of a recombinant 
nucleic acid as described herein.. Methods and techniques for the production of recombinan t 
proteins are well known in the art. Embodiments of the in vention, include recombinant antigen 
binding proteins that bind wild-type OSMR and variants thereof. 

[00109| "Consisting essentially of means that the amino acid sequence can vary by 
about 1,2,3,4, 5,6, 7,8,9, 10,11,12,13,14, or 15% relative to the recited SEQ ID NO: 
sequence and still retain biological activity, as described herein, 

[ 001 10} to some embodiments, the an tigen binding proteins of the invention are isolated 
proteins or substantially pure proteins. An "isolated" protein is unaccompanied by at least 
some of the material wi th, which it is normally associated in its natural state, for example 
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constituting at least about 5%, or at least about 50% by weight of the total protein is a given 
sample, it is understood that the isolated protein may constitute from 5 to 99.9% by weight of 
the total protein content depending on the circumstances. For example, the protein .may be 
made at a significantly higher concentration: through, the use of an inducible promoter or high 
expression promoter, such that the protein is made at increased concentration levels. The 
definition includes the producti on of an antigen binding protein in a wide variety of organisms 
and/or host cells that arc known in the art. 

[0011 I f For amino acid sequences, sequence identity and/or similarity is determined by 
using standard techniques known in the art, including, but not limited to, the local sequence 
identity algorithm of Smith and Waterman, 198L,4t/v. Appl Math. 2:482, the sequence identity 
alignment algorithm of Needleman and Wunsch, 1970, J. Mol Biol 48:443, the search for 
.similarity method of Pearson and Lipman, 1988, 'Proc, Nat. Acad. Sci. U.S. A. 85:2444, 
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFA.STA in 
the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Drive, 
Madison, Wis,), the Best Fit .sequence program described by Devereux e$ al, .1984, Nuci Acid 
Res. 12:387-395, preferably using the default settings, or by inspection. Preferably, percent 
identity is calculated by FastDB based upon the following parameters: mismatch penalty of 1; 
gap penalty of 1: gap size penalty of 0.33; and joining penalty of 30, "Current Methods in 
Sequence Comparison and Analysis,* Maeromaleeule Sequencing and Synthesis, Selected 
Methods and Applications, pp 127-149 (1988),. Alan R, Ltss, Inc. 

[00112 J An example of a useful algori th m is PILEUP. PILEUP creates a mult iple 
sequence ali gnment from a group of related, sequences using progressive, pairwise alignments. 
It can. also plot a tree showing the clustering relationships used to create the alignment PILEUP 
uses a simplification of the progressive alignment method of Feng & Dooliitle, 1987, J. Mol 
Evol 35:351.-360; the method is similar to that described by Wiggins and Sharp, 1989, CABIOS 
5:151-153. Useful PILEUP parameters including a default gap weight of 3.00, a default gap 
length, weight of 0.10, and weighted end gaps. 

[001131 Another example of a useful algorithm is the BLAST algorithm, described in: 
AItsch.ul et al, 1990, J. MoL Biol 215:403-410; Aitsehul et al, 1997, Nucleic Acids Res. 
25:3389-3402; and Karin et aL 1993, Frnc. Natl Acad. Sci. U.S.A. 90:5873-5787. A 
particularly useful. BLAST program is the WU-BLAST-2 program which was obtained from. 
Altschuf et al, 1996, Methods in .Etizymology 266:460-480, WU-BLAST-2 uses several search 
parameters, most of which are set to the default values. The adjustable parameters are set with 
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the following values: overlap span-l, overlap fraction*5#. 125, word threshold (T)«TL The BSP 
S and MSP S2 parameters are dynamic values and are established by the program itself 
depending upon the composition of the particular sequence and composition of the particular 
database against which the sequence of interest is being searched; however, the values may he 
adjusted to increase sensitivity, 

[001 14] Aa additional useful algorithm is gapped BLAST as reported by Altsehul et aL, 
1993, Nisei. Acids Res. 25:3389-3402, Gapped BLAST oses-.BLOSUM-62 substitution scores; 
threshold T parameter set to 9; the two-hit method to trigger ungapped extensions, charges gap 
lengths of k a cost of iO-ffc; Xa set to 16, and Xt set to 40 for database search stage and to 6? for 
the output stage of the algorithms. Gapped alignments are triggered by a score corresponding 
to about 22 bits, 

[001 15J Generally, the amino acid homology, similarity, or identity between individual 
variant CDRs are at least 80% to the sequences depicted herein, and more typically with 
preferably increasing homologies or identities of at least 85%, 90%, 9.5 %, 92%, 93%, 94%. 
95%, 96%, 97%, 98%, 99%, and almost 100%. In a similar manner, "percent (%) nucleic acid 
sequence identity" with respect to the nucleic acid sequence of the binding proteins identified 
herein is defined as the percentage of nucleotide residues in a candidate sequence that are 
identical with the nucleotide residues in the coding sequence of she antigen binding protein, A 
specific method, utilizes the BLASTH module of WU-8LAST-2 set to the default parameters, 
with, overlap span and. overlap fraction set to 1. and 0.125, respectively. 

[001 ! 6 J Generally, the nucleic acid sequence homology, similarity, of identity between 
the nucleotide sequences encoding individual variant CDRs and the nucleotide sequences 
depicted herein are at least 80%., and more typically with preferably increasing homologies or 
identities of at least 80%, 81 %, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, or 99%, and almost 100%, 

[00.117{ Thus, a "variant CDR" is one with the specified homology, similarity, or identity 
to the parent CDR of the invention, and shares biological function, including, but not limited to, 
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%:, 97%, 98%, or 99% of the specificity and/or activity of the parent CDR. 

[00118J While the site or region lor introducing aa amino acid sequence variation is 
predetermined, the mutation per se need not be predetermined. For example, in order to 
optimize the performance of a .mutation at a gi ven, site, random mutagenesis may be conducted 
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at the target codon or region and the expressed antigen binding protein CDR variants screened 

for the optima! combination of desired activity. Techniques for making substitution mutations 

at predetermined sites in UNA. having a known sequence are well, known, for example, Ml 3 

primer mutagenesis and PGR. mutagenesis. Screening of the mutants is done using assays of 

antigen binding protein activities, such, as OSMR binding, 

[001 19] Amino acid substitutions are typically of single residues; insertions usually will 

be on the order of from about: one {I) to about twenty (20) amino acid residues, although 

considerably larger insertions may be tolerated. Deletions range from about one (1) to about 

twenty (20) amino acid residues, although in some cases deletions may be much larger. 

{00120] Substitutions, deletions, insertions or any combination thereof may be used to 

arrive at a final derivative or variant. Generally these changes are done on a few amino acids to 

minimize the alteration of the molecule, particularly the iinmnnogenicity and specificity of the 

antigen binding protein. However, larger changes may be tolerated in certain circumstances. 

Conservative substitutions are generally made in accordance with the following chart depicted 

as Table 3, 

Table 3 

Ala Ser 
Am Lys Arg 
Asn 
Asp 
Cys 
Gin 
Glu 
Gly 
His 
lie 
Leu 

Glu, His 
Glu 
Ser 
Asn 
Asp 
Pro 

Lys 
Met 
Phe 
Ser 

Asn, Cslii 
Leu, Vai 
lie, VaJ 
Arg, Gin, Glu 
Leu, He 
Met, Leu, lyr 

1 rp 
Tvr 
VaJ 

Tin 
Ser 
Tvr 
Tip, Phe 
He, Lets 

[001.21 ] Substantial changes in function or immunological identity are made by selecting 

substitutions that are less conservative than those shown in TABLE 3. For example. 
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substitutions may be made which more significantly affect: the structure of the polypeptide 
backbone in the area of the alteration, for example the alpha-helical or beta-sheet struct ure; fee 
charge or hydrophobicity of the molecule at the target site; or the bulk of the side chain. The 
substitutions which .in general are expected to produce the greatest changes in the polypeptide's 
properties are those in which (a) a hydrophilic residue, e.g.. seryl or threouyl, is substituted for 
(or by) a hydrophobic residue, <?,,?„ leucyl, isoleucy!, phenylalanyl, vaiyl or alanyl; (b) a 
cysteine or proline is substituted for (or by) any other residue; (c) a residue having an 
electropositive side chain, £?.#., lysyl, arginyl, or histidyl is substituted for (or fay) an 
electronegative residue, e.g., glutamyl or aspariyl; or (d) a residue having a bulky side chain, 

phenylalanine, is substituted for (orby) one not having a side chain, e.g., glycine, 

{00122 J The variants typically exhibit the same qualitative biological activity and will 
elicit the same immune response as the naturally-occurring analogue, although variants also are 
selected to modify the characteristics of the antigen binding protein proteins as needed. 
Alternatively, the variant may be designed such that the biological activity of the antigen 
binding protein is altered. For example, glycosyiation sites may be altered or removed as 
discussed herein, 

l'0()J 23] Other derivatives of OSMR antibodies within the scope of this invention include 
covalentor aggregative conjugates of OSMR antibodies, or fragments thereof, with other 
proteins or polypeptides, such as by expression of recombinant fusion protei ns comprising 
heterologous polypeptides fused to the N-termjnus orC-terminus of a OSMR antibody 
polypeptide. For example, the conjugated peptide may be a heterologous signal for leader) 
polypeptide, e.g. f the yeast alpha-factor leader, or a peptide such as an epitope tag, OSMR 

identification of the OSMR. antibody (e.g.:i polv-His). An. OSMR antibody polypeptide also can 
be linked to the FLAG peptide as described in Hopp et ai., Bio/Technohgy 6:1204,1988, and 
U.S. Patent 5,011,912. The FLAG peptide is highly antigenic and pro vides an epitope 
reversibly bound by a specific monoclonal antibody (mAb), enabling rapid, assay and facile 
purification of expressed recombinant: protein. Reagents useful for preparing fusion, proteins in 
whieh the FLAG peptide is fused to a given polypeptide are commercially available (Sigma, St. 
Louis, M.O). 

{00124] In one embodiment, an oligomer is prepared using polypeptides derived from 
immunoglobulins. Preparation of fusion proteins comprising certain heterologous polypeptides 
fused to various portions of antibody-derived polypeptides (including the Fc domain) has been 

fusion proteins can comprise peptides added to facilitate purification or 
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described, e.g., by Ashkenazi etal, 1991, PNAS USA 88:10535; Byra et&l., 1990, Nature 
344:677; and Hollenbaugh ei al., 1992 "Construction of Immunoglobulin Fusion Proteins", in 
Current 'Protocols in Immunology, Sitppi, 4, pages 10,19,1 -10,19,11. 

{00125] One embodiment of the present invention is directed to a dittter comprising two 
fusion proteins created by fusing an OSMR binding fragment: of an OSMR antibody to the Fc 
region of an antibody. The dirtier can be made by., for example, inserting a gene fission 
encoding the fusion protein into an appropriate expression vector, expressing the gene fusion in 
host cells transformed with the -recombinant expression vector, and allowing the expressed 
fusion protein to assemble much like antibody molecules, whereupon interchain disulfide bonds 
form between the Fc moieties to yield the diraer, 

{00126] The term "Fc polypeptide" as used herein includes native and rautein forms of 
polypeptides derived from the Fc region of an anti body . Truncated forms of such polypeptides 
containing the hinge region that promotes dimerization also are included. Fusion proteins 
comprising Fc moieties (and oligomers formed therefrom) offer the advantage of facile 
purification by affinity chromatography over Protein A or Protein G columns, 

{00127] One suitable Fc polypeptide, described in PCX application W'O 93/10151 
(hereby incorporated by reference), is a single chain polypeptide extending from the N-terminal 
hinge region to the native C-termiuus of the Fc region of a human IgG antibody. Another 
useful f c polypeptide is the Fc moiein described in U.S. Patent 5.457,035 and in Baum etal, 
1994, EMBOJ. 13:3992-4001, The amino acid sequence of this routehi is identical to that of 
the nati ve Fc sequence presented in WO 93/10151, except that amino acid 19 has been changed 
from Leu to Ala, amino acid 20 has been changed from Leu to Glu, and amino ac id 22 has been 
changed from Gly to Ala. The .rautein exhibits reduced affinity for Fc receptors, 

{00128] In other embodiments, the variable portion of the 'heavy and/or light chains of a 
OSMR antibody may be substituted tor the variable portion of an antibody heavy and-'or light 
chain. 

{00 ! 29] Another method for preparing oligomerie OSMR. antibody derivatives involves 
use of a leucine zipper. Leucine zipper domains are peptides that promote oligomerization of 
the proteins in. which they are found. Leucine zippers were originally identified in several 
DNA-btedlng proteins (Landschute el <?/., Science 240; 1759-64,1988), and have since been 
found in a variety of different proteins. Among the known leucine zippers are naturally 
occurring peptides and derivatives thereof that dimerize or crimerize, Examples of leucine 
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zipper domains suitable for producing soluble oligorfteric proteins are described in PCT 
application WO 94/10308, and the leucine zipper deri ved from King surfactant protein D (SFD) 
described in Hopp© et al, i 994, FEBS Letters 344:191, hereby incorporated by reference, 'The 
use of a modified leucine zipper that allows for stable trimerizaiion. of a heterologous protein 
fused thereto is described "m Fanslow et at'., 1994, Semin. Immunol. 6:267-78, In one approach, 
recombinant fusion proteins comprising OSMR antibody fragment or derivative fused to a 
leucine zipper peptide are expressed in suitable host ceils, and the soluble oligomerie OSMR 
antibody fragments or derivatives that form are recovered from the culture supernatant. 

[00130] Covalent modifications of antigen binding proteins are included within the scope 
of this invention, and are generally, but not always, done post-translationally. For example,, 
several types of covalent modifications of the antigen binding protein, are introduced into the 
molecule by reacting specific amino acid residues of the an tigen binding protein with an 
organic denvatizing agent that is capable of reacting with selected side chains or the N~ or C-
termina! residues. 

[00131J Cysteiny! residues most commonly arc reacted with a-haloacetates (and 
corresponding amines), such as chloroacetie acid or chloraacetamide, to gi ve earboxymethyl or 
carboxyamidomethyl derivatives. Cysteiny! residues also are derivatized by .reaction with, 
brooiotrifluoroacctone, a-broiiio-p-(5-ti:nidogoyl)propioi)ie acid, ehloroacetyl phosphate, N-
alkylmaletmidcs, 3-nitro~2-pyridy'S disulfide, methyl 2-pyridyl disulfide, p-
chioromerenribenzoate, 3-ehloromereori-4-:nit.mphe.noi, or ehioro-7~nitrobenzo-2~oxa-i,3-
diazoie. 

[001 32] Histidy! residues are derivatized by reaction with dtethylpyrocarbonate at pH 
5,5-7.0 because this agent is relatively specific for the histidyl side chain. Pafa-bromophenaeyl 
bromide also is useful; the reaction is preferably performed in 0.1M sodium cacodylate at 
pH 6,0. 

[00133 { Lysinyl and amino terminal residues are reacted, with succinic or other 
cat'boxy l tc acid anhydrides. Derivatization with these agents has the effect of re vers ing the 
charge of the lysinyl residues. Other suitable reagents for derivatizing alpha-ammb-coataming 
residues include inudoesters such as methyl picohninudate; pyridoxal phosphate; pyridoxal; 
ehloroborohydride; trinitrobenzenesulibnie acid; O-niethylisoitrea; 2,4-pentanedione; and 
transaroinase-catalyzed reaction with giyoxyiate. 
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[00134J Arginvi residues are modified by reaction with one or several conventional 
•reagents, among them pliesiylglyoxaS, 2,3-butanedione, 1,2-cyclohexanedioae, and iiinhydrm. 
Derivatization of arginine residues requires that the reaction be performed in alkaline 
conditions because of the high pKa of the guanidine functional group. Furthermore, these 
reagents may react with the groups of lysine as well as the arginine epsilon-amino group. 

jOOl 35] The specific modification of tyrosyl residues may be made, with particular 
interest in introducing spectral labels into tyrosyl residues by reaction, with aromatic diazonium 
compounds or tettamiromethane. Most commonly, N-acetylimidizole and tetranitrouiethane 
are used to form Oaeetyl tyrosyl species and 3~njfro derivatives, respectively. Tyrosyi residues 
are iodina ted. using ' '5I or !,, lI to prepare labeled proteins for use in radioimmunoassay, the 
chloramine T method described above being suitable. 

jOOl 36] Carboxyl side groups (aspartyl or glutamyl) arc selectively modified by reaction 
with carbodiiimides (R*—N~C~N~~R'), where R and R' are optionally different alky! groups, 
such as l.-cyclohexy!-3-(2-morphoIinyl-4-eth.yI) carbodiimide or .1 -ethyl~3-(4~az.onia~4,4~ 
dimethylpentyl) earbodiimide. Furthermore, aspartyl and glutamyl residues arc converted to 
asparaginyl and glutammyi residues by reaction with ammonium ions. 

f00137] Deri vatization with hifonetiotial agents is useful for crosslinking antigen binding 
proteins to a. water-insoluble support matrix or surface for use in a variety of methods. 
Commonly used erosslmkingagents include, e.g., l.,l~bis(diazoacety:l)-2-phenylethane, 
glntaraldehyde, N-hydroxysuccinimide esters, for example, esters with 4-azidosalieyfic acid, 
homobifunctional tmidoestcrs, including disucetnimidyi esters such as 3,3'-
dithiobis(succinimidylpropionate), and bifunctional ma'leimides such as bis-N-maletnitdo-1,8-
octaae.. Derivatizing agents such as methy{-3-|('p-azidopheuyl)djthio]propjotrnidate yield 
photoaetivatable intermediates that are capable of forming crosslinks in the presence of Sight, 
Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated 
carbohydrates and the reactive substrates described in U.S. Fat. Nos. 3,969,287; 3,691,016; 
4,195,1.28: 4,247,642; 4,229,537; and 4,330,440 are employed for protein immobilization. 

jOOl 38] Ghitammyl and asparaginyl residues are frequently deamidated to the 
corresponding glutamyl and aspartyl residues, respectively. Alternatively, these residues are 
deamidated under mildly acidic conditions. Either form of these residues falls within die scope 
of this invention. 
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J00139} Other modifications include hydroxylation of proline and lysine, 

phosphorylation of hydroxy! groups of servl or threonyl residues, mefhylation of the a-araino 

groups of lysine, arginine, and histidhie side chains (T. E, Creighton, Proteins: Structure and 

Molecular Properties, W. H, Freeman & Co., San Francisco, 1983, pp. 79-86), aeetylation of 

the N-tcrminaf amine, and araidation of any C-terminal carboxyl group. 

[00140J Aoother type of co valent modification of the antigen binding protein, included 

within the scope of this invention, comprises altering the glycosylation pattern of the protein. 

As is known in the art, glycosylation patterns can depend on both the sequence of the protein 

(*?.£., the presence or absence of particular giyeosyiatiou amino acid residues, discussed below), 

or the host ceil or organism in which the protein is produced. Particular expression systems are 

discussed below, 

j0f)141J Glycosylation of polypeptides is typically either N'-linked or O-Mnked, N-linkcd 

refers to the attachment of the carbohydrate moiety to the side chain of an asparagine residue. 

The tri-peptide sequences asparagi»e-.X-semie and asparagine-X-threonirie, where X is any 

amino acid except proline, are the recognition sequences for enzymatic attachment of the 

carbohydrate moiety to the asparagine side chain . Thus, the presence of either of these tri-

peptide sequences in a polypeptide creates a potential glycosylation site. O-linked 

glycosylation refers to the attachment of one of ihe sugars N-aeeiyigaiactosamine, galactose, or 

xylose, to a hydroxyaniino acid, most commonly serine or threonine, although 5-

hydroxyproline or 5-hydroxylysine may also be used. 

[00142 } Addition of glycosylation sites to the antigen binding protein is conveniently 

accomplished by altering the amino acid sequence such that it contains one or more of the 

above-described tri-peptide sequences (for N-linked giyeosyiaiioti sites). The alteration may 

also bemad© by the addition of, or substitution by, one or more serine or threonine residues to 

the starting sequence (tor O-linked glycosylation sites). For ease, the antigen binding, protein 

amino acid sequence is preferably altered through changes at the ON A level, particularly by 

mutating the DNA encoding the target polypeptide at preselected bases such that eodons are 

generated that will translate into the desired amino acids, 

{'00143] Another means of increasing the .number of carbohydrate moieties on. the antigen 

binding protein is by chemical or enzymatic coupling of glycosides to the protein. These 

procedures are advantageous in that they do not require production of the protein in a host cell 

that has glycosylation capabilities for N- and O-linked glycosylation. Depending on the 
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coupling mode used, the sugar(s) may be attached to (a) aigininc and htstidine, (b) free 
carboxyl groups, (c) free sulfhydryl groups such as those of cysteine, (d) free hydroxy! groups 
such as those of serine, threonine, or hydroxyproline, (e) aromatic residues such as those of 
phenylalanine, tyrosine., or tryptophan, or (f) the amide group of ghitamine. These methods are 
described in WO 87/05330 published Sep, 1.1 „ 1987, and in Aplin and Wtiston, 1981, CRC 
Oil Rev, Biockem,, pp. 259-306, 

[00144] Removal of carbohydrate moieties present on the starting antigen binding 
protein: may be accomplished chemically or enzymatically. Chemical deglycosylation requires 
exposure of the protein to the compound triflvioromethanesulfonic acid, or aa equivalent 
compound. This treatment results in the cleavage of most or all sugars except the linking sugar 
{N-acetylglueosarasrse or N-acctylgalactosarointe), while leaving the polypeptide intact 
Chemical deglycosylation is described by Hakimuddva etal, 1987, Arch. Biockem, Biophys, 
259:52 and by Edge et al, 1981, Anal Biockem. 118: .131. Enzymatic cleavage of carbohydrate 
moieties on polypeptides can be achieved by the use of a variety of endo- and exo-glycosidases 
as described by Thotafcura e! al., 1987, Meth. Emymol. 138:350, Glycosylation at potential 
giy eosyiatiou sites may be prevented by the use of the compound tauieaniyein as described by 
Duskm etal, 1982, J. Biol Ckem. 257:3105. Tunieamyetn blocks the formation ofprotein-N-
glycoside linkages. 

[0014.5 J Another type of covalent modification of the antigen binding protein comprises 
linking the antigen binding protein to various nonprotemaeeous polymers, including, but not 
limited to, various polyols such as polyethylene glycol, polypropylene glycol or 
•polyoxyalkylenes, in the manner set .forth in U.S. Pat, Nos. 4,640,83 5; 4,496,689:4,301,144; 
4*670*4.17; 4,791,192 or 4,179,337. In addition, as is known in the art, amino acid substitutions 
may be made in various positions within the antigen binding protein to facilitate the addition of 
polymers such as PEG . 

[00146] In some embodiments, the covalent modification of the antigen binding proteins 
of ihe invention comprises the addition of one or more labels . 

[00147] The term "label ing group" means any de tectable label. Examples of suita ble 
labeling groups include, but are not limited to, the following: radioisotopes or radionuclides 
(e.g., T1 !+C, "'SN, "S, ̂ Y, w,Te, ls!lia, u'5l, L1!I), increscent groups (e.g., FITC, rhodamine, 
lanthanide phosphors), enzymatic groups (e.g., horseradish peroxidase, P-galaetosidase, 
luciferase, alkaline phosphatase), c'hemiluminescent groups, biotiny l groups, or predetermined 
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polypeptide epitopes recognized by a secondary reporter (e.g., leucine zipper pair sequences, 

binding sites for secondary antibodies, metal blading domains, epitope tags), fa some 

embodiments, the labeling group is coupled to the antigen binding protein via spacer arms of 

various lengths to reduce potential, steric .hindrance. Various methods for labeling proteins are 

known in the art and may be used in performing the present invention. 

[00148] In general, labels fail into a variety of classes, depending on the assay in which 

they are to be detected: a) isotopic labels, which may be radioactive or heavy isotopes; b) 

magnetic labels (e.g., magnetic particles); c) redox active moieties; d) optical dyes; enzymatic 

groups (e.g. horseradish peroxidase, p-galaelosidase, lueiferase, alkaline phosphatase); e) 

biotinylated groups; and f) predetermined polypeptide epitopes recognized by a secondary 

reporter (e.g. , leucine zipper pair sequences, binding sites tbr secondary antibodies, metal 

binding domains, epitope tags,, etc.). In some embodiments, the labeling group is coupled to 

the antigen binding protein via spacer arms of various lengths to reduce potential steric 

hindrance. Various methods for labeling proteins are known in the art and may be used in 

performing the present invention, 

1001.49] Specific labels include optical, dyes, including, but not limited to, ehromophores, 

phosphors and fiuorophores, with the latter being specific in many instances. Fiuorophores can 

be either "small molecule" fhtores, or protemaceous fiuores, 

[00150] By "fluorescent label" is meant any molecule that may be detected via its 

inherent fluorescent properties. Suitable .fluorescent labels include, but are not limited to, 

•fluorescein, rhodamine, tetramethyirhodamine,. cosin, erytbrosin. conmarin, methyl-coumarins, 

pyrene, Malaeite green, stiibene, Lucifer Yellow, Cascade BlueJ', Texas Red, IAEDANS, 

EDAMS, BQDIPY FL, LC Red 640, Cy 5, Cy 5.5, LC Red 705, Oregon green, the Alexa-Fluot 

dyes (Alexa Fluor 350, Alexa Fluor 430, Alexa Fluor 488, Alexa Fluor 546, Alexa Fluor 568, 

Alexa Fluor 594, Alexa Fluor 633, Alexa. Fluor 660, Alexa Fluor 680), Cascade Blue, Cascade 

Yellow and R-phycoerythrin (P.B) (Molecular Probes, Eugene, OR), F.1TC, Rhodamine, and 

Texas Red (Pierce, Roekford, IL), Cy5, Cv5.5, Cy? (Aniersham Life Science, 'Pittsburgh PA), 

Suitable optical dyes, including fiuorophores, are described in MoIccular Probes Handbook by 

Richard P, Haugland, hereby expressly incorporated by reference. 

[00 j 51. ) Suitable proteinaceous fluorescent labels also include, but are sot limited to, 

green fluorescent protein, including a Renilla, Ftilosarcus, or Aequorea species ofGFP (Chalfie 

eial., 1994, Science 263:802-805), EGFP (ClonteehLaboratories, Inc., Genban'k Accession 
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Number U55762), blue fluorescent protein (BFP, Quantum Biotechnologies, lac. 1.SOi dc 
Maisonneuve Blvd. West, 8th Floor, Montreal, Quebec, Canada H3H 1J9; Stauber, 1998, 
Bioiechniqtm 24:462-471; Heim et al, 1996, Curr, Biol. 6:178-182), enhanced yellow 
fluorescent protein {EYFP, Clontech Laboratories, Inc.), luciferase (i.cteld etal, 1993, J. 
Immunol .150:5408-5417), p galactosidase (Nolan eta!., 1988, Proc. Natl Acad Set U.S.A. 
85:2603-2607) and Renilla (W092/15673, WO95/07463, W098/14605, W098/26277, 
W099/490 19, VS. Patent Nos. 5292658, 5418155, 5683888,5741668, 5777079, 5804387, 
5874304, 5876995, 5925558). Ail of the above-cited references are expressly incorporated 
herein by reference, 

{001.52 j The exemplary antigen binding proteins described herein, have properties based 
on the distinct epitope on OSMR bound by the antigen binding protein. The term "epitope" 
means the amino acids of a target molecule that are contacted by an antigen binding protein, 
e.g., an antibody, when the antigen binding protein is bound to the target molecule. An epitope 
can be contiguous or non-contiguous (e,g., (i) in a single-chain polypeptide, amino acid 
residues thai are not contiguous to one another in. the polypeptide sequence but that within, the 
context of the target molecule are bound by the antigen binding protein, or (ii) in a multimeric 
receptor comprising two or more individual components, e.g., OSMR and gpi30 or OSMR and 
IL-31 receptor A, amino acid residues are present on one or more of the indi vidual components 
but are still bound by the antigen binding protein. Epitope determinants can include chemically 
active surface groupings of molecules such as amino acids, sugar side chains, phosphoryl or 
suifouyl groups, and can have specific three dimensional structural characteristics, and/or 
specific charge characteristics. Generally, antigen binding proteins specific for a particular 
target molecule will preferentially recognize an epitope on the target molecule in a complex 
mixture of proteins and/or macromoiecules.. 

[001 S3 J Methods of characterizing the epitope bound by an antigen binding protein are 
well known in the art, including, but not limited to, binning (cross-competition) (Miller et al 
"Ep itope binning of murine .monoclonal an tibodies by a multiplexed pairing assay" J Immunol 
Methods (2011) 365, 11.8-25), peptide mapping (e.g., PEPS POT1 N1) (Albert et al "The B-cell 
Epitope of the Monoclonal Anti-Factor VIII Antibody ESB8 Characterized by Peptide Array 
Analysis" 2008 Thromh. Haemost. 99, 634-7), mutagenesis methods such as chimeras {Song et 
al "Epitope Mapping of Ibalizu.mab, a Humanized Anti-CD4 Monoclonal Antibody with Anti-
MJ.V-1 Activity in Infected Patients" J. Virol. (2010) 84,6935-6942), alanine scanning 
(Cunningham and Wells "High-resolution epitope mapping of HGH-receptor interactions by 
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alanine-scairaing mutagenesis'* Science (1989) 244, 1 OS 1 -10S5), arglnine scanning (Lim el al 
"A diversity of antibody epitopes cats induce signaling through the erythropoietin receptor" 
Biochemistry (2010) 49, 3797-3804), HD exchange methods (Coates et at "Epitope mapping 
by amide hydrogen/deuterium exchange coupled with immobilization of antibody, on-line 
proteolysis, liquid chromatography and mass spectrometry" Rapid Commun. Mass Spectroirt. 
(2009) 23 639- 64-7), NMR cross saturation .methods (Morgan et di "Precise epitope mapping 
of malaria, parasite inhibitory antibodies by TR.OSY NMR cross-saturation" Biochemistry 
(2005) 44,53 8-23), and crystallography (Gerhardt etal "Structure of IL-17A in complex with a 
potent, fully .human neutralizing antibody",/. Mol Biol (200.9) 394, 903-21), The methods 
vary in the level of detail they provide as to the amino acids comprising the epitope.. ..Example 4 
provides an exemplary method of epitope binning. 

{00154J Antigen binding proteins of the present invention include those that have an 
overlapping epitope with an exemplary antigen binding protein, described herein, e.g. , Ab l, 
Ab2, or Ab3. In certain embodiments, the antigen binding protein has an identical epitope as to 
the exemplary antigen binding proteins. In other embodiments, the antigen binding protein 
binds only a subset of the same amino acids as the exemplary antigen binding prot e in. 

[00 ! 55 J In certain embodiments, the OSMR. antigen binding protein has an identical or 
overlapping epitope as Ab l, Ab2, or Ab3, and comprises a) a light chain variable domain 
having at least 90% identity, at least 95% identity, or is identical, to the amino acid sequence set 
forth in SEQ ID NO:27, SEQ ID NO:28, or SEQ ID NO:29; b) a heavy chain variable domain 
having at least 90% identity, at: least 9.5% identity, or is identical to the amino acid sequence set 
forth in SEQ ID NO:9, SEQ ID NO: 1.0, or SEQ ID NO; 11; ore) the light chain variable domain 
of a) and the heavy chain variable domain of b). 

[00156j In certain embodiments, the OSMR antigen binding protein has an identical or 
overlapping epitope as Ab l „ Ab2, or Ab3 , and comprises a. light chain variable domain having 
at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:27 
and a heavy chain variable domain having at least 90%, at: least 95%, or is identical to the 
amino acid sequence set forth in SEQ ID NO: 9; those comprising a light chain variable domain-
having at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID 
NO:28 and a heavy chain variable domain having at least 90%., at least 95%, or is identical to 
the amino acid sequence set forth in SEQ ID NO:. 10; and those comprising a light chain 
variable domain having at least 90%, at least 95%, or is identical to the amino acid sequence set 
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forth in SEQ ID NG:29 and a heavy chain variable domain having at least 90%, at least 95%, or 
is identical to the amino acid sequence set forth in SEQ ID 'NO: I 1, 

|00157 j In certain embodiments, the OSMR. antigen binding, protein has an identical or 
overlapping epitope as Abl, AM, or Ab3, and comprises a) a light chain variable domain 
ha ving no more than ten or no more than fi ve amino acid additions, deletions or substitutions 
from the amino acid sequence set forth in SEQ 1.0 NO;27, SEQ IDNO:28, or SEQ ID NO:29; 
b) a heavy chain variable domain having no more than ten or no more than five amino acid 
additions, deletions or substitutions from ihe amino acid sequence set forth in SEQ ID NO:9, 
SEQ ID 'NO:.10, or SEQ ID NO: 11; or e) the light chain variable domain of a) and the heavy 
chain variable domain, of b), 

[001581 In certain embodiments, the OSMR. antigen binding protein has an identical or 
overlapping epitope as Abl, Ab2, or A'b3, and comprises a light chain variable domain haying 
no more than ten or no more than five amino acid additions, deletions or substitutions from the 
amino acid sequence set forth in SEQ ID NO:27 and. a heavy chain variable domain having no 
more than ten or no more than five amino acid additions, deletions or substitutions from the 
amino acid sequence set forth in SEQ ID NO:9; those comprising a light chain variable domain 
having no more than ten or no more than five amino acid additions, deletions or substitutions 
from the amino acid sequence set forth in S£Q:.IDNO:28 and a heavy chain variable domain 
having no more than ten or no more than five amino acid additions, deletions or substitutions 
irons, the amino acid sequence set forth in SEQ ID NO: .10; and those comprising a light chain 
variable domain having no more than ten or no more than five amino acid additions, deletions 
or substitutions from the amino acid sequence set forth in SEQ ID N0:29 and a heavy chain 
variable domain, having no snore than ten or no more than five amino acid, additions, deletions 
or substitutions from the amino acid sequence set forth in SEQ ID NO; 11. 

An exemplary heavy chain variable domain variant of SEQ ID NO:9 contains an amino acid, 
other than asparagine ("for example, aspartic acid.) at the position corresponding to position 73 
in SEQ ID NO;9. The amino acid sequence set forth in. SEQ ID NO:53 is an example of a 
heavy chain variable domain variant of SEQ ID NO:9. 

An exemplary heavy chain variable domain variant of SEQ ID NO; 10 contains an amino acid 
other than asparagine (for example, aspartic acid) at the position corresponding to position 73 
in. SEQ ID NO : 10, Ihe amino acid sequence set forth in. SEQ ID NO:54 is an example of a 
heavy chain variable domain variant of SEQ ID NO: 10. 
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[00159 } In certain embodiments, the OSMR antigen binding protein has an identical or 

overlapping epitope as Abl, Ab2, or Ab3, and comprises a light chain variable domain 

comprising a) as LCDRI having no more than three amino acid additions, deletions, or 

substitutions from the LCDRI sequence set forth hi SEQ IDNO;30; an LCDR2 having no 

.more than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set 

forth in SEQ ID NQ;33; and an LCDR.3 having no more than three amino acid additions, 

deletions, or substitutions from the LCOR3 sequence set forth in SEQ ID NO:36; b) an .LCDRI 

having no more than three amino acid additions, deletions, or substitutions ftom the LCDR I 

sequence set forth in SEQ ID NO:3.l; an LCDR2 having no more than three amino acid 

additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID NO:34; and 

an LCDR3 having no more than three amino acid additions, deletions, or substitutions from the 

LCDR3 sequence set forth in. SEQ ID NO:37; or e) an LCDRI having no more than three 

amino acid additions, deletions, or substitutions from the LCDRI sequence set forth in SEQ ID 

NO;32; an LCDR2 having no more than three amino acid additions, deletions, or substitutions 

from the LCDR2 sequence set forth in SEQ ID NO:35; and an. LCDR3 having no more than 

three amino acid additions, deletions, or substitutions from the LGDR3 sequence set forth iii 

SEQ ID NO;38; and a heavy chain variable domain comprising d) an. HCDRI having no more 

than tee amino acid additions, deletions, or substitutions from the HCDRI sequence set forth 

in SEQ ID NO; 12; an HCDR2 having no more than three amino acid additions, deletions, or 

substitutions from the HCDR2 sequence set forth in SEQ ID NO: 15; and an HCDR3 having no 

more than three amino acid additions, deletions, or substitutions from the HCDR3 sequence set 

forth in SEQ ID NO: 18; e) an HCDR I having .no more than three amino acid, additions, 

deletions, or substitutions from the HCDRI sequence set forth in. SEQ ID NO:I3: an HCDR2 

having no more than three amino acid additions, deletions, or substitutions from the HCDR2 

sequence set forth in SEQ ID NO: 1.6; and an. HCPR3 having no more than three amino acid 

additions, deletions, or substitutions from the MCDR3 sequence set forth in SEQ ID NO; 19; or 

I) an HCDRI having no more than three amino acid additions, deletions, or substitutions ftom 

the HCDR I sequence set forth in SEC? ID NO: i 4; an HCD.R2 having no more than three amino 

acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID 

NO: 17; and an IICDR3 having no more than three amino acid additions, deletions, or 

substitutions from the HCDR3 sequence set forth in SEQ ID N0:20. 

[00160} Preferred OSMR antigen binding proteins described immediately above include 

those comprising the light chain variable domain, of a) and the hea vy chain variable domain of 
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d); those comprising the light chain variable domain of b) and the heavy chain variable domain 

of e); and those comprising the light chain variable domain of e) and the heavy chain variable 

domain off). 

OSMR antigen binding proteins comprising the light chain variable domain of a) and the heavy 

chain variable domain of d) can optionally contain a heavy chain variable domain that 

comprises an amino acid other than asparagine (for example, aspartic acid) at the position 

corresponding to position 73 in SEQ ID NO:9. In such embodiments, the heavy chain variable 

domain optionally comprises the amino acid sequence set forth in SEQ I'D NO: 53. 

OSMR antigen binding proteins comprising the light chain variable domain of b) and the heavy 

chain variable domain of e) can optionally contain a heavy chain variable domain that 

comprises an amino acid other than asparagine (for example, aspartic acid) at the position 

corresponding to position 73 in SEQ ID NO: 10, In such embodiments, the heavy chain 

variable domain optionally comprises the amino acid sequence set forth in SEQ ID NO:S4. 

[001611 Antigen binding proteins that have an identical epitope or overlapping epitope 

will often cross-compete for binding to the antigen. Thus, in certain embodiments, an antigen, 

binding protein of the invention, cross-competes with Abl, Ab2, or Ab3. To "cross-compete" 

or ''cross-competition" means the antigen binding proteins compete for the same epitope or 

binding site on a target. Such competition can be determined by an assay in which, the 

reference antigen binding protein (e.g., antibody or antigen-binding portion thereof} prevents or 

inhibits specific binding of a test antigen binding protein, and vice versa. Numerous types of 

competitive balding assays can be used to determine if a test molecule competes with a 

reference molecule for binding. Examples of assays that can be employed include solid phase 

direct or indirect radioimmunoassay (RIA), solid phase direct or indirect enzyme immunoassay 

(EIA), sandwich competition assay (see, e.g., Stahli et ai, (1983) Meihods in Emymology 

9:242-253), solid, phase direct biotin-av.idin EIA (see, e,g., Kir.kland et al., (1986) J, Immunol. 

337:3614-9), solid phase direct labeled assay, solid phase direct labeled sandwich assay, 

Lisminex (Jia et ai "A novel method of Multiplexed Competiti ve Antibody Binning for the 

characterization of monoclonal antibodies" ,/. Immunological Methotls (2004) 288,91-98) and 

surface plasmon resonance (Song ei al. "Epitope Mapping of Ibaliznmah, a Humanized Antt-

C.D4 Monoclonal Antibody with Anti-Iii.V-1 Activity in Infected Patients"./, Viral. (201 (!) 84, 

6935-42). An exemplary method of determining cross-competition is described in Example .5, 

Usually, when a competing antigen binding protein is present in excess. It will inhibit binding 

of a reference antigen binding protein to a common antigen by at least 50%, 55%, 60%, 65%, 
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70%, or 75%, In some Instances, binding is inhibited by at bast 80%, 85%, 90%, 95%,96%, 
97%, 98%, 99%, or more. 

Polynucleotides Encoding OSMR Antigen Binding Proteins 

1001621 Encompassed within the invention ate nucleic acids or isolated nucleic acids 
encoding OSMR antigen binding proteins, including antibodies, as defined herein. Preferred 
mtcfe.ie acids include those that encode the exemplary light and heavy chains described herein. 

1001631 An exemplary nucleic acid, encoding Abl LC is a nucleic acid comprising the 
sequence set forth in SEQ ID NO: 21. 

f00J:64] An exemplary nucleic acid encoding Ab2 LC is a nucleic acid comprising the 
sequence set forth in SEQ ID N0:22. 

[00165] An exemplary nucleic acid encoding Ab3 LC is a nucleic acid comprising the 
sequence set forth in SEQ ID NO:23, 

{00166] An exemplary nucleic acid encoding Abl HC is a nucleic acid comprising the 
sequence set forth in SEQ ID NO:3. 

[00167] An exemplary nucleic acid encoding Ab2 HC is a nucleic acid comprising the 
sequence set: forth in SEQ ID NO:4, 

[00168] An exemplar)'' nucleic acid encoding Ab3 HC is a nucleic acid, comprising the 
sequence set forth in SEQ ID NO: 5 . 

An exemplary nucleic acid encoding a variant Abl HC is a nucleic acid comprising the 
sequence set forth in SEQ ID NO:47. 

An exemplary nucleic acid encoding a variant Ab2 HC is a nucleic acid comprising the 
sequence set forth in SEQ ID NO;48, 

An exemplary nucleic acid encoding a var iant Ab3 HC is a nucleic acid-comprising the 
sequence set forth in SEQ ID NO:49. 

[00169 ji Aspects of the invention include polynucleotide variants (e.g., due to 
degeneracy) that encode the amino acid sequences described herein, 

[00170] Aspects of the invention include a v ariety of embodiments including, but not 
limited io, the following exemplary embodiments. 
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1001 ?11 An isolated nucleic acid coropri slag a polynucleotide, wherein said 
polynucleotide encodes one or more polypeptides comprising an amino acid sequence selected 
from the group consisting of: 

|'00172| A. La light chain variable domain sequence that is at least 90% identical to 
a light chain variable domain sequence set forth in SEQ ID NOS:27-29; 

[001731 2. a heavy chain variable domain sequence that is at ieast 90% identical 
to a heavy chain variable domain sequence set forth in SEQ ID NOS:9~Li:, 

[001.74] 3, a light chain, variable domain of (1) and a heavy chain variable 
domain of (2); and 

[00.175 J B. a light chain variable domain comprising a CDR1, CDR2, C.QR.3 and/or a 
heavy chain variable domain comprising a CGR1,CDR2. CD.R3 that are the same or differ by 
no more than a total of three amino acid additions, substitutions, and/or deletions in each CDR. 
from the following sequences: 

[001761 1 • a light chain. CDRS (SEQ ID N0:30), CDR2 (SEQ ID NO:33), CDRS 
{SEQ ID NO:36) or a heavy chain CDR 1 (SEQ ID NO: 12), CDR2 (SEQ ID NO: 15), CDR3 
{SEQ I'D NO: 18) of Abl; 

[00177| 2. a light chain CDR1 (SEQ ID NO:31 ), CDR2 (SEQ ID 1*0:34), CDR3 
(SEQ ID NO:37) or a heavy chain CDR 1 (SEQ ID NO: 33), CDR2 (SEQ ID NO: 16), CDRS 
(SEQ ID NO: 19) of Ah2: and 

[001781 3. a light chain. CDR I (SEQ ID NO:32), CDR2 (SEQ ID NO:35), CDR3 
(SEQ ID NO:38) or a heavy chain CDR 1. (SEQ ID NO: 14), CDR2 (SEQ ID NO: 17), CDR3 
(SEQ ID NO:20) of Ab3. 

In some embodiments, •the nucleic acid encodes a polypeptide that comprises the amino acid 
sequence set forth in SEQ ID NO:53 or SEQ ID NQ:54, 

In some embodiments, the nucleic acid encodes a polypeptide that comprises the amino acid 
sequence set forth in SEQ ID NO:50, SEQ ID NO:51, or SEQ ID NO:52. 

[00179 } In preferred embodiments, the polypeptide encoded by the .nucleic acid or 
isolated nucleic acid is a component of an antigen binding protein that binds OSMR. 

[00180] Nucleotide sequences corresponding to the amino acid sequences described 
herein, to he used as probes or primers for the isolation, of nucleic acids or as query sequences 
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for database searches, cao be obtained by "back-translation'' from the amino acid sequences, or 
by identification of regions of amino acid identity with polypeptides tor which the coding DNA 
sequence has been identified. The well-known polymerase chain reaction. (PCR) procedure can 
be employed to isolate and amplify a DNA sequence encoding an OSMR antigen binding 
proteins or a desired combination of OSMR antigen binding protein polypeptide fragments. 
Oligonucleotides that define the desired termini of the combination of DNA fragments are 
employed as 5' and 3* primers. The oligonucleotides can additionally contain recognition sites 
for restriction, endonucleases, to facilitate insertion of the amplified combination of .DNA 
fragments into an expression vector. PCR techniques are described in Saiki et al., Science 
239:487 (J 988); Recombinant DNA Methodology., W'u et at., eds., Academic Press, Inc., San 
Diego (1989), pp. 189-196; and PCR .Protocols: A Guide to Methods and Applications, fnnis 
et. al, eds.. Academic Press, Inc. (.1990), 

[001811 Nucleic acid molecules of the invention include DNA. and RNA in both single-
stranded and double-stranded form, as well as the corresponding complementary sequences, 
DNA includes, for example, cDNA, genomic DNA, chemically synthesized DNA, DNA 
amplified by PCR, and combinations thereof. The nucleic acid molecules of the invention 
include Mi-length genes or cDNA molecules as well as a combination of fragments thereof. 
The nucleic acids of the invention are preferentially derived 'from human sources, but the 
invention includes those derived from non-human species, as well. 

[00182 [ -hi some embodiments, nucleic acids of the invention are isolated nucleic acids. 
An "isolated nucleic acid" is a nucleic acid that has been separated from adjacent genetic 
sequences present in the genome of the organism from which the nucleic acid was isolated, in. 
the case of nucleic acids isolated from naturally-occurring sources. In the ease of nucleic acids 
synthesized enzymatieaSly from, a template or chemically, such, as PCR products, cDNA 
molecules, or oligonucleotides for example, it is understood that the nucleic acids resulting 
from such processes are isolated nucleic acids. An isolated nucleic acid molecule refers to a 
nucleic acid molecule in the form of a separa te fragment or as a component of a larger nucleic 
acid construct In one preferred embodiment, the .nucleic acids are substantially free from 
contaminating endogenous material. The nucleic acid molecule has preferably been derived 
from DNA or RNA isolated at feast once in substantially pure form and in a quantity or 
concentration enabling identification, manipulation, and recovery of its componen t nucleotide 
sequences by standard biochemical methods (such as those outlined in Sambrook et al. 
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory, Cold 
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Spring Harbor, NY (1989)). Such sequences arc preferably provided and/or constructed In the 
.format*aa open reading frame uninterrupted by -internal non-translated sequences, or introns, 
that are typically presen t in eufcaryotie genes. Sequences of non-translated DNA can be present 
5' or 3' from an opes reading frame, where the same do not interfere with manipulation or 
expression of die coding region. 

1001 S3] The present invention also includes nucleic acids or isolated nucleic acids that 
hybridize under .moderately stringent conditions, and more preferably highly stringent 
conditions, to nucleic acids encoding OSMR antigen binding proteins as described herein. The 
basic parameters -affecting the choice of hybridization, conditions and guidance for devising 
suitable conditions are set forth by Sambrook,, .Fritsch, and Mamatis (1989, Molecular Cloning: 
A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 
chapters 9 and 11; and Current Protocols in Molecular Biology, 1995, Ausubel et al., eds., John 
Wiley & Sons, Inc., sections 2.10 and 6.3-6.4), and can be readily determined by those having 
ordinary skill in the art based on, for example, the length and/or base composition of the DMA. 
One way of achieving moderately -stringent condi tions involves the use of a prewashhig 
solution containing 5 x SSC, 0.5% 5DS, 1.0 mM EDTA (pH 8.0), hybridization buffer of about 
50% forniamteie, 6 x. SSC, and a hybridization temperature of about 55 degrees C (or other 
similar hybridization solutions, such as one containing about 50% forraaraide, with a 
hybridization temperature of about 42 degrees C), and washing conditions of about 60 degrees 
C, in 0,5 x SSC, 0.1% SDS, Generally, highly stringent conditions are defined as hybridization 
conditions as above, but with washing at approximately 68 degrees C, 0,2 x SSC, 0.1% SDS, 
SSPE (IxSSPE is 0.1.SM NaCl, 10 mM NaRsub.2 PO,sub,4, and 1,25 mM EDTA, pH 7.4) can 
be substituted for SSC (IxSSC is 0,15M Nad and 15 mM sodium citrate) in the hybridization 
and wash buffers; washes are performed for 15 minutes after hybridization is complete, ft 
should be understood that the wash temperature and wash salt concentration can be adjusted as 
necessary to achie ve a desired degree of stringency by apply ing the basic princ ip les that govern 
hybridization reactions and duplex stability, as known to those skilled in the art and described 
•further below (see, e.g., Sambrook et al., 1989). When hybridizing a nucleic acid to a target 
nucleic acid of unknown sequence, the hybrid length is assumed to be that of the hybridizing 
nucleic acid. When nucleic acids of known sequence are hybridized, the hybrid length can be 
determined, by aligning the sequences of the nucleic acids and identifying the region or regions 
of optimal sequence complementarity. The hybridization temperature for hybrids anticipated to 
be less than 50 base pairs in length should be 5 to 10,degrees C less than the inciting 
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temperature (Tm) of the hybrid, where Tm is determined According to the following equatioos. 

For hybrids less than 18 base pairs in length, Tm (degrees C) •=• 20 of A + T bases) + 4(# of #G 

+ C bases). For hybrids above i 8 base pairs in length, Tm (degrees C) - Si .5 -r I6.6(logso 

(Na*'{) + 0,41(% G C) - (600/N), where N is die number of bases in the hybrid, and [Na] is 

the concentration of sodium ions in the hybridization buffer (|Na"] for IxSSC - 0.165M). 

'Preferably, each such hybridizing nucleic acid has a length that is at feast 15 nucleotides (or 

more preferably at least 18 nucleotides, or at ieast 20 nucleotides, or at least 25 nucleotides, or 

at least 30 nucleotides, or at least 40 nucleotides, or most preferably at least 50 nucleotides), or 

at least 25% (more preferably at least 50%, or at least 60%, or at least 70%, and most 

preferably at least 80%) of the length of the nucleic acid of the present invention to which it 

hybridizes, and has at least 60% sequence identity (more preferably at ieast 70%, at least 75%, 

at ieast 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, 

at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, 

at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%, and most 

preferably at least 99.5%) with the nucleic acid of the present invention to which it hybridizes, 

where sequence identity is determined by comparing the sequences of the hybridizing nucleic 

acids when aligned so as to maximize overlap and identity while minimizing sequence gaps as 

described in. more detail above. 

j00184J The variants according to the invention are ordinarily prepared by site specific 

mutagenesis of nucleotides in the DNA encoding the antigen binding protein, using cassette or 

PCR mutagenesis or other techniques well known m the art, to produce DNA encoding the 

variant, and thereafter expressing the recombinant DMA in eel! culture as outlined herein. 

However, antigen binding protein fragments comprising variant CDRs having up to about 100-

150 residues may be prepared by in vtttv synthesis using established techniques. The variants 

typically exhibit: the same qualitative biological acti vity as the naturally occurring analogue, 

e.g., binding to OSMR, although variants can also be selected which have modified 

•characteristics as will be more felly outlined below, 

[00185] As will be appreciated by those in the art, due to the degeneracy of the genetic 

code, an extremely large number of nucleic acids may be made , all of which encode the CDRs 

(and heavy and light chains or other components of the antigen binding protein) of the present 

invention. Thus, having identified a particular amino acid sequence, those skilled in the art 

could make any number of different nucleic acids, by simpiv modifying the sequence of one or 

more codons in a way which does not change the amino acid sequence of the encoded protein. 

-51 -



WO 2014/194274 PCT/US2014/040360 

[00186] The present invention also pro vides expression systems and constructs In the 
form ofplastaids, expression vectors, transcription or expression cassettes which comprise at 
least one polynucleotide as above, la addition, the invention provides host ceils comprising 
such expression systems or -constructs. 

[ 00187} Typically, expression vectors used in any of the host ceils will contain sequences 
for plasmid. maintenance and for cloning and expression of exogenous nucleotide sequences. 
Such sequences, collectively referred to as "flanking sequences" In certain embodiments will 
typically include one or more of the following 'nucleotide sequences: a promoter, one or more 
enhancer sequences, aa origin of replication, a transcriptional termination sequence, a complete 
.intron. sequence containing a donor and acceptor splice site, a sequence encoding a leader 
sequence for polypeptide secretion, a ribosome binding site, a polyadenylation sequence, a 
polylinker region for inserting the nucleic acid encoding the polypeptide to be expressed, and a 
selectable- marker element. Each of these sequences is discussed below. 

[00188} Optionally, the vector may contain a "tag"~encoding sequence, i.e., an 
oligonucleotide molecule located at the 5' or 3' end of the OSMR antigen binding protein 
coding sequence; the oligonucleotide sequence encodes polyHis (such as hexaHis), or another 
"tag" such as FLAG, HA (hemaglutinin. influenza vims), or mye, for which commercially 
available antibodies exist. This tag is typically fused to the polypeptide upon expression of the 
polypeptide, and can serve as a means for affinity purification or detection of the- OSMR 
antigen binding protein, from the host cell Affinity purification can be accomplished, for 
example, by column chromatography using antibodies against the tag as an affinity matrix. 
Optionally, the tag can subsequently be removed from the purified OSMR antigen binding 
protein by various means such as using certain peptidases for cleavage. 

[00189} Flanking sequences may be homologous (i.e., from the same species and/or 
strain as the host cell), heterologous (/.&, from a species other than the host cell species or 
strain), hybrid (/,&, a combination of flanking sequences from more than cue source)* synthetic 
or native. As such, the source of a flanking sequence may be any prokarvotie- or eukaryotic 
organism, any vertebrate or invertebrate organism, or any plant, provided that the flanking 
sequence is functional in, and can be activated by, the host ceil machinery. 

{00190} Flanking sequences useful in the vectors of this invention may be obtained by 
any of several methods well known tn the art. Typically, flanking sequences useful herein will 
have been previously identified by mapping and/or by restriction endonuclease digestion .and-
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can thus be isolated from the proper tissue source using the appropriate restriction 
endonuc'ieases. Is some eases, the fall nucleotide sequence of a flanking sequence may be 
known. Here, the flanking sequence may he synthesized using the methods described herein 
for nucleic acid synthesis or cloning. 

[00191 J Whether all or only a portion of the flanking sequence is known* it may be 
obtained using polymerase chain reaction (PCR) and/or by screening a genomic library with a 
suitable probe such as an oligonucleotide and/or flanking sequence fragment from the same or 
another species. Where ihe flanking sequence is not known, a fragment of DNA containing a 
flanking sequence may be isolated from a larger piece of DNA that may contain, for example, a 
coding sequence or even another gene or gesies. Isolation may be accomplished by restriction 
endonuclease digestion to produce the proper DNA fragment followed by isolation using 
agarose gel purification,, Qiagen*" column chromatography (Chalsworth, CA), or other methods 
known to the skilled artisan. The selection of suitable enzymes to accomplish this purpose will 
be readily apparent to one of ordinary skill in the art, 

[00192 J An ori gin of replication is typically a part of those prokarvotie expression 
vectors purchased commercially, and the origin aids in the amplification of the vector in a host 
cell, if the vector of choice does not contain an origin, of replication, site, one may be 
chemically synthesized based on a known sequence, and ligated into the vector. For example, 
the origin of replication from the plasmid pBR.322 (New England Biolabs, Beverly, MA) is 
suitable for most gram-negative bacteria, and various viral origins (e.g., SV40, polyoma, 
adenovirus, vesicular stoinatitus virus (VS V), or papillomaviruses such as HPV or BPV) are 
useful for cloning vectors in mammalian cells. Generally, the origin of replication component 
is not needed for mammalian expression vectors (for example, the SV40 origin is often used 
only because it also contains the virus early promoter), 

[00193 | A transcription termination sequence is typically located $ to the end of a 
polypeptide coding region and serves to terminate transcription. Usually, a transcription 
termination sequence in prokaryotic cells is a G-C rich fragment followed by a poly-T 
sequence While the sequence is easily cloned from a library or even purchased commercially 
as part of a vector,, it can also be readily synthesized using methods for nucleic acid synthesis 
such as those described herein. 

[001941 A selectable marker gene encodes a protein necessary for the survival and 
growth of a host ceil grown in a selective culture medium. Typical selection, marker genes 
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encode proteins that (a) confer resistance to antibiotics or other toxins, ampiciUin, 
tetracycline, or kanamyein for prokarvotie host cells; (b) complement auxotrophic deficiencies 
of the cell; or (cj supply critical nutrients not available from complex or defined media. 
Specific selectable markers are the kanamyein resistance gene, the ampicifiin resistance gene, 
and the tetracycline resistance gene. Advantageously, a neomycin resistance gene may also be 
used for-selection in both prokaryotic and eukaryotic host ceils. 

[00.195] Other selectable genes may be used to amplify the gene that will be expressed. 
Amplification is the process wherein genes that are required for production of a protein critical 
for growth or cell survival are reiterated in tandem within, the chromosomes of successive 
generations of .recombinant cells. Examples of suitable selectable markers for mammalian cells 
include dihydrofblate reductase (DBFR) and promoterless thymidine kinase genes. Mammalian 
cell franstbrmants are placed under selection pressure wherein only the transformaats are 
uniquely adapted to survive by virtue of the selectable gene present in the vector. Selection 
pressure is imposed by culturing the transformed cells under conditions in which the 
concentration of selection agent: in the medium is successively increased, thereby leading to the 
amplification of both the selectable gene and the DNA that encodes another gene, such as an 
antigen binding protein antibody that binds to OSMR polypeptide. As a result, increased, 
quantities of a polypeptide such as an OSMR antigen binding protein are synthesized from the 
amplified DNA. 

[00196] A ribosome-binding site is usually necessary for translation, initiation of m'RNA 
and is characterized by a Shine-Daigarno sequence (prokaryotes) or a Kozak sequence 
(eukaryotes). The element is typically located 3* to the promoter and 5' to the coding sequence 
of the polypeptide to be expressed, lis certain embodiments, one or more coding regions may 
be operabl.y linked to an internal ribosome binding site (IRES), allowing translation of tvvo 
open reading frames from a single RNA transcript. 

[00197] In .some eases, such as where glycosylation is desired in. a eukaryotic host ceil 
expression system, one may manipulate the various pre- or prosequenees to improve 
glycosylation or yield. For example, one may alter the peptidase cleavage site of a particular 
signal peptide, or add prosequenees, which also may affect glycosylation. The final protein 
product may have, in the -1 position (relative to the .first amino acid of the mature protein) one 
or more additional amino acids incident to expression, which may not have been totally 
removed. For example, the final protein product may have one or two amino acid residues 
found in. the peptidase cleavage site, attached to the ammo-terminus. Alternatively, use of 
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some enzyme cleavage sites may result in a slightly truncated form of the desired polypeptide, 
if the enzyme cuts ai such area within the mature polypeptide. 

|00198j Expression and closing vectors of the invention will typically contain a 
promoter that is recognized by the host organism and operably linked to the -molecule encoding 
the OSMR. antigen binding protein. Promoters are uutranseribed sequences located upstream 
(i.e., 5') to the start codon of a structural gene (generally within about 100 to 1000 bp) that 
control transcription of the structural gene. Promoters are conventionally grouped into one of 
two classes: inducible promoters and constitutive promoters. Inducible promoters initiate 
increased levels of transcription from DNA under their control in response to some change in 
culture conditions, such as the presence or absence of a nutrient or a change in temperature. 
Constituti ve promoters, on the other hand, uniformly transcribe gene to which they are operably 
l inked, that is, wi th li ttle or no control over gene expression. A large number of promoters, 
recognized by a variety of potential host cells, are well known. A suitable promoter is operably 
linked, to the DNA. encoding heavy chain or light chain comprising an OSMR, antigen binding 
protein, of the invention by removing the promoter from the source DNA by restriction enzyme 
digestion and inserting the desired promoter sequence into the vector, 

{'00199] Suitable promoters for use with yeast hosts are also well known in the art. Yeast 
enhancers are advantageously used with yeast promoters. Suitable promoters for use with 
mammalian host ceils are well known and include, but are not limited to, those obtained from 
the genomes of viruses such as polyoma vims, fbwlpox virus, adenovirus (such as Adenovirus 
2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, retroviruses, hepatitis-B 
virus and most preferably Simian Virus 40 (S V40). Other suitable mammalian promoters 
include heterologous mammalian promoters, for example, .heat-shock promoters and the actio, 
promoter. 

j00200J Additional promoters which may be of interest, include, but are not limited to: 
SV40 early promoter (Benoist et al, 1981, .Nature 290:304-310); CMV promoter (Thornsen et 
al, 1984, Proc, Nad, Acad. U.S.A, 81:659-663); the promoter contained in the 3' long terminal 
repeat of Rous sarcoma virus (Yainamoto et a1980, Cell 22:787-797); herpes thymidine 
kinase promoter (Wagner etal., 1981, Proc. Nad. Acad Sci. U.S.A. 78:1444-1445); promoter 
and regulatory sequences from the metallothiortine gene Frmster ei al, 1982, Nature 296:39-
42); and prokaryotic promoters such as the beta~lactama.se promoter (Villa-Kamaroff el al., 
191%,. Proc. Natl. Acad- Set U.S.A. 75:3727-3731); or the tac promoter (DeBoer el al, 1983, 
Proc, Nad. Acad. Sci. U.S. A. 80:21-25). Also of in terest arc the following animal 
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transcriptional control regions, which exhibit tissue specificity and have beets utilized in 
transgenic animals: the eiastase 1 gene control region that is active in pancreatic acinar cells 
(Swift -etal, 1984, Celt 38:639-646; Omitz etal, 1986, Cold Spring Harbor Symp. Quatn. 
Biol. 50:399-409; MacDonald, 1987, Hepatoiogy 7:425-515); the insulin gene control region 
that is active in. pancreatic beta cells (Haaahan, 1985, Nature 315:115-122); the 
immunoglobulin gene control region that is active hi lymphoid cells (Grossched! et al, 1984, 
Cell 38:647-658; Adames et al, .1985, Nature 318:533-538; Alexander etal, 19.87, AM Ceil. 
Biol. 7:1436-1444); the mouse mammary tumor virus control region that is active in testicular, 
breast, lymphoid and mast cells (Leder e( al, 1986, Ceil 45:485-495); the albumin gene control 
region that is active in liver (Pinkert ef al, 1987, Genes and Devel I :26S-276); the alpha-feto-
protein gene control region that is active in liver (Kranilauf et ai., 1985, Mol Cell. Biol 
5:1639-1648; Hammer et al, 1987, Science 253:53-58); the alpha 1-antitrypsin gene control, 
region that is active in liver (Kelsey et &l, 1987, Genes and Bevel. 1:161-171 >; the beta-giobin 
gene control region that is active in myeloid cells (Mogram et al, 1985, Mature 315:338-340; 
Koilias et al, 1986, Cell 46:89-94);. the myelin.basic protein gene control region that is active 
in oligodendrocyte cells in the brain. (Readhead et al , 1987, Cell 48:703-712); the myosin light 
chaia-2 gene control region that is acti ve in skeletal muscle CSani, 1985, Nature 314:283-286); 
and the gonadotropic releasing hormone gene control region that is active in the hypothalamus 
(Mason et al., 1986, Science 234:1372-13 78). 

[0020 I j An enhancer sequence may be inserted into the vector to increase transcription 
of DMA encoding light chain or heavy chain comprising an OSMR antigen binding protein of 
the invention by higher eukaryotes. Enhancers are eis-actrag elements of DNA, usually about 
10-300 bp in length, that act on the promoter to increase transcription. Enhancers are relatively 
orientation and position independent, having been found at'positions both 5' and 3' to the 
transcription unit, Several enhancer sequences available from mammalian genes are known 
(eg., globin, eiastase, albumin, alpha-teto-protein and insulin). Typically, however, an 
enhancer from a virus is used. The SV40 enhancer, the cytomegalovirus early -promoter 
enhancer, the polyoma enhancer, and adenovirus enhancers known in the art are exemplary 
enhancing e lements for the activation of eukaryotic promoters. While an enhancer may be 
positioned in the vector either 5' or 3' to a coding sequence, it is typically located, at a site 5' 
from the promoter. A sequence encoding an appropriate native or heterologous signal sequence 
{leader sequence or signal peptide) can be incorporated into an expression vector, to promote 
extracellular secretion of the antibody. The choice of signal peptide or leader depends on the 
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type of host cells in which the antibody is to be produced, and a heterologous signal sequence 
can replace the native signal sequence. Examples of signal peptides that are functional in 
mammalian host cells include the following: the signal sequence for interfevtkin-7 (1L-?) 
described in US Patent No, 4,965,195; the signal sequence for mterleukm-2 receptor described 
in Cosman et«/,, 1984, Nature 312:768; the inteiieukin-4 receptor signal peptide described in 
EP Patent No. 0367 566; the type I interteukin-1 receptor signal peptide described in U.S. 
Patent No. 4,968.607; the type II interleukin-1 receptor signal peptide described in EP Patent 
No. 0 460 846. 

[00202]: The vector may contain one or more elements that facilitate expression when the 
vector is integrated into the host cell genome. Examples include an.EASE element (Aldrich et 
al 2003 Biotechnol Prog, 19:1433-38) and a matrix attachment region (MAR), MARs mediate 
.structural organization of the chromatin and may insulate the integrated vactor from "position" 
effect. Thus, MARs are particularly useful when the vector is used to create stable 
transfectants. A number of natural and synthetic MAR-containing nucleic acids are known in 
the art, e.g., II,S. Pat. Nos. 6,239,328; 7326,567; 6,177,612; 6,388,066; 6,245,974; 7,259,010; 
6,037,525; 7,422,874.; 7,129,062, 

[00203] Expression, vectors of the invention may be constructed from a. starting-vector 
•such as a commercially available vector. Such vectors may or may not contain all of ihe 
desired flanking sequences. Where one or more of the flanking sequences described herein are 
not already present in. the vector, they may be individually obtained and ligafed into the vector. 
Methods used for obtaining each of the flanking sequences are well known to one skilled in the 
art. 

[00204]: After the vector has been constructed and a nucleic acid molecule encoding, light 
chain, a heavy chain, or a light chain and a heavy chain comprising an OSMR antigen binding 
sequence has been inserted into the proper site of the vector, the completed vector may he 
inserted into a suitable host cell for amplification, and/or polypeptide expression. The 
transformation of an expression vector for an. OSMR antigen binding protein into a selected 
host eel! may be accomplished by well known methods including transfcetion, infection, 
calcium phosphate co-precipitation, electroporation, microinjection, hpofectiori, DEAE-dextrail 
mediated transfeciion, or other known techniques. The method, selected will in part be a 
function of the type of host cell to be used. These methods and other suitable methods are well 
known to the skilled artisan, and are set forth, for example, in Sambrook et al.,. 2001, supra. 



WO 2014/194274 PCT/US2014/040360 

[00205| A host cell, when cultured under appropriate conditions, synthesizes an OSMR 
antigen binding protein thai can subsequently be collected tram the culture medium (if the host 
cell secretes it into the medium) or directly from the host eel! producing it (if it is not secreted). 
The selection of an appropriate host cell will depend upon various factors, such as desired 
expression levels, polypeptide modifications that are desirable or necessary for activity (such as 
glycosylation or phosphorylation) .and ease of folding into a biologically active molecule. A 
host ceil may be eukaryotic or prokaryotic, 

[00206 j Mammalian cell lines available as hosts for expression arc well known in the art 
and include, bur are not limited to, immortalized cell lines available from the American Type 
Culture Collection (ATCC) and any cell Sines used in an expression system, known in the art 
can be used to make the recombinant polypeptides of the invention. In general, host cells are 
transformed with a recombinant expression vector that comprises UNA encoding a desired anti-
OSMR antibody polypeptide. Among the host cells that may be employed are prokaryotes, 
yeast or higher eukaryotic cells. Prokaryotes include gram negative or gram positive 
organisms, for example E. coil or bacilli . Higher eukaryotic cells include insect cells and 
established cell lines of mammalian, origin.. Examples of suitable mammalian host cell lines 
include the COS-7 line of monkey kidney cells (ATCC CRL 1651.1 (Gluzman et. al., 1981, Cell 
23:175), L cells, 293 cells, €127 cells, 3T3 cells (ATCC CCL 163), Chinese hamster ovary 
(CHO) cells, or their derivatives sucfe as Veggie OHO and related cell lines which grow in 
•semm-free media (Rasmussen et al., 1998, Cylofechnology 28: 31), MeLa cells, BHK'. (ATCC 
CRL 10) cell lines, and the CV1/EBNA cell line derived, from the African green monkey kidney 
cell line CVI (ATCC CCL 70) as described by McMahan et ai, 1991, EMBO J. 10: 2821, 
human embryonic kidney cells such as 293, 293 EBNA or MSR 293, human epidermal A431 
cells, human Colo205 cells, other transformed primate cell lines, normal diploid cells, cell, 
strains derived from in vitro culture of primary tissue, primary explains, IIL-60, U937, HaK or 
Jfurkat cells. Optionally, mammalian cell lines such as HepG2/38, KB, NIH 3T3 or $49, for 
example, can he used for expression of the polypeptide when it is desirable to use the 
polypeptide is various signal transduction or reporter assays. Alternatively, it is possible to 
produce the polypeptide in lower eukaryotes such as yeast or in prokaryotes such as bacteria. 
Suitable yeasts include Saecharomyces cerevisiae, Scliizosaccharomyces pombe, 
Ktuyveromyces strains, Candida, or any yeast strain capable of expressing heterologous 
polypeptides. Suitable bacterial strains include Escherichia eo.li, Bacillus subtil is, Salmonella 
typhimurium, or any bacterial strain capable of expressing heterologous polypeptides, If the 
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polypeptide is made in yeast or bacteria, it may be desirable to modi fy the polypeptide 
produced therein, for example by phosphorylation or glycosylation of the appropriate sites, in 
order to obtain the functional polypeptide. Such covalent attachments can be accomplished 
using known chemical or enzymatic methods. The polypeptide can also be produced by 
operably linking the nucleic acid or isolated nucleic acid of the invention to suitable control 
sequences in one or more insect expression vectors, and employing aa insect expression 
system. Materials and methods for baeulovirus/insect. cell expression systems are 
commercially available in kit form. from, e.g., fnvitrogen, San Diego, CA, U.S.A. (the 

MaxBac® kit), and such methods are well known in the art, as described in Summers and 
Smith, Texas Agricultural Experiment Station Bulletin No. 1555 (1987), and Luckow and 
Summers, Bio/Technohgy 6:47 (1988). Cell-free translation systems could also be employed 
to produce polypeptides using RNAs derived from nucleic acid constructs disclosed herein. 
Appropriate cloning and expression vectors for use with bacterial fungal, yeast, and 
mammalian cellular hosts are described by Pou weis et al (Cloning Vectors: A Lahomtory 
Manual, Elsevier, New York, 1985). A. host ceil that comprises a nucleic acid or an isolated 
nucleic acid of the invention, preferably operably linked to at least one expression control 
sequence, is a '"'recombinant host cell". 

[00207] In certain embodiments, cell lines may he selected through determining which 
cell lines have high expression levels and constitutivcly produce antigen binding proteins with 
OSMR binding properties, hi another embodiment, a cell line from die B cell lineage that does 
not make its own antibody but has a capacity to make and secrete a heterologous antibody can 
be selected. 

Cel!-Dei>k'ti»g OSMR Antigen Binding Proteins 

[00208| In preferred embodiments, the OSMR. antigen binding protein hinds OSMR. and 
inhibits OSM and/or IL-31. binding, thereby reducing OSM- and/or TL-31 -mediated signaling in 
OSMR-expressing cells. In certain embodiments, however, the OSMR antigen, tending protein 
binds OSMR and. targets an OSMR-expressing cell for depletion. In various aspects, the 
OSMR antigen binding protein inhibits OSM and/or IL-31 binding and targets tile OSMR cell 
for depletion. 

[00209]: Cell-depleting OSMR antigen binding proteins are particularly useful for 
treating diseases or disorders associated with o ver expression of OSMR, e.g., an autoimmune 
disease, inflammatory disease, a disease or disorder associated with extracellular matrix. 
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deposition or remodeling, or an OSMR-expressing tumor. Methods of targeting cells with 
antigen binding proteins, e.g, antibodies, are well known In the art Exemplary embodiments 
arc discussed below. 

Antibody Dmg Conjugates 

[0021Of Embodiments of the invention include antibody drug conjugates (ADCs). 
Generally ihe ADC comprises an antibody conjugated to a chemotberapeutic agent, e.g., a 
cytotoxie agent, a cytostatic agent, a toxin, or a radioactive agent. A linker molecule can be 
used to conjugate the drug to the antibody. A. wide variety of linkers and drugs useful in ADC 
technology are known, in the art and may be used in embodiments of the present invention. 
(See US20O90O28856; US2009/0274713; US2O07/OO314O2; W02005/084390; 
WO2O09/O99728; US5208020;- US54I6064; US5475092; 5585499; 6436931; 6372738; and 
6340701, all incorporated herein by reference). 

Linkers 

[00211 j In certain embodiments, the ADC comprises a linker made up of one or more 
linker components. Exemplary linker components include 6-maiei.midocaptoyl, 
niaieiniidoptopanoyL "vahne-citralline, al.at.iin.e-pljenylal.at.iine, p-aniinobenxyloxyearbonyl, and 
those resulting from conjugation with linker reagents, including, but not limited to, N~ 
succmimidyl 4-(2-pyridy.Hhio) pentanoate ("SPP"), N-sueoinimidyl 4-(N-.raale.imidometbyI) 
cyclohexane-1 carboxylase fSMCC," also referred to herein also as "MCC"), and N-
suecinitnidyl (4-iodo-aectyl) aminobenzoate ("S1AB"), 

[00212 j Linkers may be a "cleavabk" linker or a "non-cleavable" linker (Ducry and 
Stump,. Bkwmpgaie Clwm, 2010,2L 5-13; incorporated herein by reference in its entirety) 
Cleavable linkers are designed to release the drag when subjected to certain environment 
factors, e.g., when internalized into the target cell, Cleavable linkers include acid labile linkers, 
protease sensitive linkers, photolahile linkers, dimethyl linker or disulfide-coniaining linkers, 
Non-cleavable linkers tend to remain eovalently associated with at least one amino acid of the 
antibody and the dmg upon internalization by and degradation within the target cell. An 
exemplary non-cieavable linker is MCC. 

Prims 

[002 i 3] In certain embodiments, the antibody is conjugated to a ehemotherapeutie agent. 
Examples of chetnotberape'utie agents include alkylating agents, such as thiotepa and 
cyclophosphamide (CYTOXAN™); alkvl sulfonates such as busulfan, Improsulfan and 
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piposulfan; aziridtnes, such as beftzodopa, carboquone, rUeturedopa, and uredopa; 
ethyleniaiiaes and methylameiarmnes including altretamine, trkthylettemelaraise, 
trietyleaepfeosphoraavidc, ftnethylenethiophosphaoranvidc and {rimcthylolomclamine; 
aeetogenins (especially bullataeia and buMatacmoae); a camptothecin (including the synthetic 
analogue topotecan); bryostatta; eallysiatin; CC-1065 (including its adozelesia, carzefesin and 
bizelesm synthetic analogues); cryptophycios (particularly cryptophycm i and cryptophycin 8); 
dolastariiv; daocarmyein {including the synthetic analogues, KW-2189 and. CBl-TMl); 
eieufherobni; pancratistatto: a sareodietyin; spongistatin; nitrogen .mustards such as 
chlorambucil, chlontaphazine, thiophosphamide, estfamitstine, ifbsfamide, roeeMorethamine, 
mechlorethaoiiiie oxide hydrochloride, melphaian, novetabichin, phenestcriae, preduimustme,. 
trofosfami.de, uracil mustard; nitrosureas such as carmustiae, chlotozotocin, fotemustine, 
lomustiae, nimustine, ranimustine; antibiotics, such as the enediyae antibiotics (e.g. 
calicheamicin, especially calicheamicin ,gaanaal and calicheamicin theta 1, see, e.g., Angew 
Chcm. Intl, Ed. Engl, 33:183-186 (1994); dyncmicin, including dynemkin A; an espersmicin; 
as well as neocarzinosiatin chromophore and related ehroraoprotein enediyne antibiotic 
chroraottKjphores), aclacinomysins, actinomycin, authrarayem, azaserine, bleomycins, 
cactinomycfo, carabieia, caaiiaomyem, caretaophilm; chfomoiaycias, dactiaoaiyda, 
daunorubicia, dctorubicin, fi-diazo-S-oxo-L-soricuciiie, doxorubicin (including nK>rpholino-
doxorubicin, cya»omorphoUaoKloxorub.icin, 2-pyjToHno-doxorubicin and deoxydoxorubicio), 
epirubicin, esorubkia, .idarubkia, raarceHonwdo, uitoroyeins, mycopheaolk acid, 
nogaiamycin. olivomycins, peplomycin. potfiromyein, pummycin, queiamycin, rodorabicin, 
sfcrcptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites, such 
as methotrexate and 5-fluorouracil (5-FU); folic acid analogues, such as denopterin, 
methotrexate, pteropterin, trimetrexate; purine analogs, such as fludarabine, 6-mercaptopurinc, 
thiamiprine, thioguanine; pyrimidine analogs such as, aneifabiae* azaciticiine, 6-azaiuidioe, 
earmofur, cytarabiae, dideoxyuridine, doxifluridine, -eaocitabine, floxuridine, 5-FU; androgens, 
such as ealusterone, drotaostaaolone propionate, epitiostanol, mepitiostane, testolaetoae-; anti-
adrenals, such as aminoglufethimide, mitotaae,. trilosfanc; folk acid replenisher, such as frolinic 
acid; aceglatoiie; aldophosphamide glycoside; aminolevulinic acid; amsacrine; bestnvbucil; 
bisantrene; edatraxate; defofamiae; demecoleine; diaziquoae; elfomithine; elliptiaium acetate; 
an cpothiloac; ctoglucid; gallium nitrate; .hydroxyurea.; lentinan; lonidaatiae; maytansinoids, 
such as maytansine and. ansaaatocms; mitogttazoae; mitoxaatrone; mopidamol; aitracrine; 
pentostatin; phenamet; pirarubictn; podophylljaic acid; 2-eth.ylhydrazide; procarbazine; PSKM; 
razoxane; rluzosin; sizo&raa; spirogermantuai; tenuazoaic acid; triaziquooe; 2,2',2"-
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trichlorotricihylanune; triehothecenes (especially T-2 toxin, verracurin A, roridin A and 
anguidinej; uretha»; vindesiae; dacarbazine; BKmnoraustine; mitobronitol; mitolactol; 
pipobroman; gacytosine; arabtnoside ("Ara-C"}; cyclophosphamide; thiotepa; taxoids, e.g. 
paditaxe! (TAXOL™, Bristol-Myers Squibb Oncology, .Princeton, NJ) and doxetaxel 
(TAXOTERE#, Rhone-Poulenc Rorer, Antony, France); chlorambucil; gemcitabine; 6-
tbioguaitine; mercaptopurine; methotrexate; platinum analogs such as cisplatin and earboplatio; 
vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin C; mitoxantrone; vincristine; 
vinorelbine; navelbine; novantene; tenyposide; daunomycin; archnopteriu; xeloda; ibandronate; 
CPT-11; topoisomerase inhibitor RFS 2000; diiuoromeihySoimthine (DMFO); retinoic acid; 
capect tabiae; and pharmaceutical^ acceptable sails, acids or derivatives of any of the above. 
Also included in. this definition are anti-hormonal agents that act to regulate or inhibit hormone 
action on tumors., such as anti-estrogens including tor example tamoxifen, raloxifene, 
aromatase inhibiting 4(5)-imida2soles, 4-hydi'oxytamosifen, trioxtfene, keoxifene, LYS 17018, 
onapristone, and toremifetie (Farcston); and anti-androgens, such as fiutamide, niiutamide, 
bicalutamide, leupralide, and goserelin; s.iRNA and p'harcnaeeuticaUy acceptable salts, acids or 
deri vatives of any of the above. Other chemotherapeatic agents that can be used with the 
present invention are disclosed in US Publication No. '200801? 1.040 or US Publication No. 
20080305044, each of which is incorporated herein m. its entirety by reference. 

[002 !4| It is contemplated that aa antibody may be conjugated to two or more different 
chemotherapeutie agents or a pharmaceutical composition may comprise a mixture of 
antibodies wherein the antibody component is identical except for being conjugated to a 
different cheniotherapeoiie agent. Such embodiments may be useful for targeting multiple 
biological pathways with a target celt 

[00215J hi preferred embodiments, the ADC comprises an antibody conjugated to one or 
more maytansinoid molecules, which are mitotic inhibitors that act by inhibiting tubulin 
polymerisation. Maytaosinoids, including various modifications, are described in US Pat. Nos. 
3896111; 4151042; 4137230; 4248870; 4256746; 4260608; 4265814; 4294757; 4307016; 
4308268; 4309428; 4313946; 4315929; 4317821; 4322348; 4331598; 4361650; 4364866; 
4424219; 4450254; 4362663; 4371533; and WO 2009/099728, Maytansinoid drug moieties 
may be isolated, from natural sources, produced using recombinant technology, or prepared 
synthetically. Exemplary maytansinoids include C-19-dechloro (US Pat No. 4256746), €-20-
hydroxy (or C-20-dero.ethyi} */- C-19-dechloro (US Fat. Nos. 43(1703.6 and 4361650), €-20-
demethoxy (or C-20-aeyloxy (-OCOR), +/- deehroio (US Pat. No. 4294757), C-9-SH (US Pat, 
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No. 4,424,21.9), C-14-alkoxvmcthyl . (demethoxy/CH20R) (U.S. Pat. No. 4,331,598), C-14-

hydroxymethy'I or acyloxyraethyi (CH20H or CH2QAc) (U.S. Pat. No, 4,450,254), C-15-

Kydrosy/acyiosy (U.S. Pat. No, 4,364,866), C-iS-methoxy (U.S. Pat, Nos. 4,313,946 and 

4,315.929), C-1 8-N-dem.ethyI (U.S. Pat Nos. 4,362,663 and 4,322,348), and 4,5-deoxy (U.S. 

.Pat, No. 4371.533). 

j00216'] Various positions on maytansinoid compounds may be used as the linkage 

position, depending upon the type of link desired. For example, for forming an ester linkage, 

the C-3 position having a hydroxy! group, the C-14 position modified with hydrozymefhyl, the 

C-1.5 position modified with a hydroxy! a group, and the C-20 position having a hydroxy! 

group are all suitable (US Pat. Nos. 5208020, RE3915L and 6913748; US. Patent Appl. Pub. 

Nos. 20060167245 and 20070037972, and WD 2009099728). 

j0021 ?! Preferred mavtansinoids include those- known in the art as DM i, DM3, and 

DM4 (US Pat. Appl. Pab. Nos. 2009030924 and 20050276812, incorporated herein by 

reference), 

!'0025 8] A'DCs containing niaytansinoids, methods of making such ADCs, and their 

therapeutic- use are disclosed in US Patent Nos. 5208020 and 5416064, US Pat, Appl. Pub, No, 

20050276812. and'WO 2009099728 (all incorporated by reference herein). Linkers thai are 

useful for making maytansinoid ADCs are know in the art (US Pat, No, 5208020 and US Pat 

Appl. Pub . Nos. 2005016993 and 20090274713; all incorporated herein by reference). 

Maytansinoid ADCs comprising an. SMCC. linker may be prepared as disclosed in US Pat, 

Publ No. 200570276812. 

Effector Function-Enhanced Antibodies 

{00219} One of the functions of'the Fc portion of an antibody is to communicate to the 

immune system when the antibody binds its target:. This is considered "'effector function." 

Communication leads to antibody-dependent cellular cytotoxicity (ADCC), antibody-dependent 

cellular phagocytosis (ADCP), and'or complement dependent cytotoxicity (CDC). ADCC and 

ADCP are mediated through the binding of the fc to fc receptors on the surface of cells of the 

immune system. CDC is media ted, through the binding of the Fc with proteins of the 

complement: system, e.g., Ciq. 

[00220]: The IgG subclasses vary in their ability to mediate effector functions. For 

example, IgGI is much superior to IgG2 and IgG4 at mediating ADCC and CDC. Thus, in 
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embodiments "whereia a cell expressing OSMR is targeted for destruction, aa anti-OSMR IgGI 
antibody would be preferred. 

10022 i j The effector function of an anti-body can be increased, or decreased, by 
introducing one or more mutations into tbe Fc. Embodiments of the invention include antigen 
binding proteins, e.g., antibodies, having an Fc engineered to increase effector function (U.S. 
7,357,093 and Strohi, Curr. Opw, 'Biotech., 20:685-691, 2009; both incorporated herein'by 
reference in its entirety). «. Exemplary IgGI Fc molecules having increased effector function 
include (based on the K&bat numbering scheme) those have the following substitutions: 

[00222J S239D/J332E 

j002.23| S239D/A330S/032E 

[002241 S239D/A330L/1.332E 

[00225J S298.4/D333A/K334A 

[00226]: P2471/A339D 

[002271 F247I/A339Q 

[00228]! D280H/K290S 

[00229]; D280H/K290S/S298D 

[00230] D280H/K290S/S298V 

[00231] F243L/R292P/Y300L 

[00232] F243L/R292P/Y3O0L/P396L 

[002331 F243L/R292P/Y300L/V305I/P396L 

[002341 G236 A/S239D/I332E 

[00235]: K326A/E333A 

[00236j K326W/E333S 

[00237] K290E/S298G/T299A 

[00238] K290N/S298G/T299A 

[00239} K290E/S298G/T299A/fC32{>E 

[00240] K290N/S298G/T299A/K326E 
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[00241 { Farther embodiments of the invention include antigen binding proteins, e.g., 
antibodies, having an Fc engineered to decrease effector function. Exemplary Fc molecules 
having decreased effector function include (based on the Kabat numbering scheme) those have 
fiie following substitutions: 

[002421 N297A (IgGI) 

[00243] L234A/L235A (IgG!) 

[002441 V234A/G237A (IgG2) 

[00245| L235A/G237A/E3 ISA (IgG4) 

[00246| H268Q/V309:l./A33flS/A331S (lgG2) 

[00247]: C220S/C226S/C229S/P238S (IgG I) 

[00248] C2 26.S/C22 9S/.E2 3 3F/L234 V/L2 35A (IgG 1.) 

[00249: L234F/L235E/P33IS (IgGI) 

[00250] S267E/L328F (IgGI) 

[00251!! Ano ther method of increasing effector function of IgG Fc-con.taini.ng proteins is 

by reducing the fucosyiation of the Fc. Removal of the core fueose from the biantennary 
complex-type oligosaccharides attached, to the Fc greatly increased ADCC effector function 
without altering antigen binding or CDC effector function. Several ways are known for 
reducing or abolishing fucosyiation ofFc-containing molecules, e.g., antibodies. These include 
recombinant expression in. certain mammalian cell lines including a FUT8 knockout eel! line, 
variant CHO line Lee 13, rat hybridoma cell line YB2/0, a cell line comprising a small 
interfering .RNA specifically against the FIJT8 gene, and a cell line coexpressmg p~l,4~A~ 

acetylglttcosammyltraasferase ill and Golgl a-mannosidase II. Alternatively, the Fc-
containing molecule may be expressed in a non-mammalian cell such as a plant ceil, yeast, or 
prokaryotic cell, e.g,, E, eoli. Thus, in certain embodiments of the invention, a composition 
comprises an antibody, e.g.,. Abl, Ab2, or Ab3 having reduced .fucosyiation at lacking 
fucosyiation altogether. 

Pharmaceutical Compositions 

[00252]; In some embodiments, the invention provides a pharmaceutical composition 
comprising a therapeutically effective amount of one or a plurality of the antigen binding 
proteins of the in vention together with, a pharmaceutieally effec tive diluents, carrier, 
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soluhOizer, erftuisiikr, preservative, and/or adjuvant. In certain embodiments, the antigen 
binding protein is an antibody. Pharmaceutical compositions of the invention include, but are 
not limited to, liquid, frozen, and lyophilizcd compositions, 

| 002531 Preferably, formulation materials are nontoxic id recipients at the dosages and 
concentrations employed In specific embodiments, pharmaceutical compositions comprising a 
therapeutically effective amount of an OSMR antigen'binding protein., e.g.. an OSMR-binding 
antibody, ate provided. 

[00254]; la certain, embodiments, the pharmaceutical composition may contain 
formulation materials for modifying, maintaining or preserving, for example, the pH, 
osmolality, viscosity, clarity, color, isoto.oie.ity, odor, sterility, stability, rate of dissolution or 
release, adsorption or -penetration of the composition. In such embodiments, suitable 
formulation materials .include, but are not limited to, amino acids (such as glycine, ghitaniine, 
asparagine, arginine, proline, or lysine); antimicrobials; antioxidants (such as ascorbic acid, 
sodium sulfite or sodium hydrogen-sulfite); buffers (such as borate, bicarbonate, Tris-HCI, 
citrates, phosphates or other organic acids); bulking agents (such as mannitoi or glycine.!; 
chelating agents (such as ethylenediamine tetraacetic acid (EDTA)); complexing -agents (such 
as caffeine, polyvinylpyrrolidone, beta-eycl.odextrin or hydroxypropyMjeta-cyclodextrin); 
fillers; monosaccharides; disaccharides; and other carbohydrates (such as glucose, mannose or 
dextrihs); proteins (such as serum albumin, gelatin or immunoglobulins); coloring, flavoring 
and diluting agents; emulsifying agents; hydrophilie polymers (such as polyvinylpyrrolidone); 
low molecular weight polypeptides; salt-forming eouuterioiis (such as sodium); preservatives 
(such as benzaikonium chloride, benzoic aeid, salicylic acid, thimerosal, phenethyS alcohol, 
methyiparabeo., propylparaben, ehlofhexidine, sorbic acid or hydrogen peroxide); solvents 
(such as glycerin, propylene glycol or polyethylene glycol); sugar alcohols (such, as mannitoi or 
sorbitol); suspending agents; surfactants or welting agents (such as pluronics, PEG, sorhitan 
esters, polysorbates such as polysorbate 20, po'lysorbate, triton, tromethamine, lecithin, 
cholesterol, tyloxapal); stability enhancing agents (such, as sucrose or sorbitol); tonicity 
enhancing agents (such, as alkali metal haiides, preferably sodium or potassium chloride, 
•maanitol sorbitol); delivery vehicles; diluents; excipients and/or pharmaceutical adjuvants. Sec, 
REMINGTON'S PHARMACEUTICAL SCIENCES, 18" Edition, (A. R. Genrmo, ed,), 1990, 
'Mack Publishing Company. 

{002.55J In certain embodiments, the optimal pharmaceutical composition will be 
determined by one skilled in the art depending upon, for example, the intended route of 
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administration, delivery format and desired dosage. Sec, for example, RE MINGTON'S 
PHARMACEUTICAL SCIENCES, sttpm. In certain embodiments, such compositions may 
influence the physical state, stability, rate of in. vivo release and rate of in vivo clearance of the 
antigen binding proteins of the invention. Is certain embodiments, the primary vehicle or 
carrier in. a pharmaceutical composition may be either aqueous or non-aqueous in nature. For 
example, a suitable vehicle or earner may be water for injection, physiological saline solution 
or artificial, cerebrospinal fluid, possibly supplemented with other materials common in 
compositions for parenteral administration.:. Neutral buffered saline or saline mixed with serum 
albumin are farther exemplary vehicles. Is specific embodiments, pharmaceutical 
compositions comprise Tris buffer of about pH 7.0-8.5, or acetate buffer of about pH 4.0-5.5, 
and may further include sorbitol or a suitable substitute therefor. In certain embodiments of the 
invention, OSMR. antigen binding protein compositions may be prepared for storage by mixing 
the selected composition 'having the desi red degree of parity with optional formulation agents 
{REMINGTON'S PHARMACEUTICAL SCIENCES, .supm) in the form of a iyophiHzed cake 
or an aqueous solution. Further, in certain embodiments, the OSMR antigen binding protein 
product may be formulated as a lyophiKzate using appropriate excipients such as sucrose. 

100256 J The pharmaceutical compositions of the invention can be sel ected for parenteral 
delivery. Alternatively, the compositions may be selected for inhalation or for delivery through 
the digestive tract, such as orally. Preparation of such phannaeeutically acceptable 
compositions is within the skill of the art, "Hie formulation components arc present preferably 
in concentrations that are acceptable to the site of administration. In certain embodiments, 
buffers are used to maintain the composition at physiological pH or at a slightly lower pH, 
typically within a pH range of from about 5 to about 8, 

f0025?| When parenteral administration, is contemplated, the therapeutic compositions 
for use in tins invention may be provided in the form of a. pyrogen-frec, parenterally acceptable 
aqueous solution comprising the desired OSMR antigen binding protein, in a pharmaceutical^ 
acceptable vehicle, A particularly suitable vehicle for parenteral injection is sterile distilled 
water in which the OSMR antigen binding protein is formulated as a sterile, isotonic solution, 
properly preserved. In certain embodiments, the preparation can involve the formulation of the 
desired molecule with an agent, such as injectable microspheres, bio-erodibie particles, 
polymeric compounds (such, as polylaetie acid or polygly colic acid), beads or liposomes, that 
may provide controlled or sustained release of the product which can be delivered via depot 
injection. In certain embodiments, hyaluronic acid may also be used, having the effect of 
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promoting sustained duration in the circulation. In certain embodiments, implantable drag 
delivery devices may be used to introduce the desired antigen binding protein. 

[00258J Pharmaceutical compositions of the invention can he formulated for inhalation, 
in these embodiments, OSMR antigen binding proteins are advantageously formulated as a dry, 
inhalahle powder. In specific embodiments, OSMR antigen binding protein inhalation 
solutions may also be formulated with a propel!ant for aerosol deliver. In certain 
embodiments, solutions may be nebulized. Pulmonary administration and formulation methods 
therefore are further described in International Patent Application No, PCT/US94/001875, 
which is incorporated by reference and describes pulmonary delivery of chemically modified 
proteins, 

[002591 It is also contemplated that .formulations can be administered orally, OSMR 
antigen binding proteins that are administered in this fashion can be formulated with or without 
carriers customarily used in the compounding of solid dosage forms such as tablets and 
capsules. In certain embodiments, a capsule may be designed to release the active portion of 
the formulation at the point in the gastrointestinal tract when bioavailability is maximized and 
pie-systemic degradation is minimized. Additional agents can be included t.o facilitate 
absorption of the OSMR antigen binding protein. Diluents, flavorings, low melting point 
waxes, vegetable oils, lubricants, suspending agents, tablet disintegrating agents, and binders 
may also be employed, 

[00260]: Additional pharmaceutical compositions will be evident to those skilled in the 
art, including formulations involving OSMR antigen binding proteins in. sustained- or 
controlled-delivery formulations. Techniques for formulating a variety of other sustained- or 
controlled-delivery means, such as liposome carriers, bio-erodibie micropartieles or porous 
heads and depot injections, are also known to those skilled in the art. See, for example. 
International Patent Application. No, PClVljS93/00829, which is incorporated by reference and 
describes controlled release of porous polymeric micropartieles for delivery of pharmaceutical 
compositions. Sustained-release preparations may include semipermeable polymer matrices in. 
the form of shaped articles, e.g., films, or microcapsules. Sustained release matrices may 
include polyesters, hy&rogels, poiylactides (as disclosed in U.S. Pat. No. 3,773,919 and 
European Patent Application Publication No. EP 05848.1 „ each of which is incorporated by 
reference), copolymers ofL-glutamic acid and gamma etliyl-L-gintamate (Sidman et ai., 1983, 
Biopolymers 2:547-556), poly (2-hydrosyethyi-methacn;late) (Langer et al,, 1981, i. Btomed. 
Mater. Res, 15:167-277 and Langer, 1982.. Cliem. Tech. 12:98-105), ethylene vinyl acetate 
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(Langer el at., 1981, supra) of poly-D(-)-3-hydroxybutyric acid (European Patent Application 
Publication No, EP 133,988), Sustained release compositions may also include liposomes that 
can be prepared by any of several methods known »n the art. See, e.g., Eppstein et al, 1985, 
Proc, Natl Acad. Sci. U.S.A. 82:3688-3692; European Patent Application Publication Nos. EP 
036,676; EP 088,046 and EP 143,949, incorporated by reference, 

[00261] Pharmaceutical compositions used for in vivo administration are typically 
provided as sterile preparations. Sterilization can be accomplished by filtration through sterile 
filtration rserabran.es. When the composition is lyophilizcd, sterilization using this method may 
be conducted either prior to or following iyophilization and reconstitutiou. Compositions for 
parenteral, administration can be stored in. lyophilized form or in a solution. Parenteral 
compositions generally are placed into a container having a sterile access port, for example, an 
intravenous solution hag or vial having a stopper piereeable by a hypodermic injection needle. 

[00262} Aspects of the invention includes self-buffering OSMR antigen binding protein 
formulations, which can be used as pharmaceutical compositions, as described in international 
patent application WO 06I38181A2 (PCT/US2006/022599), which is incorporated by 
reference in its entirety herein, 

[00263| As discussed above, certain embodiments provide OSMR antigen binding 
proteins protein compositions, particularly pharmaceutical OSMR antigen binding protein 
compositions that comprise, in addition, to the OSMR. antigen binding protein, one or more 
excipients such, as those illustratively described in this section and elsewhere herein, 
Excipients can be used in the invention in this regard for a wide variety of purposes, such as 
adjusting physical, chemical, or biological properties of formulations, such as adjustment of 
viscosity, and or processes of the invention to improve effectiveness and or to stabilize such 
formulations and processes against degradation and spoilage due to, for instance, stresses that 
occur during manufacturing, shipping, storage, pre-use preparation, administration, and 
thereafter. 

[0O264 J A variety of expositions are available on protein stabilization arid formulation 
materials and methods useful in this regard, such as Arakawa et al., ''Solvent interactions in 
pharmaceutical formulations," P.harm .Res. 8(3): .285-91 (1991); Kendrick et al., "Physical 
stabilization of proteins in aqueous solution," in; RATIONAL DESIGN OF STABLE 
PROTEIN FORMULATIONS; THEORY AND PRACTICE, Carpenter and Manning, eds. 
Pharmaceutical Biotechnology, 1.3: 61-84 (2002), and Randolph et al., "Surfactant-protein 
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interactions," Pharra Biotechnol. 13; 159-75 (2002), each of which b herein incorporated by 
•reference in its entirety, particularly ia parts pertinent to excipients and processes of the same 
for self-buffering protein formulations in accordance with the current invention, especially as to 
protein pharmaceutical products and processes for veterinary and/or human medical, uses. 

j 00265 J Sails may be used in accordance with certain embodiments of the invention to, 
for example, adjust the ionic strength and/or the isotonicity of a formulation and/or to improve 
the solubility and/or physical stability of a protein or other ingredient of a composition in 
accordance with the invention. 

[00266] As is well known, ions can stabilize the nati ve state of proteins by binding to 
charged residues on the protein's surface and by shielding charged and polar groups in the 
protein and reducing the strength of their electrostatic interactions, attractive, and repulsive 
interactions, ions also can stabilize the denatured state of a protein by binding to, in particular, 
the denatured peptide linkages (~CONH) of the protein. Furthermore, ionic i n terac tion with 
charged and polar groups in a protein also can reduce intemiolecular electrostatic interactions 
and, thereby, prevent or reduce protein aggregation and insolubility. 

[00267] Ionic species differ significantly in their effects on proteins. A number of 
categorical rankings of ions and their effects on proteins ha ve been developed that can be used 
in formulating pharmaceutical compositions in accordance with the invention. One example is 
the Hofmcister series, which, ranks ionic and polar non-ionic solutes by their effect on the 
conformational stability of proteins in solution. Stabilizing solutes are referred to as 
"kosmotropic" Destabilizing solutes are referred to as "ehaotropic."' Kosniotropes commonly 
are used at high, concentrations (e.g., >1 molar ammonium sulfate) to precipitate proteins from 
solution ("salting-out"). Cbaotropes commonly are used to denture and/or to soiubiitze proteins 
("salting-in"). The relative effectiveness of ions to "salt-in" and "salt-out" defines their position 
in the Hofmeister series. 

[00268]! Free amino acids can be used in OSMR antigen binding protein formulations in 
accordance with various embodiments of the invention as bulking agents, stabilizers, and 
antioxidants, as well as other standard uses. Lysine, proline, serine, and alanine can be used for 
stabilizing proteins in a formulation. Glycine is useful hi lyophilization to ensure correct cake 
structure and properties. Arginine may be useful to inhibit protein aggregation, in both liquid 
and lyophilized formulations. Methionine is useful as an antioxidant 
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J00269 { Polyols include sugars, e.g., roanuitol. sucrose, and sorbitol and paiyhydric 
alcohols such as, .for instance, glycerol and propylene glycol, and, for purposes of discussion 
.herein, polyethylene glycol (PEG) and related substances. Polyols are kosmotropic, They arc 
useful, stabilizing agents in both liquid and Iyophilized formulations to protect proteins from, 
physical and chemical degradation processes. Polyols also are useful for adjusting the tonicity 
of formulations, 

[002703 Among polyols useful in select embodiments of the invention is mannital, 
commonly used to ensure structural stability of {be cake in lyqphilized formulations. It ensures 
structural stability to the cake. It is generally used with a lyoprotectant, e.g., sucrose. Sorbitol 
and sucrose are among preferred agents for adjusting tonicity and as stabilizers to protect 
against freeze-thaw stresses daring transport or the preparation of bulks during the 
manufacturing process. Reducing sugars (which contain free aldehyde or ketone groups), such 
as glucose and lactose, can glycate surface lysine and arginine residues. Therefore, they 
generally are not among preferred polyols for use in accordance with the invention. In 
addition, sugars that form such reactive species, such as sucrose, which is hydrolyzed to 
fructose and glucose under acidic conditions, and consequently engenders glycation, also is not 
among preferred polyols of the invention in this regard. PEG is useful to stabilize proteins and 
as a ciyoprotectant and can be used in the inven tion in this regard. 

[00271. ] Embodiments of the OSMR antigen binding protein formulations further 
comprise surfactants. .Protein molecules may be susceptible to adsorption on surfaces and to 
denaturation and consequent aggregation at air-liquid, solid-liquid, and liquid-liquid interfaces. 
These effects generally scale inversely with protein concentration. These deleterious 
interactions generally scale inversely with protein concentration and typically are exacerbated 
by physical agitation, such as that generated during the shipping and handling of a product, 

j002723 Surfactants routinely are used, to prevent, minimize, or reduce surface 
adsorption, Useful surfactants in the invention in this regard include polysorbate 20, 
polysofbate 80, other fatty acid esters of sorbitan polyethoxylates, and poloxamer 188, 

{'00273] Surfactants also are commonly used to control protein, conformational stability. 
The use of surfactants in this regard is protein.~spec.ific since, any given surfactant typically will 
stabilize some proteins and destabilize others. 

[00274] Polysorbates are susceptible to oxidative degradation and often, as supplied, 
contain sufficient quantities of peroxides to cause oxidation of protein residue side-chains, 
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especially methionine. Consequently, polysorbates should be used carefully, and when used, 
should be employed at their lowest effective concentration. In this regard, polysorbates 
exemplify the general rule that excipients should be used is their lowest effective 
concentrations, 

j 00275] Embodiments of OSMR antigen blading protein formulations .further comprise 
one or more antioxidants. To some extent deleterious oxidation of proteins can be preve nted in 
pharmaceutical formulations by maintaining proper levels of ambient oxygen and temperature 
and by avoiding exposure to light. Antioxidant excipients can be used as well to prevent 
oxidative degradation of proteins.. Among useful antioxidants in. this regard are reducing 
agents,, oxygen/free~radieal scavengers, and chelating agents. Antioxidants for use in 
therapeutic protein formulations in accordance with the in vention preferably are water-soluble 
and maintain their activity throughout the shelf life of a product. EDTA is a preferred 
antioxidant in accordance with, the invention in this regard. 

[002?6 ji Antioxidants can damage proteins. For instance, reducing agents, such as 
glutathione in particular, can disrupt intramolecular disulfide linkages. Thus, antioxidants for 
use in the invention am selected to, among other things, eliminate or sufficiently reduce the 
possibility of themselves damaging proteins in the formulation. 

[00277] formulations in accordance with the invention may include metal ions that, are 
protein.-co-factors and that are necessary to form protein coordination complexes, such as zinc 
necessary to form certain insulin suspensions. Metal ions also can inhibit some processes that 
degrade proteins. However, metal ions also catalyze physical and chemical processes that 
degrade proteins, 

[00:278] Magnesium ions (10-120 mM) can be used to inhibit isomer;z&tion of aspartic 
acid to isoaspartie acid. Ca '": ions (up to 100 mM) can increase the stability of human, 
deoxyribonuelease. Mg*2, Ma'4, and Ztf ~5 however, can destabilize rhBNase. Similarly, Ca'~ 
and Sr'~ can stabilize Factor VIII, it can be destabilized by Mg!~, Mtf2 and .Zrf~, €u!~ and 
Fe*4, and its aggregation can be increased by Af * ions, 

[00279] Embodiments of the OSMR antigen binding protein formulations further 
comprise one or more preservatives. Preservatives are necessary when developing multi-dose 
parenteral formulations that involve more than one extraction from the same container. Their 
primary function is to inhibit .microbial growth and ensure product sterility throughout the 
shelf-life or term of use of the drug product. Commonly used preservatives include benzyl 
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alcohol, phenol and ra-cresol. Although preservatives have a long history of use with small-
molecule parenterals, the de velopment of protein formulations that includes preservatives can 
be challenging. Preservatives almost always have a destabilising effect (aggregation) on 
proteins, and this has become a major factor in limiting their use in multi-dose protein 
formulations. To date, most protein drugs have been formulated for single-use only. However, 
when multi-dose formulations are possible, they have the added advantage of enabling patient 
convenience, and increased marketability. A good example is that of human growth hormone 
(hGH) where the development of preserved formulations has led to commercialization of more 
convenient, multi-use- injection pen presentations. At least four such pes devices containing 
preserved formulations of hGH are currently available on the market, Norditropin (liquid. No vo 
Nordisfc), Nutropin AQ (liquid, Genentech) 8c Genotropin (lyophiiized-~dual chamber 
cartridge, Pharmacia & Upjohn) contain phenol while Somatrope (Eli Lilly) is formulated with 
m-cresol 

£00280} Several aspects need to be considered during the formulation and development 
of preserved dosage forms. The effective preservative concentration in ihe drug product must 
be optimized, This requires testing a given preservative in the dosage form with concentration 
ranges that confer anti-microbial effecti veness without compromising protein stability , 

( 00281 j As might be expected, development of liquid formulations containing 
preservatives are more challenging.than lyopliilized formulations. Freeze-dried products can he 
lyophilizsed without the preservative and reconstituted with a preservative containing diluent at 
the time of use. This shortens the time for which a preservative is in contact with the protein, 
significantly minimizing the associated stability risks. With liquid formulations, preservative 
effectiveness and stability shooM be maintained, over the entire product shelf-life (.about. 18 to 
24 months), An important point to note is that preservative effectiveness should be 
demonstrated in the final formulation containing the active drug and all excipient components. 

100282} OSMR antigen binding protein formulations generally will he designed for 
specific routes and .methods of administration, for specific administration dosages and 
frequencies of administration, for specific treatments of specific diseases, with ranges of bio­
availability and persistence, among other things. Formulations thus may be designed in 
accordance with the invention for delivery by any suitable route, including but not limited, to 
orally, aurally, opthahnicaliy, rectally, and vaginally, and by parenteral routes, including 
intravenous and intra-arterial injection, intramuscular injection,, and subcutaneous injection. 

- 73 -



WO 2014/194274 PCT/US2014/040360 

[00283 j Once the pharmaceutical composition has been formulated, it may be stored in 
sterile vials as a solution, suspension, gel, emulsion, solid, crystal, or as a dehydrated or 
tyophiiizcd powder. Such formulations may be stored either in a ready-to-use form or in a form 
(e.g., IvopMteed) that is reconstituted prior to administration.. The invention also provides kits 
for producing a single-dose administration unit. The kits of the invention may each contain 
both a first container having a dried protein and a second container having an aqueous 
formulation. In certain embodiments of this invention, kits containing, single and multi-
chambered pre-filled syringes (e.g., liquid syringes and Syosyringes) are provided, 

[00284 j The therapeutically effective amount of an OSMR antigen binding protein-
containing pharmaceutical composition to be employed will depend, for example, upon the 
therapeutic context and objectives. One skilled in the art will appreciate that the appropriate 
dosage levels for treatment will vary depending, in part, upon the molecule delivered, the 
indication for which the OSMR antigen binding protein is being used, the route of 
administration, and the size (body weight, body surface or organ size) and/or condition (the age 
and general health) of the patient. In certain embodiments, the clinician may titer the dosage 
and modify the route of administration to obtain the optimal therapeutic effect. Atypical 

dosage may range from about 0.1 pg/kg to up to about 30 mg/kg or more, depending on the 

factors mentioned above. In specific embodiments, the dosage may range from .1.0 ftg/kg up to 

about 20 mg/kg, optionally from 10 ^g/kg up to about 10 mg/kg. or from 100 fig/kg up to about 
5 mg/kg. 

[00285] A therapeutic effective amount of an OSMR. antigen binding protein preferably 
resul ts in a decrease in severity of disease symptoms, in an increase in frequency or duration of 
disease symptom-free periods, or in. a prevention of impairment or disability doe to the disease 
affliction. 

[002863 Pharmaceutical compositions may he administered using a medical device. 
Examples of medical devices tor administering pharmaceutical compositions are described in 
U.S. Patent Nos. 4,475,196; 4,439,196; 4,447,224; 4,447, 233; 4,486,5 94; 4,487,603; 
4,596,556; 4,790,824; 4,941,880; 5,064,41.3; 5,312,335; 5,312,335; 5,383,855; and 5,399,163, 
•all incorporated by reference herein. 

Methods of Diagnosing or Treating a OSMR-Assoetated Disease or Disorder 

[00287] The OSMR antigen binding proteins of the invention, are particularly useful for 
detecting OSMR in a biological sample. In certain embodiments, a biological sample obtained 
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from a patient is contacted with a OSMR antigen binding protein. Binding of ihe OSMR 
antigen binding protein to OSMR is then detected to determine the presence or relative amount 
of OSMR in the sample. Such methods may he useful in diagnosing or determining patients 
that are amenable to treatment with an OSMR antigen binding protein. 

100288} In certain embodiments, an OSMR antigen binding protein of the invention is 
used to diagnose, detect, or treat an autoimmune disorder, inflammatory disorder, or disorder 
associated with extracellular matrix deposition or remodeling. 

[002891 In treating these disorders, the OSMR. antigen binding protein may target 
OSMR-expressing cells of the immune system for destruction and/or .may block the interaction 
of OSMR with OSM and/or IL-3 L 

[00290] Diseases or disorders that are associated with OSMR-mediated signaling are 
particularly amenable to treatment with, one or more OSMR antigen binding proteins disclosed 
herein. Such disorders include, but: are not limited to, inflammation, pain, praritis, prurigo 
nodularis, dermatitis, asthma, autoimmune disease, paraneoplastic autoimmune diseases, 
cartilage inflammation, fibrosis (including, but not limited to, pulmonary fibrosis and skin 
fibrosis), fibrotic disease, chronic obstructive pulmonary disease (COPD), interstitial 
pneumonitis, abnormal collagen deposition, systemic cutaneous amyloidosis, primary 
cutaneous amyloidosis, Behcet's disease, .nasal, polyposis, liver cirrhosis, cartilage degradation, 
bone degradation, arthritis, rheumatoid arthritis, juvenile arthritis, juvenile rheumatoid arthritis, 
pauciartieular juvenile rheumatoid arthritis, polyarticular ju venile rheumatoid arthritis, systemic 
onset juvenile rheumatoid arthritis, juvenile ankylosing spondylitis, juvenile enteropathic 
arthritis, juvenile reactive arthritis, juvenile Reter's Syndrome, SEA Syndrome (Seronegativity, 
Enthesopathy, Arthropathy Syndrome), juvenile dermatomyositis, juvenile psoriatic arthritis, 
juvenile scleroderma, juvenile systemic lupus erythematosus, juvenile vasculitis, pauei&rticular 
rheumatoid arthritis, polyarticular rheumatoid arthritis, systemic onset, rheumatoid arthritis, 
ankylosing spondylitis, enteropathic arthritis, reactive arthritis, Reter's Syndrome, SEA 
Syndrome (Seronegativity, Enthesopathy, Arthropathy Syndrome), dermaiomyositis, psoriatic 
arthritis, scleroderma, seleroderma-associated interstitial lung disease, vasculitis, myositis, 
polymyolitis, dermatomyolitis, polyarteritis nodossa, Wegener's granulomatosis, arteritis, 
pioymyalgia rheumatica, sarcoidosis, .scleroderma, sclerosis, primary biliary sclerosis, 
sclerosing cholangitis, Sjogren's syndrome, psoriasis, plaque psoriasis, guttate psoriasis, inverse 
psoriasis, pustular psoriasis, erytbrodermic psoriasis,, dermatitis, atopic dermatitis, 
atherosclerosis, lupus. Still's disease, Systemic Lupus Erythematosus (SLE), myasthenia gravis, 
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inflammatory bowel disease (IBD), Crohn's disease, ulcerative colitis, celiac disease, multiple 
sclerosis (MS), asthma, COPD, rhinosinusms, rhinosinusitis with polyps, eosifiophiiic 
esophogitis, eosinophilic bronchitis, bronchitis, GtiiHam-Barre disease, Type I diabetes 
.melliius, thyroiditis (e.g., Graves' disease), Addison's disease, Reynaud's phenomenon, 
autoimmune hepatitis, GVHD, transplantation .rejection, kidney damage, cardiovascular 
disease, infection, sepsis, HIV infection, trauma, kidney allograft nephropathy, IgA 
nephropathy, diabetic nephropathy, diabetic retinopathy, macular degeneration, biliary atresia, 
congestive heart, failure, atherosclerosis, restenosis, radiation-induced fibrosis, cheraotberapy-
induoed .fibrosis, hums, surgical trauma, glomerulosclerosis, and the like, 

|00291 j in preferred embodiments, the autoimmune disorder, inflammatory disorder, or 
disorder associated with extracellular matrix deposition, or remodeling is fibrosis, cartilage 
degradation, arthritis, rheumatoid arthritis, scleroderma, scterodenrsa-assoeiated interstitial lung 
disease, idiopathic pulmonary fibrosis, cirrhosis, psoriasis, atopic dermatitis, systemic 
cutaneous amyloidosis, primary cutaneous amyloidosis, inflammation, pruritic inflammation, 
prurigo nodularis, and pain. 

j00292] In certain embodiments, art OSMR antigen binding protein of the invention is 
u,sed to diagnose, detect,, or treat a cancer or tumorigenic disorder, in treating a cancer of 
tuinorigenic disorder, the OSMR antigen binding protein may target QSMR-expressing cells 
for destruction and/or may block the interaction of OSM and/or I L-31 with OSMR, thereby 
reducing OSMR mediated signaling. It is contemplated that the OSMR antigen binding 
proteins that block OSM- and/or IL-31-mediated signaling would be useful in promoting 
improved survival in cancer patients. Cancer or tumorigerae disorders that may be diagnosed, 
detected or treated with, an OSMR antigen binding protein, include, but are not limited to, solid 
tumors generally, lung cancer, ovarian, cancer, breast cancer, prostate cancer, endometrial 
cancer, renal cancer, esophageal cancer, pancreatic cancer, squamous ceil carcinoma, uveal 
melanoma, cervical cancer, colorectal cancer, bladder, brain, pancreatic, head, neck, liver, 
leukemia, lymphoma and Hodgkm's disease, multiple myeloma, melanoma, gastric cancer, 
astrocytic cancer, stomach, and pulmonary adenocarcinoma. 

[002931 The antigen binding proteins may be used to inhibit tumor growth, progression, 
and/or metastasis. Such inhibition can be monitored using various methods. For instance, 
inhibition can result in reduced tumor size and/or a decrease in .metabolic activity within a 
tumor. Both of these parameters can be measured by MR! or PET scans, for example. 
Inhibition can also be monitored by biopsy to ascertain the level of necrosis, tumor ceil death, 
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and the level of vascularity within the tumor. The extent of metastasis can be monitored using 
known methods. 

100294j The use of any and all. examples, or exemplary language (e.g.. "such as") 
provided herein, is intended merely to better illuminate embodiments of the invention and does 
not pose a limitation on the scope of the invention unless otherwise claimed. No language in 
the specification should be construed as indicating any non-claimed element as essential to the 
practice of the inven tion. 

EXAMPLES 

[00295] The following examples, both actual and prophetic, are provided for the purpose 
of illustrating specific embodiments or features of the present invention and are not intended to 
limit its scope. 

EXAMPLE .1: Products of Anti-OSMR Antibodies Using the XHNOMOUSE^ Platform 

[002961 Fully human antibodies directed against human. OSMR were generated using 
XENOMOUSB'I) technology (as described in United States Patent Nos. 6,114,598; 6,162,963; 
6,833,268; 7,049,426; 7,064,244, which are incorporated, herein by reference in their entirety; 
and in Green et al,. Nature Genetics 7:13-21, 1994; Mend.ez et al.:i Nature Genetics 15:146-56; 
1997; Green et a'L J. Ex. Med. 188:483-95,1998; and Kelleraiann et al., Current Opinion in 
Biotechnology. 13:593-7, 2002), 

[00297] To produce antibodies to OSMR, two different strains of XENOMOUSE# 
animals, i.e., XMG2-KL and XMG4-KL mice, were immunised with human OSMR-Fc soluble 
proteins (prepared by Aragen, Seattle, WA). A suitable amount ofimmunogen (i.e.* ten 
fig/mouse of soluble human 0$M.R.~Fc protein) was used for initial immunisation of 
XENOMOUSE# animals according to the methods disclosed in U.S. Patent Application Serial 
No. 08/759,620, filed December 3,1996 and International Patent Application Nos. WO 
98/24893, published June 11, 1998 and. WO 00/76310, published December 21,2000, the 
disclosures of which are hereby incorporated by reference. Following the initial immunization, 
subsequent boost immunizations ofimmunogen (five fig/mouse of soluble hitman OSMR-Fc 
protein) were administered on a schedule and for the duration necessary to induce a suitable 
titer ofand-OSMR antibody in ihe mice. 

[002981 Sera were collected at approximately four weeks alter the first injection and 
specific titers were determined by EJUS A. The protocol used to titer the X.BNOMOU8E® 
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animals was as follows; Cost&r 3368 medium binding plates were coated with neutravadin @ 

8j.tg/mL (50 uL/well) and incubated at 4°C in IXPBS/0.05% azide overnight. Plates were 
washed using TiterTek 3-cyele wash with RO water. Plates were blocked "using 250 jiL of 
IXPBS/I %milk and incubated. for at least 30 minutes at RT. Block was washed off using 
TiterTek 3-cyele wash wife RO water. One then captured biotiuylated huOSMR-FNFH 
(prepared byAmgen, Seattle, WA) at 2 jig/mL in IXPBS/l%imlk/.1 OraM Ca2+ (assay diluent) 
50 jii/wdl and incubated for {far at RT. One then washed using TiterTek 3-cycle wash with RO 
water. For the primary antibody, sera was titrated 1:3 in duplicate from 1 TOO. This was done 
in assay diluent 50 uL/weil and incubated for I hr at RT. Due then washed using TiterTek 3-
eycle wash with RO water. The secondary antibody was goat anti Human IgG Fc HRP @ 400 
ng/mL in assay diluent at 50 pL/well. This was incubated for lhr at RT. This was then washed 
using TiterTek 3-cycle wash with RO water and patted dry on paper towels. For the substrate, 
one-step TMB solution (Neogen, Lexington, Kentucky) was used (50 ,uL/well) and the 
substrate was allowed to de velop for 30 min at RT. 

j00299} Animals exhibiting suitable titers were identified. Five XMG2KL animals were 
identified with a specific IgG immune response to OSMR. Spleens and draining lymph nodes 
were harvested from these animals and pooled together for hybridoma generation. Five 
XMG4K.X, animals with specific immune responses were similarly .harvested, and advanced as a 
separate fusion screening campaign. Enriched B cells from immune animals were fused to non-
secretory myeloma P3 x 63Ag8.653 cells ((American Type Culture Collection CRL-1580; 
Kearney etal, J. Immunol 123: 1548-50,1979) to generate hybridomas using standard 
techniques (Kohier et txl,. Nature 256, 495-7,1975). 

100300} Hybridomas were then plated at high density (multiple different hybridoma 
clones per well) onto 96~wel! tissue culture plates and grown for four weeks, Hybridoma line 
supernatants were screened for binding to full length human and cynomolgus OSMR. expressed 
on transiently transfeeted 293T cells bv Fluorometrie Microvoiume Assay Technology (FMAT) 
(Applied Biosystems, Foster City, CA). Briefly, in 384-well FMAT plates, 40 pi mixture of 
3,000 OSMR 293T transfeeted cells and 15,000 parental 293T cells were combined with 15 pL 
of hybridoma supernatant and 10 uL of anti-human light chain (hukappa/hulambda) Alexa647 
(Invitrogen, Carlsbad, CA) labeled secondary antibody (1.0 pg /m'L final concentration). Plates 
were then, incubated for three hours at room temperature and fluorescence was read using the 
FMA.T reader. These screens identified 885 hybridoma lines which bind to both human and 
cy nomologous OSMR. 
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iluiHU:": OS.NtR--BU)i'ktn£ Assays 

[00301J The ability of OSMR antibodies to block signaling through human OSMR was 
determined using two assays with either human oncoslatin M (OSM) or human interleukin 31 
(IL-31) as the ligand. fa combination, the assays were used to determine if the antibodies could 
inhibit signaling of OSMR. triggered through the binding of OSM and/or IL-31, 

100302} In the first screen, antibodies were evaluated for their ability to block the 
signaling of OSM through OSMR, Stimulation of primary normal human long fibroblasts with 
OSM induces phosphorylation of ST.AT3 and its subsequent translocation to-the nucleus. Cells 
were seeded at 3000 cells per well in Costar 384-well plates and allowed to adhere overnight. 
Cells were pre-treated with antibody supernatants for twenty minutes, and then stimulated with 
80 pM human OSM for 30 minutes. Cells were then washed 3X in. PBS, fixed with a 3.5% 
formaldehyde solution, washed (3X in PBST) and permeabilized. with a 0.5% Triton X-100 
solution. Cells were then stained with an an.ri.-phosphoSTAT3 antibody for an hour, washed 
and stained with an AlexaFluor conjugated antibody (all contained within the Mi.tK.it from 
Celloniics). Plates were covered and read on the ArraySean instrument using die Celloniics 
proprietary algorithm to generate a Nuclear Intensity value and a Cytoplasmic Intensity value. 
Results were reported as the difference between these two values, and were further normalized 
to control data containing maximally stimulated cells and media-treated cells (POC). 

[00303] In the second assay, antibodies were evaluated for their ability to inhibit a 
proliferative signal of IL-31 through OSMR in a stable cell line that overexpressed human 1L-
31.RA4 and OSMR, BaF3 cells were stably transfeeted with two piasmids: pcDNA3< 1 + 
huOSMRb (NeoR) and pc.D'N A3.1 + hul.L31RA4 (ZeoR). in the absence of murine 11-3, this 
cell fine is only able to proliferate in response to human IL-31 and, therefore, could be used to 
specifically evaluate the blocking ability of anti-OSMR antibodies. BaF3 ceils were plated in 
96-welI plates at a density of20,000 cells per well Antibodies and ligand (hulL-31, Peprotech) 
were added to the wells to a final volume of 100 p,L, and plates were incubated for 72 hours in 
5% C02, 37'C humidified chamber. Following incubation, 20 ,uL of Alamar Blue was added to 
each well and plates were returned to the incubator. Plates were read on a Molecular Devices 
Vmax Plate reader (570-600 nm) at various timepoints post-addition of Alamar Blue, 

{00304} The results of the two assays are presented in Table 4 below. Over 3000 
hybridoma supernatants were screened for 'blocking ability in these two assays; the top 200 
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blockers were further tested in a4-point titration, with 14 being chosen for production of 
recombinant protein and farther testing. The IC50 for three exemplary antibodies (antibodies 
1-3) is-shown for both assays. Some antibodies inhibited OSM-ind:uced STAT3 translocation 
more completely than, they inhibited IL-31-induced proliferation, and vice versa. All three 
antibodies, however, were potent inhibitors of OSM- and IL-3.1 mediated signaling. 

Table 4 

leso Abl Ab2 Ab3 

OSM 157 pM 232 pM 1.35 »M 

IL-31 35.2 pM 27.6 pM 780 pM 

EXAMPLE 3; Cy^QnwIffls.OSMRBIockiHg Assays 

j'00305 } The ability of OSMR antibodies to block signaling through Cynomolgus OSMR 
was explored using two assays with either human OSM or human IL-3! as the ligand. 

{00306J In the first screen, .antibodies were evaluated for their ability to Mock the 
signaling of OSM through cynomolgus OSMR by using a primary kidney epithelial cell line. 
Stimulation of these cells with cynomolgus (cyno) OSM induces phosphorylation of STAT3 
and its subsequent translocation to the nucleus. Cells were seeded at 3000 cells per well in 
Costar 384-well plates and allowed to adhere overnight. Cells were pre-treated with antibody 
supematants for twenty minutes, and then stimulated with 80 pM cyno OSM for 30 minutes. 
Cells were then washed 3X in PBS, fixed with a 3,5% formaldehyde solution, washed (3X in 
PBST) and perrneabiiized with a 0.5% Triton X-100 solution. Cells were then stained with an 
anti-phosphoSTAT3 antibody for an hour, washed and stained with an AlexaFluor conjugated 
antibody (all contained within die HitK.it from Celiomics), Plates were covered and read on. the 
ArravSean instrument using the Cellomies proprietary algorithm to generate a Nuclear Intensity 
value and a Cytoplasmic Intensity value. Results were reported as the difference between these 
two values, and were further normalized to control data containing maximally stimulated cells 
and media-treated cells (POC), 

(00307) In the second assay, antibodies were evaluated for their ability to inhibit a 
proliferative signal of IL-31 through cynomolgus OSMR. in a stable cell line that overexpressed 
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cyno IL-3 IRA and OSMR. Similarly to Example 2, BaF3 cells were plated in 96-well plates at 

a density of 20,000 cells per well. Antibodies aad ligand (cy«omolg«s IL-31, in-house, i.e., 

Amgen, Seattle, WA) were added to the wells to a final volume of 100 j.tL, and plates were 

incubated, for 72 hours in 5% €02,37C humidified chamber, following incubation, 20 pi, of 

Alamar Blue was added to each well and plates were returned to the incubator. Plates were 

read oa Molecular Devices Vmax Plate reader (570-600 nm) at various timepoiuts post-

addition of Alamar Blue, 

j t)(>308] The results of the two assays are presented in Table 5 below with the 1C50 for 

each antibody shown for both assays. The results confirm that each of antibodies 1,2, and 3 

are potent inhibitors of OSM- and IL-31. mediated signaling. 

Table S 

IC50 Abl Abl Ab3 

OSM S .26 n.M 518 pM. S .24 n.M 

IL-31 225 pM 29.3 pM 6.87 nM 

EXAMPLE 4: Epitope Binning of Anti-OSMR Antibodies 

[00309) Antibody competition studies were performed to characterize the epitopes of the 

anti-OSMR. xenomouse antibodies. Antibodies that compete with each, other can be thought of 

as binding the same site on the target. In these experiments:, OSMR of irrelevant antibodies 

were captured, onto streptav idin-eoated Luminex beads pre-bound to a capture antibody 

{biotinylated monovalent mouse anti-human IgG Fe antibody). OSMR antigen or buffer (no 

antigen) was added to wells, and a probe antibody was added to each well and detected with a 

EE-labeled monovalent mouse anti-human IgG Fc antibody. Mean fluorescence intensity of 

each well was measured. For a full, reference, see Jia et al, J. Immunol Methods 288: 91-8, 

2004, Detection, of fluorescence in a given well indicated that the probe antibody was able to 

bind to OSMR, even in the presence of the other OSMR antibody, demonstrating that they are 

binding to separate epitopes, A minimum of three bins were found as shown in Table 6 below. 
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Table 6 

Bin 1 Ab4 

Bin 2 Ab i, Ab2, Ah3, Ab5, Ab6, Al>7, A.b8, Ab9, 
Ah 10, Ab! 1, Abl2, and Abl 3 

Bin 3 Abl 4 

Affinity Deter nriftatlgn of Antj-OSMR^t»ibodiga 

[003 10] The affinities of attfi-GSMR antibodies were determined. Kinetic rate constant 
determinations were performed to investigate the interaction of antibodies 1-3 (Abs 1-3) to 
Injmao OSMR. 

|<K>311 J Biosensor analysis was conducted at 25°C in a HBS*EPr (IX) buffer system (10 
mM HEPES pH 7.4,150 mM NaCl 3.0 mM EDTA, 0,05% Surfactant P20) using a Biacore 
3000 optical biosensor equipped with a CMS sensor chip. AU reagents were kept at 8CC prior 
to injection. Goat anti-human IgG (Jackson ImmunoReseareh, #109-005-098) was 
immobilized (- 3000 RU) to the sensor chip via standard amine coupling to Flow Cells i and 2 
and {hen blocked with ethanolamine. liOSMR,FH was prepared in running buffer at 1 50 nM 
and diluted 3-fold to 0.6! 7 nM. Antibodies 1 -3 were diluted (0.25 to 0.5 pg/raL) in running 
buffer. The antibodies were injected (15 pL) over Flow Cell 2 at a flow rate of 10 pL/ttua. 
About 50 'RU of antibody was captured. The surface was allowed to stabilize (90 s) and then 
each concentration (150, 50.0,16,7, 5,56, 1,85 and 0,617) ofhOSMR was passed over Flow 
Cells 1. and 2 at a flow rate of 50 pL/miti to observe the association (5 mm) and dissociation (5 
min). Samples were run in duplicate and in random order. 

(003121 Buffer analyte blanks (' 0 nM hOSMR) were injected before, in-between, and 
after sample injections. Antibodies were injected (15 pL) over Flow Cell 2 at a flow rate of 10 
pL/rain. About 50 RU of antibody was captured. The surface was allowed to stabilize (90 s) 
and then each concentration (150 nM) ofhOSMR was passed over Flow Cells 1 and 2 at a flow 
rate of 50 pL/min to observe the association (5 min.) and dissociation (1. -2 hr)> The samples 
were run in triplicate. 
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[003131 Buffer analyte blanks ( 0 nM hOSMR) were injected before a»d after the sample 
injections. The surface was regenerated at a flow rate of 50 ^L/roin with two injections of 10 
mM glycine (pH 1.5, 50 p.L). This was followed by a buffer blank injection (15 s), 

[00314) Data was analyzed with Scrubber 2.0 software as follows. Data from Flow Cell 
2 was subtracted from the data from Flow Cell 1 (blank reference). The reference subtracted 
data (2-1) was then subtracted (double referenced) from the nearest OnM concentration data. 
The double referenced long dissociation data was fit to a .1: 1 binding model to determine the 
dissociation rate constant (kd). This dissociation rate constant was used as a fixed parameter to 
fit the double referenced short dissociation data to a I: I binding model in order to determine 
the association rate constant (ka) and the equilibrium dissociation constant (Kd). 

[003 i 5] The reagents were well-behaved under the experimental conditions and the date 
(see Table 7 below) fit fairly well to a 1:1 binding model. 

Table 7 

j An tibody 1 An tigen i k« (I/Ms) ha® K,{ pM) 
1 Abl 1 huOSMR 4.47.x I05 9.95 x 1.0"* 221 
1 Ah2 huOSMR 5.50 x. 10" 1.81 xl0"5 32.7 
i Ab3 I huOSMR. 9 .47 x SO4 1.02 x JO"4 1080 

EXAMPLE 6; Anti-OSMR Antibodies 

[003 J 6J Fully human antibodies directed against human OSMR were generated using 
XBNOMOUSE® technology described above in Example I. Each of antibodies 1, 2, and 3 
were demonstrated to be potent inhibitors of OSM- and/or If ~31 -mediated signaling. 
Sequences of antibodies L 2, and 3 (i,eJS Ab l., Ab2, and Ab3) were determined and are set forth, 
i n Table 8 below. 

Table 8 

Description SEQ 
ID 
NO 

Sequence 

Abl: -
Heavy Chain 
nucleoli* 

3 caggtgc'agctggtgcagtctggggctgaggtgaagaagcctggggc 
cfc.oagtqaaggtctcctgcaaggcttctggatacaccttcaccagtt 
a.fcgata fccaactgggtgcgacaggccactggacaggggcttgagtgg 
afegggafcggatgaaccctaatagtggtaacacagactatgcacagaa 
gttcca<?cf<jc&gagtcaccatgaccaggaacatttccataagcacgg 
ectaeafetgagctgagcagcctgagatctgaggacacggccgtttat 
tactgfcgcgagagatatggtggctgcgaatacggattactacttcta 
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ctsegXTtat.ggacgtctggggccaagggaccacggtcaccgtctcct 
cagetagcaeeaagggcccatcggtcttccccctggcgccctgct.ee 
aggagcacct.ccgagagcacagcggccctgggctgcctggtcaagga 
ctaettccccgaaccggtgacggtgtcgtggaactcaggcgctctga 
ccagcggcgfcgcacaccttcccagctgtcctacagtcctcaggactc 
tactccctcagcagcgtggtgaccgtgccctccagcaacttcggcac 
ccagacctacacctgcaacgtagatcacaagcccagcaacaccaagg 
tgg&caagacagttgagcgcaaatgttgtgtcgagtgcccacegtgc 
ecagcaccaCC'tgtggcaggaccgtcagtcttcctcttccccccaaa 
acccaaggac&ccctcatgatctcccggacccctgaggtcacgtgcg 
tggtggtggaegtgagccacgaagaccccgaggtccagttcaactgg 
tacgrggacggcgtggaggtgcataatgccaagacaaagccacggga 
ggagcagttcaacagcacgttccgtgtggtcagcgtcctcaccgttg 
tgcsoeaggaotggctgaacggcaaggagtacaagtgcaaggtctcc 
sacaaaggcctcccagcccccatcgagaaaaccatctccaaaaccaa 
agggcagcccegagaaccacaggtgtacaccctgcccccatcccggg 
aggagatgaccaagaaccaggtcagcctgacctgcctggtcaaaggc 
t fectaccccagcgacatcgccgtggagtgggagagcaatgggcagcc 
ggagaacaaetacaagaccacacctcccatgctggactccgacggct 
eet-tcttcetetacagcaagctcaccgtggacaagagcaggtggcag 
caggggaacgfccttctcatgctccgtgatgcatgaggctctgcacaa 
C C a c t: a e a c g c a g a a g a g c c t c t c c c t g t c t c c g g g t a a a 

AbZ -
Heavy Chain 
nucleotide 

4 caggtgcagctggtgcagtctggggctgaggtgaagaagcctggggc 
c ecagt.gaaggtctcctgcaaggcttctggatacaccttcaccagtt 
a fcgaaat caactgggtgcgacaggccactggacaagggcttgagtgg 
atgggafcggatgaaccctaacagtggttacacaggctatgcacagaa 
gttccagggc&gagtcaccatgaccaggaacacctccataagcacag 
cctacafcggaaatgagcagcctgagatctgaggacacggccgtgtat 
fcactgfcgcgagagatatagtggctgcgaatacggattactacttcta 
ttatggtatggacgtctggggccaagggaccacggtcaccgtctcct 
cagcfcageaccaagggcccatcggtcttccccctggcgccctgctcc 
aggagcaectecgagagcacagcggccctgggctgcctggtcaagga 
ctact: tccccgaaccggtgacggtgtcgtggaactcaggcgctctga 
cc«gaggcgt.gcacaccttcccagctgtcctacagtcctcaggactc 
t«ctccctcagcagcgtggtgaccgtgccctccagcaacttcggcac 
ccagacctacacctgcaacgtagatcacaagcccagcaacaccaagg 
tggacaagacagttgagcgcaaatgttgtgtcgagtgcccaccgtgc 
ccagcaccacctgtggcaggaccgtcagtcttcctcttccccccaaa 
aceeaaggaeaccctcatgatctcccggacccctgaggtcacgtgcg 
•fcggtggtggacgtgagccacgaagaccccgaggtccagttcaactgg 
•fcacgtggacggcgtggaggtgcataatgccaagacaaagccacggga 
ggagcagttcsacagcacgttccgtgtggtcagcgtcctcaccgttg 
fcgc'aCcsggactggctgaacggcaaggagtacaagtgcaaggtctcc 
aacaaaqqCctcccagcccccatcgagaaaaccatctccaaaaccaa 
agggc'agccvvgagaaccacaggtgtacaccctgcccccatcccggg 
aggsgafcgaccaagaaccaggtcagcctgacctgcctggtcaaaggc 
ttctaceccagcgacatcgccgtggagtgggagagcaatgggcagcc 
ggagaacaactacaagaccacacctcccatgctggactccgacggct 
ccfcbcttcctctacagcaagctcaccgtggacaagagcaggtggcag 
caggggaacgfccttctcatgctccgtgatgcatgaggctctgcacaa 
ccactacacgcagaagagcctctccctgtctccgggtaaa 

Ab3 -
Heavy Chain 
nucleotide 

S caggfctcatctggtgcagtctggagctgaggtgaagaagcctggggc 
ctc&gtgaaggtctcctgcaaggcttctggttacacctttaccagct 
atggtatcagctgggtgcgacaggcccctggacaagggcttgagtgg 
atgggatggcfccagcacttacagtggtaacacaaactatgcacagaa 
gcfcccagggcagagtcaccatgaccacagacacatccacgagcacag 

-84 -



WO 2014/194274 PCT/US2014/040360 

cct.aeatgga-gctgaggagcctgagatctgacgacacggccgtgtat 
tactgtgcgagagggaacttctactactacggtatggacgtctgggg 
ccagg'O'Ciaccacggtcaccgtctcctcagctagcaccaagggcccat 
cggtcttccccctggcgccctgctccaggagcacctccgagagcaca 
g c gg c c c:: gg g c t g c c t g g t c a a g g a c t a c 11 c c c c g a a c c g g t g a c 
ggtgtcgtggaactcaggcgctctgaccagcggcgtgcacaccttcc 
cagctCifccctacagtcctcaggactctactccctcagcagcgtggtg 
accgtqooctccagcaacttcggcacccagacctacacctgcaacgt 
agatX'iiCaagCccagcaacaccaaggtggacaagacagttgagcgca 
aat.gt tgt.gtcgagtgcccaccgtgcccagcaccacctgtggcagga 
c:cgt cagtctt cctcttccccccaaaacccaaggacaccctcatgat 
ctcccggaccectgaggtcacgtgcgtggtggtggacgtgagccacg 
aagsce.ecg.&ggtccagttcaactggtacgtggacggcgtggaggtg 
c&fcaatgecaagacaaagc cacgggaggagcagttcaa cagcacgt t 
ccg Ygtgqtcagcgtcctcaccgttgtgcaccaggactggctgaacg 
gc-5«ggagt«caagtgcaaggtctccaacaaaggcctcccagccccc 
ategagsaaaccatctccaaaaccaaagggcagccccgagaaccaca 
ggtgt-Scaccctgcccccatcccgggaggagatgaccaagaaccagg 
tcagcctgacctgcctggtcaaaggcttctaccccagcgacatcgcc 
gtggagtgggagagcaatgggcagccggagaacaactacaagaccac 
acctcccafcgctggactccgacggctccttcttcctctacagcaagc 
tC&ccgtgg&caagagcaggtggcagcaggggaacgtcttctcatgc 
tCcgtgstgcatgaggctctgcacaaccactacacgcagaagagcct 
ctccctqfcctccgggtaaa 

Abl -
Heavy Chain protein 

6 QVQLVOSGaSVKKFGASVKVSCKASGYTFTSyDINWVRQATGQGLEW 
M55?MMPNSGSTD Y AQKFOGRVTMTRNISIS TAYI ELS S LRSE OTAV Y 
x C&RDMVA&HTDY Y FYYGMDVWGQGTTVTVS SASIKG P SVFPEAPC S 
RSTSESTAkLGCLVXDYFPSFVTVS^iSGALTSGVHTFFAVLQSSGL 
YSLSSWTVPSSNFGIQTYTCNVDHKPSNTKvDRT'VERKCCVECPFC 
PA.PP'y AG PSVFLPP PE.PKDTEMISATPE'VTC'vVV'D"VS HE DPEVQFi4 VJ 
YVDGVSWKABTKPREEgFKSTFSVVSVLTVVHQDWLKGKSYKCKVS 
NKGL » AP1EKTISKTEGQ PRE PQV Y TLP PS S EEMTKKrQVS LTC LVKG 
EYP5DI AVE^ESNGQPEHHYKTTPPMLDSDGSFFLYSELTVDKSS&iQ 
QGbsVFSCSVME EALHNHYT QKSL.3LS PGK 

Ab2 ~ 
Heavy Chain protein 

7 QVQLVQ S GA EV KK P GA SVKV S CK AS GYTFT3YEIMMVP QATG QGLE W 
MGwMNPHSGYTGY&QKFQSRVTMTRNTSISTAYMEMSSLRSSDTAyY 
yCAADIVAAHTDYYEYYGMDWGQGTTVTVSSASTKGPSVFPLAPCS 
RSTSESTAALGCLVKDYFPSPVTVSSNSGAI/TSGVHTFPAVLQSSGL 
YSLSSVVTVPSSHFGTQTyTCNVDHKPSNTKVDKTVERKCCVECPeC 
PAPPVAGPSV'FLFPPKPKDTLMISRTPEVTCWVDVSHEDPEVQFHW 
YVDGVEVHNAKTKPRESQFKSTFRWSvLTVVKQDWLNGKEYKCSVS 
NKGLPAPXEKTISKTKGQPPEPQVYTLPPSREEMTKNQVSLTCLVKG 
FYPSDIAVEWESNGQPSHKYKTTPPMLDSOGSFFLYSKLTVDKSRWQ 
QSNVESG5VMHEA.LHNHYTQK5LSLSPGK 

Ab3 -
Heavy Chain ptoiein 

8 Q VHI; VQ S G AE V'KK PGASVKVS CKAS G YTFT S WISWVRQAPGQGLEW 
MGWLSTYSGNTKYA^ / - YTMTTDTSTSTAYMELRSLPSDDTAVX 
YCARGKPYYYGMDVE vTVSSASTKGPSVFPLAPCSRSTSSST 
AALGCLVKDYFPEP\ PYP*.,3GALTSGVHTFPAVLQSSGLYSLSSW 
TVPSSKFGTQtPYTCHVDHKPSNTKVDKTVERKCCVSCPPCPAFPVAG 
PSVFLFPRKPKPTT..MISRTPEVTCVVVDVSiLIEDPEVOFKWYVDGVEV 
HNAKTKPREEQPNSTFRvVSVETYvKQOWLKGKEYKCKvSNKGLFAP 
IEKTISRTKGCPREPQVYTLPPSREEMTK^Qv3LTCLVKGPYPSDIA 
VEssESNGQPEKINYKTTPPMLDSDGSFFLi SKLTVDKSRWQQGWFSG 
SVMBEALHKHY TQKSLS LS PGK 

Abl: -
Heavy Chain Variable 

9 OVQLvQSGAEVKRPGASVKVSCKASGYTETSYDIHWVRyATGQGEEVf 
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Region MGWMNPKfSGNTT x x f GLSGLRSEDTAVY 
' 

Ab2 ~ 
Heavy Chain Variable 
Region 

10 '• >• i M \SWV R QATGQGLE Si 
j N s ' " T ~ "" ^ "• ^YMS3LRSEDTAVY 
YGARDIVAANI DYYFYYGMDV^GQG TTVYVS S 

Ab3 -
Heavy Chain Variable 
Region 

11 C'VHLVQSGAEVKKFGASVXVSCKASGYTFfSYGISWVRQAPGC'GLEW 
MGm,STYSGNT^Y?iQKLQGRVTMTTDTSTSTAYMH'LRSLRSDDTA'/Y 
Y CARGM FY Y Y G M DVKGQG T TV™V 3 S 

Abl ~ 
Heavy Chain CDR 1 

12 SYDXH 

Ab2 -
Heavy Chain CDR1 

13 SYETiM 

Ab3 -
Heavy Chain CDRi 

14 SYGI.8 

Ab1 -
Heavy Chain CQR2 

15 wMNPKSGNTDYAQRFSS 

Ab2 -
Heavy Chain CDR2 

18 WMGWMHPNS G YTGVAQKFQG 

Ab3~ 
Heavy Chain CDR2 

17 L 3' T Y SG MTN Y AQ K LQG 

Abl: -
Heavy Chain CDR3 

18 DMVAAbl'x D Y Y FY Y GMDV 

Ab2 -
Heavy Chain CDR3 

19 DIVAANTDYYFYYGHDY 

Ab3 • 
Heavy Chain CDR3 

20 GNF Y '£ Y GMUV 

Ab1 -
Light Chain nucleotide 

21 cagfcctgtgcfcgactcagccaccctcagcatctgggacccccgggca 
gagggtcaccaitctcttgttctggaagcagctccaacgtcggaagta 
atactgtaagctggtaccaacagctcccaggaacggcccccaaactc 
ct cat eta r.actaataatcggcggccctccggggtccctgaccgatt 
ctctggc;:.ccaagtctggcacctcagcctccctggccatcagtgggc 
fccc&gt.efcgaggatgaggctgattatttctgtgcagcgttagatgac 
agtctgaafeggtgtggtattcggcggagggaccaaactgaccgtcct 
a gg c c: a a c a g& a a g c g g c g c c c t c g g t c a c t c t g 11 c c c g c c c t c c t 
etgaggagcttcaagccaacaaggccacactggtgtgtctcataagt 
gact tctacccgggagccgtgacagtggcctggaaggcagatagcag 
ccccgtcaacKjcgggagtggagaccaccacaccctccaaacaaagca 
acaaeaagtacgcggccagcagctatctgagcctgacgcctgagcag 
tggaa.gtcccacagaagctacagctgccaggtcacgcatgaagggag 
caccgtgg&gsagacagtggcccctacagaatgttca 

Ab2 -
Light Chain nucleotide 

22 ca g t: o t. a t; q c t g a c t c a g c c a c c c t c a g c g t c t g g g a c c c c c g g g c a 
gagggtcaccatctcttgttctggaagcaactccaacatcggaagta 
atactgtcaaetggtaccaccagctcccaggaacggcccccaaactc 
ctCafcCtatastattaataagcggccctcaggggtccctgaccgatt 
c: tctggctccaagtctggctcctcagcctccctggccatcagtgggc 
tccagtCtgaggatgaggctgattattactgttcaacatgggatgac 
agcctgga t.ggtgtggtattcggcggagggaccaagctgaccgtcct 
aggcc««ccgaaagcggcgccctcggtcactctgttcccgccctcct 
cfcgaggsgcttcaagccaacaaggccacactggtgtgtctcataagt 
gae:ttctaee:~gggagccgtgacagtggcctggaaggcagatagcag 
ccccgtcaaggcgggagtggagaccaccacaccctccaaacaaagca 
acaacaagtacgcggccagcagctatctgagcctgacgcctgagcag 
tggaagtccc«cagaagctacagctgccaggtcacgcatgaagggag 
c a c c g t. q g a ga a g a c a g t g g c c c c t a c a g a a t g 11 c a 

Ab3 -
Light Chain nucleotide 

23 gaaattg1;gttgacgcagtctccaggcaccctgtctttgtctccagg 
ggaaagagccaccctctcctgcagggccagtcagagtgttagcagca 
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gct.asttagcctggtaccagcagaaacctggccaggctcccaggctc 
cfccatcttfcggtgcttccagcagggccactggcatcccagacaggtt 
cac'fcg'g'cagtgggtctgggacagacttcactctcaccatcagcagac 
t-ggagcccgaagattttgcagtgtattactgtcagcagtatggtagc 
•:cgcctccgat:caccttcggccaagggacacgactggagattaaacg 
tac gg fcggo tgcaccatctgtcttcatcttcccgccatctgatgagc 
a.gttg.saatctggaactgcctctgttgtgtgcctgctgaataacttc 
taicccsgag&ggccaaagtacagtggaaggtggataacgccctcca 
atcgggtaactcccaggagagtgtcacagagcaggacagcaaggaca 
gcacctacagccteagcageaccctgaegctgagcaaagcagactac 
gagaaacacaaagtctacgeetgcciaagtcaoccatcagggectgag 
ctegcccgtca caaagag o fctcaa e agggga gagtgt 

Ab1 -
Light Chain protein 

24 QSVLTCiPPSASGTPGQPVTISGSGSSSHVGS^PVSWYQyPPGTAPKL 
LrYTNNRRPSGVPORFSGSKSGTSASLAISGLQSEQEADYPCAALDD 
SLSGyWGGGTELS'VLGQPKAAPSyTLPPPSSEELQAMKATlVCLXS 
DFypGAVTV^KADSSPVKAGVETTTFSKQSNNKYAASSYLSLTPEa 
sJKSHPSYSCQVTHEGSTVSKT'vAPTECS 

Ab2 -
Light: Chain protein 

25 QSVLTQPPSASSTPGQRVTISCSGSNSNiGSNTVNWIHQLPGTAFRL 
LXYNXNKRRSGVPDRFSGSKSGSSASXAiSGLQSEDEADYYCSTODP 
SLDGWFGGGTKLTVLGQPKAAPSVTLFPPSSESLQAKKATLVCLXS 
DFYPGAV'TVA^KADSSPVKAQyETTTPSKQSNNKYAASSYLSLTPEQ 
WK SEES ¥ S CQVT MEGS TVE KTVAPT EC & 

Ab3 -
Light Chain protein 

Ab'i - ~~ 
Light Chain Variabie 

26 

"27~~"~ 

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRL 
'L1FGASSRATGIPDRFSG5GSGTDFTLT1SPLEPEDFAVYYCQQYGS 
SPPXTFGQGTRIcSIKRTVAAPSVFXFPPSDBQLKSGTASVVClJiHHF 
YPREAKvC'VsKVDMALC'SGKSOESVTEO&SKDSTYSLSSTLTLSKADY 
SKBKVYACBVTHQGLS S PVTKS FNRGEC 
QSVLTQPPSASGTPGQRVTISCSGSSSNVGSMTVSWYQQLPGTAPKL 
IVIYTKt^RBPSGVPDPFSGSKSGTSASLAISGLQSEDEADYFCAALDD 
SLNGVVFGGGTKLTvLG 

Ab2 ~ 
Light Chain Variabie 

28 Q S VL T Q P P S AS GT P GQRVTIS CS G S KS MIG S N ? V'M >5 Y H Q I. PCS T A PK. L 
LXYMXKKRRSGVPDRFSGSKSGSSASLAISGLQSEOEADYYCSTSDD 
SLDGWFGGGTKLTvLG 

Ab3 -
Light Chain Variabie 

29 SIVLTQSPGTLSLSPGERATLSCEASQSVSSSYLAWYQOKPGQAPRL 
LIFGASSPATGIPDPFSGSGSGTDFTLTISPI^PEDFAVYYCQQYGS 
SPP1TEGQGTRLEIKR 

Abl: -
Light Chain CPR1 

30 SGSSSNVGSKTVS 

Ab2 -
Light Chain CDR1 

31 SGSHSMTGSNTVN 

Ab3 -
Light Chain COR1 

32 R"';^'~SSSYI,A 

Abl -
Light Chain COR2 

33 TNNRRPS 

Ab2 -
Light Chain CDR2 

34 NISSRRPS 

Ab3-
Light Chain CDR2. 

35 GAGSPAT 

Abl -
Light Chain COR3 

36 AALDD3LKGW 

Ab£ -
Light Chain COR.3 

37 ST^DCSLOGW 

Ab3 -
Light Chain COR3 

38 QQYGSSPPIT 

-87-



WO 2014/194274 PCT/US2014/040360 

10031 ? | Modi fied versions of A b 1, Ab2, and Ab3 were generated. For all three modified 
forma of the antibodies, the lysine at the C terminus of the heavy chain was removed . For Ab ! 
ami Ab2, the glycosylation site at position 73 was removed by substituting the asparagine- at 
position 73 with an aspartic acid. These-variants are referred to as Abl-N73D and Ab2-N?3D. 
The sequences of the modi fied anti bodies are set forth in Table 9 below (the modi fied 
•nucleotides and amino acids are underlined). 

Table# 

Description SEQ 
IB 
NO 

Sequence 

Ab l version 2 -
Heavy Chain 
nucleotide 
(N73D / C-termirta! 
lysine deleted) 

47 caggfcgcagctggtgcagtctggggctgaggtgaagaagcctggggc 
ctcagfcgaaggtctcctgcaaggcttctggatacaccttcaccagtt 
atgat.3.tc:aactgggtgcgacaggccactggacaggggcttgagtgg 
atgqgatgga tgaaccctaatagtggtaacacagactatgcacagaa 
gutecagggcagagtcaccatgaccagggacatttccataagcacgg 
cot-iicattgaqctgagcagcctgagatctgaggacacggccgtttat 
uaotgtgcg^gagatatggtggctgcgaatacggattactacttcta 
ctacggtatggacgtctggggccaagggaccacggtcaccgtctcct 
Cagctsigcaccaagggcccatcggtcttccccctggcgccctgctcc 
aggagcacet.ccgagagcacagcggccctgggctgcctggtcaagga 
c'fcacttccccgaaccggtgacggtgtcgtggaactcaggcgctctga 
ccagcgqcgtgcacaccttcccagctgtcctacagtcctcaggactc 
tactccctcagcagcgtggtgaccgtgccctccagcaacttcggcac 
ccagacccscacctgcaacgtagatcacaagcccagcaacaccaagg 
tggac.aagac&gttgagcgcaaatgttgtgtcgagtgcccaccgtgc 
ecagcaeeacctgtggcaggaccgtcagtcttcctcttccccccaaa 
acccaaggacaccctcatgatctcccggacccctgaggtcacgtgcg 
tgCitggtggacgtgagccacgaagaccccgaggtccagttcaactgg 
tacgt.ggacggcgtggaggtgcataatgccaagacaaagccacggga 
gg»sc|cagttcsacagcacgttccgtgtggtcagcgtcctcaccgttg 
tgcaccaggsctggctgaacggcaaggagtacaagtgcaaggtctcc 
aacgaS.ggcctcccagcccccatcgagaaaaccatctccaaaaccaa 
agggcagccccgagaaccacaggtgtacaccctgcccccatcccggg 
aggagatg«ccaagaaccaggtcagcctgacctgcctggtcaaaggc 
t tctaccecagcgacatcgccgtggagtgggagagcaatgggcagcc 
ggagaacaacfcacaagaccacacctcccatgctggactccgacggct 
cctfccttccfcctacagcaagctcaccgtggacaagagcaggtggcag 
cagggg = " :ttctcatgctccgtgatgcatgaggctctgcacaa 
ocacta "a "• agaagagcctctccctgtctccgggt 

Ab2 version 2 -
Heavy Chain 
nucleotide 
(N73D / C-terminai 
iysine deleted) 

48 caggtg ;;. \ jgtgcagtctggggctgaggtgaagaagcctggggc 
cfecagtgaaggtctcctgcaaggcttctggatacaccttcaccagtt 
afcgaaatcaactgggtgcgacaggccactggacaagggcttgagtgg 
atgggatggatgaaccctaacagtggttacacaggctatgcacagaa 
gttceagggcagagtcaccatgaccagggacacctccataagcacag 
cctacatggaaatgagcagcctgagatctgaggacacggccgtgtat 
fcactgt.gcaagagatatagtggctgcgaatacggattactacttcta 
ttstggfcatggacgtctggggccaagggaccacggtcaccgtctcct 
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cagctagcaccaagggcccatcggtcttccccctggcgccctgctcc 
aggagcaectecgagagcacagcggccctgggctgcctggtcaagga 
ctacttccccgaaccggtgacggtgtcgtggaactcaggcgctctga 
ccagc:ggcgtgcacaccttcccagctgtcctacagtcctcaggactc 
a c. t. c c cc ag c a g c g t g g t g a c c g t g c c c t c c a g c a a c 11 c g g c a c 
ccagacctacacctgcaacgtagatcacaagcccagcaacaccaagg 
tggacaagacagttgagcgcaaatgttgtgtcgagtgcccaccgtgc 
cCagcaecacctgtggcaggaccgtcagtcttcctcttccccccaaa 
accc'saggac&ccctcatgatctcccggacccctgaggtcacgtgcg 
tggtggtgg&egtgagccacgaagaccccgaggtccagttcaactgg 
tacgrgg&cggcgtggaggtgcataatgccaagacaaagccacggga 
gg&gcagttcsacagcacgttccgtgtggtcagcgtcctcaccgttg 
tgc®o«aggactggctgaacggcaaggagtacaagtgcaaggtctcc 
sacsaaggcctcccagcccccatcgagaaaaccatctccaaaaccaa 
aggqcagcccc;gagaaccacaggtgtacaccctgcccccatcccggg 
aggag&tgaceaagaaccaggtcagcctgacctgcctggtcaaaggc 
ttetaccceagcgacatcgccgtggagtgggagagcaatgggcagcc 
ggagaacaactacaagaccacacctcccatgctggactccgacggct 
ccttcttccfcctacagcaagctcaccgtggacaagagcaggtggcag 
caggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaa 
ccactacacgcagaagagcctctccctgtctccgggt 

Ab3 -
Heavy Chain 
nucleotide 
(C-terminai iysine 
deleted) 

49 caggttcatctggtgcagtctggagctgaggtgaagaagcctggggc 
etcagtgaaggtctcctgcaaggcttctggttacacctttaccagct 
afeggtatcagctgggtgcgacaggcccctggacaagggcttgagtgg 
a fcgggatggcfccagcacttacagtggtaacacaaactatgcacagaa 
gc t c cag ggca gagtcaccatgaccacagacacatccacgagcacag 
cctSiCatggagctgaggagcctgagatctgacgacacggccgtgtat 
taC'tgtqcgagagggaacttctactactacggtatggacgtctgggg 
ccaggggaccacggtcaccgtctcctcagctagcaccaagggcccat 
cggtcfctccccctggcgccctgctccaggagcacctccgagagcaca 
gcggcectgggctgcctggtcaaggactacttccccgaaccggtgac 
ggtgtc.gtggaactcaggcgctctgaccagcggcgtgcacaccttcc 
cagctgtcctscagtcctcaggactctactccctcagcagcgtggtg 
accgfcgscctccagcaacfctcggcacccagacctacacctgcaacgt 
agatcac'aagcccagcaacaccaaggtggacaagacagttgagcgca 
aafe<jfctgtgfccgagtgcccaccgtgcccagcaccacctgtggcagga 
eegtcagtCfctcctcttccccccaaaacccaaggacaccctcatgat 
ctcccggacccctgaggtcacgtgcgtggtggtggacgtgagccacg 
aagaecccgaggtccagttcaactggtacgtggacggcgtggaggtg 
cafcaatgccaagacaaagccacgggaggagcagttcaacagcacgtt 
ccgtgtxjgtcagcgtcctcaccgttgtgcaccaggactggctgaacg 
gcaaggagtacaagtgcaaggtctccaacaaaggcctcccagccccc 
atcgagaaaaccatctccaaaaccaaagggcagccccgagaaccaca 
ggtgtaeacc'ctgcccccatcccgggaggagatgaccaagaaccagg 
tC'agcctgacctgcctggtcaaaggcttctaccccagcgacatcgcc 
gtggagtgggagagcaatgggcagccggagaacaactacaagaccac 
acctcccatgctggactccgacggctccttcttcctctacagcaagc 
tcaccgtggacaagagcaggtggcagcagaggaacgtcttctcatgc 
txx'xt;:gatgc.stgaggctctgcacaaccactacacgcagaagagcct 
ctccotgtctccgggt 

Abl version 2 -
Heavy Chain protein 
(N 730 / C-terminal 
iysine deleted} 

50 QvQLVQSGJiFVKKPGASVXVSCKASGYTFTSYDXKSWvPQATGQGLEW 
^GWMN'P^SGNTDyAyKFQGRvTMTSBISISTAYIH!LS3LRSEDTAVY 
i CA JiDHV?: Ji K T D Y Y F Y YGMD VW GQG~T VT v o SAS T K G P SVF P LA PC S 
RSTSESTAALGCLVKDYFPSPV^SSRSSALTSGVHTFPAVLQSSGL 
YSLSSVvTVPSSKFGTQTiTCNVDHKPSNTKVDKTVERKCCvECFPC 
F^PVaGFSVFLFPFKPKDTLMISETPEVTGVWDVSHEDPEvQFNW 
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YVDGV£VHNARTKFPESQFRSTFRyVSVLTVVKQD5-?LNGKSYKCKVS 
NKGL PAP I EST15RTK.GQ PPS PQVYTLF PS REEMTKNQVS LTC LVKG 
PYFS DI AVEvsSS HGyPSHK YKTTF PMLDS DGS EEL Y S KLTVDKS RWQ 
QG^VFSCSVMHEALHNKYXQKSLSLSPG 

Ab2 version 2 -
Heavy Chain protein 
(N73D / C-tsrmina! 
lysine deieted) 

51 QVQLVQSVSAEVKKPGASVKVSCFJISGATFTSYEINK'/RQATGQGLEW 
MGWKNPN S G Y T G Y Ay K FQ G.P.V TM™ ^ m \ YMEMS S LP 3 E D? AV Y 
YCARDiyAANTDYYFYYGMDVKG: ;&STKGPSVfFLAPCS 
RSTSESTAAI.GCLVKDYEPEPVT' TSGVHTFPAv'LQSSGL 
YSLSSyVTVPSS J5FGTQ?YTCHVDHKPSNTKVDKTVEPKCCVECPPC 
PAPPVAG PSVF RFP PKPK &T1.MX S RT PEV?C\G.?VOVSHE &PEVQF"W 
YVDGVEVH^AKTKRREEQFNSTFRVVSVT/rWEQDRLSGKEYKCKVS 
KKGL PAP X EKT 1 SET KGQ PRE PQVYTL R PS REEMTKKT;0 VS LTC LVKG 
FYPSDIAVESfESSNGQPENNYRTTPPMLDSDGSFFLYSKLTVDKSRWCi 
QGSVFSCSVMHEALHSrHYTQKSLSLSPG 

Ab3 version 2 -
Heavy Chain protein 
{C-terminal iysine 
deleted) 

52 QVKLVQSGASVKRPG&SVKySCKABGYTFTBYGTSWVRQAPGQGLEs'i 
MG^LSTYSGHTNYAQKLQGRVTHTTDTSTST«YMELRSLRSDOTAvY 
xCaRGNfxXTGMBVSiGQGTTVTVSSASTKGFSVFPLAPCSKSTSEST 
AALGCLWDYEPSPVTV3WNSGALTSGVHTFPAVLQSSGLYSLSSVV 
OTPSSNEGfQTYTCIWDHKPSKTKVDKTVERKCCVECPPCPAPPVAG 
PSVFLFPPEPKDTLMISPTPEVTCWVDVSHEDPEV^FNWYVDGVEV 
i'MAKTKPREEC:FNStFPVVSVLLVV?iQD^LHGK.H;TKCKvS>2KGLPAP 
I ESTISKTKGQ PREPQVYT LP P SPEEMTKHQVSLTCLVKGFY P S BIA 
xnSwESRGOPEKKYKTTPPMLDSDGSFFIYSELTVDKSPSQQGMVFSC 
S VMB EALEHHYT QK S L 81. SPG 

Abl: version 2 -
Heavy Chain Variable 
Region 
(N73D / C-terminai 
lysine deieted) 

S3 gVQLVQSGABVKKPGASVKVSCKA5GYTFTSYOlNWVBQATGQGI,S¥3 
MGWMtJ PN S GN T 0 Y« QKFQ G R VTMT KD I 31S TAYX EL SS ERSED? AVY 
YCARDMVMNTDYYFYYGMDVHGQGTTVTVSS 

Ab2 version 2 -
Heavy Chain Variable 
Region 
(N?3D / G-termina! 
lysine deleted) 

54 QVQL:VQSGaSVKKFGASVKV3CKASGYTFTSYETHviVRQATGQGI:EW 
MG^MNFMSGYTGYAQKFQGPV'TMTPDTSISTAYMEMSSLRSEOTAVY 
YGARDIVAANTDYYFYYGMDVWGQGTTVT^SS 

[003} 8'J ELISA experiments were performed trader various formate (Capture ELISA for 
avidity-less format; Sandwich ELISA for solution phase format; and Direct ELISA. for solid 
•State avidity format) using antibodies containing the variable regions of Ab l or Ab2 (or die 
N73D variant of Ab! or Ab2) with different Fc regions. 

[00319] Abi and Ab2 each coatain CHI. CH2, CH3 domains ofhumaa IgG2 origin. As 
used herein, the terras "Abi" and "Abl IgG2 WT" refer to the same antibody. Similarly, the 
terms "Ab2" and wAb2 IgG2 W'f" refer to the same antibody. 

[00320] Antibodies identified as "IgG4P agly / IgGI" contain the variable regions of Abl or 
Ab2 (or theN73D variant of Abi or Ab2) fused to the CHI domianfrom human IgG4, the 
hinge from human Ig04 with a Set to Pro mutation (at position 228) to reduce shuffling, the 
CH2 domiaa from human lgG4 with an Asn to Gin mutation (at position 297) to eliminate the 
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N-linkcd glycosylation site, and the CH3 domain from human IgGL The "IgG4P agiy / IgGI '' 
framework is described m US published patent application number US 2012/0100140. 

£0032.1 J The EOSA results indicated that removal of glycosylation sites via the N73.D 
substitution did not affect the binding of die modified antibodies to OSMR. See Table 10, 

TaMe 10 

Antibody Capture (EC50) 

nM 

Sandwich (EC50) 

nM 

Direct (ECSfl) 

nM 

Abl IgG2 WT 10.2 0.581 0.184 

Abl N73B fgG.2 4.85 0 359 0.0728 

Ab.lN?3DIgG4P 
agly / IgGI 

2.86 0.05 0.0626 

Ab2 IgGI WT 3.63 0.366 0, i 82 

Ab2 N73D lgG2 5.49 0.343 0.179 

Ab2 N73D IgG4P 
agiy I IgGI 

1.61 0.064 0.0558 

£00322} Binding studies were performed using the Bl'Acore method. Antibodies containing 
the variable regions of AM or Ab2 (or the N7XD variant of Ab l or Abl) with, different Fc 
regions were immobilized on a CM4 chip (G:E iitescieaees) as per oiaauiaeturer's protocols. 
Soluble OSMR was used as the analyte. Removing the glycosylation site on Abl and Ab2 via 
the N73.D substitution, improved the binding affinities. For Abl.. the substitution improved Koo 
rate, whereas fbr Ab2 it improved Koff rate. See Table 11. 

Table 11 

Antibody K»a (M-ls-l) Kolifl/s) KB (M) 
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Abl IgG2 WT 1.64Ef05 1.50E-04 0.913B-9 

Abl N73D IgG2 2.49E-M)5 1..68.E-04 0.675E-9 

Ab2 IgG2 WT I.88B+0S 1.89E-04 1.0.1E-09 

Ab2 N73D tgG2 l;73E+05 4.99E-05 0..289E-9 

j 00323] The stability of Fab fragments was determined by assessing the thermal unfolding of 
antibodies. High melting temperature of Fab fragments correlates directly to increased 
stability. Removal of glycosylation sites on Ab2 via the N73D substitution did not affect the 
thermal stability of Fab fragments and showed minor effects on Abl, as assessed'by differential 
scanning fiuorimery experiments. See Table 1:2. 

Table 12 

Antibody Fab Tm (Celsius) Standar d Error (Celsius) 

Ab l IgGI WT 73,24 0.0097 

Abl N73D IgGI 71.21 0.005 

Abl N73.D fgG4P 
agly / IgGI 

74.23 0,014 

Ab2 lgG2 WT 76.7.1 0.0096 

Ab2 N73»IgG2 76.54 0.14 

Ab2 N73D IgG4'P 
agly / IgG! " 

76.69 0.018 

{ 00324} The ability of modified anti-OSMR antibodies to block signaling through human 
OSMR was assessed. The modified antibodies were evaluated tor their ability to inhibit 
proliferation of a BaF_bu-lL3IR/QSMR/gpl 30 cell line in. the presence of 1L3 ], OSM', or 1L31 
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and OSM The results sire presented in Tables S 3 and 14 below, with the ICSO for each 
antibody shown. The resuits confirm that the modified versions of Abl and Abl are potent 
inhibitors of OSM- and IL-31-media ted signaling. 

Table 13 

Antibody 1L31 

(ICSO) 

OSM 

(ICSO) 

IL31/OSM 

(ICSO) 

Ah2 0J.82S 0.3528 • 1 9 

Abl igG2 WT 0.669] 0,5298 4.004 

Ab ! N73D IgG2 0,7565 0.5226 3.702 

Abl N73D ]gG4P 
agly/lgGI 

0.4672 0,5657 3,080 

Table 14 

Antibody IL31 

(1C50) 

OSM lUl/OSM 

(icso) (icso) 

Ab2 0.4426 0,4019 j 1.8 

Abl lgG2 WT 0,3671 0.4758 2.049 

Ab2 N73D lgG2 0.2191 0.1859 1.474 

Ab2 N73.0 fgG4F 
agly / IgGi 

0.2838 0,2401 1,276 

- 93 -



WO 2014/194274 PCT/US2014/040360 

[00325 | The disclosure has been described in terms of particular embodiments found or 
proposed to comprise specific modes for the practice of the disclosure. Various modifications 
and variations of the described invention wilt be apparent to those skilled in the art without 
departing from the scope and spirit of die invention. Although the invention has been described 
in connection with specific embodiments, it should be understood that the invention as claimed 
should not be unduly limited to such specific embodiments. Indeed, various modifications of 
the described modes for earning out the invention that are obvious to those skilled in the 
relevant fields are intended to he within the scope of the following claims* 
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CLAIMS 

What is claimed: 

L An QHCOStatm M receptor (OSMR) antigen binding protein comprising: 
a) a light chain variable domain having at ieast 90% identity to the ainmo acid 

sequence set forth, in SEQ ID NO:27, SEQ ID NO:28, or SEQ ID NO:29; 
b) a heavy chain variable domain having at ieast 90% identity to the amino acid 

sequence set forth in SEQ ID NO:9, SEQ ID NO:iO, or SEQ ID NO: 15; or 
c) a light chain variable domain, of a) and a heavy chain variabie domain, of b). 

2, The OSMR antigen binding protein of claim 1, wherein the light chain variable domain 
has at least 95% identity to the amino acid sequence set forth in SEQ ID M0:27, SEQ ID NO:2S, 
or SEQ ID NO: 29, 

3, The OSMR antigen binding protein of claim i or 2, wherein the heavy chain variable 
domain has at least 95% identity to the amino acid sequence set forth in SEQ ID NO:9, SEQ ID 
NO: 10, or SEQ ID NO:! 1. 

4, An oncostatin M receptor (OSMR) antigen binding protein, comprising; 
a) a light chain variable domain having no more than ten amino acid additions, 

deletions or substitutions from the amino acid sequence set forth in SEQ ID NO:27, SEQ ID 
NO:28, or SEQ ID NO:29; 

b) a heavy chain variable domain having no more than ten amino acid additions, 
deletions or substitutions frora the amino acid sequence set forth in SEQ ID NO;9, SEQ ID 
NO: 10, or SEQ ID NO:! I: or 

c) the light chain variable domain of a) and the heavy chain variable domain, of b). 
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5, The OSMR antigen binding protein of claim 4, wherein the light chain variable domain 
has no more than five ammo acid additions, deletions or substitutions from the amino acid 
sequence set forth in SEQ ID NO:27, SEQ ID NO:28, or SEQ ID NQ:29. 

6, The OSMR antigen binding protein of claim 4 or 5, wherein the heavy chain variable 
domain has no more than five amino acid additions, deletions or substitutions from the amino 
acid sequence set forth in SEQ ID N0:9S SEQ ID NO:M), or SEQ ID NO:! 1. 

7, The QS.MR antigen binding protein of claim 1 -6, wherein the light- chain variable domain 
comprises the amino acid sequence set forth in. SEQ ID NO:27, SEQ ID NO:2&, or SEQ ID 
NO: 29. 

-8. The QS.MR an tigen binding protein of claim .1 - 7, wherein the heavy chain variable 
domain comprises the amino acid sequence set forth in SEQ ID NO:9, SEQ ID NO: 10, or SEQ 
ID NO: II. 

9. An oucostatm M receptor (OSMR) antigen binding protein comprising: 
a light chain variable domain comprising: 

a) an LCDRI having no more than three amino acid additions, deletions, or 
substitutions from the LCDRI sequence set forth in SEQ ID N0:3O; an I.-CDR2 having so more 
than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in 
SEQ ID NG:33; -and an LCDR3 having no more than three amino acid additions, deletions, or 
substitutions from the LCDR3 sequence set forth in SEQ ID NO: 36; 

bs an LCDRI having no more than, three ammo acid additions, deletions, or 
substitutions from the LCDRI sequence set forth in SEQ ID NO:3'i; an LCDR2 having no more 
than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in. 
SEQ ID NO:34; and an LCDR3 having no more than three amino acid additions, deletions, or 
substitutions from the LCDR3 sequence set forth in SEQ ID NO:37; or 
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c) an LCDRI having so more that) three amino acid additions, deletions, or 
substitutions from the LCDRI sequence set forth in SEQ ID NO:32; an LCDR2 having m more 
thaii three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in 
SEQ ID NO:3S; and an LCDR3 having no more than three amino acid additions,, deletions, or 
substitutions frora the LCDR3 seqnen.ee set forth in SEQ ID NO;3&; and. 
a heavy chain variable domain comprising; 

d) an HCDR! having no more than three amino acid additions, deletions, or 
substitutions from the HCDR 1 sequence set forth in SEQ ID NO: 12; an HCDR2 having no snore 
•than force amino acid additions, deletions, or substitutions from the HCDR2 sequence set forth in 
SEQ ID NO: 15; and an HCDR3 having no awe than three amino acid additions, deletions, or 
substitutions from the HCDR3 sequence set forth, in SEQ ID NO: 18; 

e) an. HCDRI having no more than three amino acid additions, deletions, or 
substitutions from the HCDR5 sequence set forth in SEQ ID NO: 13; an HCDR2 having no more 
than three amino acid additions, deletions* or substitutions from the HCDR2 sequence set forth in 
SEQ ID NO: 16; and an HCDR3 having no more than three amino acid additions, deletions, or 
substitutions from the HCDR3 sequence set forth in SEQ ID 'NO: 19; or 

f) an HCDRI having no more than three amino acid additions, deletions, or 
substitutions frora the HCDRI sequence set forth m SEQ ID NO: 14; an HCDR2 having no more 
than three amino acid additions, deletions, or substitutions from the HC.DR2 sequence set forth in 
SEQ ID NO:! 7: and an HCDR3 having no more than three amino acid additions, deletions,, or 
substitutions from the HCDR 3 sequence set. forth in SEQ ID NQ:20. 

It). The OSMR antigen binding protein of claim. 9 comprising the light chain variable domain 
of a) and the heavy chain variable domain of d). 

11.. The OSMR antigen binding protein of claim 10, wherein the ligh t chain variable domain 
comprises an LCDRI as set forth in SEQ ID NO;30; an LCDR2 sequence as set forth in SEQ ID 
NO:33; and an LCDR3 sequence as set forth in SEQ ID NO;36; and the heavy chain variable 
domain comprises an HCDRI as set forth in SEQ I'D NO: 12; an HCDR2 sequence as set forth in 
SEQ ID NO: 15; and an HCDR3 sequence as set forth in SEQ ID NO:18. 
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12. The OSMR antigen binding protein of claim 9 comprising the light chain variable domain 
of b) and the heavy chain variabie domain of e). 

13. The OSMR antigen binding protein of claim 12, wherein the ligh t chain variabie domain 
comprises an LCDR 1 as set forth in SEQ ID NO:31; an LCDR2 sequence as set torth in SEQ I'D 
NO:34; and an LCDR3 sequence as set forth in SEQ ID NO:37; and. the hea vy chain variable 
domain comprises an HCDRI as set forth in SEQ ID NO: 13.; an HCDR2 sequence as set. forth in 
SEQ ID NO: 16; and an HCDR3 sequence as set forth in SEQ 3D NO.:5 9. 

14 . The OSMR antigen bi nding protein of claim 9 comprising the light chain variabie domain 
of e) and fee heavy chain variable do.oia.iii off). 

15. The OSMR antigen binding protein of claim 14, wherein the light chain variable domain 
comprises an LCDR I as set forth in SEQ ID NO:32; an LCDR2 sequence as set forth in SEQ I'D 
NO'35; and an LCDR3 sequen.ee as set forth in SEQ ID'N0:38; and the heavy chain variabie 
domain comprises an HCDRI as set forth in SEQ ID NO: 14; an HCDR2 sequence as set forth in 
SEQ ID NO: 17; and an HCDR3 sequence as set forth in SEQ ID NO:20. 

16. The OSMR antigen binding protein of any of cl aims 1 -7 or 9-11 „ wherein the heavy chain 
variable domain comprises an. amino acid other than, asparagine at the position corresponding to 
position 73 m SEQ ID NO:9. 

17. The OSMR antigen binding protein of claim 16, wherein the heavy chain variable domain 
comprises an aspartic acid at the position corresponding to position 7.3 in SEQ ID N0:9. 

.18. The OSMR antigen binding protein, of any of claims 1-7 or 9~l 1, wherein the heavy chain 
variable domain comprises the amino acid sequence set forth in SEQ ID N0:S3, 
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19. The OSMR antigen binding protein of any of claims .1-7,9, 12, or 13, wherein the heavy 
chain variable domai n comprises an amino acid other than asparag ioe at the pos ition 
corresponding to position 73 in SEQ ID NO: 10. 

20. The OSMR. antigen binding protein of claim 19 , wherein the heavy chain variabie domain 
comprises an aspartic acid at the position corresponding to position 73 in SEQ ID NO: 10. 

21. The OSMR, antigen binding protein of any of claims 1 -7, 9,12, or 13, wherein the heavy 
chain variable domain comprises the amino acid sequence set forth in SEQ ID NO:54. 

22. The OSMR antigen binding protein of any of claims 1-21, wherein the antigen, binding 
protein specifically binds human OSMR with an affinity of less than or equal to 1 x lO"*0 M. 

23. The OSMR antigen binding protein of any of claims .1 -22, wherein the antigen binding 
protein inhibits binding of hitman OSM. or human IL-31 to h uman OSMR. 

24. The OSMR. antigen binding protein of any of claims .1 -23, wherein, the antigen, binding 
protein.reduces human OSM-niediated or human IL-31-mediated OSMR signaling in human 
OSMR-expressing cells. 

25. The OSMR, antigen binding protein of any of claims .5 -24, wherein the antigen binding 
protein is an antibody. 
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26, The OSMR antigen binding protein of claim 25, wherein the antibody is a human 
antibody. 

27, The OSMR an tigen binding protein of claim 26 comprising a light chaia and a heavy 
chain, wherein the light chain comprises the amino acid sequence set forth in SEQ ID: 24 and the 
heavy chain comprises the amino acid sequence set forth in SEQ ID NO:6, 

28, The OSMR antigen binding protein of claim 26 comprising a light chain and a heavy 
chain, wherein the light chain comprises the amino acid sequence set forth in SEQ !D;25 and the 
heavy chain comprises the amino acid sequence set forth in. SEQ ID NO:?, 

29, The OSMR antigen binding protein of-claim 26 comprising a light chain and a heavy 
chain, wherein the light chain, comprises the amino acid sequence set forth in SEQ 1.0:26 and the 
heavy chain comprises the amino acid sequence set forth in SEQ ID NO:8. 

30, The OSMR antigen binding protein of claim 25 comprising a light chain and a heavy 
chain, wherein the light chain, comprises the amino acid sequence set forth in SEQ 1D:24 and the 
heavy chain comprises the amino acid sequence set forth, in SEQ ID NO:5l>. 

31, The OSMR antigen binding protein of claim. 25 comprising a light chain and a heavy 
chain, wherein the light chain comprises the amino acid sequence set forth in SEQ 1.0:25 and the 
heavy chain, comprises the amino acid sequence set forth in SEQ ID NQ:51. 

32, The OSMR antigen binding protein of claim 25 comprising a light chain and a heavy 
chain, wherein the light chain comprises the amino acid sequence set forth in SEQ ID:26 and the 
heavy chain, comprises the amino acid sequence set. forth in SEQ ID NO:5.2. 
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33, An isolated nucleic acid -encoding a polypeptide, said polypeptide comprising: 
a) a light chaia variable domain having at ieast 95% identity to the amino acid 

sequence set forth in SEQ ID 1*0:27, SEQ ID NO:28, or SEQ ID NO:29; 
b) a heavy chain variable domain having at ieast 95% identity to the amino acid 

sequence set forth in SEQ ID N0:9, SEQ ID M):iO, or SEQ ID N0:.ll; 
c) a light chain variable domain having no more than five amino acid additions, 

deletions or substitutions from the amino acid sequence set forth tit SEQ ID N0:27, SEQ ID 
NO:28, or SEQ ID NQ:29; 

d) a heavy chain variable domain having no more than five amino acid additions, 
deletions or substitutions from the amino acid sequence set forth in SEQ ID N0:9, SEQ) ID 
NO: 1.0, or SEQ ID NO: 11; 

e) a light chain variable domain comprising: 
i) an LCDRI having no more than three amino acid additions, deletions, or 

substitutions from the LCDRI sequence set forth in SEQ ID NO:30; an LCDR2 having no more 
than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in 
SEQ ID NO:33; and an LCDR3 having no more than three amino acid additions, deletions, or 
-substitutions from the LCDR3 sequence set forth in SEQ ID NO:36; 

ii) an LCDRI having no more than three amino acid additions, deletions, or 
substitutions from the LC'DRl sequence set forth in SEQ ID N0:3I; an LCDR2 having no more 
than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in 
SEQ ID N0:34; and an LCDR3 having no more than three amino acid additions, deletions, or 
substitutions from the ECOR3 sequence set forth in SEQ ID N0:37; or 

iii) an LCDRI having no more than, three amino acid additions, deletions, or 
•substitutions from the LCDRI sequence set forth in SEQ ID N0;32; an LCDR2 having so more 
than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in 
SEQ ID N0:35; and aa LCDR3 having no snore than, three amino acid additions, deletions, or 
substitutions from the ECDR3 sequence set forth in SEQ ID N0:38; or 

f) a heavy chain variabie domain comprising: 
i) an HCDRI ha ving no more than three amino acid additions, deletions, or 

substitutions from the HCDRI sequence set forth in SEQ ID NO: 1.2; an HCDR2 having no more 
than three amino acid additions, deletions, or substitutions from the HGDR2 sequence set forth hi 
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SEQ ID NO: 15; and an HCDR3 having no more than three amino acid additions, deletions, or 

substitutions from the MCDR3 sequence set forth in SEQ ID NO; 18; 

ii) at) HCDRI ha ving no more than three amino acid additions, deletions, or 

substitutions from the HCDR I sequence set forth JO SEQ ID NO: 13; an 1ICDR2 having no more 

than three amino acid additions, deletions, or substitutions from, the HCDR2 sequence set forth hi 

SEQ ID NO: 16; and an HCDR3 having no more than three amino acid additions, deletions, or 

substitutions from the RCD.R3 sequence set forth in SEQ ID NO: 19; or 

iii) an HCDR I having no more than three amino acid additions, deletions, or 

substitutions from the HCDR I sequence set forth in SEQ ID NO; 14; an HCDR2 having no more 

than three amino acid additions, deletions, or .substitutions from the HCDR2 sequence set forth in. 

SEQ ID NO: 17; and an HCDR3 having no more than three amino acid additions, deletions., or 

substitutions from the HCDR3 sequence set forth, in SEQ ID N0:20, 

34. The isolated nucleic acid of claim 33, wherein the polypeptide comprises an antibody 

light chain. 

35. The isolated nucleic acid of claim 34, wherein the light chain is encoded by a nucleic acid 

comprising a nucleotide sequence at least 80% identical to the nucleotide sequence set forth in 

SEQ ID NO:2l, SEQ ID NO:22, or SEQ ID NG:23. 

36, The isolated nucleic acid of claim 35, wherein the light chain i s encoded by a nucleic acid 

comprising a nucleotide sequence at least 90% identical to the nucleotide sequence set forth in 

SEQ ID NO:21, SEQ ID NO:22, or SEQ ID NO:23. 

37, The isolated nucleic acid of claim 36, wherein the light chain is encoded by a nucleic acid 

comprising a nucleotide sequence at. least 95% identical to the nucleotide sequence set forth in 

SEQ ID NO:21, SEQ ID NO:22, or SEQ ID NO;23. 
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38. The isolated nucleic acid of claim 37, wherein the light chain is cneoded by a nucleic acid 
comprising a nucleotide sequence set forth to SEQ ID NO:2I, SEQ ID NO:22, or SEQ ID 
NO:23, 

39. The isolated nucleic acid of claim 33, wherein the polypeptide comprises an antibody 
heavy chain, 

40. The isolated nucleic aci d of claim 39, wherein the polypeptide comprises the amino acid 
sequence set forth is SEQ ID NO;53 or SEQ ID HO; 54, 

41. The isolated nucleic acid of claim 39, wherein the polypeptide comprises the amino acid 
sequence set forth in SEQ ID N0:50, SEQ ID NO:51, or SEQ ID NO;52. 

42. The isolated nucleic acid of claim 39, wherein the heavy chain is encoded by a nucleic 
acid comprising a nucleotide sequence at least 80% identical to ihe nucleotide sequence set forth 
in SEQ ID NO:?, SEQ ID N0:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID 
NO: 12,. SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:l 5, SEQ ID NO:.16, or SEQ ID NO: 1.7. 

43. 'The isolated nucleic acid of clai m 42, wherein the heavy chain is encoded by a nucleic 
acid comprising a nucleotide sequence at least 90% identical to the nucleotide sequence set forth 
in SEQ ID NO:3, SEQ ID NO:4, or SEQ ID NO;S. 

44. The isolated nucleic acid of claim 43,. wherein the heavy chain is encoded by a nucleic 
acid comprising a nucleotide sequence at leas! 95% identical to the nucleotide sequence set forth 
in SEQ ID NO:3, SEQ ID NO:4, or SEQ ID NO:3. 
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43. The isolated nucleic acid of claim 44, whetcifi ihe heavy chain is encoded fay a nucleic 
acid comprising a nucleotide sequence set forth in SEQ ID 'NO:3, SEQ ID NO:4, or SEQ ID 
NO:5, 

46. The isolated nucleic acid of clai m 44, where i n Ihe heavy chain is encoded by a nucleic 
acid comprising a nucleotide sequence set forth in SEQ ID NO:47, SEQ ID NO:48, or SEQ ID 
NO:49, 

47. An expression vector comprising the isolated nucleic acid of any of claims 33-46, 

48. The expression vector of claim 47, wherein the isolated nucleic acid encodes an antibody 
light chain. 

49. The expression vector of claim 47, wherein the isolated nucleic acid encodes aft antibody 
heavy chain. 

50. The expression vector of claim 48, further comprising an isolated nucleic acid encoding 
an antibody heavy chain. 

51. A recombinant host cell comprisi ng an isolated nucleic acid of any of claims 33-46 
operabiy linked to a promoter. 

52. A recombinant host cell comprising an expression vector of any of claims 47-50. 
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53. The recombinant host ceil of claim 52, wherein the host ccH comprises an expression 
vector of claim 48 and 49. 

54. The recombinant host cell of claim 53, wherein, the host cell, secretes an antibody that 
binds OSMR, 

55. The .recombinant host ceii of any of claims 51-54, wherein the eel! is of mammalian 
origin. 

56. The .recombinant host cell of claim: 55, wherein the cell is a Chinese hamster ovary 
(CHO) cell line. 

57. A. method of treating a disease or disorder,, said method comprising administering a 
therapeutically effective amount of an OSMR antigen binding protein of any one of elates 1-32 
to a patient in seed thereof 

58. The method of claim: 57, wherein the OSMR antigen binding protein is an antibody. 

59. The method of claim 58, wherein the antibody comprises a light chain variable domain 
amino acid sequence as set forth in SEQ ID NO:27 and a heavy chain variabie domain amino 
add sequence as set forth in SEQ ID NO:9. 

60. The method of claim 59, wherein the antibody comprises a light chain amino acid 
sequence as set forth in SEQ ID NO:24 and a heavy chain amino acid sequence as set forth in 
SEQ ID NO;6. 
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•61. The method of claim 58. wherein the antibody comprises a light chain variable domain 
•amino acid sequence as set forife m SEQ ID NO.:2? and a heavy chain variable domain amino 
acid sequence as set forth in SEQ ID NO:53. 

62. The method of claim 6 .1 , wherein the antibody comprises a light chain amino acid 
sequence as set forth in SEQ ID NO:24 and a heavy chain amino acid sequence as set forth in 
SEQ ID NO: 50. 

63. The method of claim 58, wherein the antibody comprises a light chain variable domain 
amino acid, sequence as set forth in SEQ I D NO:28 and. a. heavy chain variable domain amino 
acid sequence as set forth, in SEQ ID NO: 1.0. 

64. The method of claim 63, wherein, the antibody comprises a light chain amino acid 
sequence as set forth m SEQ ID NO:25 and a heavy chain amino acid sequence as set forth in 
SEQ ID NO;7. 

65. The method of claim 58, wherein, the antibody comprises a light chain variable domain 
amino acid sequence as set -forth in SEQ ID NO:28 and a heavy chain variable domain amino 
acid sequence as set forth in SEQ ID NO:54. 

66. The method of claim 65, wherein the antibody comprises a light chain amino acid 
sequence as set forth in SEQ ID NO;25 and a heavy chain amino acid sequence as set forth in 
SEQ ID NO:5.1. 
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67. The method of claim 58, wherein the antibody comprises a fight chain variable domain 
amino acid sequence as set forth in SEQ ID NO:29 and a heavy chain variable domain amino 
acid sequence as set forth in SEQ ID NO;11. 

68. The method of claim 67, where in the antibody comprises a. light chain amino acid 
sequence as set forth in SEQ ID NO:26 and a heavy chain amino acid sequence as set forth in 
SEQ ID NO:8. 

69. The method of claim 67, where in the antibody comprises a light chain amino acid 
sequence as set forth in SEQ ID MO:26 and a heavy chain amino acid sequence as set forth in 
SEQ ID NO: 52. 

70 , The method of any of claims 57-69, wherein the antigen, binding protein inhibits binding 
of OSM and/or IL-31 to OSMR, 

7 i, The method of claim 70, wherein the disease or disorder is an autoimmune disorder, an 
inflammatory disorder, or a disorder associated with extracellular matrix deposition or 
remodeling. 

72. The method of claim 7.1, wherein the autoimmune disorder, the inflammatory disorder, or 
the disorder associated with extracellular matrix deposition or remodeling is fibrosis, cartilage 
degradation, arthritis, rheumatoid arthritis, scleroderma, scieroderma-assoeiated interstitial lung 
disease, idiopathic pulmonary fibrosis, cirrhosis, psoriasis, atopic dermatitis, systemic cutaneous 
amyloidosis, primary cutaneous amyloidosis, inflammation, pruritic inflammation, prurigo 
nodularis, and pain. 
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73. A method of making an ottcosiatin M receptor (OSMR) antigen binding proteio, the 
method comprising: 

a) catering a recombinant host ceil of'any one of claims 51-56; and 
b> isolating the OSMR antigen, binding protein from said culture. 

74. An. oncostatin M receptor (OSMR) ami gen binding protein of any of claims .1 -32, wherein 
ihe OSMR antigen binding protein cross-competes with an antibody selected from the group 
consisting of: 

a) an antibody comprising a light chain comprising the amino acid sequence set .forth in. 
SEQ ID:24 and a heavy chain comprising the amino acid sequence set forth in SEQ ID NQ;6; 

b) an antibody comprising a light chain comprising the amino acid sequence set forth in 
SEQ 10:25 and a heavy chain comprising the amino acid sequence set. forth in SEQ ID NO:?; 
and 

e) an antibody comprising a light chain comprising the amino acid sequence set forth in 
SEQ 115:26 and a heavy chain comprising the amino acid sequence set forth in SEQ ID NQ:8, 
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