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ONCOSTATIN M RECEPTOR ANTIGEN BINDING PROTEINS

CROSS-REFERERNCE TO RELATED APPLICATIONS

{001} This appiication claims the benefit of priority to ULS. Provisional Appl. No. 61/829.082,

fited May 30, 2013, the content of which is incorporated by reforence in its entivety herein,
BACKGROUND OF THE INVENTION

{602} Oncostann M {OSM) and Interleakin-3 1 {IL-31) are sembers of the IL-6 superfamily
and share a receptor subunit, oncostatinn M recepior-f {OSMR) (Dillon et al., Nat. Inumuol.
{7y 752~60, 2004). Al of the members of this fanuly, except 1131, share the conumon chain
of glycoprotemn 130 (gp130) in their multimeric receptor complexes. OSM signals through a
heterodimeric receptor complex containing OSMR and gp139, while T-~31 wiikizes a gpl30-
like receptor, IL~31R, in combination with OSMR (Dillon ot al., supre; Drenw et al,, 1 Bk
Chem, 279(34): 36112-20, 2004). To goneral, OSMR and gp130 are expressed fairly
ubiquitousty across tssues and cell types, and ¢an be duced under @ variety of stinsulation
conditions. IL-31R expression appears to be relatively more restricted and tightly regulated. In
huonnae and mice alike, IL-31R mRNA expression is deteetable at low levels in tissues such ag
fraches, skeletal muscle, thymus and bone roarrow {Dillon et al., spra. Although the tevel of
expression is starkly different, both IL-31R and OSMR are co-expressed on a maltitude of
fissues, mcluding skin and intestinal epithelial cells, suggesting those tissues should respond to
L-31 {Dillon ctal,, suprar; Dambacher ot al,, Gut 36(9); 1257-65, 2007), While OSMR is
expressed constitutively 1 the hung on epithelial cells, IL-31R expression is at nopligible to low
fevels in the lung gssue, but upregnlated apon various methods of sirway challenge (Dillon ot

al., supra; Jawa ot al., L Interforon Cytokine Res. 28(4): 20719, 2008).

[003] Secreted primarily by T lyinphocytes, macrophages, and neotrophils, OSM and {L-31
are both upregalated i a variety of disease stafes that involve inflammation. OSM has been
implicated in diverse biological roles including bone formation, cavtilage degradation,
cholesterol uptake, pain and inflammation (Cawston et al., Arthritis Rhawm, 41(10) 1760-71,
1998 Hasegawa et al,, Ricamatology {Oxford) 38(7) 612-7, 1999; Levy et al., . Hepatol.
32(2% 218-26, 2000; Manicourt ot al., Arthrins, Rhowm, 43(2): 281-8, 2004; de Hooge et al.,
Am 1. Pathol. 160(5):1733-43, 2002; Luziny ot al., Arthritis Rbhour 48(8): 2262-74, 2003;
Morikawa et al., J. Newrosel. 248): 1941-7, 2004; Kong ot ab., J. Lipid Res, 48(8): 1163-71,
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2005). OSM has been demonstrated to be a potent moedudator of extraceilalar matsix (ECM) in
a vanety of contexts, suggesting that OSM ix able to mediate seemingly opposite pathologicat
cmstquences, including fibrosis (an exeess of ECM) and cartilage degradation {a breakdown of
ECM). Depending on tissue typs and environmental milieu, both of these effects have been
observed when QOSM has been overexpressed or exogenously administered Bito fungs or joints
of mice, respectively (Richards ot al., Biochem, Soc. Trans. 30(2); 1i7-11, 2002; Hui et al.,
Arihritis Rhoun, 48(12): 3404-18, 2003; Rowan of al, Am. J. Pathol. 162(6); 1975-84, 2003).
In addition, OSM has previcusly been shown to be upregulated in uman pathologies where
these types of consequences exist (Cawston ef al., suprny Hasegawa ot al., supras Levy et al,,
supra;, Manicowrt ¢t al, supre; Luzing ot al, sipra). Predominantly, a Tocally-acting cytokine,
QOSM is upregutated In the synovial fuld froms jobnss of patients with theumaioid arthritis (RA)
{Cawston ot al., supra; Manicourt et al, supra), in the broncheoalevolar lavage (BAL) fluid of
paticnis with schkroderma-essociated ierstitial lung diseage (Luzing et al., anpre), idiopathic
pulmonary fibrosis (JPF), and in the tivers of patients with cirrhosis (Levy et al, sipra). The
proposed mpact on ECM by OSM can be aftributed in part fo the ability of OSM to shift the
balance betwesn matrix metalloproteinases (MMPs) and tissue inhibitors of MMPs (TIMPs).
TIMPs bind to MMPs fua 11 ratto with a high affintty that results in a Joss of MMP
proteolytic activity. TIMP-1 and TIMP-3 have been previously shown to be differentially
regutated by OSM, resulting i an inorease i TIMP-1 and a desrease in TIMP-3 (Gatsios et al.,
Bar. J. Biochen. 241{1): 36-63, 1996). 1n addition to regulating the digestion of exuacellular
matrix components, MMPs dre also implicated i the cleaving and subsequent getivation of 8
aumbes of proteins, inchsding TGF-B, a potent pro-fibrotic cytokine {Leask ef al., FASEB I,
IR(7Y R16-27, 2004). OSM has also been reported to be capable of directly inducing the

transcription of type 1 collagen i vitro (Hasogawa of al,, I Rhaumatol. 23(2) 308-13, 1998),

{0041 Expression af both OSM and IE-31 has been found In the skin of patients with psoriasis
and atopie denmatitis, and mutations in OSMR and IL-31R have been linked {o systemic
cutaneons araylowdosts. System~wide trmsgenic overexpression of 1L-31 induced a pruritic
nflarymatory response in the skin of mice, Both OSM and 1L-31 both signal through OSMR
on newrans where they have been suggpested o protote nociceptive and pruritic responses.
{0051 Collectively, these links o human discases and the abifity of OSM and IL-31 to
promate a diverse array of patholagies, including at feast inflanumation, extracellular matrix
remodeling, pain, and pruritis, suggest blockade of OSMR is z useful target for therapeutic

mtervention i many discases and disorders assoctated with OSMR.
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SUMMARY OF THE INVENTION

[006] The invention provides anti-OSMR mitigen binding protoins, ¢.g., antibodies and
functional fragments thereof| baving properties amenable to conunercial production and
therapestio use 18 hamans, The aati-OSMR antigen binding proteins are asefud in methods of
ireating diseases and disorders associated with OSMR and, particularly, those asstciated with
the binding of OSM or 11-31 fo OSMR. Provided herein ave OSMR-binding antibodies that
bind OSMR with high affinity and effectively block QOSM andfor IL-31 binding to QOSMR,
thereby reducing OSMR-mediated signaling i the oclh

{007} Inafirst aspect, the OSMR antigen binding protein comprises o) a light chain varjable
domain having at least 90% ideniity. at feast 95% identity, o is identical {o the amino acid
sequence set forth in SEQ 1D NO:27, SEQ 1D NO:2R, or SEQ 1D NO:29; by a heavy chain
variable domain having at feast 90% identity, st least 25% identity, or is Wentical to the anuno
acid sequence sel forth s SEQ 1D N9, SEQ 1D NO:1O, or SEQ ID NO:1L or e the Hight

chain variable domain of a) and the heavy chan variable domain of bl

[(0R]  Preferred antigen binding proteins of the first aspect include those comprising a Hight
chain varable domain baving at least 90%, at Ieast 95%, or is identical to the amine acid
seqaence set forth (o SEQ 1D NO:27 and a heavy chain variable domain having ut least 90%, at
least 5%, or is identical fo the amino acid sequence set forth in SEQ 1D NO:9; those
comprising & Hght chain variable domain having at least 90%, at east 98%, or is identical to the
mmino acid sequence set forth in SEQ D NO:28 and a heavy chaip variable domam having at
teast D%, af least 3%, or is identical 1o the amino scid sequence sef forth in SEQ 1D NO:10;
and those comprisiing a fight chain variable donsaint having at least 90%, at least 95%, or is
identical to the amibo acid sequence set forth in SEQ 1D NO:2Y and a beavy chain variable
domain having at least 3%, at least 95%, or is ideatical 1o the amine acid sequence set forth in
SEQ IDNO: 1.

OSMR antigen bindiug proteins comprising a heavy chain variable donain having the above~
defined sequence refatedness to SEQ ID NO:9 can optionatly contain an amino acid other than
asparvagine {for example, aspartic acid) at the position comresponding to position 73 m SEQ 1D
NS, In such embodiments, the heavy chain variable domain optionally comprises the aming
acid sequence set forth in SEQ IDNO:33.

OSMR antigen binding proteins comprising a heavy chain variable donwin having the above-

defined sequence refasedness to SEQ D NO: 10 can optionally contain sn amino acd other than
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asparagine (for example, aspariie acid) at the position corresponding o position 73 i SEQ ID
NO10. In such cmbodiments, the heavy chain vanable domain aptionally comprises the amino
acid sequence set forth in SRQ 1D NO:54,

{6091 I a second aspeet, the OSMR antigen binding profein comprises a) a Hglt chain
variable domain having no more thag ten or no more than five aninoe acid additions, deletions
ar substitutions front the mning acid sequence set forth in SEQ D NO:27, SEQ ID NO28, me
SEQ IDNO:29; by a heavy chan variable domain having no more than ten or 5o more than five
mnino acid additions, deletions or substitutions from the amino acid seguence set forth in SEQ
10 NGO, SEQ Y NG, or SEQ ID NO:11; o ©) the lght chain variable domain of 3} and fhe

Beavy chain vaniable domain of by

{30101 Preforred antigen binding proteins of the second aspect inchude those comprisiag a Hght
chain variable domain haviag no more thau ten or no mwe than five mmino acid additions,
deletions or substitations from the annro acid sequence set forth in SEQ ID NO:27 and a heavy
chain variable domain having ro more than ten or 5o more than five amino acid additions,
detetions or substitutions from the amino acid sequence set forth in SEQ 1D NO:Y; those
comprising a light chain variable domain having no more than teb or no more than five amino
acid additions, deletions or substinutions from the amino acid sequence set forth in SEQ ID
NQO:28 and a heavy chain variabic domain having no more than ten or no more than five amino
acid additions, deletions or substitutions from the amine acid sequence sof forth in SEQ 1D
NO:1); and those comprising a Hght chain variable doniain having no more than ten or no more
than five amino acid additions, delctions or substitutions from the amino acid sequence set fotth
i1 SEQ 1D NQ:29 and a heavy chain variable domain having no mose than ten or no more than
five amino acid additions, deletions or substitutions from fhe anino avid sequence set forth in
SEQID N

OSMR antigen binding proteins comprising a heavy chain variable domain having the above-
defined sequence relatedness to SEQ {1 NO:9 can optionally contain an ansine acid other than
asparagine (for example, aspartic acid) at the position comresponding o position 73 i SEQ ID
NO:3. In such embodiments, the heavy chain variable domain optionally comprises the aning
acid sequence st forth i SEQ 1D NOS3,

OSMR antigen binding profeins comprising a heavy chain variable domain having the above-
defined sequence refatedness to SEQ 1D NO:10 can optionally contgin an amine geid other than

asparagine {(for example, sspartic acid) si the postiton corresponding o postiion 73 s SEQ ID
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NOHO. o such cmbodinents, the heavy chain variable domain optionally comprises the muino
acid sequence set forth i SEQ IDNO:54.

{0011} 1o a third aspect, the OSMR antigen binding protein contains a light cham variable
domain comprising a) an LCDR 1 Baving no wore than deve amino acid additions, deletions, oy
substitutions from the LEDRY sequence set forth tn SRQ ID NO:30; an LODR2 having no
more than fheee wintno actd additions, deletions, of substitutions from the LCDR2 sequence st
forth 1 SEQ 1D NO:33; and an LCDRA having no more than three amino acid additions,
deletions, or sebstitgions from the LCDR3S sequence set forth in SEQ 1D NO:36: b) an LCDRI
having no more than three amino acid additions, deletions, or substitutions from the LCDR1
sequence set forth tn SEQ ID NO:3; an LOCDR2 having no more than three amino acid
additions, deletions, or substitations from the LCDR2 sequence sof forth in SEQ ID N(O:34: and
an LCDRS having no nore than three amine ackd additions, deletions, or substitutions from the
LCDR3 sequence set forth in SEQ 1D NO37; or ¢ an LUDRY having no more than three
amino avid additions, deletions, or substitations from the LCDRI sequence set forth in SEQ ID
NO:32; an LCDR2 having no move than thres amino acid additions, deletions, or substitutions
from the LODR2 sequence set forth in SEQ 11D NO:35; and an LCDR3 having ne more than
three amine xoid additions, deletions, or substitutions from the LCDR3 sequence set forth in
SEQ D N{38: and a heavy chain variable donmin comprising d) an HCDR1 having no more
than flwee amino acid additions, deletions, or substitations from the HCDR I sequencs set forth
in SEQ ID NO:12; an HCDR2 having no more than three anine acid addisions, deletions, or
substitutions from the HODR2 sequence set forth s SRQ 1D NO:15; and an HCDR3S having no
more than three amino acid additions, deletions, or substitutions from the HCDRY sequence sob
forth in SEQ ID NO: 18 ¢) an HCDR1 having no more than three amine acid additions,
deletions, or substitutions front the HCDRY sequence set forth in SEQ 1D NO:13; an HCDR?
having fo more than three mnine acid additions, deletions, or substitations from the HCDR2
sequencc set forth n SEQ 1D NO:16; and an HCDR3 having no more than thres amino acid
additions, deletions, or substitutions from the HUDR3 sequence set forth in SEQ IDNO:IS wr
£1an HCDRY having no move than thres amine acid additions, deletions, or sabstitutions from
the HCDR1 sequence set forth in SEQ ID NO:14; an HCDR2 having no more than three amino
acid addifions, deletions, or substitutions from the BCDR2 sequence set forth in SEQ ID
WO:17; and an HCDRI having no more than three amino acid additions, deletions, or
substitutions from the HUDR3 sequence set forth in SEQ 1D NQ:20.
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J0012] Preforred OSMR antigen binding profeins of third aspect include those comprising the
light chain variable domain of a) and the beavy chain variable domain of 4); those comprising
the fight chain variable donaii of b} and the héavy chain variable domain of 2); and those

comprising the light chain variable domain of ©) and the heavy chain vanable domain of £).

OSMR antigen binding profeius comprising the lght chain vanable domain of a) and the heavy
chain variable domain of d) o aptionally contain a heavy chain variable domain that
comprises an aming geid other than asparagine (for example, agpartic acid) at the position
carresponding o position 73 i SEQ ID NQ:®. In such embodiments, the beavy chain vagiable

domain pptionally conprises the aniino agid sequence set forth in SEQ 1D NOS3.

OSMR antigen binding prowtus compnising the light chain variable domain of b) and the beavy
chain variable domam of €) can optionatly conam a heavy chat vanable domain that
comprises an amine acid other thar asparagine (for example, aspartic acid) at the positon
corresponding {o position 73 {1 SEQ ID NQO: 18, In such embodiments, (he heavy chain
variable domain optionally comprises the amino acid sequence set forth in SEQ 1D NO:S4.
{0013} In a fourth aspect of the nvention, the OSMR sutigen binding protein of the first,
second, or third aspect binds to huran OSMR. with an affinity of less than or equal to 1 x 10°7
M.

{8014} In a fifth aspect of the invention, the OSMR antigen binding protein of the first, second,

third, or fourth aspect inhibits binding of lnuman OSM to human OSMR and/or buman XL-31 to
buman OSMR.

{0157 It o sixth aspet of the invention, the OSMR antigen binding protein of the fisst, second,
third, fourth, or fitth aspect reduces human O$M-mediated and/or loman [L-3{-mediated

OSMR signaling in human OSMR-expressing cells,

{0016} In 3 seventh aspeot of the invention, the OSMR antigen binding protein of the sixth
aspect reduces cynomolgus monkey OSM-mediated andfor TE-3-mediated OSMR signaling in

cymnnaigus monkey OSMR-expressing ceils.

{0177 I an eighth aspect of the invention, the OSMR antigen hinding protein of the first,
seeond, third, fourth, fifih, sixth or soeputh aspect is an antibody, such as @ onan antibody .
Preforred antibodies include those antthodies that comprise a light chain having the amino acid
seguence set forth in SEQ 1D NO:24 and a heavy chain having the amine acid sequence sef
forth in SEQ ID NO:&; those that comprise a Hzht chain having the amino acid seguenve set
forth in SEQ ID:25 and a beavy chain baving the amino acid sequence set forth in SEQ ID

-



WO 2014/194274 PCT/US2014/040360

NO:7: and those that comprise a light clain having the amine acid sequence set forth 1n SEQ

1D:26 and a heavy chain having the amino acid sequence set forth i SEQ IDNO:R.

Addittonal antithodies inchude those antibodies that comprise a light chain having the amino
acid sequence set forth i SEQ 1D NQ:24 sad a heavy chain having the smino acid segquence set
forth i SEQ ID NO:30; those that comprise a light chain having the amin acid sequence set
forth in SEQ 1D:23 and s heavy thain having the amino scid sequence set forth in SEQ 1D
NO:S1; and those that comprise a Hght chain having the aming acid sequence set forth in SEQ

1D:26 and a heavy chain baving the amino acid seguence set forth in SEQ ID NO:52,

{O018] In a ninth aspest, the invention provides nucleic acids or isolated nucleic acids encoding
aue of more polypeplide cimponerts of a OSMR mtigen binding proten, g, au antibody
trght chain or antibody heavy chain, I preferred embodiments the nuclete acid encodes 3

polypeptide comprising:

j6019] ad a light chaty vaviable domain baving at least 95% identity to the amino acid
sequence set forth in SEQ 1D NO27, SEQ ID NO2E, or SEQ 1D NO:29;

{0207 b} a heavy chain variable domain having at least 95% identity 1o the amino acid
sequence set forth in SEQ 1D NO9, SEQ ID NO:10, or SEQ ID NO: 11

10021 ) 8 light chaibn variable domain having no more tha five amine setd additions,
defetions or substitutions from the amisé acid sequence set forth in SEQ ID'NG:27, SEQID
NO:28, or SEQ 1D NQO:29;

{60221 43 a heavy chain variable domain having ro more thay fve amino acid additions,

deletions or substitugions from the amino acid seguence sot forth in SEQ ID NG9, SEQ D
NOH), or SEQID NOTE;

00zl &) a Hght chain variable domain comprising:
jo024) i} an LCDR1 having no more thau three anino acid additions, deletions, o

substitutions from the LCDRY sequence set forth tn SEQ ID NO:30; an LCDR2 having no
more than three ainine acid additions, deletions, or substitutions from the LCDRZ seguenes st
forth in SEQ 1D NO:33; andd an LCDR3 having no more than three mnino acid additions,
deletions, or substittions from the LCDR3 sequence set forth in SEQ ID NO:36;

[0025) i) an LCDRY having no mare than three aning acid additions, deletious, or
substitotions from the LCDRY sequence sof forth in SEQ ID NO:31; s LCDR2 having no

more thart three anino acid additions, deletions, or substitutions from the LCDRZ sequence set
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forth 1n SEQ 1D NO: 34 and an LCDRI having no more than thyee aming acid additioans,

delettons, or substititions frons the LCDR3 sequence set forth wn SEQ ID NO3T o

{6026] 114) an LCDRT having no more than three amino acid addigons, deletions, or
substitutions from the LUDRY sequence set forth i SEQ 1D NOQ:32; an LCDR2 baving so
more than three amine acid additions, deleiions, or substitations from the LCDRZ sequence sef
frth w SEQ 1 NQ:33; and an LCDRA having no more than three mnino acid additionss,

deletions, or substiitions Fom the LCDR3 sequence set forth in SEQ 1D NO:3S; or

{0027} £ a heavy chain varfable domain comprising:
{0281 1} an HCDRI having no more than three ansino acid additions, deletions, or

substitutisms from the HUDRT sequence sot forth i SEQ I NO:12; an HCDRZ having oo
more than three amino goid additions, deletions, or sybstitutions from the HCDR? sequence sct
forth in SEQ INDNO:1S; and an HCDR3 having no more than three anino acid additions,

deletions, or sebstintions from the HUDR3 segquence st forth i SEQ ID NOS;

{0029] it} an HCDR1 having ne more than three amino acid additions, deletions, or
substitutions from the HCDR1 sequence st forth in SEQ D NO:13; an HCDRZ having no
more than three amine acid additions, defetions, or sabsittutions from the HCDR2 sequence st
forth in SEQ IDYNQ: 16; and an HCDR3 having no more than three amino acid additions,

defetions, or sibstitutions from the HCDR3J sequence set forth in SEQ 1D NO:A9; or

HELRT i) an HCDRI baving no more than tree amine acid additions, deletions, or
substitutions from the HCDR Y sequence set forth in SEQ 1D NO:14; an HCDR2 having no
more thas three amino acid additions, deletions, or substitutions from the HCDR2 sequence set
forth ix SEQ ID ' NQ:17; and an HCDR3? having no more than three amino acid additions,
deletions, or substifutions froan the HCDR3 sequence set forth in SEQ 1D NO:2Q,

In certain embodiments, the nacleic acid or isolated nuclele acid encodes a polypeptide that
comprises the amine acid sequence st forth i SEQ 1D NO:S3 or SEQ 1D NO:§4,

In cortain embodiments, the wacleic avid or isolated nucleic acid encodes a polypeptide that
conprises the anino acid sequence set fortly iy REQ D NGO, SEQ ID NG5, or SEQ 1D
NQO.52.

{003 1] In certain embodiments of the ninth aspesd, the nucleic acid or isolased necleic acid
encodes an antibody Hght chain and is at Teast 80%, at least 90%, at Joast 93%, or is 100%

tdentical to the nucleotide sequence sct forth in SEQ ID NO21, SEQ ID NO:22, ar SEQ ID
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NO:23. n other ewbodiments of the ninth aspeet, the mckels acid or isolated nucleic actd
cocodes an mutibody hesvy chain and is at least R0%:, at least 90%, at foast 95%, ar is 100%
identics! to the nucleotide sequence st forth in SEQ 1D NO:3, SEQ ID NQOH, or SEQ 1D
NQ:S.

fiy certain embodimests, the heavy chain s encoded by a nucleic acid comprising a mucleotide
sequence set forth in SEQ 1D NOQ:47, SEQ (D NO:48, o SEQ ID NO48.

{0032 In s tenth aspect, the invention provides an expression vector comprising one of more
nucleic acids or isolated nucleic acids of the eighth aspeet. In certain embodiments, the
expression vector encodes an antibody lght chain, sn antibody beavy chain, or both an

antibody Light cham and a heavy chatn,

{00331 In an cleventh aspoet, the tnvention provides a recombinmyt host ool comprising one or
more nuciete seids or isolated mucleic acids of the ninth aspect operably linked to 2 promoter,

inchuding recombinant host colis comprising one of nxore expression vectors of the teath aspect
of the nvention. Iy preferred cinbodiments, the recombinant host cell secretes an autibody that

binds OSMR. Preferred host eetls are mammatian host cells, inchuding CHO cell lines.

{10341 Ina twelih aspect, the mvention provides methods of treating an autoimmune disorder,
an inflanmmatory disorder, or g disorder associated with extraccHular matrix deposition or
vemodeling, said method comprising administering a therapeutically effective amount of an
OSMR antigen binding protein of any one of the firsg, sccoﬁd, third, fourth, fifeh, sixth, sixth,
seveath, or cighth aspects (0 a patiéat i need thereofl In preforred embodimenis, the OSMR
anhgen Dinding protein is an antibody comprising a hght chain variable domain amino acid
seguence as set forth in SEQ ID NO:27 and a heavy chain variable domain amine acid
sequence as set forth in SEQ ID NOWD {e.g., Ab), an antibody comprising a Hghi chain
variable domain amine acid sequence as set forth in SEQ ID NG:28 and a heavy chain variable
domain anene acid sequence as set forth in SBQ 1D NO: 1 (o.g., Ab2), or an antibody
comprising a Hght chain variable domain amino scid sequence as set Forth in SEQ ID NO29
and o heavy chain variable domnain amine acid sequence as set forth in SEQ ID NO:1 {eg.,
Ab3). In some anbodiments, the OSMR antigen binding protein is an antibedy comipristug a
Hight chain variable domain anuno acid sequence as set forth in SEQ ID NO:27 and a heavy
chain varable domais aminoe acid segucnee as set forth in SEQ 1D NO:53, or an antibody
vomprising a hight chain variable domatn amino acid sequence as set forth in SEQ 1D NO:28

and a heavy chmin variable donai amine acid sequence as set forth In SEQ IDNOSE. In

Y.
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preforved embodiments, the OSMR antigen binding protein inhibits binding of OSM to OSMR
or {131 1o QSMR. In particulaly preferrad embodiments, the antommune disorder,
inflammatory disorder, or disorder associated with extracetiular matrix deposition oe
remodeling is Bbrosis, cartifage degradation, avtheitis, rhoumatoid artheitis, sclerodetma,
scleroderma-associated interstitial hung disease, idiopathic palmonary fibrosis, civthosis,
psoriasis, afopic dermatitis, systemic cutancous amyloidosis, primary cutancous amyloidosis,

fxflammation, pruvitie inflavunation, prurigo nodularis, and pain,

{00351 1n & thirtconth aspect, the ivention provides 3 method of making an OSMR antigen
binding protein of any ane of the first, second, third, foursh, fifth, sixth, sixth, seventh, or cighth
aspects by calturing a recombinant host cell of the cleventh aspect and isolating the OSMR

antigen binding protein fromr said caltase.

{30361 In 2 fourtcenth aspect, the mvention provides OSMR antigen inding proteins of any
one of the first, sccond, third, fourth, ffth, sixth, sixth, seventh, of aighth aspects that cross~

compete with an antibody selecied from the groap consisting of!

{0037} a) an antibody comprising a Hght chain comprising the amino acld sequenee set forth in

SEQ 112:24 and a heavy chain comprising the amino acid sequence set forth in SEQ ID NQ:6;

{3038} b) an antibody comprising ¢ Hpht chain comprising the amino aoid sequence et forth in
SEQ ID:2S and a heavy chain comprising the amino acid sequence set forth in SEQ IDNOW;

and.

{6039} ¢} an antibody comprising a light chain comprising the amino acid sequence set forth in

SEQ ):26 and a heavy chain comprising the amino acid sequepce set forth in SEQ 1D NQ:8.
DETAILED DERCRIPTION

{0040] The scetion headings used hevedn are for organizational purposes only and are not to be
ennstraed as Hiniting the subject matter described. Al referenses cited within the body of this

specification are expressly incorporated by reference n their enfirety,

{0041} Standard techniques may be used for recombinam DINA, oligonucleotide synthesis,
issue culture and transformation, protein purification, cte. Enzymatic reactions and
purification techuigucs may be performed according to the manufactarer’s specifications or as
commonty accomplished in the art or as deseribed herein. The following procedures and
techniques may be gencrally performed according to conventional nethods well known in the
art and as desoribed in various general and more specific references that are cited and discussed
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throughout the spesification. Sew, eg., Sanibwook et gi., 2001, Meleadar Cloning: 4
Lahoratory Memiel, 3 od., Cold Spring Harbor Laboratory Press, cold Spring Harbor, NUY
which is incorporated herein by reforencs for sny purpose. Unless specitic definitions are
provided, the nomenclature used in comwection with, and the Iaboratory procedures and
technigues of, analytic chemistry, organic chemistry, and medicinal and pharmaceutical
chemistry described herein are those well known and commanty used in the art. Standard
techniques may be used for chemical synthesis, chemical analyses, pharmaceutical preparation,

formalation, and delivery and treatmaent of patients.

OSMR

{(:042] The antigen binding proteins described berzin bind to OSMR. OSM and IL-31 signal
through OSMR. OSMR is a member of the type Loytokine receptor fanuily. OSMR
hetorodimerizes with glycoprotein 130 {also known as gpi39, interleukin 6 signal ransducer
{IL6ST}, IL6-beta, or D130} {o form the type H OSMR. OSMR also heterodimesizes wih o~
31 receptor A (IL31RA} (o form the IL-31 receptor and, thes, fransdaces OSM-~ and [1+-31~
induced signaling events. In exemplary smbodinents, an OSMR antigen binding protein binda

OSMR and prevents OSM- and/or IL-31-mediated signaling in cells expressing OSMR.

{10431 Human OSMR sequences are kuown in the art, In vartoss aspecis, human OSMR.
protein sequences are provided in GenBank Accession Nog AAIS2160, AAIRS21Y,
NP_003990, and EAWISST6. An cxemplary buman OSMR amino acid sequence (SEQ ID
NO: 1) is provided in Table 1. The protein is made up of several domains: Armning zeids 1-27
correspond to the signal sequence which may be cleaved during processitig of the protein in
samniriian colly; pmine acids 28-740 correspoud to the extracelular domain; and amine avids
741-761 correspond to the wansmembrane domain. In preferced smbodiments, the antigen
binding proteins described herein bind to the extraceltular domain of OSMR and prevent the
meraction of OSM andfor IL-31 with OSMR.

10044 ] Human £35M sequences ate known in the art. In varviows aspeets, lman O8M protein
seguences me provided i GenBank Accession Nos, CAG30420, CAG46304, NP_065391,
PI3723, AACDSI73, EAWSORS, and AARTISRS An cxemplary upman OSM aniino acid
seguence (SEQ ID NO: 39} is provided 1o Table 1. Amino acids 1-25 comespond to the signal
seguence; anino acids 26-220 corvespond to the mahae protein: and amino acids 221-252

vorrespond to the propeptide sequence.

-11 -
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{00457 Hupian IL-31 sequencoes are knovwn 1o the art. In various aspects, buman IL-3 protein
sequences are provided in GenBank Accession Nos, NP_ 001014358, AASS6448, AAI32999,
AALR00L, QGEBC2, and EAWOR3H). An exemplary human 11-31 amino soid sequence (SEQ
I NO: 41} s provided in Table 1. Assino acids 1-23 correspond to the patafive signal

SCuenee.

{00461 Hunian HL31RA sequences are knows in the i Tn various aspecis, buman IL3IRA
protein sequences are provided in GenBaogk Accession Nog, AASRG447, NP_001229367, and
CBLO40ST. An exemplary Ineman L3 IRA (¥4, isoform 3} amine acid sequence (SEQ 1D NO;
43} is provided in Table 1. Anuno acids 1-32 ¢orrespond tor the signat sequencs; and amino

achls S33-333 correspond to the ransmembrane sequence.

{0471 Human gpl30 sequences are known in the art. In vanious aspects, haman gpi3 protaia
sequences are provided in GenBank Accession Nos, AANTT7403, AANT 7405, EAWSL936,

NP 002175, ABK41908, and AAASSISS. An exemplary human gpidi amino acid seqaence
{SEQ IDNQ: 45) is provided 1n Table 1. The protein is made up of several donwains: Amino
acids 1-22 correspond to the signal scqumc'::; anime acids 23-619 correspond to the
extraceliular domain; anuno acids 620-641 correspond 1o the wansmembrane domain; and

aming acids 642-018 correspond to the eytoplasmic dorsain.

Tablé 1

Human OSMR amino acid sequence (SEQ ID NO:1)

MALFAVFQTTFFLTLLSLRYYQREVLAERLPLTPVSLKYSTNSTROSLHLOWTVHNLPY
HQELKMVFQIQISRIBETONVIWVONY STIVRWNQVLEHWISWESELPLECATHF VRIKSL
VDDARFPEPNFWINWISWEEVIVOQDSTGODILFVEPRDKLVEEGTNYTICY VSRNIOQN
NVSCYLEGKQIHGEQLDPHVTAFNLNSVPFIRNKGTNIYCEASQGNVSEGMKGIVLEVS
KYLEEPKDFSCETEDFKTLHCTWDPGTDTALGWSKQPSQSY TLFESFSGEK K LCTHKN
WONWQITQDSQETYNFTLIAENYLRKRSVNILFNLTHRVYLMNPESVNFENVNATNAL
MTWKVHSIRNNFTYLCOIELHGEGRKMMQ Y NVSIKVRGEYFLSELEPATEYMARVRCA
DASHEWKWSEWSGONFTTLEAAPSEAPDVWRIVSLEPGNHTVTLEFWKPLSKLHANGK
ILFYNVVVENLDKPSSSELHSIPAPANSTKEILDRUSY QICVIANNSVGASPASVIVISADP
ENKEVEEERIACTEGGFSLIWKPQPGDVIGY VVDWUDHTQDVLGDFWENVEPNTTS
TVISTDAFRPGVRYDFRIYOLSTKRIACLLEKKTGYSQELAPSDNPHVLVDTLTSHSFTL
SWKDYSTESQPGFIQGYHVYLKSKARQUHPRFEKAVLSDGSECCKYKIDNPFEER ALV
DNLRPESFY EFFITPFTSAGEGPSATFTRVTTPDEHSSMLIFILLAMVFCVLLIMVMCYL
KSQWIKETCY PRIPDRYKSSILSLIKFRENPHLOMNVSDCIPDAIEVVSKPEGTKIQFLGY
RESLTETELTKPNYLYLLPTERNHSGPGPCICFENLTYNQAASDSGESCGHVPVSPEKAPS
MLGLMTSPENVLKALEKNYMNSLGEIPAGETSLNYVSQLASPMFGDKDSLPTNPVEAP
HCSEYRMOMAVSLRLALPPPTENSSLSSITLLDPGERYC
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Huan OSM amino acid sequence (SEQ ID NO:B?,}

MGVLLTQRTLLSLVLALLFPSMASMAAIGSCSKEYRVLLGOLOKQTDLMOQDTSRLULDP
YIRIQGLDVPKLREHCRERPGAFPSEETLRGLORRGFLOTLNATLGCVLHRLADLEQRL
PRAQDLERSGINIEDLEKLOMARPNILGLRNNIYOCMAQLLDNSDTAEPTEAGRGASQP
PTPTPASDAFQRKLEGCRFLHGYHRFMHSVORVFSKWGESPNRSRRHSPHQALRKGY
RRTRPSRKGKRLMTRGQLPR

Haman 1L-31 amine acid sequence (SEQ 1D NQ:41)

MASHSGPSTSVLFLFCCLGOWLASHTEPYRLLRPSDDVOKIVEELQSLSKMLLKDVEEE
KGVLVSQNYTLPCLSPDAQPPNNIHSPAIRAYLE TIRQLDNKSVIDEHEHEDKLIFQDAP
EINISVPTDTHECKREILTISOOFSECMDLALKSETSGAQOATT

-13-
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Human IL31IRA amine acid sequence (SEQ ID NO:43)

MKLSPOQPSCYNLOMMWTWALWMLPSLOKFSLAALPARKPENISCVYYYRKNLTCTWS
PORETSYTQYTVKRTYAFGEKHDNCTTNSSTSENRASCSFFLPRITIPDNYTIEVEAENG
DOVIKSHMTYWRLENIAKTEPPKIFRVKPVLGIRMENEWIK PELAPVSSDLK Y TLRFR
TVNSTSWMEVNFAKNRKDKNQTYNLTGLOPFTEYVIALRCAVKESKFWSDWSQEKM
GMTEREAPCGLELWRVLKPARADGRRPVRLLWKKARGAPVEEK TLGYNIWYYPESNT
NLTETMNTINQQLELHLGGESFWVSMISYNSLGKSPVATLRIPAIQEKSFQUIEVMQAC
VAEDQLVVKWOSSALDVNTWMIEWFPDVDSEPTTLSWESVSQATNWTIQQDKLKPF
WY NISVYPMLHDEKVGEPY SIQAYAKEGVPSEGPETRVENIGYRKTVTITWKEIPKSERK
GHONYTIFYQAEGGKGFSKTYNSSILQYGLESLKRK TS YIVOVYMASTSAGGTNGTSINF
KTLSFSVEEHLITSLIGGGLLILILTVAYGLRKKPNEKLETHLOWPTVPENPAESSIATWHGDD
FRDKLNLKESDDSVNTEDRILKPCSTPSDRKLVIDKLVVNFONVLOEIFTRDEARTGOENY
LGGEKNGTRILSSCPTSE

Hunzan gp 138 amine acid sequence (SEQ D NO:45)

MLTLQTWLVOQALFIFLTTESTGELLDPCGYISPESPVVQLHSNFTAVCVLKEKCMDYFH
VNANYIVWKTNHETIPKEQY THNRTASSVTRTDIASLNIQLTONILTFGQLEQNVYGITH
SGLPPEKPKNLSCIVNEGKKMRCEWDGGRETHLETNFTLKSEWATHKFADCKAKRDT
PESCYVRYSTVYFVNIEVWVEAENALGKVTSDHINFRPVYKVKPNPPHNLSVINSEELS
SILKLTWINPSIKSVILEYNIQYRTKDASTWSOQIPPEDTASTRSSFIVQDLKPFTEY VERY
ROMKEDGKGYWSDWSEEASGITYEDRPSKAPSFWYKIDPSHTQGYRTVQLYWKTLPP
FEANGKILDYEVILTRWKSHLONYTVNATKETVNLTNDRYLATLTVRNLVGKSDAAVY
LTIPACDFQATHPVMDLKAFPKDNMLWVEWTTPRESVKKYILEWCVLSDKAPCITDW
QQEDGTVHRTYLRONLAESKCYLITVIPVY ADGPGSPESIKAYLKQAPPSKGPTVRTK
KVGENEAVLEWDQLPVDVONGFIRNY TIFYRTHGNETAVNVDSSHTEY TLSSLTSDTL
YMVRMAAYTREGGKDOPEFTFTTPKFAQGEIEAIVVPVCLAFLLITLLGVEFCENKRD
LIKKHIWPNVPDPSKSRIAQW SPHTPPRHNFNSKDOMYSDSNFTDVSVVEIVANDKKPF
PEDLKSLDLFKKEKINTEGHSSGIGGSSCMSSSRPSISSSDENESSONTSSTVQYSTVVHS
GYRHQVPSVQVESRSESTQPLLDSEERPEDLQLVDHVDCGGDGILPRQOYFRKONCSQHE
SSPDISHFERSKQVSSYNEEDFVRLRKQQISDHISQRCGSGOMRMFQEVSAADARGPGTE
GQVERFETVGMEAATDEGMPESYLPOTVRQGGYMPQ

{0048} Tn particular embodiments of the present invention, antigen binding proteins described
herein bind both hunnan and cynomolges monkey OSMR with high affinity, including those
that bind with high affinity aud block interaction of cynomolgus moukey OSM andfor IL-31 &
cynonolizus monkey OSMR. These characteristics allow informative toxicology studics in

non-hunman primates.

{60491 A Rhesus sracague (Macaca muleitay OSMR protein sequence is known in the art and
iz provided in GenBank Acvession Mo, XP_ 001083743, An exemplary cynomolges monkey
(uecacn fascicelurisy OSMR amino acid sequénce (SEQ ID NO:2) is provided in Table 2. The
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protein is made up of soveral domaing: Amino acids 1-27 correapond to the signal sequence
which mav be cleaved during processing of the protein in manmatian cells: amino acids 28-
737 correspond to the extracellular domain; and aming acids 738-757 correspond to the
transmembrane donsain, I preferred embodimenis, the antigen binding proteins described
Trerein bind 10 the extracethudar domain of OSMR and prevent the interaction of QSM andior
TE-31 with OSMR.

10050 A Rbesus macaque (Macaca pudaray OSM protein seguence is knows in the art and is
provided i GenBank Accession No, NP_001 181403, An exemplary cynomolgus monkey
(Macaca fasciculrrisy OSM amiito acid sequence (SEQ ID NO40) is provided i Table 2.

Amino acids 1-196 comespond fo the mature cynomolgus OSM.

{30511 A Rhesus macaque (Mocaca mudatia 1L-31 protein sequence s known m the arf and &s
provided in GenBank Accession No. XP_001086743, An oxenplary cynomolgus monkey
{Macaca faséiendarisy 1-31 amino acid sequence (SRQ ID NO:42) is provided i Table 2.

This sequence represents the mature cynomolgas monkey (LA31

{0032} An exemplary cynommolgus mioskey {MWacaca fascicalaris)y IL3TRA amino acid
sequence (SEQ ID NO: 44) 1s provided in Table 2. Amino acids 1-19 correspond to the signal

sequence; and aming acids §20-340 correspoad to the transsembrane domain.

J0053] A Rbesus macaque (Macaca mudattay ppl3( protein sequence Is known i the avt and i
provided in GenBank Accession No, NP_001252020. An exensplary eynomolgus monkey
{Macace fascienlaricy gpi30 amino acid sequence (SEQ ID NO: 46) is provided in Tauble 2,
The protein is made up of several domains: Amino acids 1-22 correspond to the signal
sequence; amno actds 23-619 correspond to the extracellular domain; amine acids 620-641
corrgspond to the transmembrane domain; and amine ackds $42-918 cormrespond to the

eytoplasmie domiin.
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Table 2

Cyuomolgus moakey OSMR amine acid sequence (SEQ ID NOQ)

MALFVVFQTTFFLILLSLRTYQSEVLAERLPLTPVSLK VS TNSIHOSLHLOQWTVHNLPY
BQELKMVFQIQISRIETSNVVWVGNYSTPVKWNQVLHWSWESELPLECATHFVRIKSY
IDDASFPEPNFWANWSSWEEVSVODYLORGTLEVFPRKDKLVEEGINVTICY VSRNIQN
NVSCYLEGKQIHGEQLDPHVTAFNENSVPFIRNRGTNIYCEASQONVSKGIEGIVLFVSK
VLEEPKDFSCESQDFKTLECTWDPGTDTALGWSKOPSQSYTLFESFSGERKKLCTHKNW
CNWQITQDSQEMYNFTLIAENYLREKRSYNILFNLTHRVYLMNPFSVNFENVNATNAIM
TWRKVHSMRNNFTYLCQIELHGEGKMMOQYDVSINVNGEYFLSELEPATEYMARVRCA
DASHFWEWTEWSGORFTTLEAAPSEAPDVWRSVNSEPGNHTVTLFWKPLSKLHANG
KILFYNVYVVENLDKPSRSELRSIPAPANSTKLILDRCSYQICVTARNNS VOGASPASHVISA
DPENKEVEEERIAGTEGGFSLSWKPQPGDVIGY VVDWUDHPODVELQWKNVGENTTST
VISTDAFRPGVRYDFRIYGLSTKRIACLEEKK TGYSQELAPSONPHVLYDMLTSHSFTLS
WKDYSTESQPGFIQGYHVYLKSKARQUHPRFQEAVLSDGSECCRYKIDNPEEKALIVD
NLKPESFYEFFVTPFISAGEGPNATFTRVITPDEHSSMLIRILLPMVECVLLIMIVCYLKS
QWIKETCYPDIPDPYKSSILSLIKFKENPHLTIMNVSDCIPDAIEVVSKPEGTKIQLLGTR
KSLTETELTKPNYLYLLPTEKNHSGPGRCICFENFTYNQAASDAGSCGHVPVPPKAPPS
MLGLMTSPENVLRKALEKNYMNSLGEVPAGETSENY VSQLASPMSGDKDSLPINPVEP
FPHCSEYKMOMAVPLRLALPPPTENSSLSSITLLDPGEHYR

Cynomalgus monkey O8SM amino acid seguence (SEQ 1D NOw40)

AAMGSCSKEYRMLLGOLQKQTDEMQDTSRLLDPYIRIQGLDIPKEREHCRESPGAFPSE
ETLRGLGRRGFLOQTINATLGRILHRLADLEQRLPKAQDRLUERSGLNIEDLEKLQMARPN
VLGLRNNYYCMAQLLDNSDMTEPTRAGRGTPOQPPTPTPTSDVFQRRKLEGCSFLRGYH
REMHSVGRVFSK WGESPNRSRR

Cynomolgus monkey [1-31 amino acid seguence (SEQ 1D Nk 42)

TEPVHELOPSDIQKIVEELOQSLSKMLLKDVKEDKGVLYSONY TLPCLTPDAQPPNIUHSP
ARAYLKTIRQLDNKSVIDEHEHLDKLIFODAPETNISVPTDTHECKRFIL TISQQFSECM
DLALKSLTSGAQOATT

Cyoomolgus monkey IL3ERA amine actd sequence (SEQ ID NO:44)

MMWTWALWMEFPLLCKFGLAALPAKPENISCYYYYRENLTCTWSPGKETSYTRQYTAK
RTYAFGKKHDNCTTSSSTSENRASCSFFLPRITIPDNYTIEVEAENGDGVIKSDMTCOWRL
EDIAKTEPPEIFSVKPVLGIKRMIRIEWIKPELAPVSSDLKYALRFRTVNSTSWMEVNFA
ENRRKDTRQTYNLMGLQAFTEYVVALRCAVKESKFWSDWSGEKMOMTEREAPCGLEL
WRVLKPTEVDGRRPVRLLWKKARGAPVLERTLOYNIWYFPENNTNLTETVNTINQQL
ELHLGGESYWVSMISYNSLGKSPVTTLRIPAIQEKSFRCIEVMQACLAEDQLVVKWQSS
ALDVNTWMEWFPDMDSEHPTLSWESVEQATNWTIQODK LXPFWCYNISVYPMLHD
KVGEPYSICAYAKEGIPSKGPETKVENIGVKTVIITWKEIPKSERKGUHONYTIFYQAEGG
TOFSKTVNSSILQYGLESLKRKTSY TYRYMASTSAGGINGTSINFKTLSFSVFERLITSL]
GOOLLILHLTVAYGLEKKPNKLTHLCWPSVENPARSSIATWRGDDFK DR INLKESDDSV
NIEDRILKPCSTPSDKLVIDK SVVNFONVLQEMFTDRARTGOQENNLGGERXNENRILSSC
PTSI
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Cynomolgus monkey gpl3f amino acid sequence (SEQ 1D NO:d6)

MLTLOTWYVQALFIFLTTESIGELLDPCGYISPESPVVQLHSNFTAVCVLKERCMDYFH
VNANYIVWK TNHETIPKEQY TINR TASSVTFTDISSENIOLTONIL TRGOLEONV YGITH
SGLPPRKPKNLSCIVNEGKKMRCEWNRGRETHLETNFTLKSEWATHK FADCKAKRDT
PTSCTVDYSTVYFVNIEVWVEAENALGR VTISDHINEDPVYK VK PNPPENLSVINSEELS
SILKLTWTNPSIKSVIRLKYNIQYRTK DASTWSQIPPEDTASTRSSFTVODLKPETEY VER
ICCMKEDGRGYWSDWSEEANGITYEDRPSK APSFWYKIDPSHAQGYRTVQLEMWKTLP
PFEANGKILDYEVTLTRWK SHLONY TVNDTKLTVNLTNDRY VATLTARNLVGKSDAA
VLTIPACDFQATHPVMDLKAFPRKDNMLWVEW TTPRESVKK YILEWC VLSDRAPCIAD
WQOEDGTVHRTHLRONLAESKCYLITY TPVY ADGPGSPESIKAYEKQAPPSKGPTVRT
KKVORNEAVLEWDQLPYDVONGFIRNY TIFYR THONETAVNVDSSHTEY TLSSLTSDT
LYMVRMAAYTDEGGKDGPEFTRTTPKFAQGRIEATVVPVCLAFLLTTLLGVLFCENKR
DLIKKHIWPNVPDPSKSHIAQWSPHTPPRENFSSKDOMY SDGNFTDVSVVEIEANDKKP
FPEDLKSLDLFKKEKINTEGHSSGIGGSSCMSSSRPSISSSDENESSONTSSTVOYSTVVH
SGYRHQVPSVOVESRSES TQPLLDS EERPEDLOLVDHVDGSDDILPROQY FKONCSQHE
SSPDISHFERSKOVSSVNEEDFVRLEQQISDHISOSCGSGEMRMPQEVSAADPEGPGTE
GOVERFETIGMEAAIDEGMPKSYLPQTVROGGYMPO

OSMR Antizen Bintins Proteing

J0034] The present invention provides antigen binding proteins that specifically bind OSMR.
Embodiments of antigen binding proteins comprise paptides andior polypeptides that
specificatly bind OSMR. Such poptides or polypeptides may optionafly nclude one or mone
pori-trmislational modifications. Embodinients of antigen binding proteins include antibodies
and fragments thereof, as variously defined herein, that specifically bind OSMR. These include
antibodies that spocifically bind human QOSMR, including those that inhibit QOSM sudfor IL-31
from binding andfor activating JSMR.

J6053] The antigen binding proteins of the invention specifivally bind to OSMR. “Specifically
bindls™ as used herein means that the autigen binding protein prefercntially binds OSMR over
other proteins. In some embodiments “specifically binds™ mieans the OSMR sutigen binding
protein has a higher affinity for OSMR than foy other proteins, OSMR antigen binding proteins
that specificalty bind OSMR may have a binding affinity for buman OSMR of less than ot
squal to | x 107 M, Tess than or squal to 2 x 107 M, less than or cqual to 3 x 107 M, less than
or equal fo 4 x s M, less than or equal o S x 107 M, less thanw or equal 10 6 x 107 M, less
than orequal t0 7 x. § 57 M, less than {>r cqual to & x (" M, less than ot equat o 9 x| M,
fess than or equal 1o 1 x 107 M, less thas or equal to 2 x 107 M, less than or equal to 3 x 107°
M, fess than or equal to 4 x 107 M, fess than or cquat fo 5 x 107 M, fess than or squal to 6 x 107
M, less than or equal 10.7 x 1 M, less than or equal fo 8 x 1 M, less than or equal i6 9 x

H0" M, less than or equal o | x 6™ M, less than or equal to 2 x 10™ M, loss than or oqual to 3
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x 107 M. fess than or equal 1o 4 x 107 M, less than or cqual to $x 107 M. fess than or equal to

$itd

6 x 107 M, fess than or equat to 7 x 1” M, less than or equal to § x 10 M, less than or equal

i

9 x 107 M, less than or equal to | x 107° M, loss than or oqual to 2 x 167" M, tess than or

-6
}i

equal to 3 % 1 yie

M, less than or equal to 4 x HF' M, less than or equal to § x 1Y M, less
than or equal to 6 x 107° M, fess than or equal 1o 7 x 107 M, fess than or equad 1o 8 x 107 M,
fess than or equal to 9 x 10" M, fess than or equal 1o 1 x 107" M, less than or equal to 2 x 1078
M, less than or equal t6 3 x 171 M, less than or equal to 4 x 107 M, less than or equal fo 5 x
177 M, doss than or equal to 6 x 1071 M, less than or equal to 7 x 107 M, loss than or equal to
8 x WX M, less than or equal 1o 9 x 107 M, Tess than or equal to 1 x 1077 M, less than or
equal to 2 x 1077 M, less than or equal to 3 x 1077 M, less than pr equal 1o 4 x 1077 M, Jess
than or equal to 3 x 1077 M, less than or equal to 6 x 107 M, less than or egeal to 7x 1077 M,

fess than or equal to B x 107 M, or fess than ov equal 10 9 x 107 ML

{0056} Methods of measuring the binding affinity of an antigen hinding protein are well known
fnthe art. Methods in contmon use for affinity deternunation inclade Surface Plasmon
Resonance (SPR) (Morton and Myszka “Kinetic analysis of macromaolecular interactions using
surfave plasmon resonance binseusors” Methody i Enspmology (1998) 295, 268-2943, Bio-
Layer Interferometry, {Abdiche er af “Determining Kinetics and Affinities of Protein
Inicractions Using a Parallel Real-time Label-free Biosensor, the Qctet” dnalitica!
Biochemistry (2008} 377, 2058-217), Kinetiz Exclusion Assay (KinEsA) (Darling and Brault
“Kingtic exclusion assay technology: characterization of molecular interactions™ Assay and
Drug Dev Teck (2004) 2, 647-657), isothermal calorimetry (Pierce et al “Isothermal Tiration
Calorimetry of Protein-Protein Interactions” Merhads (1099 19, 213-221) and analytical
altracentrifugation {Lebowitz o7 of “Modern analytical eliracentrifugation in protein science: A
tutorial review” Protein Seience (2002), 11,2087-2079).  Exanple 5 provides exemplary

methods of affaity determinaticn.

{00571 it is understond that when seference is made to the various eimbodiments of the OSMR-
binding antibodics herein, that it also encompasses OSMR-binding fragments thereof. An
OSMR-biuding fragment comprises dny of the antibody fragments or domains descdbed herein
that retaing the ability to specificatly bind to OSMR. The OSMR-binding fragment may be in

any of the scaffulds deseribed horein,

{B038] I certain therapeutic embodiments, an OSMR antgen binding proteis inhibits binding
of OSM andfor IL-31 to OSMR andfor mbibits one or more biological activities assoctated with
the binding of OSM andfor 1L-31 10 OSMR, e.g., OSM- andior IL~-3 {-mediated signaling. Such
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antigen binding proteins are sa3id 1o be “neutratizing.”™ In certain cmbodiments, the neutralizing
OSMR antigen binding protein specifically binds OSMR aud inhibits binding of OSM andior
IL-31 1o OSMR fron anywhere between 18%% 1o 106%:, such as by at feast about 20, 28, 22, 23,
24,25, 26,27, 28,28, 30, 31, 32, 3%, 34, 35, 36, 37, 38,39, 40, 41, 42, 43,44, 45, 46,47, 48,
§9, 50, 81, 52, 53, 54, 35, 56, 37, 38, 59, 60, 61, 62, 63, 84, 635, 66, 67, 68, 69, W), 71,72, 73,

74, 75,76, '7?_, TR, 79, 80, R1, €2, 83, &4, 85 86, 87, K, €9, 90, 91, 82,93, 94, U3, 96, 97,

9% or more. For example, OSMR antigen binding proteins may be tested for nautrahzmg
ability by determining the ability of the antigen binding profein to block hinding of OSM andéor
IL-31 10 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 woatralizmg ability in an assay that seasures the effect of the presence of the OSMR.
antigen binding protein in an assay measuring OSM- andior {L-3 F-mediated biological
function. For example, the ability of O8M & induce a biological respease, such as stinndation
of plasminogen aefivator rotivity 1n cultured boving aortic endothelial cells, vegulation of IL-6
expression in aman endothelial cells, and stimwlation of LDL uptake and up-regulation of ecll
surface LD receptors in HepG2 cells. Alternatively, the ability of IL-31 1o induce

mfammation In the skin,

{00391 Embodiments of antigen binding proteins comprise a scaffold structure, as variously
defined hereln, with one v miore complementarity determining regions (CDRs). Embodiments
further include antigen binding protohiss comprising a sexffold structure with one or more
antibody variable donweins, either Heavy or Hght. Embodiments inchude antibodies that
comprise a light chain variable domain selected froms the group consisting of Abl Light Chain
Variable Dontain (LOv), Ab2 LCv, and Ab3 LUv (SE ID NOS:27-29, respectively) andior a
heavy chain variable domain selected from the group comsisting of AbT Heavy Chain Varisble
Domain (HOv), AB2 HUe, and Ab3 HCv {SEQ 1D NOS:9-11, respectively), and fragments,

derivatives, muteins, and variants thercof

An cxeoplary heavy chain variable domain vartant of SEQ 1D NO:9 contains an amino acid
other than asparagine (for example, aspartic acid) at the position corresponding to position 73
in SEQ ID NOS. The amino acid sequence ses forth in SEQ 1D NO:33 is an example of a
heavy chain variable domain variant of SEQ ID NO©.

An exernplary beavy chain variable dogwin variant of SEQ 1D NO:19 contains an aming acid

’

wther than asparagise (for example, aspartic acid} at the pesition corresponding to position 73
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0 SEQ ID NO: 10, The anuno acid sequenee set forth in SEQ ID NG:54 is an expmpke of a
heavy chain variable domain variant of SEQ ID NQ:G,

{0060} An exemplary light chain comprising bl LCv is a light chain comprising the amine
acid sequence set Torth in SEQ 1D NO:24.

{00611 An exemplary light chain comyuising Ab2 LOv is 3 hahy chaiy conmprising the antine
acid sequence set forth in SEQ 1D NO2S,

[0062] An exomplary light chain comprising Ab3 LCv is a light chain comprismp the amino
acid sequence set forth i SEQ ID NO:26.

{80631 An exenplavy hieavy chain comprising Abl HCyv is a heavy chain comprising the amino

acid sequence set forth in SEQ 1D NOuwe,

An exemplary heavy chaiin comprising & vaviant of Ab} HCv is a heavy chain comprising the

amine g0id sequence sot forth in SEQ D NO:R0.

{3064] An excoplary heavy chain comprising Ab2 HOv is a beavy chain comprising the amino
scid sequence set torth s SEQ 1IDNOT.

An exemplary heavy chain comprising a variant of Ab2 HCv is 8 heavy chain comprising the

amino acid sequence sef forth in SEQ ID NOSL

[0065] An exemplary heavy chain comprising Ab3 HCv is a heavy chain comprising the amino
actd sequence set forth in SEQ IDNOE.

An exemplary heavy chain comprising a vaviant of Ab3 HCv is a heavy chain comprising the

amino acid scquence set forth in SEQ ID NG,

JO066] Additional examples of seaitolds that are envisioned kxelude, but are not timited to,:
filwonectin, neocarzinostatin CBM4-2, lipocaling, T-cell receptor, protein -A donain (jwotein
Z), bn@, TPR proteins, zinc finger domains, pVII, avian pancreatic polypepiide, GCNd, WW
domain Sre homwology domain 3, PDYE donmains, TEM-1 beta-lactamase, thioredoxin,
staphylococeal nuclease, PHD«finger donwains, CL-2, BPTI, APPY, HPSTI, ecotin, LACEDY,
LTI, MTHL, scorpion foxins, insect defensin-A peptide, BETI-, Min-23, CBD, PBP,
evtochrome b-362, Ldl receptor donwing, gamma-crystaliin, ubiquitin, transferrdns, and or C-
type lecthr-like domabiss. Non-antibody scaffolds and their use as therapeuiios are reviewed in
Gebauer and Skeera, Cwrr. Opin. Chem. Biol., 13:243-255 (2009) and Binz et al., Mat. Biotech.,

23103 1257-68 €2005), which are incorporated herein by reference in its entirety.
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{00671 Aspects of the Invention inclade antibodics comprising the following variable domaing:
Ab LCW/AbY HCv (SEQ 1D NOQT/SEQ ID NOID), Ab2 LOwAB2 HCx (SEQ 1D NO2&/SEQ
ID WO 10), Ab3 LUWADLSY HOv (SEQ [D NO2QU/SEQ DNOTY), and combinations thereof, as
well as fragments, derivatives, muieins and varianits thereof.

Also included are amtibodies comprising the following variable domains: SEQ 1D NO:27SEQ
10 NO:E3; and SEQ ID NOQE/SEQ 1D NO:34.

{0068 | Exemplary antibodies of the invention mclude Abl (SEQ 1D NO:24/5EQ D N(Ou6),
Ab2 (SEQ 1D NO:25/SEQ 1D NO:T), and A3 {SEQ 1D NO26/SEQ 1D NO:R).

Addittonal exemplary antibodies inehede: SEQ 1D NOG24/SEQ 1D NG:30;, SEQ 1D
NO25/SEQ ID NOSE and SEQ ID NO26/8EG ID NO:32,

{00691 Typically, cach variable domain of an sntibody light or heavy chain comprises three
CDRs. The heavy chain vanable dossain comprises a beavy chain CDRI ICDR1), & heavy
chain CDR2 (HCDR2), and 2 heavy chain CDR2 (HCDR3). The light chain variable domain
comprises a Hght chain CDRI (LCDRY), a light chain CDR2 (LCDR2), and a light chain CDR3
(LCDR3). In cerdaby cmbodinents, an antigen binding protein comprises ofte or more CORs
vontamed within the preforred varigble domains deseribed herein.

{80707 Bxanples of such CDRs include, but are not Hmited 1o

{0071} the CDRs of Abl LCv: LUDRI (SEQ 1D NO:3M), LCDR2 (SEQ 1D NO:33), and
LCDR3I {SEQ ID NO:36),

{60721 the CDRs of Ab2 LCw LCDRI (SEQ ID NG:3H), LODR2 (SEQ 1D NO:34), and
LCDR3 (SEQ IDNO:3TY,

00737 the CDRs of Ab3 LCv: LODRE (SEQ ID NO:32), LCDR2 (SEQ (D N353, and
LUDR3 (SEQ 1D NOagy;

{0074} the CORs of Abl HOv: HCDRI {SEQ ID NG:12), HCDR2 (SEQ ID NG5, and
HCDR3 (SEG ID NO:IR)Y,

{0075] the CDRs of Ab2 HCv: HCDR1 (SEQ 1D NO:13), HCDR2 (SEQ ID NO:16), and
HCDR3I (SRQIDNG: 19 and

{00761 the UDRs of Ab3 HCv: HCDRI {(SEQ ID NG: 14}, HCDRZ (SEQ IDNG: 17, and
HODRI (SEQ (D NO203,
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{6077] In some cmbodiments, the antigen binding protein coniprises: A} a polypeptide, e.g., a
Hght chain, that comprises an LCDR1 having an amine acid sequence selected from the group
comsisting of SEQ D NOS:34, 31, and 32; an LUDR2 having an amino acid sequence selected
from the groap consisting of SEQ ID NOS:3Y, 34, and 35; andior an LCDRA having an amino
acid seguence selected from the group consisting of SEQ ID NOS:36, 37, and 38; andior By a
polypeptide, 2.8, a heavy chain, that comprises an HCDR1 having an amino acid sequence
sclected from the group consisting of SEQ IDNOS:12, 13, and 14; an RCDR2 havingan
amino avid sequence selected from the group consisting of SEQ 1D NOS:15, 16, and 17; andior
an HCDR3 having an amino acid sequence selected from the group consisting of SEQ IR
NOSIK, 19, and 20,

{6078] By further embondiments, the antigen binding protein comprise A) a light chain amino
acid sequence that comprises a LCDRY, LCDRZ, and LCDR3 of any of Abl LUy, Ab2 LGy,
and Ab3 LCy and B} a heavy chain amino acid sequence that comprises a HCDRY, HCDR2,
and HCDRS of any of Abl HCy, Ab2 HOy, and Ab3 HCv,

[0079] In certain embodiments, the CDRs include no mors than one, no mwore than two, no
more thai three, no more than foae, no more than five, or no more than six aming acid

agdditons, deletions, or substitutions from an exemplary UDR set forth herein,

{0080] Aspects of the invention include antibodies comprising a Hght chain variable domain
sclected from the group consisting of SEQ IDNOS:27, 38, and 29, Aspeets of the lnvention
include antibodies comprising a heavy chain vartable dovain selected from the group
consisting of SEQ ID'NOS:9, 16, and 1. Funther aspects of the inveution include sutibodies
comprising A) 3 hght chain variable domain seleeted fream the group consisting of SEQ 1D
NQOS8:27, 28, and 29, and B) a heavy chain variable domain selected from the group consisting
of SEQ IDNOS:S, 10, and 11

{0081} Antibodies of the invention cad comprise gty constant region known in the arl. The
Light chain constant region can be, for exagple, a kappa- or lanbda-tvpe Hght chain constant
region, €., & human kappa- or lambda~type light chaii constant region. The heavy chain
constant region can be, for example, an alpha-, delia-, opsilon-, gawuna-, or mu-type heavy
chain constant region, ©.g., 8 human alpba-, delta-, epsilon-, gamma-, or mu-type heavy chain
vonstant region. In onc embodinont the light or heavy chain constant region is a fragment,

derivasive, variant, or tmuein of 3 natwrally accurring constgnt vegion,
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{GOR2] Aspects of the tnvention include antibodios comprising a Hght chain variable region
selected from the group consisting of SEQ ID NOS:27, 28, and 29 having no more than one, 1o
mewe than iwo, no mewe than three, no move than four, ao move than five, no more than six, no
mors than seven, no more than eight, no more than bine, or no move thay ten armino acid
additions, deletions, or substitutions. Aspects of the invention inchude antibodies comprising a
heavy chain variable region seleered from she group consisting of SE( ID NOS:9, 10, and 11
having no more than one, no more than two, no more than three, no more than four, no wore
than five, no more than six, no more than seven, no more than eight, noe more than nine, or 6o
more thap ton amino acyd additions, deletions, or substitutions. Funther aspects of the fnvention
mchde antibodics comprising A} comprising a light chain variable region selected from fhe
grogp consisting of SEQ ID NOS:27, 28, and 20 having no more than one, 5o more than two,
1o more than dhiree, no more than four, 1 more than five, no more tian six, no more than
seven, noe mote than eight, no rore thant nine, or no tore than ten amine acid additions,
deletions, or substitutions, and B} a heavy chain vintable region seleeted from the group
consisting of SEQ 1D NOS:%, 10, and 1 having no more than one, no more than fwo, no moere
than three, wo more than foar, ve more than five, no more thap six, no more than seven, no
more han cight, no more than ping, or ro more than ten amino acid additions, deletions, ot

substitugions,

00831 I one variation. the antigen binding protein coruprises an amino actd sequence that is at
fcast RO%, at feast 8 1%, ot feast §2%, at least 83%, at least 8499, at foast 3%, at feast 86%, &
Teast 87%%, at Teast 85%, at teast #9%, at least B0%, at Joast 1%, at least 929, at least 93%, 4
least 84%, at keast 939%, at feast 96%, at least 97%, at Joust 98%%, or at least 99% idemtical fo a
fight chain variable region amino acid sequence selected from the group consisting of SEQ 1D
NOS27, 28, and 29, In apother variation, the amigen binding protuin comprises ait amine acid
sequence that is at least 81%, at {east 81%, al least 2%, at least R3%%, at lonst 84%, at least
B5%, at feast 86%, af least 87%, at loast 88%, at least §9%, at least 90%, at feast 91%, at least
92%, at feast 93%, ot least 94%, at least D%, at loast D6%, at least 97%, at loast 98%, or at
least 99% 1dentical 1o a heavy chain variable rogion amine acid sequence selected from the
group consisting of SEQ ID NOS:HS, 10, and 11, In vet a fwrther embodisent, the antigen
binding protein comprises A) an antino acid sepreace that is at least 86%, at keast 81495, af keast
82%, at feast 83%, at least 84%, at least R5%, at least 86%%, at least ¥7%, at least $8%, at least
89%, at Teast 90%, at least 91%, at least 3%, b Teast Y%, at least D4%, at least 93%, at least

6%, at least 9%, at least 98%, or at least 99% identical to a hight chain varkable region amino
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aeid sequence sclected from the group consisting of SEQ 1D NOS:27, 2%, and 29, and Bl an
amino acid sequence that is af Jeast 80%, at least 81%, at least 2%, at least 83%, at least $4%,
at loast 85%, at feast 86%, of feast 87%, at loast 88%, af least 89%, at least 90%., at feast G1%,
ar Jeast 92%, at least 93%, at least 94%, at feast 5%, at least 96%, at loast Q7%, at foast V8%,
or at least D9% idemtical 1o 2 heavy chaby variable region amino acid seqaence selected from
the group congisting of SE D NOS:9, 10, and 11,

OSMR- antigen binding proteins comprising a heavy chain variable domain having the above-
defined scguence relatedness to SEQ ID NO:9 can optionally contain an atuino acld other than
asparagine (for cxample, aspartic acid) at the position comesponding to position 73 in SEQ ID
NGO, In such embodiments, the heavy chain variable domain optionatly comprises the anune
acid sequenee set forth o SEQ 1D NO:A3.

OSMR antigen hinding proteins comprising a heavy chain variable donwin having the abave-
defined sequence relatedness to SEQ 1D NGO can optionalty contaln an aming acid other than
asparagine (for example, aspartic acid) at the position corresponding to position 73 i SEQ ID
NO: 10, In such embodiments, the beavy chain variable domain optionally comprises the amu
acid sequenee set forth e SEQ ID NO:54.

{084 ] I certam embuodiznents. the antigen biding protem comprises a lght chain andéor
heavy clwin CDR3. In some ensbodiments, the antigen binding protein comprises an anmuno
acid sequence selected from the group of sequences sot forth in SEQ ID NOS:36, 37, 38, 18,
19, and 20. In certain emmbodiments, the amuno acid sequence mclades no more thas ove, no
more than twe, no more thay three, ro move thaa four, no more than five, or no more then wix
amine acid addistons, deletions, or substitutions freen the exemplary sequonce set forth in SEQ
D NOS:36, 37, 38, 18, 19, and 20, Thas, embodiments of the invention include antigen
binding profein comprising an amino aold sequence that is at keast 0%, at least 81%, at feast
82%, at deast 83%, at least 8494, at least 85%, at least 86%, at least 87%, at least 88%, at least
8%, at feast VO%%, af teast ¥1%%, at teast B2%, at least 93%, at least 94%, at least 95%, at least
96%, ar foast 97394, at teast U89S, or at least U9%: identical to an amino acid sequence sedected
from the group of sequences set forth in SEQ ID NOS:36, 3738, 18, 19, and 20.

{0085} In cortasn embodimenis, the antigen binding protein comprises a light chain audior
heavy chain CDR2. {n some emnboduments, the antigen binding protoin comprises an aming
acid sequence selected from the group of sequences set forth in SEQ 1D NOS:33, 34, 3§, 15,

16, and 17, In certam embodiments, the aming acid sequence inelades no move than one, no
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move than two, ne mare than three, so more than four, vo more than fieg, oF RO more than six
amine acld additions, deletions, or substituiions from the exemplary sequence set forth in SEQ
D NOS:33, 34,35, 15, 16, and 17, Thus, embedimenis of the myvention include antigen
binding protemn comprising an wnine acid sequence that is at loast 30%, at feast 81%, at feast
82%, at teast 3%, at least 4%, at loast 8596, at leass 86%%, at least 87%, at least B&%, at least
RO%, at least 90%, at least Q1Y%. at keast 2%, af least 93%, at least 94%, at least 953%, at least
6%, ar feast 97%, af east 98%, or at least 99% identical to an aming acid sequence selected

from the growp of sequences sot forth in SEQ ID NOS:33, 34 35,15, 16, and 17,

{0086} Tn cortain embodiments, the antigen binding protein comprises a lght chain andior
heavy chain CDRL. In some embodinents, the antigen binding protein comprises an amino
acid sequence selected from the group of sequenves set forth in SEQ 1D NOS:30, 31, 32, 13,
13, and 14, In cortain cmbodiments, the amino acid sequence inchudes no more than ong, no
more than two, no more thag three, 1o more than four, no mwere than five, or no more than six
amino avid additions, deletrons, or substitetions front the exemplary sequence set forth in SEQ
IDNOSSG, 31,32, 12, 13, and 14, Thass, embodiments of the invennion inglude antigen
binding proteie comprising s amine acid sequencs that is a1 feast 0%, at least §1%, at least
¥2%, at least 83%, at lonst 8494, at foast 85%, at Teast B6%, at least §7%%, at least 88%, at least

23

9%, at feast 90%, at least 1%, at least 2%, at least 93%, at least 94%, at least 93%, at least
96%, at feast 7%, st feast 98%, or at least 99% identics! to an amine acid sequence selected

from the group of sequences sot forth in SEQ ID NOS:30, 31, 32,12, 13, and 14,

[O0R7] The amtigen binding proteins of the Invention comprise the seaffolds of traditional
antibodics, inclading human and monoclonal antibodies, bispecific anttbodies, digbodies,
wminihodizs, domain antibodics, synthetic antibodies (sometimes referred 1o herein as “antibody
mimeties™), chivoeric antibodies, anthody fusions {sometimes referved to as “antibody
conjugates”), and fragments of vach, respectively. The above desaribed CDRs, mcluding

various connhinations of the CDIRs, may be grafied mto any of the following scaffolds.

JOOSR] As used herain, the term “antibody™ refers to the various forms of monormeric or
multimeric protoins comprising oue of more polypepiide chatns that specifically binds to an
antigen, as vaniously deseribed herein. In cortain embodiments, antibodies are prodeced by
recombmmyt INA teclyguees. In addiionad embodiments, antibodies ave produced by
enzymatic or chemdeal cleavage of naturally ocourring antibodies. In another aspect, the
antibody is selected from the growup consisting oft 3) & human antibody: b) a humanized
aatibody; ¢) a chimerie antibedy; d) a monoclonal anttbedy; €) a polyciona antibody, D a
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recombinant antibady; @) an antigen-binding Hagment; h) a single chain antibody; 1} @ diabody;
j}a triabody, k) 2 tetrabody, 1) a Fab fiagment m) a F(ab), fragment, n} an IgA antibody, o) an
gD annbody, pY an 1gE antibedy, ) an lgG1 anttbody, ©) an [pG2 antibody, ) an 1gG3

antibody, t) an JgG4 antibody, and u) an IgM antibody.

{00891 A variable region o domain comprises at least three heavy or lght chaln CDRy
embedded within a franework region (designated frumework regions FRE, FRZ, FR3, and
FR4j Kabat et al, 1991, Seguencay of Proteins of msunclogical Iterest, Public Health
Service N.LH., Bethesda, MD. Traditional antibody structaral wnits typicslly comprise a
tetramer, Each tetramer is typically composed of two identical pairs of polypeptide chains,
cach pair having one “hight” and one “heavy” chai. The amino~termunal portion of each chain
includes a variable region of about 100 to 130 or more amine acids primarily responsible fu
antigen recognition.  The carboxy-terminal portion of each chatn defings a constant region
primarily responsible for effector function. Huroan Hght chains ave classified as kappa ov
{ambda light chaine. Heavy chains are classified as nu, delta, gamma, alpha, or epsifon, and
define the antibody’s isotype as IgM, {gD, 1gG. IgA, and 1gR, respectively, gt hag seversl
subclasses, including, but not linnted to TgGE, 1pG2, 1gG3, and 1pG4. 1M has subclasses,
including, but not lmited to IpM} and 1gM2. Embodiments of the invention include al such
classes and subclasses of antibodies that incorparate @ vaniable donwin or COR of the antigen
hinding proteins, us described herddn

{99907 Some nanwally cccurring antibodies, such as those found in camels and Hamas, we
dimers consisting of two heavy chains and include no hight chains. The invention enconpasses

dimeric antibodics of two heavy chains, or fragments thereot, thaf can hind 1o OSMR.

{0091] The variable regions of the heavy and Hght chains typivally exbibit the same general
structure of relattecty conserved framowork regions (FR) joined by three hvpervariable regions,
i.2., the complementarity determining regions ov CDRs. The CDRs are primarily respousthle
for antigon recognition and binding, The CDRs from the two chains of cach pair arg aligned by
the framework regions, snabling binding to a specific epitope. From N-terminal o C-terminal,
botl hipht and heavy chams comprise the domains FRI, CDRI, FR2, CDR2, FR3, CDR3, and
FR4, The assignment of amino acids 1o cach domgin is in accordance with the definitions of
Kabat.

{00921 CDRs constitute the major surface contact points for anfigen binding. The CDR3 or the

Hight chain and, particularly, CDR3 of the heavy chain may constitate the most important
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detenminants in antigen binding within the light and heavy chain variable regions. In sone
antibadiss, the heavy chain CDR3 appears 1o constitute the major area of contact hetween the
antigen and the antibody. In vitro selection schemes in which CDR3 alone is vanied can be
used to vary the binding properties of an antibody or determine which residues contribate to the

binding of an antigen.

{60931 Naturally ocowring antibodies typicatly include o sigal sequenve, which directs the
antibody mto the cellular pathway for protein secrefion and which 15 typically not present in the
mabwre anttbody, A polynucleotide encoding an antibody of the invention may emvode a

naturally ogcurring a signal sequence or a hoterolpgous signal sequence as deseribed below.

{094} I one sanbodiment, the antigen binding prowein is an antibody compristeg from one (o
six of the exemplary CDORs desenibed berein. The antibodies of the nvention may be of any
tvpe including IgM, ToG (including 1pG1, 1oG2, 1oG3, InGd), 1gD, 1pA, or IpE antibody. Ina

specific embodiment the antigen binding protem is an IgG type auntibody, e.g.. 2 IgG1 antibody.

0095} tn some embodiments, for example when the antigen binding protein is an antibody
with complete beavy and light chains, the CDRs are all froun the same species, e.g., human.
Alternatively, for example in cubodiments wherein the antigen binding protein contains less
thaw six CDRs from the sequences outlined above, additional CORs may be cither from othey
species or may be different buman CDRs than those depicted in e exemplary sequences. For
example, HCDR3 and LCDRY regions from the appropriate sequences identified hovein may be
gsed with HCDR1, HCDR2, LCDR1, and LCDR? being optionally selecied from alicrnate
speeies or different human antbody sequences, or combinations thereof. For example, the
CDRs of the invention cant replace the TR regions of conunercially relovant chimeric o

humanized antibodiss.

{0096 Specific embodiments atilize scaffold components of the antigen hinding proteins that
arc human components. 1 some embodiments, however, the scaffold components can be a
pixture Fom different species. As such, i the antigen binding protesn is an antibody, such
anttbody may be a chimeric antibody andfor Tnananized antibody. in goneral, both “chimeric
antibodies”™ and humanized antibodies™ vefer 1o antibodics that combine regions from mare than
one species. For example, “chimeric antibodies™ traditionally comprise vartable region{s) from
a mowse (or rat, 1 some cases) and the constant region(s) from s henan.

{60971 “Humanized antibodics™ generally vefer to non-haman sutibodics that have had the

variable domain framework regions swapped for seguonces foand By human antibodics.

.
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Generally, in o humanized anabody, the entite antibody, except ene ot imore CORs, is encoded
by a polvinucientide of luunan origin ot is identical to such an antibody except within ong ot
e CBRs. The CDRs, some or alf of which are encoded by nucleic acids oviginating in s
non-human organismy, ave grafied into the bela-sheet framework of a huntan antibody vaniable
region to orgate an antibody, the speeificity of which is deternined by e engrafied CDRs.
The creation of sach antibodics is deseribed in, e.g., WO 9271 101K, Joncs 1986, Nature
321522525, Verhooven ef af | 1988, Svience 239:1334-1536, Humanized antibodics can also
he generated using nice with a genetically coginecred nume systen {(Rogue et al., 2004,
Biowcchnol, Prog. 2:639-654). In the exemplary essbodiments deseribed herein, the identified
CDRs are human, and thus both humanized and chimeric antthodics in this context include
some non-human CORs; for example, mananized antibodies may be generated that comprise
the HCDR3 and LODRI regions, with one or move of the othier CDR regions being of a

different speoies arigin.

{0098} In one embodinent, the OSMR antigen binding protem is a multispecific antthody, and
notably a bispecfic antbody, also sometimes referved to as “diabodies.” These ave antibodies
that bind 1o two o niore different antigens o different epitopes on a single autigen. In ceortain
cnbodiments, & bispecific antibody binds OSMR and an autigen on a human effector ecll (g,
T eell). Sach antibodies are usefid in targeting an effector cell response against OSMR
exprossing cells, such as an OSMR-cxpressing tumor el I prefeored cmbodiments, the
fuman effector celf antigen s CD3. U.S. Pat, No. 7,235,631, Methods of making bispecific
antibodies are known in the art. One such method involves engincering the Fe portion of the
heavy chains such as to create “knobs™ and “holes”™ which facilitate heterodimer formation of
ihe heavy chains when co-expresaed in a gell. US. 7,695,963, Another nicthod also invalves
engineering the Fo portion of the heavy chain but uses elecirostatic steering 10 encourage '
huterodinier formation while discowraging homodimer formation of the heavy chains wheit co-

exprossed in a cell. WO 09/089 004, which is incorporasted herein by reference i its entivefv.,

{00991 In one embodinent, the OSMR antigen binding protein is a mintbody. Minibodies are
minimized antibody-hike proteins comprising 4 scbv joined to a THS domain Glu er af., 1996,
Cancer Res, S6:3055.3061).

{0100} in one embodiment, the OSMR antigen binding protein is 8 domain angbody;
see, for example 118, Patent No. 6248 316, Domain antibodies (dAbs) are functional binding
domains of antibodies, corresponding to the variable reglons of cither the heavy (VH) or light
{VL) chains of heman antibodies. dABs have a molecudar werght of approximately 13 kBa, or
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less than one-tonth the size of a fall antibody. dABs are well expressed i a varigty of hosts
incduding bacterkal, veast, and mammabian cell systems. i addition, dAbs sre highly stable and
retain activity cven after being subjected to harsh conditions, such as freeze-drving or heat
denaturation. Yee, for example, US Patent 6291 138; § 382915, 63030811 6,172,107, US
Serial No. 2004/01 10941 ; Buwopean Pateot (368684; US Patent 6,696,245, WO04/058821,
WOOHH0I0TY and WOBIA02609.,

{80101} In one embodiment, the OSMR antigen binding proten is an antibody frapment,
thai is a fragment of any of the antibodies outlined heremn that rofain binding specificity to
OSMR. Iy various embodiments, the antibody binding proteins comprise, but are ot Hmited
to, a Fiab), Flab”), F(ab'i2, Py, or a single chain Pv fragmenis. At a minimuom, an antibody, as
meant herely, comprises a polypeptide that can bind specifically fo OSMR comprising all vr

part of a light or heavy chain vartable region, such as one or more TDRs,

{00102} Further examples of OSMR-binding anshody Fragments inclade, but mre pot
fimted to, {7} the Fab fagment consisting of VL, VH, CL and CHY domains, (i) the Fd
fraginent consisting of the VH and CHI domang, (1) the Fv fraginent consisting of the VL and
VH domains of a single autibody; (iv) the dAb fragment (Ward &1 of, 1989, Natwre 341544~
346) which consists of a single variable, {v) isolated CDR regions, {vi) Fab®): fragments, 8
hivalent fragment conprising two linked Fab fagments (vil) single chain Fyv molecales (scPv),
wherein a VH domain and a V16 domain ave linked by a poptide linker which altows the two
domnins to associate to forn mn antigen binding site (Bird or o/, 1988, Sciepve 242:423-426,
Haston ef al., 1988, Proc. Nl dcuad, Sci, U84 85:5879-38%3), (vik) bispecific single chain
Fv dimers (PCT/AUS92/09965) and (ix) "diabodies™ or “iriabodies”, multtvalent or multispecific
fragments constructed by gene fusion {Tomlinson & al, 2000, Methaods Ennvinol. 326:461~
479, WO4/13804; Holliger e o, 1993, Proc Nad dead. Sl 1S4, 50:6444-6448). The
antibody fragments may be modified. For example, the molecules may be stabilized by the
incorporation of disufphide bridees linking the VH and VL donwins (Relter of ol 1996, Nusure
Biotech. 14:1239-1248). Aspeots of the invention include embodinments wherein the non-CDR

components of these fragments are human sequences.

{00103} Inone embodiment, the OSMR antigen binding protein is a fully human
antibody. In this embodiment, as outlined above, specific structures comprise complete heavy
and ght chains depicted comprising the CDR regdons. Additional embodiments utthze one or
morg of the CDRs of the inveation, with the other CDRs, framework regions, J and D regions,
constant regions, eto., coming from ofher human antibodies. For example, the CDRs of the
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fnvention can replace the CORs of any number of haman antibodics, pasticudarty commaercially

refovant antihodies

{00104] Single chain antibodies may be forned by linking heavy and light chain variable
domain {Fyv region} fragments vig an amino acid bridge (short peptide finker). resulitng i a
single polypeptide chain, Sech single-chain Fyvs (seFvs) have been prepared by fusing DNA
gncoding u peptide Hitker between DNAs encoding the two variable domain polypeptides (Vi
and V). The resulting polypeptides van fold back on themselves to form antgen-binding
monomers, or they can form multimers {e.g., dimers, trimers, or tetramers), depending on the
tengtli of 2 flexible lnker between the two variable domains (Kostt ef of., 1997, Prot. Eng,
10:423; Korth ev of, 2061, Biomol. Eng. 18:95-108). By combimng different V. and V-
comprising polypeptides, one can form midtimeric seFvs that bind 1o different epitopes
{Kriangham er ¢f., 2001, Biomol. Eng. 18:31-3). Technigues developed for the prodaction of
single chain antibodies include those deseribed tn U.S, Patent Mo. 4,846,778; Bird, 1988,
Science 242:423; Huston & al., 1988, Proc. Natl. Acad. Sct. USA 853870, Ward er aif., 1989,
Nature 334:544, de Graaf er &, 2002, Methods Mol Biol 178379-87. Single chain antibodiss
derived from antibodies provided hereiu {including but not limited jo scFvs coanprising the
variable domain combinations of Abi LCw/Ab{ HCOv (SEQ ID NO27SEQ 1D NO:Y), Ab2
LCwAB2 HCv (SEQ ID NO2&/SEQ ID Ni190), and Ab3 LCwAD3 HOv (SEQ ID

NQ:29SEQ ID NO:1 D, snd combinations thereof ane sncompassed by the present invention.

Excraplary single chain antihodics include the following variable domain combinations: SE(Q
ID NOR7/SEQ 1D NOA3; and SEGQ 1D NORSSEQ ID NOS4.

jo0105] 1n one exbodiment; the OSMR antigen binding protein is an antibody fusion
protein (somettmes referred & herein as an “antibady conjugate™). The conjugate partuer can
be projehsaceous or non-proteinaceons; the latter generally being generated using fimchonsd
groups o the antigen anding protoin and on the conjugate pavtner. In cortain embeodiments,
the antibody is vonjugated to a non-profeinaceous chenuizal {drug) to form an antibody drug

Tonjugate.

j00106] 11 one cbodiment, the OSMR antigen binding protein is ap antibody analog,
sometimes reforred to as “syathetic anttbodics.” For exanple, a variety of work utilizes either
alternative protein scaffolds or artificial scaffolds with grafted CDRs. Such seaffolds include,
but are not Hinited to, mutations mtroduced 0 stabilize the three-dimensional structure of the
binding protein as well as wholly synthetic scaffolds consisting for example of biocompatible

polyners. See, for example, Koradorfer er «of., 2003, Proteios: Structure, Fonction, and
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Bivinformatics, Volume 53, Issue 1121-129, Roque ef al., 2004, Biotechnol. Prag. 20:639-
654. In addition, peptide antibody mimetics (“PAMY™) can be used, as well as work based on

anttbody mimetics utilizing fibronection components as a scaffold.

{60107} By “protein,” as used heretn, is meant at {east two vovalently attached aming
acids, which includes proteins, polypeptides, oligopeptides and peptides. In some
sihodinents, the two or sore covalently attached mmino acids we attached by a peptide bond.
The profein meay be made up of naturally cccwrring wino scids and pepiide bonds, for example
when the protein is made recombinantly using expression svstems and host cells, as outhined
below. Alternatively, the prodein may include synthetic amine acids {e.g.. homophenylalapine,
citralline, ornithine, and norfeucing), or peptidomimetic siructures, Le., “peptide or protein
analogs™, such as peptoids {see, Sumon ef o, 1992, Proc Nail, Acad, Sei. T84, 889367,
incorposated by referenee hegein). which can be resistant to protesses or other phvsiological
and/or starage conditions. Sueh synthetic amino acids mwy be corporated in particular when
the antigen binding protein is synthesized in viiro by conventional methods well known in the
art, T addition, any combination of peptidonumetic, synthetic and nabufally occurring
restdaesssiractures o be used. "Anddne acid” also includes wminn acid residoes sauch s proline
and hydroxypratine, The mnino acid “R group™ or “side chain™ may be in cither the (L)- or the
{Sr-configeration. o a specific embodiment, the amino acids are in the (L)- or (8)-

configuration.

{00108} In certsn aspects, the invention provides recombinant antigen binding proteins
that bind OSMR and, in some cmbodiments, 8 recombinant human OSMR or portion thereof
In this contexnt, & “recopbinant protein™ is a profuin made using recombinant techniques using
any teclusques snd methods known in the art, £ ¢, through the expressios of a recombinant
nucleic acid as desentbed herein, Methods and techniques for the production of recombinant
proteins are well knows in the an. Embodinents of the invention include recombinant antigen
hinding protoms that bind wild-type OSMR and variants therenf,

{60109} “Consisting essenttally of means that the amino acid sequence can vary by
about 1, 2,3, 4, 5.6, 7, 8,9, 14, 11, 12, 13, 14, or 13% redative to the vecited SEQ 1D NO:

soquence and still rotain biolngical activity, as deseribed herein,

{0110} In sone embodiments, the antigen binding proteins of the invention are isolated
proteins or substantially pure protoins, An “isolated” protein is unaccompanied by at least

some of the nuterial with which i is normally associated i s natural state, for example
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constituting at feast aboat ¥, or at least about 30% by weight of the total protein in a given
sanpde. 1t is understoad that the isolated protein may constitute from 3 to 99.9% by weight of
the total protehi content depending on the circumstances. For example, the profein may be
made at & significantly higher concentration through the use of an inducible promoter or high
sxprossion progaoter, such tat die protein is made at increased concentrabion fevels, The
definition inchides the production of an antigen binding protein it a wide variety of organisms

andfor host cells that are known i the ant.

HEURSE: For amino actd sequences, sequenee idestity andfor shndlariy s determined by
using standard techatgues known in the met, including, but not Himired to, the jocal sequence
wdentity algorithm of Smith and Waterman, 1981, ddv dppl. Math. 2:482, the sequence identity
ahigment afgonthm of Needlemsan and Wunsch, 1970, 7 Mol Rivl. 48:443, the scasch for
simifarity methed of Pearson and Lipman, 1988, Proc. Nan doad. Sei. 1L A, 852444,
computerized inplementations of these algorithns (GAP, BESTFIT, FASTA, and TFASTA in
the Wisconsin Genetics Softwiwe Package, Genstics Computer Group, 575 Science Drive,
Madison, Wis.), the Best Fit sequence program described by Devercax ¢f o, 1984, Nucl deid
Res. 12:387-393, preferably using the default scitings, or by spection, Preferably, percent
dentity is calculated by FastDB based upon the following parmmnetors: mismatch penalty of §;
gap penalty of 1] gap size penalty of 0.33; and joining penalty of 30, "Current Methods in
Sequence Comparison atel Analysis,” Macromoterule Scquencing and Syathesis, Selecied
Methods and Applications, pp 127-149 (1988), Alan R, Lisg, Inc.

00112} An example of a useful algorithny is PILEUP. PILEUP creates a multiple
sequence alignment from a group of related sequences using progressive, pairwise alignments.
It can also plot a tree showing the clustering refationships used to create the alignment. PILEUP
uses a simplification of the progressive aligmment wethod of Feng & Doohittle, 1987,.7 Mol
Evol. 33:351-360; the method 15 similar to that described by Higpins and Sharp, 1989, CARIOS
5:581-153, Useful PILEUP parameters mcluding a defult gap weight of 3.00, a defisalt gap

length weight of 0.10, and weighted end gaps.

100113} Another example of a useful algorithm is the BLAST algorithm, described i
Altsch.ul etad, 1990, & Mol Biol 215403410, Alischul o o/, 1’5)97,,.;-:\52_«:?[@&: Aeids Res.
25:3389-3402; and Kann e of, 1993, P Nl dead. Sci, U854 9038735787, A
particularty useful BLAST program is the WU-BLAST-2 program which was obtained from
Altschul of ol | 19968, Meshody in Engymology 266460480, WU-BLAST-Z yses several search

pavameters, most of which are set fo the default values. The adjesiable parameters are set with
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the following values: overdap spans=i, oveslap fraction=0.123, word threshold (T)=11. The HSP
S and HSP 82 psrameters are dvoanse vatues and are estabhished by the program itsedf
depending upon the composition of the particular sequence and composition of the particular
dafabase against which the sequence of interest is being searched; however, the values may be

adpssted fo Inerease sensitivity.

{001 14] An additional useful algorithn is gapped BLAST as reported by Altschal e o,
1093, Ml dcids Res. 25:3389-342. Gapped BLAST uses BLOSUM-62 substitution scores;
threshold T parameter sef to 9; the two-bit method to trigger angapped extensions, charges gap
tengths of k a cost of 10+k; X, set to 16, and X sef to 40 for database search stage and to 67 for
the output stage of the algorithms. Gapped alignmients are triggered by a score cofresponding

1o about 22 buis,

{001 157 Generally, the msino acid homalony, similarity, or identity between individug!
variant CDRs are at least 0% to the sequences depicted herein, and more typically with
preferably fncreasing homologies or idenities of at least 3%, $8%4, 31%, 92%, Y3%, 04%,
D5, 96%, 97%, O8%0, 99%:, and almost 100%. In a similar manner, “percent {%6) muleic acid
sequence ideniiny” with respect to the nucleic acid sequence of the binding proteins identifted
berein is defined as the percentage of sucleotide residues in & candidate sequence that are
identical with the mucleotide residucs in (he coding sequence of {he antigen binding protgin, A
speeific method utifizes the BLASTN module of WU-BLAST-2 set to the default parametors,

with overlap span snd overlap faction set to § and 0123, respectively.

00116} Generally, the nucleic acid sequence homology, similarity, o identity between
the nucleotide sequences encoding individual variant CDRs and the wclentide sequences
depicted herein are af loast 30%, and more typically with preferably bereasing homologies or
identitics of at loast 0%, 8156, 82%. B3%, 84%, 85%,, 86%, 8796, 8%, R9%, B0%, 91%, 92%,

3%, 9%, 95%%, 6%, DT%, 98%, or 99%, and almost 100%.

j00117] Thas, a “vaviant CDR is one with the specified homology, similarity, or identity
to the parent COR of the lnvention, and shares biological function, including, but not Himited to,
at least R%, R1% 32,(; X’%*/Q {44 N 35,0. R6%, 7‘30\ Q“;"o, SQ‘M "3{}"’ ’T)iq’o, 97(‘4\ “‘0 §49% ‘6,

B5%, 96%6, 97%, 8%, or 9% of the specificity and/or activity of the parent CDR.

{00118] While the site or region for infroducing an amine acid sequence variation is
predetermined, the mutation per se need not be predetermined. For example, i order to

optintize the perfornance of a mutation af a given site, random mutagenesis may be conducted
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at the target vodon or region and the exprossed antigen binding protein CDR vaviants sereened
for the optimal combination of desired activity, Techmques for making substitution nwitations
at predetermined sites n DNA having a known sequence ave well known, for exanyple, M13
primer nudagenesis and PCR mutagenesis. Sereening of the musants is done using assays of

antigen binding protein activinies, such as OSMR binding.

{60119} Amino auid substitutions are typically of single residues; insertions usaally will
he on the order of from about one (1) to about twenty (20) antino acid residues, although
considerably larger insertions may be tolerated. Deletions range from abowt one (1) to about

twenty (203 aming acid residues, althoush in some cases delotions may be much larger.

{60120} Substitutions, delelions, lserlions or suy combinaton thersof may be used o
astive at a fival deivative or variaat, Generally these changes are dous on a fow antino acids to
nainimies the alieration of the molteaide, particularly the amunogenicity and spearficity of the
antigen binding protein. However, lavger changes may be tolerated 1n certan circarastances.
Conservative substitutions are generally made in accordance with the following chart depicted

as Table 3.

Tahle3
Origingt Residne Exemplary Substitutions
Ala Ser
Arg Lys
Asn (itn, His
Asp Gilu
Cys Ser
Gin Asn
G Asp
Gly Pro
His Asn, Gln
T Lew, Val
Leu He, Val
Lys Arg, Gla, Gla
Met Leu, Be
Phe Met, Lew, Tyr
Ser Thy
Thr Ser
Trp Tyr
Tyr Tip, Phe
Val e, Lau
EOMEN Substantial changes s function or immunological identity are made by selecting

substitytions that are Tess conservative than those shown in TARLE 3. For example,
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substitations may be made which more significantly affect: the structure of the polypeptide
backbone in the area of the alteration, fior exaniple the alpha-helical or beta-sheet structure; the
charge or hydrophobicity of the melecule at the tavget site; s the bulk of the side chain. The
substitutions which in gewneral are expected to produce the greatest changes in the polypeptide’™s
properties are those in which {2} a hydrophilic residue, e.¢.. sorvt or thresnyl, is substituted for
{or by) a hvdrophobic residuc, e.g., leueyl, {solvucyl, phenylalanyl, vaivi or alanyi: (b)a
gysieine or proline is substituted for {or by) any other vesidhue; {¢) a residue having an
clectropositive side chain, e, bvsyl, avgingl, or histidyl, is substituted for {or by) an
elecwonegative residue, g, glutamy! or asparivl; or {d) 2 residue having a bulky side chain,
&g, phenylalanine, is substituted for {(or by) one not having a side chain, e g, glycing.

{0122 The variants typically exinbit the same qualitative biological activity and will
slicit the same impune response as the naturally-vecurting snalogue, although variants also are
selected to modify the characteristics of the andgen hinding protein proteins as noeded.
Altermatively, the variant may be designed such that the hielogical sctivily of the antigen
binding protein is aliered. For example, ghveosylation sites may be altered or removed as

diseassed herein,

{0123} Osher derivatives of OSMR antibodies within the scope of this nvention include
covalent or aggregative vonjugates of OSMR antibodies, or fragnwents thereot, with other
protems or polypeptides, such as by expression of recombinant fusion proteins comprising
heterologous polypeptides fused to the N-terminus or C-terminus of a OSMR antibody
polvpeptide. For example, the conjugated peptide may be a heterologous signal {or leader)
polypeptide, g, the veast alpha-factor leader, or 3 peptide sach us an epitope tag. OSMR
antibody-containing fusion profeins can comprise peptides added to facilitate purification or
identification of the OSMR antibody (g, poly-His). An OSMR antibody polypeptide also can
te tinked to the FLAG peptide as desenbed in Haopp er af., Bioslechnuingy 61204, 1988, and
U8, Patent S.011 812, The FLAG peptide is highly antigenic sad provides an epitope
reversibly bound by a specific monoclonal antibody (mAb), enabling rapid assay and facile
parification of exprossed recombinant protein. Reagents usefid for prepaving faston protems in
which the FLAG peptide is fused to a given polypeptide are commercially available {Sigima, St
Laos, MOy

{0124} In one embodiment, an oligomer i prepased wing polypeptides derived from
immunoglobulins, Propasation of fusion proteins comprising certain heigrologous polypeptides

fused to various portions of antibody-derived polypeptides (including the Fe domain) bas been

£t

~
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described. e.g., by Ashhienasi ef of, 199}, PNAS USA 88:10538; By ef ol 1990, Nature
344:677; and Hollenbaugh r o/, 1992 “Construction of hummunoglobudin Fusion Proteins, in

Current Proteeols in hinmunology, Suppl, 4, pages 10191 - 101911

{00123} One cwbodimens of the preseut favention is dirented to a dimer comprising two
fusion proteins created by fusing an OSMR binding fragment of an OSMR antibody to the Fe
rogion of an satibody. The dimer can be made by, for example, inserting a gene fusion
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 maoch ke antibody molecules, whicrsupon interchain diseifide bonds

form between the Fo moteties 1o yield the dimer.

{06126} The term "Fe polypeptide” as used herem rmachudes native and suatein forms of
polypeptides derivesd from the Fe region of an antibody, Truncated forms of such polypeptides
containing the hinge region that promoles dimerization alse are inchided. Fusion proteins
comprising Fo moteties {and oligomers formed therefrom) offer the advantage of facile

purification by affinity chromatography over Proicin A or Protein G columis,

{0127} One sustable Fo polypepiide, described in PCT application WO 93710151
(hereby ncorporated by reference), is a single chain polypeptide extending from the N-terminal
hinge region & the sative C-terminus of the Fo region of & human G antibody. Another
useful Fe polypeptide is the Fo mutein described in U, Patent § 457,038 and in Baum e/ o/
1994, EMBOL 13:3002-4001. The amine acid scquence of this mutein is identical © that of
the native Fe sequence presenied in WO 93/10151, except that amino acid 19 has been changed
from Leu t Ala, amyino scid 20 hag been changed from Leu to Glu, and amino acid 22 has been

changed fromn Oy to Ala. The outein exbubits reduced affinity for Fo receptors,

{O012R] In other enbodimenty, the variable portion of the heavy andfor light chains of a
OSMR antibody may be substituted for the variable portion of an antibody heavy andfor Light

chain.

{Ba129y Asnother method for preparing oligomeric OSMR antibody derivatives involves
“use of a leucine zipper. Lencine zipper domains are peptides that promote oligomerization of
the proteins in which they are found, Leucine zippers wers originally identified in several
DNA-binding proteins (Landschulz & of., Science 240:1759-64, 198%), sud have since boen
found in 2 variety of different proteins. Among the known lencine zippers are natarally

ocenrring peptides and derivatives thereof that dimerize or timerize. Examples of feucine
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zipper domains suitable for producing sclable oligomeric proteins are desesibed i PCT
apphivation WO 94710308, and the leucine zipper derived from lung surfactant pratein D (SPD)
described In Hoppe ef ol | 1994, FEBS Lewters 344:191, hereby mcorporated by reference. The
use of a modified leacine zipper that alfows for stable trierization of & heterologous proten
fused thereto 1s deseribed in Fanslow er o, 1994, Semin. Ipvmerol. 6:267-74, In one approach,
recombinant fusion profeins comprising OSMR antibody fragment or derhvative fised o a
leucine zipper peptide are expressed in suitable bost eells, and the soluble oligomeric OSMR

antibody fagments or derfvatives that forme ave recovered from the culture supematant.

{00130} Covalent modifications of antigen binding proteias are included within the seope
of this invention, and are generally, but not abways, done posi-translationally. For example,
several fypes of covalent modificatony of the autigen binding protein are infroduced o the
molecyle by reacting speitic amino acid residass of the antigen binding protein with an
organic derivatizing agent that is capable of reacting with sclected side chains or the N~ or O

termunal restdues,

{00131} Cysiemmyt residues most conumonty are reacted with o-haloacetates (and
correspongding anunes), such as chloroacetic scid or chloroacctamide, 1o give carboxymethyl or
carboxyamidomethy! derivatives. Cysieiny! residues also are derivatized by reaction with
bromaotriffeorsacoione, o-bromo-fi-(S-imidozovhpropionic acid, chloraaceiy! phosphate, N-
atkvlmaleinudes, 3-nitre-2-pyridyl disulfide, methyl 2-pyridyt disulfide, p-
chloromercurtbenzoate, 2-chloromercuri-4d-nitrophenol, or chlero-7-nitrobenzo-2-oxa-1,3-

diazole.

{00132} Histicy! residues are derivatized by reaction with dicthyipyrocarhonate at pH
3.5-7.0 because this agent s relatively specific for the histidy] side chain. Para-bromophenacyl
ronnde also s useful; the reaction iy preferabily performed i 0.1M sedivm cacodyiate as

pH 6.9,

601331 Lysinyd and amino termbnal residues are veacted with succinie or other
carboxylic actd gohydrides. Derivatization with these agents has the eftect of reversing the
charge of the tysinyl residues. Other suitable reagents fin derivatizing alpha~amino-contmning
residues include imidoesters such as methy! picolinimidate; pyridoxal phosphate; pyridosal;
chloroborohydride; irinitrobenzenesulfoniv acid; O-methvlisowrea; 2,4-pentanedions; and

transwininase-catalvzed regction with glvoxylate,
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{60134} Azginyl residues are modified by reaction with one or several conventional
yeagents, among fhem phenylglyasal, 2,3-butanedions, 1.2-cyclohexanedione, and ninhvdrin,
Derivatization of arginine residucs requires that the reaction be paeformed in alkaline
conditions becaase of the high pK, of the guanidine Fanctional group. Furthermore, these

reagents sy react with the groups of hysine as well as the arginine epsiton-amine group.

{60138] The specific modification of tyrosyl residues nay be nrade, with particular

interest in Wtroducing speciral fabels into tyrosvl residues by reaction with aromatic dinzoniun

compounds or tetranitromethane. Most commonly, N-acetvlimidizole and tetranitromethane

are used to form O=acetyl tyrosyl species and 3-nitrn-derivatives, respectively. Tyrosy! residues
\

. g o, . $38y 3l . . ~ . g 8- ) .
ase iodinated using "1 or Y to prepare labeled proteins for use in radioinununoassay, the

chloramine T method described above being soitable.

{0136} Carboxyl side groups {aspavty} o glutmnyl} are selectively modified by reaction
with cavbodiimides (R%-Nas{Us=N--R'), where R and R’ are optionally different alky! groups,

such g T-cyelohexyi-3-{2-morpholinyl-d-cthyf) carbodiimide or -ethyl-3-(4-azonia~4,4~
dimcthylpentyl carbodiinide. Furtheumore, asparivl and ghstamy! residues are conviried to

aspataginy! and glutaminy! residucs by reaction with ammonium fons,

{10137} Dertvatization with bifunctional agents is usetul for crosshinking antigen binding
proteins 1o a. water-insoluble support matvix or surface for use in a varicty of methods.
Commonly used erosslinking agents include, e, 1, 1-bis{diazoacetyi}-Z-phenyiethane,

g

hataraldehvde, N-hydroaysuceinimide esters, for example, esters with 4-azidosaboylic acid,

ot

homobifunctional intdocsters, including disuccinimidyl esters such as 3,3
dithinis(succinimidylpropionaie), and bifunctional malcimides such as bis-N-maleinsido-1,8-
octane, Derivatizing agents such as methyl-3-{(p-azidophenyhidithiojpropiotimidate yield
photgactivatable intormediates that are capable of forming crosslinks in the presence of fight,
Alternatively, reactive water-insoluble matrices such as cyanogen browide-activated
carhohydrates and the vesctive substrates desoribed in ULS. Pat, Nos, 3,969.287; 3,691 ,016;

4 193.128: 4247 642; 4. 220 337; and 4,330,448 are emploved for protein immobilization,
{60138} Glutaminy! and asparaginy! resicues are frequently deanidated to the
corresponding glutamyl and asparty! residues, respectively. Alternatively, these residues are
deamnidated uader mildly acidic conditions. Either form of these residues falls within the scope

of fhus inveuntion.
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{60133 Other modifications include hydronylation of proline and lvsine,

phesphorviation of hyvdroxyl geoups of seryl or threonyl residues, methyviation of the c-amine
groups of lysine, avginine, and bistidine side chains (T, E. Creighton, Proteins: Structure and
Molecalar Properties, W. H. Freenan & Co., San Francisco, 1983, pp. 79-86), acetvlation of

the Neterminal assine, and amidation of any C<terminal carboxy! group.

{O0140] Asother type of covalent modification of the antigen binding protein included
within the scope of tus invention comprises altering the glycosvlation patiemn of the protein.
As 1s known i the art, glycosylation pattemns can depend on both the seguence of {he profein
(e.g, the presence or ahsence of partioular glvcosylation amino avid residucs, discussed befow),
or the host cell or organism in which the protein is produced. Particular expression systoms are

discissed below,

{801414) Glycosylation of polypeptides is typically either N-linked or O-finked, N-linked
refors to the attachment of the carbohydrate motety to the side chain of an asparagine sesidae.
The tri-peptide seguences asparagine-X-serine and aspuragine~X-threonine, where X is any
amine aeid except proling, are the recognition sequences for cnzymatic attachment of the
carbohydrats moiety o the asparagine side chain. Thus, the presence of cither of these tri-
peptide sequenees in a polypeptide creates a potential glycosylation site. O-linked
ulvcosylation refors to the attachiment of one of the sugars N-acniyigalactosamine, golactose, or
xylose, 1o a hydroxyvantino acid, most commonly serine or threonine, although 5~

hydroxyproling or S-hydroxyvlysine may also be used.

00142} Addition of glyeosylation sites to the antigen biuding protein is conveniently
accomplished by altering the amino acid sequence such that it contains one or more of the
above-described ti-peptids sequences (for N-tinked ghyeosylation sites). The alferation may
alzo be pade by the addition of, or substitution by, one or more seting or thrgoninge residues to
the starting sequence (for O-linked plyvcosylation sites). For ease, the antigen binding protein
amino acid sequence is preferably altered dwongh changes at the DNA level, particularty by
mudating the DNA encoding the target polvpeptide af preselected bases such that codons are

genorated that will ranslate into the desired amino avids,

{00143} Another means of increasing the number of carbohydrate raoicties on the antigen
binding profein is by chemical or cheymatic coupling of gycosides to the protein. These
procodures are advarstageous in that they do not requure production of the protein i a host codl

that has glyeosyiation capabilities for N~ and O-inked glyeosylation. Depending on the
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coupling mode used, the sugar(s} may be altached to (a) erginine and histidine, {b) free
carboxyl groups, () free sulthvdryl groups such as thase of cysteine, (d) fres hyvdroxy! groups
such as those of sering, threonine, or hydrasyproline, (o) aromatic residues such as those of
phenyviatamine, tyrosine, or ryptophan, or () the amide group of ghatamine. These methods are
deseribed in WO 87/05330 published Sep. 11, 1987, and in Aplin and Wriston, 1981, CRC

Crit. Kev, Biockem., pp. 239-306,

{60144} Removal of carbohydrate moieties present on the starting antigen binding
protein may be accomplished chemically or enzynuatically, Chemical deglycosylation reqaives
exposure of the protein to the compound riftuoromethancsulfonic acid, or an equivalent
compound. This treatment resalts in the cleavige of most or all sugars except the Hinking stgar
(N-acctylglueosaming or N-aceiylgatactosmming), while keaving the polypeptide intact,
Chemical deglveosylation is desenbed by Hakimuddin e al., 1987, dreh, Biochem. Bioplys.
259:32-and by Bdge ef o, 1981, dnal. Biochers. 118131, Enzymatic cleavage of carbohydrate
moictics on polypeptides can he achieved by the ase of a viwiety of endo- and exo~-glyensidases
as described by Thotakurs er o, 1987, Merh, Ensyenol 138:350. Glycosvlation at potential
glycosylation sites may be prevented by the use of the compound waicamycin as deseribed by
Daskin ef @, 1982, J Biol Chamn, 2573103, Tunicamyein blocks the formation of protein-N-

stycoside hnkages.

{(0145] Another type of covalent modification of the antigen binding protein conprises
livking the antigen binding protein to varfous nonproteinaceous polymers, includiig, but not
limited 1o, various polyols such as polyethylene glyeol, polypropylene glyeol or
polvoxyalkylengs, tn the manner set forth in LS, Pat. Nos. 4.640.835; 4,496 489; 4,301, 144;
467417, 4,791,192 or 4179337, In addition, as is known in the art, aming scid substitutions
may be made in vanious positions within the antigen binding protein 1o facilitate the addition of

polyners such as PEG.

{01461 In some swhodisients, the covalont modification of the antigen binding proteins

of the Invention comprises the addition of one o more Rabels.

{0147} The torm “labeling group™ means any detectable label. Examples of suitable
labeling groups include, but are not hmited to, the following: radioisoiopes or radionuclides
(e THO PO ENCES Y T, P, BN D, fluorescent groups (e.g., FITC, thodamine,
lanthanide phosphors), cnzymatic groups (e.g., horseradish peroxidase, f-galactosidase,

haoiferase, alkatine phosphatase), chemituminescent groups, biotned groups, or predetermined
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polypeptide cpitopes vecognized by a sceondary reporter {e.g.. leusine zipper pair sequences,
binding sites for secondary anitbodies, metal binding domaing, epitope tags). In some
embodiments, the labeling group is coupled to the antigen binding proteii via spacer arms of
varions lengths to reduce potential sterie hindrance, Vadous methods for labeling proteins are

known in the art and may be ased in performing the present invention,

ENERY] In general, labels fall into a vaviety of classes, depending on the assay it which
they are to be detected: a) isolopic Jabels, which may be radioactive or heavy isotopes, b)
magnetic labels {e.g.. magnetic pasticles); ¢) redox active moteties: d) optical dyes; enzymatic
groups {e.g. horseradish peroxidase, frgalactosidase, lueiferase, alkaling phosphatase); ©)
biotinylated groups; and ) predeterinined polypeptide epitopes recognized by a secondary
reporter {e.2., leucine Aipper pakr sequencss, binding sifes for secondary antiboddies, metal
binding domains, epitope tags, ete.). in some cmbodiments, the labeling growp is coupled to
the antigen binding protein wia spaver arms of various lengths to reduce potemial sterie
hindrance. Vartous methods for labeling protwins ave known in the arf and may be used in

perforgting the present wvengon,

{0149} Specific labels include optical dyes, inchuding, but not imited to, chiromophores,
phosphars and fluorophores, with the latter being specific in many instances. Fluorophores can

be cither “small molesuls™ fluores, or proteimaceous fhuores,

{00150] By “Hluorescent lahel™ is meant any molecule that may be detected v its
inherent Thiorescent propesties. Suitable fuorescent labels aclude, but are not lvnited (o,
flucrescein, rhodamine, tetramethyirhodaming, cosiy, erythrosin, coumarin, methyhcoumaring,
pyrene, Malcite groen, stitbene, Lucifer Yelow, Cascade Blued, Texas Red, FAEDANS,
EDANS, BODIPY FL, LU Red 640, Cy 5, Ty 3.5, LC Red 703, Qregon green, the Alexa-Fluor
dyes (Alexa Fluor 350, Alexa Fluor 430, Alexs Fluor 488, Alexa Fluor 546, Alexa Fluor 568,
Alexa Fluor 394, Alexa Fluor 633, Alexa Fluor 6560, Alexa Fluor 680), Cascade Blue, Cascads
Yellow and R-phycocrytinin (PE) (Moleaudar Probes, Bugene, OR), FITC, Rbodaniine, and
Texas Red (Pierce, Rockford, IL), TS, O3S, Cy7 {Amersham Life Science, Piasburgh, PA).
Suitable optical dyes, including fluorophores, are described in Molecular Probes Handbook by

Richard P, Hauglaad, horchy expressty incorporated by reference.

Q0151 Saitable proteinaceous fhuorescent labels also inclade, but are sof hinuied to,
green flyorescent wotem, including a Renilla, Phlosarcus, or Acquorey species of GFP (Chalfie

21 ol 1994, Sedence 263 8(12-803), BGFP (Clontech Laboratories, Inc., Genbank Accession
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Numrber USE762), blue fluorescent protein (BFP, Quantam Bictechnologies, Inc. 1801 de
Maisomneuve Blvd, West, Sth Floor, Montrea], Quaber, Canada H3H 139, Smuber, 1998,
Bicrechnigues 24:462-471; Hetm er al, 1996, Curr, Biof. £:178-182), enhanced vellow
fluovescent protein (EYFP, Clontech. Laborateries, Ing), luciferase (lchiki et ol | 1993, J.
Dumunol. 1533:3408-5417), B ealactosidase (Nolan e ¢f, 1988, Proe. Newl, Acaed. St BN AL
B5:2603-2607) and Renilla (WOR2/15673, WOOS{17463, WOOR 14603, WQRS28277,
WOUY/40018, U.S, Patont Nos. 5202658, S41RISS, 368388, 3741668, 5777079, SRO4387,
SR74304, SRTE993, S92553R). AH ofthe above-cited references are exprossly incorporated

herein by reference,

{00133} The exemplary antigen binding proteins deseribed herein have properties based
on the distinet epitope on OSMR bound by the antigen binding protein, The term “epitope”
means the amino ackds of a target molecule thar are contacted by an antigen binding protein,
e.2. an antibody, when the autigen binding pratein is bound to the target molecule. An epitope
can be contiguous or now-contiguous {e.g., (1) 1n a single-chain polypeptide, aniino acid
residues that ave not contiguous 1o one another in the polypeptide sequence bus that withis the
conttext of the tirget molecule are bound by the antigen hinding protei, or (1) in a multimerie
recgplor compristug two ot more individual components, e.g., OSMR and gp 130 or OSMR and
H.-31 receptor A, mmino acid restduss are present on one of move of the individual components
but are still bound by the amigen binding protein. Epitope determinants can include chemically
active surface groupings of molecules such as amino acids, sugar side chains, phosphoryl or
sulfonyl groups, and can have specific three dimensional stractaral characterisies, andior
specific charge characteristics. Generally, antigen binding profeins specific for a particular
target molecule will preferentially recognize an epitope on the target molecale in a complex

mixture of proteins andfor macromolecules.

{0153} Methods of characierizing the epitope bound by an stigen binding protein are
well known in the arf, including, but sot Himited to, binning {cross-conpetition) (Miller er af
“Epitope binning of murine monoclonal antibodies by a soultiplexed paiving assay™ ./ bumunal
Methods (2011) 363, 118-23), peptide mapping (e.g.. PEPSPOT™) (Albert er ol “The B-celt
Epitope of the Monoclonal Anti-Factor VIH Antibody ESHS Characterized by Peptitde Awray
Analysis™ 2008 Thromb. Haemost. 99, 634-7), nuttagencsis methods such as chiroeras (Song o
«l “Epitope Mapping of Thalizumab, & Hemanized Anti-CD4 Monoclonal Astibody with Anti-
HIV-1 Activity in Infected Patients ™ J Fired. 2010) 84, 6935-6942) , alanine scanning

{Cunningham and Wells “High-vesolution epitope napping of HGH-receptor interactions by
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alanine-scntng vudagenesis™ Sefenece (1989) 244, 10B1--1085) | arginine scanning {Lim ¢f af
“A diversity of antibody epitopes tan induce signaling through the exvthropoietin recepton™
Biochenistey (2010} 49, 3797-3804), HD exchange nicthods (Coates ef af “Epitope mapping
by amide hydrogen/dewteriant exchange coupled with immobilization of antibody, on-tine
proteolysis, Hqund chromatography and mss spectrometry”™ Rapid Connman. Mass Spectron,
(2006093 23 639 6473 NMR cross saturation methods {Morgan of of “Procise epitops mapping
of malaria parasite ishibitory antibodies by TROSY NMR cross-sannation” Bicchemistiy
{2005 44, 518-33), and crystaflography (Gerbardt e o “Structure of IL-17A in complex with a
potent, fully buman ventralizing antibody” J Mol Biel {3009) 394, 905-21). The methods
vary it the level of detail thiey provide as to the amino acids comprising the cpitope. Example 4

provides an exemplary method of epitope binning.

{0134} Astigen binding profeins of the preseat invention mchude those that have an
overlapping epitope with an excoplary autigen binding protein described hevein. e, AbL,
Ab2, or Ab3. In cerfain embodiments, the antigen binding protein has an identical epitope as to
the exgmplary antigen binding proteins. Iy other embodiments, the antigen binding protein

binds only a subsct of the samie amine acids as the cxemplary antigen binding protein.

{B0155] in certatn embodiments, the OSMR antigen binding protein has an identical or
averkapping cpitope as Abl, AB2, or Ab3, and comymises a) a light chain vaviable demain
having at Isast 0% identity, af least 5% identity, or is identical fo the amine acid sequence set
forth in SEQ 1D NOQ7 SEQ 1D NO2R, or SEQ 1D NO:29: b) o heavy chaln vaviable domain
having at feast 90%: identity, at least 35% ideatity, or is identical to the amine acid sequence sat
forth in SEQ 1D NG9, SEQ 1D NQ:10, or SEQ 1D NQ:1; or o) the light chain variable domain

of a) anst the heavy chain variable donain of bi.

{0138} I corisin embodinmenis, the OSMR antigen binding protein has an identicad or
averlapping epitope as AbT, AhZ, or AB3, and comprises a light chain variable domain having
at least H0%, at feast 93%, or is tdentical to the amino acid sequence sot forth in SEQ 1D NO:27
and a heavy chain variable domaln having at least 50%, at least 95%, or 1s identicat o the
amine acid sequence set forth i SEQ D NO:9; those comprising a light cham vanable domain
having at feast 90%, at Toast 95%, or 15 identicnd to the amino acid sequence set forth n SEQ 1D
NO:2& and a heavy chain variable domain baving at least 80%, at least 95%, or is identical to
the mmind acid sequence set forth in SEQ ID NO: 18 and those comprising a Hght chain

vargable donraii having a least 80%, at least 93%, or 1s identical o the amino acid sequence st
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forth in SEQ 1D NO:29 and a beavy chain variable donwin having at least 90%, at feast 93%, or

iy identical to the mnine acid sequence set fonth in SEQ ID NG

{00157} 1n certain embodiments, the OSMR antigen binding protein has an identical or
averlapping epHope as AbL, Ab2, or Ab3, and comprises a} a Hght chain variable domain
having o wmore than ©n o 1o more than five smino acid additions, deletions or substitutions
from the amine acid sequence set forth in SEQ IDNO:27, SEQ ID WO, or SEQ 1D NO:29;
b a heavy chain variable domain baving no more than fen or wo more than Ave anine acid
additions, deletions or substitations from the amino acid sequence set forth in SEZ D NO:9,
SEQ 1D NOIG, or SEQ Y NO:11; ;v ¢) the lght chain variable domain of 2} and the heavy

chain vanabke domaih of b).

{0158 I cortarn cmbodiments, the OSMR antigen bindig protein has an identical or
sverlapping epitops as Abl, Ab2, or A3, and comprises 2 light chain variable domain having
1o more than ter or no more than five smino acid additions, deletions or substitutions from the
amino acid sequence set forth in SEQ 1D NO:27 and 3 heavy chain variable donsain having no
e that ton or no more than five amino aoid additions, deletions or substitutions from the
amine scid sequence set forth in SEQ [D NG:9; those comprising a tight chain variable domain
having no more than tes or no more than five amino acid additions, deletions or substitutions
from ihe amine acid sequence sct forth in SEQ 1D NO:28 and a heavy chain variable domain
having no more than ton or ao more than five wmino acid additons, deletions or substitutions
from the amino acid ssquenes set forth in SEQ 1D NO: 1), and those comprising a light chain
variable domain having no more than ter or oo more than five amine acid additions, deletions
or substitations from the apino acid sequence set forth in SEQ 1D NO:29 and 2 heavy chain
variable domain having o more than ton or no niore than five amino acid additions, defetions

or substitutions frow the amino acid sequence set forth in SEQ ID NGO L

An exetplary heavy chain variable domatn vaviant of SEQ ID NO:b contains an mimino acid
other than asparagioe (for example, aspartic acid) at the position corresponding to position 73
in SEQ ID NGO, The amino acid sequence ses forth in SEQ ID NO:S3 is an example ofa
heavy chain variable domain variant of SEQ ID NG9

Axn exeraplary beavy chain variable domain variant of SEQ ID'NO: ) containg an aming acid
other than asparagine (for example, aspartic agid} st the position corresponding te position 73
in SEQ ID NO: 10, The antino ackd sequence sot forth in SE(Y ID NO:54 is an exanple of a

heavy chain variable domain variant of SEQ ID NO: 10
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{00159} o certain embodhments, the OSMR antigen binding profein has an identical or
overlapplng spitope as Abl, Ab2, or Ab3, and comprises a lght chain variable domain
comprising a) an LCDR T having ne more than thiee amine acid sdditions, deletions, or
aubstitutions from the LODRY sequence set forth fin SEQ 1D NG:30; an LCDR2 having no
more than three amino acid additions, deletions, or substitutions from the LECDR2 sequence set
forth in SEQ 1D N(Q:33; and an LCDR3 baving ne more than three smino acid additions,
deletions, or substinstions from the LCDR3 sequénce set forth in SEQ IR NO:36; b) an LCDRI
having no move than three amino acid additions, deletions, or substitutions from the LCDR
sequence set forth in SEQ 1D NO31; an LEDR2 having no more thas ihres amine acid
addirions, deletions, or substitutions from the LUDRY sequence set forth in SEQ 1D NO:34; and
an LCDRS having no more {han three amino acid additions, deletions, or substifutions from the
LCDRS sequence set forth in SEQ ID NO:37; or ¢) an LCDR1T having 8o more than thvee
amino acid additions, deletions, or substifutions fromy the LCDRI sequence set forth in SEQ 1D
NO32; an LCDRY having noe niore than three aminoe acid additions, delctions, or substitutions
from the LCDR2 sequence set forth s SEQ ID NO:35; and an LCDR3 baving no more than
three amino acid additions, deletions, or substitetions from the LCDR3 sequence set forth in
SEQ ID NO:38; and a heavy chain variable domain comprising &) an HCDR1 baving no more
than three anuine acid additions, deletions, or substitutions from the HCDRY sequence set forth
in SEQ ID N(:127 an HCDRY having no more than theve amvino acid additions, deletions, or
substitutions from the HCDR2 sequence set forth in SEQ 1D NO:1S: and an HODR3 baving no
more than fuee amino actd additions, deletions. or substitutions from the HCDR3 seguence set
Fovth i SEQ 1D NOU18; ¢ an HCDR1 baving no more than (wee amine acid additions,
deletions, or substititions 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
sequencs set forth in SEQ ID NO:16; and an HUDR3S having ne more than three amine acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SRQ ID NO:1¥; or
£) an HCDR 1 having no more than three amine acid additions, deletions, or substituions from
the HCDRY sequence sct forth in SEQ 1D NO:14; an BCDR2 bavisg no maore than thres amino

~ acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ 1D
NO:17; and an HCDR3 having no more than three amino acid additions, deletions, or

substitutions from the HUDR3 sequence set forth in SEQ 1D NO:20

{00160} Preferred OSMR antigen binding profeins deseribed immediately above include

those comprising the light chain variable donin of 1) and the heavy chaby variable domain of
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d}: those comprising the light chain vanable domain of b) and the beavy chan vartable domain
of e); and those comprising the fight chain variable domain of ¢} and the hoavy chain variable

donain of £,

QOSMR antigen binding profeins 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
somprises an ambyy seid other than asparagine {for exavple, aspartic acid) at the position
corresponding o position 73 tn SEQ ID NO®. i such embodirsents, the heavy chain variable

domaim optionally comprises the amino aid sequence sot forth in SEQ 1D NO:A3,

OSMR antigen binding proteins comprising the light chain variable domain of b} and the heavy
chan variable domain of €) can optiogatly conwin a heavy chabn variable domain that
comprises an amino acid other than asparagine (for example, aspartic acid} at the postiion
vorresponding to posifion 73 in SEQ ID NOUQ, 1 such embodiments, the heavy chan

vartable domas optionally compnises the wndio acid sequence set forth m SEQ 1D NOW34,

jo016t} Antigen binding protems that have an identical epitope or overlapping epitope
will often cross-compete for binding to the antigen. Thus, in certain cmbodinients, an antigen
hinding profem of the invention cross-competes with Abl, Ab2, or Ab3. To “crogs-compete™
or “cross-competition” means the antigen binding proteins compote for the same epitope or
binding site on a target. Such competition can be determined by an assay in which the
reference antigen hinding proten (e.g., antibody or antigen-hinding portion thereof) provenis or
inhibits specific binding of a test antigen binding protein, and vice versa, Numerous types of
competitive binding assays can be used Yo deternung if @ fest molecule competes with a
reference motecule for binding, Examples of assays that can be employed include solid phase
direet or tdireet radioimmanocassay (RIA), solid phase divect or indivect enzyime finmunoassay
(EIA), sandwich competition assay (see, 0.8, Stahill ot al, (1983} Methods in Engvmelogy
9:242-253), solid phase direct biotin-avidin EIA (see, c.g., Kivkland et al., (1986}.1. bumunal.
37:3614-9), solid pbase divect labeled assay, solid phase direct labeled sandwich assay,
Lumvinex (Jia ef of. “A novel method of Multiplexed Competitive Antibody Binning for the
characterization of mouacional antibodies™ . Immumological Methods (2004) 288, 91-98) and
swrface plasmon resenance (Song ef af. “Epitope Mapping of Thaltzumab, 3 Humanized Anth-
D4 Monoclonal Anttbody with Anti-HIV-1 Activily in Infocted Patients™ J. Firol, {201 84,
6933-42). An exemplary method of deternyiniog eross-competition is described in Example 5,
Usnally, when a competing antigen binding proteln is prosent in excess, it will infubit binding

of a reference antigen binding protein to a conmon antigen by at loast 5006, 55%, 6%, 63%,
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0%, or 73%. In some fstances, binding is hibited by at feast 80%., 88%, 00%, 95%, 96%,

7%, 98%%, 99%, or more.

Polymicieetides Encoding OSMR Asntisen Bindine Proteins

{00162} Encompassed within the mvention are sucleis acids or isolated nucleic acrls
enciding OSMR autigen binding proteins, including antibodies, ag defined horein, Preforred

nucleic acids Inchude those that encode the exemplary Hght and heavy chains described herein,

[oQ1a3] An exenplary mucleic acid encoding AbT LC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:2L

{(0164] An exemplary nacleic acid encoding AR2 LC s a nucleic acid comprising the
sequence set forth in SEQ 1D NO:22.
00165} An exemplary nucleie acid encoding AbY LUs & nucleic aeid conpristng the

sequence sat forth in SEQ ID NO23,

{30166} An exemplary nuclete acid enceding Abl HC is a nuckeic acid conywising the
sequence set forth in SEQ IDNO:3.

{00167} An exemplary nucleic acid enceding Ab2 HC is 2 nucleie acid comprising the
seqpences set forth in SEQ 1D NQr4,

{00168} An exemplary nucleic acid encoding Ab3 HC 1s a nucleic acid comprising the
sequence set forth in SEQ 1D NO:S.

An exemplary nucleic acid encoding a vaviaut Abl HC is a nucleie acid comprising the

sequence set forth in SEQ 1D NOw47.

An cxemplary nucleic acid encoding a variant Ab2 HC is a nucleic acid comprising the

sequence set forth dn SEQ ID NO4S,

An cxernplary pucleis acid encoding a viriant AB3 HU is 2 nuekeic acid somprising the
sequence sot forth in SEQ IDNQHS.

[O0169} Aspects of the mvention inclade polymucleotide variants {e.g., due to

degeneracy) that encode e anino acid sequuness deseribed heren.

{0170} Aspects of the invention inchude a vaviety of embodiments including, but not

fimited to, the following exemplary embodiments.

- 47 -



WO 2014/194274 PCT/US2014/040360

{60171 A ysolated nucleic acid comprising 4 polynuciestide, wherein said
polvaaciestide sncodes one or more polypeptides comprising an amine acid sequence selected

from the group consisting of:

{00172} A t. alight chain varkable domain sequence that is at least 90% ideatical to

a Hght chain variable domain sequence sef forth in SEQ 1D NOS27-29;

{00173} 2. a heavy chain variable domain sequence that is at Jeast 96% identical

1o a heavy chain variable domain sequence set forth in SEQ ID NOS:9-11;

{60174} 3. a kight chain variable domain of (1) and & heavy chati variable

domain of (2); and

{60175} B. a light chain vartable domain comprising a COR1L, CDR2, CDR3 andiora
heavy chain variable dowain comprising a CDRE, CDRE, CDR3 that ase the same or differ by
no more thag a total of three amine acid additions, substitutions, and/or deletiony in cach CDR

from the following sequences:

{30176} t. abghi chain CDRSEQ ID NG:30), CDR2 (SEQ 1D NO:33), CDR3
{SEQ ID NO36) or a heavy chain CDRI (SEQ 1 NO:12), COR2 (S8EQ I NO:S), COR3
{SEG ID NGO B} of Abl:

e 2. a light chain CDRI (SEQ 1D NOG), CDR2 (SEQ 1D NO3), UDR3
{SEQ ID NGQ:37) or a heavy chain CDRY (SEQ ID NG 13), COR2 (SEQ IDNQ: 6}, CDR3
(SEQ I NGIY) of AbZ; and

{60178} 3. a light chajn CDR1 (SEQ ID NG:32). CDR2 (SEQ 1D NO3S), CDR3
{SEQ 1D NO:38) or a heavy chain COR{ (SEQ 1D NO:14), COR2 (SEQ IBNO:T), CDR3
{SEQ ID NO20) of Ab3.

In some cimbodiments, the nucleic acid cacodes a polypeptide that comprises the muine aeid
scquence set forth in SEQ ID NO:S3 or SEQ ID NQ:54,

tn sonme embodiments, the nucleie acid encodes a polypeptide that comprizes the asnno acid
sequence set forth in SEQ 1D NQ:30, SEQ 1D NO:S1, or SEQ ID NO:S2.

[00179} 1n preferred embodiments, the polypeptide encoded by the nucleie acid or

isolated nuclcic aqid & g component of an antigey binding protoin that binds QSMR.

HEURSH Nucleotide sequences corresponding fo the aming acid sequences described

herein, to be used as probes or primers for the solation of sucleic acids or ug query seguences
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for database scarches, van be obtained by “back-translation” from the amine avid sequences, or
by identification of regions of amine acid identity with polypeptides for which the coding DNA
sequence has been identified. The well-kndwn polymerase chati reaction {PCR) procedure can
be emploved to isolate and amplify a DNA sequence encoding an OSMR antigen binding
profeins of 3 desived consbination of OSMR antigen binding profein polvpeptide fragments.
Uligonucleotides that define the desired termind of the combingtion of DNA fragments are
employed as ¥ and 3 primeys. The oligonucicotides can additionally contain recognidon sites
for restriction endomuclenses, to facilitate insertion of the amplified combination of DNA
fragmenis nto an axprossion vecior. POR iechuiques are deseribed in Saiky et al, Science
239:487 (1988); Recombinant INA Methodolpgy, Wu et al., eds., Academic Press, Ine, San
Dhego (1989), pp. 189-196; and PCR Prorocols: A (rade 1o Methods and Applicetons, Innis

el ., eds,, Academic Press, D, (1990},

{01817 Nucleic acid melecules of the invention include DNA and RNA in both single-
stranded and double-stranded form, as well as the corresponding complementary sequences.
DMA includes, for example, cDNA, genomtic DNA, chemically synthesized DNA, DNA
amplificd by PCR, and coanbinations thevcof. The nucleic acid molecules of the invention
inchude fall-length pones or cDNA melecules as well as a combination of fragmients thereof,
The nucleic acids of the invention are preferentially dertved from haman sources, but ihe

invention includes those derived from non-human species, as well.

{00182} in some embodinients, aucleic acids of the vention are isolated nucleie acids.
An “solated macleic acid” is a nucleie acid that has been separated from adiacent genetic
sequences present in the genome of the organism from whick the pucleic acid was ivolated, n
the case of nucleic acids isolated from naturallyv-ocourring spuress. In the oase of suclsie seids
synthesized enzymatically from a tomplate or chemically, such as PCR products, ¢DNA
molecules, o oligonucleotides for example, it is understood that the nuckeic acids resudting
from such processes are iselated nucieic acids. Anisolated nucleit acid molecule refers to a
nucleic acid moleeule in the form of a separate fragment or as a component of a larger nucleic
acid construct, In one preferred emabodiment, the nucleic agids are sabstantially free from
contaminating endogenous material. The necleie acid molecale has preferably been durived
front DNA oy RNA isolated at least once in substantatly pure form and in 2 quantity or
cancentration euabling identification, manipulstion, and recovery of its component nucleotide
sequences by standard bischemicad methods (such as those authined in Sambrook ¢t al.,

Molecwdar Cloning: 4 Laboratory Manual, 2nd ¢d., Cold Spring Harbor Laboratory, Colid
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Spring Harbor, NY (19890, Such scquences are preferably provided andfor constructed in the
Sorm of ax open readiag frame uninterrupted by nternal non-transkated sequences, of introns,
that arc typically present in eukarvotic gones. Sequences of non-translated DNA can be present
3 or 3' from an open reading frame, where the same do not interfore with maniputation or

axpression of the coding region,

{00183} The presait invention also includes nucleie acids o isolated puclaie seids that
hybridize under moderately stringent conditions, and more preferably highly stringent
conditions, to nucleie acids encoding OSMR antigen binding proteins as described hercin, The
basic parameters affecting the choice of hiybridization conditions and guidance for devising
suitable condifions are set forth by Sambrook,, Fritsch, and Maniatis (1989, Molecutar Cloning:
A Laboratory Mamual, Cold Sprang Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
chapters 2 and H; and Carrent Protocols in Molecular Biology, 1993, Ausabed et al., eds., John
Wiley & Sons, Inc., sections 210 and £.3-6.4), and can be readily dotcrmined by those having
ardsnry skill in the ant based on, for example, the length andfor base composition of the DNA.
One way of achieving moderately stvingent conditions involves the use of a prewashing
solution coattaining 5 x 88C, 0.5% SDS, 1.0 mM EDTA (pH 8.0y, hvbridization buffor of about
50% formamide, 6 x 58C, and a hybridization temperature of about §5 degrees C (or other
simitar hybridization solutions, such as one contaning abogt $0% tormamide, with a
hybaidization temperature of about 42 degrees €, and washing conditions of about 60 degres
C,m 0.5 x $8C, 0.1% SDS. Genorally, highty stringent conditons are defined as hvbridization
conditions as above, but with washing at approximately 68 degrees €, 0.2 x S8C, 0.1% 8SDS.
SSPE (IxSSPE s {}f 13M Na€, 10 mM NaH sub2 POsub 4, and 125 mM EDTA, pH 7.4) can
be sabstituted for SST (1xS8C is 0.15M Nal('} and {5 ;M sodium citrate) in the hybridization
and wash buffors; washes are performed for 135 numutes aftor hybridization is complete, H
should be understood that the wash teinperature and wiash salt concentration can be adjusted as
necessary 1o achiove a desired degree of stringency by applying the basic principles that govemn
hybridization reactions and duplex stability, as known fo those skilled i the art and described
further below (see, v.g., Sambrook ot al., 19891 When hybridizing & nucleic geid to a target
nucleic geid of anknown sequence, the hybrid length is assumed to be that of the hybridizing
nucleic acid. When nucleic acids of knows sequency are hybridized, the hybrid leagth 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 51 base pairs in Jength should be 3 10 10.degroes € less than the melting
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temperatare (Ton) of the hyvbrid, whore Tt is determined according to the following equations.
For hybrids tess than 1§ base pairs in fength, T (degress C) = H# of A + T bases)+ 4{# of #G
+ C bases). For hybrids abave 18 base pairs in length, Tm (degrees Oy = 81.5 + 18.&logwe
Na"P+ 041(% G + C) - (60/N), where N is the aumber of hases in the hybrid, and [Na') is
the conceniration of sodium ions i the hybridization buffer (N3] for 1x85C = {1L165M).
Preferably, cach such hybridizing muclsic acid has a fength that i3 3¢ least 13 nucleotides (or
more preferably at least 18 mucleofides, or at Ieast 20 nuclestides, or af least 25 nucleotides, or
at {east 30 nucleatides, or at least 40 nucleotides, or most preferably at feast SO nncleotides), or
at least 25% fmore preforably at least SO%, or af least 6099, or af least 7096, and most
preferably at feast RO%) of the length of the nuclcic acid of the present bwvention to which it
hybridizes, and has at least 60% sequence idestity (move preferably at least 70%, af loast 73%,
at keast 80%, at feast 1%, at teast B2%, at least 83%, at least 84%, at loast 85%, at least 36%,
at feasi 87, at least 88%, at least B9%, at feast 90%, at Teast 9194, at least 929, at least 93%,
at east 94%, at Ieast 95%, at least 96%, at Jeast 97%, at least 8%, or gt least ¥9%, and most
preferably at feast 99.5%) with the nucleie acid of the present invention fo which it hvbridizes,
whern sgquence identity is determined by comparing the sequences of the hybridizing nucleic
acids when aligned so as to maximize overlap and identity while nunimizing sequence gaps as

deseribed in more detait gbove.

{00184} The variants sccording 10 the ipvention are oxdinarily prepared by site specific
mutagenesis of nucteotides in the DNA encoding the antigen binding protein, usmg cassetic or
PCR nntagenesis or other webniques well known in the arg, to prodace DNA encoding the
variant, and thereafler expressing the reconsbinant DNA in cell cultare as outlined herein.
However, antigen binding protein fragments comprising vaviant CDRs having wp to ghout 100-
£50 residucs muay be prepared by in viiro synthesis using established techniques. The variants
typiaadly exhibit the same qualitative biological activity as the naturally oecuring apalogue,
e.g., binding to OSMK, although vanants can also be selected wineh have modificd

characieristivs ss will be more fully outlined below.

HEDESRY As will be appreciated by those in the art, due to the degeneracy of the genetic
cirde, an extremiedy large msmber of nuclele acids may be made, all of which encode the CDRs
(and heavy and fight chains or other componenis of the antigen biading protein) of the present
invention. Thus, having identified a pardenlar amino acid sequence, those skilled i the art
could make any nember of different nocleie acids, by simply modifving the sequence of one or

more codons in a way which does net change the amino actd sequence of the encoded protein.

-
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HEH EIY The present invention also proeides exprossion systems and constructs i the
form of plasmids, expression vectons, transcription or expression cassettes which comprise at
least one polynucteotide as above. 1n addition, the invention provides host colls conyising

such exXpression SYStems OF Coustracts.

{60187} Typically, expression vectors used in any of the host cells will confain sequences
for plasmid mainenance and for cloning und sxpression of ¢xogenous nucleotide segquences.
Such sequences, collectively referred to as “Harking sequences” in certain embodiments will
typically inclade one or more of the following nuclentide sequences: a promuoter, ofie or more
cnhancer sequences, an origin of réplication, & transcriptional ferminations sequence, a complete
ntron sequende containing a donor and aceeptor splice site, a sequenve encoding a leader
sequence for polypeptide seorction, a nbosome binding site, a polvadenylation sequenve, a
pelylinker region for waserting the nucleie acid encoding the polypeptide to be expressed, snd @

selectable marker elenient. Each of these sequences Is discussed below.

{00188} Optionally, the vector may contain a "tag”~encoding sequence, e, an
oligomuoieotide modeculs Tocatad af the 3' or 3 end of the OSMR antigen binding proicin
coding sequence; the oligonucleatide sequence encodes polyHis (such as hexalis), or another
"tag” such as FLAG, HA themaghitinin infhuenza vins), or mye, for which commerciadly
available auitbodies exist. This tag is tvpically fused in the polypeptide upon expression of the
polypeptide, and can serve as a means for affinity purification or detection of the QSMR
antigen binding protein from the host cell. Affinity purification van be accomplished, for
exanyrle, by column ohvomatography using antibodies against the tag as an affinity matax.
Optionally, the tag can subsequently be removed from the purified OSMR antigen binding

protein by various means such as using cortain peptidases for cleavage.

{0189} Flanking sequences may be homologous (ie., from the same specics andior
strain as the host cell), heterelogous {ie., from a species other than the host cel species or
strain), bybrid (42, 2 combination of flanking sequences from more than one sowvee), synthetic
or native. As such, the source of 3 flanking sequence may be any prokaryotic or evkaryotic
organism, any verichrate of mvericbrate orgauism, or any plant, provided that the Hanking
sequence is functional in, and can be activated by, the host cell machinery.

U Flanking sequcnces aselid in the veotors of this invention may be obtained by
any of several methods well known i the et Typically, flanking sequences nseful herein witl

‘have been previvusly identified by mapping andior by resirietion endonuckease digestion and

s
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can thas be isolated from the proper tissue source using the appropriate restriction
endonucieases. T some cases, fhe full mudeotide sequence of a flanking sequence may be
knows. Here, the flanking sequence may be synthesized using the methods described herein

for nucleie acid synthesis or cloning.

{6191y Whether all or only a portion of the flanking sequence is known, 1t may be
abtained using polymerase chain reaction (PCR) andfor by sereening a genomic bibrary with g
suitable probe such as an oligonucleotide anddor flanking sequence fragment from the same or
anothey species. Where the Hanking sequence is not known, a fragment of DNA containing a
flanking sequonce may be isolated from a larger piece of DNA that may contain, for example, a
coding sequence or gven another gene or genes. Isolation may be accomplished by restriction
wndommlease digestion o praduce the proper DNA fragmment followed by isolation using
agarose gel purification, CGiagen™ colunm chromatography (Chatsworth, CA}, ov other methods
knewn 10 the skilled artisan. The selection of suitable enzymes (o aceorplish this purpose will

be readily apparcut w one of ardinary skill tn the ant.

{60192} An origin of veplication is iypically & part of those proharyotic exprassion
vectors purchased commercially, and the origin aids i the amplification of the vector in a bost
cell, i the veotor of choice does not contain an origin of replication site, one may be
chemivaily synifiesized based on a known sequonce, and ligased into the vector., For example,
the origin of rephication from the plasmid pBR322 (New England Biolabs, Beverly, MA) is
suttable for most gran-negative bacteria, mnd various viral origing (e.g., SV40, polvona,
adenoviras, vesiadar stomatitus virus (VSV), or papillomavivuses sach as HPV or BPV) are
usefid for cloning vectors I mammatian cells, Generally, the origin of replication component
is not needed for nianumatian cxpression vectors {for example, the SV40 origin ix often used

only hecause 1t also contains the viras ewrly promwoter),

{00193} A transcription termination sequence is typically locsted 3 o the end of a
palypeptide coding region and serves fo terminate transcription. Usually, a transcription
ternmination sequence n prokagyotic cells ¥s a G-C rich fragment followad by a poly-T
soquancs, While the sequencs is castly cloned from a bibrary or oven purchased commercially
as part of a vector, it can also he readily synthesized using methods for nucleic acid synthesis

such as those described herein.

{00194} A seleotable marker gene encodes a protein necossary for the survival md

wrowth of a host cell grown n 8 selective cobture medivm, Typieal selection marker genes

3
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encode proteins that () confer resistance o antibiotics or other toxins, e.g.. ampiciiin,
tetracyeline, or kananyein for prokarvorie host cells; () complement auxoirophic deficiencies
of the cell: or {o) supply eritical nuiesents not available from complex or defined media.

SUNE,

Specific sefeciable markers are the kanamyein resistance gene, the ampiciflin rosistance gene,
and the tetracyeline resistance gone. Advantageously, 3 neomvein resistance gene may also be

used for selection in both prokarystic and eukasyotic host celis.

00195} Other seleciable genes may be used {o mnphify the gene that will be expressed.
Aaplification 1s the process wherein genes that are required for production of @ protein critical
for growth or cell survival are reitgrated i tandom within the chromosomes of sucessive
generations of recombinant ¢ells. Bxamples of suitable selectable mavkers for mammahan cells
wnclade dibydrofulate reductase {DHFR) and prometoress thyridine kinase genes. Mammalian
cell transformants ave placed wader selection presswws wherein only the transformants are
uniquely adapted to survive by virtue of the selectable gene present i the vector. Sclection
pressure 1 Imposed by culturing the transformed cells under condidons in which the
concentration of selection agent in the medium s successively moreased, thereby leading to the
amplification of both the sclectable gone and the DNA that eacodes another gene, such asan
antigen binging protein antibedy that binds o OSMR polypeptide. As 2 result, inereased
quantities of a polypeptide such as an OSMR antigen binding profein are synthesized from the
amphificd BNAL

{00196} A ribosonie-binding site is usually necessary for wanslation initiation of mRNA
and is characterized by a Shine-Dalgarmo sequence {prokaryoies) or & Kozak sequence
{eubaryotes). The element is typically focated 3 to the promoter and ' to the coding sequence
of the pulypeptide to be expressed. I certain embodiments, oue or maore coding regions ny
be operably linked to an intermal ribosome binding site (IRES), allowing translation of two

open reading framwes frovn a single RNA vansenpt.

801971 In some rases, such as whove glveosylation is desired i a cokarvotic host eell
expression system, one may manipulate the various pre- or prosequences {o improve
ghveosylation or vicld, For example, one may alter the peptidase cleavage site of a particndar
signal peptide, or add proscquences, which also may affcct glyvcosylation, The final protoin
product may have, in the -1 position (relative {o the firsi o acid of the mature protein) one
or more additional amine acids hcident {o expression, which may not have been totally
removed. For example, the final protein product may have one or two amine acid residues

fownd in the peptidase cleavage site, attached to the amino-terpunes. Alernatively, use of
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some eneyime cleavage sites may result tn a slightly runcated form of the destred polypeptide,

if the enzyme cuts a1 such ares within the matwre polypeptide.

{00198} Expression and cloning vectors of the invention will typically contain a
proowater that is recognized by the host organisa and operably Huked fo the molecule encoding
the OSMR antigen binding protein. Promoters ave untranseribed sequences located upstream
(da., 5 to the start codon of & structeral gene (gencrally within about 100 to 1000 bip) that
control transcription of the strectural gene. Promoeters are conventionally grouped info one of
two claases: mducible promoters and constitutive promoters. Taducible prometers inttiate
increased Jevels of transcription. from DNA under their control in response to some change in
culture conditions, such as the presence or absenee of 8 papient or a change in tenyeratare.
Constitefive promoters, on e other haad, wiformiy franseribe gene o which they are operably
tinked. that is, with Higle or no comtrol over gens expression. A Jarge manber of promoters,
recognized by a variety of potential host cells, are well known, A suitable promoter is operably
linked o the DNA encoding heavy chain or Hght ohain comprising an OSMR antigen binding
protein of the nvention by removivg the promoter from e source DNA by resisdclion enzyime

digestion and mserting the desived promoter sequence o the veator,

{60199} Suitable promoters for use with yeast hosts are also well known i the art. Yeast
cohancers are advantageousty used with yeast promoters, Suitable promoters for use wilh
manunatian host cells ave well known and include, but sre not linited fo, those obtained from
the genomes of viruses such as polyvonwa virus, fowlpox virus, adenovirus (such as Adenovirus
2}, bovine papiiloma vivus, avian sarcoma visus, cytomegalovirus, refvoviruses, hepatitis-B
virus and most preferably Stmian Virus 40 (SV40). Other suitable mammalian promoters
include heterologous mammalian proanoiers, for exaiple, heat-shock promoters aud the actin

promofer.

{00200} Additional prowoters which may be of interest include, but are not mited fo:
SV40 early promoter (Benoist ef al., 1981, Narure 200:304-3 10 CMV promoter {Thornsen ez
il Y98, Proc, Nad. dead. T7.8.4, B1:639-663}; the promoder contained inthe 3 long terminal
repeat of Rous sarcoma virus { Yamamota of af., 1980, (el 23:787-797); harpes thyvmidine
kinase yronﬁotcr {(Wagner efad, 1981, Proc. Nad. dead Kb US4 ”;’8:1444-1445_}_; promoier
and regidatory sequences from the metaliothionine gene Prinster of ol 1982, Notwre 296:39-
42%; and prokaryotic promoters such ss the beta-lactanase promoter (Villa-Kamaroff ¢z g,
1978, Proc. Nail. Aead, Soi, U84, 733737-3F31Y; or the ac promoter (DeBoer e ol 1983,

Proc, Nadl, dead. Sei, US4, 80:21-25). Also of interest are the following animal

1
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transoriptional control reglons, which exiibit tissae specitficity and have been utdized in
transgenic animals; the clastase 1 sone contro! region that is active in pancreatic acinar cells
{Swaft ez ad., 1984, Cell 38:639-646; Omitz ez wl , 1986, Cold Spring Harbor Symp. Quast.
Biol 39:399-409; MacDonald, 1987, Hepatology 7:425-515); the insolin gene comtrol region
that is active in pancreatic beta cells (Hanabhan, 1985, Nanre 315:115-122); the
immanoglobulin gene control region that is active in fymphoid cells (Grosschod! er ol 1984,
Cell 38:647-658; Adames ef al., 1985, Noawre 318:533-338; Alexander gz of., 1987, ddof. Cell.
Biol T 1436-1444); the mouse Manunary tumer vives contvol region that is active in testicular,
breast, ymphoid and mast cells {Leder ef af, 1986, Ceff 43:485-485); the albwenin gene conirpl
region that is active in Hiver (Pinkert of ., 1987, Genes and Davel 1 :268-276); the alpha-feio-
profein gene control region that is active in Bver (Krandauf e ol 1985, Mol Cell. Biol
5:1639-1648; Hammer of ol 1987, Seience 253:53-58); the alpha L-antitrypsin gene coutrol
region that is active 1t liver (Relsey er ol 1987, Genes and Devel 1:161-1711 the beta-globin
gene coutrod region that is active in myveloid colls (Magram e ol 1985, Natwre 315:338-344;
Kollias er af, 1986, Cell 46:89-94); the myclin basic protein genc control region that is active
in oligodendrocyte cells in the brai (Readbead ef o, 1987, Cell 48:703-712); the mvosin hght
chain-2 gene control region that is active i skeletal mascle {Sani, 1983, Newwre 314:283-246);
and the gonadotropic releasing hormons gene controf region that is getive in the hypothalames
{(Mason er g, 1986, Science 234:1372-1378).

{02011 An enhancer scquence may be iserted into the vector to ncicase transeription
of DNA encoding light chain or heavy chain comprising an OSMR antigen binding protein of
he invention by higher sukarvoles. Enbancers are cis-acting elements of DNA, usually abowst
$6-300 bp 11 length, that st on the promoter to incrsase transcription.  Enhancers are refatively
oricntation and position independent, having been found at positions both § and 3 to the
transcription anit. Several enhancer sequenves avatlable from mammalian genes are kaown
{e.g., ulobivy, clastase, albumin, alpha-foto-protein and insulin)., Typicallv, however, an
enhaicer from a virus is used. The SV enhancer, the cvtomesalovirus caly promoter
enhancer, the polyonw enhancer, and adesovives enhancers known in the art ave exemplary
enhancing clements for the activation of cokarvotic promoters. While an enhancer may be
positioned in the vector either ¥ or 3' to a coding sequenee, it is iypically located at a site §
froni the promoter. A sequence encoding wi appropriate native or heterologous signal sequence

(leader sequence or signal peptide) can be incorporated into an expression vector, 1 promote

extraceliular seorction of the antibody. The choetce of signal peptide or leader depends on the
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type of host cells in which the antibody is 10 be prodaged, and a heterologous signal sequenee
can replace the native sipnal sequence. Examples of signal peptides that are functional in
mammatian host cells include the following: the signal sequence for interdenkin-7 (IL-7)
described in US Patent No. 4,965,193; the signal sequence for interfeukin-2 receptor described
in Cosman ef ol 1984, Nanwre 312:763; the interfeukin-4 receptor signal peptide desoribed in
EP Patent No. 0367 566; the type | interleukin-1 receptor sigual peptide deseribed in US.
Patent No, 4,968,607, the type Il interlenkin-1 receptor signal peptide deseribed in EP Patest
No. 0 460 846,

{00262] The vector may Contain ong or more clements that facilitate expression when the
veetor is infegrated into the host ¢ell genome. Examples inclade an EASE elemént {Aldrich et
al. 2003 Riotechnot Frog. 19:1433-38) and a matrix atachment region (MAR). MARs mediate
structural mrganization of the chromatin and mav insulate the integrated vactor from “position”™
gffect. Thus, MARs are particularly useful when the veotor is used 10 create stable
transfeetants. A manber of natural and synthetic MAR-coniaimng nucleie acids are known in
the art, e, LLS. Pat. Nos, 6,239,32&; 7,326,567, 6,177.612; 6,388,066; 6,245,974, 7239.010;
6037 528, T A2 874; 7,129,062,

{60203} Expression vectors of the invention may be constructed from a starting vector
such as @ conunercially available vector, Such veetors imay or may not contain all of the
desired flanking sequences. Wheare one or more of the flanking sequences described herein ave
not alrendy present in the veetor, they may be individually obtained and Hgated into the vector.
Methods used for oblaining each of the Sanking sequences are well knowa to oue skilled in the

art,

{0204} After the vector bag baen vonstruied and & oucleic acid mwolecule ancoding light
chain, a beavy chain, or a light chain and 3 heavy chain comprising an OSMR antigen binding
sequence has been inserted into the proper site of the vector, the completed vector may be
inserted info a suitable host cell for amplification andfor polypeptide expression. The
transformation of an expression vetor for an OSMR antigen binding protein fnto a selected
host eolt may be accomplished by well known wethods including wansfection, infoction,
caknum phosphate co~precipitation, eleciroporation, nucrotnjeation, pofection, DEAE-dextran
mediated transfection, or other known {echiiques. The method selected will in part be a
function of the type of host cell 1o be used. These methods and other saitable meihods are well

known to the skilled artisan, and are set forth, for example, in Sambrook er af, 2001, supre.
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HEU Y A host cell, when cultured under appropriatc conditions, syathesizes an OSMR
antigen bingling protein thas can subsequently be collected from the culture medivm (if the host
cull seeretes it into the medivm) or directly from the host celf producing it (if it is not seereted).
The setection of an appropriate host cel will depend apon various factors, such as desired
capression fevels, polypeptide modifications that ave desirable or necessary For activity (sach ag
ghycosylation or phosphorylation) and ease of folding into a biologically active mokeaude. A

hast coll may be evkaryotie or prokaryotie.

E D] Masunatian cell hoes avatlable as bosts for sxpression are well knows in the art
and include, but are not Limited to, inunortatized cell lines available ffom the American Type
Culture Collection {ATCCY and any cell fines used i an expression system known in the ant
cant be used to make the reeombinant potypeptides of the mwvention. In general, host celfs are
sransformed with a recombinant expression vector that comprises DNA encoding 3 desired anti
OSMR antibody polypeptide. Among the host cells that may be eraploved are prokarvotes,
yeast or bigher eukarvotic cells. Prokaryotes inclade gram negative or gram positive
organisms, for example £ eodi or bacilli. Higher eukarvotic cells inchede inseet colls ang
establishiod colf hines of mavvualion ovigin. Examples of suitable nanwnglian host cell lines
inctude the COS-7 Hue of monkey kidney cells (ATCC CRL 1651) (Gluzman et al., 1981, Cell
23:178}, L cells, 293 cells, CI27 cells, 3T3 cells (ATCC CCL 163}, Clinese hamster ovary
{CHO) celis, or thew derfvatives such as Vepgie CHO and related cedl lines which grow in
scrum-froe nedia (Rasnwssen of ol Y998, Craotechnology 28: 31), Hela eells, BEK{ATCC
CRL 10} cell lines, and the CVIEBNA cell Hne derived from the Afvican green monkey kidney
celt line CVI{ATCC CCL 70) as described by McMahan e o, 1991, EMBO 1. 10: 2821,
human embryouic kidaey cells such as 203, 293 EBNA or MSR 293, tunan epidermal A431
cells, human Colo205 cells, other transformed primate cell finvs, normal diploid vells, celf
strains dertved from i witre adawe of prismary dssue, primary explants, HL-60, U937, HaK or
Jurkat eclis. Optionally, mammalian coll tines such as HopG238, KB, NIH 373 or $49, for
example, can be used for exprossion of the polypeptide when #1s desirgble 10 use the
polypeptide in varioas signal transduction or reporter assays. Altermatively, it 1s possible fo
produce the polvpeptide my fower eukarvotes such as yeast or in prokarvolss sach as bacteria.
Suitable veasty inclade Saccharomyces cergvisive, Schizosaccharomyoes porube,
Kluyveromyces straing, Candida, or any yeast strain capable of expressing heterologous
polypeptides. Suitable bacterial strains include Escherichia coli, Bacillas subtilis, Salmonclia

typhinmwtam, or any bacterial strawn capable of expressing heterclogows polypeptides. Ifthe
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polvpeptide is made in yeast ot bacteria, i viay be desirable to modify the polypeptide
produced therein, for example by phosphorylation or glycosylation of the appropiate sites, in
order to.obtun the functional polypeptide. Such covalent atachments can be accomplished
using known chemical or enzymatic methods. The polypeptide can also be produced by
operably Hinkiang the nucleic acid or isolated pacleic acid of the Invention to suitable control
SCGUCnOes I ONg Of Mmore sect expressinn vectors, and cmploving an insect expression
system, Mumterials and methods for baaudoviveginsect celt expression systems are
comvnercially available o kit form from, e.g., Ievitrogen, San Diego, CA, US.A. (the
MaxBac® kit and such methods are well known in the mt, as deseribid i Swnmers and
Smith, Texas Agricaltaral Exporimont Station Bulletin No. 1353 (1987), and Luckow and
Sunwmers, BiosTechnology 647 (19881, Cell-free manshation systems couldd also be emploved
10 produce polypeptides using RNAs derived from mucleic acid construcis disclosed heredn,
Appropriate cloning and expression vectors for use with bactersial, fungal, yeast, and
manmatian cethudar hosts are described by Boawels ef ol (Cloning Vecrors, 4 Laboraiory
Muanid, Elsevier, Now Yok, 1983). A host cell that comprises a nucleic acid or an isolated
mucleie acid of the imvention, preferably operably hinked to at least one expression control

sequence, is a “recombinant host cell”,

{60207} In cortain embodiments, cell Hnes may be selected through determining which
ool limes have hivh expression feveds and constitutively prodece astigen binding profeins with
OSMR binding properties. In another cibodiment, a cell ling from the B celf Hoeage that does
not make its own antibody but has a capacity 1o make and secrete a beterologous antibody can

be selected.

Celi-Depleyng OSME Antiven Binding Proteiny

{00208} In preferred embodiments, the OSMR antigen binding protein binds OSMR. and
nfbits OSM andsor IL-31 binding, thereby reducing OSM- andéor TL-3 Lanediated signaling in
OSMR-expressing codls, In cortain embodiments, however, the OSMR antigen binding protein
binds OSMR und targets an OSMR-expressing cell for depletion. Tn various aspect, the
O5MR antigen binding profein fhibits OSM andfor 131 binding and targets the OSMR cell
for depletion,

002091 Cell-depleting OSMR antigen binding protedns ave particulaely aseful for
freating diseasces or disorders associated with over expression of OSMR, e.¢., m antommmaone

disease, milanunatory discase, a disease ov disorder associated with extracelhdar matnx
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deposttion or remodeling, or an OSMR-uxpressing tumor, Mothods of tarpeting colls with
antigen binding proteins, o.g. antibodies, are well known in the art. Exemplay embodiments

are discussed below.

Auntibady Prus Conjagaies

{02101 Embodiments of the ivvention include antibody drag conjugates (ADCs).
Generally the ARC comprises an antibody conpugated to a chemotherapeuiic agent, 2.9, a
eyvtotoxic agent, & cytostatic agent, 3 toxin, or a radiogetive agent. A luker molecule cam be
used 0 conjugate the drag fo the anttbody. A wide vaniety of Hinkers and drugs useful i ADC
technology are known in the avt and may be used in embodiments of the present jovention.
{See USZ0090028856; US2009:02747 13, US2107/0031402; WO2005/084390;
WOR009:009728; LIS5208020; USS416064; USS475002; 5585499; 6436931; #372738; and

6340701, all incorporated hevein by reforence),

Linkars
{80211} in certain embodiments, the ADC comprises a linker made up of one or more

{inker components, Exemplary linker componcents inclade 6-maleinmudocaproyl,
malcimidopropanoyt, valine-citnslline, alanine-phonyialaning, p-anunobenzyloxyearbonyd, and
those resulting from conjugation with Haker reagents, including, but not Himited to, N-
suceininudyl 4-(2-pyridyithio} pentanoate (“SPP7), N-succinimidy! 4-(N-maletmidomethyh)
cyclobexane-} carboxylate ("SMCC,” also referred to herem also as *MCC™Y, and N-

succinimidyl (d-1odo~acety D) aminobenzoate {“SLAB™),

{0212} Linkers may be a “cleavable”™ linker or a “non-cleavable™ Huker (Ducry and
Svamp, Bivcosjugaie Chem, 2010, 24, 5-13; incorporated hevein by reference in is ontinety}
Clegvable linkers are designed o refease the dhug when subjected to certain envivonment
factors, e, when internabized into the twget coll. Cleavable tinkers include aeid labite Bnkers,
protease senstiive linkers, phololabile fivkers, dimethy! linker or diseifide-containing linkers.
Nog~cleavable linkers tend o remain covalenily assoctaied with at feast one amino acid of the
antibody and the drug upon internalization by and degradation within the target eefl. An

exemplary non-cleavable linker is MCC.

Prugs
802131 In certwin ensbodiments, the antibody s conjugated to a chemotherapeutic agent,

Examples of chemotherapeuiic agenis include alkvlating agents, such as thivkepa and
cyclophosphamide (CYTOX AN, glkyl suifonates such as busulfan, improsulfan and
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piposulfan; aziridines, such as berzodopa, carboguone, metaredopa, and aredopa;
cthylepinunes and methviamelanines including altretunine, sicthylenemelamine,
trictylenephosphoramide, inethylencthiophosphaoramide and trimethylolomelamine,;
acetogening (especially bellatacin and bullatacinone); a campiothecin (including the synthetic
analogue topotecan); brvostating callystating CC-1065 (including its adozelesin, carzelesin and
hizelesin synthetic analogues): cryptophyeius (particularly eryprophycin 1 and cryptophyein 85
dolastating duacarmyein (inclading the symbetic analogues, KW-2189 and CBI-TMI),
cleutherobin; pancratistating a sarcodictyin; spongistalin, nitrogen mustards such as
chlovambuei!, chilomaphazine, cholophosphamide, estramustine, Hosfamide, mechiorethaming,
mechiorcthamine oxide hydrochlnride, melphalan, novembichin, phenesterine, predpimustinie,
trofosfanude, umeil mustard; nitrosureas such as carmusting, chlorozotocin, folomustine,
forustine, nimushine, ranivwstine; antibiotios, such as the enediyne antibiotics (s.¢.
catichemmicin, especially calichcamicin garamal and calicheamicin theia || ste, t.g.. Angew
Chent. Ingl, Ed. Engl, 33:183-186 (1994); dynowmicin, including dynemicin A; an ssperamichy;
as well as neocarzinostatin chromuophore and related chromoprotein encdivne antiblode
chromomophores), selacinomysing, activomycin, authramycm, azaserine, bleomyeing,
cactinomycin, carsbivin, caninomycin, carzinophilin: chromomyeins, dactinomycin,
daunorubicin, detorubicin, 6-diaze-S-oxa-L-norleucine, doxorubicin (including morpholine-
donorubicin, cvanomorpholine-doxonticin, 2-pyrrolino-doxarabicin and deoxydoxorubicin),
epirubicin, csorabicin, idarabivin, marcellomycin, nitomycins, mycophenolic acid,
nogalamyein, olivomycins, peplomyein, potfiramycin, puromyein, quelamycin, rodorubicin,
strepionigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin, anti-metabolites, such
as pethotrexate and 3-fluorouracil {3-FUY; fohie acid analogues, such as denoptesin,
methotrexate, pteropterin, trimetrexate; purine analogs, such as fludarabine, 6-mercaptopwring,
thiamiprine, thioguanine; pyrimidine anclogs such s, ancitabine, szacitidine, H-azauridine,
carmofie, cytarabine, dideoxyuridine, doxifluridine, enocitabine, flowwidine, S-FU; androgens,
such as calusterone, dronwstanolone propignate, epitiostanel, mepitiostane, festolacione; anti-
adrenals, such as aminoglutethimide, mitotene, wilostane; folic acid replenisher, such as frolinic
acid; aceglatone; aldophosphamide glycoside; aminolevalinic acid; amsacrine; bestrabuci;
bisantrene; edatraxate; defofamine; demecoleine; diaziguone; elfomithine; elliptinium acetate;
an cpothilong; ctoghucid; gallium nitrate; hydroxyurca; lentinan; tonidamine; maytansinoids,

such as mayitansine gnd ansamitocing; mitoguazone; mitoxantrone, mopidamol; witracring,

pentostathy; phenamet; pirarubicin; podophyllinic acid; 2-ethythydrazide; procarhazine; PSK®&:
razoxans; thizoxin sizofurmy, spirogermaniam; tenuazonic acid; wiaziquone; 2,22
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thichiorotrigthylamine; trichothecenes {especially T-2 toxin, verracurin A, roridin A and
anguidine); urethan: vindesine: dacarbazine; mannomustine; mitobronitol; mitolagtol;
pipebroman; gacytosine; arsbinoside ("Ara-C");, cyclophosphamide; thiotepa; taxoids, e.g.
pactitaxet (TAXOL™, Brigtol-Myers Squibb Oncology, Princeton, NI} and doxetaxel
{TAXOTERE®R, Rhone-Poudenc Rorer, Antony, Francel; chlovambucii; gemcitabine; &
thisguanine; mercaptopurine; methotrexate; platinum analogs sach as cisplatin and carboplatin;
vinblastine; platinuny; etoposide (VP-16), ifosfamide; mitomyein € mitoxantrone; vincristine;
vinorethine; navelbine; novantrone; teniposide; dmmomycin; anuinopierin, xeloda; ibandronate;
CPT-11; topoisomerase inhibitor RFS 2000; diflvoromethyiomithing (DMFEO); retioic acid;
capecitabine; and phanmaccutisally acceptable salts, acids or derivatives of any of the above,
Also included in this definition are anti-hormonal agents that act o regulate or intibit hormone
action on hunors, sach as ant-estrogens including for example tanoxifen, mloxifene,
aromatase infubiting 4(5)-imidazoles, 4-hvdroxytamoxifen, trioxifene, keoxifene, LYTI 701,
smaprisione, and fovemifene (Fareston); and anti-padrogens, such as flutamide, nilutantide,
bicslatamide, leuprolide, and goscrehin; SIRNA and pharmaceutically sccepiable salfs, acids or
derteatives of any of the above. Other chomotixrapretic agents that can be usod with the
present mvention are disclosed in US Pablication No. 20080171040 or 1S Pablication No.

20080305044, cach of which is fncorporated herein in its citircty by reforencs.

{00214} 1t is contemplated that an antibody may be conjugated to two or more difforent
shemotherapentic agents or 2 pharmaceuticx! composition may comprise a mixture of
antihodies whereln the antibody component is identical except for being conjugated to a
different chemotherapeotio agent. Sach embodinsents may be sseful for targeting multiple

bivlogical pathways with a tasget cefl.

{215} b preforred ensbodiments, the ADC comyprises an anttbody conjugated to one or
more maytansinatd molecules, which are mutotic inhibitors that act by infubiting tubulin
polymerization. Maytansinoids, including vanous modifications, ate destetbed 1 US Pat. Nos.
3896111, 4151042, 4137230; 4248870, 4256746; 4260608, 42635814, 4204757, 4307016,
4308268; 430U428; 43130486, 4313929, 4317821, 4322348; 4331398, 4361654; 4364866,
4424219, 4450254; 4362663, 4371533, amd WO 20004099728, Maytansinoid drag nxvictics
may be ixolated from natural sources, produced using recombinant teelmology, or prepared
synthetically. Exemplary maytansinoids fnchude C-19-dechiors {US Pat No. 4236746), C-20-
hydroxy {or C-20-demethyl) +4~ C-19-dechlors {US Pat, Nos. 4307016 and 4361650), C-20-
demethoxy {ov C20-acyloxy (=OCOR), +- dechrolo {US Pat. No. 4204757, C-9-SH (US Pax,
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Ne. 4424219, C-14-alkosymethy] {demetbony/CHROR) (U.S. Pat. No. 4,331.398), C-14-
hydrosymethyl or sovioxymethvl (CH2O0H ar CH20A0) (ULS. Pas. No, 4450.254), C-15-
hydrosydacyloxy (1.8, Pat. No. 4,364,866, C-15-methoxy {U.S. Pat, Nos. 4313946 and
315,929}, C-18-N-demetind (U8, Pat, Nos. 4,382,663 and 4,322 348}, and 4,5-deoxy (U.S.
Pat. No. 4,371 533).

{0216} Various positions on maytansinoid eompounds 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 hydrozymethyl, the
C~13 position modified with a hydsoxy! a group, and the C-20 position having & hydroxyl
group are all suitable {US Pat. Nos. 3208020, RE3CG1S], and 6913748, US Patent Appl. Pub.
Nos, 20060167245 and 20070037972, and WO 20000997281,

{0217} Preforred maytansinoids inchide those kuoawn i the wt as DM, DM3, and
DM4 (US Par. Appl. Pub. Nos. 2009030824 and 20850276812, incorporated herein by

reference).

{00218} ADCs containing maytansinoids, methods of making such ADCs, and their
therapeutic use are disclosed i US Patent Nos. S208(120 and 5416064, US Pat. Appl. Pub. No.
20050276812, and WO 2009099728 (alf incorporated by reference erein), Linkers that ave
usefud for making mayiansinoid ADCs ave know in the art (US Pat. No. 3208020 and US Pat.
Appl. Pub. Nos. 2005016093 and 20090274713, all incorporated herein by reforence).
Maytansinoid ADCs comprising an SMCC Buker may be prepiarad as disclosed in US Pat,
Publ, No. J003/0276812.

Effector Function-Enbanced Anttbodies

{02191 One of the funciions of the Fe portion of an mutibody 15 to conununicate 1o the
fmnne system when the anubody binds its targer. This is considered “effector function.™
Commupication leads to antibody-dependent exllular cviotoxieity (ABRCC), antibody~dependent
cellular phagocytosis (ADCP), and/or complement dependent eytotoxicity (CDC). ADCC and
ADCP are mediated through the binding of the Fe to Fe receptors on the surfhce of eclls of the
invimume system. CDC s mediated through the binding of the Fe with proteins of the

complement svstem, e, Clg.

{00220} The IoG subclasses viwy in thelr ability to mediate effector functions. For

example, 1eG1 is much seperior fo [gG2 and IgG4 at mediating ADCC and CDC. Thas, in
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ambodinients whorein a cell gxpressing OSMR s targoted for destruction, an anti-OSMR 1gGl

amtibody would be preferred,

{00221} The effector function of an anobody can be ncreased, or decreased, by
introducing one or more mutations info the Fo. Embodiments of the invention nclude antigen
binding proteins, «u.. antibodivs, having an Fo engineered to increase effector fuction (LS.
7,317,007 and Swobl, Cure. Opin. Bintech., 20:685-691, 2009, both incorporated herein by
reference in its enbirety). . Excmplary IgGl Fo molecales having increased effector function

fnchede (based on the Kabat nambering scheme) those have the following sebstigtions:

{00227} S239DA332E
{00223] S23I9LNABIO8AIZIE
{00224} S239D/A3IOLAIRE
J00225) S208ADIIIAKIIA
{00226} 2471/A339D

{00227} PATEAINN

[00228} D2ROBFR 908
{00229} DIROH/K2908/5298D
{00230] D2ROHK908/S208Y
{00231} F243L/R292P/Y IO0L
jo0232) F243 LRGPV ICOLPINOL

100233} F2AILAR292P/Y 300L/VI0SIPI06L.
100234 G236A/S239D/1332E

1002351 K326A/E333A

00236 K326W/E333S

002377 K2QOES29BGTIMA

[0023§] K290N/S208G T2994
100239} K2O0E/SI9RGITIOAKIICE
100240} K290N/$298G/ 1299 /K 3268
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60241} Further embodiments of the inventon inclade antigen binding proteins, e.g.,
antibodios, baving an Fo engineered to decrease effector function. Exemplary Fo molecules
having decreased effector function iiclude (based on the Kabat numbering scheme) those have
the following substinstions:

{00242} N2OTA (IgGl)

00243} L34AM2354A (IeG)

{00244} V234A/G237A (1gG2)

{0243} L23SA/GIITARIIEA (gl

{00246) H268Q/VIOLAIISAZIS (FaG2)

{80247} C205/C2265/C2298/P2388 (1pG1}

{0Q248} CR26S/CNOS/EIINLZIVILIISA (1pGY)

{00240 LE3F/L23SEPIS {1eG )

1002501 SIETRAISF (JgGh

{00251} Another method of mercasing effector function of IgG Fe-contaming profeins is
by reducing the fucosylation of the Fo. Removal of the omwre fucose fom the biantennary
complex-type oligosachbarides attached to the Fo grealy increased ARCC effector function
without altering antigen binding or CDC effector function. Several ways are knows for
reduping or abolishing fucnsylation of Fo-containing molecules, .o, sntibodies. These include
recombinant expression in certain mammalian cell lines including & FUTS knockoat celf e,
variant CHO ine Leed 3, rat hybridoma eefl line YB2/6, a cell ine comprising 2 smail
interfering RNA specifically against the FUTS gene, and a cell line coexpressing -1 4-M-
acetyiglucosaminyliranstferase [ and Golgt a-mamnosidase 11 Altiematively, the Fe~
comtaining molecuic may be expressed in a non-mammalian coll such as g plant cell, yeast, or
prokaryotic cell, e., E. coli. Thus, in centain embodiments of the mvention, 3 composition
conprises my antibody, g, Abl, Ab2, or AbY having reduced fucosylation or lacking
fucosylation altogether,

Pharmsaceuticgl Compositinns

002521 1 spme crubodiments, the invention provides a pharmaceutical composition
camprising a therapeutically offective amount of one or g phurglity of the antigen binding

proteins of the invention together with a plarmacestically effective difaents, carrier,
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sohdsilizer, emmadsificr, presesvative, andéor adhevant. In costain embodinients, the antigen
bindmg proteis is an mtibody. Pharmaceutival compositions of the invention mehude, but are

not limited to, Hquid, frozen, and lynphilized compositions.

({10253 Preferabily, formulation materials are gontoxic to recipients 3t the dosages and
concensrations employed. In specific cambodiments, pharmaceutical compositions comprising a
therapewtically effective anount of an OSMR mntigen binding protein, e.g., an OSMR-binding

autibody, gre pravided.

{60254} 1 certain gmbediments, the pharmacentical composition may contan
fornudation materials for modifying, maintaining or preserving, for exansple, the pH,
osmolarity, visvosity, clanity, color, sotonicity, odor, sterility, stability, rate of dissolution or
release, adsorption ot penetration of the composition. 1o such emboduments, suitable
formudanion materials include, but ave not Hmited to, ansino acids {such as glycine, glutaming,
asparagine, arginie, profine, or lysine}; antimicrobiats; antioxidants (sach as ascorbic acid,
sodium sulfite or sodium hydrogen-sulfie); buffers (such as borate, bicarbonate, Tris-HCH,
cirates, phosphates or other organic acida), bulking agonts (such as mammiof or glycine);
chelating agents {such as ethylencdiamine tetrascetic acid {(EDTA)); complexing agents (such
as caffeine, polyvinylpyrrolidone, beta~cyclodextrin or hydroxypropyi-beta-cyelodextring;
fillers: menosaccharides; disavcharides; and other carbohydrates (such as glucose, mannose or
dextring); proteins (such gs scrmm albumin, gelatin or immynoglobuling); coloring, Havoring
and diluting agents; emuisifying agents; hydrophilic polymers (such as polyvinvipyrrolidone);
dove modecalar weight polypeptides: salt-forming counterions {such as sodium); preservatives
{such as benzatkomam chloride, benzole acid, salicyvlic acid, thimerosal, phenetliyt aleohol,
methyiparaben, propyiparaben, chiprhexiding, sorbic acid or hydrogen peroxide); solvents
(such as glycerin, propylene glveol or polyethylene ghycol) suger aleohols {(such as mamsitol or
sorbitol): suspending ageats; surfactants orwosting agents (such as pluronics, PEG, sorbitan
wsters, polysorhates such as polvsarbate 20, polysorbate, #iton, tromethaming, lecithin,
cholesterol, tyloxapal): stability enhancing agents {such as sucrose or sorbitol); tonicity
enhancing agenss {sach as alkali owtal hatides, preforably sodim or potassivan chloride,
mannitol sorbitol); delivery vehucles; dituents; excipients andfor pharmaceatical adjuvants. See,
REMINGTON'S PHARMACEUTICAL SCIENCES, IR" Edition, (&, R. Genrmo, 8d.), 1990,
Mack Pohlishing Company.

{00253] in certzin cmbodiments, the optimal pharmaceutical composition will be

determined by one skilled in the wt depending wpon, for example, the intended rowde of
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administration, delivery format and desired dosagg. See, for example, REMINGTON'S
FHARMACEUTICAL SCIENCES, supra. {n cortain smbodiments, such compositions may
influcnce the physical state, siability, rate of in vive release and rate of in vivo chearmics of the
antigen binding proteins of the invention. In certain embodiments, the primary vehicle or
varrier in a pharnaceutical composition may be either aquecus or non-agueous in natare. For
cxample, a soltable vehicle or carrier may by water for injection, physiological saling solution
or artificial cercbrospinal fhud, possibly supplemented with other materials comunon in
compositions for parenteral administration, Neutral buffered saline or saline mixed with serum
atbumin are further exemplary velncles. In specific embodiments, phasmacersical
compositions camprise Tris buffer of about pH 7.0-8.5, or acetate buffer of about pH 4.0-8.5,
and may further nclude sorbitol or a seitable substitnte thevefor. b certain embodiments of the
wnvention, OSMR antigen binding protein compositions may be prepared for storage by mixing
the selected compasition having the desived degren of prrity with optional formudation agents
(REMINGTON'S PHARMACEUTICAL SCIENCES, supra; in the form of a lvophilized cake
ar an aqueous solution. Further, in cortain embodiments, the OSMR suatigen binding protein

product may be formelated as # lvophilizate using appropriate excipionts such as suorose.

002361 The pharmaceutical compositions of the fuvention can be sclected for parenteral
deltvery. Altcrnatively, the compositions may be selected for inhalation or for delivery through
the digestive tzact, such as orally. Preparstion of such pharmaccutically acceptable
compaesitions is within the skalf of the art. The formmlation components are prosent proforabhy
inn concentrations that are seceplable to the site of administration. i certain embodinents,
buffers are nsed fo maintain the composition at physiological pH or at 2 slightly lower pH,

typically within a pH range of frony gbowt S {0 abowt &

{00257} When parenteral adiministration is contemplated, the therapeutic compositions
for use in this invention may he provided in the form of a pyrogen-free, parenterally acceptable
squeous solution comygrising the desired OSMR antigen binding protein in 3 pharmacewtically
acceptable vehicle. A partcularly suitable vehicke for parenteral injection s sterile distilled
water i which the OSMR antigen binding protein is formulated as a sterile, isotonis solution,
propesly proserved. o cortain cobodiments, the preparation can wvolve the fornudation of the
desived modecule with an agent, such s injectable microspheres, bio-srodible particies,
polymeric compounds (such as polvlactic acid or polygiveobic acid), beads or Bposomes, that
may provide controlled or sustained release of the product which can be delivered via depot

fjection. In cortan embodiments, hyaluronic seid mayv also be used, having the effect of
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promoting sustained diwation in the circulation. In centain embodiments, planiable diug

delivery devices niay be used 1o introduce the desired antigen binding protein.

{30238} Pharmacentical compuositions of the mvention can be formulated for inhalation.
In these embodisents, OSMR antigen binding proteins are advaniageously formudated as a dry,
inhatable powder. in specific embudiments, OSMR antigen binding protein inhalation
solutions may also be fornudated with a propeliant for awrosol delivery. Tn certain
embodiments, solutions may be nebulized. Pulmonary adnunisirabion and formulation methods
therefore are further described in International Patent Application No, PCT/USU4/001875,
which is incorporated by reforence and describes pulmonary delivery of chemically modified

profeins.

{02591 1t 3s also contemplated that formalations can be adnunistered orally. OSMR
antigen binding proteios that are administoved in thix faglvon can be fornwmlated with or without
carriers castomarily used 1 the compownding of solid dosage forms such as fableis and
capsales. In certain embodiments, a capsute may be designed to release the active portion of
the formidation at the point in the gastrointesting! tract when bivavailability s maxiinized and
pre-systentic degrdation is minimized. Additional agents can be included to facilitate
absorption of the OSMR antigen binding protein. Diluents, flavorings, low melting point
waxes, vegetabic oils, hibricants, suspeading sgents, tablot disinteyrating ageats, sad binders

may also be employed,

100260} Additional pharmacentical vompositions will be evident to those skilled in the
art, including formuiations fuvolving OSMR autigen binding proteins in sustained- or
controfled-defivery formulations. Tochutgques for formulating a variery of other sustamed- or
controlled-delivery means, such as liposome cartiers, bio-srodible microparticies or porous
beads and dopot injections, are also kaswa to those skilled in the art. Sce, for sxample,
International Patent Application No. PCTAISY300829, which is incorporated by refevence and
describes controlled release of porous polymieric micropariicles for delivery of pharmaceutical
compositions. Sustained-release preparations may inchde semipenneable polvmer matricss in
the form of shaped articles. c.g., films, or nicrocapsuls. Sustained release matrices may
inctude polyvesters, hivdropeds, polyvlactides (as disclosed in U8, Pat. No. 3,773,919 and
Egnropean Patent Application Pubhication No. EP (58481 each of which is incorporated by
reference), copolymers of L-glutamic acid and gamna sthyi-L-ghutamate (Sidman ot al, 1983,
Biopolymers 2:547-338), poly (2-hydroxyethyl-methacrylase) (Langer st al, 1981, §. Biomed.

Mater. Res. 15187-277 and Langer, 1982, Chemy, Tech, 12:98-135), ethylene vinyl acetate
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{Langer ot gl 1981, supra} or poly-D(-3-3-hydronvbatyric acid (Baropean Patent Application
Bublication No. EF 133,988), Sustained nelease compositions may also include liposames that
can be prepared by any of several methods known in the art. Sce, ¢.g., Eppsicin et al,, {985,
Proc, Nath Acad. Seb. U.S.A. 82:3688-3692; European Patent Application Publication Nos, EP
{136,076; EP 088,046 and EP 143,949, meorporated by reforence.

{30261} Phanmaceutical compositions used for i1 vive administration ave typicndly
provided as sterie preparations. Sterilization can be accomplished by filtration through sterile
filtration membranes. When the composition iy fyophilized, sterilization using this method may
be canducted either prior to or following Iyophilization and reconstitution, Compositions for
parenteral adnunistration can be stored in lvophilized form or I a solution. Parenteral
compositions generally are placed into a container having & sterile acecss post, for cxample, an

wtravenous solution bag or vial having a stopper pierceable by a hvpodermic injection ncedle.

j00262} Aspects of the inventon mcludes self-buffering OSMR antigen binding protein
formalations, which can be wsed as pharsyacentical compositions, as deseribed fn interdational
patent applicaion WO 06138 181A2 (PCTAIS20G6/022599), which iy ingorporated by

reference 1 its entirety herein,

{00203} As discussed above, cortain carbodiments provide OSMR antigen binding
proteins protein campositions, particularty pharmaceutical OSMR antigen binding protein
compositions that comprise, 1o addition to the OSMR antigen hinding protein, one or more
excipients such as those Hastratively desenbed 1 this sectton and elsewhere heresn,
Excipicnts can be used in the invention in this regard for a wide variety of purposes, sach a5
adjusting physical, chemical, or bindogical properties of fornulations, such as adjustment of
visepsity, and or provssses of the invention to improve effectivencss and or {o stabilize such
formudations amd provesses againss dugradation and spoilage due to, for instance, stresses that
gocwr during manufachsring, shipping, storage, pre-use preparation, administeation, and

thereafier,

100264} A varicty of expositions are available on protein stabilization and formulation
materials and methods useful in this regard, such as Arakaws of al, "Solvent interactions in
pharmaceutical formulations,” Pharm Res, 83} 285-91 (1991}, Kendrick ot al,, “Physical
stabilization of proteins in aquesus sohuaion,” i RATIONAL DESIGN OF STABLE
PROTEIN FORMULATIONS: THEORY AND PRACTICE, Carpenter and Manning, &ls.

Phavmaceutical Biatechnology. 13 6184 (2002), and Randolph et al, “Sirfactant-protein
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fteractions,” Pharm Bistechnol. 130 159-75 002}, cach of which s heretn incorpoiated by
reforence in s onsivety, pacticudarty in parts poviinent to oxcipionts and processes of the same
for seif-bufforing prodein foranudations 1 accordance with the current invention, especially as to

profein pharmacentical prodacts and processes for veterinary andfor hunan medical uses.

{10265} Saltsx miay be used i accordancs with certain embodiments of the fovention to,
for example, adjust the jonle strength andior the isntonicity of a formulation md/or to Improne
the solabitity and/or physical stability of g protein or other ingredient of & composition in

aceordance with the wmvention.

{00266} As is well known, 1ons can stahilize the native state of proteins by binding 1o
charged residues on the profein's sarface and by shielding charged and polar groups B e
profemn and reducing the streagth of their electostatic interactions, attractive, and repulsive
inforactions. foms also can stabihize the denatured state of @ protein by hinding to, in particular,
the denatured peptide linkages (~-CONH) of the protein. Furthermore, jonie interaction with
charged and polar groups in a protein also van redoce inemolecelar electrostatic interactions

and, thereby, prevent or redace profein agpregation and msolubility.

{267 {onic species differ significantly in thelr effects on profeins. A mumber of
categorical rankings of ons and thelr effects on proteins have been developed that can be used
i formulating pharmaceutical compositions in accordance with the invention. One example is
the Hofineister series, which ranks fonic and pelar non-ionic solutes by their effect on the
conformanonal stability of proteins n sohuation. Siabilizing sohstes ave referred © as
"kosmotropic,” Destabilizing solutes ave referred to as “chaotropic.” Kosniotropes conttnonly
are used at high concentrations {e.g., > molar smmoniwn sulfite) to precipitate proteins froms
solation (salting-owt™). Chaotropss commonly are used w denture andfor to solubilize proteins
("salting-in"}). The relative effectivencss of ions to "sali-in” and "saft-out” defines their position

in the Hofmetster series.

{00268} Free amino acids can be psed in OSMR antigen binding protein formulations in
accordance with vwtous embodiments of the invention as bulking agents, stabilizers, and
apttoxidants, as well as other standard uses. Lvsine, proling, serine, and alanine can be ysed for
stabilizing proteins in a formudation. Glycine is usefud in Iyvophilization 10 ensure correct cake
structuee and propertiss. Arginiae ay be wsefd to inhibit protein aggregation, in both hiquid

and lyophilized formutations, Methionine is useful as an antioxidant,
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{60269} Polyols inchude sugars, e.g., munitol, sucrose, and sorbitol and polvhydsic
aleohols such as, for instance, ghveerol and propylne glveol, and, for purposes of discussion
herein, polyethylene glycol (PEG) and related substances. Polyols are kosmoteopic, They are
useful stabilizing agents in both liquid and Iyophilized formulations to protect protoius from,
physical and chemical degradation processes. Polyols also are wseful for adjusting the tonicity

of formulations.

00274 Among polyols useful in select embodiments of the invention is mannitol,
commonly ased to ensure sttucthural stability of the cake in Iyophilized fornudations. It ensures
structural stability & thie cake. It is gengrally used with a Tyoprotectant, ©.g., sucrose. Sorbitol
and sutrose are amnong preforred agents for adijusting jonicity and as stabilizers fo progect
agamst frevze-thaw strosses dusing fransport or the preparation of bulks during e
manufachuring process. Reducing sugars {which contain free aldehvde or ketone groups), such
as gucose gud Jactose, can glyvate 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 speoies, Such a8 sucvoss, which is hydrolyzed o
fructose and glucose weder acidic conditions, and consequently engenders glycation, also is not
amony preferred pelyols of the invention in this regard. PEG is useful 1o stabilize proteins and

as a cryvoproteciant and can be used i the invention in s vepard.

{00271} Embodiments of the OSMR antigen hinding protein fornlstions futher
comprise surfactants. Protein molecnles may be susceptible to adsorption on surfaces and to
denatwation and consequent aggrezation at air-tiquid, solid-liquid, and Hguid-Higeid interfaces,
These effects generally scale inversely with protein concentration. These deleterious
mferactions generafly scale imversely with protein concentration and typioally are exacerbated
by physical agitaton, such as that generated during the slipping and handling of & produet,
{60272} Surfictants routinely are used to prevent, minimize, or reduce surface
adsorption. Useful surfactanis in the invention in thig regard include polysorbate 20,
polysorbate R0, other fany avid sstors of sorbitan polvethonylaies, and poloxamer 188,
{00273} Surfactants also are commonly psed 1o control protein conformational stability,
The use of surfactants in ts regard is protein-specific since, any given sarfactant typically will
stabilize some proteins and destabilize others,

{002741 Polysorbates are susceptible o oxidative degradation and often, as supplied,

cortain sufficiont quantitics of peraxnides to cause oxidation of protein residug side-chains,

«7} -



WO 2014/194274 PCT/US2014/040360

espectalty methionine, Consequonsly. polysorbates shoald be used carefally. and when ased,
shoald be employed at their lowest effective concentration, In this regard, polysorbates
exemplhity the general rule that excipionts should be used 1i their Towest effective

LonCeNrations,

{60275} Embodiments of OSMR antigen binding protein formulations farther comprise
one or more aatiosidants. To some extent deleterious oxidation of proteins can be prevented in
pharmaceutical formudations by maintaining proper levels of ambient oxveen and tesperatere
and by avoiding exposwe to light. Antioxidant excipienis can be used as well & prevent
oxidative degradation of proteins. Among usefisl antioxidants in this regard are reducing
agents, oxvgendfree-radical scavengers, and chelating agents. Antioxidants for use in
therapeudic protein formalations in accordance veith the invention preferably are water-soluble
and matataiy their activily throughout the shelf fife of & product. EDTA is a prefered

antioxidant in pecordance with the rvention i this regard.

10602761 Antioxidants can damage proteins. For instance, reducing sgents, such as
ghstathione i particalar, can dizrupt intransoleeular disalfide linkages. Thus, antioxidants for
use i the invention are selected to, among other things, clipunate or sufficiently reduce the

possibility of themselves damaging proteins in the formulation.

{60377} Fornulations in accordance with the invention may inclade metal ions that are
protein co-factors and that are necessary to form protein coordination complexes, such as zine
necessary o form certain hwulin suspensions. Metad jons also can inhibit some processes that
degrade profeins, However, metal ons also catalyze physical and chemical processes that
dograde proteins,

{00278} Magnesivm ions {10-120 mM) san be wsed to inhilit isomerization of aspartic
acid 1o isoaspartic acid. Ca™* fons {up to 100 mM) cms increase the stahility of human
deoxyribonaclease. i\'ig‘“z, Mn™, and Zn™*, however, can destabilize thDNase. Stmladdy, Ca™
and Sr'° can stabilize Factor VI it can be destabilized by Mg™ Mo™ and Zn™, Q" and

Fe™, and its aggregation can be increased by Al jons,

{Bo27% Embodiments of the OSMR antigen binding protetn formulations finther
COMPIISE ONE OF MOFS praservatives. Preservalives ave necessary when developing mudti-dose
parcoteral formulations that involve mere than one exiraction from thy smne contalner, Thewr
primary function is o inhibit microbial growth and ensure product sterility throughout the

shetf-life or werm of use of the drug product. Commonly used preservatives inclade bonzyl
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aleshol, phenet and m-cresol. Although preservatives have o long history of use with small-
molecule parenterals, the development of protein formulations that includes preservatives can
be challenging. Preservatives almost always have a destabilizing effect (aggregation) on
profeins, and this has become a major factor i hnditing thelr use In mudéi-dose protein
formulations. To date, most protein drags have been formulated for single-use only. However,
when multi-dose formulations are possible, they have the added advantage of enabling patiens
convenience, and increased marketability. A good example is that of buman growth hormone
(hGH) where the dovelopment of pressrved formalations has led {o commercialization of more
convement, mulii-use njection pen presentations, At feast four such pen deviees confaining
preserved formudations of BGH are currently available on the market. Norditropin (liquid, Novo
Nordisk}, Nutropin AQ (Hauid, Genentech) & Genotropin (Ivophilized-~daad chambey
cartridge, Pharmacia & Upjohn) contain phenol while Somatrope {BH Liliv) is formulated with

m-cresol.

JOOIRGE Several aspects need {o be considered during the formulation and development
of preserved dosage forms. The effective proservative concentration in the drug prodact must
be optinuzed, This requires lesting a given preservative iu the dosage form with concentration

ranges that confor anti-microbial effectiveness without compromising proteiy stability,

{00281} As might be expected, development of Hguid formulations containing
preservatives are more challenging thas tyophitized formulations, Freeze-dried products o be
vophitized without the preservative aud reconstituted with a preservative containing difuent st
the thme of use, This shortens the time for which a preservative i in contact with the protein,
significantly nnnhnizing the associated stability risks. With Hquid formudations. preservative
cffectiveness and stubility should be mamtained over the entire product shelfife {about 18 to
24 wonths), An boportant point {o note is that preservative effectiveness should be

demonsitated by the final formulation containing the active drug and all excipiont components.

{00282} OSMR antigen binding protein formulations generally will be designed for
specific routes and methods of administration, for specific admimstration dosages and
frequencics of administration, for specific treasmants of specific diseases, with ranges of bio-
ava iahi?ity. and persistence, anong other things. Formulations thus may be desipned in
accordance with the mvention for delivery by sy suitable route, inclading but not Bmited o
oralty, aurally, opthalmicalty, rectally, and vaginally, and by parenteral routes, inclading

intravenous and intra-arterial injection, intramesexlar injection, and subcutancous injection.
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JGO2R3] Onec the pharmaccutical composition has begn formulased, it may be stored in
steride vials s5 a sohution, suspension, gel, erulsion, solid, crvstal, or as a dehvdrated or
lyophilized powder. Such formulations may be stored wither in a ready-to-use forny ov bt a fowrm
{2.8., fyophilized) that is reconstingted prior o administragon. The invention also provides kits
for producing a single~-dose administration wnit. The kits of the invention may each contain
Toth a fisst container having a dried protein and a second container having an agueous
formalation. In cortain embodiments of this invention, kits contatning single and muki-

chambered pre-filled syringes {e.g., liguid syvinges and hyosyringes) are provided.

{00284} The therapeutizally cffective amount of an OSMR antigen binding protein-
containing phamuaeeutical composition to be employved will depend, for example, upon the
therapeutic context and objectives. One skilled in the st will appreciate that the appropriate
dosage levels for sreatment will vary depending, in part, upon the molecule deliversd, the
indication for which the QSMR antigen binding protein is being used, the route of
administration, and the size (hody weight, body surface or organ size) andfor condition {the age
and general health) of the patient. by certain embodiments, the clbmoran may titer the dosage
and modify the voute of administration to obtain the optimal therapeutic effect, A typical
dosage sy range from about 0.1 pskg to up to abowt 3 mg'ky or move, depending on the
factors mentioned sbove. In specific embodiments, the dosage may range from 1.0 ug'kegup to
gbout 20 mekg, optionally from 10 pgrke up to about 10 mekg or from 100 pg'ke up {o sbout

5 mgkg

Q02851 A therapeutic effective amount of an OSMR antigen binding protein preferably
results in o decrease in severity of discase symptonss, in an increase in frequency o duration of
disease symptom-free periads, or in a prevention of impaivment or disabulity due to the disease
affliction.

[O0286] Pharronceutical composivons may be administered using a medical device.
Examples of medical devices for administoring pharmaceutical compositions are described in
ULS. Patent Nos, 4,475,196, 4,439,196, 4,447,224, 4,447, 233, 4,486,194, 4,487.603;

4596 556; 4,700 824 4,941 €80, 5,064,413 3,312,333, 5312335, 5,383,851 and § 390,163,

all incorporated by reference herein.

Methods of Diagnesing or Treating a OSMR-Associated Disease or Disorder

{BOIRT] The OSMR antiges binding profeins of the invention are particulady usefid for

deteciing OSMR in n biological sample. In certain embodinments, a biological sample obiained
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from a patient is contacted with 3 OSMR antigen binding protgin. Binding of the OSMR
antigen binding protein to OSMR i3 then detected to deternding the presence of relative amount
of OSMR in the sample. Such methods may be useful in diagnosing or deternuning paticents

that are mnenable to reatment with an OSMR antigen binding protein.

{10288} In cortain emboditents, 3a OSMR antigen binding protein of the invention is
used to diagnose, detect, or ireat w antoinnnune disorder, inflanmnatory disorder, or disorder

assoctated with extraceltular matrix deposition or remodeling.

{00288} 1 treating these disorders, the QSMR antigen binding protein may target
OSMR-expressing cells of the imnnmse system for destruction andior may block the interaction
of OSMR with OSM and/or 1L-31,

{00290} Discases or disorders that are assoctated with OSMR-mediated signaling are
particularly amenable to treatment with one or more OSMR antigen binding proteins disclosed
hered, Such disorders include, but ane sot limited o, inflammation, pain, pritis, prarige
nochdaris, dermatitiy, asthma, sutoimmune discase, parancoplastic astroimamune diseases,
cartilage wiflammation, fibrosis {including, but not linited to, pulmosary fibrosls and skin
fibrosis), fibrotic disease, clivonic obstractive pulmonary disease (COPD), interstitial
puacuinonitis, abnormal collagen deposition, sysicinic cutancous amyloidosis, prisvry
cutaneous aroylordosis, Beheet's discase, nasal polyposis, Hver chivhosis, cantifage degradation,
hone degradation, artbritis, rheumatoid artheiis, juvenile arthritis, juvenile theumstoid arthritis,
paveianioudar fuvenile rheumatoid artheitis, polvarticalar juvenile rhewnatoid arthritls, systenic
onsot juvenile rhoumatoid mthrits, juvenile ankylosing spordyiitis, juvenile enteropathic
arthritls, fuvenile seactive anthritls, juvenile Roter's Syndrome, SEA Syndrome (Seroncgativity,
Enthesopathy, Arthropatity Syndrome), juvenile dermatomyositis, jieventle psomiatic arthritis,
juvenile scloroderma, juvenile systenvic fupus erythematosus, juvenile vascalitis, panciarticular
theunuatoid antheitis, polyarticular rheumatoid arthritis, systemic onset rheumatoid arthritis,
ankylosing spondytits, enteropathic arthritis, reactive arthritis, Reter's Syndrome, $EA
Syndrome {Seronegativity, Euthesopathy, Arilwopathy Syadrome), dermatomyositis, psoriatic
arthritls, scleroderma, scloroderma-associated mtorstitial lung discase, vasculitis, myolitis,
polymyaditis, dermatonyolitis, polyarteritis nodossa, Wegenet's gravulomatosis, artaing,
ploymyaigia rheuratica, sweeidosts, solerodeda, sclerosis, primary biliary sclerosis,
sclerosing cholangitis, Sjogren's syndrome, psoriasis, plague peoriasis, gaitate psoriasis, verse
psoriasis, pustalar psoriasis, erytheodermic psoriasis, dermatitis, atopic dermatitis,

atherosclerosis, hupus, Sul¥s disease, Systenuce Lupus Ervthonatosus (SLE), myasthenia gravis,
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inflanmatory bowal discase (IBD), Croha's discase, wlegrative colitis, celiac discase, maltiple
sclerosis {MS), asthina, COPD, thinosinusisis, thinosinusitis with polyps, eosinophilic
esophogitis, ensinophilic bronclutis, bronehitis; Guillain-Barre discase, Type 1 disbetes
wmetbious, thyroiding (g, Graves' disease}, Addison's disease, Revoaud’s phenomenon,
sutoinwmare hepatitis, GVHD, transplantation rejection, kidwey damage, cardiovascudar
disease, infoction, sepsis, HIV infection, rauma, kidoey allograft nophropathy, 1gA
nephropathy, diabetic nephropathy, diabetie retinopathy, macular degeneration, billary atresia,
gongestive heart failure, atherosclerosis, restenosts, radiation-induced fibrosis, chemotherapy-

fndvced fbrosis, burms, surgieal trmona, glomendosclerosss, and the like

{00291} In preferred embodiments, the autotmnume disorder, inflanyaatory disorder, or
disorder assoviated with extraceltalar matrix deposition or semodeding is fibrosis, carfilage
depradation, arthritis, shewmatold asthritis, scleroderma, sclevoderma-associated interstitial lung
discase, idiopathic pulmonary fibrosis, cirshosis, psoriasis, atopie dermatitis, systemic
omutanenus amylowdosis, primary autancous anwvloidosts, inflammation, praritic iflanmation,

prurtgo nodulavis, and pain,

U In contatn embodiments, an QSMR sutigen binding protein of the invention is
used to diagnose, detoct, or fremt a cancer or tinorigenic disorder. In reating a cancer of
wmovigenic disorder, thr OSMR amigen binding profcin may target OSMR-expressing cells
for destraction andfor may block the inferaction of OSM andior 1L-31 with OSMR, thereby
reducing OSMR mediated signaling. It is contemplated that the OSMR antigen binding
proteius that bloek OSM- andfor IL-3-mediated signaling would be usefid in promoting
improved survival in capcer patients. Cancer of tamorigenic disorders that may be diagnosed,
detected or rested with an OSMR mutigen binding protein include, but are not Hmited to, solid
tumors generally, lung cancer, ovariay cancer, bregst cancer, prostate cancer, endonsetrial
vancer, rengl comeer, esophageal cancer, pancreatic cancer, squamous cetl carcinoma, vveal
melanoma, cervical cancer, colmrectal cancer, bladder, brain, puervatic, bead, neck, fiver,
leukemia, lvmpbonia and Hodgkin's discase, nuduple myeloma, melanoma, gastrie caveer,

astrocytic cancer, stomach, and pulmonary adenocarcinoma.

{00293 The aatigen binding protoins may be Qsed to inhibit tumor growth, progression,
and/or metastasis. Such infubition can be monitored vsing various nethods, For instance,
inhibition can result wy reduced homor size andfor a decrease in metabolic activity within a
tamor. Both of these parameters can be measured by MRY or PET scans, for exanple.

intubition can alse be monitored by biopsy to asceriain the fevel of necrosis, nemor cell death,
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and the level of vascalarity within the tmor. The extent of metasiasis can be monitored using

knpws methnds.

{00294} The ase of any and all examples, or exemplary Janguage (e.g., “such as™}
movided herefn, is intended mercly to better uminate embodiments of the vention and does
1ot pose a Hmitation on the scope of the invention unless otherwise claimed, No lnguage in
the specification should be constraed ns indicating any non-cloimed Slement as essential to the

practice of the hvention,
EXAMPLES

{00205] The following exanples, both actual and prophetic, are provided for the purpose
of ithustrating specific embodiments or features of the present invention and are not intended 10

hinut its scope.

EXAMPLE 1. Production of Anti-OSMR Ansbodies Using the XENOMOQUSER: Phatform

{296} Falty hentan antibodies divected against npnan OSMR were generated using
XENOMOUSER technnfogy (as desentbed in United States Patent Nos. 6,114,598, 6,162,963,
6,833 268, 7,049,426, 7,064,244, which we incorporated herein by t‘eﬁ:mnéc in their eativety,
and s Green e of,, Nasure Genedics 71321, 1934; Mender o of | Nature Genetioy 15:148-56;
1097, Green ef o, L Ex. Med. 18&483-95, 1998, and Kellermuann of al., Owrrent Opinion in
Bivwchnology, 13:393-7, 2002),

{0297 To produce antibodies to OSMR, two different straing of XENOMOUSE®R
animals, Le., XMG2-KL and XMG4-KE mies, were innnunized with haman OSMR-Fe solable
proteins (prepared by Amgen, Scartle, WA). A suitable amount of inununogen (e, ten
paimouse of soluble b OSMRAFe protein) was used for tnitial immunteation of
XENOMOUSE® antimals according 1o the methods disclosed in U, Paient Application Serial
No. 08/759,620, filed December 3, 1996 and International Patent Application Nos. WO
98/24893, published June 11, 1998 and WO BO/76310, published Decomber 21, 2000, the
discloswres of which are hereby incorporated by reference. Following the initial mmunization,
subyseguent boost impnaszations of immunogen (five pgimouse of sohuble human QSMR-Fe
protein} wers administered on g schedule and for the duration necessary to induce » suitable

wter of ant-OSMR mutibody in the mice.

JO0298} Sera were collecisd al approximately four weeks affer the first ingection and

specific titers were determined by ELISA. The protocol used t6 titer the XENOMOUSER
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snimals was as folloves: Costar 3368 medium binding plates were coated with neutravadin &
Brg/mlb (30 wliwell} and incubated at 4°C jn IXPBSA05% azide overnight. Plates were
washed using TiecTek 3-oycle wash with RO water. Plates were blocked asing 230 gL of
IXPRS/ 1 Momitk and incubated for at loast 30 minutes at RT. Block was washed off using
TiterTek 3-cycle wash with RO water. One then captured biotinylated huOSMR-FNFH
{prepared by Amgen, Seattte, WAY a1 2 ug'ml. in IXPBS/ omilk/ H0mM a4 (assay diluent)
50 pifwell and incubated for Thr at RT. One then washed using TiterTek 3-cycle wash with RO
water. For the primary antibody, sera was titrated 1:3 iu duplicate from 11100, This was done
in assay dileent 30 pLfwell and incabated for the at RT. One then washed using ThterTek 3-
eycle wash with RO water, The secondary antthody was goat anti Human 1gG Fo HRP @ 400
ngfml. in assay diluent at 50 pLiwell. This was incubated for Thr at RT. This was then washed
using TiterTek 3~cvele wash with RO water and patted dry on paper towels. For the substrate,
one~step TMB solution (Neogen, Lexingilon, Kentucky) wias used {36 uLiwel]) and the

substrate was allowed to dovelop for 30 min at RT.

{60299} Animals exhibiting suitable titers wore identified. Five XMG2KL animals were
identified with a specific TG impane response to OSMR. Spleens amd dratining lymph nodes
were harvested from these animals and pooled together for hybridoma generation. Five
XMG4KL animals with specific innnme respanses were similaly barvested and advanced as a
separate fosion soreciing campaigi. Ensiched B cells from iswmane animals were fused to non-
secretory myeloma P3 x 83Ag8.633 cells ((American Type Cudtare Colfection CRL-1586;
Keamey et al, J fmmnnol, 123: 154850, 1979} to gencrate bybridomas using standard

techniques (Kohler ot ol Narare 250, 495-7 1973),

{(0300]) Hybridomas ware then plated at high densiiy (multiple different hyvbridoms
chones per well) onto D6-well tissue culture plases and grown for fowr weeks, Hybridoma fine
stpernatants were screened for binding to fidl fength hunan and cypomoelgus OSMR expressed
on fransiently transfected 2937 éells by Fluorometric Microvolume Assay Technology (FMAT)
{Applied Riosystems, Foster City, CA). Brietly, in 384-well FMAT plates, 40 gl mixtwre of
3000 OSMR 293T wansfected vells and 15,008 parental 2937 cells were combined with 15 pl.
of hvbridoma supernatant and 10 ull of anti-buman tght chain (hukappa‘hulambda) Alexat47?
{Invisrogen, Carlsbad, CA) labeked secomdary entibody (1.0 ge /mL final concontration), Plates
were then incubated for three hours at room temperature ang fluorescence was read using the
FMAT reader. These sereens identified 883 hybridoma lines which bind o both human and

evnmmntogous OSMR.
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EXAMPLE 2 Homan OSMR-Blocking Assavs

{00301} The sbility of OSMR antibodies 10 block signaling through buman OSMR was
deterniined using two assays with either human oncostatin M {OSM) or human interleukin 3
{1L-31) as the ligpand. In combination, the assavs were used to determing if the antibodies could

inhibit signating of OSMR triggered through the binding of OSM andfor IL-31.

00382} In the first screen, antibodies were evalsated for their ability 10 block the
signaling of OSM through OSMR. Stimulation of primary normal human lung fibroblasts with
OSM induces phospliorylation of STATS and its subscquent wanslocation to the musleas. Cells
were secded at IO cells per well n Costar 384-well plates and allowed to adhere overnight,
Cells were pre-treated with mntibody supernatants for twenty minutes, and then stimalated with
80 ph human OSM for 30 minutes. Cells were then washied 3X in PBS, fixed with 2 3.5%
formaldehyde solution, washed (3X in PRST and permeabilized with a 0.3% Triton X-100
sohution. Cells were then stabned with an anti-phosphoSTATSI antibody for an hour, washed
and stained with an AlexaFluor conjegated mtibody {all contained within the HhiKit from
Cellomies). Plates were covered and read on the ArrayScan instnsment using the Cellomics
proprietary algorithm to generate 3 Nuclear Intensity vahse and a Cyioplaswmic Intensity value.
Reselts were reported as the difference between these twa values, and were further nosmahized

t0 control data containing maxinally stimulated colls and media-treated cells (POC).

033} 1n the second assay, antibodies were evaluated for their ability to inlubita
proliferanive signal of IL-31 through OSMR in a stable colf Hne that overexpressed human IL-
3{RA4 and OSMR. BaF3 cells were stably transfeoted with two plasmids: peDNAZ L +
hOSMRb (NeoR) and peDNAZLL + huyll.31RA4 (FeaR). Inthe absenece of nusrine 1-3, 1his
cell line 1s only able to proliferate in response to haman IL-31 and, thergfore, could be used o
speeificaliy evaluate the Mocking ability of anti-OSMR antibodies. BaF3 cells were plated in
96-well plates at a deasity of 20,000 cells per well. Antibodies and ligand ¢(hull-31, Peprotech)
were added to the wells to a final vohume of 100 gl and plafes were incubated for 72 hours iy
§4% CO2, 37C emidified chamber. Following ncabation, 20 ul, of Alamar Bhue was added fo
each well and plates were returned jo the tncabator. Plates were read ou a Molecular Devices

Viax Plate reader (570-800 nm) af various tmepoints post-addition of Akimar Blug,

{30304} The resubts of the two assays are presented fu Table 4 below. Over 3000

hybridoma supernatants were scregned for blocking ability in these two dssays: the top 200
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blockers were furthes tested in 4 4-point titvation, with 14 being chosen for production of
recombinant protein and further testing. The IC30 for three exemplary saribodies {antibodies
1-3} is shown for both assays, Seme antibodies inhibited OSM-induced STAT3 translocation
more conpletely thaw they inhibited I1-3 1-Induced proliferation, and wee verse. Al thige

antibodies, however, were potent inhibitors of OSM- and IL-31 mediated signaling.

Tabsle 4

Cs0 | AW Ab2. Ab3

OSM | 137 pM | 282pM | 135 aM

YL-31 | 352 pM | 27.6 pM | 780 pM

{00305} The ability of OSMR amibodies jo block signaling through ¢ynomoigus OSMR

way explored using two assays with ¢ither husian OSM or hursan IL-31 as the ligand.

{00306} In the first soreen, antibodies ware evaluated for their ability to block the
signaling of OSM through cynomoleus OSMR by using & primary kidoney epithelial col line.
Sunnsdation of these eells with cynomolgus {eyno) OSM induces phosphoryiation of STAT3
and 1ts subsequent translocation o the nuclens, Cells were seeded at 300 cells per well in
Costar 384-well plates and sllowed to adhere overnight. Cells were pre-treated with antibody
supematants for fwenty winutes, and then Sintulated with 80 pM cyno OSM for 30 minutes.
Celis ware then washed 3X in PBS, fixed with 2 3.3% foromidehyde soluton, washed (3% in
PBST) and permeabifized with a 5% Triton X-10 solution. Cells were then stained with an
anti-phosphoSTATS antibody for an hour, washed and stgined with an AlexaFluor conjugated
antibody (all contained within the HitKit from Cellomics). Plates were coversd and read on the
AgraySean tostroment wsing the Cellmmics proprictary algorithm o generate 3 Nuclear Intensity
vatue and 3 Cyloplasmic Tntensity value. Resulis were reported as the difference between these
two vatues, and were further novmatized to control dasa containing maximally stimdated colls

and media~treated cells {(POQ).

{00307) In the scoond assay, antibodiss wers evalaated for their ability fo fubibit a

protiferative signal of IL-31 through eynomolgus OSMR in a stable cell line that overexpressed
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cyno IL-3IRA and OSMR. Similarly 1o Exanple 2, BaF3 cells were plated in 96-well plates at
a density of 20,000 cells per well. Antibodies and ligand {cynomalgus I-31, in-bouse. 18,
Amgen, Seaitle, WAY were added to the wells to a final volume of 100 pl, and plates were
ineuhated for 72 howrs in 3% CO2, 37¢C hunidified chamber. Following incubation, 20 pl. of
Alamar Blue was added o cach well and plates were retumed to the incubator. Platss were
read on Molecalar Devices Vimax Plate reader {370-6101 mm) at various nwpoinis post-

addition of Alamar Blue.

{BO308] The results of the twe assays sve presented in Table 3 below with the 1CS for
cach antibody shows for both assavs. The rewdis confirm that cach of atibodies 1, 2, and 3

ave potent tndiibitors of OSM- and 1L-31 mediated signaling,

Table 5

JC50 | Abt Ab2 Ab3

O8M | 126 nM | S18pM | 1.24 nM

EL-31 ] 225 pM [ 293 pM | 6.87 nM

{00309} Antibody compeution studics were performed to characterize the epitopes of the
anti-OSMR senomouse antibodies. Antibodies that compete with each other can be thought of
as binding the same site on the target. In these expertments, OSMR of isrelevans antibodies
wre captured onto streptavidin-coated Lanminex beads pre~bound 1o a capture antibody
{biotinylated monovalent nmouse anti-human 1gG Fe antibody). OSMR antigen or buffer {no
antigen) was added 1o wells, and a probe antibody was added to cach well and detected with a
PE-labeled monovalent mouse anti-luenan {gG Fe astibody. Mean fluorescence intensity of
cach well was nwaswred. For a full veference, see Ha et al., ./l Impuwol Methods 288 91-8,
2004, Detection of fluorescence i a given well indicated that the probe antibody was able to
Bind fo OSMR, even in the presence of the nther OSMR antibody, domonstrating that they are

binding 1o stparate cpitopes. A mininnam of three bins were found as shown in Table 6 below.
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Table &

Bin 1 Abd

BinZ | Abl Ab2, Ab3, AbS, AbS, Ab7, ABR, Al
ADLO, AblY, Abi2, and ABI3

Bin 3 Abid

EXAMPLE & Affinitv Determination of Anti-OSMR Antibedics

00314} The affimities of anti-O8SMR antibodics were determined. Kinetic rate constant
determinationy were perforned to investigate the interaction of anubodies 1-3 {Abs 1-3) 1o
huomas OSMR.

{00311} Biosensor analvais was conducted a1 23°C s a HBS-EP+ {(1X) buffer sysiom (10
mM HEPES pH 7.4, 150 mM NaCl 3.0 mM EDTA, 0.05% Surfactant P20) using & Biacors
3004 optical osensor equipped with 2 CMS sensor chip. Al reagents wore kept at 8°C priow
10 injection. Goat anti-haman IgG (Jackson bomunoRescarch, #109-005-098) was
smnxcebilized 3000 RU) to the sensor chip via standard aming couphng @ Flow Cells 1 and 2
and then blocked with cthanolamine. hOSMR.FH was prepared in munning buffer at 156 nM
and dituted 3-fold to .617 sM. Antibodies 1-3 were diluted (0.25 t0 0.5 yg/ml.} in ronning
butfer. The antibodies were injected (13 pl) over Flow Cell 2 at a flow rate of 10 plimim.
About 50 RU of antibedy was captured. The surface was aliowed to stabilize (90 s) and then
vach concentration (130, 30.0, 16.7, 536, L85 and 0.617) of hOSMR was passed over Flow
Cells 1 and 2 af ¢ flow rate of 30 pLimin to observe the assoctation {3 min) and dissociation {3

nund. Samples were run in duplicats and in random order.

HEARR IR Buf¥er analyvte blanks (9 oM BOSMR) were injected before, n-between, and
after sample injections. Antibodies were injected {15 uL) over Flow Cell 2 &t & flow rate of 10
uLlimin, About 30 RU of antibody was captured. The surface was aflowed 1o stabitize (90 5)
and thin vach concentration {150 nM) of BOSMR was passed over Flow Cells 1 and 2. at a flow
rate of 30 yLanin jo observe the association €3 mind and dissociation (1 -2 i), The smnples

were run in triplicate.
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003131 Baffor analyie blanks { ¢ oM hOSMR) were injected before and after the sample
injections. The surface was regenerated af a flow rate of 30 gl/min with two injections of 10
oM glyveine (pH 1.5, 30 pl). Thiv was followed by s buffer blank injection (15 s),

{03141

2 was subiracted from the data from Flowe Cell 1 (blank reference). The sefersnce subtracted

Daa way analyzed with Scrubber 2.0 software as follows. Data from Flow Cell

data (2-1) was then subtracted (double refercaced) from the nearest & oM concentration data.
The double referenced long dissociation data was fit fo a 1] binding wodel to determine the
dissociation rate constant (kd}, This dissociation rate constamt waw used as a fised parameter to
fit the double referenced shont dissoctation data to g 11 binding model in order to determing

the association rate constant (ka) and the equiltbriun dissociation constant (Kd}).

{00315] The reagents were well-belaved under the experimental conditions and the data

{see Table 7 below) fi fuirky well wr a 111 binding wodel.

Table 7

Antibody Antigen 2 {1/MEs) k(1% Ky (oM
Abl huQSMR 447 10° .95 x 107 2}

Ah2 hQSMR 350 x HF 181y I 27
Ab3 huQSMR. .47 x 1 162 x 167 1080

EXAMPLE 6; Anti-OSMR

100316}

Antibadi

Fully homan antibodies directed against human OSME were gencrated using

XENOMOUSER sectwology described sbove in Example I, Eack of astibodies 1, 2, and 3

woss domenstrated o be potent ishibitors of OSM- andfor IL-3 T-mediated sipnaling.

Sequences of antibodies 1, 2, and 3 (e, Abl, Ab2, and 3b3) were determined and sre set forih

in Table 8 below.

Tahle 8
Description SEQ | Seguence

11D
At - ] & chggtgcagtctggggctgaggtgaagaagectgggge
Heavy Chain tctectgecaaggettetggatacacctteaccagtt
ruscleotide

aamtgggtgcgacaggccactggacaggggcecttgactag
tgaaccctaatagtggtaacacagactatgcacagaa

gry gagtcaccatgaccaggaacatttccataagecacyg
2ot victgagecagectgagatctgaggacacggecgtittat

tastytgagagagatatggtggetgcgaatacggattactactteta
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cgtctggggccaagggaccacggticaccgtetect
Saagggceccatcggtctteceectggegacctgetece
cgagagcacagcggccctgggctgcctggtcaagga
- gaaccggtgacggtgtecgtggaactcaggecgeictga
ﬂqsqagcqcacct ccagctgtectacagtcecctecaggactce

3 £

Y]
PUR I TS §
oy Ly @

9]

ac @a}jACacccUCatgat"tcccggaccvctgaggtvaﬂgtocu
Lagtgutagasgtgageccacgaagacccegaggteccagtteaactygyg
tgoasgacgtyggaggtocataatgecaagacaaageccacggga

cagticsacagcacgtteccgtgtggtcagegtecicacegttyg
gactggcectgaacggcaaggagtacaagtgcaaggtctece
ctcccagceccccecatcgagaaaaccatcteccaaaaccaa
Logagaaccacaggtgtacaccctgececceccateceggyg
aagaaccagg caggctgac”tc tggtcaaacgc

2

ga
ot

ac aacaccdcacctcccaLgﬂtdgactﬂcaacgcct
';tacagcaagc caccgtggacaagagcaggtggeaq
cttctcatgctcecgtgatgecatgaggetctgecacaa
agaagagcctctecoctgtietecgggtaasa

A2 -
Heavy Chain
nucieotide

ct.ggtgcagtctggggetgaggtgaagaagectgggge
tctectgecaaggettcectggatacaccttcacecagtt
tgggtgcgacaggccaciggacaagggettgagtgyg
qaatgaaccctaacagtggttacacaggctatgcacagaa
zgagtcaccatgaccaggaacacctecataagecacag
uatgahcagcctcagatc aggacacggccgt tat

ctggggﬂcaagggaccacggtcaccgtctcct
ggﬂccvat ggtcttcocceccetggegecctgetece
ccgagagcacagcggceccctagggectgectggtoaagga
4gaaccggtgaﬂgatgtcgtggaactcaggcgctctga
tgcacaccticccagetgteoctacagtccicaggacte

[e

Laa tuagcagegtggtgacecgtgecctccagecaactteggeac
AL ratacctgcaacgtagatcacaagecccagecaacaccaagyg
ke zgacagttgagcgeaaatgttgtgtegagtgeccaccgtyge
ot accacatgtggecaggaccgtcagtcttectettecceccaaa

Qaccctcecatgatctecocggaccectgaggtecacgtogeg

“tgagccacgaagacccvgaggtccagttcaactgg
'cgtggaggtgcataatgccaagacaaagccacggga
cacagcacgttccgtgtggtcagcgtcctcacegtty
‘tggctgaacggcaaggagtacaagtgcaaggtictcc
ticccageccecategagaaaaccatctecaaaaccaa
guoszugagaaccacaggtgtacaccctgececccatecoeggyg
ccaagaaccaggtcagectgacctgeectggtecaaagge
igcgacatcecgecgtggagtgggagagcaatgggeagcee
wetacaagaccacacctcccatgectggacteecgacgget
setacagecaagcetcacegtggacaagagecaggtggeag
Lcttctcatgetecgtgatgecatgaggctectgecacaa

XA

Ab3 ~
Heavy Chain
nuclentide

oygagaagagectctecctgtetecocgggtaaa
atctggtgecagtctggagetgaggtgaagaagectgggge
agatctectgcaaggecttetggtiacacctitaccaget
:tgqgtacgauaggccccvgqacaagggcttgagtgc
cagvactbauaatghtaaca”aaavtatgcacacaa
agagtcaccatgaccacagacacatccacgagcacag
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Region )
YEY
AD2Z ~ 10 P T
Heavy Chain Variable BE TS
Region 43 Rt
AL3 ~ 11 P& TR
Heavy Chain Variable o DY
Region
Abt~ 12
Heavy Chain CDR1
AbZ ~ 13
Henvy Chaln CDR1
ApB ~ 14
_Heayy Chain CDR1
Apt — 15 MNP
tieavy Chain CDRZ
Ab2 ~ 16 WHMGHNNY
Heavy Chain CDR2
ABI ~ 17
Heavy Chain CDR2
Abt - 18 DMVAANT D FYTENRY
Heavy Chain LDR3
Abd ~ 18
Heavy Chain CODR2
Ab3 -~ 20
Heavy Chain COR3
Abt ~ 21 Lgactcagccaccctecagecatctgggaccocccgggea
Light Chain nucleotide tct\,ttg\.tc ggaagcagctccaacgtcggaagta
tggtaccaacagcteccaggaacggcccccaaactce
taataatcggpggucctucggggvu ctgaccgatt
rraagtectggcacctcagectcectggeccatcagtgggce
gaggatgaggctgattatttctgtgcagegttagatgac
tgtggtattcggecggagggaccaaactgacecgtect
aagcggcgceccteggtecactetgticecgecctect
*’ tcaagccaacaaogbcacactggtg gtctecataagt
cgggagccgtgacagtggectggaaggcagatagecag
gggcgggagtggagaccaccacaccctcocaaacaaagea
cgcggccagcagctatetgagecctgacgecctgagecag
tudcacagaagectacagectgecaggtcacgecatgaagggag
gagaagacagtggeccctacagaatgttcea
AbZ ~ 22 Wwhgactcagcocacccotecagegtctgggaceceecogggea
Light Chaib nucieotide tctecttgttcotggaagcaacteccaacatcggaagta
waaltggtaccaccagetcecoccaggaacggecccccaaactc
stattaataageggecceccteaggggteccigaccgatt
agtctggctcctcagectcectggecatcagtgege
goatgaggctgattattactgttcaacatgggatgac
wtgtggtattcggegagagggaccaagectgaccgtect
&aagcggcgceccicggtcactctgttececgeeectect
.caagccaacaaggocacactggtgtgtctcataagt
mgggagceccgtgacagtggcctyggaaggcagatageag
g: cgggagtggagaccaccacaccctccaaacaaagaa
‘gecggecagcagcectatetgagectgacgectgageayg
'a:»cacraagc acagctgccaggtcacgecatgaagggay
ye&agacagtggceccctacagaatgtica
A3 - 23 t

Light Chain nucleolide

\gacgcag ctccaggcaccotgtcectttgtctecagyg
3 ctgcaggygccagtcagagtgttagcagca
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EXAMPLE 7: Modified Anti-OSMR Antibodies

[00317]  Modified versions of Abi, AbZ2, and Ab3 wete gencrated. For sl three modificd

forms of the angbodies, the lysine at the C rexnainus of the heavy chain was removed. For Abl

and AB2, the glycosylation site at position 73 was removed by substituting the asparagine at

position 73 with an aspagtic acid. These variants are referred 10 as AbI-N73D and AbI-N73D.

The sequences of the modified antibodies are set forth i Table ¥ below (the modified

nucleotides and amino acids are underlined).

Table

Deseription

Sequesce

Abl version 2 —
Heavy Chain
nuclestide

{N730 / C-terminal
fysine deleted}

*ggthagtcfgnqgctgaﬂq gaagaagcectgggyge
qtctectgcaaggcttetggatacaccttcaccagtt
tgggtgcgacaggccactggacaggggcttgagtyg
'gaaccctaatagtgctaacacacacta:ccacdga

.Q (,

2

gctgagcagCutgagatbbgaggacacggccg*ttat
gagatatggtgygctgecgaatacggattactacttcta
<*acg*ctg~ggccaagggaccacggtcaccgtctcct
aagggcccatcggtcttceccectggegecctgetoca
cgagagcacagcggccctgggetgectggtcaagga
aaccggtgacggtgtcgtggaactcaggegectctga
cacaccttcccagetgtcectacagtcecctecaggactc
ycagegtggtgaccgtgccctceccagcaactteggeac
acctgcaacgtagatcacaagoccagecaacaccaayy
gttgagcgcaaatgttgtgtecgagtgeccaccgtyge
tgtggcaggaccgtcagicttcctctticeccccaaa
ccctcatgatctceccggaccecctgaggtcacgtgcy
icgtgagccacgaagaccccgaggteecagtt caactgg
igcgtggaggtgecataatgccaagacaaagecacggga
ntcracagcacgttcegtgtggtcagegtecticaccgtig
tggctgaacggcaaggagtacaagtgcaaggtctec
etcccageccccatcgagaaaaccatctccaaaaccaa
cogadaaccacagygtgtacaccctgeccceccatece
ac:aagaaccaggLcagcctgac"tccctggtca a
cgacatcgecgtggagtgggagagcaatgggcea
caagaccacacctcccatgetggactceccgacgecet
acagcaagctcaccgtggacaagagcaggtggeaq
cttctcatgcet ccgtgafg atgaggctctgcacaa
:agaagagcctetecctgtectecgggt

0

efele)
ggc
gc

ﬂ

A2 version 2 ~
Heavy Chain
nucieotids

{N730 f C-terminal
lysine deleted)

43

gatggtgcagtctggggcectgaggtgaagaagectggggc
tctcectgcaaggettctggatacaccticaccagtt
~tgggtgcgacaggcecactggacaagggcettgagtgg

A 2tgaaccctaacagtggttacacaggctatgcacagaa
FL¥ :gagtcaccatgaccagggacaccticcataagecacag
cots yasatgagcagcectgagatctgaggacacggecgtgtat

wgagatatagtggctgcgaatacggattactacttcta
Atggacgtetggggecaagggaccacggtcacecgtetect

-~ 88 -
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gaagggeccatcggtetteccectggegeectygetcece
cgagagracagcggccc gggctgcctggtcaagga
aaccggtgacggtgtecgtggaactcaggegctctga
cacacct cccagctgtectacagtcctcaggactce
<dCagvctggtgaccatg cctccagcaactteggeac
racctgecaacgtagatcacaagcececagcaacaccaagyg
agttgagcgcaaatgttgigtcgagtgeccacegtge
#2515 tgtggcaggacecgtcagtcttectctteoeececaaa
azcoaaggaraccctcatgatecteccggaccecctgaggtcacgtgeyg
ko mvctgaﬂccacgaaQacc cgaggtccagttcaactgg
acgtggaggtgecataatgecaagacaaagecacggga
C racagcacgttcoccgtgtggtcagegtecctcaccgttg
mvtggctgqachCaaggagtavqagugcaaggtctcc
cetceccageccccatecgagaaaaccatcteccaaaaccaa
cogagaaccacaggtgtacaccctgeccecatececggg
gascaagaaccaggtcagectgacctgectggtecaaaggce
coesgcgacategecgtggagtgggagagecaatgggeagec
aatacaagaccacaccteccatgetggactecgacgget
ctotacagcaagctcaccgtggacaagagecaggtggeag
gtcttctecatgetcecgtgatgeatgaggetetgecacaa
Sgragaagagectetceoctgticteegggt

STAFACOLA

sioud

,n.

A3 ~

Hgavy Chain
nuicieatide
{C-terminal lysine
deleied}

48

st.ggtgcagtctggagctgaggtgaagaagectgggge

aggteteoctgecaaggettctggttacacctttaccaget
rtgggtgcgacaggeeccciggacaagggettgagtgy
“t.cagcacttacagtggtaacacaaactatgcacagaa
wgagtcaccatgaccacagacacatccacgagecacag
dctgaggagcctgagatectgacgacacggecgtigtat
gagagggaacttctactactacgygtatggacgtecigggyg
cggtcaccgtctccoctcagectagecaccaagggececat
cctggegecctgeteccaggagecacctecgagagcaca
gactgectggtcaaggactacttcccegaaccggtgac
:actcaggcgctctgaccageggegtgcacaccttee
:cagtcctcaggactctactccctocagcagegtgatyg
ccagcaacttcocggcacccagacctacacctgcaacgt
Jaccagcaacaccaaggtggacaagacagtitgagegea
-~utcgagthCﬂaccgtgcccagcaccacctgtggcagga
»z“cctcttccccpcaaaacccaaﬂc caccctcatgat
ccacg

aqacaaagccacgggaggagcagttcaacaqcacgtt
gcgtcectcaccgttgtgecaccaggactggctgaacy

aaaucatctecaaaaccaaagggecagcceccgagaaccaca
etgeccecateccgggaggagatgaccaagaaccagyg
wtgectggtcaaaggcttctaccececagegacatcgee
wgagcaatgggcagccggagaacaactacaagaccac
ctggacteccgacggctecttcecttectctacagecaage
raagagcaggtgacagcaggggaacgtcitcteatge
Lgagygctectgcacaaccactacacgcagaagagect

&
ke

Abi version 2 ~
Heavy Chain protein
{N730 / Ceermingl
lysirie deleted)

&0

sran Y

& :‘..'D
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=
SVEN

Ab2 version 2 ~ 51
Heavy Chain prolein
(N730 f C-terminat
lysinn dejeledy RS TSESTANLS
AV LYS

Ab3 version 2 ~ 52 QEGA
Heavy Chain protein TY S
{C-terminal lysine NFY
deleted} o

EIREQEENN
Abt version 2 ~ 53
Heavy Chain Variable )
Region 3
{N73D # C-larminal
tysine delafed)
A2 veision 2 — 54 3
Heavy Chain Variabls NSHETEYS
Region YCARDIVAARNTDY
{N730 / Cterminal
bysine deleted)

{00318 ELISA expenments were performed under various formats {Capture ELISA for
avidity-less format; Sandwich ELISA for sohstion phase format; and Direet ELISA. for solid
state avidity format) using sirtibodies containing the variable regions of Abl or Ab2 {or the
NT3D variant of Abl or Ab2) with different Fe regions.

{603191  Abl and Ab2 cach contain CHI, CH2, CH3 doning of human 1g02 origin. As
used heredn, the terms “AbI™ and “Ab} G2 W™ refer 1o the same antibody. Similaly, the
ternes CABIT and “Ab2 G2 WT refir to the same antibody.

(603201 Antibodies wdentified as “TgGAP agly / IgG1™ contain the vartable regions of Abt or
Ab2 (or the N73D variant of Abl or Ab2) fused o the CHI domdan from hesan 1gG4, the
nge from homan IgG4 with a Ser o Pro maatation {at position 228} to reduce shuffling, the

CH2 domian from buman TpG4 with an Asn to Gln mutation {at positon 2973 to climinate the

- 90 -
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N-linked glycosylation site, and the CHI domam from haman IgGl. The “IgG4P aghy / {5G1”
framewaotk is described in US published patent appdication sumber US 201201001440,

{00321} The BLISA results indicated that removal of glycosylation shies via the N73D
substitution did vot affect the bindmyg of the modified antibodies to OSMR. See Table 10,

Table 18
Antibady Capture {EC30) Sandwich {EC3) Direct (EC50)
nM nM M
AbT IgGZWT 0.2 £).581 0184
Akl NT7ID f2G2 485 0,359 00728
Abl N73D FgG4P | 286 0.038 (30626
aply fIeGl
Ab2 19G2 WY 3.63 0,366 0,182
Ab2 NTID G2 5.49 .34 G179
AR N7ID JeGiP | 1.61 0,064 01338
agly / IgGY

[00322] Binding studics were performed using the BlAcore method, Antibodies conigining
the variable regions of Abl or Ab2 {or the N73D variant of Abl or Ab2) with different Fe
regions were imanobilized on a CMd clup (GE hifescionces} ay per naafacturer’s protocols,
Solable OSMR was used as the analvie. Remaving the glycosyvlation site on Abl and Ab2 via
the N7312 substitution improved the binding atfinitics. For Abl, the substitution improved Kon

rate, whereas for Ab2 it improved Koffrate, See Table 11,

Table 1%

Antibody Kon (M-1s-1) Kolt (1/s) KD (M)
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Abl IgG2 WT LOAE+3S L5GE-04 0.813E-
AbI N7TID IgG2 | 249E+08 1.68E-04 Q.673E-9
Ab2 IgG2Z WT LRREH0S 1.89E-04 LOTE-QQ
ABINTIDIgGZ | L73EHS 3.99E-05 (.280E-¢

{00323]  The siability of Fab fragments was determined by assessing the thermal unfolding of
antibodies. High melung temperatire of Fab fragments correlates dircetly to increased

stabulity. Removal of glvcosylation sites on AB2 wia the N73D substirution did vot affect the
thermal stability of Fab fagneats and showed minor offects on Abl, as sssussed by differential

scanming fuorimery experiments. See Table 12

Table 12

Antibody Fab Twm {Celsius) | Standard Ervor (Celsius)
Abl BGZ WT 73.24 9.0097

ABINTIDIgG2 | 71 0.005

ALINTID IpGAP {7423 0014

agly /1eG1

Ab2 1662 WT 76.71 0.{004

Ab2NTID G2 | 7634 0.4

AbZ N73D IgG4P | 7669 (1018

agly [ 1gGl

{03241 The ability of modified anti-OSMR antibodies o block signaling throsgh heman
OSMR was assessed. The modificd antibodies were evaliated for their ability to inhibig

profiferation of a BaF_hu-IL3IR/OSMR gp130 celf Tine in the presence of 1131, OSM, or IL31
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and OSM. The results are prosented in Tables 13 and 14 below, with the 3080 for cach

antibody shown, The results continm that the modified versious of Abt and Ab2 are potent

inhibitors of OSM- and 1L-3 L-mediated signafing.

Table 13

Antibody 1L31 O8SM ILM/OSM
{1Cs®) (C50) (KC50)

Ab2 | 0.3828 0.352% 19

Abl YeG2 WT {.6681 0.5298 4.004

ABY NTID 1gG2 {.7563 3235 3,702

Abl NT3D IeGaP | 04672 0.5657 3080

agly / TGt

Table 14

Antibody L33 OSM H31/OSM
{0503 {}HC58) (M50}

Ab2 0.4416 04019 1¥

AB2 Fels2 WT 0.3671 04758 2049

AhZ N73D 1gG2 {0,219 {LIRSD 1474

Ab2 NT3D IgG4P | 02838 0.2401 1.27¢

agly / Iei51
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{00325 The diseloswre has begn deseribed in torms of particalar embodiments found or
propused to comprise speeitic modes for the practice of the disclosure. Various modifications
andd vilations of the described hrvention will be apparcat to those skilled in the art without
departing from tie scope and spirit of the nventon, Although the invention has been described
i comection with specific embodiments, it should be underssood that the invention & claimed
should pot be unduly Himitesd fo such specific embodinmens, Indeed, various modifications of
the deseribed modes for carryving out the invention that are obvious 1o those skilled in the

retevant fields are ntended to be within the scope of the following claims,
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Claims

L. An anti-oncostatin M receptor (OSMR) antibody, comprising:

a light chain variable domain comprising a light chain complementary-
determining region 1 (LCDR1) defined by SEQ ID NO:31, a light chain complementary-
determining region 2 (LCDR2) defined by SEQ ID NO:34, and a light chain complementary-
determining region 3 (LCDR3) defined by SEQ ID NO:37; and

a heavy chain variable domain comprising a heavy chain complementary-
determining region 1 (HCDR1) defined by SEQ ID NO:13, a heavy chain complementary-
determining region 2 (HCDR2) defined by SEQ ID NO:16, and a heavy chain complementary-
determining region 3 (HCDR3) defined by SEQ ID NO:19.

2. The anti-OSMR antibody of claim 1, wherein the light chain variable domain has the
amino acid sequence set forth in SEQ ID NO:28.

3. The anti-OSMR antibody of claim 1, wherein the heavy chain variable domain has the
amino acid sequence set forth in SEQ ID NO:54.

4. The anti-OSMR antibody of claim 1, wherein:
the light chain variable domain has the amino acid sequence set forth in SEQ ID NO:28; and

the heavy chain variable domain has the amino acid sequence set forth in SEQ ID NO:54.

5. The anti-OSMR antibody of claim 1, wherein the light chain of the antibody comprises
the amino acid sequence set forth in SEQ ID NO:25.

6. The anti-OSMR antibody of claim 1, wherein the antibody is a monoclonal antibody.

7. The anti-OSMR antibody of claim 6, wherein the antibody is a human antibody.

8. The anti-OSMR antibody of claim 1, wherein the antibody inhibits binding of human
oncostatin M (OSM) or human interleukin 31 to human OSMR.
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9. The anti-OSMR antibody of claim 1, wherein the antibody reduces human OSM-
mediated or human interleukin 31-mediated OSMR signaling in human OSMR-expressing cells.

10.  The anti-OSMR antibody of claim 4, wherein the antibody is a monoclonal antibody.

11.  The anti-OSMR antibody of claim 10, wherein the antibody is a human antibody.

12.  The anti-OSMR antibody of claim 4, wherein the light chain of the antibody comprises
the amino acid sequence set forth in SEQ ID NO:25.

13. The anti-OSMR antibody of claim 4, wherein the antibody inhibits binding of human
OSM or human interleukin 31 to human OSMR.

14.  The anti-OSMR antibody of claim 4, wherein the antibody reduces human OSM-
mediated or human interleukin 31-mediated OSMR signaling in human OSMR -expressing cells.

15. A pharmaceutical composition comprising the anti-OSMR antibody of claim 1.

16. A pharmaceutical composition comprising the anti-OSMR antibody of claim 4.
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