WO 2014/194274 PCT/US2014/040360

ONCOSTATIN M RECEPTOR ANTIGEN BINDING PROTEINS

CROSS-REFERENCE TO RELATED APPLICATIONS

{0011 This application claims the benefit of prionity to ULS. Provisional Appl. No. 61829082,

fied May 30, 2013, the content of which is incorpovated by reference in its entirefy herein,

BACKGROUND OF THE INVENTION

J002]  Oncostann M ONM) and Interleekin-31 (IL-31) are members of the IL-6 superfamily
and share g receptor subunit, oncostatin M receptor-f (OSMR)Y (Dillowr et al., Nat. nwmusol.
5(7y 752~60, 2004). Al of the members of tus fanuly, except 11-31, share the commeon chain
of ghycoprotemn 130 (gp130) in their multimeric receptor complexes. OSM signals through a
heterodimeric receptor complex comtaining OSMR and gp i3, while H-31 atibizes a gpl3-
tike receptor, IL-31R, in combination with OSMR (Dillon et al., supra Divuw et al., 1 Biol.
Chemn, 27934 3611220, 2004}, In goneral, OSMR and gp 130 are expressed fairly
ubiquitousty across tssues and cell types, and can be induced under a variety of stimulation
concitions. 1L-31R expression appears to be relatively more restricted and tightly regulated. In
fuanan and mice alike, IL-3 IR mRNA expression is detectable at Tow levels in tissues such as
trachea, skeletal muscle, thymaos and bone marrow {Dillon et al., suprry. Although the tevel of
expression is stavkly different, both HL-31R and OSMR are co-expressed on a multitude of
tissups, inchuding shin and intestingl epathelial cells, suggesting those tissues should respond to
IL-~31 {Dillon et al,, supra; Dambacher ot al,, Gut S6(9); 1257-65, 2007), While OSMR 15
expressed constiutively in the hung on epithehinl cells, IL-31R expression is at negligible to low
tevels tn the lung desue, but upregulated apov vartous methods of airway challenge (Dillos ot

al., suprey; Jawa et al, J, Interforon Cytokine Res. 28(4): 207-19, 2008},

J0031  Secreted primanly by T hvmphocyies, macrophages, and newtrophils, OSM and 1L-31
are both gpregelated in o vanety of disease states that mvolve inflanmmation. OSM has been
mplicated in diverse biclogical roles mcluding bone formation, cartilage degradation,
cholesterol uptake, pain and inflammanon (Cawston ot al, Arthritis Rheum, 41(1031760-71,
1998; Hasegawa et al., Rheanatology {Oxford) 38(7% 612-7, 1999, Levy etal., I Hepatol.
322 218-26, 2000; Mantcourt ot al., Arthnins. Rheume 43023 281-8, 2000; de Hooge et al.,
Am ] Pathol. 160(5):1733-43, 2002; Luzms st al, Artheitis Rhowmn 48(8), 2262-74, 2003,

Mortkawa et al., J. NMewrosed. 24(8): 194127, 2004; Kong et o, 1. Lipid Res. 48(8): 116374,

.
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2045). OSM has been demonstrated o be a potent modudasor of extracelular matrix (ECM) in
a vanety of contexts, suggesting that O5M 15 able to mediate scenungly oppostte pathologicsl
comsequences, including fibrosis (an oxcess of ECM) and vartilage degradation {a breakdown of
ECM} Depending on tissue type and envirommental milicy, both of these effects have been
ohserved when QO5M has been overexpressed or exogenounsly administered into fangs or joinis
of mice, respectively {Richards et al., Biochem, Soc, Trans, 30(2); 107-11, 2002; Hui et al,
Arthritis Rheum. 48(12): 3404-18, 2003; Rowan et al., Am. I Pathol. 162{(6): 1975-84, 2003},
fn nddition, OSM has previously been shown te be upregulated in fnoman pathologies where
these tepes of consequences exist {Cawston et al., vupra; Hasegawa ot al., supras Lovy ot al,
supres, Manicowrt et al, supra; Luzina ot al, supra). Predominantly, a locally-acting eytokine,
OSM s upreguiated in the svoovial fluid from joints of patients with rheanatod arthritis (RA)
{(Cawston et al., supra; Mandcourt et al, supra), in the broncheoalevolar lavage (BAL) fiwd of
patients with scleroderma-associated imterstitial lung disease {Lazina et al, anpra), idiopathic
pulmonary fibrosis (IPF), and in the lrvers of pationts with cirrhosis {Levy et al, supra). The
proposed impact on ECM by OSM can be attributed in part to the ability of OSM to shift the
balanee between matrix metalioproteinases {MMPs) and tissae inhibitors of MMPs (TIMPs).
TIMPs bind to MMPs ina 10 ratio with a high affinity that results in a loss of MMP
proteolytic activity, TIMP-1 and TIMP-3 have been previously shown to be differentially
regulated by OSM, resulting in an mercase i1 TIMP-1 and a decrease in TIMP-3 {Gatsios et all,
Eor. I, Biochenm. 2481 ) 56-63, 1996). {n addstion to regulating the digestion of extracellular
matrix components, MMPs are also implicated m the cleaving and subsoguent activation of a
mumber of proteins, mchiding TGF-B, 3 potent pro-fibrotic evtokine (Leask et al, FASEB L

IR(Ty 816-27, 20043, OSM has also boen reported o be capable of dircetly inducing the

transcription of type { collagen # vitre (Hascgawa et al, I Rhawmatol. 252} 308-13, 198K},

{0041 Expression of both OSM and IL-31 has been found 1o the skin of patients with psoriasis
and atopie dermatitis, and motabons i OSMR and IL-31R have been inked {o systemic
cutaneons amylowdosis.  System~wide transgenic overexpression of 1L-31 ndueed a pruritic
mflamymatory response i the skin of mice, Both OSM and 131 both signal through OSMR

on newrons where they have been suggested o promote nociceptive and pruritic responsas.

{051 Collectively, these hinks to boman discases and the ability of OSM and IL-31 10
promote a diverse array of pathologies, including at least inflammation, extracelllar niatrix
remodeling, pain, and pruritis, sugeest blockade of OSMR is a useful target for therapeutic

mfervention it many discases and disorders associated with OSMR.

T
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SUMMARY OF THE INVENTION

006} The invention provides snti-O8SMR matigen binding proteins, ¢.g., aniibodies and
functional fragments thereof, having properties anenable to conwnercial production and
therapeutio use 1 humans. The anti-O5MR antigen binding proteins are usefi! in methods of
treating discases and disorders assonisted with OSMR and, partiealarly, those assoecrated with
the binding of OSM or IL-31 to OSMR. Provided herein sve OSMR-binding antibodies that
bind OSMR with lugh affinity and effectively block Q5M mndifor HL-31 binding to OSMR,

thereby reducing OSMR-mediated signaling m the cell

{0071 Inafirst aspect, the OSMR antigen binding protein comprises a) a light chain variable
domain having at least 90%, wdentity, at feast 25% identity, or 15 wdentical 1o the amino acid
sequence set forth tn SEQ 1D NO:27, SEQ 1D NG2R, or SEQ 1D NO29; by a heavy chain
variable domain having at feast 90% identity, at Teast 25% identity, or is ilentical to the apuno
acid sequence set forth wn SEQ I NGO, SEG D NOUD, or SEQ ID NO: 1 or o) the light

chain variable domain of a) and the heavy chan variable donain of b

{0081 Preferred antigen binding proteins of the first aspect include those comprising a tight
chamn vanable domain having at least 90%, at least 95%, or 1 identical to the amine acid
sequence set forth tn SEQ 1D NO:27 and a heavy cham variable domain having at least 90%, at
feast 95%, or s identical to the amino acid sequenice set forth in SEQ 1D NOW9; those
comprising a light chain variable donain having at feast 90%%, at feast 93%,, ov 1s identical to the
mnine acid sequence set forth in SEQ D NO2R and a heavy chain variable domam having at
toast 90%, af least V3%, or 15 identical fo the amine acid scgaence set forth m SEQ 1D NO: I,
and those comprising a Hht cham variable domain having af least 90%, at least 95%, oris
wdentical to the ammo acid sequence set forth i SEQ 1D NO2Y and a beavy chan varable
domain baving at least $0%, at least 5%, or 13 wdentical to the andne acd seguence set forth in

SEQ IDNO: UL

OSMR antigen binding proteins comprising a heavy chain variable domain baving the above-

defined sequence relatedness to SEQ D NO:© can optionally contain an amino acid other than
asparagine {for example, aspartic acid) at the position conresponding to position 73 i SEQ 1D
N2, In such embodiments, the heavy chann variable domain optionally comprises the anuine

acid sequence sot frth 1 SEQ D NO:53.

OSMR antigen binding proteins comprising a heavy cham variable donwin having the above~

defined sequence relatedness to SEQ ID NG 10 can optionally contain an anuno acid other than
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asparaging (for example, aspartic acid) at the position corresponding (o position 73 in SEQ ID
N0, In such embodiments, the heavy chan vanable domain optionally comprises the aming
acid sequence st forth in SEQ 1D NOS4

{0091 In a second aspect, the OSMR antigen binding profein comprises a) a hight chan
variable domain having no move than ton or po more than five amine acid additions, delotiony
or substitutions front the wmine scid sequence set forth in SEQ 1D NO27, SEQ 1D NO2S, o
SEQ ID NO:290 b} a heavy chain vanable domain having no more than tew or no more than five
amdne acid additions, deletions or sabstitutions from the amine acid seguence set forth in SEQ
D NO:S, SEQ NG, or SEQ D NO: T wr ¢ the Hebt cham variable domain of a) and the

heavy chain vanable domain of by

{00107 Preforred antigen inding protems of the second aspeot imchude those comprisig a hght
chain variable domain having a0 more than ton or so mare than Bve amno acid additions,
deletions or substitutions from the anuno acid sequence set forth i1 SEQ ID NG:227 and a heavy
chain variable domain having no more than ten or no more than five amino acid additions,
deletions or substitutions from the anune acid sequence set forth in SEQ 1D NOY; those
comprising a Heht chain vanable domai having no more than ten or no more thas five amino
acid additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID
K26 and a beavy chan variable domein having no more than on or no move thae five siomo
acid additioms, deletions ov substitutions from the mmino soid sequence set forth m SEQ 1D
NO:HE and those conyprising a hight chain vanable domain having no more than ten or no e
than five amino aeid additions, deletions or substitutions from the smino acid sequentes sct forth
a1 SEQ 1D NQ:29 and a heavy chain variable domain having no more than ten or no more than
five anuno axd additions, deletions or substitations from the aninoe avd sequence set forth in
SEQIDNOL

OSMR antigen binding proteins comprising a hewvy chamn varable domain having the above~
defined scquence relatedness to SEQ 1D NG9 can optionally contain an anung acid other than
asparagine (for example, aspartic acid) at the position corresponding to position 73 in SEQ 1D
NG:©®. In such embodiments, the heavy chan vartable domain optionally comprises the anung

acud sequence sot forth in SEQ 1D NOS3,

QOSMR antigen binding proteins comprising a heavy chain variable domain having the above-
defined sequence relatedness to SEQ 1D NO: 1O can optionally contin an amino aoid other than

asparagine {or example, aspartic acid) at the positton corresponding to position 73 in SEQ 1D

e
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NGO In such embodimonts, the beavy chain varlable doman optionally comprises the anino

avid sequence set forth in SEQ 1D RO:S4.

{0011} In a third aspect, the O5SMR antiges binding protein contains a light cham vantable
domain comprising a} an LCDR1 having no more than three amine acid additions, deletions, or
substitutions from the LUDRY sequence set forth i SEQ ID NG, an LUDR2 having ne
more than Huee amine acid additions, deletions, or substitutions from the LCDR2 sequence sot
forth w SEQ 1D NO:33; and an LCDR3 having no more than three amino acid additions,
deletions, or sabstibgions from the LCDR3 scgucnee set forth in SEQ D NO:36; by an LCORY
having no more than three amine acid additions, deletions, or substitutions from the LCDR1
sequence set forth in SEQ ID NOG-3 an LCDRE having no more than three amino acid
additions, deletions, or substitattons from the LCDRZ sequence sot forth 1n SEQ 1D NO34; and
ast LCDRS having no more than three amino ackd additions, deletions, or substitutions from the
LCDR3Z sequence set forth in SEQ 1D NO:37; or o an LUDR! having no more than three
amino acid additions, deletions, or substitutions from the LUDRY sequence set forth in SEQ 1D
NCR3Z: an LCDR2 having no move than three amino acid addibons, deletions, or substitutions
front the LODR2 sequence set forth m SEQ 1D NO33: and an LCDR 3 having no more than
three amine xeid additions, deletions, or substitutions from the LCDR3 sequence sot forth in
SEQ 1D NER3R: and 2 beavy chain variable domain comprising d) an HUDRYT having no more
than theee mmine acid additions, deletions, or substitutions from the HUDR I sequencs set forth
in SEQ D NO12; sn HCDRZ having no more than three anune acid addinoens, deletions, or
substtutions from the HODR2 sequence set forth in SEQ ID NO: 1S, and s HCDRS having no
more than tuee amine aoid addipons, deletions, or substitutions from the HCBR3 seqguence set
forth in SEQ ID NOU&: @) an HCDR having no more than three amino seid additions,
deletions, or substitutions front the HCDRY sequence set forth in SEQ 1D NO: 13, an HODR?2
having 8o more than three amino acid additions, deletions, or substitations from the HCDR2
sequence set forth w SEQ 1D NO:16: and an HODRZ having no more than thrce amino agid
additioms, deletions, or substitutions from the HUDR3 sequence sot forth i SEQ ID NO:TY, o
£ an HOCDRY having no more than three anune acid additions, deletions, or sebstitutions from
the HCDR1 sequence set forth in SEQ 1D NO: 4! an HODR2 having no more than three amino
acid addittons, deletions, or substitutions from the HCDR2 sequeace set forth in SEQ ID
NO:AT; and an HCDRI having no more than three aminoe actd additions, deletions, or

substitutions from the HCDR3S sequence set forth i SEQ 1D NO2G,



WO 2014/194274 PCT/US2014/040360

F001 2] Preforred OSME antigen binding proteing of thivd aspect mclude those comprising the
Hoht chain variable domam of ad and the heavy chain variable domain of d); those comprising
the fight cham variable domain of b} and the beavy chain vanable dorain of o), and those

comprising the haht chain vartable domain of ¢ and the heavy cham vanable donain of 3.

OSMR antigen binding proteins comprising the hight chain variable dontain of &) and the heaey
chain variable domain of d) can eptionally comtain a heavy chain variable domain that
comprises an amino acid other than asparagine (for example, aspartic scid) at the position
corresponding o position 73 0 SEQ ID KRGS In such cbodiments, the heavy chain vaciable

domain pptionally comprises the anino acid sequence set forth in SEQ 1D NOS3

OSMR antigen bindimg proteins comprising the light chan variable domain of b and the heavy
cham variable domam of e) can optiosadly contain a heavy cham vanable doman that
comprises an aming aoid other thas asparagine {for exanple, aspartic acid} at the position
corresponding to position 73 i1 SEQ ID NG:18. In such cmbodiments, the heavy chan

variable doman optionally comprnises the amino acid sequence set forth i SEQ IDNOS4

{0013} 1n a fourth aspect of the mvention, the OSMR antigen binding protein of the first,
sccond, or third aspeet binds to human OSMR. with an affinity of less than or equal to I x 1077
M.

6014} In o fifth aspect of the fmvention, the OSMR antigen binding protein of the first, second,
thard, or fourth aspect inhibits hinding of lusman OSM to human OSMR andfor human 1L-31 to

human OSMR.

{ROTST e a sixth aspect of the nvention, the OSMR antigen binding protein of the first, second,
third, fousth, or fitth aspect reduces buman O% Memediated and/sr lnanan -3 -mediated

OSMR signahing in human OSMR-expressing cclls,

J0016] In a soventh aspeot of the invention, the USMR antigen binding protein of the sixth
aspect redaces cynomolgus monkey OSM-mediated andfor IL-3 T-mediated OSMR signaling

cysonnaions monkey OSMR-expressing cells,

{00171 In an cighth agpect of the wnvention, the OSMR antigen binding protem of the first,
second, thivd, fourth, fifth, sixth or seventh aspoet 1s an antibody, sech as o aman antibody,
Preforred antibodies include those antibodies that comprise a light chan having the avino acid

sequence set forth 1n SEQ ID NG:24 and a heavy chain having the amine scid sequence sot
X

forth in SEQ 3 NOG; those that comprise a light chain having the amine acid sequence set
forth f1 SEQ D25 and a beavy chain baving the amino acid sequence set forth in SEQ 1D

“f -
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N(:7; and those that comprise a light chain having the amino soid sequence set forth in SR

ID:26 and 8 heavy chain having the amino acid seguence set forth m SEQ 1D NOS.

Additional antibodies inchude those antibodies that comprise a Hgbt chain having the anuno
acid sequence set forth in SEQ 1D NQ:24 and a heavy chain having the amino acid sequence set
forth m SEQ 1D NQ:5),; those that conyise a hight chai having the amine acid sequence set
forth in SEQ 11:23 and & heavy chain having the amino scid sequence set forth m SEQ 1D
NO:SH and those that comprise a bight chain having the amine acid sequence set forth in SEQ

1D:26 and a heavy chain baving the amme acid segeence set forth i SEQ 1D NO:S2.

[0018] In o minth agpect, the invention provides nucleic acids or 1solated nucleic acids encoding
une of more polypeptide cinnponents of @ OSMR anuigen binding protein, o.g., an antibody
fight chain or antibody heavy cham. In preferred embodiments the mucloc acid encodes a

polypeptide comprising:

JO019] a3 a light chain variable domain having at least 95% dentity to the amine acid

sequence sef forth w SEG ED NG27, SEQ 1D NO2E, or SEQ ID NOZY,

{00201 by a heavy chain variable domatn having at least 95% identity to the amino acid

segacnce set forth tn SEQ 1D NOS, SEG 1D NO1O, or SEQ D Nk

FO02H o a Hght chain variable domain baving no mare than five amine scid additions,
deletions or substitutions from the amuno acid sequence set forth i SEQ ID NO:27, SEQ 1D
NO28, or SEQ ID NG:29;

{0221 4y a heavy chaiy variable domain baving po more than five amino acid additions,
deletions or substitutions from the aming acikd sequence sot forth 1o SEQ 1D NOxo, SEQ 1D

KO, or SEQ 1D NGO,

JO023 a hight chain variable domain comprising
0024} 1} an LCDRY having no more than three anuno acid additions, deletions, ov

substitutions from the LUDRY sequence set forth in SEQ 1D NO30; an LCDR2 having no
more than three amine acid additions, deletions, or substitutions from the LCDRZ sequenee set
forth tn SEQ 1D NO:33; and an LODRI having no more than thvee anine acid additions,
deletions, or substitutions from the LODR3 sequence set forth in SEQ ID NO:36;

F0025) i) an LCDRI having no more than three amno and additions, deletions, or
substitutions from the LCDRY sequence set forth in SEQ 1D NO3 T an LOCDR2 baving no

more than three anuno acd additions, deletions, or substitutions frony the LCDRY sequence set
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forth i SEQ 13 NO34: and an LCDRS having so morve than three aming acid additions,

deletions, or substititions from the LCDR3 sequence set forth i SEQ D NO37 o

fG026] 1) an LODRY having no more than three anuno acid addivions, deletions, or
substititions from the LUDRY sequence set forth tn SEQ 1D NQ:32; an LCDR2 having no
more than three amino acid additions, deletions, of substitutions from the LCDR2 sequence set
forth m SEQ 1D NO:35; and an LCDRI having no more than three mnine acid additions,

deletions, or sabshiitions from the LCDR3 sequence set forth in SEQ 1D NO3S, or

00271 5 a heavy chamn variable domain compnising:
{0281 1} an HCDRI having no more than three amine acid addihons, deletions, or

substitutions from the HCDRY sequence set forth in SEQ 1D NO:12; an HCDRZ having no
maore than three amine acid additins, deletions, or substitutions from the HUDR?2 sequence set
forth in SEQ 113 NQ: S and an HODR3 having o more than three amino acid additions,

deletions, or sabstitutions from the HUDR3 sequence set forth m SEQ 1D NO: S

j00291 it) an HCDRI having no nore thas three amino acid additions, deletions, or
substitutions from the HCDRI sequence set forth in SEQ 1D N3, an HCDRZ having no
more than three amino acid additions, deletions, or substitutions from the HUDR2 sequence set
forth m SEQ 1D NQ:16; and an HCDR3 having no more than three amine and additions,

defetions, or substitutions from the HUDRJ sequence set forth i SEQ ID NO/9; or

O3] iy an HODRI having no more than three amine acid additions, deletions, or
substitutions from the HCDRI sequence set forth 1n SEQ 1D NO 14, an HCDR2 having no
more thay three amino and additions, deletions, or sebstitutions frons the HUDR2 sequence set
forth in SEQ 1D NQ:17; and av HCDRR having no more than theee anuno acid additions,

deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:2G

In eprtain emboduments, the noacleie actd or isolated nucleic acid encodes a polvpeptide that

compyises the amine acid sequence set forth 1 SEQ 1D NOS3 or SEQ 1D NOM.

In certain embodiments, the mucleic acid or 1solated mucleic acid encodes a polypepude that
comprises the amino acid sequence set forth w SECY 1D NO-SO, SEQ ID NO:S L, or SEQ D

NG:S2.
JO03 1] In cortain embodiments of the ninth aspect, the nueleic acid or isolated nocleic acid
cnvodes an antibody tight chain and s at Joast 80%., at least 90%, aif least 859%, or is 1%

wentical to the mecleotide sequence sot forth m SEQ D NG21 SEQ 1D NO22, o SEQ IR

-8
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NO:2Y In other embodiments of the ninth aspect, the mackede acid or isolated nackoic acid
encodes an mutibody heavy chan and is at least 80%, at feast 90%, at least 93%, or is 100%
identical to the nucleotide sequence set forth in SEQ 1D NG:3, SEQ ID NO4, or SEQ ID

NGS5,

I cortain embodiments, the heavy chain is encoded by a nucleit acid comprising & nucleotide

sequence set forth 1n SEQ 1D NQ:A?, SEQ 1D NOE, o SEQ 1D NO4b,

J0032] In a woth aspeet, the invention provides an expression vector COMPrisig one or more
nucleic ackds or isolated nucleic acids of the eighth aspeet. In certain embodiments, the
expression vector encaddes an antibody hight chain, an autibody beavy chain, or both an

antibody light cham and 8 beavy chain

{00331 In an cleventh aspect, the wvention provides a recombinant host cell comprising one or
more nucleie acids or isolated nucleic acids of the ninth aspect operably Tinked to a promoter,

inchuding recombinant host celis comprising one or more expression veetors of the tenth aspect
of the wvention. In preforred ambodiments, the recombinant host cell secretes an antibody that

binds QSMEB. Preforred bost eells are moammatian bost cells, mchuling CHO cell lines.

{0347 In e twelfth aspect, the mvention provides methods of treating an autoimmune disorder,
an inflanmmatory disorder, or § disorder sssociated with extraceliular matrix deposition or
remodeling, sard method comprising admimstering a therapeutically effective amownt of an
OSMR antigen binding protein of any one of the first, second, third, fourth, fifth, sixth, sivth,
seventh, or oighth aspeots {o a paticat in need thereot. In preforred embodiments, the OSMR
anhigen binding protein is an antibody comprising & hght chain variable domain amino acid
seguence as set forth in SEQ ID NO27 and a heavy chain varfable domain amino acid
sequenee as set forth m SEQ 1D NO:9 {e.g.. Abl), an antibody comprising a light chain
variable domam aming acid sequence as sef forth in SEQ 1D NO2S and 7 heavy chain variable
domain aming actd sequence as set forth In SEQ 1D NO: HHe g, Ab2), or an antibody
comprising a bght chain variable domain aming geid sequence as set forth in SEQ 1D NG29
and a heavy chain variable domain aminoe acld scquence as set forth in SEQ WD NG 1 {eg.,
Ab3), In stime embodiments, the OSMR antigen binding protein is an antibody comprising a
Heht chain vanable domain amino acid sequence as set forth in SEQ IDNO:27 and a heavy
chain variable domain amine acid seguonce as set forth in SEQ D NOS3, or an antibody
comprising a bght chain variable domain smine acid sequence as sot forth in SEQ D NO:28

and a heavy chain vartable domain amine acid sequence as set forth in SEQ IDNOS4. In

“Y.
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preferred envbodiments, the OSMR antigen binding protetn mhibits bading of OSM to GSMR
or {L-31 10 OSMR. In panticularly preferred embodiments, the autommmune disorder,
wiffamanatory disorder, or disorder associated with extracellular matrix depostiton or
rentodeling is fibrosis, cartiiage degradation, avthritis, rheamatotd arthritis, scleroderma,
scleroderma-associated intersutial hung disease, idiopathie pelmonary fibrosis, eirrhoss,
psoriasis, atopic dermatitis, sysfentic cutancous amylodosis, primary cufancoas amyiloidosis,

mflammation, provitic inflavwoation, prorigo nodularis, and pain.

JOO35] In o thurtcenth aspect, the nvention provides & method of making an OSME antigen
binding protein of any one of the first, sccond, third, fourth, fifth, sixth, sixth, seventh, or eighth
aspects by caltaring a recombinmdt host cell of the eleventh aspect and isolating the OSMR
aptigen binding protein from sad caltare,

{30361 In 2 fawrteenth aspect, the mvention provides OSMER antigen anding proteins of any
ong of the fust, second, third, fourth, fifth, sixth, saxth, seventh, or eighth aspects that cross-

compete with an antibody sefected from the group consisting of!

{0037} a} ap antibody comprising a Hebt chain comprising the anuno acid sequence set forth in

SEQ D224 and a heavy chain compnsing the amino acid sequence set forth i SEQ ID NQO:6;
{0381 b) an antibody compmising 3 lipht chain comprising the amino seid sequence set forth in
SEQ ID:IS and a heavy chawn comprising the amine acid sequence set forth i SEQ IR NOT,

and

{0039} ¢} an antbody covmprising a lgbt chain comprising the anuno acid sequence set forth in

SEQ D26 and a heavy chain compnsing the anmune actd sequence set forth in SEQ 1D NOQIA
DETAILED DERCRIPTION

{0040} The section headings used horein are for organizanional purposes only and are not to be
comstrucd as Hmiting the subject matior described. Al refevences cited within the body of this

speciication ave expressly incorporated by reference 1 thow entirety.

{0041} Standard techniques may he used for recombinant DNA, ohigonucieonde synthesis,
tissue culture and gransformation, protein purification, cte. Enzymatic reactions and
purification technigues may be performed according to the mamsdactarer’s spectfications or as
commonty accomplished i the art or as desertbed beretn. The following procedures and
technigues may be generally porformed accomrding to conventional methods well knmwn in the

art and as deseribed i vartous general and more specific references that are cited and discussed

- 10 -
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throughout the specification. See, e.g., Sambrook er al., 2001, Molecrdar Cloning: 4

(e

Leahorarory Mameel, 3° ed, Cold Spring Harbor Laboratory Press, cold Spring Harbor, NY .,
which is incorporated berein by reference for apy purpose. Unless speeitic definitions are
provided, the nomenclature used 1n comection with, and the Iaboratory procedures and
techniques of, aalvtic chemistry, organic chemistry, and medicinal and pharmaceutical
chemistry deseribed herewn are those well known and conunanty used in the art. Standard
techniques may be used for chemical synthesis, chemical analyses, pharmaccutcal preparation,

forroulation, and delivery and troatment of patients.
OSMR

{00421 The antigen binding proteins described hercin bind o OSMR, O6M and [L-31 signal
through OSMR. OSMR s a member of the type 1 oytoking receptor thnuly. OSMR
hetorodimernizes with glveopratein 130 (also known as gp 130, mterleukin 6 stgnal transducer
{ILO6ST), IL6-beta, or CD130} (o form the tvpe I OSMR. OSMR also heterodimenzes with {1~
31 receptor A (IL31RA} o form the IL-31 receptor and, thus, tansdoeces OSM-~ and IL-31~
mduced signaling events. In exepwplary embodiments, an OSMR antigen binding protein binds

OSMR and prevents OSM- andfor IL-3 1-mediated signaling in cells expressing OSMR.

{00431 Homan OSMR sequences are koown in the art. In varioos aspects, buman OSMR
protein ssquences are provided in GenBank Accession Nosc AAIS210, AALIS21 Y
NP_003990, and EAWSSYT6. An oxemplary buman OSME wnino acid sequence (SEQ 1D
NO: 1 s provided m Table 1. The protein is made up of several domains: Amino acids 1-27
correspondd t the signal sequence which may be cleaved during processiug of the protein in
mammatian colls; amine acids 28-740 correspond to the extraceliulay dowain; and amine acids
741-761 correspond to the ransmembrane doman. In preforred embodiments, the antigen
Innding proteins described ferem bind to the extracellular domain of OSMR and prevent the
mteraction of OSM andior IL-31 wath OSMR,

0044} Human OSM sequences are known i the art. In variows aspeets, laman OSM protein
sequences ae provided in GenBank Accession Nos, CAG3MI0, CAGA6MM, NP 065391,
PII725, AACOSTTI, EAWSOHAd, and AAHTISES. An exemplary hwoss OSM anuno acid
sequence (SEQ D NO: 39) is provided 1o Table 1. Amino acids 1225 correspond to the signal
sequence; anuno acids 26-220 cotrespond to the matere protein: and anuno acids 221252

vorrespond to the propeptide sequenee,
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FO0457 Human IL-31 scquences are kywswn in the avt. In various aspects, human -3 protemn
sequences are provided in GenBank Accession Nos, NP 001014358, AASSG644E, AALIR099,
AAL00T, Q6EBCE, and EAWORIH, An exemplary human 1L-31 aminoe scid sequence (SEQ
1D NO: 41 s provided in Table 1. Amine acids 123 correspond to the putative signal

SEQUEHOC,

{00467 Human IL31RA sequences are known in the v, To various aspecis, human IL31RA
protein sequences are provided in GenBank Accession Nog. AASBH44T NP_D01229367, and
CBLO40ST. An exemplary lnoman IL3TRA {vd, soform 33 amine acid sequence {SEQ 1D NO:
43} 1s provided in Table 1. Anuso acids 1-32 corvesponst to the signal sequences; ansd amino

acids S33-533 correspond 1o the transmembrane seguence.

{0471 Haman gp 30 sequences ave known in the art. in various aspects, buman gp i3 protain
sequences are provided in GenBank Accession Neos, AAITT403, AATT 7405, EAWAS3s,

NP 002175, ABK41905, and AAASDISS. Ap exemplary human gpl 3 amino acd sequence
{SEQ ID NQO: 45) 18 provided in Table 1. The protein 1§ made up of several donmins: Amino
acids 1-22 covrespond to the signal sequence; aming acids 23-619 correspond to the
extracelular domain; anivo acids 620-641 correspond to the transmembrance domain; and

anung acids 642-918 correspond to the eytoplasmic domain.

Table 1

Human OSMR amine acid sequence (SEQ ID NG

MALFAVPOTTFFLTLLSLRTYQSEVLAEREPLTPYSLEVSTNSTRQSLHLOWTVHNLPY
HOELKMVPORUSRIETONVIWVONYSTTVRKWNQVEHWISWESELPLECATHF VRIKSL
VDDARFPEPNFWSNWSSWEEVSVORDSTGRDILFVEPRDKLVEEGTNVTICY VSRNION
NVSCYLEGKOQIHGEQLDPHVTAFNLNSVPFIRNKGTMRIYCEASQGNVSEGMKGIVLEVS
KVLEEPKDFSCETEDFKTLHCTWDPGTDTALGWSKOQPSQSY TLFESFSGEKKLCTHKN
WONWOITQDSQETYNFTLIAENYLRKRSVNILFNLTHRVYLMNPFSYNFENVNATNAL
MTWKVHSIRNNFTYLOELHGEGKMMOYNVSIKVNGEYFLSELEPATEYMARVRCA
DASHEWKWSEWSCGONFTTLEAAPSEAPDVWRIVSLEPGNHTVTLEWKPLSKLHANGK
ILFYNVVVENLDKPSSSELHSIPAPANSTRLILDRUSYQICVIANNS VO ASPASVIVISADP
EM\E\‘ EEERIAGTEGOFSLSWRPQPGDVIGY VVDWUDHTQDVYLGDFOWENVGPNTTS
ISTDAFRPGVRYDFRIVOLSTKRIACLLEKKTGY SQELAPSDNPHVLVDTLTSHSFTL
%‘»\ Ki} YSTESQPGFIQGYHVYLKSKARQCHPRFEKAVLSDGSECCKYKIDNPEERALIV
DNLKPESFYEFFTPFTSAGEGPSATFIRVTIPOEHSSMLIHILLPMVPCVLLIMVMCOYL
KSQWIKETCY PDIPDRFYRSSILSLIKFRENPHLEMNVSDCIPDAIEVVSKPEGTKIQFLGT
RKSLTETELTKPNYLYLLPTERNHSGPGPCICFENLTYNQAASDSGSCGHVPVSPRAPRS
MLGEMTSPENVLKALEKNYMNSLGEIPAGETSINY VSQLASPMEGDKDSLPTNPVEAP
HOSEYKMOMAVSLRLALPPPTENSSLSSITLLDPGEHYC
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Human OSM aming acid sequence (SEQ 1D NO:39)

MGVLLTORTLLSLVLALLFPSMASMAAIGSCSKEYRVLLGOLOKQTDLMODTSRLLDP
YIRIQGLDVPKLREHCRERPGAFPSEETLRGLGRRGFLOTLNATLGCVLHRLADLEQRL
PRAQDLERSGLNIEDLEKLOMARPNILGLRNNIYOMAQLLDNSDTAEPTR AGRGASOP
PTPTPASDAFORKLEGCRFLHGYHRFMHS VGR VESK WGESPNRSRRHSPHOALRKGY
RRTRPSRKGEKRLMTRGOLPR

Human IL-31 amine acid sequence {(SEQ D NO:AT)

MASHSGPSTSVLFLFCCLGGWLASHTLPVRLLRPSDDVOKIVEELQSLSKMLLKDVEEE
KGVLVSONY TLRCLSPDAQPPNNIHSPAIRAY LK TIROLDNESVIDENEHLDKLIFQDAP
ETNISVPTDTHRECKRFILTISQOFSECMDLALKSLTSGAQQATT

-13 -




WO 2014/194274 PCT/US2014/040360

Humsan ILIIRA amino acid sequence {SEQ ID NO:43)

MELSPOPSCYNLGMMWTWALWMUPSLOKFSLAALPAKPENISCVY Y YRENLTCTWS
PORKETSYTQYTVRRTYAFGEKHDNCTTNSSTSENRASCSFFLPRITIPONYTIEVEAENG
DOVIKSHMTYWRLENIAKTEPPKIFRVKPVLGIKRMIQIEWIKPELAPVSSDLKYTLRFR
TYNSTSWMEVNFAKNRKDENQTYNLTGLOPFTEY VIALRCAVKESKFWSDWSOQEKM
SMTEEEAPCGLELWRVLKPA] Af)(;RR“P\ Ri { \X &KAR(} &P\ E F}:\TE zY\I‘\V& YPF"S‘«IT

LTETMNTINQOLELHLGGE

VAEDQLVVKWOSSALDVNTY \\. \iiL\% F i"i) \’L}BEPI T LS\& }:S\’SQ AT N\\' T iQQDi\LK?i
WCYNBSVYPMLHDKVGERPY SIQAYARKEGVPSEGPETRVENIGYKTVTITWKEIPKSERK
GHONYTIFYQAEBGGKGFSKTVNSSILQYGLESLKRK TS YIVOVMASTSAGGTNGTSINY
KTLSFSVEEHLITSLIGGGLLILHLTVAYGLKKPNKLTHLOWPTYENPAESSIATWHGDD
FRKDKLNLKESDDSYNTEDRILKPCSTPSDRLVIDKLVVNFONVELOEIFTREARTGUOENN
LOGEKNGTRILSSCPTS]

Human gp 138 amine acid sequence (SEQ 1D NO:45)

M{ TL()T\%‘“( \*Q 3\1 F i’[“ i' TTF‘ST{SH E’ DPE‘(?Y?%P&S?\*Y\*Q{' i"?\*i“ 'TA\?(‘\?{ KFK(‘\T{}YF i i'

PTSCTVDYSTVYFYNIEVWVEAENALGK VISDHINFDPVYKVK PNPPHNLSVINSEELS
SILKLTWINPSIKSVHLEYNIQYRTKDASTWSQIPPEDTASTRSSFTVODLKPETEY VERY
ROMKEDGKGY WSDWSEEASGITYEDRPSKAPSFWYKIDPSHTQGYRTVOLV WK TLPP
FRANGKILDYEVTLTRWKSHLONYTVNATKLTVNLTNDRYLATLTVRNLVGKSDAAY
LTIPACDFQATHPVMDLK AFPKDNMLWVEWTTPRESVK K YILEWC VLSDKAPCITDW
QQEDGTVHRTYLRGNLAESKCYLITVTRVY ADGPGSPESIK AYLEQAPPSKGPTVRTK

KVGKNEAVLEWDOLPVDVONGFIRNY TIFYRTUGNETAVNVDSSHTEY TLSSLTSDTL
YMVRMAAY TDRGGKDOPEETFTTPKFAQGEIEAIVVPVCLAFLLTTLLGVLRCFNKRD

LIKKHIWPNVPDPSKSHIAQWSPHTPPRHNFNSKDOMYSDSNETDVSVVEIVANDKKPE
PEDLKSLDLFKK EKINTEGHSSGIGGSSCMSSSRPSISSSDENESSONTSS TVQYSTVVHS
GYRHOVPSVOVESRSESTOPLLDSEERPEDLOLVDHVDGGDGILPROOYFKONCSQHE
SSPDISHFERSKQVSSVNEEDFVRLKQQISDHISOSCGSGOMEMFOEVSAADAFGRGTE
GQVERFETVOMEAATDEGMPKSYLPQTVRQGGY MPO

J0048] In particular crobodiments of the present invation, antigen binding proteins desaribed
herein bind both buman and cynomolges monkey QSMR with high affinity, including those
that bind with high affinity and block mteraction of cynonolgus mounkey OSM andfor IL-31
eynomolgus monkey OSMR. These characteristios allow informative toxicology studies in

non-hunian primates.

J0049] A Rhesus macaque (Macaea mudaita) OSMR protem sequence 1s kaown in the art and
is provided in GenBank Accession No, XP 001083743 An excmplary cynomolgus monkey
(Mecaca favcicylarisy O8MR mmino acid sequence (SEQ ID NO:2) is provided in Table 2. The
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protein 1 made up of severad domaing: Amine avids 1-27 correspond to the signal sequence
which mav be cleaved during processing of the protein iy manunalian eclls; amino acids 28-
737 corvespond to the extracellular domain; and aming acids 738-757 correspond to the
gransmembrane domain. In preferved cimbodiments, the antigen binding proteins described
heren bind 1o the extracetlular domain of OSMR and prevent the interaction of OSM andior

{L-31 with OSMR.

0030} A Rbesuas macaque (Macacn padaray OSM protein seguence 18 known i the art and 18
provided i GenBank Accession No, NP RI403, An exemplary ovnomolgus monkey
{(Macaca fascivularisy OSM amino acid sequence {SEQ 1D NO40} is provided m Table 2.

Amino acids 1-196 comrespond fo the mature cyvnomolgus OSML

{00311 A Rbesus macague (Macuca mudatia) <31 protein sequence 1s known m the art and 15
mwrovided m GenBank Accession No. XP_601096743. An oxemplary eynonaolgus monkey
{ Mocaca fasciodarisy IL-31 amino acid sequence (SEQ 1D NO:4ZY is provided in Table 2.

This sequence represents the prature eynomalyas monkey [L-31

{00321 An exemplary cymmnolgus monkey {(Macoeg fascrcalartsy IL3TRA amino acid
sequence (SEQ 1D NO: 44) 15 provided 1 Table 2. Ammo acids 1-19 correspond to the signal

sequence; and aming acids 320-340 correspond to the ransmembrane donain,

0033} A Rbesas macaque (Macacn nudatta) gpl30 protein sequence 1s known in the art and is
provided 1n GenBank Accession No, NP_0012352020. An exemplary cynomolgus monkey
{Macace fareicularicy ppi30 amino acid sequence (SEQ ID NO: 46) s provided in Tauble 2.
The proten s made up of several domains: Amino acwds 1-22 correspond fo the signal
sequence, anuno acids 23-619 correspond to the extracelludar domain; amine acids 620-641
vorrespond to the transmembrane Jopwaby, and amme ackds 842-918 correspond to the

oy foprlasoe domain.
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Table 2

Cyuomolgus monkey OSMR amine acid seguense (SEQ 1D NO:2)

MALFVVFQTTFFLILLSLRTYQSEVLAERLPLTPVSLKVSTNSIHQSLHLOWTVHNLPY
HOELKMVFQIQISRIETSNVVWVGNY STPVKWNQVLHWSWESELPLECATHF VRIKSV
IDDASFPEPNEFWANWSSWEEVSVODYLOGRGTLFVFPKDKLVEEGSNVTICYVSRNION
NYSCYLEGKOGIHGEQUDPHVTAFNLNSVPFIRNRGTNIYCEASQUNVSKGIEGIVLEVSK
VLEEPKDFSCESQDFKTLHCTWDPGTDTALGWSKOPSQSY TLFESFSGERKLCTHRNW
CNWOITODRSQEMYNFTLIAENYLRKRSVNILFNLTHRVYLMNPFSVNFENVNATNAIM
TWKVHSMBRNNFTYLCQIELHGEGKMMOYDVSINVNGEYFLSELEPATEYMARVRCA
DASHFWEWTEWSGONFTTLEAAPSEAPDVWRSVNSEPGNHTVTLFWKPLSKLHANG
KILFYNVVVENLDKPSRSELRSIPAPANSTRLILDRCSYQICVTARNNSVGASPASHVISA
DPENKEVEEERIAGTEGGESLSWRKPQPGDVIGY VVDWUDHPQDVLQWKNVGENTTST
VISTDAFRPGVRYDFRIYGLSTKRIACLLEKKTGY SQELAPSDNPHVLYDMLTSHSETLS
WKDYSTESQPGHIQGYHVYLKSKARQCHPRFQRKAVLSDGSECCRYKIDNPEERALIVD
KNLKPESFYEFFVTPFTSAGEGPNATFTRKVTTPREHSSMLIRILLPMVFCVLLIMIVCYLKS
QWIKETCYPDIPDPY KSSILSLIKFKENPHLTIMNVSDCIPRAIEVVER PEGTKIQLLGTR
KSLTETELTKPNYLYLLPTERNHSGPGPCHCFENFTYNQAASDAGSUGHVPVPPKAPPS
MLGLMTSPENVLERALEENYMNSLGEVPAGETSLNY VSQLASPMSGDEDSLPTINPVER
PHOSEYKMOMAVPLRLALPPPTENSSLSSTTLLDPGEHYR

Cynomelgus monkey O5M amine acid sequence (SEQ 1D NO:48)

AAMGSCSKEYRMLLGOQLOQEQTDLMQDTSRLLDPYIRIQGLDIPKLREHCRESPGAFPSE
ETLRGLGRROGFLOTINATLGRILHRLADLEQRLPK AQDRLERSGLNIEDLEKLOMARPN
VLGLRNNVYCMAQLLDONSDMTEPTRKAGRGTPQPPTFTPTSDVFQRRLEGCSFLRGYH
REMHSVGRVESK WGESPMNRSRR

Cynomolgus monkey 1L-31 amino acid seguence (SEQ ID N(O:42)

TLPVHFLOPSDIQKIVERLOSLSKMLLEDVKEDKGVLVSQNYTLPCLTPDAQPPNIIHSP
AIRAYLKTIRQLDNKSVIDEHEHLDKLIFODAPETNISVPTDTHECKRFILTISQQFSECM
DLALKSLTSGAQOATT

Cynomolgus monkey IL3IRA amine acid sequence (SEQ 1D NO:dd)

MMWTWALWMEPLLCKFOGLAALPAKPENISCYYYYRKNLTUTWSPGKETSYTRQYTAK
RTYAFGKEKHDNCOTTSSSTSENRASCSFFLPRITIPDNY HEVEAENGDGVIKSDMTOWRL
EDIAKTEPPEIFSVKPVLGIKRMIRIEWIKPELAPVSSDLKY ALRFRTYNSTSWMEVNFA
ENRRKDTNQTYNLMGLQAFTEYVVALRCAVKESKFWSDWSOQEKMUGMTEEEAPCGLEL
WRVLKPTEVDGRRPVRLLWKKARGAPVLEKTLOYNIWYFPENNTNLTETVNTTNQQL
ELHLGGESYWVSMISYNSLGKSPVTTLRIPAIQEKSFRUIEVMOQACLAEDOQLVVEWQSS
ALDVNTWMIEWEPDMDSEHPTLSWESVRQATNWTIQODK LKPFWCYNISVYPMLHD
KVGEFYSIQAYAREGIPSKGPETRVENIGVKTVTITWKEIPFKSERKGHRORYTIFYQAEQG
TOFSKTVNSSILOYGLESLEKRKTSYTVRVMASTSAGGINGTSINFK TLSFSVEEILITSLE
GOGOLLILILTVAYGLEKPNKLTHLOWPS VENPAESSIATWRGDDFK DK INLKESDRDSV
NTEDRILKPCSTESDKLVIDK SVVNFGNVLOEMFTDEARTGOQENNLGGERKNENRILSSC
PTS1
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Cynomolgus monkey gpl38 amino acid sequence (SEQ 1D Ni(h:46)

MLTLOTWVVQALFIFLTTESIGELLDPCGYISPESPVVQLHSMNFTAVOVLKEKCMBDYFH
YNANYIVWEKTNRFTIPREQY THNRTASSVTFTDHSSINIQLTONILTFGOLEQNVY GITH
SGUPPEKPRNLACIVNEGKEKMRCEWNRGRETHLETNFTLKSEWATHKFADCKAKRDY
PTSCTVDY STVYFVNIEVWVEAENALGKVTSDHINFDPYYKVKPNPPHNLSVINSEELS
SILKLTWTNPSIKSVIRLKYNIOYRTKDASTWSQIPPEDTASTRASFIVODLKPFTEYVER
ICCMEEDGRGYWSDIWSEEANGITYEDRPSKAPSFWYKIDPSHAQGYRTVOLMWKTLP
PFEANGKILDYEVTLTRWKSHLONYTYNDTRLTVNLTNDRYVATLUTARNLVGKSDAA
VLETIPACDFQATHPVMDLKAFPRKDNMLWVEWTTPRESVRKEKYILEWCVLSDRAPCIAD
WOQEDGTVHRTHLRONLAESKCYLITVIPVY ADGPGSPESIKAYLKQAPPSKGPTVRT
ERVGKNEAVLEWDQLPYVDVONGFIRNYTIFYRTHONETAVNVDSSHTEYTLSSLTSDT
EYMVRMAAYTDEGGRDGPEFTFTTPRFAQGEIEAIVVPVCLAFLLTTLLGVLFUENKR
DLIKKHIWPNVPDPSKSHIAQWSPHTPPRHENFSSKDOMY SDGNFTDVSVVEIEANDRKKP
FPEDLKSLDLFKKEKINTEGHSSGIGGSSUMSSSRPSISSSDENESSONTSSTVQYSTVVH
SGYRHOQVPSVOVEFSRSESTOPLLDSEERPEDLQLVDHVDGSDDILPRQOYFRONCSQHE
SSPDISHEFERSKOVSSVNEEDFVRLKQOISDHISQSCGSGEMKMFQEVSAADPFGPGTE
GOVERFETIGMEAAIDEGMPKSYLPQTVROGGYMPO

QOSMR Antiven Binding Profeing

JO0S4] The present mvention provides antrgen binding protewns that specifically bind OSMR.
Embodiments of antigen binding profeins comprise peptides andior polypeptides that
specifically bind OSMR. Such peptides or polypeptides may optionally tnchude one or more
port-translational modifications. Embodinents of antigen binding proteins include antbodies
and fragments theveof, as variously defined hevemn, that specifically bind OSME. These include
antibodies that specifically bind human OSMR, including those that inhibit OSM aad/or HL-31

from hinding andfor activating OSMR.

JO033] The antigen binding proteinys of the invention specifically bind to OSMR. “Specifically
binds™ as used horein means that the antigen binding protein preferentially binds OSMR over
other proteins. In some embodiments “specifically binds™ means the OSMR antigen binding
protein has @ higher affinity for OSMR than for other proteins. OSMR antigen binding proteins
that specifically bind OSMR may have a bindiag affinity for human OSMR of less than o
cqual to 1 x 107 M, Tess than or cqual to 2 % 167 M, less than or equal to 3 x 107 M, less than
or equal to 4 X 1T M, less than or equal o § x 107 M, loss than or equal to 6 x 107 M, less
than or equal to 7 x 107 M, less than or cqual to 8 x 107 M, less than or equal to 8 x 17 M,
tess than ov equal 1o 1 x 107 M, tess than o equal to 2 x 107 M, Tess than or equal to 3 x 107
M, fess than or equal to 4 x 107 M, fess than ov equal to 5 x 107 M, fess than or cqual to 6 x 107
M, less than or equal 1o 7 x 10 M, less than or equal to 8 x 10 M, less than or equal 1o 9 x

1% M, loss than or equal to | x 107 M, less than or equal fo 2 x 107 M, less than or equal to 3

- 17 -




WO 2014/194274 PCT/US2014/040360

% 1077 M, less than or equal to 4 x 107 M, less than or equal to $x 107 M, fess than or equal to
6 x 1 M, Jess than or equal to 7x 107 M, Jess than or equal to § x 1 M, Jess than or equal
& x 107 M, less than or equal to L x 1070 M, less than or equal to 2 % 107" M. less than or
equal to 3 x 107 M, less than or equal to 4 x 17 M, less than or equal to § x HEY M, less
than or equal to 6% 107 M, fess than or equal to 7 x 107% M, less than or cquad to 8 x 1079 M,
fess than or equal to 9 x 107" M, lfess than or equal to T x 107" M, less than or equal to 2 x 1077
M, less than or equal to 3 x 1071 M, less than or cqual 1o 4 x 1071 M, Tess than or cqual to 5 x
FO M less than or equal to 6 x 1T M, less than or equal to 7 x 10 M, less than or equal to
8 x WM, less than or equal to 9 x 1077 M, less than or equal to T x 1077 M, less than or
equal t 2 X 107 M, fess than or equal to 3 x 17 M, Tess than or equal to 4 x 1077 M, fess
than or equal to 3 x 1071 M, fess than or equal to 6 X 107 M, fess than or egaal to 7 x WM,

fess than o equal to ¥ x 1077 M, or Tess than or equal to 9 x 1077 M.

(00561 Methods of rocasuring the binding affinity of an antigen hinding protein are well known
inthe art. Methods in common use for affinity deternunation include Surface Plasmon
Resonance (SPR}Y (Morton and Myszka “Kinetic analysis of macromolecular interactions using
surface plasmon resonance binsensors” Methody in Fasymology (1998) 295, 268-294), Bio-
Layer Interforometry, {Abdiche e af "Dieterminuny Kinctics and Affuuties of Protein
Interactions Using a Parallel Real-time Label-free Biosensor, the Ootet” dnabegical
Biochemizary (2008) 377, 200-217), Kinetiw Exclusion Assay (KinExA) (Davling and Beault
“Kingtic exclusiom assay technology: characterization of modecular interactions” dwsay and
Py Dev Teok (20043 2, 647-657), isothermal calorimetry (Pierce et al “Isothermad Tiation
Calorimetry of Protem-Proten Interactions” Merbods (1099) 15, 213-221) and  analyvucal
ahtracentrifugation {(Lebowitz er of “Modern analynical altracentrifugation in protein scienee: A
tutorial review” Frowein Science (2002), 112067-2079).  Exanyple 5 provides excmplary

methods of affinity deternunation.

{0571 1t is understond that when reference 15 made to the various ermbodiments of the QSMR-
hinding antibodies herein, that it also enconmpasses OSMR-binding fragroents thereof. An
OSMR-binding fragmuont comprises any of the antibody fragments or domains deseribed herein
that retains the ability to specifically bind to OSMR. The OSMR-binding fragment may be in

anty of the scattolds deseribed herein.

{O038] In cortain therapeutic embodiments, an OSMR antigen binding protein inhibits binding
of OSM andfor =31 to OSMR andfor mhibits one or more biological activities assoctated with

the binding of OSM andfor 1L-31 to OSMR, ¢.g., OSM- andior IL-3 t-medisted signabng. Such
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antigen bindhing proteins are said o be “poutrdizing.” o cortain cmbodiments, the neutralizing
OSMR antigen binding protein specifically binds OSMR and mhibuts binding of OSM andior
IL-31 to OSMR from anywhere between 10% 10 100%, such as by at least about 20, 21,22, 23,
24,25, 26,27 28,28, 30, 31, 32 33, 34, 35, 36, 37, 38,39 40, 41,42 43 44 45 46 47 4%,
49, 50, 51, 52, 53, 54, 3 3,

74,75 76,70 9%

5

-.&J

’Jt

s,

"Ji

hac]

Ly

,:f-'l

6, 37, 58, 59 60, 61, 63, 63, &4, 83, 66, 67, 6K, 69, TH, 71,72,
TR, T OBG BE, K2, 83, B4, 83 He, 87 RER K9 9G4, 91, 02 93,94 935 98, 97,

‘-.i

w-f..;

QW% or more. For example, OSMR antigen binding proteins may be tested for neutralizing
abthity by deterroining the ability of the antigen bindmg protein to block binding of OSM andior
[L-31 1o OSMR, see, o.g., the homan OSME and eynomolgus OSMR blocking assays of
Examples 2 and 3, respectively. Alternatively, OSMR antigen hinding protewns may he tested
for neotralizing ability in an assay that measures the effect of the presence of the OSMR.
antigen binding protetn in an assay measuring OSM- andfor 1L-3 Lanediated biologioat
function. For example, the ability of OSM o tnduce a biological vesponse, sach as stnudation
of plasminogen activator activity i cultored bovine gortic endothelial cells, regulation of IL-0
expression in maman endothelial cells, and stimwdation of LDL uptake and up-regulation of ecll
surface LDL receptors v HepG2 cells. Alematively, the ability of 11231 to indwee

mflammation n the skin,

{30391 Embaodiments of antigen binding proteins comprise a scaffold stracuare, as variously
defined heren, with one or niore complementarily determining vegions (CDRs). Embodiments
turther include antigen bindimg proteins corprising a seaffold structure with one ov more
antihody vanable domains, cither heavy or ight. Embodiments inchude antibodyes that
comprise a light chatn vartabde doman selected from the group consisting of Abl Light Cham
Variable Domai (LCOv), Ab2 LCv, and AbI LOv (SEQ 1D NOS:27-29, respectively) andfor a
heavy chain variagble domain selected frons the group comsisting of AbT Heavy Chain Variable
Dopagn (HUvE AB2 HTv, and Ab3 HCy {SEQ 1D NQS:9-11, respectively), and frapments,

derivatives, muteins, and variants thereeof

An cxemplary heavy chain variable domam variant of SEQ 1D NO:9 contains an amino acid
other than asparagine (for example, aspartic acid) at the position corresponding to posttion 73
i SEQ 1D NQ:9. The amino acid sequence set forth in SEQ 1D NO:33 15 an example of o
beavy cham vanable domain vartant of SEQ IDNOWQ.

Axn exemplary beavy chain variable domsain variant of SEQ 1D NOO contains an aming ascid

*

ather than aspm‘z‘tgiﬁc {for example, aspartic acid} & the position corresponding to position 73
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i SEG ID NO: 10, The anunoe acid seguenes sof forth fn SEQ ID NG54 is an example of a

heavy chain vanable domain variant of SEQ 1D NQO: 10,

0060} An exemplary light chain comprising Abl LOv is a light chain comprising the anine

acid sequence set forth in SEQ 1D NO:24.

{00611 An exemplary light chain comprising Ab2 LCv is o hight chain comprising the ansino

aeid sequence set forth in SEQ 1D NOR2S,

{0062} An oxenplary light chain comaprismg Ab3 LCv is a light chain comaprisimg the amino

acud sequence set forth in SEQ IDNO:26.

{0631 An exempliary heavy chain conyprising Abl HCUv i3 a heavy chain comprising the ammo

acid sequence set forth in SEQ 1D NOu6,

An exemplary heavy chain comprising & variant of Abl HCv is 8 heavy chain comprising the

aming acid sequense set forth in SEQ ID NO:SG,

{3064] An exemplary beavy chatn comprising AbZ HOv is a beavy cham comprising the amino

acid sequence set forth in SEQ 1D NO:T.

An exemplary heavy chain comprising a vartant of Ab2 HCv is 1 heavy chain comprising the

amine acid sequence set forth i SEQ 1D NOSL

065 An exemplary heavy chain comprising Ab3 HOv 1s a beavy chan comprising the amino

acid sequence sot forth in SEQ ID NO:K.

An exemplary heavy chain comprising a variant of Ab3 HOY is o heavy chain comprising the

amine acid scquence set forth in SEQ D NOS2.

0066 ] Addinonal examples of seaffolds that are envistoned brelude, but are not Himited to
fibroncrtin, neocarzinostatin CBM4-2 | lipocaling, T-cell receptor, protein -A domain (protoin
Z), bm®, TPR protems, zinc finger domains, pVIL, avian pancreatic polypeptide, GON4G, WW
domain Sre homeology domain 3, PDZ domains, TEM-1 beta-lactamase, thioredoxin,
staphyiococeal nuclease, PHDfinger domains, CL-2, BFTI, APPIL HPSTL, ecotin, LACKDY,
LDTL MTH-L scorpion toxins, fnsect defensine-A peptide, BETI-H, Min-23, CBD, PBP,
evtochrome b-362, Ldl receptor domaing, gamma-crystaliin, ubiquiting transferrin, and or O-
tvpe lectielike domatns. Non-antibody scaffolds and their use as therapeoutivs are revicowed in
{ebaver and Skevea, Cwrr. Opin. Chem Biol, 13:243-255 (2009} and Binz et al., Nat. Biotech,,

2XTORI237-68 (200353, which are incorporated herein by reference 1o is entirety.
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F0067] Aspects of the mveation inclade antibodies comprising the following variable domaing:
Abt LOCWADT HCOV (SEQ 1D NORQFSEQ D NGO, Ab2 LOWADB2 HCv (SEQ 1D NOZ&SEQ
D NO0) ALY LOWADBY HOv (8EQ 1D NO2USEQ 1D NG T D), and combinations thereof, as

well as fragments, derivatives, moteins and variants thereof,

Also included ave antibodies comprising the following vaniable domaims: SEQ {D NO:27/SEQ
IO NG:S3:, and SEQ 1D NODRE/SEQ 1D NO:S4,

{0068] Exemiplary antibodies of the invention include Abl (SEQ ID NG245EQ 1D N 6),
Ab2 (SEQ 1D NO2SSEQ IDNQT), and A (SEQ 1D NO:26/SEQ 1D NQ:R).

Addinonal exemplary antibodies mchede; SEQ 1D NO24/SEQ 1D NQ:SG, SEQ D
NOLZSSEQ D NO:STE, and SEQ 1D NOR6/SEGQ D NOS2,

{00697 Typically, cach variable domain of an antibody light or heavy chain comprises three
CORs. The heavy chain variable domain comprises a beavy chaim CDORI (HCDR1Y, a heavy
chan CDR2 (HCDR2), and a heavy chain CDR2 (HCDR3). The light chain vartable domain
comprises & lght chain CORI (LCDRY), a light chamn CDR2 (LCDR2), and a lght chain CDR3
(LCDR3). In corfain cmbodiments, an antigen iading protein compnises one ot more CORs
contamed within the preferred variable domains deseribed herem.

{00707 Examiples of such CDRy include, but are not Hmited to:

JOO71] the CORs of Abl LCs: LUDRE{SEQ 1D NO:3G, LCDR2 (SEQ 1D NGH33), and
LODR3 {SRO ID NO-36):

{00721 the CDRs of Ab2 LCw LCDRY (SEQ ID N3, LODR2 (SEQ 1D NO3Y), and
LODRI (SEQ 1D NOW3TY,

JOOT3 the CDRs of A3 LGy LODRT(SEQ 1D NO32), LCDR2 (3EQ D N3, and
LODR3 (SEQ 1D NO:sy:

{074} the UDRy of Abl HO¢: HODRI {SEQ 1D NO:12), HODRZ {(SEQ ID NO:15), and
HCDR3 (SE( ID N I8Y,

J0073] the CDRs of Ab2 HOw HCDRI (SEQ 1D NOH13), HOCDR2 (SEQ 1D NQ:16), and
HUDR3 (SEQ ID NO: 1Yy and

{0076} the CDRs of Ab3 HCv: HCDRI (SEG 1D NG 14}, HCDRI(SEQ ID NG T, and
HCDRI (SEQ {1 NO:203,
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FO077] In some cmbodiments, the antigen binding protein comyprises: Ay a polypeptide, c.g., a
tight chain, that comprises an LODRY having an amine acid sequence selected from the group
comsisting of SEQ D NOS:30, 31, and 32; an LUDRY having an avnno aad sequence selected
from the group consisting of SEQ ID NOS:33, 34, and 35; andfor an LCDRA having an anuno

>y
!I

acid sequence selected from the group consisting of SEQ D NOS:36, 37 and 38; andior By a
polypeptide, .8, 3 heavy chain, that comprises an HUDRI having an aming acid sequence
selected from the group consisting of SEQ IDWNOS:12, 13, and 14; an HCDR2 having an
amine acid sequence selected from the group consisting of SEQ 1D NOS: 15, 16, and 17; andior
an HODRI having an amyno acid sequence selected from the group consisting of SEQ 1D
NOSAR, 19, and 20,

{00781 In further embodiments, the antigen binding protem comprise A) a light chain aming
acid sequenee that comprises a LCORY, LCDRZ, and LCDR3 of any of Abl LCv, Ab2Y Ly,
and Ab3 LCv and B} a heavy chain amino acid sequence that comprises a HCDR1E, HCDR2,
and HODRI of any of &bt HCv, A2 HUy, and Ab3 HCv,

[O079] o certarn embodiments, the CDRs nelude no more than one, no twove than two, no
more than three, no move than four, no move than five, or no more than six amins acid

additions. deletions, or substituttons from an exemplary CDR set forth herem.

[OO807 Aspects of the invention include antibodies comprising a light chain vanable domain
selected from the group consisting of SEQ IDNOS:27, 28 and 29, Aspects of the invention
tnchide antibodies comprising a heavy cham vanable domain sclected from the group
comsisting of SEQ 1D NOS:9, 10, and 11, Further aspects of the mveation include antibodies
comprising A) a hight chain variable domain selected fronn the group consisting of SEQ 1D
NQOS:27, 28, and 29, and B) a heavy chain variable domain selected from the group consisting

of SECHD NOS:9, 10, and 11,

008 1] Antibodies of the nvention can comprise any constant region known in the art. The
hiaht chain constant region can be, for example, a kappa- or kunbda-type light chain constant
region, o, 3 human kappa- or lambda-type light chain constant region. The heavy chain
cemstant region can be, for example, an alpha-, delta-, epsilon-, gavuna-, or mu-type heavy
chain constant region, e.g., & buman alpba-, delta-, epsilon-, gammar, or oe-type heavy cha
constani region. In one embodiment the ght or heavy chain constant region 1s a fragment,

devivative, variang, ot mutein of a naturally pocurving constant region,
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FO082] Aspects of the tovention include antibodies comprising a Hght cham vanable region
selected from the group consisting of SEQ 1D NOS:27, 28, and 29 having no more than one, o
more than two, no more than three, no more than four, no more than five, no more than six, no
more than seven, no more than eight, no more than nine, or no move than ton amine acid
additions, deletions, or substitutions. Agpects of the invention inchade anttbodies comprising a
heavy chain variable region seleeted from the group consisting of SEQ D NOS:9, 10, and 1
having no more than one, no more than two, no more than three, no more than four, no more
than five, no more than six, no more than soven, 5o reore than ight, no more than ning, or no
more than ton amine acwd additions, deletions, ov subsutations. Fuather aspects of the ipvention
mchude antibodics compristng A} comprising a Hgbt chain variable region selected from the
grogp consisting of SEQ ID NOS:27, 28, and 29 having no more than one, no more than two,
16 wore than three, no more than four, wo more than five, ne more than six, no more than
sevelt, no more than eight, no mwore than nine, vr no more than ten amine acid additions,
deletions, or substiutions, and B} a heavy chain vartable region selected from the group
consisting of SEQ 1D NOSH 10, and 11 having no more than one, no more than two, no more
than three, no mose than four, ne more than five, no more than six, no more than seven, 1o
more than cight, 5o more than nine, or no more than ton anuno acid additions, deletions, or
substitutions,

{O0%31 In ong variation, the antigen inding protein cm:tzpriSs:S an amino acid seguence that is at

"(

feast 80%, at feast 8196, at Teast 829, at least 83%, at least 84%%, at foast 85%,, at least 88%,, at
feast 87%, at Toast B8%, af least #9%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 945, at least 95%, at least 96%, at least 97%, at loast 98%, or at least 99% identical o a
hight chaim varable region amino acid sequence selected from the growp consisting of SEQ 1D
NOS27, 28, andd 29, In another variation, the anfigen binding profein comprises an amine acid
sequence that 1s af Joast 80%, af least K1%,, at least 82%, at least 83%, at loast 84%, at least
85%, at feast 6%, at Teast 879, at Joast $8%%, at least 89%, at least 0%, at foast 91%, at least
92%, at feast 93%, o Teast 94%, at least B39, at loass 96%%, at loast 97%, at loast 98%,, or at
least 999 identical to & heavy chain varfable region amino acid sequence selected from te
group consisting of SEQ ID NOSS, 10, and 11, In vet & firther embodiment, the antigen
binding protein comprises A) an anune acid sequence that i1s ot least 806%, at least 8176, at keast
82%, at toast 83%, at tonst 84% at lenst BI%, at Teast 8694, at least 87%, at least 88%%, at least
80%%, at toast DO%,, at toast 0%, at lenet 93%%, af Teast 939, ot least 4%, at loast 95%, at least

96%%, at least 97%, at least 98%%, or at least 99%% identical to a hght chain variable region amino

H

T2

[
t



WO 2014/194274 PCT/US2014/040360

acid sequence sclected from the group consisting of SEGQ 1D NGS:27, 28, and 29, and By an

aming acid sequence that 18 af loast 80%, at least R 1%, at feast 82%, at feast #3%, at least §84%,

at least 83%, at feast $0%, st least 879, at least 889G, at least 8%, at boast 9%, at least $1 %,
at least Q2%%, at least 93%, af least 8495, at feast B5%,, at least 96%%, at Jeast 97%, at Jeast 98%,
or at least 99% identical to a heavy chain variable region amino acid sequence selected from

the group consisting of SEQ IDNOSR, 10 and 11,

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

detingd sequence refatedness to SEC D N9 can optionally contain an anuino acid other than
asparagine (for example, aspartic acid) at the position corresponding to position 73 m SEQ 1D
NG, Inosuch enmbodiments, the heavy chain variable domain optionally comprises the amine
acid sequence set forth in SEQ 1D NO:S3.

USMR antrpen banding proteins comprising a heavy cham variable donain having the above-

o~

defined sequence relatedness to SEC HD NO- 10 can optionalty contain an aming acid other than
asparagne (for example, aspartic acid} at the position corresponding to position 73 in SEQ ID
NOHQ In such crabodiments, the beavy chain variable domain optionally comprises the aming

acid sequenee set forth i SEQ 1D NO:84.

{0841 In cortain cmbodiments, the antigen banding protey conyrises a light chain andfor
heavy cham CDR3. In sone embodiments, the antigen binding protein comprises @ anuno
seid sequence selected from the group of sequences sot forth i SEQ 1D NOS:36, 37, 38, 18,
19 and 20, In cortain embodiments, the aneno actd sequence inclades no move than one, no
mere than fwo, no more than three, no move than four, no more than five, or no more than six
aming acid additions, deletions, or substitutions fronm the exemplary sequence set forth in SEQ
0 NO&36, 37,38, 18, 19, and X1 Thus, cmbodiments of the invention include antigen
nding protem comprising an anine soid sequence that 13 at feast S0%, at least B1%, at feast
8%, at least 83%, at Teast 8454, at least 85%, at least 86%, at least 87%, at least 88%4, at least
8O%, at least 905, ot Teast ¥1%, at least B2%, at least 93%, at least 94%, at least 95%, at least
Qa%s, at least 979, at least YR, or at least V9% wdenticad to an amino acid sequence selected
froms the group of sequences set forth in SEQ 1D NOS:36, 37, 38, 18, 19, and 20.

D085} In cortain embodiments, the antigen hinding protein comiprises a light chain andfor
heavy chain CDR2. in some crbodiments, the antigen binding protein comprises an amino
acid sequence selected from the group of sequences set forth in SEQ 1D NOS:33, 34, 38, 15,

16, and 17, In cortan smbodiments, the aminoe aecid sequence inclodes no more than one, no
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more than two, no niore than three, no more than four, no more than five, or ne more than six
amine acld additions, deletions, or substitutions from the exemplary sequence set forth in SEQ
D NOS33, 34,35, 15,16, and 17, Thus, embodimenis of the mvention melude antigen
hinding protem comprising an amine acid sequence that is at least 80%, at feast 81%, at feast

B2%, at feast K3%, at least R4%o, at loast 85%, at least B6%, at least B7%, at feast 8&8%, at least

BG%, at least 90%, at least 9%, at least 92%, at loast 93%, at feast 34%, at feast 93%, at least
96%, ar foast 97%, at teast Y8%, or at least 99% identical to an awine acid sequence selected

from the group of sequences set forth i SEQ 1D NOS:33, 34, 35, 15, 16, and 17

00861 In cortain embodiments, the antigen binding protein comprises a hght chain andfor
heavy chain CDR1 In some embodiments, the antigen binding protein comprises an aming
acid sequenee selected from the group of sequences set forth in SEQ 1D NOS30, 31,32, 12
13, andd 14, In cortam embodiments, the amino acid sequence ichudes no more than one, no
more than two, no more than three, no more than four, no more than five, or no more than six
amino acid additions, deletrons, or substitations from the exemplary sequence set forth in 8EQ
DGR3, 31, 32,12, 13, and 14, Thus, cibodimsents of the invention inglude antigen
binding profoin comprising at goune acid sequssnes that is at least BO0%,, at least 8§19, at least
§2%, at teast 83%, at loast 84%, at foast 85%,, at feast B6%, at least §7%, at teast 88%, at least
B9%, at feast 90%, al least 91%, at least 92%, at least 93%, at feast 94%,, at feast 953%,, at least
96%, at foast 97%:, at least 98%, ov at least 99% identical to an amine scid sequence selected
fronm the group of sequences set forth i SEQ 1D NOS3G, 31, 32, 12, 13, and 14

JOORTT The antigen binding proteins of the invention comprise the scaffolds of traditional
antibodies, inclading human and monoclonal antibodies, bispecific antibodies, digbodies
minthodics, domain antibodigs, synthetic antibodies (sometimes referred o herem as “antibody
mimetios”), chimenc antibodies, anphody fusions {(sometimies referred to as “antbody
sonjugates”), and fragrowds of vach, respectively. The ahove desaribed UCDRs, including

various connbinations of the CDRs, may be grafted mto any of the following scaffolds.

JOORN] Ag used herein, the term “anubody™ refers w the various forms of monomeric or
muitimeric protems compising one of more polypeptide chains that specificatly binds to an
antigen, as vanously deseribed herein. In certain embadiments, antibodies are prodeced by
recombinant IINA techiques. In addibonad embodivnents, sntibodies are prodoced by
enpzymatic or chemical cleavage of naturally ocowrning antibodies. In another aspect, the
antibody s selected from the group consisting of! 3) a human antibody: by 3 lnimanized
antibody; ¢} a chimeric antibody; d} a monoclkonal antibody; ) a polycionat amtibodyv: £ a
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recombinant antibody; g) an antigen-binding fragment; h) a single chan antibody; 1} a diabody;
i) atriabody, k) a tetrabody, )} a Fab fragment; m a Flab'), fragment, n) an IpA antibody, o} an
IgD) antibody, p) an IgE antibody. ) an 1gGl anttbody, ) an [gG2 antihody, ) an 1gG3

antibody, t) an IgG4 antibody, and vy an {gM antibody.

{00891 A vanable regton or domam comprises at least three heavy or light chaim CDRs
embedded within a framework region (designated framework regions FRI, FR2Z, FR3, and
FR43 Kabat et o, 1991, Sequences of Proreing of bmwunclogical Interest, Public Health
Service N.LH., Bethesds, MD. Traditional antibody structesal units typically comprise a
tetramer. Each tetramer is typically composed of two identical pairs of polypeptide chains,
cach pair having one “hight” and one “heavy” chain. The amino-ternunal portion of each chain
ncludes a vaviable region of about 100 to 110 or more anuno actds primarily responsible for
anptigen recogaition. The carboxy-terminal portion of each chain defines a constant region
primarily responsible for effector function. Huroan light chains are classified as kappa or
Jambda light chains. Heavy chains are classified as mu, delta, gamma, alpha, or epsifon, and
defing the antibody’s 1sotype as IgM, IeD, Ia(h T4, and IgR, respectively. Tgls has several
subclasses, including, but not homited to TeGl, IgG2, 1gG3, and LpG4. IgM has subclasses,
inchuchng, but not limited 1o IgMi gnd IgM2. Embodiments of the invention mehude alf such
classes and subclasses of antibodies that incorporate a variable domain or COR of the antigen

hinding protuns, as described horein

{00501 Some nanwally occwrring antibodies, such as those found in camels and Hamas, are
dimers consisting of two heavy chams and include no light chaims. The invention encompasses

dimeric antibodios of two heavy chains, or fragments thereof, that can ind 1o OSMRL

{0091} The variable regions of the beavy and light chains typically exhibit the same general
structure of relatively conserved framework regions (FRY joined by three fypervariable regions,
i.¢., the complementarity detenninng regions or CDRs. The CDRs are primarily responsible
for antigen recognition and binding. The CDRs from the two chains of cach pair arc aligned by
the framework regions, enabling binding to 3 specific epitope. From N-terminal to C-terminal,
both hight and heavy chams comprise the domains FRI, CDRI, FR2, CDRZ, FR3, CDR3, and
FR4, The assignment of amino aoids to cach domun s in accordance with the defimtions of

Kabat.

{00921 CDRs constitute the mgjor surface contact points for anbigen hinding. The CDR3 or the

hght cham and, particularly, CDR3 of the heavy chain way constitute the most important
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determinants i antigen binding within the Hght and heavy chain variable regions. In some
antihodies, the heavy chain CDR3 appears to constiite the major area of contact between the
antigen and the antibody. In vitvo selection schemes fn which CDR3 alone is vaned can be
used to vary the binding properties of an antitbody or determine which residues contribute to the

hinding of an antigen.

00931 Naturally ovewming antibodies typically include o signal sequence, which directs the
antibody mio the cellular pathway for protein seeretion and which s typically not present in the
mature antibody. A polynucleotide encoding an antbody of the mvention nmay encede a

naturatly occurring a signal sequence or 3 heterologous stgnal sequence as described below.

{094 I ons snbodiment, the antigen inding protein is as antibody conymising frow one 0
six of the exemplary CDORs desenbed herein. The antibodies of the invention mayv be of any
tvpe including TgM, IgG (including 1gG1, 162, 1gG3, lpGE), 1gD, 1A or IgE antibody, Ina

specific embodiment the antigen binding protem is an Igh type antibody, e.g., a IgG1 antibody.

JGO931 In some cmbodiments, for example when the antigen binding protein is an antibody
with complete beavy and bght chains, the CDRs are all froun the ssume specics, e.g., human.
Alternatively, for example i embodmments wherein the antigen binding protein contains less
than six CDRs from the sequences outlined above, additional CDRs may be either from other
species or piay be different human CDRs than those depicted in the exemplary sequences. For
example, HCDR3 and LOCDRI reggons from the appropriate sequences identified hevein may be
wsed with HCDRE, HODR2, LEDRI, and LODERY being optionally selfected from aliernate
specics or different human antibady sequences, or combinations thereof. For example, the
CDRs of the invention can replace the CDR regons of conunercially relovant chimeric or
humanized antthodigs.

{00961 Speetfic embodiments atilize scaffold components of the antigen binding proteins that
are human components, In some embodiments, however, the scaffold components can be a
puxtyre From different species. As such, 1 the antigen binding protein is an matibody, sach
antibody may be a chimeric antibody andfor umanized antitbody. by general, both “chimeric
antthodies™ and humanized antibodies™ refer to antibodies that combine regions from mowe than
one species. For example, “chimeric antibodies™ traditionally comprise vartable region(s) from
3 mowse {of rat, iy some cases) and the constant region{s} from a nenan.

(00971 "Humanized antibodies” generally refer to non-human antibodics that have had the

vartable domain framework regions swapped for sequences found i haman antibodics.

2T .
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Generally, in o humanized antbody, the entire antibody, except one or more CORs, is encoded
by a polvnucientide of huuman origin or is wdentical to such an antibody except within ong or
more CDRs. The CDRs, some or all of which are encoded by nucleic acids oviginating tn g
non~human organisim, are grafied mto the beta-sheet framework of @ hapan antibody variable
region fo oreate an antibody, the speetficity of which 1s deternuned by the engrafied CDRs.
The creation of sach antibodies s described in, g, WO YZ/HGLE, Jones 1986, Nature
321:522-825, Verhooven ef ol | VOSE, Svience 239:1334-1536, Humanized matibodies can also
b generated using puce with a gencucally cogineered imomue system {Roque et al., 2004,
Biotcchnol, Prog. 2h639-654), In the exemplary embodiments desenbed herewn, the identified
CDRx are human, and thus both humanized and clumeric antthadies i this context mclude
soane non-human CDRs: for example, humanized antibodies may be generated that comprise
the HCDR3 and LODRA regions, with one or move of the other CDR regions being of 8

difforent speetes origin.

[009] In one embodimient, the OSMR antipen binding protem s 2 multispecific antibody, and
notably a bispeclic antibody, alao sometimes reforred fo ag “diabodies.” These are anitbodies
that bind 1o two wr more difforent antigens ov different epitopes on 3 single antigen. In cortain
cmbodiments, a bispecific antibody binds OSMR and an antigen on a hunian etfector cell (e.g.,
T eell). Such antthodics are usefid in targeting an effector cell response against OSMR
gxprossing cells, such as an OSMR-expressing tumer coll, In proforred embodiments, the
hunan effector celf antigen is CD3. ULS. Pat. No. 7.235,641. Methods of making bispecific
antihodies are known in the art. One sach method involves engineoring the Fo pontton of the
heavy chains such as to oreate “knobs” and “holes™ which facihnate beterodimer formation of
the heavy chains when co-expressed in a celll US, 7,695,963, Another muethod also involves
engineering the Fe portion of the heavy chain but uses slecirostatic steering to enoourage

heterodimer formation whule discowraging homodimer formation of the heavy chains when co

exprossed in g cefl. WO 09/089 004, which is mncorporated herein by reference 1 its entivety.

{00991 In one embodiment, the OSMR antigen binding protoin is a minthody. Minibodics are
nunimized anttbody-ike proteins comprising a scbv jomed to a CH3 domain (Hu er af., 1996,
Coancer Res, 56303530610,

{0100} in one embodiment, the OSMR antigen binding profein is 2 domain antbhody;
se¢, for example TS, Patent No. 6,248 516, Domain antibodies {dAbs) ave functional binding

domaing of antibodies, corresponding fo the vanable regtons of cither the heavy (VH) or hight

{VL) chains of heman antibodies. dABs bhave a molecudar weight of approximately 13 kD, or
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less than onc-tonth the size of a foll antibody. dABs are well expressed na variety of hosts
mchiding bacterial, veast, and mammalian cell systems. {n addition, dAbs are highly stable and

retain activity oven after being sudyected to harsh conditions, such as frecze-drving or heat
denaturation. See, for example, US Patent 6201 158; 6 382 815, 6 303 081; 6,172,197 US
Serial No. 2004/01 1094 1; Buropean Patent G368684; LIS Patent 6,696 245, WOOK/GIRE2 L,

WO0L003019 and WODBIANIG09,

joga In one embodiment, the OSMR antigen binding protem is an antibody frapment,
that is a fragment of any of the antibodies outlined heremn that retain binding specificity to
OSMR. In various embodiments, the antibody binding proteins comprise, but are not Hmited
to, a Fiab), F{ab", Flab' )2, Fv, or a single chain Fv fragments. A & minimum, an antibody, as
meant heremn, comprises a polvpeptide that can lund specifically to OSMR comprising all or

part of a light or heavy chain variable region, such as one or more CDRs.

j00102] Further exaraples of OSMR-binding antthody fragments incloade, bot we not
himited to, (1) the Fab fragment consisting of VL, VH, CL and CHY domains, (1) the Fd
fraginent consisting of the VH and CHY domaing, (61§ the Fv fraginent consisting of the VL and
VH domains of a single antibody (iv) the dAb fragment {Ward e o/, 1989, Nadore 341544~
5460} which consists of a single varable, {v) isolated CDR regions, {vi) Flab'); fragments, a
valont fragmoent comprising two linked Fab flagreents (vit) single chain Fv wolecoles (scFv),
wherein a VH domain and a VL domain are Hnked by a peptide hinker which allows the two
dornains to associate to forot an antigen binding site (Bird er o/, 1988, Scienve 242:423-426,
Haston eral., 1988, FProc, Nawl dead. Ser, U8 A 88:5879-538%3), (viny) bispecific single chain
Fyv dimers (PCTAUSY2/09965) and (ix} "diabodics™ or “triabodies”, multivalent or multspecific
fragaments constructed by gene fusion {Tomlinson e ol 2000, Methods Enzyvinol. 326461~
479, WOO41 3804, Holliger er ol 1993, Froo. Nad, dcad. Sci TENAL 90:6444-6448). The
antibody fragments may be modificd. For oxvample, the molecules may be stalnlized by the
incmporation of disulphide bridges linking the VH and VL domaing {Relfer of af | 1996, Naawre
Biotech, 14:1239-1245). Aspeets of the invention include embodinents wherein the nos~-CDR

components of these fragments are human sequences.

HEO LIRS i ome cnbodimentd, the OSMR antigen binding protetit is a fully buman
antibody. Inthis embodiment, a3 outlined above, specifie structures comprise complete heavy
and Ught chains depicted comprising the CDR regions. Addiional embodiments utthze one or
more of the CDRs of the invention, with the other CDRs, framework regions, J and D regions,
constant regions, efe., coming from other human antibodies. For example, the UDRs of'the
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fnvention can replace the CORs of any number of human antibodics, pacticudarly commarciadly

relevant antibodies

{00104 Single chain antibodies may be formed by linking heavy and hight chain variable
domain (Fy region) fragments via an ammo acd bridge (short peptide Hoker), resulting o a
single polypeptide cham. Such smgle-cham Fys (seFvs) have been prepared by fusing DNA
encoding a peptide tinker between DNAs encoding the two variable domain polypeptides {Vy
and Vi), The resulting polypepiides can fold back on themselves to forn antigen-binding
moenomers, or they can form multimers {e.g., dimers, trimers, or tetramers), depending on the
tength of a flexible hinker between the two vanable domans (Kortt er of , 1997, Prot. Eng,
10423 Kortt er ¢/, 2001, Biomol Eng. [H95-108). By combining difforent Vi and V-
comprising polypeptides, one can form multimeric scles that bind to different epitopes
(Kriangham er ¢f , 2001, Biomwol. Eng. 18:31-40). Techmgues developed for the prodaction of
single chain antibodies include those deseribed in U5, Patent No. 4,946,778, Bird, 1988,
Science 242:423; Huston ef of . 1988, Proc. Natl. Acad. Sct. USA 85:5879; Ward ef ol | 1989,
Nature 334:5344, de Graafer of, 2002, Methods Mol Brol, 17837987, Single chain antibodiss
derrved frovn antibodics provided hevelu (ncluding but not mited 1o seFvs comnprismg the
variable domain combinations of Abl LOwAbL HOv (SEQ ID NGRTSEQ 1D NOW), An2
LCwABZ HCOv (SEQ 1D NGR2&SEQ 1D NE103, and Ab3 LOw/AR3 HOY REQ 1D
NOQU2ZUSEQ D NOL L, and conbinations thereof are sncompassed by the present mvention.
Exemplary single cham antibodics include the following variahle domain combinations: SE(

D NOQRTSEQ D NQ33; and SEQ 1D NOIQSSEQ D NQS4,

HEU LRy {n ooe embodiment, the OSMR antigen binding protein is an antibody fosion
profein {somenmes referred i herein as an “antibady conjugate™). The conjugate partier can
be proteinacecus or non-profeinacenus; the latter generally being generated using funchionsl
groups on the antigen binding protein and on the conjugate pavtner. In cortain embodiments,
the antibody is conpugated o & non-profemaceoys chenucal (drug) to form ar antibody drug

conpugate.

JO01G] iy e ensbodiment, the OSMR antigen binding protein is an antibody analog,
sometimes referred (o as “syathetic antbadies.” For exanple, a vanety of work utilizes either
altermative protemn scaffolds or artificial scaffolds with grafted CBRs. Such scaffolds nchade,
bt are not Hmited fo, mugations ntrodaced & stabilize the three-dimensional structure of the
Iinding protein as well as wholly syathetic scatfolds consisting for example of biccompatible

polvmers. See, for example, Korndorfer er ¢f., 2003, Froteins: Struciure, Function, and
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Biolformatics, Vohyme §3, Issue HI21-129, Roque er af, 3004, Biotechnol. Prog. 20:639-
634, In addition, peptide antibody mimetics ("PAM™) can be used, ax well as work based on

anttbody rimetics vtilizing Hbronection components as a scaffold.

{007 By “protein,” as used herem, ix meant at {east two covalentdy attached aming
acids, which includes proteins, polvpeptides, oligopeptides and peptides. In some
embodiments, the twe or more covalently attached mnino acids wre attached by & peptide bondd,
The protein may be made up of naturally ccournng amine acids and peptide bonds, for example
when the protein is made recombinantly using expression svstems and host eglls, as outlined
below, Alternatively, the protein may include synthetic amine acids (e g, homophenylalanine,
citralline, ormithine, and norleucine), or peptidonymetic sivuctures, Le, “peptide or protein
analogs™, such as peptoids (see, Stmon ef e, 1992, Froc. Nadl, dead. Sei. 1284, 8919367,
wmcoporated by referenee horein), which can be resistant to proteases or other physiologteal
andfor stovage conditions. Such synthetic amino acids may be incorporated in particular when
the antigen binding protein is synthesized i vitre by conventional methods well known in the
art, Tov addition, any combination of peptidomimetic, synthetic and nanwally octutring
restduaes/structures oan be used, "Asnine acid” alse includes iming acid residues such as proline
and hydroxyprodine, The amino acid "R group™ or “side chain”™ may be w cither the (L)} v the
(S)r-confivaration. I a speeific embodiment, the amino acids are inthe (L or {8)-

configuration.

[O0108] In cortain aspects, the invention provides recombinant antigen binding proteins
that bind OSMR and, 1 some cimbodiments, 8 recombinant buman O5SMR or portion thereof.
In this content, a “recomtbinant protemn’™ is a protuin made using recombmant technigues using
any techmigques and methods known in the art, £ ¢, through the expression of a recombinant
pucleic actd as desenbed herein, Methods and techniques for the production of recombinant
protemns are well known in the art. Embodiments of the mvention inclade recombinant antigen
hinding protoms that bind wild-type OSMR and variants thereof.

JOO 1 “Consisting essentially of means that the amino acid sequence can vary by
ahout 1,2, 3,4, 5,6, 7, 8.9 10, 11, 12, 13, 44, or 13% rolative o the recited SEQ 1D NO:

sequence gad still retain biological activity, as desenbed heren,

{01 IG) In some embodivents, the antigen binding proteins of the invantion arg isolated
protemns or substantially pure protoms, An “isolated” protein is unaccompanied by at least

some of the material with which i is normally associated i s natural state, for example

1.
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canstituting at least about M, or at least about 30% by weight of the total protein in & given
sanyde. 1t is undersiood that the isolated protein may constitute from 3 to 99.9% by weight of
the total protetn content depending on the circumstances. For example, the protem may be
made ab a significantly ugher concentration through the ase of an induetble promoter or high
expression promoter, such that the protein is made at increased concentration fevels, The
definition inchudes the production of an antigen binding protein in a wide vaniety of organisms

andidor host cells that are known i the ant.

HEU RS For aminoe acid sequencss, seguence identity anddor similarity s determined by
asing standard techniques known in the art, including, but not limited to, the local sequence
wlentity algoritho of Smith and Waterman, 1981, ddhe dppl. Math. 2:432, the sequence identity
abigament algonthm of Needloman and Wuasch, 1970, Mol Biol 48443, the scarch for
sirnitarity method of Pearson and Lipman, 1988, Froc Nat doad. Sci. 154 RS 2444,
computerized iplementations of these algorithnis (GAP, BESTRIT, FASTA, and TFASTA
the Wisconsin Genetics Softwire Package, Genetics Computer Group, 575 Science Drive,
Muadison, Wis.), the Best Fit sequence program described by Devereux ¢f ol | 1984, Noel. deid
Res, Y2387-3895 preferably using the default sottings, or by inspection, Proferably, pereent
wdentity is calculated by FastDB based upon the tollowing parameters: mismaich penalty of 1]
sap penalty of 1; gap size penalty of 0.33; and jotming penalty of 30, "Current Methods in
Seguence Companson and Analysis,” Macromadecule Stquencing and Svnthesis, Selected

Methods and Applications, pp 127-149 (1988}, Alan R, Lasg, Tnc.

joo1 12} An example of a wsefd algorsthm s PILEUP. PILEUP creates a multiple
sequence alignment from a group of related sequences using progressive, painwise alignments.
It can also plot a tree showing the clustering relationships used tir create the alignment. PILEUP
uses a simphification of the progressive shigument wethod of Feng & Doohittle, 19877 Mol
Evol. 35:351-360; the method 15 similar to that described by Higpios and Sharp, 1989, (4RO
S:151-153, Uscful PILEUP paramctors mcluding a default gap weight of 3.00, o defhult gap

fength weight of 010, and weighted ond gaps.

JOO113] Another example of 8 useful algorithm is the BLAST algorithm, described wme
Alschul et ad | 1990, 2 Mol Biol. 215:403-410; Alischul e o/ 1997, Nucleic Acids Res.
2533H.3407; and Karin of af, 1993, Froo. Nagd, deod. Sci. 884, YE3873-5787. A
particudarty useful BLAST program is the WU-BLAST-2 prograwn which was obtained from
Alischul ef af | 1996, Meshody in Enzymology 266:460-480, WU-BLAST-2 yses several scarch

parameters, most of which are set to the default values. The adjastable parameters are set with
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the following values: overlap span=i, overlap faction=0.1235, word thresheld {111, The HSP
S and HSP 82 parameters are dvnanue values and are established by the program uself
depending upon the compesition of the particular sequencs snd composition of the particudar
database agmnst which the sequence of interest is bemng searched; however, the values may be

adjusted to inerease sonsiivity,

{001 14] An additional usefid algorithnt is gapped BLAST as reported by Altschul ef ol
1993, Ml deddly Res. 25:3389-3402. Gapped BLAST uses BLOSLUM-62 substitution scores;

threshold T parameter set to 9 the two-hit method to trigeer ungapped extensions, charges gap
lengths of k a cost of 10+k; X, sct to 16, and X, sef to 40 for database search stage and to 67 for
the outpuat stage of the algorithims. Gapped alignments are triggered by a score corresponding

1o about 22 s,

jo0nLLs] Generally, the amino acid homalogy, stnthanty, or idaity between individual
vartant CDRs are at least 80% to the sequences depicted hevein, and more typically with
preferably inereasing homologics or identities of at least 5%, 90%,, 01%, 9%, 3%, 94%,

5o, B6%:, 97%, 98%, Y

Y, and abmost 100%. In g similar manacr, Tpercent (96) nueleic geid

‘:(5

sequence identity” with respeet o the nucleie aoid sequence of the binding proteins identified
herein i defined as the percentage of nucleotide residues 1 a candidate scquence that are
identival with the nuclcotide residues i the coding sequence of the anfigen binding protemn, A
specific nmethod utilizes the BLASTN module of WU-BLAST-2 set to the defanlt parametors,

with overlap span and overdap fraction set to | and 0,125 respectively.

j00116] Generally, the nacleic acid sequence homology, stimilanty, ot identity between
the nucleotide sequences encoding individual vartant CDRs and the nuclentide sequences
depicted herely ave at least 80%, and more typically with preferably inercasing homologies or
identitics of at loast BO%, 8196, 82%, B3%, 849%, 85%:, Be%a, 7%, #RY, RU%, 9056, 1%, 92%,

93% (N G494 . ‘-H,u 96% (N BT . 989 Yo, OF 99‘?"1\1, and ahmost 1%,

JOG1E7 Thats, a “variant CDR” is one with the specified homology, sinularity, or identity
to the parent {7DR of the invention, and shares biological function, including, but not hinuted to.
at loast 80%, R1%, 82%%, 83%, 84%, B3%, R6%, §7%, B8%. RO%, 0%, 919, 02%, 63%, 94%,
5%, 90%%, 97, U8%, or 99% of the speaificity andfor activity of the parent CDR.

01 IR While the site or vegion for introducing an amine acid sequence vanation is
predetarmoined, the puatation per se need pot be predetermined. For examople, i order to

optinsze the performance of a mutation at a given sife, random mwatagenesis may be conducted
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at the target codon ovregion and the expressed antigen binding protein CDR vartants screened
for the optimal combination of desired activity, Techmaues for making substitution mutations
at predetermined sites in DNA having a kmown sequence sre well kinown, for example, M13
primer nutagenesys and PCR mutagenesis. Sereening of the mutants 1s done using assays of

antigen binding protein activities, sach as OSMR binding,

{0119 Amino acid substitutions are typically of single residucs; insertions usually will
be on the order of from about one (1) to about twenty (20} anune acid residues, althoagh
considerably larger msortions may be tolerated. Dedetions range from sbout one {1} to about

twendy {203 amine acid residues, although in some cases deletions may be niach larger.

je01207 Substiiutions, delotions, msertions or sy conhination thervol may be used 1o
asrive at a final derivative or vanam. Gonerally these changes are done on a fow anuno acids to
wininize the alteration of the molecude, particularly the iamunogenicity and spearficity of the
antigen binding protein. However, farger changes may be twolerated w certain civcomstances.
Comservative substititions are genérally made in accordance with the following chart depicted

as Table 3.

Tahle 3
Original Resitdne Exemplary Substitutions
Ala Ser
Asn Oln, His
Asp Glu
Cys Ser
Gin Asn
Gilu Asp
Gly Pro
His Asn, Gln
i Len, Val
Leu fie, Val
Lys Arg, Gln, Glu
Mat Lew, He
Phe Met, Leu, Tyr
Ser Thy
Thr Ser
Trp Tyr
Tyr Tep, Phe
Val fle, Leu

{0121 Substantial changes in function or imsumological identity are made by selecting

L)

substitutions that are less conservative than those shown s TABLE 3. For example,

4.
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substitutions may be made which more significantly affect: the stractare of the polvpeptide
backboune m the area of the alieration, for gxample the alpha-hehceal or beta-sheet structure; the
charge or hydrophobicity of the molecule at the tavget site; or the bulk of the side chain. The
substitutions which in general are expected to produce the greatest changes in the polvpeptide™s
propertics are those in which (&) a hydrophitic residue, e.g. servl or threonyl, is substituted for
(or by 8 hvdrophobic residue, e.g., leuoyl, isoleucyl, phenylalanyl, valvl or alanyl; (bl a
gysteme or proline is substituted for {or by} any other resichee; () a residue having an
clectropositive side chain, ez, besyl, arginyl, or histidyl, is substituted for (orby) an

elecwonegative residuse, eg., glotamy! or aspanivl; or {d) a residue having a bulky side chain,

.., phenylalmune, s substituted for {or by} one not having a side chain, e.g, glycine,

{122} The vanants typically exhubit the same qualitative biological activity and will
clicit the same anawine response as the naterally-occurring analogac, although variants also are
sclected to modify the characteristics of the antigen binding protein proteing as needed.
Altermatively, the variant may be designed such that the biological activity of the antigen
binding protem 1s altered. For example, glycosvlation sites nay be altered or removed as

discussed horomn,

[00123) Other dentvatives of OSMR antitbodies within the seope of this mvention nclude
vovakent or aggregative conjugates of OSMR antibodics, or fragments thereot], with other
protemns ov polypeptides, such as by expression of recombinant fusion proteins comprising
heterologous polypeptides fused to the Netermabnus or C-ternunus of a OSMR antibody
polyvpeptide. For example, the conjugated peptide may be a heterologous signal {or leader)
polypeptide, e.g., the veast slpha-factor leader, or 3 poptide sach #s an epitope tag. OSMR
antibody-containing fusion proteins can comprise peptides added to facilitate purification or
whentification of the OSMR antibody {2z, poly-His). An OSMR antibody polypeptide also can
he Hnked fo the FLAG peptide as desenbed in Hopp er of, Bio/Technoingy 61204, 1988, and
VLS. Patent §,011 912, The FLALG peptide is bighly antigeaic and provides an epitope
reversibly bound hy a specific monoclonal antibody {mAby), enabling rapid assay and facile
purtfication of exprossed recombinant protein, Reagents asefid for preparing fusion proteins in
which the FLAG peptide 1s fused to a given polypeptide ave commercially available (Sigma, St

Las, MOY.
0124} In one embodiment, an ohigomer is prepared using polypeptides derved from

unmenoglobuling, Proparation of fosion protemns comprising certain heterologous polypeptides

fused to various povtions of antibody-derived polypeptides (inclading the Fo domain) bas heen

’Jl
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described, e.g., by Ashbonan ef ol 1991, PNAS UISA 8810338 By e ol 19903, Nahwe

344:677; and Hollenbaugh er af 1992 "Construction of Immunoglobulim Fusion Proteins®, in

Current Protocols in bamnaefogy, Suppl, 4, pages 10191 - 101011

j00123) Onc embodiment of the present mvention 1s directed to a dimer comprising two
fusion proteins created by fusing an OSMR binding fragment of an OSMR antibody to the Fe
region of an antibody. The dimer can be made by, for example, mserting a gene fusion
encoding the fusion protein info an appropriate expression vector, expressing the gene fusion in
host colls transformed with the recombinant expression vector, and allowing the expressed
fuston protein to assemble mach bike antibody molecules, whercupon interchain disalfide bonds

form between the Fo moleties to yield the dimer.

{HH126] The term "Fe polypeptide” as used herem mcludes native and matan forms of
polypeptides derived fronm the Fo regron of an mitibody. Trumeated forms of such podypeptides

containing the hinge region that promotes dimertzation also are included. Fusion proteins
comprising Fo moreties {mnd oligomers formed therefrom) offer the advantage of faile

purification by affinity chromatography ovey Protein A o Protein G colummns,

{0127 One suitable Fe polypeptide, deseribed m POT application W 93710151
(hereby incorporated by reference), 1s a single chain polypeptide extending from the Neterminal
hange region o the pative Coterminus of the Foregion of a huroan {gG antibody. Another
uscful Fe polypepnide is the Fo moutein deseribed i LLS. Putent § 457 035 and in Bawo e ol
19094 FMBGLE 13:3992-4001, The anuno scid sequence of this mutein is identical o that of
the native Fo sequence presented in WO 93710151, except that amino amd 19 has been changed
front Leou to Ala, amino acid 20 has been changed from Lew to Glu, and amino acid 22 has been

changed from Gly fo Ala. The mutern exhshits reduced affinaty for Fe receptors.

FOI2R] In other cotbodiments, 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,
{0129} Another method for preparing ohigomenic OSMR antibody denvatives involves

use of a leucine zipper. Leuaine zipper domains are peptides that promote oligomenzation of
the proteins 1 which they are found. Leucine zippers werg originally identified in several
DNA-binding proteins {Landschulz & of., Scierce 240017539464, 1988}, and have since boen
found 1o 8 vanety of different proteins. Among the known feucine xippers are naturally

ocerrring peptides and denvatives thoreof that dimerize or timerize, Examples of feweine
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sipper domans switable for producing soluble oligomeric proteins are desertbod t PUT
application WO 94/10308, and the feucine zipper derived from lung surfactant protein D (SPD)
described i Hoppe ef ol 1994, FEBS Levters 344191, horeby meorporated by reforence, The
use of a modified leacine zipper that allows for stable trimerization of & heterologous protemn
fused thereto w desertbed in Fanslow er ¢, 1994, Semin. Ipoimanod. 6:267-78. In one approach,
recombinant fusion proteins comprising USMR antibody fragment or derivative fised to a
feucine zipper peptide are expressed in suitable host eells, and the soluble sligomeric OSMR

antibody fragments or derivatives that form are recovered from the cultwre supernatant.

00130 Covalent modifications of antigen binding proteins are included within the scope
of this invention, and are generally, but not abways, done post-transiationally. For example,
several types of covalent modifications of the antigen binding protein are infroduced into the
molecuic by reacting specific amino acid residucs of the antigen binding protemn with an
organic derivatizing agent that is capable of reacting with selected side chains or the N~ or C-

fernunal residues.

{00131 Cystemy! residucs most cormontdy are reacted with g-haloacetates (and
corresponding anunes), such as chlovoacetic acid or chloroacetamide, to give carboxymethyl or
carboxyamidomethy! derivatives. Cysteinyl residues also are denvatized by reaction with
bromotrifluorsacsione, g-bromo-B-(S-imidoeoy Dpropionic acd, chloroacety! phosphate, N-
atkyimalemnudes, 3-nitre-2-pyridy! disulfide, methyl 2-pyridyl disulfide, p-

chloromercurtbenzoate, 3-chloromercuri-d-nitrophenol, or chloro-7-nitrobenzo-2~oxa-1,3-

dirazade.
fo0132 Histidy! residucs are denvatized by reaction with dicthylpyrocarbonate at pH

5.5-7.0 because this agent is relattvely specific for the histidy] side chain. Para-bromophenacyl
fromide also is useful; the reaction is preferably perftamed in 0.1M sodisn cocodylate at
pH 6.4,

JO0133] Lysinyl and mmino terminal residues are reacted with succinic or other
carboxyhe goid anhydrides. Derivatization with these agents bas the offect of reversing the
charge of the lysiavl residues. Other suitable reagents fr derivatizing alpha-amino-contuning
residues nclude imidoesters such as methyl picolinimidate; pyridoxal phosphate; pyridoxal;

chioroborohydride; trinitrobenzenesalionic scid; O-methylisowrea; 2 4-pentangdions; and

transarninase-catalyvzed reaction with glvoxylate,
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JOO134] Arginyl residues are modified by reaction with one or several conventional
reagents, among them phenylelvosal, 2,3-butancdione, 1, 2-cyvclohexanedione, and ninhydrin,
Derivatization of argtiune residues requires that the reaction be performed i alkaline
conditions becagse of the high pK, of the guamdine fanctional group. Furthermore, these

reagents miay react with the groups of hvsine as well as the arginine epsilon-anine group.

TNy The specific modification of tyrosyl residues ny be made, with particular
interest in introducing spectral labels into tyrosy! vesidhies by reaction with aromatic drazonium
compounds o etranttromethans. Most commonly, N-cetviimidizole and tetranitromethane

arg used to form Q-acetyl tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl residugs

IR 3
128 1

are fodinated using "1 or VT 1o prepare labeled proteins for ase iy radivipununoassay, the

chioramine T method described sbove being suitable,

{00136] Carboxyl stde groups {aspartyl or glataravi) are selectively modihied by reaction
with carboditnndes (RwNa{TaN--R'Y, where R and R are optionally different alkyl groaps,
such as 1-cvelohexylb-3-{Z-morphohinyl-d-ethyvh) carbodiimide or Pothyb-3-(4-azonia-4 4~
dimncthylpentyly carbodimide. Furthermore, asparbyl and ghatamyl residues are converted to

asparaginyl and ghataminyl residues by reaction with ammoniwm ons,

3T Dertvatization with bifunctional agents is ascful for crosslinking antigen binding
proteins to a water-insoluble support matnx or surface for use in a variety of methods.
Comnionly used crosslinking agents include, ez, 1, 1-bis(thazoacetyl)-2-phenvicthane,
ghataraldehvde, MN-hvdroxysuccnmnmde esters, 'fm* example, esters with 4-azidosaliovhc acid,
honiobifunctional inudocsters, meluding disuceunudyl esters such as 3.3
dithislns{sucomimudylpropionate}, and nfunctional malcimides such as bis-N-maleanido-1 8-
octane, Dertvatizing agents such as methyl3-{{p-azidophenylidithuo jpropioimidate yield
photsactivatable intcrmediates that are capable of forming erosslinks in the prosence of tight,
Alternatively, reactive water-insoluble matrices such as eyanogen bromide-activated
carhobedrates and the reactive substrates deseribed n ULS. Pat. Nos. 3,960 287; 3,691 016;

4,103, 128; 4,247 642; 4,220 337 and 4,330,444 ave emploved for protoin smmobilization,

{00138 Glutaminy! and asparaging restdues are frequontly deanudated to the
corresponding ghutamyl and aspartyl residues, respectively. Allematively, these residues are
deamidated under mildly acidic condions. Enther form of these residucs falls within the scope

af this invention.
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HEG TR Other modificanons melude hydronylaton of proline and lysine,

phosphorylation of hydroxyl groups of servi or threonyvl residues, methylation of the e-anmuno
groups of lysine, mginine, and histidine side chains {T. E. Creighton, Protons: Structiwe and
Molecalar Properties, W. H. Freensan & Co., San Francisco, 1983, pp. 79-86), acetvlation of

the N-tornunal amine, and mnidation of any Usterminal carboxy! group.

{O0140] Another type of covalent modification of the antigen binding protein included

alycosylation patiern of the protan,

Lot

within the scope of tus invention comprises altening the
As 1s known in the art, glyeosylation patterns can depend on both the sequenee of the protein

{e.g, the presence or absenes of particular glycosylation annne acid residues, diseussed below?),
or the hast cell or organism in which the protein is produced. Partionlar expression systoms are

dhscussed below,

{00141 Glyeosyvlation of polypeptides s typicatly either Nefinked or O-linked. N-bnked
reters to the atachment of the carbohydrate moety to the side chain of an asparagine residue.
The tri-peptide sequences asparagme-X-serine and asparagine-X-threonine, where X i any
amine goid except profing, are the recogmtion sequences for enzymate attachment of the
carbohydrate moiety 1o the asparagine side chaimn. Thus, the presence of cither of these tri-
peptide sequences in a polypeptide ereates a potential glycosylation site. O-linked
tvcosylation refors to the attachiment of one of the sugars N-acotylgalactosamine, galactose, or
xvlose, 1o a hydroxvanung acid, most coromonly serine or threonine, although 5-

hvdroxyproline or S-hydroxylysine may also be used.

jo0142 Addhtion of glyuosylation sites to the antigen hinding protam is conveniently
accomplished by altermg the amino acid sequence such that it contins one or moie of the
above-described tri-peptide sequences (for N-linked gheeosvlation sites). The alteration may
alzo be made by the addition of, ot substitution by, one or more serine or threonige residues fo
the starting sequence (for O-linked glvcosylation sites). For case, the antigen binding protein
amine acid sequence is preferably altered dwough changes at the DNA level, particularly by
muitating the DNA encoding the target polvpeptide at preselected bases such that codons are

generated that will ansiate into the desired amino acids,

{00143} Another means of increasing the number of carbobydrate moleties on the antigen
hinding profein is by chemical or enpyvimatic coupling of glyvcosides to the protein. These

pag E v o T 3
procedutes are advantageous in that they do not reguure production of the protein i a host cell

that has glveosylation capabilities for N~ and O-hnked glyeosylation. Depending on the
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couphing mode used, the sugar(s) may be attached to (o) arginine and histdine, (b) free

carboxyl groups, (o) froe sulflvedred groups such as those of oysteine, {d) free hvdroxyl groups
uch as those of serine, threonine, or bydroxyprohine, {¢) aromatie residues such as those of

p}wmym‘iamne, tyrosine, or wyptophan, or (f) the amide group of glatansine. These methods are

deseribed i WO 87/05330 published Sep. T, 1987, and in Aplin and Wiiston, 1881, CRC

Cris. Rev, Biochem., pp. 239-306,

[00144] Removal of carbohydrate moletics present on the starting antigen binding
protein may be accomplished chomically or enzymatically, Chenical deglyeosylation rogaives
exposure of the protein to the compound triflusromethancsulfonic acid, or an equivalent
compound. This treatment results in the cleavage of most or all sugars except the linking sugar
{(N-acetvighweosamme or N-acetylgalactosamine), while leaving the polypeptide mtact.
Chemical deglveosylation is desenbed by Hakemuddin ¢ ol 1987, drch. Biochem. Biophys.
259532 and by Edge er al | 1981, drad. Biochen. VI3 Enzyoiatic cleavage of carbohydrate
moigtics on polypeptides can be aclueved by the use of a viwtety of endo- and exo-ghyensidases
as described by Thotakura of af, 1987, Merh, Exgenndl 138350, Glycosviation at potential
glveosylation sites may be provented by the use of the compound tunicamycin as deseribed by
Daskm ef ol 1982, J Bigl Chem. 25731035, Tunicamyoin blocks the formatiom of protete-N-

glycoside hakages.

{00145] Another type of covalent modification of the antigen binding protein conprises
hinking the antigen bmding profein 1o varfous nonproteinaceous polymers, including, but not
hmited fo, various polvols such as polyethylene glyeol. polypropyviene glycol or
polvoxyaikylengs, in the manner set forth in L1, Pat. Nos. 4,640,835, 4 496,689, 4301, 144;
A6TATT 4791 192 or $ 179337 In addiion, as ¢ knivwnt i the art, ammo aeid sobstititions
may be made in vinous posinions withun the sotigen binding protein to faciitate the addition of
polymers such as PEOG.

[0 46] in some embodinents, the covalent modification of the matigen binding proteins
of the invention conprises the addition of one o more labels.

{00147} The ternt "labeling group” means any detectable label. Examples of suitable
tabeling groups include, but are not himited to, the following: radioisotopes or radionuclides
(e THL PO TN Y e, i BN ), fluorescent groups (e.g, FITC, thodamine,
tanthanide phosphors), enzymatic groups {e.g., horseradish povoxidase, B-galactosidase,

hiciforase, atkaline phosphatase), chenuhuninescent gronps, brotinyl groups, or predetermined
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polvpeptide opitopes recogmizad by a sceondary reporier {e.g., loucing zipper pair sequences,
bindng sites for secondary antibodics, metal binding domams, epitope tags). In some
embodiments, the laboling group is coupled to the mtigen binding protein vie spacer arms of
various lengths to reduce potenbial steric hindrance. Vartous methods for labeling proteins are

konown w the art and may be ased in performing the present invention,

HEDEAY In general, labels fall into a variety of classes, depending on the assay in which
they are 1o be detected: a} isotopic labels, which may be radioactive or boavy isotopes, b)
magnetie fabels fe.g, magnetic particles); ¢} redox active moieties: d) optical dyes; enzymatie
groups {e.g. hovseradish peroxidase, [-galactosidase, uciferase, alkaline phosphatase); ©)
hiatinylated wroups; and ©) predetermined polvpeptide epitopes recogmmzed by a secondary
reporter {e.g., leucine sipper pair sequences, binding sites for secondary antibodies, metal
binding domaing, epitope tags, ete). in some ambodiments, the labeling growy is coupled to
the antigen binding protein vie spacer armis of various lengths to redhice potential sterie
hindrance. Vartous methods for labeling proteins are known in the art and may be used in

performting the prosent invention.

{00149 Speeific labels include optical dyes, inchuding, but not limited 1o, clwomophores,
phosphaors and fluorophores, with the latter being specific in many instanees. Fluorophores can

be either “small molecale™ fuoves, or proteinaceous fhuwes,

01 50] By “fluorescent label™ 1s memnt any molecule that may be detected via us
therent fhorescent properties. Suttable Suorescent Jabels inciude, but are not lmited 1o,
flucrescein, rhodamine, tetramethylrhodaming, cosin, erythrosin, coumarin, methy-cowmarns,
pyrene, Malaeite green, stithene, Lucifer Yellow, Cascade Bluel, Texas Red, TAEDARS,
EDANS, BODIPY FL, LT Red 644, Cy §, Uy 3.5, LC Red 705, Oregon green, the Alexa-Flaor
dves (Alexa Fluor 350, Alexa Flyor 438, Alexa Fluor 488, Alexa Fluor 546, Alexa Fluor 568,
Adexa Fluor 394, Alexa Fluor 633, Alexa Floor 860, Alexa Fluor 686), Cascade Blue, Cascade
Yellow and R-phycocrythrin (PE) {Muoleautar Probes, Eugene, OR), FITC, Rhodanune, and
Texas Red {Pierce, Rockford, Iy, Cvd, Cv3.S, Cy7 {Amersham Life Science, Pigsburgh, PAYL
Suitable optical dyes, including flucrophores, are desenbed i1 Molecular Probes Handbook by

Richard P, Haugland, herchy expressiy incorporated by reference.

{0151} Suitable protemaceous fhuorescent tabels alse inctude, bot are not hinted to,
wreen Hluorcsvent protoin, including a Renilla, Prilosarcus, or Acquorcs species of GFP {Chalfie

arad, 1894 Seience 263 802-805), FGFP {Clomech Laboratortes, Ing., Genbank Accession
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Number US53762), blue fluorescent protin { BFP, Quantam Biotechnologies, ae. 1801 de
Maisonnewve Blvd, West, 8th Floor, Montreal, Quebet, Canada H3H 1I9; Stauber, 1998,
Biowchnigues 24:.402-471, Hewn er af, 1996, O Bial 6:178-182), enhanced vellow
floorescent protoin (EYFPR, Clontech Laboratories, Inc), huciferase (Ichiki ef ol | 1993, X
Dumuned, PMES3GE-5417), B galactosidase (Nolan er ¢f, 1988, Proe, Nl Aced. Sei. XA
B32683-2607) and Rentlla (WOR2/ 15673, WOH07463, WOOR/ 14603, WQR26277,
WOR940018, ULS. Patent Nos. 5292658, S41RIA5, 3683888, 5741668, STTT0T9, SHO4387,
SRT4MM, SBTORYS, SY25358). Al of the above-cited references ave exprossly incorporated

heremn by referénce.

HEU R The exenplary antigen binding protemns deseribed herein have properties based
on the distinet epitope o1 OSMR bound by the antigen binding protein, The term “epitope”™
means the amimoe acids of a target molecule that are contacted by an antigen binding protein,
.., antibody, when the antigen binding protein is bound to the tarpet meleculs. An epitope
gan be contiguous of non-contiguous {o.g, (1) 10 a single-chain polypeptide, anuno and
remdaes that are sot contiguous 1o one another in the polypeptide sequence but that within the
conttext of the target molecule are bound by the antigen binding protein, or (i) in a multimeric
receplor comprising two or more individual components, e, OSMR aud gpi30 or OSMR and
1.-31 receptor A, amino avid restdues are present on one of more of the individual components
but are still bound by the antigen binding protein,  Epitope determinants can welude chemically
active surface groupings of molecules such as amino acids, sugar sude chains, phosphanyl or
sulfouyl groups, and can have specific three dimensional stractaral characteristies, andfor
specific charge characteristics. Generally, antigen binding proteins specifie for a particudar
target wolecule will proferentially recognize an epitope os the target modecule in 2 complex

mixtire of proteins and/or macromolecules.

{01583 Methods of characterizing the epitope botnd by an antigen binding protein are
well known i the art, ncheding, but not timited {0, binning {cross-conpetinion) (Midler ef of
“Epitope binning of murine monoclonal antibodies by a wmultiplexed paiving assay™.J bmwwwnal
Methody (201113635, 118-23), peptide mapping (c.g.. PEPSPOT™) {Albert er af “The B-cel
Emtope of the Monoclonal Ant-Factor VIH Antibody ESHE Chavacterized by Pepuide Array
Analysis” 2008 Thromb, Haemosi, 99, 634-T7), putagenesis methods such as chiroeras (Song #¢
af “Epitope Mapping of Thalizumab, & Homanized Anti-CD4 Monoclonal Anobody with Anti-
HIV-1 Activity in Infected Patients ™ JJ Firof, (2010} 84, 69356942} | alamine scanning

{Cunninghams and Wells “High-resolution epitope napping of HGH-receptor interactions by
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slaune-scanung pudagoncsis” Sedence (19897 244, 1081-108%) | argimine scanning (Lim ¢f f
“A diversity of mutibody epitopes can mchucs signaling through the ervthropoietin recepto™
Biochemistey (2010} 49, 3797-3804), HD exchange methods {Coates e of “Epitope mapping
by amide hydrogen/deuteriam exchange coupled with impobilizanon of antibody, on-hine
proteolysis, ligrad chvomatography and mass spectrometry” Rapid Conpmun. Mass Spectront
(20093 23 639 6473 NMR cross saturation methods {Morgan e of "Procise epitope mapping
of malaria parasite inhibitory antibodies by TROSY NMR cross-sanwation” Blechemisiny
{2005) 44, 518-23), and crystallograply (Gerhardt ef of “Structare of IL-17A in complex with a
potent, fully buman veutralizing antibody™ /. 8ol Biol (2009} 394, 905-21). The methods
vary it the kevel of detail they provide as to the amino acids comprising the epitape. Example 4

provides an exemplary method of epitope binming.

{54 Antigen binding proteins of the present mvention tochude those that have an
overlapping cpitope with an excmplary antigen binding protein desenibed herein, ey Abl,
Ab2, or Ab3. In cerfain einbodiments, the antigen binding protein has an identical epitope as to
the exemplary antigen binding proteins. In other evnbodiments, the antigen binding protein

binds only 3 subsct of the same anvine acids as the exemplary antizen binding protein.
= S & &

{30 535] fn cortain embodiments, the OSMR antigen binding protem has an identical or
wverlapping epitope as Abl, Ab2, or Ab3, amd compriscs a) a light chain variable domain
having at least 0% wdentity, at least 95% identity, or is identical to the amine acid sequence set
forth in SEQ ID NO27 SEQ 1D NO2R, or SEQ 1D NG:29; by a heavy chain variable domain
having at feast 90% identity, af least 95% identity, or s identical to the amino acid sequence set
fortls in SEQ 1D NOe, SEQ 1D KO0, or SEQ 1D NG: 1 or ¢} the light ¢hain variable domam

of a) and the heavy chain variable domatn of b},

{0156) In certam emnbodiments, the OSMR gntigen binding protem has an wdenticat or
overlapping cpitope as AbT, AbZ, or Ab3, and compnises a light chain vaniable domain having
at least BU%, at least 93%, ov is identical to the amino acid sequence set forth 1 SEQ 1D NO:27
and a heavy chain variable domain having at least 90%, at least 95%, or 15 identical to the
amine acid scquence sot forth in SEQ 1D NO:Y; those comprising a light cham vanable domam
having at loast W4, at least 8%, or 15 wdentica! to the amine acid sequence set forth n SEQ 1D
NO28 and a heavy chain vartable domain baving at least 90%, at least 98%, or i3 dentical to
the amino acid sequence set forth n SEQ ID NO: 1 and those comprising a light chain

variable donwain having af {east 0%, at least 3%, or 15 identical to the amino acid sequence set
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$b

forth i SEQ 10 NO 2% and # heavy chain variable domain having at least 30%, at foast 5%, or

is identical to the amino acid sequence set forth i SEQ 1D NGO

{00137] i cortain embodiments, the OSMR antigen binding protein has an wdentcal or
overlapping epiope as Abl, AbZ2, or Ab3, and conywrises a} a hight cham varable doman
having no more than en or no more than five smine scid additions, deletions or substititions
fronn the amino aaid scquence set forth in SEQ 1D NOY7, SEQ 1D NO2E, or SEQ 11D NO:29;
b} a heavy chain variable domamn baving no mare than ten or no more than Ave anine acid
additions, deletions or substitations from the anuno acid sequence set forth m SR 1D NG9,
SEQ D NO:G, or SEQ W NG ov ¢ the Hight chain varable doenain of ) and the heavy

cham vanable domaim of b)Y

HILAR) In cortam emboduments, the OSMR antigen bindmg protemn has an identical o
averlapping epitops as Abl, AbZ, or Ab3, and comprises 3 light chain variable domain having
1o more than ten or ne more than five amine acid additions, deletions or substinutions from the
amino acid sequence set forth in SEQ ID NO27T and a beavy chan vanable donmain having no
miore than ton or no move than five amine acid additions, delotions or substitutions from the
anung achd sequence sot forth in SEQ 1D NO9; those comprising a light chan variable donain
having no more than ten or no more than five anuino acid additions, deletions or substitutions
froam the ameao acid sequence set forth in SEQ D NO28 and a beavy chain vanable domain
having no more than ten or no more than five soine acid additions, delenions or substitutions
from the anino aoid sequence set forth in SEQ 1D NO: M, and those comprising a light chain
variable doman having no more than ten or no more than five amne acid additions, deletions
or substitations from the apsno acid sequence set forth i SEQ 1D N(:292 and a heavy chain
variable domain having no more than fen or no more than five amine acid additions, delenions
ot substiutions fromn the amine acid sequence set forth in SEQ IDNOy L

An exemplary heavy chain variable domain vaviant of SEQ 1D NG contains an amino aaid
other tian asparagine (for example, aspartic acid} at the position corresponding to position 73
i SEQ ID NGO, The anune acid sequence set forth in SEQ 1D NO:$3 s an example of a
heavy chain vanable domain variant of SEQ 1D NO:9.

Axn exernplary beavy chain variable domain vartant of SEQ 1D NO; H) containg an amine acid
wther than asparagine (for example, aspartic acid} a1 the position corresponding to posstion 73
in SEQ ID NO 10, The anuno ackd sequence sof forth in SEQ 1D NOS4 15 an exmnple of a

heavy chain variable domain variang of SEG ID NO- O
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HEG In cortiin embodiments, the OBMR awtigen binding protein has an identical or
overlapping epitope as Abl, Ab2, or Ab3, and comprises a light chain variable domain
cemnprising a) an LCDRI having ne more than three amine geid additions, deletions, ot
substitutions from the LUDRY sequence set forth in SEQ 1D NO:30; an LCDR2 having no
more than three antno acid additions, deletions, or substitutions from the LCDRZ sequence set
forth in SEG 1D NQ:33; and an LODR3 baving ne more than three amine acid additions,
deletions, or substinitions frov the LCDR3 sequence set forth in SEQ ID NG:36; by an LOCDRI
having no more than three anuno acid additions, deletions, or substitutions from the LCDRY
sequence set forth i SEQ 1D NO:3Y; an LUDR2 baving no move than thres anunoe acid
additions, deletions, or substitutions from the LODR2? sequence set finth in SEQ 1D NQ:34; and
an LCDRS having no more than three amine acid additions, deletions, or substitutions from the
LEDRA sequence set forth in SECQ 1D NO3T; or ¢ an LUDRY having no morve than three
amino actd additions, deletions, o substinaions from the LODRI sequente set forth tn SEQ 1D
NO;3Z; an LODRY having no niore than three amino acid additions, deletions, or substitutions
from the LCDR2 sequence set forth in SEQ 1D NO:3§; and an LCDR3 having no more than
three amine acid additioms, deletions, or substitutions from the LCDRS sequence set forth in
SEQ ID NO:3R; and a heavy chain vartable domain comprising d) an HCDR 1 having no more
than three anuno acid additions, deletions, or substitutions froam the HCDRY sequence set forth
i SEQ D NCHIZ: an HCDR2 haviong no more than three amine acid additions, deletions, oy
substitutions from the HCDR2 sequonce st forth in SEQ 1D NS and an HCDR3 having ne
more than three amine acid additions, deletions. or substitutions from the HUDR3 sgquence set
forth wn SEQ 1D NOS; o) an HUDRT having no more than three amino acid additions,
defetions, or sebstinutions from the HODRU sequence set forth in SEC 1D NOv13; an HCDR2
having no move than three amino acid additions, deletions, or substitutions from the HUDR2
sequence set forth in SEQ 1D NO:16; and an HODR3 having ne more than three amine acid
additions, deletions, or substitations from the HUDR 3 sequence set forth in SEQ 1D NO: 1% or
£ an HCDR having no more thae three aming acid additions, deletions, or substitutions from
the HODRY soquence set forth o SEQ 1D NO: 14, an HCDR2 having no more than thees amino
acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ 1D
NO:T: and an HODR3 having no more than three amine acid addittons, deletions, or

substitutions from the HCDR3 sequence set forth m SEQ 1D NO:20

jB0160] Preferred OSMR antigen binding profeins described immediately above nclude

those comprising the light chain vanable domam of a) and the heavy chain vartable domain of
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d}¥. those comprising the light chain varisble domain of b} and the heavy chain vanable domain

of o}, and those comprising the Beht chan vartable domain of ¢ and the heavy chain variable

domain of ),

{OSMR antigen binding proteins comprising the bght chain variable domain of &) and the heavey
chain variable domaiy of df can optionally contain s heavy chain variable domain thag
comprises an ambg doid other than asparagine (for exanple, aspartic acid) at the position
corresponding 1o position 73 i SEQ ID NO#®. I such embodiments, the heavy chain variable

domain optionally comprises the aming acid sequence set forth in SEC ID N(EA3,

OSMR antigen binding proteins comprising the light chan vanable domain of b) and the heavy
chain variable domam of €) can optionally comain a heavy chain variable domain that
sonywises an aminoe acid other than asparagine {or example, aspartic acid}) at the position
corresponding to position 73 in SEG D NOHQ, In such embodiments, the heavy chain

variable doman optionally comprises the amino acid sequence set forth m SEQ 1D NOGS4

jootal Antigen binding proteins that have an identical epitope or overlapping epitope
will often cross~conmpete for binding to the antigen. Thus, in cortain embodmients, an antigen
hinding protein of the invention cross-competes with Abl, Ab2, or Ab3. To “cross-compete™
or “erpss-compeiition’ means the antigeon binding proteins compete for the same epiiope or
hinding site on a target. Such competition can be determined by an assay w which the
reference antigen binding protein (e.g., antibody or antigen-binding portion theveof) provers or
tnhibits speotfic binding of & tost antigen bindmg protein, and vice versa, Nwaneroas types of
commpetitive binding assays ean be used o deternune if 3 test molecule conpetes with a
refereice molecule for binding, Examples of assays that can be omployed include solid phase
direet or iiddireet radicimmunocassay {RIA), solid phase divect or indirect enzyme tmmunoeassay
{EIAL, sandwich competition assay (see, o.g., Stahli et al, (1983} Medhods in Engpmeloge
@:242-253), solid phase divect biotin-avidin EIA (see, e.g., Kukland et al., (1986} 1 bnmunal
137:3614-9), solid phase divect Iabeled assay, solid phase direct labeled sandwich assiy,
Lumines (Ha er o A novel method of Multiplexed Competitive Antibody Binning for the
charactorization of moueclenal antibodies™ /. Immunological Methods (2004) 288, 91-98) and
surface plasmon resomance (Song ¢f of. “Epitope Mappimg of Thalizumab, 3 Humanized Anpi-
CD4 Monoclonal Anithody with Anti-HIV-1 Activity in bnfected Patients™ J Firol {2010} 84,
693542} An exemplary method of determining cross-competition is described 1n Example 5.
Usually, when a compating antigen binding protein is prosent s excess, it will infubit bindiag

of a reference antigen binding protein 10 3 common antigen by at least 30%, 558%, 60%, 65%,
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T, oy T5%. In some iostances, inding s inhibiicd by at lecast 80%,, B53%, Q0% 93%, 96%,

7%, QRY, 99%,, or more.

Palvioucleetides Encoding OSMR Auntigen Binding Prafeing

Hie) Encompassed within the mvention are nucleie acids or isclated nucleic acuds
encerding OSMR antigen binding proteins, including antibodies, as defined horein, Preferred

nuclete aeids inchede those that encode the exemplary light and heavy chains described berein,

HED LY An exemplary nucleie acid encoding AbT LO is a nucleie ackd comprising the

sequence set forth in SEQ ID NO:2L

jioledy An exemplary nueleie soid encoding Ab2 LC ia 2 nucleic acid comprising the
sequence set forth 1o SEQ 11 NO:22,
JOO165] An exemplary nucleie actd encoding Ab3 L s a nucleic acid comprising the

sequence set forth in SEQ IDNO23,
100166)

segquence set forth m SEQ D NO3

An exemplary nueleie acid encoding Abl HC is & nucleie acid compnising the

[00167] An exemplary pucleie acid enceding Ab2 HU is a nucleie acid comprising the

seqpience set forth 1o SEQ 1D N4,

[B016R] An exemplary nucleic acid enceding Ab3 HC 1s a nucleic acid conprising the

sequence sot forth in SEQ ID RO:S.

An exemplary nucleie acid encoding a vaniant Abl HC is a nucleie acid comprising the

sequence set forth 1w SEQ 1D NO:A7,

An exemplary pucleic actd encoding a vartant Ab2 HC 15 a nucleie acid comprising the

sequence set forth In SEQ 1D NG4S,

An exemplary nucleit acid encoding a variant AB3 HC is a nuclec acid comprising the
sequence sot forth i SEQ 1D NOw49.

JOO 169 Aspects of the nvention inclade polynucieotide variants {e.g., due to

degensracy) that encode the anino acid sequences described herenn.

RO Aspects of the fnvention include g variety of embodiments inchding, but not

tnited {o, the following exemplary embodiments.
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F601 71 An solated nucleic acid comprising a polynuclestide, wheremn satd
polvnucientide encodes one or more polypeptides comprising an aminoe acid sequence selected

front the group consisting of!

{00172} A 1, a light cham variable domain sequence that 1s at feast 90% wdentieal to

a ight cham vanable domain sequence set forth i SEQ 1D NOS27-29;

HE R 2. a heavy chan variable donmain sequence that s at Jeast 96% identical

to & heavy chain variable domain sequence set forth in SEQ 1D NOS:9-11;

HEG S 3. @ hight chain vartable domain of (1) and & heavy chain variable

domain of {2); and

{00175 B. a lgbt chain variable dommin comprising a CDORIE, CDR2, CDR3 andfora
heavy chain variable doman comprising a CDRY, CDRE, CDR3 that are the same or differ by
no more than a total of three amine acid additions, substitutions, andfor deletions in cach CDR

front the following sequences,

{178} P a hght chain CDRI (SEQ ID NQ:30), CDRZ (SEQ ID NOG:33), CDR3
{SEQ D NO:36) or a heavy cham CDRI (SEQ 1D NO:12), CDR2 (SEQ ID NO:IS), CDR3
(SEQ 1D NO:IR) of AbL

JOOLTT] 2. a light chain UDRI (SEQ D NOG ), CDR2 (8EQ 1D NO34), DR3
{SEQID NO:37) or a heavy chain COR Y (SEQ 1D NG 13y, CDR2 (SEQ ID NO:16), CDR3
(SEQ 11 NOL19) of Ab2: and

{00178 3, alight chain CORY (SEQ 1D NQG:32), CDR2 (SEQ 1D NOG:35), CDR3
{SEG 1D NO38) or a heavy chan CDRI (SEQ 1D NO 1), CDR2 (SEQ D NOHT), CDR2
{SEQ 1D NO20} of Ab3,

In seroe crobodinents, the meeleie aoid cacodes a polypeptide that coraprises the amine goid
seqaence set forth i SEQ 1D NO:S3 or SEQ IDNO:54

in some embodiments, the nucleie acid encodes a polvpeptide that conmprizes the anino acid
sequence sot forth in SEQ 1D NQ:30, SEQ 1D NO:ST, or SEQ D NO:S2.

e in preferred embodiments, the polvpeptide encoded by the nucleie acid or
tsolated nucleic and 1x 3 component of an antigor hinding protein that binds QSMERL

JB0T80GY Mucleotide sequences corresponding to the amine scid sequences deseribed

herein, to be used as probes or primers for the ssolation of nuclele acids or ag query sequences
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for database searches, van be obtained by “hack-translation™ from the aming acid sequences, or
by wdentification of regions of amino acid identity with polypeptides fir which the coding DNA
sequence has been idennified. The well-known polymerase chatin reaction (PCR) procedurs can
he emploved to 1solate and amphfy 2 DNA sequence encoding an OSMR antigen binding
proteins or a desired combination of OSMR antigen binding protein polyvpeptide fragments.
Oligonucleotides that defing the desired termint of the combination of DNA fragments are
employed as 3 and 3" privocrs. The oligonucieotides can addittonally contain recogmition sites
fir restriction endonuclenses, to facilitate nsertion of the amplified combination of DNA
fragments into an cxpression vector, PUR {echmiques are described in Batky et ol Science
239:487 {1988); Recambinant IDINA Methodology, Wua et ol eds., Acadenuc Press, Inc,, San
Dhego (T9R9), pp. 189-196; and POR Profocols: A Grade to Methods and Applications, Tonis

et ol eds., Academic Press, Ine. (1990),

jO081 Nucleic acid molecules of the invention include DNA and RNA in both single~
stranded and double-stranded form, as well s the corresponding complementary sequences.
DNA ncludes, for example, cDNA, genomic DNA, chenucally synthesized DNA, DNA
amplified by PCR, and connbinations thereof The nucleic actd moloeules of the invention
nchude full-length genes or cDNA molecules as well as a combination of fragments thereof.
The meclele acids of the invention are preferentally dertved from human sources, bat the

invention includes those derived from non-human speics, as well,

JO0182] In some embodiments, mucleic acids of the bwvention are fsolated nucleke acids.
An “isofated nacleic acid” 15 a nucleie acid that has been separated from adjacent genctic
sequences prosent i the genome of the organism from which the auclete acid was isolated, m
the case of nucdeie aoids isolated from naturaliy-ocourring sources. In the case of nucluie seids

synthesized enzymat‘ic:iﬂ‘y from a tewplate or chemically, such as PCR produets, ¢DNA

malecudes, or oligonuclectides for example, 115 understood that the nucleie acids rosultmy

fromo such processes are isofated nucloic acids. Ansolated nucleie acid molecule refers to a
nucleie aotd moleeule n the form of & separate fragment or as a componert of a larger nucleic
acid construct. In one prefermed embodanent, the nacleie acids are sabstantially free from
contaminating endogenous material. The neclere acid molecule has preferably been derived
from DNA or RNA solated at least once i substantially pure form and inn a quantity or
concentration cuabling identification, manipulstion, and recovery of its conponent nucleotide
sequences by standard biochemical methods (such as those outhned in Sambrook et al.,

Molecutar Cloning: 4 Laboratory Manuad, 2nd ed., Cold Spring Harbor Laboratory, Cold
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Spring Harbor, NY (1989, Such sequenses are proferably provided andéor constructed in dwe

form of an open reading frame unnterrupted by internal non-translated sequences, or mtrons,

that are typically present in cukarvotic gones. Seguences of non-translated DXA can be present
S or 3 from an open reading frame, where the same do not interfore with manipdation oy

expression of the coding region

JOOT8YY The present invention also includes nucleie avids or isolated nuclaie seids that
hybrdize under moderately stringent conditions, and move preferably highly stringent
conditions, to nucleie acids encoding OSMR antigen binding proteins as described herein, The
bastc parameters affecting the choice of hybridization conditions and guidance for devising
surtable condifions are set forth by Sambrook,, Fritsch, and Mandatis (1989, Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY |
chapters 9 and H: sad Current Protocols in Melecular Biology, 1995, Ausabel ot al., eds., Joha
Wiley & Sons, Ing., seetions 2.10 and 6.3-6.4), and can be readiby determined by those having
grdinary skifl in the art based on, for mzmpic the fength andfor base composition of the DNAL
One way of achieving moderately stringent conditions wvolves the wse of & prevwashing
solution containing 5 x $8C, 0.5% SDS, 1.0 mM EDTA (pH 8.0, hybridization buffer of about
0% formaraide, 6 x 85C, and a hybridization femperature of abeot 58 degrees C (or other
simitar hybridization solutons, such as one contamning about 50% formamide, with a
hyvbricization tomperature of abowt 42 degrees €, and washing conditions of about 60 dogroes
C,m 0.5 x S8C, 0.1% SDS. Genorally, highly strmgent condibons are defined as wbridization
conditions as above, but with washing at approximately 68 degrees €, 0.2 x S8C, 0.1% SDS.
SSPE (IxSSPE w01 53M NaCl, 16 mM NaHosub.2 POsob 4, and 125 mM EDTA, pH 74} can
be substituted for SSC (1x85C is 0.15M NaCl and 15 mM sodinnn citrate) m the hybridization
and wash butfers; washes are performed for 15 punutes after hybridization is complete. It
should be understosd that the wash temperature and wash salt concentration can be adjusted ag
necessary o achiove a desired degree of stringency by applving the basie principles that govorm
hybridization reactions and duplex stability, as known to those skilfed in the art and deseribed
further below (see, 0., Sambrook et al| 19891 When hybridizing a mocleic acid 1o a target
nucleie acid of anknown sequence, the hybrid length is assumed to be that of the hybridizing
nucleic acid. When nucleic actds of known sequence are hybridized, the hybrid leagth can be
determined by aligning the sequeness of the nucleie amds and idenufyving the region of regions
of optunal sequence complementanty. The bybridization temperature for hybrids anticipated to

b ess than S0 base pairs 1 length should be 3 w 10.degrees € less than the melting
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tempesatare {Tow of the vbrid, where T is determingd according to the following equations.
For hvbrids less than ¥ base pairs in length, Tm {degrees C) = 2(# of A+ T bases)y + ${# of #G
+ € bases). For hybrids above 18 base pars in fength, T {degrees Oy = 815 + 16.6(ogw

N 1+ 0.41(% G+ ) - (BN, where N is ihe nuniber of bases in the hybrid, and [Na'l is
the concentration of sodium ions in the hybridization buffer (JNa'} for 1x85C = {.165M).
Preferably, each such hybridizing mucleic soid has o longth that is at least 15 nacleatides (or
more preferably at feast 18 nucleotides, or at least 20 nuclestides, or at loast 25 nuclectides, or
at feast 30 nucleotides, or at least 40 nucleotides, or most preforably at least 50 nucleotides), or
at least 25% (move preforably at least 308, or at loast 80%, or at least 70%, and wost
preferably at {east 8% of the length of the nucleic acid of the present invention fo which i
hvbridizes, and has at feast 60% sequence identity (more preferably at least T0%, ot loast 75%,
at least 80%, at least 81%, af teast 82%, at least 83%., at least 84%, at loast 85%, at least 86%,

at least 8794, at least 88%, at loast R9%, at least 90%., at least 91%, af least 929, at least 93%,

at least D4%, at feast 3%, at least 96%, at least 97%, at least ¥8%, ar at least ¥9%, and most
preferably at least 99.5%) with the pocleie acid of the present mvention to which it hybnidizes,
where sequenoes identity s determined by comparing the sequences of the hvlridizing nucleie
avids when aligned so as o maximize overlap and identity while minimizing sequence gaps as
deseribed in more detail above.

{01841 The variants sccording to the nvention are ovdinarily propared by sue specific
mutagenesis of nucleondes in the IINA encoding the antigen binding protein, using cassette or
PUR nuitagenesis or other techniques well known in the ar, to produce DNA encoding the
variant, and thereaftor expressing the recombinant DNA m celf coltare as outhined hereny.
However, antigen binding protemn fragments comprising vanant CDRs having up to shout 10G-
150 residucs may be prepared by i wive synthesis using established techniques. The variants
typreally exhibit the same qualitative biological activity as the natorally ceawrring analogue,
e.g., binding to OSME| althosgh vanants can also be selected whach have moedificd
sharacteristics as will be more fully outhined helow,

JOOIRS As will be appreciated by those in the art, due to the degeneracy of the genetic
cinde, an extremely large mamber of mucleic acids may be nade, alf of which encode the CDRs
{andd heavy and hght chans or other components of the antigen binding protem) of the present
wnvention. Thus, having identified o particalar amino acid sequence, those skilled in the art
could make any nomber of different nucleie acwds, by stmply modifving the sequence of one or

more codons i a way wluch does not change the anung acid sequence of the encoded protem.

LAY
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HEREY The present invention also provides expression systens and construets i the
form of plasids, expression veetors, transeription or expression cassettes which comprise at
teast one polynucleotide as above, in addition, the ivention provides host cells comprising

such EJ(}?I‘ESSi:Qﬂ systoms or consiracts,

{187 Typically, expression vectors used in any of the host cells will contain seguonces
for plasoud mamtenance and for clonmg and expression of exogenous nucleotide sequences
Such sequences, collectively referred o as "flanking sequences” in cerfain erbodiments wall
typically mclade one or more of the following nucleotide sequences: 3 promuoter, one or mwe
enhancer sequences, an orign of replication, & wanscriptional terniination sequence, a vomplete
miron sequence contatning a donor and aceeptor splice site, # sequence encoding a leader
sequenee for polypeptide seerction, a nibosome binding site, a polvadenylation sequenee, 8
polylinker region for mserting the nuclaie acid encodimg the polvpeptide to be expressed, and 8

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

HEH RS Optionally, the vector may contain a "tag ~encoding sequence, fe., an
oligonuclzotide modeceke located at the 5 or 3 ond of the OSMR antigen binding profein
cading sequence; the oligonucleande sequence encodes polyHis {such as hexaHis), or ancther
"tag” such as FLAG, HA themaghutinin influenza virus), or mve, for which commercially
avatlable apfibodies exist. This tag s tvpically fused {o the polypeptide upon expression of the
polypeptide, and can serve as a means for atfinity purification or detection of the OSMR
antigen binding protein from the host cell. Affinity punification can be accomphished, for
example, by column chromatography using antibodies against the tag as an affinity matnix.
Optionally, the tag can subscguently be removed from the purified OSMR antiges binding

protein by vanous means such as using cortun peptidases for cleavage.

{0189 Flanking scquences may be homologous (e, from the smme specics andior
strain @s the host cell), heterologous {Le, from a species other than the host cell species or
strain), bybrid (L& | a combination of flanking sequences from more than one source). synthetic
or native. As such, the source of a Hlanking sequence may be any prokaryotic or eukaryotic
organism, any vertebrate or invertebrate organism, or any plant, provided that the flanking
sequence 18 functional i, and can be activated by, the host cell machinery.

{00190} Flanking sequences usefd in the veotors of this mvention may be obtained by
any of several methods well known in the art. Typically, Hlanking sequences useful herein will

have been previonsly identified by mapping andior hy restriction endenuclease digestion and

1
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can thas be isolated from the proper tissue source using the appropriate restriction
endonucicases. In some cases, the full mwleotide sequence of a Hlanking sequence may be
known. Here, the ﬂ.smis:,ix‘:ig seguence myy be synthesized using the methods described herein

for nucleie acid synthesis or cloning.

{0191} Whether all or only a portion of the flankmg sequence s known, 1 may be
obtained using polymerase chain reaction (PCR) andfor by screening a genonie hbrary with a
suitable probe such as an oligonucleotide andior flanking sequence fragment from the same or
another speeies. Where the flanking sequence is not known, a fragment of DNA contaiming a
flanking sequence may be isolated from a larger piece of DNA that may contain, for example, @
coding sequence or even another gene or genes. Isolation may be sceomplished by resiviction
endonuclease digestion to produce the proper DNA fragment followed by isolation using
agarose gel purification, Qiagen™ colunm chromatography (Chatsworth, CAY, or other methods
know to the skilled artisan. The selecton of suitable enzyroes to accoraplish this purpoese will

be readily apparent to one of ordmary skill i the art.

jo0192 An origin of replication 1s typically 3 part of those prokarvotic expression
vectors purchased commercially, and the origin aids in the amplificanion of the vector in a host
cell. I the vector of choiee does not contain an orgn of replication site, one may be
cheruically syothesized based om a known sequence, and ligated into the veetor. For example,
the origin of repheation from the plasmid pBR322 (New England Biolabs, Beverly, MA)Y s
suitable for most granenegative bacteria, and various viral origins (e, SV4I, polvoma,
adunoviras, vesicular stomatitus vivus (VSV), or papillomaviruses such as HPV or BPVY arg
psehid for cloming vectors i manumatian colls, Generally, the origin of replication component
is not needed for mammalian expression vectors {for examyple, the SVAD origan s often used

only hecause 1 also contains the wirus early promoter),

00193 A transcription erpunation sequence is typieally located o the end of a
polypeptide coding region and serves {o termoimate transcription. Usunlly, & transeription

terounation sequence i prokaryotic cells 1 a G-C rich fragment followed by a poly-T

sequence. While the sequence is casily cloned from a hibrary or oven purchased conunercially
as part of a vector, i can also be readily synthesized wsing methods for nucleic acid synthesis

such as those described herein

{00194 A selectable marker gene encodes a protein neccssay for the survival and

wrowth of g host cell grown in a selective culture medium. T},-‘piczﬂ selection marker genes

5
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envode profcins that (a) confor resistance (o mtibiotics or other toxins, eg., ampicillin,
tetracyeline, or kanamyein for prokaryotic host cells; () complement auxotrophic deticiencies
of the cell: or (o} sapply crincal nutrients not avatlable from complex or defined media,
Speerfic sefectable markers are the kanamyein resistance gene, the ampicithin resistance geng,

and the tetracyeling resistance gone. Advantageousty, a neonyvein resistance gene may also be

o)

usud for sclection in both prokaryatic and eukarvotic host cells.

HEDEN Cither selectable genes may be used 1o amphiy the gene that will be expressed.
Anypification s the process wherein genes that are requured for production of 8 protein entical
for growth or cell survival are reftgrated in tandem within the chromosomes of successive
generations of recombinant cells. Examples of sustable selectable markers for mammahan colls
incloade dibvdrofodate reductase {DHEFR) and prometeriess thyridine kinase genes. Mammalian
cell wansformants are placed wnder solection pressure wherein only the transtormants arg
unigquely adapted to survive by vintue of the sclectable gene present in the vector. Selection
pressure 15 1mposed by culturing the transformed cells under condiions in which the
concentration of selection agent n the wediam 1s successively inoreased, thereby leading o the
amphification of both the seloctable gone and the DNA that encedes another gene, such as an
antigen binding protein antibody that binds to OSMR palypeptide. As a result, increased
quantitics of a polvpeptide such as an OSMR antigen binding protein are synthesized from the
amplitiod DNA.

[o0196] A ribosone-binding site is usually necessary for wanslation mitiation of mRNA
and 1s characterized by a Shine-Dalgamo sequence {(prokaryotes) or a Kozak seguence
{cukarvotes). The element 1s typically focated 3" to the promoter and §' to the coding sequence
of the polypeptide to be expressed. In certain embodiments, one or maors coding regions iy
be operably finked fo an internal ribosome binding site (IRES), allowing translation of two

apen reading frames fronn a single RNA transenpt.

JOOIBT In some cases, such as where ghveosvlation 1s desired 1 a cokarvoue host st
expression sysiem, one may manipulate the various pre- or prosequences (0 buprove
ghveosylation or vield, For example. one mayv alter the peptidase cleavage site of a particndar
signal peptide, or add proscquences, which also may affect glveosylation, The final protoin
prodact may have, in the -1 position {relative 1o the first wnino acid of the mature profeind one
or more additional amine acids ncident 1o expression, which may not have been totally
removed, For example, the final protein product may have one or fwo anine acid residues

found in the peptidase cleavage site, aftached to the amino-ternunes. Alternatively, use of
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some eneving cleavage sites may result i a shightly truncated formoof the desired polypeptide,

if the enzyvme cais at such ares within the matwre polypeptide.

{00198 Expression and cloning vectors of the invention will typically contam a
pronwster that is recognized by the host organism and operably linked fo the molecule encoding
the OSMR antigen binding protein. Promoters are wntransenbed sequences located upstream
{£.2., 5} to the start codon of & structwral gene {generally within about 106 to 1000 bp) that
controf franscription of the strectural gene. Promaoters are conventionally grouped o one of
two classes: mducible promoters and constitutive promoters. Inducible promoters initiate
mcreased kevels of transeription from DNA under thoir control in response to some change i
cultare conditions, such as the presence or absence of 2 natrient or a change i emperatuse.
Constitative promoters, on the other hand, wniformdy transeribe gene (o which they are operably
{inked. that 1s, with hitle or no control over gene expression. & large mumber of promoters,
recognized by a variety of potential host cells, are well known, A suitable promoter is operably
hinked to the DNA encoding heavy chain or Hght chain comprising s OSMR antigen binding
protein of the nvenion by removing the promoter from the source DNA by restrichon enzyime

digestion and mserting the desired promoter seguence info the veetor,

o019 Suitable promoters for use with yeast bosts are also well known fn the art. Yeast
gohancers are advantagepusty used with yeast promoters, Swotable proacters for use with
mamalian host cells are well known and include, but sre not limited to, those obtatagd from
the genomes of virusss such as polvoma vinus, fowlpox virus, adenovirus (such as Adenovirus
23, bovine papiloma virus, avian sarcoma virus, cyviomegalovirus, vetroviruses, hepatitis-B
virus and most preferably Simian Vivus 40 {8403, Other suitable mammalian promoters

mctude heterologons mummahian pronnofers, for examiple, beat-shack promoters and the aotin

Promoter.
FOO200 Additional promoters which may be of mterest include, but ave not Hmited to:

SVA0 carly promoter {Benoist ot al | 1981, Narnre 200:304-3 10 CMV promoter {Thornsen ot
il O8R4, Proc. Nail, Acad. 128 A B1639-663); the promoter contained in the 3 long terminal
repeat of Rous sarcoma virus {Yamamote ef ol , 1980, Cedl 22787-797): horpes thyvmiding
kinase promotor { Wagner ef al, 1981, Proc Nad. dead Kci U5 4. T8 1444-1445); provnoter
and regutatory sequences from the metaliothionine gene Prinstor ¢f ol 1WR2, Nonre 296:39-

42}, and prokaryotic promoters such as the beta-lactamase promoter (Villa-Kamaroff er ¢

1978, Proc. Natl, dcad. Sci T84, 75 ?2?-3?’3}}; or the tac promoter {DeBoer ef of 1%3%

Proe, Nod, dead. Sei, US40 B02125) Also of mterest are the followmg animal

’Jt
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wanscriptional control reglons, which exhibit tissue speeificity and have been utibized i
fransgemic animals; the elastase { gone control region that is active in pancreatic acinar cells
{Swift er el 1984, Cefl 3K:639-846; Qunitz ef ol 1986, Cold Spring Harbor Symp. Quant,

Biol 50:399-408; MacDionald, 1987, Hepatology T435-513); the tnsalin gone control region
that 1s active in pancreatic beta cells (Hanaban, 1985, Nonge 31531 15-122); the
mumanogiobulin gene control region that is active in lymphoid cells (Grossched! er af | 1984,
Caff 38:647-058; Adames ef af., 1985, Nofure 318:533-538; Alexander s of, 1987, Mol Cell
Ripl 7:1436~1444); the mouse panwnary tumor vives control region that is active in testicudar
breast, fvmphoid and mast cells (Loeder e ol | 1986, Cell 45:485-495); the albumun gene conirol
region that s active in Hiver (Pinkert of o, 1987, Genes and Devel 1 :268-276); the alpha-fetor
protein gene controd region that is active w bver (Krontdauf er ol 1985, Mol Cell. Biol
5116391648 Hamvmer ef gl | 1987, Seience 253:53-3K); the alpha T-antitrypsin gene control
region that is active in liver {Relsey er el | 1987, Geitey and Deved 1161171} the beta-globin
gene controd region that is sctive in mvelowd cells (Mogran e al., 1985, Nanwre 315:338-344;
Kollias er af , 1986, Cefl 46:89-94}; the myelin basic protein gene control region that is active
in oligodendrooyte colls in the bram (Readbead e adl, 1987, Cell 48:703-712); the myvosin gt
chain-2 gene control region that is active i skeletal mascle (Sang, 1985, Nawre 314:383-286);
and the gonadotropme releasing hormong gene controd region that is setive in the bypothalamus

{(Mason er af., 1988, Sefence 234:1372-1378)

{00201 An enhancer sequence piay be inserted into the veckr to hncrease transenption
of DNA encoding Hght chain or heavy chain comprising an OSMR antigen binding protein of
the mvention by higher cokarvotes. Enhancers are cis-acting elements of DNA| asually about
10300 by fength, that ot on the promaoter to incrsase transeription. Enhancers are relatively
orientation and position independent, having hoen found at positions both 5 and 3' to the
trapseription unmit, Several enhancer sequences available from mammalian genes are known
{e.&.. globin, clastase, albumin, alpha-foto-protoin and nsulin). Typicallv, however, an
euhancer from a virus is used. The SV cubancer, the ovtomegalovirus early promoter
enhancer, the polvona enhancer, and adenovirus enbancers known in the art ave exemplary
enhancing elements for the activation of eukarvotic promoters. Whale an enhancer may be
positioned in the vector either § or 3' o a coding seguence, it s ypically located at a site
fromt the promoter. A sequence enceding an appropriate native of hoterologous signal sequence
{leader sequence or signal peptide) can be meorporated into an expression vector, t promote

sxtracelialar seorcuon of the antibody. The chotce of signal peptide or leader deponds on the
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type of host cells in which the antibody 15 to be produced, and a hetevologous signal sequence
can replace the native signal seguence. Examples of signal peptides that are functional m
mamrnalian host cells mctude the following: the signal sequence for mterleukin-7 {1L-7)
deseribed y US Patent No. 4,965,195; the signal sequence for interleudin-2 receptor deseribed
i Cosman ¢f o 1984, Nanwre 312:768; the interfowdon-4 receptor signal peptide deseribed i
EP Patent No. 0367 566; the type | intereukin-1 receptor signal peptide described i LS.
Patent No. 4,968,607, the type H interlenkin-1 receptor signal peptide deseribed in EP Patent

Mo, (460 846,

00242 The vector may Contain ong or more clements that factlitate expression when the
vectar is imtegrated into the bost cell genome. Examples wiclade an FASE elomént (Aldrich et
al. 2003 Riotechnol Frog. 19:1433-38) and a matriy altachment region {(MAR), MARs mediate
structural orgamzation of the chromatin and may msulate the integrated vactor from “position”™
effect. Thus, MARs are particulinly useful when the vector is used 1o create stable
transfectants. A maomber of natwral mad synthetic MAR-~contatmng nucleie acids are known in
the art, eg., 1LS Pat Nos, 6,239,32%; 7,326 567, 6, 177.612; 6 388,066 6,245,974, 7 239 01tk
63T 828, 7422 874, 7,129,062,

[00203] Expression vectors of the invention nay be constrocted from a staring vector
such as 3 conunerciatly available vector, Such vectors way or may not contain alt of the
desirzd flanking sequences. Where one or move of the flanking sequences deseribed herein are
not already present in the vector, they may be individually obtuined and ligated into the vector.

Methods used for obtainimg cach of the flanking sequences are well known to one skilled in the

art,
{30204] After the vector has heen constnucied and s nucleic acid molecuke cacoding light

chain, o heavy chain, or a Hghtchain and 3 heavy chan comprising an OSME antigen binding
sequence has been inserted o the proper site of the vector, the completed vector may be
mserted mnto a suitable host cell for amplification andfor polypeptide expression. The
wansformation of an expression veetor for an OSMR antigen binding protein fitto a selected
host cell may be accomphished by well known methods including transfection, infection,
caleum phosphate co-precipitation, eleciropotation, sucroinjection, ipofection, PEAE-dextran
mediated transfection, o other known fechques. The method selected will i part be a
function of the type of host cell to be used. These methods and other suitable methods are well

known to the skilled artisan, and arc set forth, for example, in Sambrook er af |, 2001, supra.

]
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joO205] A host cell, when coltwred ander appropriate conditions, syithesizes an OSMR
antigen binding protein that can subsequently be eollected from the culture medium (if the host
cell seoretes it into the medinm) or directly from the host celf producing it (if it s not secveted).
The selection of an appropriate host cell will depend apon various factors, such as desired
expression fevels, polypepide modifications that are desivable or necessary for activity {such as
ghycosviation or phosphorylation) and case of felding into a biologically active molecude. A

hast cell may be evkaryotic or prokaryotie,

HEGRY Manmmalian coll ines available as hosts for expression are well known in the ant
and include, but arg not limited to, immortabized cell lines available from the American Type
Culture Collection (ATCC) and any cell ines used in an expression system known in the art
san be used to make the recombimant polypeptades of the mvention. In general, host cells are
transformed with a recombinant expression veetor that conyises PNA encoding a desired anti-
OSMR anttbody pelypeptide. Among the bost colls that niay be eraploved ave prokarvotes,
yeast or higher eukarvotic cells. Prokaryotes include gram nogative or gram positive
organisms, for example £ cofi or bacilln, Higher cukarvotic cells inchude inseot cells and
cstablished cell hnes of manwoalian ovgin. Examples of suitable manunalian host cell lines
inchide the COS-7 liue of monkey kidney cells (ATCC CRL 1631) (Gluzman ¢f of, 1981, Cell

175y, Locells, 293 cells, CI127 cells, 313 cells (ATCC CCL 163), Chiness hamsies ovary
{CHO) cells, or thewr derivatives such as Veggie CHO and related coll hines which grow in
serum-free media {Rasmussen ¢f ol 1998, Creotechnalogy 28; 31), Hela cells, BHKA(ATCC
CRL 10} cell lines, and the CVIEBNA cell hine derived from the Afrcan green wmonkey kidney
celi line CVE{ATCU CCL 70} as desentbed by MoMahan e o/, 1991, EMBO I 18: 2821,

haman embryonic kidoey cells sach as 293, 293 EBNA or MSR 293 buman epidernral A431

cells, human ColoZ05 cells, other transformed primate cell lings, normal diploid celly, cell

strains dertved front in wire culure of primary tissue, privpary explants, HL-60, U937, HaK or
Jurkat cells. Optionally, mammatian coll Hues such as HepG2438, KB, NIH 373 or 849, for
example, can be used for oxpresson of the polvpeptide when its desirable 1o use the
polvpeptide 1 varioas signal tramadiection or reporter assays. Altermatively, it s possible to
produce the polvpeptide iy fower eukarvotes such as veast or in prokarvotes such as bacteria,
Suitable veasts nclode Saccharonyyeos cerovisise, Schizosaccharomyees ponsbe,
Kluyvoromyees strains, Candida, or any yeast strain capable of expressing hetevologous
polvpeptides. Suitable bacterial strans welude Escherichia coli, Bacillus subtilis, Salmonella

tephinnatam, or any bacterial stram capable of expressing heterclogous polypeptides. {fihe
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polvpeptide 15 made 1 veast or bacteria, it may be destrable to modify the polypepude
produced therem, for example by phosphorylation or glycosylation of the appropriate sites, in
order to obtam the funchional polypeptide. Such covalent attachuienis can be accomplished
using known chemical or enzymatic methods. The polvpeptide can also be produced by
operably Iinking the nuckeice acid or isolated nacleie acid of the invention to suitable control
SCQUOTIOES I ONg OF more inscol expression vectors, and emploving an msert oxpression

system. Materials and rocthods for baaudovives/insect cell expression systers are

commercially avarlable i kit form from, e.g., Invitrogen, San Diego, CA, US.A. (the
MaxBac® kith, and such methods are well known in the art, as deseribed 1o Swomers and
Smith, Texas Agriceltaral Experiment Station Bulletin No. 1355 (1947), and Lackow and
Sunumers, Bia/Technology 647 (1988}, Cell-free manslation systems could also be employed
1o produce polypeptides using RNAs derived from nucleic acid constructs disclosed heredn.
Appropriate cloning and expression vectors for use with bacterial, fungal, yeast, and
mammalian cethidar hosts are described by Pouwels ef ol (Cloning Veciors: 4 Lubararory
Monnad, Elsevier, New York, 1983). A host eell that comprises a nucleie acid or an isolated
yucleie acid of the pvention, preferably operably hnked o at least one expression control
sequence, 18 3 “recombinant host cell™.

{207 In cortain embodiments, cell Hnes may be selected through detenmining which
cell lings have high expression levels and constitutively prodace aptigen binding proteins with
OSMR andimg propertics. In another embodiment, a cell fing from the B cell Hincage that does

not pake its own antibody but bas a capacily to make and secrele a bateralogous antibody can

Cell-Depleting OSMR Antigen Binding Proteins

FOO0O8] In preferred embodiments, the OSMR antigen binding protein binds OSMR and
inhibits OSM andior IL-31 binding, thereby reducing OSM- andfor 1L-3 L-mediated signaling in
OSMR-cxpressing oolls. In cortain embodiments, hovwever, the OSMR antigen binding protein
hinds OSMR and targets an OSMB-expressing cell for depletion. Tn various aspects, the
OSMR antigen binding profein inhibits OSM andior 11L-31 binding and targets the OSMR cell

for depletion,

oG9 Cell-depleting OSMR antigen binding proteins ave particufarty useful for
reating diseases or disorders associated with over expression of OSMR, e.g., ay automunane

disease, milanunatory disgase, a dizease ot disorder assovtated with extracelhdar matns

- 59 .



WO 2014/194274 PCT/US2014/040360

deposition or remodeling, or an QOSMR-expressing tumor, Mothods of targeting colls with
antigen inding proteins, .. antibudies, are well known i the art. Exemplary embodiments

are discussed below,

Antibody Doug Comjugaies

{02 10) Embodiments of the invention include anttbody drag comjugates (ADCs).
Generally the ARC comprises an antitbody conpugated to a chemotherapeutic agent, e.g., a
eytotoxic agent, & cytostatic agent, a toxin, or @ radwactive agent. A lnker molecale can be
used to comjugate the drug to the antibody. A wide vanety of Hinkers and drugs useful in ADC
technology are known in the art and may be used in embodiments of the present invention.
(See US20090028856; US2009/027471 3, US2007/003 1402, WO2005/084380,
WOR009:/000728; LISSZ0R020; USS416064; USS4TI002,; 5385409, 6436931, R372738, and

6346701, all mcorporated herein by reference),

Linkers
jo0211] fn gertatn embodiments, the ADC comprises o bnker made up of one or more

{inker components,  Exemplary hinker componenis inclode 6~malemmidocaproyt,
malcindopropanoy!, valine-citrudline, alanme-phonylalanme, p-anunobenzyloxyearbonyl, and
those resulting from conpupation with linker reapents, including, but not linmted to, N+
succhmmudyl 4-C-pyridvithio) pentanoate ("SPP), Nesuceinimidy! 4-ON-maleimidomethyly
cyvelobexane-1 carboxylate ("SMCC,” also referred to herem also as “"MCCT™Y, and N-

succimmidyl {d-todo-aectyl) muinobenzoate {“SIAB™)

{0212) Linkers may be a “eleavable™ hinker or a “non-cleavable™ linker (Docry and
Stump, Bivconfugate Chem, 2010, 24, 5-13; meorporated hevemn by reference in iy entirety)
Cleavable linkers are designed o release the drug when subjected to cortam environment
factors, e.g., when internalized into the tvget cell. Cleavable linkers include acid labite binkers,
protease senstive hnkers, photolabile Hinkers, dimethy] linker or disulfide-contanung hinkers.
Nog-clegvable nkers tend o remain covalently associated with at feast one amino acid of the
antibody and the drug upon mternalization by and degradation within the wrget cell. An

exemplary non-cleavable linker is MCC,

Drugs
JO0213] In certaimn embodiments, the antibody is conjugated to a chematherapeutic agent.

Examples of chenwitherapoutic agents include alkviating agends, such as thintepa and
eyclophosphamide (CYTOXANTY: alkyl sulfonates such as busulfan. troprosulfan and
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piposutian; azindings, such as bovzodopa, carboguone, metasedopa, and uredopa;
cthylenimines and methylanelamines includmg altretamine, tricthvienemelanne,
trictylenephosphoranide, tnethylencthiophosphaoranide and rimethyiolomclamine;
acetogening (especially bullatacin and bullatacinone); a camptothecin (inclading the synthetic
anadogue topotecan); brvostating callystatin, CC-1065 (mclading ws adovzelesin, carzelesin and
hizelosin synthetic analogues), crvptophyeins {particularly cryptophyein T and oryptophyein 8);
dilastatin: deccarmyain (inchading the symthetic analogues, KW-2189 and CBETMIY,
cleutherobin pancratistating a sarcodictyin; spongistating mitrogen mustards such as
chiorambuct!, chlomaphazine, cholophosphamide, estramustine, Hosfamude, mechlorethamine,
mechiorethamine oxide hvdrochloride, melphalan, novembichin, phiencsterine, predmimustine,
trofostanyde, wract mustard; nitrosureas such a5 cammusting, chlorozotocty, folenustine,
fomustine, nimustine, raninwisting, antiblotics, such as the enediyne antibiotics (e
valichesmicin, espectally calicheamicin gaomal and calichvamicin theta b see, t.g. Angew
Chenw Intl, Ed. Engl, 33:183-186 (1094); dynomicin, including dynomicin A; an csperamici,
as well as neocarzinostatin chromophore and related chiromoprotein enedivae antiblote
chromomophores), sclacinopyysing, actinomyen, authramycm, azasevine, blegmyeins,
cactingmycin, carabicin, caminomycin, carzinophiling chromomyvems, dactimomycin,
davnorubicin, detorubicin, 6-diazo-3-oxa-L-norlcucine, doxorubicin {including morpholing-
doxorubicin, cvanomoerpholino-doxondicin, 2-pvrrolino~-doxerabiem and deoxydoxorubicin),
cpirubictn, esorabivm, idarabicin, marcellomycin, nitomycing, mycophenolic acd,
nogalanwycin, ohivomycins, peplomycein, potfiromycin, puomyen, quelamycin, rodorubiom,
streptomgrin, streptozocin, tuberetdin, nbenimesx, zivostatin, zorubion; anti-metabolites, such
as methotrexate and 3-fluorouracit (3-FUY; fohie acid analogues, sach as denopterin,
methotrexate, pteropterin, trimetrexate; purine anglogs, such as fudarabine, 6-mercaptopging,
thiamiprine, thioguanine; pyrimidine analogs such as, ancitabine, seacitidine, 6-azauridine,
carmofir, evtarabine, dideoxyuridine, doxiftoridine, enovitabine, floxuridine, 3-FU; androgens,
such as calusterone, dromostanoione propionate, epihiostanol, memtiostane, testolactone; anti-
adrenals, such as aminoglutethimide, mitotane, trifostane: folic acid replenisher, such as frolinie

elycoside; anmnolevalinie aoud; mmsacrine; bestrabucii;

bee

acid; aceglatone; aldophosphanide
bisantrene; edatraxate; defofumine; demecoleine; dinmguone; elfomithine: elliptimun acetate;
an epothilone; ctoglucid; galliwm nitrate; hydroxyurea; lentinan; lonidamine; maytansinoids,

such as mayviansine and ansamitocing, mitoguazone; nutoxantrons; mapidamel; mitracring

pentostativg phenamet; pirarubicin; podophyilinde acid; 2-ethythvdrazide; procarhazine; PSKS;
razoxang thizoxin: sizofuran; spirogermaniamy; tengazome actd; triaziquone; 2,227
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trichiorotrigthylaming; ichothecenes (especially T-2 toxin, verracuring A, roridin A and
anguidine); wrethan: vindesine; dacarbazine; mannomustine; mitobronitol;, mitolactol
pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g.
paclitaxel {TAXOL™, Bristol-Myvers Squibb Dncaingj@ Princeton, NI and doxetaxel
{TAXOTERER, Rhone-Paulenc Rorer, Antony, France}; chlovambucii; gemenabine; 6-
thioguanine: mereaptopurine; methotrexate: phatinum analogs sach as cisplatin and carboplatn;
vinblastine; platinany; ctoposide (VP-16), ifosfamide; mitomyein € muitoxantrong; vinoristing;
vinoretbine; navelbine; novantrone; teniposide; daunomyein; apunopierin, xeloda; ibandronate;
CPT- 1 Hoposomerase mhibitor RES 2000; diffvoromethviomithing (OMEQ); retinoic acid;
caperifabine; and pharmaccutically acceptable salts, acids or devivatives of any of the above.
Also included in this definition are anti-hormonal agents that act to regulate or inhibit hormone
action on temors, sach as anti-estrogens including for example tanowfen, raloxifene,
aromatase inhabiting 4053 nudazoles, d-hyvdrogytamoxifen, trioxifene, kooxifene, LY TTTHHE,
pnapristone, and orenifone (Fareston); and ant-androgens, such as flutamide, nilutanude,
hicalutanude, leuprolide, and poscrehing sIRNA and phammaceutically acceptable salts, acyds or
dertvatives of any of the above. Other chomotharapeatic agents that can be used with the
present gvention are disclosed i US Pablication No. 2008G17104G or US Pablication Na

20080303044, each of which is incorporated herem m Hs entirety by reference

{00214 1t is comternplated that an antihody mayv be conjugated (o two or mwre different
shermotherapeutic agonts or a pharmaceutical composition may comprise a mixture of
antihodies wherein the antibody component i< idemtical except for being comyugated to a
different chemotherapeatic agent. Soach embodiments may be asefid for targeting mdtiple
biotogical pathways with a target cefl,

00215}

more nayiansinotd molecules, which are nutotic mhibitors that act by inlubiting tubulin

I preforred embodiments, the ADC conyprises an antibody conjugated to one or

polymerization. Mayviansinaids, including vanous modifications, are described m U5 Pat. Nos.
3RS 4151042, 4137230, 4248870, 4256746, 42600608, 42658 14, 4294757 4307016,
4I0R26E; 4300428, 4313946, 4315929, 4317821, 4322348, 4331398, 43616340, 4304866,
4424219; 4450254, 4362663, 4371533, and WO 2009/009728, Maytansinoid drag moictics
may be isolated from natural sources, produced usmg recombinant technology, or prepared
svithetically, Exemplary maytansinoids inchade U-19-dechioro {US Pat No. 4256746), C-20-
bvdroxy {or {U-2-demethyly w4« C-19-dechlors {(US Pat. Nos. 4307016 and 43616350), C-20~
demethoxy {or C-20-acyloxy ((OCOR), +/- dechrofo (US Pat. No. 4294787, C-8-8H (U8 Pat,

]
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No. 4,424 219, C-1d-alkoxymethyl (demethoxy/CH2ZOR) (US. Par. Na. 4,331,598, C-14-
hydroxymethvl or scyloxymethyd {CH2OH or CH2Z0AD) (LS. Pat. No. 44502543, C-15-
hydroxyfacyloxy (.S, Pat. No, 4,364,866, C-15-ncthoxy {U.S. Pat, Nos. 4,313 946 and
4315929), C-18-Nedenethyvl {U S, Pat. Nos. 4,362,663 and 4,322 348}, and 4,5-deoxy (U.S.

Pat. No. 4,371 .533).

jO0216] Various positions ont maytansinoud compounds may be used as the linkage
paosition, depending upon the type of Hok desired. For exavople, for forming an ester hnkage,
the C-3 posttion having a hydroxyi groap, the C-14 position modified with hydrozymethy, the
C~13 position modified with a hydroxyl a group, sad the C-20 position having a hydroxyl
group are all suitable {US Pat. Nos. 3208020, RE39IS], and 6913748, LIS Patenmt Appl. Pub.
Nos, 20060167245 and 20070037972 and WO 20000997281,

LIRS Preforred maviansipoids inchide those known in the art as DM, DM3, and

DM (LIS Pat. Appl. Pub. Nos. 2000030824 and 20050276812 incorporated herewn by

reference).
JO0218] ADCs containing maytansinowds, methods of making such ADUs, and thew

therapeutie use are disclosed m US Patent Nos. S208020 and 416064, US Pat. Appl. Pub. No.
20050276812, and WO 2009099728 (all incorporated by reference herein}. Linkers that are
useful for making maytansinotd ADCs wee know o the art (LIS Pat. No. 5208020 and US Pat.
Appl. Pub. Nos. 2005016993 mnd 20090274713, all incorporated herein by reference).
Muavtansinoid ADCs conpriging an SMOC hioker may be prepared as disclosed in US Pat,
Publ, No. 20054276812,

Effector Function-Enhanced Antibodies

{0219 Qne of the functions of the Fe portion of an antibody 15 to conumuaticats o the
fmmumne system when the anubody binds s targer. This i considered “effector funetion.™
Compuancation leads to antibody-dependent cellular eviotoxicity (ADCC), antibody-dependent
cellular phagoeviosis (ADCP), andfor comploment dependent evtotoxicity {CDCY ADCC and
ADCP are mediated through the binding of the Fe to Fe receptors on the surfiace of colls of the
wsinume svstem. CDC s mediated through the binding of the Fo with proteins of the

complement svstem, e, Ulg.

00220 The To(h subclasses vary i therr ability to mediate effector functions. For

example, 1l 15 moch seperior to 1gG2 and IgG4 at mediating ADCC and CDRC. Thas, in
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cinbodinients whoerein a cell expressing OSMR is sargeted for destruetion, an anti-OSMR [gGl

antibody would be preferred.

0221

The effector function of ay angbody can be ntreased, or decreased, by

wirodacing one or more mutations into the Fo. Embodiments of the invention imclude antigen

binding proteins, o, antibodies, having an Fo engincered to increase effoctor function (LS.

7,317,001 and Strobl, Curr. Opin. Bivicch ., 20:685-691, 2008, both incorporated herein by

reference in s entirety). . Exemplary IgGl Fo molecales having increased effector function

tnchede (hased on the Kabat nembering schome) those bave the following substihions:

100222
{0223

{00224

TO0225]

[00226)

(00227

{00228

{0224

{00230]
00231
[O0232)
{(0233]
[00234)
J00235]
JO0236)
[(0237]
JO0238]
100239

[00240]

S239TFIIB2E
S2IVDFAZOSAZ3LE
S239D/A330L332E
SZEADNIIAKIMA
I4TIAZIND
P2ATHAIINN
DIEOHK IS
DEROHAK290S/5298D
D2ROHAK ZHOS/S208Y
F243L/R2O2PIYIO0L
F243LRIG2PYI00LAPI0L
A NLR 2P 300L VY M EPIGGL
GRI6A/S239DA332E
KAZ6A/E3334A
K3IZAW/E3338
K2QOESIMMGTIWMA
K2D0N/S208G/TI99A,
RIGUE/RZUSGITIOARIIGE

K29ON/S298G T209AK326E
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FO0241 Further embadiments of the inventon mclude antigen binding proteins, e.g.,
antibedies, having an Fe enginecred to decrease effector function. Exemplary Fo modecules
having decreased effector function include (based on the Kabat numbering scheme) those have

the following substinstions:

{00242 N29TA (IgG1)

100243] L234A/LI35A (1G]

100244 V23AGITA (1pG2)

[00245) L235A/GIITAEMEA (JeGd)

(00246) H2680Q/V00L/AIM08/A33 18 (1aG2)
100247] C2208/C2268/CI298/P238S {1gG )

{00248 ] C26SCI29S/E2IIFL2AVL2ISA (1aG1)

{249 L23E/L2ISEMPARS (oGl

{30250 S2ETELIEF (1gGh
JO025 1 Another method of mcreasing effector funciion of fgG Fo-containing profeins is

by reducing the fucosvlation of the Fo. Removal of the core fucose fromn the biantennary
complex-type oligosachharndes attached 1o the Fo greatly increased ARCC effector function
without altering antigen bindimg o CDC effector fanction. Several ways are known for
reducing or abolishing fucosylation of Fo-containing molecules, ¢.¢., antibodies. These include
recombinant expression in certain mampiabian cell lines including a FUTS knockoat colf tine,
vartant CHO line Lecl 3, rat hybridoma cell line YB2/, a cell Ine comprising a smadl
interfering RNA specifically against the FUTH gene, and a cell Iine coexpressing P 4-N-
acetylglucosaminyliransforase Hi and Golgt c-mannosidase 1. Altematively, the Fe~
contfaining molecuie may be expressed i a non-mammaltian cell such as g plant cell, veast, or
prokaryote cell, e.g., E. coli. Thas, o vortain embodiments of the invention, § composition
comprises an antibody, oz, Abl, Ab2, or Ab} having reduced fucosylation or lacking

fucosylation altogether

Pharmaceutical Compositions

JO0252 1 some cnebodiments, the invention provides a pharmaceutical composition
comprising a thevapeutically offective amount of one or a plurality of the antizen binding

proteins of the imvention together with a pharmaceatically effective ditaents, carrier,

SO
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sohdbilizer, omulsifier, presosvative, andfor adpevant. In corlain embodinents, the antigon
binding protedn is an antibody. Pharmaccutival compositions of the mvention include, but are

not limuted to, hquid, frozen, and tyophibzed composttions.

{0253 Preforably, foromdation materials are nontoxic o recipionts at the dosages and
soncentrations emploved. In specific cmbodiments, pharmaceutical composifions comprising a
therapeutically effective amount of an QSMER mtigen bindmg protein, ¢ g, an OSMR-binding

antibody, are provided.

00254} {n certan gmbodiments, the pharmacentical compuosition may cmmitan
formusdation materials for modifying, maintaining or preserving, for example, the pH,
psmodagity, vissosity, clanty, color, sotonicity, odor, stenility, stability, rate of dissohution o
reloase, adsorption or penetration of the compaosition, o such embodiments, suitable
fermdanon materials mchude, but are not Bmited to, anvine acids {such as glyeine, glutanune,
asparagine, arghine, profine, or Iysinel; antionorobiads, antioxidants {(sach as ascorbic acid,
soditem sulfite or sodivm hydrogen-salfite); baffers (such as borate, bicarbonate, Trs-HCH,
cifrafes, phosphates or other organie acida ), bulking agents (such as manmio! or glycine);
chelating agents {such as cthvlencdiamine tetrascene acid (EDTA)); complexing agents (such
as caffeine, polyvinvipyrrolidong, beta-cyclodextrin or hydroxypropyl-beta-eyelodextrny;
fitlers; monosaccharides; disaccharides; and other carbohydrates (such as glocose, mannose or
dextring}; proteins {such as sorum albumin, gelatin or tnmunoglobaling); coloring, flavoring
and diluting agents; enulstfving agents; hydrophilic polymers (such as polyvinyipyrrolidone);
b oodecolar weight polypeptides: salt-forming counterions (such as sodium); preservatives
{such as benzatkomum chlonde, benzoic acid, sahiovlic acid, tumerosal, phepethyl aleohel,
methylparaben, propylparaben, chdorhexidiog, sorbie acid or hydrogen peroxide); solvents
{such as ghveern, propylene glveol or polyetbylene glyeol) sugar aleohols {such as manniiof or
sorbitad); suspending agonts; surfactants orwotling sgonts {such as pluronies, FEG, sorbitan
ssters, polysorbates such as polvsorbate 20, polysorbate, triton, romethamine, lecithin,
cholesterol, tvloxapal); stability enhancing agents {sach as sucvose or sorbitol); fonicity
crhancing agents {such as alkali metal halides, preferably sodium or potassian chloride,
mannitol sorbitol); delivery vehicles; diluents: excipronts andfor pharmaceutical advants. See,
REMINGTON'S PHARMACEUTICAL SCIENCES, 18" Edition, (A, B Game, ed), 1990,

Mack Publishing Company.

{255) n certain cmbodiments, the optimal pharnwaccutical composition will be

determined by one skilled 1 the art depending upon, for example, the intended route of
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administvation, delivery format and desired dosage. See, for example, REMINGTON'S
PHARMACEUTICAL SCIENCES, supre. In cortain embodiments, such compositions may
intluence the physical state, stabality, rate of in vivo release and rate of n vivo clearmnes of the
aptigen binding proteins of the invention. In certain embodiments, the primary vehicle or
cayrier in a pharmaceutical composition may be cither aquecas or non-aguecus in natare, For
cxample, a suitable vehicle or carrier may b water for injection, phystological saling solution
or wrtificial cercbrospinal fhuid, possibly supplemented with other materials conymon in
compositions for parenteral admimistration. Neutral buffered saline or saline mixed with serum
atbumin ave finther exemplary velucles, In speaific embodiments, pharmaccutical
compositions coreprise Tris buffer of about pH 7.0-8.5, or acetate buifer of abput pH 4.0-8.5,
and may further mclade sorbitol ov a suitable sobstitute thevefor, I contain embodiments of the
wvention, OSMR antigen binding protein compositions may be prepared for stovage by nuxing
the selected composition having the desired degree of purity with optional formudation agents
{REMINGTON'S PHARMACEUTICAL SCIENCES, sapra) i the forot of a lyophihzed cake
or an aquesus solution. Fantber, n cortain emmbodiments, the OSMR antigen binding protein

product may be formulated as o lvophilizate using appropriate excipients such as suorose.

{00256} The pharmaceutical compositioms of the ipvention can be selected for paventeral
delivery., Alternatively, the compositions may be selegted for inhalation or for delivery through
the digestive tract, such as orally. Preparation of such pharmaceuncally acceptable
sompositions s within the shilf of the art. The formulation coraponents arc present preferably
in concentrations that are acceptable to the site of administration. In cortain embodiments,
buffers are ased to mamtan the composiion at physiological pH or at a slightly lower pH,

typically within a pH range of from about § to abowt &

[O0257) When parenteral administration s contemplhated, the therapeutic conpositions
for use o this myvention may be provided in the form of a pyrogen-free, parenterally aceeptable
agueous soluticn: ponymising the destred O5MR andigen bindmyg protein in 3 pharmacegically
aceeptable vehicle. A parucularly sustable vebicle for parenteral imjection is sterile distilled
water in which the OSMR antigen bindimg proteimn is formudated as a stertle, isotonic solution,
property preserved. o cortain cobodiments, the preparation can involve the foromdation of the
desived molecule with an agent, such as injectable nncrospheres, bio-grodible particles,
polymenie compounds {sach as polylactic acid or pelyplyeobe acidy, beads or hiposomes, that
may provide controlled or sustained release of the product which can be dehvered via depot

mjcction. In corfain omboditnents, hvahurounie acid may alse be used, having the effect of
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promoting sustained duration n the cireulation. In codam cmbodiments, implantable drug

delivery devices may be used to introduce the desired antigen binding protein.

{00238 Pharmacentical compuositions of the invention can be formulated for inhalation.
i these embodiments, USMR antigen binding proteins arg advantageously formulated as g dry,
inhalable powder, In specific embodiments, OSMR antigen binding protein inhalation
solutions may also b formudated with a propellant for avrosol delivery. In cortain
embodiments, solutions may be nebulized. Pulmonary adminisivabion and formulation methods
therefore are further desenibed m International Patent Apphication No, PCT/AUISSL00IRTS,

which is incorporated by reference and describes pulmonary delivery of chentically modificd

Profeins.
{0259 It s also contemplated that formalations can be administered orally, OSMR

antigen binding proteins that are admbustered i thas fashuon can be formutated with or withowut
carriers castomarily ased in the compounding of solid dosage forms such as tablets and
capsales. Do certain embodiments, a capside may be designed to release the active portion of
the formisdation at the point in the gastrointestinal tract when binavatlability is maxitnized and
pre-systemic degradation is mininnzed. Additional agents can be included to facilitate
absorption of the OSMR antigen binding protem. Diluents, flavorings, low meltng point
waxes, vegetable oils, habricants, suspeading agonts, tablet disintegrating agents, and binders

may also be emploved,

jo2et] Additional pharmaceutical compositions wall be evident to those skilfed in the
art, inchuding formulations tuvelving OSMR autigen binding proteins iu sustained- or
controlled-defivery formulations. Techaigues fiv fiwmulating a variety of sther sustained- or
controfled-delivery means, such as bposome carriers, o-cradible microparticles of porous
heads and depot injections, are also kaowen to those skilled i the art. See, for example,
International Patent Application No. PCT/USY300829, which s incorporated by reference and
deseribes controtled relesse of porous polymeric microparticles for debivery of pharmaceuatical
compositions. Sestasined-release preparations may inchde semipermesble polymer matrices i
the form of shaped articles, e, films, or microca;psuis:s. Sustamed release matnices may
wchude polvesters, hwydrogels, polylactides {as discl i U8, Pat. Ne, 3,773 919 and
Europesn Patent Application Pubhcation Ko, EP 058481, cach of which s incorporated by
reference), copolymers of L-phaamic acid and gamma ethybL-ghutamate (Sidman et al, 1983,
Biopolymers 2:5347-3386), poly (2-hydroxyvethyl-methacrylate) {Langer et al,, 1981, 1 Biomed.

Mater. Res. 15:167-277 and Langer, 1982, Cheny. Tech, 12:98-105), ethylene vinyl acetate
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{Langer et ad., 1981, suprad of poly-D(-)3-3-hydronybutyric acid (Boropean Patent Application
Publication No. EF 133,988). Sustained refease compositions may also inchude liposomes that
can be prepared by any of several methods known m the art. See, e.g., Eppsteinetal,, 1985,
Proc. Nath Acad. Sci. U.S.AL 82:3688-3692; European Patent Applicabon Publication Nos. EP
{136,676; EP 088 046 and EP 143 949 mcorporated by reference,

{0261 Fharmoncentical compositions used for iz vive admanistration ave typicadly
provided as sterile preparations. Sterilization can be accomplished by filtration through sterile
filiration membranes, When the composition is fyophilized, stertlization using this method may
be conduacted either priov to oy followmng byophilization and reconstitution. Compositions for
parentersl administration can be stored i vophilized form or i a solution. Parenteral
compositions generally are placed mto a contamer having a sterile access port, for example, an

wtravenous solution hag or vial having a stoppar prerceable by # hypodermic mjection needle.

joO262] Aspects of the invention inclades self-boffering OSMR antigen binding protein
formalations, which can be wsed as pharmacentical compaositions, as desertbed in international
patent applicaiion WO 06138181 A2 (PCT/USKIGOZ 2599}, which is meorporated by

reforence in is entirely herein,

{00263 As discussed above, cortain cmbodiments provide OSMR antigen inding
proteins protein corapositions, particularly pharmaccutical OSMR antigen binding protem
compositions that comprise, in addition to the OSMR antigen binding protein, one or more
excipients such as those Hlustratively dosenbed in this section and clsewhere herein,
Excipionts can be used in the tnvention n this regard for 8 wide variety of purposes, such as
adjusting physical, chemieal, or binlogical properties of formulations, sach as adjustment of
viseosity, and or procgsses of the wmvention to improve cffectivensss and ov o stabilize such
formualations amd provesses against degradation and spottage due &, for instance, stresses that

ocewr during manufacturing, shipping, storage, pre-use preparation, adnunistration, and

thereafier.
j00264] A variety of expositions are available on protein stabilization and formulation

materials and methods useful in this regard, such as Arakawa ef al., "Solvent interactions in
pharmaceutical formulanions,” Phanm Res, 8(3) 285-01 {1991 Kendrick ot al,, "Physical
stabtiization of protems in agueous sohution,” m: RATIONAL DESIGN OF STABLE
PROTEIN FORMULATIONS: THEORY AND PRACTICE, Carpenter and Manuing, ods.

Pharmaceutical Biotechnology. 13 6184 (2002}, and Randolph of al, "Swrfactant-protein
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interactions,” Pharm Biotechnol, 130 1539-75 (20023, cach of which s herein treorporated by
reforenee i U ontively, pacticndarly in parts portinent to excipionts and processes of the same
for self-buffering protein frmudanons m accordance with the current invention, especially as tw

protein pharmaceutical products and processes for veterinary andfor human medical uses.

HIH265) Salty may be used i gecordance with certain cmbodiments of the ovention to,
fior example, adjust the jonic strength andfor the isotonicity of a formulation andfor to mprove
the sotubility andfor physical stability of a protein or other fngredrent of & composition n

accordance with the invention.

fO0266] As s well known, wons can stabilize the native state of proteins by binding to
charged residues on the profein's swrface and by shielding charged and polar groups in the
profein and reduciag the strength of thew electrostatic interactions, attractive, and repulsive
inferactions. lome plso can stabihze the denatured state of 3 protein by binding to, i particudar,
the denatuwred peptide linkages {(~-CONH) of the protein, Furthermore, ionic tnteraction with

charged and polar groups in g protein also can reduce intermolecelar electrostatic interactions

and, therehy, prevent or reduce protein aggregation and insolubility.

{267 fomc species dif¥er significantly in their effects on protems. & number of
categorical rankings of ons and their effects on proteins have been developed that can be used
m formulating pharmaceutical compositions in accordance with the nvention. One exaniple is
the Hofmelster series, which ranks tonic and polar non-fonie solutes by their effect on the
canformational stabilyty of proteins n sohation. Stabilizing sohutes are referred to as
"kosmotropic,” Destabilizing solutes ave veferred o as “chaotropic.” Kosmotropes conumanly
are used at high concentrations {e.g., > molar anmunontnn sulfaie) to precipitate proteins froms
solution (Msaling-owt™). Chaotropes commonly are vsed o denture andfor to solubilize proteins
{"salting-in"). The refative effectiveness of wons to "salt-in" and "salt-out” defines their position

i1 the Hofhicister series.

JOO26R] Free amino acids can be ased in OSMR antigen binding protein forpwlations in
accordance with varkus emibodivocats of the invention as bulking agents, stabilizers, and
anttoxadants, as well as sther standard uses. Lwsine, proline, serine, and alanine can be used for
stabilizing proteins in a formulation. Glyeme 13 useful m yvophilization 1o cosure corvect cake
structure and propertiss. Argining may be uselul o inhibit protein aggregation, in buth hiquid

and lvophilized formuiations. Methioming is useful as an antioxidant.
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JOO269 Polyols tchude sugars, o.g. mannitol, sacrose, and sorbiio and polvhydric
aleohols sueh as, for mstance, glveero! and propylene glveol, and, for purposes of discussion
herein, polvethylene glycol (PEG) and related substances. Polyols are kosmoteopie, They are
usefal stabilizing agents i both liquid and Ivophilized formulations to protect protems from
physical and chemical degradation processes. Polyols also are useful for adjusting the tonicity

of formudations.

JO2 7] Among polyols aseful iy select embodiments of the invention 1s mannitol,
comnmonly wsed to ensure structral stability of the cake in tyophilized fornudations. It enswures
structural stability to the cake. It is generally used with a Tyoprotectant, ¢.g., sucrose. Sorbitol
and sucrose are wmong preferred agents for adjusting tonieity and ag stabilizers fo protect
against frepze-thaw stresses during transport ov the preparation of budks during the
manufaciuring process. Roeduocing sugars fwhich contain free aldelnede or ketone groups), such
as ghucose and lactose, can ghyeate surface lysing and arginine residues. Therefore, they
generally are not among preferved polyvols for use 1n accordance with the invention. In
addiion, sugars that form such reactive species, such as suevose, which 1s hvdrolyzed to
fructose and glecose wder ackdic condiions, and conseguently engenders glycation, also s not
among preforred polyels of the myvention v this regard. PEG is usefud to stabilize proteins and

as a crvoprotectant and can be ased in the fnvention i tus yegard.

{00371 Embodiments of the OSMR antigen hinding protan fornwlations futher
comprise surfactants. Protein molecules mayv be susceptible to adsorption on surfaces and to
denaturation and consequent aggregation at air-hquud, solid-hgeid, and hguid-hiquid mterfaces.
These effects generally scale nversely with protein concentration. These deleterious
mteractions generally scale inversely with protein concentration and typically are exacerbated

by physical agitation, such gs that geverated during the shupping and handling of a product,

002721 Surfictants routinely are used to prevent, minimize, or reduce surface
adsorption.  Useful surfactants in the mvention n ths regard include polysorbate 20,
polvsorbate 80, other fatty actd ssters of sorbitan polyvethoxyvlates, and poloxmmer 188,

{00273 Surfactants also are commonly used to control protein conformational stabibty.
The use of surfactants in this regard is protein-specific sinee, any given surfactant typieally will
stabilize some proteins and destabilize others,

00274 Polysorbates are susceptible to uxidative depradation and often, as supplied,

contatn sufficient quantitics of peroxides to cause oxidativn of protein residue side-chains,
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cspecially methionine. Consequently. polysorbates should be wsed carefolly, and when used,
should be employved at thair Iowest effective concentration. In this regard, polysorbates
exempliy the general rule that excipients should be used i their fowest effective

LONCENErations.

{0273} Embodinments of USMR antigen binding protein formulations further conipriss
one of more antoxidants. T some extent deletertous oxidation of protems can be prevented in
pharmacentcal fornudations by maintaining proper levels of abient oxygen and temperature
and by avoiding exposwre to light. Antioxidant excipients can be wsed as well o provent
oxidative degradation of protemns. Among uscfal antioxidants in this regard are reducing

agents, axveendtre

s

evadical scavengers, and chelating agents. Anttosidants for use in
therapeutie protein formulations in acvordances with the wvention preferably are water-soluble
and maintain their activity throughowt the shelt life of a product. EDTA s a preforred

antioxidant in accordance with the firvention b this regard.

j00276] Antioxidants can damage proteins. For instance, reducing agents, such ag
ghitathione in particelar, can disrupt inframelecular disulfide linkages. Thus, antioxddants for
use i the invention are sclected to, among other things, chinunate or sufficiently reduce the

possibility of themselves damaging proteins in the formulation.

[O0377] Foromsdations in sceordance with the invention may include metal jons that are
protein co-factors and that are ncoessary to form protein coordination complexes, such ns zine
neeessary to form certain insudin suspensions. Metad tons also can inlubit some processes that
degrade proteins, However, metal wons alse catalyze physical and chemical processes that

degrade profems,

{0278) Magnesivnm wons {10-120 M) can be wsed to mbilat isomenization of aspartic
acid to isoaspartic acid. Ca™ fons (up to 160 mM) can increase the stability of human
deoxyribonuclease. Mg™, Ma™, and Zn™, however, can destabilize rbDNase. Simiiariv, Ca™
and Sr'* can stabilize Factor VIIL it can be destiabiii:—:ad by Mg™, Mo and Zn™, Q'™ and

Fe', and its aggregation can be incrcased by Al™ fons,

30276} Embodiments of the OSMER mntigen binding protein formulations firther
COMPHISE OTE OF TOFS preservatives. Preservatives are nocessary when developing multi-dose
parcnteral formulations that involve more than one extraction frown the save container, Thew
primary function is to inhibit microbial growth and ensure product sterility twoughout the

sheti-life or werm of use of the drug product. Commonly used preservatives include beneyl
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aleohol, phonol and m-cresol. Although preservatives have a long history of wse with smadl-

medecnle parenterals, the development of protein formudations that mcludes preservatives ean

be challenging. Proservatives almost abways have a destabilizing effect {aggregation} on

proteins, and this has become a major factor in hating thelr ase m pudt-dose protein
fornndations. To date, most protein drogs have been formulated for single-use only. However,
when mudti-dose formulations are possible, they have the sdded advantags of cnabling patient
convenience, and increased marketability. A good example is that of buman growth hormone
{hGH} where the developoent of pressrved formulations bas led to conmercialization of more
convement, multi-use imjection pen presentations, At feast four such pen devices contanuing
preserved formulations of hGH are corrently available on the market. Norditropin (liquid, Nove
Novdisk}), Nutropin AQ (Hauid, Genentech) & Genotropin (fyophlulized-~daat chamber
cartridge, Pharmacie & Upjohn} contain phenol while Somarrope (Bl Lillv) is formulated with

m-cresol.
R0 Several aspects need 1o be considered durning the formulation and development

of preserved dosage forms. The effective proservative concentration in the dvug product must

be optinuzed, This requives tosting & given preservative in the dosage forn with conceniration

ranges that confer anti-pucrobnal effectiveness without compromising proteta stability,
00281 As might be expected, development of liguad formulations comtaining

preservatives are more chatlenging than tyophilized formulations, Freeze-dried products can be
bvophilized without the preservative and reconstituted with a preservative containing dilucnt at
the time of use. This shortons the time for which a preservative is in contact with the protein,
sigmficantly ounanizing the associated stabihity risks, With hqoid formudations, preservative
effectiveness and stabality should e mamtained over the entire product shelfhife {about I8 to
24 months), An boportant point 1o note is that preservative effectiveness should be

demostrated i the final formulation contaung the active drug and all excipiont componenis.

[OO2N2Y Q5MR antigen binding protemn formulations generally will be designed for
spectfie routes and methods of admimstration, for specific administration dosages and

frequencies of admimstration, {or speaific treamments of specific discases, with ranges of bio-
avatlahility and persistence, among other things. Formulations thus mav be designed
accordance with the mvention for delivery by any suitable route, inclading but not hnuted to
oralty, aurally, opthabmically, rectalty, and vaginally, and by paventeral routes, inclading

infravenouns and intra-arterial jection, intramuseudy fnjection, and subcotancous mjeetion,

1

o
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JOOZE3| Onee the pharmaveutical composition has been formutated, 1t may be stored n
steride wials as a solution, suspension, gel, emudsion, solid, crystal, or as a dehyvdrated or
tyophibized powder. Such fovmudations may be stored mther in a ready-to-use forn ov i a fovm
fe.g., lyoplubized) that i reconstinged pooy (o admimstration. The invention also provides kits
for prodacmy a single-dose adnunistration wit. The kits of the invention may each contam
foth a first container having a dried protein and a second container having an agqueous
firroulanion. In certain embodiments of this invention, Kits comtaining single and nwlt-

chambered pre-filled syringes {e.g., liquid syringes and tyosyringes) are provided.

00284 The therapeutically effective amount of an OSMR antigen binding protein-
containing pharmaceutical composition 1o be emploved will depend, for exaaple, upon the
therapeutic context and oebjectives. One skifled i the art will appreciate that the appropriate
dosage levels for treatment will vary depending, m part, upon the modecale delivered., the
indication for which the OSMER antigen hinding protein is being used, the route of
sdmmisiration, and the stze thody weight, body surface or organ size) andfor condition {the age
and geperal health) of the patient. Ta centain embodiments, the olimoran may titer the dosage
and nodity the route of administration t obtain the optimal therapeutic effect. A typical
dosage may range from about 0.1 pe'ke 1o up to about 30 mg'ke or more, depending on the
factors mentioned sbove. In specific embodiments, the dosage may range from 1.0 yg'hg up to
about 20 my'kyg, optionally from 10 pe'ke up to sbout 10 meke or from 100 pgdke up 1o sbowt
5 mg'kg.

00285} A therapeutic effective amount of an OSMR antigen binding protein preforably
resydts in a decrease in sovertty of discase symptonis, i an increase in frequency ot duration of

disease symptom-free periods, or 1 a prevention of mmpatrment or disability due to the disease

affhetion.
[O0286] Pharmaceutical composiuons may be adomnistered using a medical device,

Examples of medical devices for administering pharmaceutical conpositions are described in
ULS. Patent Nos, 4475 196, 4,439, 196, 4,447,224, 4,447, 233 4,486,194, 4 487,603,
4 596 556, 4,700 824, 4 941 BRO; 5064 413 5 312 335, 3312 335, 5,383 851; and 5399 183,

all incorporated by reference heren.

Methads of Disgnosing or Treating a OSMR-Associated Disease or Disorder

{0287 The OSMR antigen binding proteins of the invention are particularly usefud for

detecting OSMR i a biological sample. In contam embodinments, a blological sample obtained

w74 .
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from g patient is contacted with a OSMR antigen binding prowin. Binding of the OSMR
antizen binding protein to OSMR 1 then deteeted to determine the prosence or relative amount
of OSMR in the sample. Such racthods may be useful in diagnosing ot deternuning pationts

that are wmenable o teatment with an OSMR antigen binding protein

{288} In cortain embodiments, an OSMR antigen binding protein of the wvention is
used to dingnose, detect, or freat my suteinunune disorder, inflanumatory disorder, or disorder

assoctated with extracelular matrix deposition or remodeling.

JOO289 in treating these disorders, the QOSMR antigen binding protein may target
O5MR-expressing cells of the immune system for destruction andfor may block the interaction

of OSMR with OSM anddor IL-31,

{O0200) Discases or disorders that are asseciated with OSMR-mediated signating are
particularly amenable to reptment with one or more OSMR antigen binding proteins disclosed
heremn. Such disorders melude, but are not Hmited to, inflapwnation, pain, pnaitis, prarigo
nodudars, dermatitis, asthma, sutoimmune discase, parancoplastic avtronunune diseases,
cartilage wilammation, fibrosts (Including, but not lireited to, pubmonary fibrosis and skin
fibrosis), fibrotic disease, chronic ohstructive pulmonary disease (COPD), mterstitial
preuwmonitis, abnovma! collagen deposition, systemic catancous amyloidosis, prisary
cutaneous amylowdesis, Beheet's discase, nasal polyposts, tiver cirrhosts, cartilage degradation,
bone degradation, antbritis, rheunatoid anthritis, juvenile arthntis, Juventle rheurnatoid arthnitis,
pavciamicudar prvemle rheamatoid arthritis, polvarticelar jevenile rhewmatoid arthrtis, systenuc
onset javenile rheumatotd arthritis, juvennle ankylosmy spondyhiis, juvenile mzmmpm}xic
arthritis, juvenile reactive arthritis, juvenile Reter's Syndrome, SEA Svndrone {Seronegativity,
Enthesopathy, Avthropatlyy Syadrome), juvenile dermatomyositis, fiventle psomatic arthritis,
taventle scleroderms, juventle systernte lupus erythematosus, juventle vascalitis, panciartivalar
theuniatord anthritis, pelyarticular rvheumatotd arthritls, systenuie onset rircumatoid arthritis,
ankylosing spondylitis, enteropathue arthritis, reactive arthritis, Reter's Syndrome, SEA
Syadrome {Seronegativity, BEathesopathy, Artbwopathy Syndrome). dermatomyositiz, psonatic
arthritls, scleroderma, scleroderma-associated micrstitial lung disease, vasculifis, myonhiti,
polvinyoiins, denmatonyolitis, pelyarteritis nodossa, Wegenet's granulomngtosts, arterinis,
ploymyalgia rhewnatics, sarcordosis, seleroderma, sclerosis, primary biliary sclerosis,
sclerosing cholangitis, Sjogren's syndrome, psorfasis, plague psoriass, gettate psoriasis, inverse
psoriasis, pustalar psoriasis, ervthroderane psoriasis, dermatitis, atopic dermantis,
atherosclerosis, hupug, Stfl's disease, Systenuce Lupus Ervthematosus (SLE), myvasthenia gravis,

.-,
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inflammatory bowel disease (1BDY, Crohn's discase, wleerative colitis, coliac discase, multiple

sclerosis {MR), asthima, COPD, thinosinusitiy, thinosinusitis with polyps, cosmophilic
csophogitis, costnophilic bronchutis, bronchitis, Guillain-Baue discase, Type I diabetes
metlitus, thyroiding {o.g., Graves' disease), Addison's disease, Reynaud’s phenomenon,
agtommne hepatitis, GVHD, vansplantaton rejection, kiduey damage, cardiovascudar
disease, infoction, sepats, HIV infection, trauma, kiduey allograft nephropathy, fgA
acphropathy, diabetic nephropathy, diabetic retinopathy, macular degeneration, biliary atresta,
congestive howrt fatlure, atherosclerosis, restenosis, radiation~-induced fibrosis, chemotherapy-
tduced fibroats, burns, surgical trmona, glomerdosclerosts, and the ke,

{00291 b preferred embodiments, the atotmname disorder, inflammatory disorder, or
disorder assoviated with exiracellular matriy deposition or remodeling is fibrosis, carfilage
degradation, arthvitis, thenmatod arthritis, seloroderma, scleroderma-associated interstitial Tong
disense, idiopathic pulmonury fibrosis, cirrhosis, psoriasis, atopic dermatitis, systemic
cutancous amylowdosis, primary cutancous anvloidosts, inflammation, pruribie mflammation,

privige nodulars, and past.

0292} fn cortain embodiments, an QSMR antigen binding protein of the invention is
used to diagnose, detect, or treat a cancer or tumnorigenie disorder. In treating a canger of
tamorigenic disorder, the OSMR anfigen binding protein may target OSMR-oxpressing cells
for destraction andior may block the mteraction of OSM andior TL-31 with OSMR, thereby
reducing OSMR mediated signaling. It is conteniplated that the OSMR antigen binding
proteins that bloek OSM- and/or IL-3 {-mediated signaling would be usehid in promoting
fproved survival in cancer patients. Cancer of turnorigenie disorders that may be diagnosed,
detected or trogted with an O5MR antigen binding protein include, but ave not lunited to, solid
tumors generally, hung cancer, ovarian cancer, breast cancer, prostate cancer, endonsetrigd
vancer, renad cancer, esophageal cancer, pancreatic cancer, squanious cell carcinoma, vveal
mclangima, corvical cancer, colovectal cancer, bladder, brain, pancreatic, houad, neck, liver,
feukenua, lvmphoma and Hodghin's discase, muduple myeloma, melanorea, gastric cancer,

astrocyviic cancer, stomach, and pulmonary adenocarcinoma.

G293 The antizen bindwyg profeins may be wsed to inhilit tuvor growthy, progression,
00293 Phe satigen bindmy profoins may be used to inhibit bumor growtly, progression,

andfor metastasis. Such infubition can be monitored using various methods, For instance,
wmhihitton can result w reduced tenor size andfor a decrease in metabolic activity within &
tamor. Both of these parameiers can be measured by MRUor PET scans, for exanple.
Intubition can also be monitored by biopsy to ascertain the level of necrosis, namor cell death,
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and the level of vascularity within the tumor. The extont of metastasis can be mongtored using

known methods,

007294 The use of any and all examples, or exemplary language (e.g., “such as™)
movided herom, 1s infended merely to better Hununate embodiments of the ayvention and does
1ot pose a hinutation on the scope of the invention unless otherwise claimed. No language in
the specitication should be constroed as indicating any non-claimed element as gssential o the

practice of the imvention.
EXAMPLES

{020%) The following examples, both actual wnd prophetic, are provided for the purpose
of ilusirating specific embodiments or features of the present invention aud are not intended to

hnut its seope.

EXAMPLE I: Production of Anti-OSMR Anubodics Using the XENOMOLISES Plattorm

100296

Folly human antibodies divected against uanan OSMR were generated using
XENOMOUSESR technoiogy {as desenbed in United States Patent Nos. £, 114, 508, 6,182 963,
6,833 268, 7048 426, 7064244, which are incorporated horein by reference i their cativety;
and in Green o1 of, Naswre Gengtios 71321, 1994 Mender ot of, Noture Gengtioy 15/146-36;
1997 Green of ¢, J Eyv. Med 18 4R3-95, 199%; and Kellermann ot al., Crerrend Opinion in

Biowechnology, 13:393-7, 2002},

ja0297y To produce antibodies to OSMR, two different strains of XENOMOUSER:
animals, Le, XMG2KL and XMOG4-KL mice, woere innmumized with haman OSMR-Fe soluble
proteins (prepared by Amgen, Seattle, WA). A switable amomi of manunogen (e, ten
pgimouse of soluble human OSMR-Fe protein] was ased for buual immunization of
FENOMOUSE® animals according to the methods disclosed m ULS. Patont Application Serial
No. 08:759 620, filed Decomber 3, 1996 and International Patent Application Nos, WO
O8/24893, published June 1, 199% and WO B0/763 10, published Decomber 21, 2000, the
disclosures of which are hereby incorporated by reforence. Following the minal inmmemzation,
subscguent boost inmmanzations of mmmunogen (five pg/mouse of sohubic human OSMR-Fe
protein} were adminstered o 3 schedule and for the duratiom neeessary 1o mduce a suitable

ter of ant-OSMR mntibody m the wice.

JOO29%1 Sera were collected at approximately four weeks after the fisst imjection and

specitic tiers were determined by ELISAL The protocel used to titer the XENOMOUSER
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smimals wag as folloves: Costar 3368 mednam binding plates woere coated with noutravadin @
Sug/mb (50 pliwell) and incubated at 4°C in IXPBSA.03% azide overmght. Plates were
washed osing TierTek 3-cyvele wash with RO water. Plates were blocked using 258 pl of
EXPRS/onmtk and ncubated for at least 30 nunutes at RT. Block was washed off using
TuerTek 3-cycle wash with RO water. One then captured biotinylated huQSMR-FNFH
{prepared by Ameen, Seatile, WAY a1 2 ug/mil. tn IXPBS/ T omilk/ 1omM Cad+ {assay diluent}
50 plwell and incubated for He at RT. One then washed using TiterTek 3-cycle wash wath RO
water, For the primary antibody, sera was tittated 1:3 in duplicate from 1100, Thiy was dowe
w assay diluent S0 pldwell and tncubated for Hhr st RT. One then washed wsing TiterTek 3-
cyele wash with RO water, The sceondary antibody was goat anti Human 10 Fe HRP @400
ag'mb. in assay diluent at 530 pLiwell. This was incubated for Thr at RT. This was then washed
using TierTek 3~cvele wash with RO water and patted dryv on paper towels. For the substrate,
one-step TMB solution (Neogen, Lexingion, Kentueky) was used {30 uLhwell) and the

substrate was allowsd to develop for 30 min st RT.

00204 Antmals exlubiting suitahle titers were identified. Five XMGIKL antmals were
wdentified with a specific lgG immune response to OSMR. Spleens and draimng lymph nodes
were harvested from these antmals and pooled together for hybnidoma gencration. Five
XMG4AKL amintals with specific inpwne responses were similarly barvested and advanced as a
separate fasion screcning campaign. Eoriched B cells from mmune animals were fused o non-
secretory miveloma P3 x 63AgR.633 cells ({Amcerican Type Cultre Collection CRL-1580;
Kearney et al, 4 fmpamod, 1237 1348-50, 1979 to generate bybridomas using standard

techniques (Kohler et al | Nayare 256, 495-7 1973},

{30300} Hybridontas were then plated ot high denstty (nultiple different hybridoma
clones por well) onto 96-well tissue colture plages and grown for four weeks, Hybridoma line
supernatants were screened for binding to fuldl length human and cynomolgus OSMR expressed
on transienty transfected 2937 cells by Fluorometnic Microvolume Assay Technology (FMAT)
{Applied Biosystems, Foster City, CAY. Briefly, in 384-well FMAT plates, 40 gl mixtwe of
3008 OSMR 2937 wansfected cefls and 15,000 parental 2937 cells were combined with 5 pl.
of hyvhridoma sapernatant and 10 b, of anti-bunian Hght chain (hukappahulambda) Alexatd?
{Invitrogen, Carlsbad, CAY labeled secondary antibody (1.0 gg /ml final concentranion). Plates
were then incubated for three hours at room temperature and fluorescence was read using the
FMAT reader. These screens identified 883 bybridoma lines which bind to both buman and

eynomaiogous OSMR.
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EXAMPLE 2 Human O5SMR-Blockime Assays

{0301} The ability of OSMR antibodies 1o block signaling through human OSMR was
deteranned using two assays with either lnaman oncostatin M {OSM) or human miterieukin 3
(H-31) as the hgand. o combination, the assavs wers used to determing if the antibodies could

inhibit signaling of OSMR triggered through the binding of OSM andfor 231,
FOO302 In the first screen, antibodies were evalaated for their ability 1o block the
signaling of OSM through OSMR, Stimulation of primary normal human lung fbroblasts with

O8&M induces phosphorylation of STATS and its subsequent translocation o the sucleus. Cell

i

wore seeded at M0 cells per well in Costar 384-well plates and allowed to adbere overnight.
Cels were pre-treated with antibody supermatants for twenty minutes, and then stimulated with
80 pM buman OSM for 30 minwes. Cells were then washed 3X in PBY, fixed with 2 3.5%
formaldehivde solution, washed {3X in PRST} and permeabibized with a 0.5% Triton X100
solution. Cells were then stained with my anti-phosphoSTATS antibody for an hour, washed
arwd statned with an AlexaFloor comjugated antibody {all comtaned within the HFaiKy from
Cellomices). Plates were covered and read on the ArrayScan instrument using the Cellomics
proprictary algorithm 1o gencrate a Nuclear Intensity value and a Oyvioplasmic Intensity value.
Reselts were reported as the difference betwesn these two values, and were further nosmalized

to control data contatnmy maximally stimulated cells and media-treated cells (POCY,

JOO303 | in the second assay, antibodies were evaluated for their ability to inlubit a
prohiferanve sigoal of fL-31 through OSMR m a stable coll hne that overexpressed hasman -
3IRA4 and OSMR, BaF3 cells were stably transtected with two plasouds peDNAZ L+
HuOSMRD (NeoR) and peDNAJ T + hull31RA4 (FeoR). In the absence of nwirine 11-3, this
cell bne is only able to proliferate in response to human H-31 and, therefore, could be wsed 1o
specificaliy evaluate the blocking abibity of anti-OSMR antthodies. BaF3 cells were plated in
96-well plates at a density of 20,000 cells per well, Antibodies and ligand (hudl-31, Peprotoch)
were added to the wells to a final volume of 100 gl and plates were moubated for 72 hours in
S €O2, 37C npwmdified chamber, Following incebation, 20 ull of Alanwr Bhie was added to
each well and plates were returned to the mcobstor, Plates were read on a Molecular Devices

Vimax Plate reader (570-600 run) at various timepoints post-addition of Alanwr Bhue,

{H304] The results of the dwo assays are presented in Table 4 below, Over 3

hvbridora supernatants were scregned for blocking ability o these two assays: the top 200

~749.
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blockers were further tosted i a 4-potnt tivation, with 14 being chosen for production of
revontanani protein and further testing. The 30 for theee exemplary antibodies {(antibodies
{-3} 15 shown fir both assays, Some antibodies inhibited OSM-taduced STATS transtocation
more completely thay they inhubited IL-31-induced prohferavon, and vice versa. Al three

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

Table 4

Cs8 | AN Ab2 A3

OSM 1537 pM 1252 pM | 1385 aM

TL-31 | 352 pM | 27.6 pM | 780 pM

EXAMPLE 3 Cynomolons OSMR Blocking Assavs

fOR305] The ability of OSMR anubodies o blodk signaling through cynotoaigas OSMR

was explored using two assays with either husnan OSM ar husnan IL-31 as the ligand.

{0306] In the first sercen, aptibodies were evaliated for their ability to block the
signahing of OSM through eynomolgus OSMR by using a primary kidoey epithelial cell line.
Sunnsdation of these eells with oynomolzus {tyno) OSM induces phosphoryiation of STATY
and 1ty subsegoent wvansfocation o the mucleas, Cells were seeded at 3000 colls per weell m
Costar 384-well plates and allowed to adhere overnight. Cells were pre-treated with antibody
supernatants for twenty minutes, and then stirvulated with 80 pM cyno OSM for 30 minutes.
Cells were then washed 3X wn PBS, fixed with a 3.58% formaldehyde soluton, washed (3X
PBEST) and permceabilized with a £1.8% Triton X-Hi0 solution. Celly were then stained with an
anti-phosphoSTATS antibody for an hour, washed and stined with an AlexaFluor conjugated
antibody (all contained within the HitKit from Cellomies). Plates were covered and read on the
ArravSean mstroment using the Cellomics proprictary slgorithm o generate a Nuclear Intensity
vatue and a Cyioplasmic Intensity value. Results were reported as the difference between these
two values, and were frrther normalized to controd data containmyg maximally stirmdated exlis

and nedin-treated cells (POC).

{00307

In the sceond assay, antibodies were evalaated for their ability to inhibit a

profiferative signal of 1L-31 through cvnomolgus OSMR 1n a stable cell Bine that overexpressed
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cvpo H-MRA and OSMR. Similarly 1o Example 2, BaFE3 colls were plated in 96-well plates at
a density of 20,000 cells per well. Antibodies and ligand (ovnomelgus 1L-31, m-house, 1.2,
Amgen, Scattle, WA)Y wore added to the wells to a final volume of 100 pl, and plates were
mcubated for 72 hours in 5% CO2, 37C bunndified chamber. Following incubation, 20 pl. of
Alamar Blue was added to cach well and plates were returned to the incubator. Plates were
read on Molecalar Dovices Vimax Plate reader (370-000 mm) ot various Gmepoints post-

addition of Alamar Blue,

JRO30K] The results of the two sssiavs are presented i Table 3 below with the 1050 fa
cach antibody shows for both assavs. The resulis confirm that cach of autihodies 1, 2, and 3

arc potent inbibitors of OSM- and 1L-31 mediated signalng.

Table 8

S0 | abd Ab2 Ab3

O8M | 126 oM | 318 pM | 124 0M

BL-31 | 225 pM [ 293 pM | 687 M

EXAMPLE 4: Epitope Binmune of Auti-OSMR _Antibodies

{0309 Antibody compettion studies were performed to characterize the epitopes of the
anti-O8MR xenomoese antibodies. Antibodies that compete with gach other can be thought of
as bmnding the same site on the target. In these experiments, OSMR of wrelevant antibodies
were captured ontp streptavidinecoated Luminex beads pre-bound 1o a capture antibody
{biotinylated monovalent mouse anti-lueman 1gG Fe antibody). OSMER antigen or buffer {no
antigen} was added to wells, and a probe aptibody wias added to cach well and detected with a
PE-laboicd monovalont mouse anti-lnanan IgG Fe antibody. Mean fluorescence intensity of
cach well was measured. For a full reforence, see Ha ot al L Impueol, Methods 288; 918,
2004, Detection of fuorescence i a given well indivated that the probe antibody was able to
Iind {0 OSMR, cven in the presence of the other OSMR antibody, demonstrating that they are

hinding to separate cpitopes. A mimpnan of three bins were found as shown in Table 6 below,
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Table &

Bin 1 Abd

Bin 2 Abl Ab2. Ab3, AbS, Abb, ADT, AbR ARY,
AbID, AblL, AbL2, and ABI3

Bin 3 Abla

JO03 1] The affinities of anti-OSMR antibodics were determined. Kingctic rate constant

.

determinationy were perforned o vestigate the interaction of anttbodies 1-3 {Abs 1-1 o

hunan OSMRB.

{3 Biosensor analysis was conducted at 23°C in a HBSEP+ {1X) buffer system {10
mM HEPES pH 7.4, 150 oM NaCll 3.0 mdM EDTA, G.05% Surfactant P20) wsing a Biacorg
3006 optical blosensor equipped with & OMS3 sensor chip. Al reagents wore keptat 85T prioy
1o imjoction. Gost anti-human IgG (Jackson bmmunoRescarch, #109-005-098) was
immabilized (3000 RU) to the sensor chip via standard amine coupling o Flow Cells Tand 2
anil then blocked with ethanolamine, BOSMRUFH was prepared in running buffer at 150 nM
andd difuted 3-fold to .617 M. Asntibodies 1.3 were diluted (.25 1o 0.5 pgdml.) n running
buffer. The antibodies wers mjected (13 yL) over Flow Cell 2 at a flove rate of 10 gLlimin.
About 30 RL of antibody was captured. The surface was allowed to stabifize {90 ) and then
gach concentration { 130, 300, 167, 8§56, 18T and 0,617} of ROSMR was passed over Flow
Cells 1 and 2 af a fow rate of 30 ul/min to observe the assocration {3 min) and dissoaation (5

mind Samples wero run i duphcate and i random order.

[00312)

Buffer malyvte blanks ( 0 aM bOSMR) were injected before, m-between, and
after sample imjecuons, Antibodies were mjected (15 yL) over Flow Cell 2 at a flow rate of 10
plimin, About 30 KU of antibody was captured. The surface was allowed to stabilize (3 53
and then cach concentration {130 oM of hOSMR was passed over Flow Cells 1 and 2 at a flow
vate of 30 ul/min to observe the assoctation £ min) and dissociation {1 <2 ), The smoples

were run in friplicate.
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00313 Buffor analvie blanks { & oM hOSMR) were injected before and after the sample
injecticss. The surface was regenerated at a fow rate of 30 gl /min with two mjections of 10

&

mM glyeine (pH 1.5, 30 pl). This was followed by 3 buffer blank injection (15 5},

{314 Data was analyzed with Scrubber 2.0 software as follows. Data from Flow Cell
2 was subtracted from the data from Flow Ceoll T (blank reference). The reforcnce subiracted
data {2-1) was then subtracted (double referenced) from the nearest 8 oM conventration data.
The double referenced long dissoctation data was fit to & 11 binding model o determine the
dissociation rate constant (kdh. Thus dissociation rate constamt wis used a5 2 fixed parameter to
fit the double referenced short dissociation data to a 1:1 binding model n order to deternmuine

the association rate constant (ka) and the equilibrium dissociation constant (Kd).

{U0315) The reagents were well-behaved under the experimocntal conditions and the data

{see Table 7 below) fit furdy well wr g 121 binding model.

Table 7

Antihody Antigen &, {1/Ms) Ky {(pM
Abil huQSMR 437 1Y G 95 x 1 2FL
Ab2 nOSMR BERIER ERIERIN 327
Ab3 huQSMR. 947 ¢ 10° 102 x 107 FOR0

EXAMPLE & Ant-QSMR Antibodies

j0031 61 Fully buman antibodics divected against human OSME were sencrated using
NENOMOUSER wechoology described above i Example 1. Each of antibodies 1, 2, and 3
werg dememstrated to be potent mhibitors of OSM- andiéor TL-3 T-mediated signaling.
Sequences of antibodies 1, 2, and 3 {1.e., AbL Ab2, and Ab3) were determined and are set futh

in Table 8 below.

Table 8
Bescription SEQ | Sequence
1D
NO
Abt -~ 3 gychggtgcagtectggggetgagyg

tgaagaagcctgggyge
Heavy Chain yytctoctgeaaggeottotggatacaccttcaccagtt
rucleclids rantgggtgogacaggecactggacaggggettgagtgg

gagtcaccatgaccaggaacatttccataagcacygyg
ctgagcagcecctgagatctgaggacacggecgtttat
agatatggtggctgcgaatacggattactacttecta
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aagggCCCatcggtcttvcccctggcgccctgctcc
fLocgagagcacagcggecctgggetgectggtcaagga
coagaaccggtgacggtgtegtggaactecaggegetetga
cacaccttcecccagotgtectacagtectcaggacte
cagcgtggtgacocgtgecccteccagecaacttecggeac
cctgcaacgtagatcacaageccagecaacaccaagyg
«ottgagcgcaaatgttgtﬁtcoagtﬁcccac“ﬁtgc
Ttgtggcaggacegtcecagtettectettecccocaaa
WVCCCCatgatctcccggaccvctgaggtvacgtgcg
-acotgaﬂccacgaagacccccagotﬂﬁagftcaactgo
jacgtggaggtgcataatgccaagacaaagccacggga
.\acagcdcgttccgtctggtcaccg cctcaccgttg
pactggectgaacggcaaggagtacaagtgcaaggtctece

;g\<EccbaQCChcbatcgagaaaahcatthhaaaaccaa
Busoegadaaccacaggtgtacaccctgececcateceggg
. &Cuaagaaccagg cagccectgacctgectggtecaaaggce

r;«a

’.‘)}

w¥cgacatocgeegtggagtgggagagcaatgggcagec

tacdavaccacacctcccatgﬁtggactﬁcga ggct
Sel . tacaccaagc cac cgtgcacaagaccadgtgccad

A2 -
Haavy Chain
nuclectids

Lﬁcag¥tcgtgcag*ctgoggctgaog*~"gaagcctgoggc
; tctycthaagccttctgcapacayct caccagtt

thoy #gagtcaccatgaccaggaacaccteccataagecacayg
watgagcagcctgagatctigaggacacggecgtigtat
gagatatagtggectgcgaatacggattactactteta
jacgtctggggecaagggaccacggtcaccgtetect
baaggﬂccvat ggtcttaccecectggegeectgetee
ocgagagcacageggeccoctgggetgectggtocaagga
> gaa cqgtgavgdtgtcgtdgaactcaggc ctctga
SeE ] ccagctgtectacagtecctecaggactce
i\xgcagbgtggtgaccgtg cctcececagecaacttcoggeac
,ﬁ-scctgcaahgtauatcabaaghccagcaacaccaagﬁ
sgttgagﬂgcdaatgttgto agtgcccaccgtge
~otgtggecaggaccgtecagtett cctvttﬁcccvcaaa
yccctcatgatctocecggaccocctgaggtcacgtgeg
qvu,dtgacc acgaagaccccgaggtecagttcaactygyg
scgtggaggtgcataatgccaagacaaagcecacggga

@

stggectgaacggcaaggagtacaagtgecaaggtectaec
ﬁcccaﬁc““ccatcgagaaaaccat“tccaaaaccaa

M“aagaaccaggCCagcctgacvtguvtggtcaaaggc
gegacatcgcecogtggagtgggagagecaatgggeagceo
<tacaagaccacacctcecccocatgctggactceccgacggct
totacagcaagctcaccgtggacaagagcaggtggeag
acgh.cttctecatgetecegtgatgecatgaggectectgecacaa
:agaaoagcctctccctqtctccgggtaaa

AbJ ~
Heavy Chain
nunlectide

n

ctggtgcagtoetggagectgaggtgaagaagectggggce
“gqt tcctgcaagygcttetggttacacctitaccaget
:tgggtchabagqccccugqacaagthttgagtgc
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Region ”‘NRSPW“%U\
A2 ~ 10
Heavy Chain Varigble
Region
Al ~ i
Heavy Chain Variabie
Region
Abt ~ 12
Heavy Chain COR1
AbZ ~ 13
Heavy Chaln CORY
AR3 -~ T4
 Heavy Chain COR1
Akl - 18
Heavy Chain CORZ
Ab2 ~ iG AN
Heavy Chain CORZ
Ab3 ~ 17
Heavy Chain CDR2
AbY - 18
Hesvy Chain TDOR3
Abd -~ 19
Heavy Chain CDOR3
A3 - 20
Heavy Chain CORY
Aht - 21
Light Chain nucdleolide I
“"t”‘ “tgg aCﬂaacavctcccaogaacggccwccdaactc
T yrtaataatcecggcggocctecocggggteccctgaccgatt
iagtytggcdcytcaqccLccctggvcaucdgugggc
aggatgaggctgattatttectgtgcagegttagatgac
&L tgtggtattcggecggagggaccaaactgaccgtect
J&aagcggogceccteggtcactetgticceccgecctect
ttcaagccaacaaggccacactggtgigtctecataagt
ogggageegtgacagtggaectggaaggcagatageayg
Wgcgggagtggagaccaccacaccctecaaacaaagea
cccggccagcagctatctgagyctgacgyctgadcac
Locacagaagctacagetgecaggtcacgecatgaagggag
gagsagacagtggeccctacagaatgtitca
AbZ - 22 ct.gactcagccaccctecagegtetgggacceocogggcea
Light {hain nucleotide tctettgttotggaagoaacteocaacatoggaagta
aactggtaccaccagetcocaggaacggececccaaacta
tattaataagcggcccoctecaggggtecctgaccgatt
‘aagtctgg“t““tcaﬁc“*cc“tggccatcaqtgggc
TS raggatgaggectgattattactgtitcaacatgggatgac
Fetefad. idtgtggtatteggeggagggaccaagectgacegteet
BYY raaagcggogeccteggtecactetgtteccageectect
ong goittcaagccaacaaggcocacactggtgtgtctecataagt
ganﬁ:ctaccrdggaUCvgtgacagtgguctgdaagccadataccad
o agiicgggagtggagaccaccacaccctccaaacaaagca
B avgcggccagecagectatetgagectgacgectgageayg
i cagaagctacagetgccaggtecacgcatgaagggayg
e wagacagtggcecccctacagaatgttca
A3 - 23 ‘Ltgacgcagtctccaggcaccotgtetttgtectecagy

Light Chain nucleatide

xccctotoectgecagggecagtcagagtgttagecagea
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EXAMPLE 7: Modified Ant-DSMR Antibodies

[003171  Modified versions of Abl, AbZ, and AbY were generated, For all theee modified

forms of the anubodies, the lysine at the C ernanus of the heavy chain was removed. For Abl

and Ab2, the glvcosylation site at posttion 73 was removed by substituling the asparagine at

position 73 with an aspartic acid. These varants are referred to as AbI-N73D and Ab2-NT73D.

The sequences of the modified antibodies are set forfl i Table 9 below (the modified

nucleotides and amino acids are underdined).

Table 9

BPrescription

SEQ
1)
NO

Sequence

AbY version 2 —
Heayy Chain
mucheotide

(N73D / C-ierminai
lysine deleted)

47

gtgcagtctggggctgaggtgaagaagcctgggge
ctcecctgcaaggecttetggatacaccttcaccagtt
gggtgcgacaggccactggacaggggcttgagtygg
aaccctaatagtggtaacacagactatgcacagaa
gytsgagtcaccatgaccagggacatttecataageacgyg
gctgagcagectgagatctgaggacacggeaegtttat
sgagatatggtggctgegaatacggattactacttcecta
. %acq tctggggccaagggaccacggtcacegtetect
raagggoccatcecggtettecaococctggegecctgetaa
gagagcacagcggececctgggetgectggtcaagga
accggtgacggtgtcgtggaactcaggegctctga
caccttecccagetgtecctacagtecctcaggacte
gecgtggtgacogtgececctecagecaacttecggeac
cctgcaacgtagatcacaageccagecaacaccaagy
agttgagcgcaaatgttgtgtcecgagtgeccaccgtge
tgtggcaggaccgtcagtecttectctteecceccocecaasa
cctcatgatctceccoccggaccectgaggtecacgtgeg
tgagccacgaagacccegaggtcoccagt tcaactgv
gtggaggtgcataatgceccaagacaaageccacggga
acagcacgttecgtgtggtcagegtectcaccgttg
ggbtqaacggcaacgagtahaag*gcaagg*cthc
ccagcceccocatcgagaaaaccatcteccaaaaccaa
gagaaccacagutgtabaCChtg ccecatcececeggyg
agaaccaggtcagcctgacctgectggtcaaagge
gavatccccgtggagtgvgaﬂagvaat iggcagec
acaagaccacaccteccatgetggactacgacgget
‘tacagcaagctcaccgtggacaagagecaggtggeag
tctt tcatgcteccocgtgatgocatgaggetctgcacaa
"aqaacagcct tcbctg ctbcgggt

g
bg

]

=

TR S

o
2}

[ S RS T
Q SD

g )'1' Q f; 1") P

ot W

382

Ah2 version & ~
Haavy Chaint
nuclegtids

{NT3D f C-terminal
fysire deleted)

48

i“pgggtg Qacacgccdc Ugacdagcgcttgactgd
tgaacccoctaacagtggttacacaggctatgcacagaa
mgagtcaccatgaccagggacacctccataagecacay
rasatgagcagectgagatctgaggacacggecgtgtat
gagatatagtggctgcgaatacggattactacttcta

gacgtetggggccaagggaccacggtcacegtaetect

o
i}

[T

o~
[
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i

o
£ )
(A eIt

aagggceccatcecggtectteccocetggegeoectgeteo
ccgagagﬂacdgcggccc ggctgcctggtcaagga

i1

1%

9]
0%
3

xcagcgtggtgaccgtgcyctccdgvaacttcggcac
Lawacctgcaacgtagatcacaagcccagcaacaccaagyg
rgttgagcegcaaatgttgtgtegagtgaccacegtge
tgtggcaggaccgtcagtcttectecttecccecoccaaa
gavaccctcatgatcteccggaccecectgaggtecacgtgey
: cotgaﬂccacgaagacccccagotvuagLtcaactgg
idecgtggaggtgcataatgoccaagacaaagceccacggga
hacagcdcgttccgtgtggtcagcgpccLcabcgttg
stggctgaacggcaaggagtacaagtgcaaggtctcee
ctcccagecccoccatcgagaaaaccatctccaaaaccaa
cgagaaccacaggtgtacaccctgecccececatecceggg
cgaagaaccaggtcagectgacctgoectggtecaaagge
agcgacatecgecgtggagtgggagagcaatgggeagecd
mtacaagaccacacctceccatgetggactacgacgget
nﬁ”tacavcaagc'caﬂcgtgvaﬁaagavcaﬂgtgvcaM
rt.cttectecatgectecegtgatgeatgaggetectgecacaa
Sgmagaagagoctcectcoactgteotecgyggt

Ah3 -

Haavy Chain
ruicltectids
{C-terminal lysine
deleiad}

rhggtgcagtctggagctgaggtgaagaagectgggge
rgtctectgecaaggettctggttacacctttaccaget
yﬁtgggtgcgacacgcccctcgacaagcgcttgactgd
t.cagcacttacagtggtaacacaaactatgcacagaa
gagtcaccatgaccacagacacatccacgagecacayg
gdqctgaggagcctgagatcectgacgacacggecgtgtat
gogagagggaacttctactactacgygtatggacgtetgggy

3 scggtcaccgtectectecagetagecaccaagggoecat
coctggegecctgetecaggagecacctocgagagecaca
iqetgectggtocaaggactacttecccgaacaggtgac
actcaggcgotctgacocageggegtgecacaccttcee
stscagtcctcaggactctactcecctoagecagegtggtyg
tecagcaacttcgygcacecagacctacacctgecaacgt
yuccagcaacaccaaggtggacaagacagttgagegea
rgtgtagagtgeccacegtgececagecaccacetgtggecagga
thcctecttecceccaaaacccaaggacaccctecatgat
..»ctgaogtﬁacgtg gtggtggtggacgtgagccacyg
aggtccagticaactggtacgtggacggegtggaggtyg
coaadacaaagecacgggaggageagttcaacagcacgtt
magegtoctcacegttgtgecaccaggactggectgaacy
avaagtgcaaggtctcoccaacaaaggcctoccagecece
aaanucatctccaaaaccaaagggeagcececcgagaaccaca
ytgccccbatcccgquaggagatgaccaauaaccagu

3agcaatgggcagccggagaacaactavaagaccdc
ctggactceccgacggctacttettecoctetacagcaage
caagagcaggtggcagcaggggaacgtcecttcectecatge
uggaggct tgcacaaccactacacgcagaagagcect

Ab1 version 2 ~
Hemvy Chain protein
(N30 / Cterminal
lysine delated}

&0
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Ab2 version 2 — &1
Heavy Chain profein
(NT3D { C-lerminal
fysing deleled)

Ab3 version 2~ 52
Heavy Chaln protein T
{Cerminal iysine N
geleted) o
,“FI“‘L\‘:Z b
Ab1 varsion 2 -~ 53
Haavy Chain Variabla
Hegion

{N73D / C-tarminal
lysine delatad)

Al2 version 2 — 54 ¥
Heavy Chain Variabis M
Region

(N7 Cerminal
ysine delstad)

LT T Y Y e
3,4\7“\\: H

AT

8T
=MV

JO031R]  ELISA expenments were performed under various formats (Capture ELISA for
avidity-less format; Sandwich ELISA for sohution phase fornuat; and Direet ELISA fir solid
state avidity format) using sutibodies contabning the variable regions of Abl or AbZ {or the

NT3D variant of Abl or Ab2} with different Fo regions.

(0031971 Abl and Ab2 each comtaiy CHI, CH2, CH3 domaing of human 1p02 onigin., As

gsed heremy, the terms “Ab1T and "Abl 1gG2 WTT refer 1o the same antibody. Similarly, the

torms “AbZT and “Ab2 [G2 WT refer to the same antibody.

(03201 Antibodies identified as “TgG4P agly / 1gG17 contain the variable regions of Abl or
Ab2 (or the N73D variant of Abl ov Ab2) fused to the CHI domitan from human lgG4, the

hinge froom homan 1gG4 with a Ser o Pro nnstation {at position 228} to reduce shuftling, the

CH2 domian from buman TpGd with an Ase to Gln mutation (st position 297} to climinate the
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N-hinked giveosviation site, and the CH3 domam from haman IgGl. The “1gG4P agly /1gGY”

framework is deseribed 1w US published patent application mumber US 20120100144

[00321]  The ELISA resulis indicated that removal of glyeosvlation sttes vin the N73D

substitution did vot affect the binding of the modified aptibodies to USMRL See Table 10

Table 18

Antibady Capture {ECHY Sandwich {LC30) Divect {EC50)

nM nM nM

Ab IgG2 WT 2 {1581 0184

ARI NTID G2 4.85 0,359 00728

Abl N73D fg(G4P | 236 .03 (0626
sely / IeGi

0366 0182

Ll
o
i

Ab2 [gG2 WT

Ab2 NTID g2 5.49 £3.34

%)
5]
-
e
M

N

Ab2 N73D JedP | 1.6 0.40064 001558
agly / 1gGl

{00322 Binding studics were performed using the BlAcore method, Antibodics contaming
the variable vegions of Ab1 or Ab2 {ov the N73D variant of Ab1 or Ab2) with different Fe
regions were innnobilized onn & CM4 chip (GE hifesciences) as per nwpafacturer’s protocols.,
Soluble OSMR was used as the analvte. Remionvng the glycosylation site on Abl and Ab2 via

the N731 substitution improvedd the binding affinitics. For Abl, the substitution improved Kon

rate, whereas for Ab2 i mnproved Koft'rate. See Table 11,

Table 11

Antibody Kon (M1} Kolf {1/s) KD (v
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Al [gG2 WT

Le4EHS

SR04

0.913E-9

Ab1 N73D lgG2

2 AGEA03

1.O8E-D4

HOTIES

Ab2 Ig(} WY

1L8RE+0S

1.89E-04

LOTEAO8

AbI N73D [l

LI3EA08

4 QOE-G5

6,2891-4

100323]

The stability of Fab fragments wis determined by assessing the thermal unfolding of

atibodigs. High wmeling temperatire of Fab fragments correlates dircctly to increased

stainlity. Removal of glveosylation sites on Ab2 via the N73D substitution did not affect the

thermal stability of Fab fragiments and showed minor effocts on Ab1, as assessed by differential

scanming Fuorimery experiments. See Table 12,

Table 12

Antibody

Fab Tm {Celstus)

Standard Ervor {Celstus)

AblIgGZ WT

-
"
I
=

0.0097

Ab1 NTID Igi32

7121

Q.05

AbBIN73D pG4P
agly / IeGl

4,014

Ab2 1eG2 WT

{096

Ab2 N73D g2

.84

AbI N73D 1gG4apP
agly [ 1gGl

4018

{110324]

The ability of modified anti-O5MR antibodics 1o block signaling through haman

OSMR weas assessed. The modificd antibodios were evaluated for thetr ability to inbubig

proliferation of & BaF_ho-IL3IRAOSMR/ep 130 cell Ting in the presence of 1L31, OSM, or L3
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and OSM. The results are presented m Tables 13 and 14 below, with the 150 for cack

antibody shown, The results continm that the modified versions of Ab! and Ab2 are potent

nhibitors of OSM- and 1L-3 L-mediated signating.

Table 13

Antibody

1L31

0S50}

O8SM

{1C56)

HL3OSM

{150

Ab2 {(1.382% {3528 ~1.B
Abl g6 WT {1.66%] {.5298 4004

ABY NTID 1gG2

(5335

3R

Ab1 NTAD IgG4P
agly / TgGl

0.5657

3080

Table 14

Antihody

1L31

(1C50)

O8SM

(ICSH)

H3VOSM

(1C50)

Ab2 1.4435 04010 1.8

Ab2 Tel G2 WT (.3671 4758 2.049
AbI N7T3D 1gG2 0.2191 (1LER59 1474
Ab2 NT73ID IgG4P | 02838 0.2401 1276

aghy / Ig(sl

-03 -




WO 2014/194274 PCT/US2014/040360

HUEERAY The disclosure has been desenbed 1 terms of particalar embodiments found or
propased to comprise speeitic modes for the practice of the discloswre. Various modifications
and variations of the described tivention will be apparent to those skitled in the art withowt
departing from the scope and spirit of the invention. Although the invention has been described
m comection with specific embodiments, i should be understood that the invention as claimed
shoutd not be unduly limited to such specific embodiments. Indeed, varicas modifications of
the desertbed modes for carrying out the invention that are obvious to those skilled 1o the

retevant fields are mntended to be within the scope of the following claims,
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CLAIMS
What is claimed:
L An oncostatin M receptor {OSMR} antigen binding protem comphising:
Y a lght chain vaniable domain having at least 90% identity to the amino acid

sequence set forth in SEQ D NO:27, SEQ D NOG2R, or SEQ ID NO:29;

b} 3 heavy chain variable domain having at least 90% identity to the amino acid
sequence set forth in SEQ D NG9, SEQ IDNQ:1O, or SEQ 1D NO:H L or

¢} a Higdw chain variable domain of a) and a heavy chain variable domain of by,
2. The OSMR antigon binding protein of claim 1, wherein the light chain varighle doman
has at lepst 95% sdentity 10 the smino acid sequence set forth in SEQ I N7, SEQ 1D NQ2K,

or SEQ 1D NG29,

3, The OSMR antigen binding protein of clatre | or 2, wherein the heavy chain variable
domain has at least 958% wdentity to the anune acd sequence set forth in SEQ IDNOG:4, SEQID
NG, or SEQ 1D NO:L L

&, An oncostatin M receptor {OSMR) antigen binding protein, cormprising:
a) a light chan variable domadn having no more than ten amino acid additions,

delviions or substitutions fron the aming aoid sequence sot forth in SEQ 1D ND:27, SEQ D
NOZE, or SEQ 1D NO:29;

b} a heavy chain variable domaie having no mwore than ten anune acid additions,
deletions or substitutions from the amino acid seguence set forth in SEQ ID NQ:S, SEQ D
NOHD, or SEQ ID RO or

e} the light cltain variable domam of a} and the heavy chatn variable domain of' b).

1

O

thn
1
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~

The OSMR antigen binding protein of claim 4, wherein the light chain variable domain

XA

has no more than five amino acid additions, deletions or substitutions front the aming acid
sequence sut forth in SEQ D NG:27, SEQ ID NG 2E, or SEQ D NG:24

& The OSMR antigen binding protein of claim 4 or §, wherein the heavy chain variable
dontain has no more than five amino acid additions, deletions or sabstitutions from the smino
acid sequence sot forth in SEQ ID NO:®, SEQ ID NOUIG, or SEQ 1D NO:TL

7. The OSMR antigen binding protein of ¢latm 1-6, wherein the light chain variable domain
compriscs the anuno acid sequence set forth in SEQ 1D NQ27, SEQ 1D NG2K, or SEQID
NG:29.

8. The OSMR antigen binding protein of claim 17, wherein the heavy chan vanable

donain comprises the amine acid sequence set forth in SEQ 1D NG9, SEQ D NO: 1O, or SEQ
I NO:T L

4. An oncostatin M receptor (OSMR} antigen binding protein compnsing:

a light chamn variable domam conywrising:

) an LODRY having no more than three amino acid additions, deletions, or
substitutions from the LCDR 1 sequence set fovth in SEQ 1D NO3G, an LCDR2 having no more

than three aming acid addinons, deletions, or substitutions from the LODR2 sequence set forth m
SEQ ID NO33; and an LUDRY having ne more than three aminoe acid additions, deletions, or
substitutions from the LODR3 sequence set forth in SEQ 1D NO36;

) an LCDR1T having no more than three anunoe acid additions, deletions, or
substitutions from the LOCDRY sequence set forth in SEQ ID NO:31; an LCDR2 having no more
than three mnino acid additions, deletions, or substitutions from the LCDR2 sequence sot forth in
SEQ ID NO:3; and an LODR3 having no move than three apuno acid additions, deletions, or

subsututions frons the LCDRA sequence set forth in SEQ IR NOG3T: or
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&) an LCTDRT having no wore than three aming acid additions, deletions, or
substitations from the LCDRI sequence sof forth in SEQ 1D NOG32: an LCDRZ having no more
than three anuno actd additions, deletions, or substitutions trom the LODR2 sequence set forth in
SEQ ID NR3S: and an LCDRS having no more than three amine acid addinons, deletions, or
substitutions from the LUDR3 sequence set forth in SEQ ID NQ:3K; and
a heavy cham varable domam comprising:

d} an HOCDRY having no more than three anuno acid additions, deletions, or
substitutions from the HCDRY sequence set forth in SEQ 1D NO: 12! an HUDR2 having no more
than three amine acid addittons, deletions, or substitutions from the HCDR2Z sequence set forth m
SEQ D NO:15; and an HCDR3 having no more than three amino acid additions, deletions, or
substitutions from the HUDRA sequence set forth in SEQ D NOHS;

&} an HCDRI having no more than three amine acid additions, deletions, or
substitistinns from the HODR Y sequence set forth in SEQ D NG 13 an HCDRZ having no more
than three minoe acid additions, deletions, or substitutions from the HCDR2 sequence set forth in
SEQ ID NO: 16 and an HOCDRS having no more than three amine soid addinions, deletions, or
subsiitations from the HUDR3 sequence set forth in SEQ IDNO: 19 o

) an HCDR having no mors than three amine acid additions, deletions, or
substitutions from the HUDRI sequence set forth i SEQ 1D NO T an HODR2 having no morg
than three amne acid addstions, deletions, or substitutions from the HUDR2 sequence set forth in
SEQ D NGUT, and an HCDR3 baving no more than three amino acid additions, deletions, or

substitttions from the HOCDRSE sequence soi forth in SEQ I NG:20.

g, The QOSMR antizen ading protein of claim 9 vonywrising the loebht chain varable domain
s ) 12 g &

of a} and the begvy chin variable domain of d).

. The OSMR antigen binding protein of claim 10, wherein the light chain varable domamn
comprises an LCDRY ag set forth in SEQ ID NQO:30; an LOCDR2 sequence as set forth in SEQ ID
K:33; and an LODR3I sequence as set forth in SEQ ID NQ:36; and the heavy chain vanable

dinnain comprises an HCDR1I as set forth i SEQ 1D NO12; an HODR2 sequence as set forth

SEQ ID NO: 1S and an HODRS sequence as set forth in SEQ ID NOIR.
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12 The GOME antigen binding prototn of claim 2 comprising the bght chain variable domam

of b) and the heavy chain variable domain of ¢l

13, The OSMR antigen binding protein of cluim 12, wherein the light chain variable domain
comprises an LCDRY as set forth in SEQ 1D NO3 1 an LCDR2 sequence as sot forth i SEQ ID
NO:34; and an LCDR3S sequence as set forth in SEQ ID NO:37; and the heavy chain vanable
doniain comprises an HCDRT as set forth in SEQ ID NO: 13, an HCDR2 sequence as set forth in
SED NG Ye: and an HODR 3 sequence as set forth tn SEQ 1D NO:H9.

14, The OSMR antigen binding protein of clatm 9 compnising the light cham vanable domain

of ¢} and e heavy chain varable domain of £

15, The OSMR antigen binding protein of claim 14, wherein the light chain variable domain
comprises an LCDRY as set fordh tn SEQ 1D NO:32; an LCDR2 sequence as sot forth in SEQ 1D
K33; and an LUDR 3 sequencs as set torth in SEQ 1D NQU3E,; and the heavy chain vanahde
domgin comprises an HCDRY as st forth 1 SEQ 1D NO:14; an HCDR2 sequence as set forth in
SEQ IDNO:7: and an HODR3S sequence as set forth i SEQ 1D NQ:20.

16, The OSMR antigen binding protein of any of claims 1-7 or 9-11, wherein the heavy chain
vartable domam comprises si amine acid other than asparagine at the position corresponding to

position 73 in SEQ 1D NG

17, The OSMR antigen binding protein of claim 16, wherein the heavy chain vardable dowmam

comprises an aspartic acid at the position comesponding to posttion 73 in SEQ IDNO:9.

18, The OSMR antigen binding protein of any of claios 1-7 or 9-11, wherein the heavy chain
vartabile domain comprises the amino acid sequence sat forth e SEQ 1D N33,
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12 The OSMR antigen inding protein of any of elaims 1-7 9, 12, or 13, whersin the heavy
chain variable domam comprises an aming soid other than asparagine of the position

vorresponding to position 73 in SEQ 1D NGOG

26 The OSMR antigen binding protein of claim 1Y, wherein the beavy chamn vaniable domain

conyrises an aspactic acid at the position corresponding {0 position 73 i SEQ 1D NG i

2E. The OSMR antigen binding protemn of any of clabtms 127, 8, 12, ov 13, wherein the boavy

chain variable domain comprizes the arine acid sequence set forth in SEQ 1D NO:S4.

22, The OSMR antigen binding protein of any of clams 1-21, wherem the antigen binding

protein specifically binds lnoman OSMR with an affinity of fess than ovequal to | x it

23, The OSMR antigen binding protein of any of clatros 1-22, wherein the antigen binding

profcin infubits binding of buman OSM o bwman 1-31 to hanan OSMR.

24, The OSMR annigen binding protein of any of clabos 123, wherein the antigen binding
profein reduses human OSM-medinted or hunan [L-3 oediated OSMR sigmaling 10 baman

OSMR-expressing cells.

35 The OSMR antigen binding protem of any of clabms 1-34, wherein the antigen binding

protemn is an antibody.
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26, The OSMK antigen binding protem of claim 23, wherein the antibody is a lnonan

antibody.
27 The OSMR antigen binding protein of claim 26 coraprising a light chain and a heavy

chatn, wherein the light chain comprises the aming acid sequence set forth in SEGQ 1324 and the

heavy chain comprises the amine scid sequence set forth 1 SEQ D NO6,

28 The OSMR mutigen binding protein of claim 26 comprising a light chain and a heavy
chatn, wheremn the hight chaim comprises the amino acid sequence set forth in SEQ 123 and the

heavy chamn comprises the amine seid sequence set forth in SEQ D NOT

2% The OSMR wmuigen binding protein of claim 26 comprising a light chain and a heavy
chain, wheretn the hight chain comprises the amino acid sequenes set forth in SEQ 1126 and the

heavy chain comprises the antino acid sequence set forth i SEQ 1D NOR,

A0, The OSMR antigen binding protein of claim 25 comprising a hight chain and a heavy
chain, wherein the hght chain comprises the amino acid sequence set forth in SEQ ID:24 and the

heavy chain comprises the anuno acid sequence set forth m SECY 1D NGOG0,

~N

31, The OSMR antigen binding protein of claim 23 comprising a hght chain and a heavy
chamn, wheretn the hght{ chain comprises the amine acid sequence set fordh in SEQ ID:2S and the

heavy chain comprises the amino acid sequenice set forth b SEQ 1D RO L

e

320 The OSMR antigen binding protein of claim 25 comprising a light cham and a heavy
chain, wherein the light chain comprises the amine acid sequenee set finth m SEQ D226 and the

heavy chain comprises the amine acid sequence set forth in SEQ ID NO:S2.
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330 An tsolated nuckeie scid encoding a polypeptide, said polypeptide comprising:

&} a light chain vanable domain having at least 3% identity 1o the aminoe acid
sequence set forth m SEQ 1D NO:27, SEQ 1D NO2S, or SEQ 1D NO2Y,

by a heavy chain variable domain having at least 95% identity to the amino acid
sequonce set forth in SEQ 1D NG9, SEQ 1D NG:10, or SEQ 1D NO:H L

¢} a light chain varisble domain baving no more than five amino acid additons,

deletions or substitutions froun the amino acid sequeneg set forth in SEQ ID NO27, SEQ 1D
NO2S, ar SEQ ID NO29:

&) # heavy chain vadable domain having no more than five aming avid additions,
deletions or substitutions from the ammo acid sequence set forth 1 SEQ 1D NO:S, SEQ ID

NOHY, or SEQ I NOTE

¢} a light chain variable domain comprising:
1} an LCDR I having no more than three amine acid additions, deletions, or

substitutions from the LCDRI sequence set forth s SEQ 1D NO3O; an LCDR2 having no more
than three anuno acid additions, deletions, or substitutions from the LOCDR2 sequence set forth in
SEQ D NO33; and an LCDIRS having no more than fhroe amine acid additions, deletions, or

substitutivms from the LUDRI sequenee sot forth in SEQ 1D NQ:36;

i) ann LCDR T having no more than three amino acid additions, deletions, or
substitutions from the LCDRI sequence set forth in SEQ 1D NO:31; an LUDRZ having no more

than three amine acid additions, deletions, or substitutions from the LOUDR2 sequence set forth in
SEQ ID NO34: and an LCDR3 baving no more than three amno scid additions, deletions, or
substitutions from the LUDR3 sequence sef forth in SEQ 1D NO3T, or

i) s LUDRY having no more than three anuno acwd additions, deletions, or
substitytions from the LUDRY scquenee set forth in SEQ 1D NQU3Z,; an LUDRZ having no more
than threc aminoe aoid additions, deletions, or substitutions from the LCDRY seguence set forth m
SEQ I NO:AS; and an LODR2 having no move than thres avuno acid additions, deletions, or

substitattons from the LCDR3 sequence set forth 1 SEQ 1D NO3S or

£ a heavy chain vanable domain comprising:
1} an HCDR1 having no more than three amine acid additions, delstions, or

substitutions from the HODRY sequence set fosth w SEQ ID N2 an HODR2 having no more

thay three amunoe aad additons, deletions, or substitutions from the HUDR2 sequence set forth in
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SEQ ID KOS, and an HCDBRY having no more than threo aming aoid addinions, deletions, or
substitutions from the HCDR3 sequence set forth m SEQ 1D NOU &

i) an HOUDRI having no more than theee amino goid additions, deletions, or
substitutions from the HODRY sequence set forth i SEQ ID NCH13; an HCDRZ having no niore
than three anune acid additions, deletions, or substitutions from the HODR2 sequence set forth in
SEQ D NG 6; and an HCDR3 having no more than three amino acid additions, deletions, or
substitutions from the HODR3 sequence set forth in SEQ ID NO, or

i} an HCDRT having no more than three amine acid additions, deletions, or
substtutions frome the HOCDRI seguence set forth i SEQ ID NO: 4 an HUDR2 having no more
than three anune acid additions, deletions, or substitutions from the HCDR2 sequence set forth in
SEQ ID N7 and an HCDR3 having no more than three amino acid additions, deletions, or

substitutions from the HCDRY sequence set forth in SEQ D NG2G

34 The isolated nucleic acid of clam 33, wherein the polypeptde compnises an antibody

hight cham

3% The solated mecleic acid of chum 34, wherein the hight chain is encoded by a nucleie acid
comprising a nuclentide seguence at least 80%: identtical to the muclcotide sequence set forth in

SEQ 1D NO:21, SEQ D NO:22, or SEQ ID NO:23.

36, The isolated wmrcleiv acid of clam 35 wherein the hight chain is encoded by a nucleie acid
conprising a nuclomtide sequence at feast 90% identical to the nuckeotide sequence set forth in

SEQ IDNCR2E, SEQ D NG22, or SEQ ID NO:23.

37, Theisolated nucleic acid of claim 36, wherein the light chain is encoded by a nuclete acid
comprising a nucleotide sequence at least 95% wdentical to the nucleotide sequence set forth in

SE( 1D NO:21, SEQ 1D NO:22, or SEQ 1D NO:23.
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38, The isolated meeleie acid of ¢laim 37, wheren the ight chan is encoded by a nucleie acid
comprising a nucleotide sequence set frth in SEQ IDNQ:21, SEQ D NO:22, or SEQ 1D
N{x23,

3G The isolated mleie acid of claim 33, wherein the polypeptide comprises an antibody

heavy chain,

44 The 1solated mcleic acid of claim 39, wherein the polepeptide comprises the aming aeid

sequence set forth in SEQ ID NOS3 or SEQ ID NO:84,

41, The wolated nucleic acid of clam 39 wherein the polypeptide comprises the amine acid

sequence set forth i SEQ 1D N30, SEQ D NS, or SEQ 1D NO:32.

43, The selated mucleic acid of elaim 39, wherctn the heavy chan is encoded by a2 nucleio
acid comprising a nucleotide sequence at least 80% wdentical o the nucleotide sequence set forth
i SEQ IDNO7, SEQ 1D NOSR, SEQ 1D NGO, SEQ IDNO:10, SEQ IDNO:H L SEQ ID

NO 12, SEQ ID NQ: 13, SEQ ID NO: 14, SEQ [D NO:15, SEQ 1D NO:S, or SEQ IDN(RIT.

43 The isolated nucleie acid of elatm 42, wherein the heavy chain is encoded by a nucleic
acid comprising a mucleotide sequence at least 9% wdentical to the nucleotide sequence set forth

w SEG D NO3, SEQ D NOGH, or SEQ D NG,

44, The isolated nucleie acid of clanm 43, wherein the heavy chain 1s encoded by a nuclsic
goid comprising 3 nuckeotide sequence at least 95% wentical to the nuclestide sequgnee set forth

in SE D NO3, SEQ IDNOH, or SEQ 1D NOS,
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45, The solated muckeic acid of elaim 44, whercin the heavy chan 1s encoded by 2 mucless
acid comprising a nuclentide sequence st forth in SEQ IDNQ:, SEQ D NO4, o SEQID
N{X5,

48, The solated mreleic acid of claim 44, wherein the heavy chamn 1s encoded by a nueleio
acud comprising a nucleotide sequence set forth in SEQ 1D NO7, SEQ 1D NO4R, or SEQ D
NG44,

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

48, The expression vector of olaim 47, wherein the isolated nucleie acid encodes an antibody

Hight chain

49 The expression vector of claim 47, wherein the isolated nucleie acld encodes an antibody

heavy chain.

50, The expression vector of claim 48, further comprising an isolated nocleic acid encoding

an antibody heavy cham,

51 A vecombinant host celf comprising an isolated moeleic acid of any of clatms 33-46

operably tatked fo a promoter.

32, Awecombmant host cell comprising an expression vector of any of chuns 47-50.
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53 The recombinant host cell of elatm 52, wherein the host cell comprises an expression

veetor of claim 48 and 49,

54 The recombinant host cell of clatm 33, wherein the host cell seeretes an antibody that

binds QOSMR.

The recombinant host cell of any of elaims 51-34, wherein the cell is of manunalian

origin
36, The recombinant bost cell of claim 55, wherein the cell is a Chinese hamster ovary

{CHO) cell hine,

57 A wmcthod of treating a discase or disorder, said method comprising administening a

therapeutically effective mmownt of an OSMR antigen binding protein of any one of claims §-32

io a patient i need thereof,

The method of claim 57, wherein the OSMR antigen binding protein i an antibody.

58
59 The method of claim 5§, wherein the antibody comprises a light chain variable doman

amino actd sequence as set forth m SEQ I NO2T and a heavy chain variable domain amino

acid sequence as set forth in SEQ 1D NO:9.

60.  Tho method of elatm 59, wherein the antibody comprises 3 lght chain ambng acid
sequence as set forth in SEQ D NO:24 and & heavy chain aminoe acid sequence as sot forth

SEQ 1D NO6.
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61, The method of claim 538, wherein the anubody comprises a light chain variable donwain
amuno acid sequence as set forth i SEQ 1D NO:27 and 8 beavy chain variable domaimn amino

acid sequence as set forth in SEQ 1D NGOG

62, The method of clam 61, wheren the antibody comprises a light chan anuno acid
sequence as set forth m SEQ D NO:24 and 3 heavy chan amino aad sequence as set forth m
SEQ ID NOS0.

63, The method of claim 58, whorein the antibody comprises a hight chain variable domain
amino acid scquence as set forth i SEQ 1D NO2R and a heavy chain variable domain smino

acid sequence as sot forth i SEQ 1D NGO,

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

SRQ ID NO7.

65, The method of clatm 38, wherein the antibody conprises a light chain variable domain
mnine acid sequence as sot forth w SELQ 1D NOR2R and a heavy cham variable domain anive

acid sequence as set forth e SEQ TD N34,

66.  The method of elaim 63, wherein the antibody comprises a hight chain amibng acid
sequence as set forth in SEQ 1D NO:23 and a heavy chain amine soid sequence as st forth in
SEQ 1D NQ:SH
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67 The mothod of elaiin 58, wheretn the autibody comprises a light chain vartable doman
amine ackd sequence as sef forth in SEG 1D NOQ2Y and a heavy chain variable domam aming

avud sequence as st forth in SEQ ID NG 1L

68, The method of elaiin 67, wherein the antibody comprises a light chain amino aeid
sequence as set forth in SEQ 1D NOIH and & beavy chain amino acid sequence as set forth in
SEQ D NOK.

69, The method of claim 67, wherein the anttbody comprises a light chain anino acid
sequence as set forth in SEQ ID NO26 and a heavy chain anuno acid sequence as sef forth in
SEQ HD NGos2,

7. The moethod of any of claims 57-69, wherein the antigen binding protein intubits binding

of OSM andfor IL-31 10 OSMR.

7H The method of claim 74, wherein the disease or disorder is s autoimmuny disorder, an
nflanmmatory disorder, or & disorder associated with extraceHolar matrix deposition or

remodeling.

72, The method of clum 71 wherein the autoimumene disorder, the inflanunatory disorder, or
the disorder associated with extracellular matrix deposition or remodeling s fibrosis, cartilage
degradation, arthntis, thewnatotd arthnts, scloroderma, scleradorma-assogiated nerstinal fung
discase, idiopathic pulmonary fibrosts, cirrhoats, psoriasts, atopic dermatitis, systemic cutaneous
amyloidosis, primary cutaneous anwloidosis, inflammation, provitic inflanumation, prarigo

nodularis, and pain,
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73, A method of making an oncostatin M receptor {OSMR) antigen binding protem, the

method conpmising:
a} velturing a recombinant host ceoll of any one of claims 31-36; and

b) isolating the OSMR antigen binding protein from sad coltare.

4. Ap oncostatin M receptor {OSMR) antigen binding protem of any of claims 1232, wherein
the OSMR antigen binding protein cross-competes with an antibody selected frons the group
crmsisting ofl

a} an antibody comprising a Hght chabn comprising the anune acid segquence set forth in
SEQ 1D:24 and a heavy chatn comprising the amine acid sequence set forth i SEQ 1D NQG:4;

by an antibody comprisig a hght chamn comprising the ammo acid sequence set forth in
SEQ HX2S and a beavy chain comprising the moine acid sequence set fonth i SEQ 1D NOYT,
and

¢y an antibody comprising a light chain comprising the amine acid sequence set forth in

SEQ D26 and 3 heavy chain conywising the aming acid sequence set forth m SEQ 1D NOS.
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