| NTERLEUKI N- 21 RECEPTOR BI NDI NG PROTEI NS Rel at ed
Applications [0001] This application clains the
wheweflixs2df priority from U S. Provi si onal PatBeCE/US2009/045182
Application No. 61/055,500, filed May 23, 2008, the
content of which is hereby incorporated by reference
herein in its entirety. BACKGROUND OF THE | NVENTI ON
Field of the Invention [0002] The present invention
rel ates to binding proteins and anti gen-bi ndi ng
fragments thereof that bind interleukin-21 receptor
(IL-21R), in particular, human |L-21R, and their use
in regulating IL-21R-associated activities. The
bi ndi ng proteins disclosed herein are useful in
treating and/ or diagnosing |IL-21R-associated
di sorders, e.g., inflanmatory disorders, autoi nmune
di seases, allergies, transplant rejection,
hyperproliferative disorders of the blood, and ot her
i mmune system di sorders. Rel ated Background Art [0003]
Antigens initiate i mune responses and activate the
two | argest popul ations of |ynphocytes: T cells and B
cells. After encountering antigen, T cells proliferate
and differentiate into effector cells, while B cells
prol i f er at NERBRLHEUKEY-2hRECEPTORBANDINGARROIEIAS ng
pl asma cells. These effector cells secrete and/or
respond tocytoki nes, which are small proteins (Iless
t han about 30 kDa) secreted by |ynphocytes and ot her
cell types. [0004] Human IL-21 is a cytokine that
ShewsaSEHigRES honol ogy to I1L-2, IL-4 and IL- 15
(Parrish-Novak et al. (2000) Nature 408:57-63).
DEoil § & hismppﬁemimmm'mh dm:ﬂemgﬁt (ﬁrm'm)gitj' froerV. éuRl'roN'isional Patent
cyt oki nes share a _common fold into
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BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to binding proteins and antigen-binding
fragments thereof that bind interleukin-21 receptor (IL-21R), in particular, human
IL-21R, and their use in regulating IL-21R-associated activities. The binding
proteins disclosed herein are useful in treating and/or diagnosing IL-21R-associated
disorders, e.g., inflammatory disorders, autoimmune diseases, allergies, transplant
rejection, hyperproliferative disorders of the blood, and other immune system

disorders.

Related Background Art

[0003] Antigens initiate immune responses and activate the two largest populations
of lymphocytes: T cells and B cells. After encountering antigen, T cells proliferate
and differentiate into effector cells, while B cells proliferate and differentiate into

antibody-secreting plasma cells. These effector cells secrete and/or respond to



receptors for IL-10 and the interferons, whereas class
I cytokine receptors include the receptors for IL-2
wa boodgds2d L-7, 1L-9, IL-11, IL-12, IL-13, and PCFUS2008645182
wel | as henmat opoietic growmh factors, leptin, and
growt h hornone (Cosman (1993) Cytokine 5:95-106).
[0005] Human IL-2 IR is a class | cytokine receptor.
The nucl eoti de and am no aci d sequences encodi ng human
IL-21 and its receptor (IL-211 are described in
I nt er nati onal Appllcatlon Publ i cati on Nos.

00/053761 _and WO 01/ 08579 Parrish

( 268TCS Ui arg SPAERERT NG esélthan(aé’ﬁbbg}?lﬁﬁ‘éée“ﬁ&filby lymphocytes
AcafyhSCdell tHA 97: 11439-44. |L-21R has the highest
sequence ho Iogy to the IL-2 receptor b chain and the
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exp ressed in_lynphoid tissues, particularly on
c@rfheé, clags beiql asss {kiRg TeRFRPIS CE NI akying remﬁ in%qhtde the
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5:688-98). The w despread | ynphoid distribution
| herpatppqipts sapdsfaciest, lqmmzqndpgraw Bermonp g o Epan (r18??e> Gyhokine

g@g gegulatlon In vitro studi es have shown t hat
I I significantly nodul ates the function of B cells,

(0065 phn€da8E- 2 Re lal c$ass @BgtoRie €@kptor. (Pad fiidbtiNe Ak a®ino acid
al . (2000) supra; Kasaian et al. (2002) I nmunit
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binding, IL-21R associates with the common gamma cytokine receptor chain (yc)
that is shared by receptor complexes for IL-2, IL-3, IL-4, IL-7, IL-9, IL-13 and IL-15
(Ozaki et al. (2000) supra; Asao et al. (2001) J. Immunol. 167:1-5).
[0006] IL-21R is expressed in lymphoid tissues, particularly on T cells, B cells,
natural killer (NK) cells, dendritic cells (DC) and macrophages (Parrish-Novak et al.
(2000) supra), which allows these cells to respond to IL-21 (Leonard and Spolski
(2005) Nat. Rev. Immunol. 5:688-98). The widespread lymphoid distribution of
IL-21R indicates that IL-21 plays an important role in immune regulation. In vitro
studies have shown that IL-21 significantly modulates the function of B cells, CD4"
and CD8" T cells, and NK cells (Parrish-Novak et al. (2000) supra; Kasaian et al.
(2002) Immunity 16:559-69). Recent evidence suggests that IL-21-mediated

signaling can have antitumor activity (Sivakumar et al. (2004) Immunology



nyast heni a gravis (EAM5 and experinental autoi mmne
encephal onyelitis (EAE), respectively (King et al.

WO 2094335¢el | 117: 265-77; Ozaki et al. (2004) .PCHIB2909/045182
173:5361-71; Vollnmer et al. (2005) . Imunol.
174:2696-2701; Liu et al. (2006) . I munol.

176:5247-54). In these experinental systens, it has

been suggested that the mani pu] ati on of IL-21-nmnedi ated
signaling directly altered the Tunction of CD8+ cells,
B cells, T helper cells, and NK cells. SUMVARY OF THE

 SEELET B0 et e BTSN an NS AR ot i Shane o
for (%@%’f{”g@?{ﬁ?nzgﬂgbmw es and fragnents thereof,

t hat speci bind to the human and nurine IL-21R
TH®O0B] i hutginpmoie, dsrgesa rof ifed LAHr gina aad &jekeion wé decbmbinant
antibody 18A5, which is disclosed.in U S  Patent No.
7148 b hayeshecp ghovata inedyatshe pipgirsiien pegpymental autoimmune
S S T L S S
afdspatititvylyt(Hinpusrah (2008) Qle//mi7i268-77LO24RK et flaR00dps Ihhemol.
parent al _18A5 anti bodzy. ﬁ{;0009] The_inventi on_provi des

at /3230l 75V dlmer et ly (DR bilweing!- ddbROL-2 LU kit al. (2006)

bi; ndj rek &l | =i ndi t

T B S T S A AR A TR en sueested that
| the2dipudatidn ¢TiIDIR 1afdetitddysigiating peedtlyi attetey .thelfudction of

bi ndi,ng proteins, and anti 8en- bi ndi ng fragnents

t

RO 6¢lls, Breellhel balpareatls.iond dHE Fls- are al so referred to

herein as "anti-IL-21R binding proteins" and

"fragments thereof,"” respectively. In one enbodi nent,
t he bi ndi ng pr ot ei AUMMARGRENHE RRYENTIONduces,

o8] 1B oo fan GR0N BERrbEL A S isming Cpastifiedon gf haine
| brofeh i, BSieRamplee Buddhis MtRbRs BNd ﬁﬁ%ﬁ&% bk dbg, thiing%écFﬁﬁcauy bind

activity. In other enbodinents, the anti-IL-2

bionttie hgmpn endimprioa A-BER udbd buidagosteinsalebgribed hergm e derived
cfpBa PRl i LR s s, PipPuFRGMEE e Slirey of
ThuRh it e nkordpbratddbyieRdiRE hBFed. €TIShiRbink Poteins of the
i nvention are useful in
present invention have a much greater degree of affinity to human and/or murine
IL-21R than does the parental 18AS5 antibody.
[0009] The invention provides, at least in part, IL-21R binding agents (such as
binding proteins and antigen-binding fragments thereof) that bind to IL-21R, in
particular, human IL-21R, with high affinity and specificity. The binding proteins,
and antigen-binding fragments thereof, of the present invention are also referred to
herein as “anti-IL-21R binding proteins™ and “fragments thereof,” respectively. In
one embodiment, the binding protein or fragment thereof reduces, inhibits, or
antagonizes IL-21R activity. Such binding proteins can be used to regulate immune
responses or IL-21R-associated disorders by antagonizing IL-21R activity. In other

embodiments, the anti-IL-21R binding protein can be used diagnostically, or as a

targeting binding protein to deliver a therapeutic or cytotoxic agent to an IL-21R-



di agnosing and treating |IL-21R-associ ated di sorders,
e.qg., inflammtory disorders, autoi mune di seases,

wa@ldoenggses, transplant rejection, hyperprolifePEl/Usm09/045182

di sorders, and other imune system di sorders. [0010]
Accordingly, in one aspect, the binding proteins of
the invention feature an isolated binding protein
(e.g., an isolated antibody) of ant i gen- bi ndi ng
fragment thereof that binds to 1L-21R in particular,
human 1 L- 21R In certain enbodi nents, the anti-IL-21R
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proliferation of murine IL-21R-expressing BaF3 cells with an ICsy of about 0.5 nM
or less; (13) it inhibits human IL-21R-mediated proliferation of human IL-21R-
expressing TF1 cells with an ICsq of about 14.0 nM or less; (14) it inhibits IL-21-
mediated proliferation of human primary B cells with an ICsy of about 1.9 nM or
less; (15) it inhibits IL-21-mediated proliferation of human primary CD4" T cells
with an ICsp of about 1.5 nM or less; and (16) it inhibits IL-21-mediated proliferation
of murine primary CD4" T cells with an ICs of about 5.0 nM or less.

[0011] Nonlimiting illustrative embodiments of the binding proteins of the invention
(the term “binding proteins™ also includes and refers to antigen-binding fragments

thereof, as appropriate) are referred to herein as AbA-AbZ, and correlation of these

terms with terms used in U.S. Provisional Patent Application No. 61/055,500 is



(the term "binding proteins" also includes and refers

to antigen-binding fragnents thereof, as appropriate)
wae@Inesesred to herein as AbA-AbZ, and corr el BET/082009/045182

these ternms with ternms used in U S. Provisional Patent

Application No. 61/055,500 ispresented in Table 2A

QG her illustrative enbodi nents of the binding proteins

of the present invention, i scFv, are referred to

herein as FB-H6. L1-16, L8-L2D- and L23- 125, as

detailed in Table 2B. [0012] One enbodi nent of the

pr esent IS an isalate |ndin rot in or

aRes WIB%T%BX P&E%ﬁwtiaﬂaé? E CBPP&P“ %ﬂg projqipg of the

V‘?&Eé‘rhﬂnﬁeh ol B8, RFQERERI 95 r&@ﬁl'ag‘ﬁk Renei 8, 18-1.21, and
agnent t ereof’ conprises at |east one am no aci

sep-enseastdeatiled $n ThbleBst about 95% i dentical to an
am ng acid se uenceB) selected fromthe

cHId 2k Qnﬁ@n&o Bt hepsesentginvepgion 1gan lea?eﬁzbmdzgg peogein or

é%}tigé@fbi@él?g é‘ggm%g :th%‘%o’f t@% :blré% :to %Ql@zwhégm t@%?m_aéi’g protein
80 arfigen-B#hdir@bfradfent Herecd®2omPhsesA6lea@&ine hifino 0@ seqli®dce that

106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126,
1Dt lepsigiboy3 % idgatical sgan amgio agichsequenze(s) adlectedisom thggroup

RgesBBE oL RO 14D 200728 Pl s et 0

bumdiongs,BOOSEI A, 66, BN6),FR2N6Hia6d6.T 0l TATAENE, ’/csasobaa 84, 86,
for exanple, an antlbo an scFv, a VH a VL, or
CBJ%Q%E %1%} OmiSt hed: 18%%1% ﬂr%tloﬁflltOhélibrlééeHﬁ 118, 120 122,

Al gah ron it 3 SRt 'Rk Wor THar W . 030, 152454, 156,

winﬁg a0, 1922 165-n68,Ng 108t Bi3NDY, 2amtisgentpneliang 248. The
f ragnment t her eof conprises at |east one amno acid

s@q iN@EAg e@é@n @y apfigendliding Hagmenjsembe foharanipe, an
a} N ab%ust 95O t| caICO[Snlg a nucl eoti de sequence(s)
SR SRR B gr isting of SEQ ID NOs: 13,

100013) Anbher édibodigen?SE the presdf inv@htioB & andSolatdd bm@ﬂlg protein
41, 43, 45, 47, 49, 51, 5 55, 57, 59, 61, 63, 65,

6<7r arﬁgen 'bmldlmggfrag'm,ent Vlmreo'f glat des 831L 851 Vgl‘yerelg ghe Binding
01, 103, .105,. 107,. 10
111%)“3”1 T%antﬁﬁ ‘é‘i fragnerit {5acof £5mphijSsgr %1‘?%‘10“6%5“‘5 joid

12GuededBncddbl by%ﬁmlelaﬁée se%ﬁ!lche]tﬂzaqs d3dast disvdit 9843 derkR 4l to a
15 161, 239, 241, 243, 245

nucleotide sequence(s) selected from the group consisting of SEQ ID NOs:13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59,
61,63, 65,67,69,71,73,75,77,79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103,
105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 137,
139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 239, 241, 243, 245,

and 247.

[0014] A further embodiment of the present invention is an isolated binding protein
or antigen-binding fragment comprising at least one amino acid sequence selected
from the group consisting of SEQ ID NOs: 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,76, 78,
80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116,



and 247. [0014] A further enbodi nent of the present
invention is an isolated binding protein or
wW@ringes2hi ndi ng fragment conprising at | east PCEUS200NM045182

aci d sequence selected fromthe group consisting of

SEQ I D NGs: 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,

34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58,

60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84,

86, 88, 90, 92, 94, 96, 98, 1db 102, 104, 106, 108,

110, 112, 114, 116,118, 120, 122, 124, 126, 128, 130,

. bRt 300t 12t 340 1 110 TR 10
gfr%’zo 1%&21562%'8 1846622065248 -170 09351 1 3Yedo, Qﬂl@tﬁ@zm 246,

di ment  of 'the preésent invention’is an isolated
bhmﬁ%ﬁ@ protein or antigen-binding fragnent thereof

Hﬁg binds to IL-21R, wherein the binding proteln or
1§bnCeh al?ﬂihﬂgfm@égﬁ% ot thedyesht @&%wpg%%n igplafedpipding

io gfg)ﬁe??]g a?ht%%h iRk ﬁggfrﬁelﬂ gl?clredf $hétbi cﬁ %Q' iL e R elé&?lé’the

o an a no  acl sequence( s rom
t hmdgfgqmaemm&magem@ndlfng $E@ﬂeﬁl tlhléléoﬁcorﬁpnsl:@ at 12&t odélamino
16, 18, 20, 24, 26, 28 32, 34, 36, 38, 40
4Qc1d ,grQﬂuegrcg: th@rtgs aglgast g‘gout Qj% @gntloggto aglcpmleg amé@eqtg:@ce(s)

6§e1ec£egi fr%@’thg égug ?%Ibgzs%ilé %@s%ém ﬁﬁ’g 100,%%,1%{,’ 1 ?’1 . 20,22,

11&, 26118, 3012?2),,3412@ 3812@,,421&6, 46128, 5018@,,5418@ 5816@,,621646, 66,
14 144, 146
168, 70168 056, 751.80.830 54 4085 5425 9440 986 Ol olg 106, 105,

aﬁ‘i’o "1‘“5{1‘31'612'116 fnéhﬁobﬁ%'lﬁﬂ i%gﬁfémﬂ%@r ﬁf‘gézgg%bis%dhm 142,

tm4¥t 146, B3, hﬁaatszamwStQ&'l%l Nt éTads 2a31de, 240, 242, 244, 246,
sequence(s) selected fromthe group consisting of SEQ

| NS, gnd whelrm, iffthe bindme pretgin orggtigaypinding4raggsgt aogmprises
telFas‘i hl"?e amm % s%r Oeitn%F ﬂm? rs a‘r’[“i]eastga% up égb/g 1&01&:%tlcal%g [tHsent

SO conp r sea ne am no

t b@hem@(satselleaa@ froﬂlhﬁélgroﬁg%bhﬂﬁﬁigl FIEQ ID NB: 2181 DO 1@01@3
sequence(s) selected fromthe group consisting of SEQ

| EONGSY. W, 194 and 895.2en the bingling meteins; anggen 8inding4ragment
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BflenBEh] tPihe affino £8d s&@fBence(s) selected from the group consisting of SEQ ID
NOs:14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98,
100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132,
134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 165-168,
171-193, 213-229, 240, 242, 244, 246, and 248.
[0016] Yet another embodiment of the present invention is an isolated binding
protein or antigen-binding fragment thereof that binds to IL-21R, wherein the
binding protein or antigen-binding fragment thereof comprises at least one amino
acid sequence encoded by a nucleotide sequence that is at least about 95% identical
to a nucleotide sequence(s) selected from the group consisting of SEQ ID NOs:5, 7,
9,11,13,15,17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53,



100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120,

122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142,
wWQ2009/143%83 148, 150, 152, 154, 156, 158, 160, BEGRPS2009/045182

165-168, 171-193, 213-229, 240, 242, 244, 246, and

248. [0016] Yet another enbodi nent of the present

invention is an isolated binding protein or

ant i gen- bi ndi ng fragnent therepf that binds to IL-21R

wherein the binding protein or’ antigen-binding

fragment thereof conprises at | east one am no acid
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t
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bi ndi ng protein or antigen-Dbindi fragnent nust al so
o B NS e pEUS e S FALTA B HE | S el ottt Tk 33

nagleoks dg 2?‘%%651’?‘%@ Bls3l §5a8k 5&%%&?%‘3“8 071 73,75, 77.

i dent'i cal é nucl ectde 'sequence(s) ée ‘ect ed
t e o BBYBSCOMISO1,193, 0F, BEMD, 101 NM3, 103,10%51091711,1193, 115,

21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
417,449, BAl, 12312651275 929.43 1. B8, 183 1385[39% 741,443, 4P, 147, 149,

o131 ok PAgE 16107 788 B e 10y i

1A 7L 3%+t a Bdher iPodidnd 8t ofltBd prel&id inviedBon dshh, isdldBd bidling
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grou conS|st|ng of SEQ ID NOs:6, 8, 10, 12, 14, 1

168, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108,
110,112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142,
144, 146, 148, 150, 152, 154, 156, 158, 160, 162-195, 213-229, 240, 242, 244, 246,
and 248, wherein, if the binding protein or antigen-binding fragment comprises at
least one amino acid sequence that is at least about 95% identical to the sequence(s)
selected from the group consisting of SEQ ID NOs:6, 8, 10, 12, 163, 164, 169, 170,
194, and 195, then the binding protein or antigen-binding fragment must also
comprise at least one amino acid sequence that is at least about 95% identical to the
amino acid sequence(s) selected from the group consisting of SEQ ID NOs:14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102,



24, 26, 28, 30, 32,
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nmore identical

t Weeetia) is an psofatéd pindiae protein or antigen-binding fragment thereof that

binds to IL-21R, wherein the binding protein or antigen-binding fragment thereof

comprises a light chain and a heavy chain, and wherein the light chain comprises at

least one amino acid sequence selected from the group consisting of SEQ ID NOs:22,
24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
74,76, 78, 80, 82, 84, 86, 96, 98, 100, 102, 104, 106, 108, 214-217, 220-229, 244,

246, and 248, or a sequence substantially identical or homologous thereto. In a

further embodiment, the binding protein or antigen-binding fragment comprises a Vi,

domain and a Vy domain, and the Vi, domain comprises at least one amino acid
sequence selected from the group consisting of SEQ ID NOs:22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 215, 217, 221, 223,



enbodi nent, the binding protein or antigen-binding
fragnment conprises a VL donain and a VH domain, and
W0 b@oNssebmai N conpri ses at | east one am no acPcI/US2009/045182

sequence selected fromthe group consisting of SEQ ID
NOs: 14, 16, 18, and 20, or a sequence substantially

i dentical or homol ogous thereto. Another enbodi ment of
the present invention is an isplated binding protein

or antigen-bi ndi ng fragnment thereof that binds to

I L-21R, wherein the binding protein or antigen-binding

P 2 cape aherch sabHise PR RGO P eBelog i Begte- I
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5&2 ang she lighs Chajingomprises g7 pminoisid %uﬂ%ﬁefegtﬁg ,froghgle group

Zé&s s% af §E%W9s Syhsd q?@ @bl Yod, ﬁg@,&oﬁg%%@é%%ezzo, 202,224,

orm og us thereto. In a further é

b2 2208, PrioL46, and 24 & nitr iagequehtaslibagnfixligidenticat anpmidegous
a VL domain and a VH domain, and the VL donain
?ses at |east one amino acid sequence sel ected

Cc
o[O3}, 19 By SR g R hRE Y. Jeiocfe. £ o
S54ernBined 58noE@rmbisd. Ghey 6ty spddficalll hindlthe 2ads R2B1R epitope

227, and 229, or a sequence substantially identical or
h@hwlagléaépltq@ér(@gean PYeripgping sBitPRSY t@ WhisHi MeAbZ, Kis-HO,

h I

fas R S
9é|pecﬁib311y Bma to 81%gmeAef IR R243,, adfgnicheot dt@st Dhaonso, 75,
co rises an amno acid sequence selected fromthe

g 8008 rimiee afidSEntpEPuNs tpgmigg acigoequengeset fgith in SEQ
ndN?}fgrﬁ(’)r 4?10?'21 se2 1u6ehce‘2t"r"19f is ag%:ast%%é 96%6 5‘%2§6%2&f% 9%&/6 '99%

uence subs antla ent i cal

h@mb@g@@mlcahma@t@. [0019] The bi nd| ng proteins of t he
present invention, e.g., antibodies, can be gernlined

00038 hgeroftier ﬂ@bodlm@yofrthy p@@@r&um\re@abm {5 4piiprlated bindeng protein

SO BB S0 R Pt T R 2 e et

L cbddizedty 4-Biddindprarbidelebidd foRethe AL AR S OIUQI@A AbZ,

bngdII{g %1?£g,t1%l_£1§ 1, and L.23-L25, wherein the binding protein or antigen-binding
fragment competitively inhibits the binding of a binding protein selected from the
group consisting of AbA-AbZ, H3-H6, L1-L6, L8-L.21, and L.23-L.25 to
human IL-21R. In another embodiment, the binding protein or antigen-binding
fragment comprises a heavy chain, a light chain, or an F, fragment comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs:14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68,70, 72, 74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104,
106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138,
140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 165-168, 171-193,

213-229, 240, 242, 244, 246, and 248, or a sequence substantially identical or



specifically bind to a fragnent of IL-21R e.g., a

fragnment of at |east 10, 20, 50, 75, 100, 150, or 200
wW@piona43ed ds contiguous to the ami no aci d sequRCIYESHE?/045182

forth in SEQID NGs:2 or 4, or a sequence that is at

| east 85% 90% 95% 96% 97% 98% 99% or nore

i dentical thereto. [0020] Another enbodi nent of the

present invention is an isolaégd bi ndi ng protein or

anti gen-binding fragnent thereof that binds to an

I L-21R epitope that is recognized by a binding protein

| ected fromt rou con tin - Hp,
Lﬁorﬂ% l02pus tg}%fto gﬂ R E g ﬁi?? Sm gie8h ﬁhettﬂ 1B$ ﬁiﬂt‘ﬁ@ Or antigen-
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ﬁi&%@i&?@smvwﬁ%ﬂﬁé@m a1 EOaat g g A 33. 35. 37,
Ra0ITeR} RORPIA0SSE A Bearysohal By 3. ki Ol 76hAl Bs 2 7k

Fv fragnment conpri’sing ‘an’ ani nd aci d sequence’ s€l et

f B&R5t B @E 911,{93(,‘951597599 nl@lofO3SEEQSI]D7NC® 11%1,,11]561151817 119,
20, 22 28, 30 34, 36, 38, 40
4021383, 85, 1851084131505, 335 B, 1851484143805, 447. 76, 151193,

7%55 %6 175?0 5818 féé%foé‘ﬁ %g a%? 120380r 95%qiie%§e s{i’bﬁséan?g%ldentlcai

180horidBgoukMeretb26, 128, 130, 132, 134, 136, 138, 140,
142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162,
13!92113@ yatpher gmbogimengsy the byading prpsein zqmprlszs& ot leggf@ne

o e el E R B R A PGB e e e o

btrﬁbdd go BF Mo@d, threé oBibiey ﬁmb bR ehoRy of fiag bEmbreCePhii S&%s DRs
heavy chain, a light chain, or an Fv fragnent

c i ) qun%rﬁ MR spaisied hydipmaveask sediRbyr alinker) or

LS T S8 ST LS MBS oo
3dnd, 3., FR(5)).3Bor ékhmphes3 thedtindiftd prdA&n cblinchidle 088, twd/three or

59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83,
831,0r68€DR89>f ﬂ@lVH Qenalgepd/@vthegﬁ dorgain. 103, 105, 107,

18@ I}% 115 % 7 % Cili21 123 12% 27, é(? .
1 22 e dil_sg SuffﬁOVI éiuc Zﬁam %ucrlcgg fro&n4 e d \; omains
188AbASKLZ, I HO1RPL61064-1.22 3%hd 12281122 481s0 %éieﬁem@mi:d%é nucleic
or a sequence substantially i dentica
acid sequences that comprise at least one CDR from AbA-AbZ, H3-H6, L1-L6,
L8-L.21, and L.23-L25. The disclosure also provides vectors and host cells
comprising such nucleic acids.
[0023] The binding proteins of the invention can be full-length (e.g., include at least
one complete heavy chain and at least one complete light chain), or can include only
an antigen-binding fragment (e.g., a Fab, a Fab’, a F(ab’),, an Fv, a single chain Fv
fragment, an Fd fragment, a dAb fragment, a CDR, or other fragment of a full-length
binding protein that retains the ability to specifically bind to an antigen). The
binding protein can include a constant region, or a portion thereof, chosen from any

of the kappa, lambda, alpha, gamma, delta, epsilon and mu constant region genes.

For example, heavy chain constant regions of the various isotypes can be used,



or honol ogous thereto. [0021] In yet other

enbodi ments, the binding protein conprises at |east
W@r®Iaespd enentarity determ ning regi on (CDR) RPET/UB8%045182

VH and VL domains (e.g., one or nore, two or nore,

three or nore, four or nore, or five or nore of

contiguous CDRs (e.g., two or nore CDRs separated by

framewor k regi ons (FR) or a |inker) or noncontiguous

CDRs (e.g., two or nore CDRs" §2parated by at |east one

other CDR and, e.g., FR(s)). For exanple, the binding
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bi nding protein that retains the ability to
sﬁ@@ﬁﬂ#ﬁéﬁpyaﬁpﬁaoﬁﬁman antigen). The binding protein

il ggﬂ %J% yee erﬁbé’cﬂl%f%ﬁttacﬁtth{%%&[bn fhe a8 o%?atl%)h %B‘ns‘tih? LEREbinding

roma

dptotean oemigle@rmm@g fiblo &1 S im0 DR G ORSst aE@i,it 10°M's™. Tn
exanpl e, heavy chain constant regions of the various

i arthasembedimang thgbi@dqu(grgtgirnr@ anj1gRy- binﬁi@gjragn@qginhibits IL-21-
P o P LRSI DR e

TBeFjatmloBﬁl PikOh BlMaily-2 PR, ﬁnaﬂc@i@r efibollfméd@\thébin@inrotein or
| gd Kor & [0024] The anti-IL-21R bindin

palmgeniblmb@g:fragré@nt hier kithiLcalhmgdiathdrrirolafier atied ob if%il icplksewlith an
p alngé‘tl)ﬂ]oelrt I%bdﬁ\i ﬂ:ss agg he%':l %:gls %8anra}§c’e zifjlf;untlz?nef[‘ 21R. In
another embodiment, the blndlng protein or antigen-binding fragment inhibits IL-21-
mediated proliferation of primary human B cells with an ICs, of about 1.9 nM or
less, and the B cells comprise a human IL-21R. In yet another embodiment, the
binding protein or antigen-binding fragment inhibits IL.-21-mediated proliferation of
primary human CD4" cells with an ICs of about 1.5 nM or less, and the CD4" cells
comprise a human IL-21R.

[0026] In one embodiment, the present invention provides a binding protein or
antigen-binding fragment that specifically binds to an amino acid sequence that is at
least about 95% identical to any sequence of at least 100 contiguous amino acids of
SEQ ID NO:2. Another embodiment provides a binding protein or antigen-binding
fragment that inhibits the binding of IL-21 to IL-21R. In at least one embodiment,



fragnent). For exanple, a binding protein of the
i nvention can be functionally |inked (e.g., by
W@ b@ail¢xsk3 coupl i ng, genetic fusion, noncoval enPCT/US2009/045182
association or otherwise) to at | east one other
nol ecul ar entity, such as another binding protein
(e.g., a bispecific or a nultispecific binding
protein), toxin, radioisotope,_ cytotoxic or cytostatic
agent, anong ot hers. [0025] rnzone enbodi nent of the
I nvention, the association constant of the b|nd|ng
ein or anti en bi ndi ment_fqr human 1L-2
i @62&1 %%B’”t‘)teé‘% fntigse; bmcp ‘%1 rag e“é%ﬁo]tgﬁ’g ﬁ%?ﬁt HB‘?]E‘m odiment,
e whldind Big gk Of &t ngeﬂ—ﬁ)nﬁﬁ‘ﬁ Gt Blrf r agrent
inhibrts 1L-21 - diated proliferation of BaF3 cells
w027 hiin hl@ﬂeraﬁpﬂb ohd inizeﬂtﬁ)nrfMitores hehsrmaanatidaheorBadsdion
cells conprise a hunman -21R I n anot her enbodj nent,
t FOHN NGk FArBE anti-lhy r21§rh1n<aea PHISiR PR 2 PhagiRsstically
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t he bi ndi ng groteln or antigen- blndlngﬁfra gnment
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aopbdhigtic zfgﬁb@ﬁd)mﬁ)ﬁ{hmdtlbﬁs Brieredif g dpscdibed i Mbre detail herein).

antl%en bi ndi ng fragnment inhibits IL-21 -nedi ated
pfempinasigns erfh@ﬁntpﬂr AR \Pirklipeapy ofePm AN L EPIRE Y CAZERES) PrSgso
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| hvefidrofnPe¥éd@segulie NDI2N G - BEcdigedidhune disorders, e.g., by
anti gen-bi ndi ng fragnment that specifically binds to an
aﬁﬁﬁﬁmﬁégﬂ¥§bﬁé§m%@%1hat is at | east about 95%

) S BB S BB R M. 1
pr@thieﬂ@rﬁb@dlﬂlleﬂt@ the aﬂﬂilﬂid@ds@r@ﬁoli&bhaﬂﬁﬂo%dl’&iaﬂ Gndrios,
that inhibits the bi ndi ng of 21 to IL-21R In at
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t
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invention features a pharnmaceutical conposition
[0029] Other embodiments of the invention include an isolated nucleic acid

encoding an anti-IL-21R binding protein, an expression vector comprising the
nucleic acid, and a host cell transformed with the vector. The host cell may be a
bacteria, a mammalian cell, a yeast cell, a plant cell, or an insect cell.

[0030] The binding protein may be directly or indirectly labeled with a detectable
substance to facilitate detection of the bound or unbound binding protein. Suitable
detectable substances include, but are not limited to, various enzymes, prosthetic
groups, fluorescent materials, luminescent materials, and radioactive materials.
[0031] In another aspect, the invention provides a method for delivering or targeting
an agent, e.g., a therapeutic or a cytotoxic agent, to an IL-21R-expressing cell in vivo.

The method includes administering an anti-IL-21R binding protein to a subject under



contai ning at | east one anti-IL-21R binding protein

and a pharnmaceutically acceptable carrier. The
WEb@emessest i cal conposition can further incl udeCEUS2009/045182

conbi nation of at |east one anti-IL-21R binding

protein and at | east one other therapeutic agent

(e.g., cytokine and growh factor inhibitors,

i mrunosuppressants, antl-lan? tory agents,

met abolic inhibitors, enzyme inhibitors, cytotoxic

agents, cytostatic agents or conbinations t hereof, as
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ndmﬁﬁ@cbrf Iaﬁd 1mpumﬂlzmlobdﬂ¢1mfmm ﬂieﬁ@a&@qﬁiﬁbﬁl oy, mehbeetined by
synthetic, recaonbinant, hybrid, nutated, grafted, in

VRIRFcipe H’@rlfa‘t’f‘élaoanfah% anﬁﬂtIlei i§ seidprth ang Eargculalﬁy Q%‘@Pﬁdfqué in the
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anti-1L-21R binding protein, an expression vector
c B shbgdimratsfdheinyentéqny Whmliloﬁr%n%dﬁm%t@[el of the invention as

t El% Jdo rﬂ{%dacc% nﬁé}ﬁfﬁ% fY%q:l? oJOhStl H% &a?t of% 18 s% ca?? nd,

bac eérira, a nm
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may be directly or indirectly |abeled with a

déregtidbl e substance to facilitate detection of the
bound or unbound bi nding protein. Suitable detectable
subst ances include, but are not limted to, various
enzynmes, prost BRIEE RESSCRP TIONUOF dEiEeRR AVRINGS al s,

TS L % S35 RS S -2 v mar
TR L. Col M R 00 4 5 S i
| LO®agmdxphessi Hg2 tePioliferation/@as measured by CELLTITER-GLO®
(Promega Corporation, Madison, WI) after 48 hours.
[0035] FIG. 2(a-c) depicts the neutralization of proliferation of human IL-21R-TF1
cells by scFv. Cells were mixed with the indicated scFv and then incubated with
100 pg/ml of human IL-21. Proliferation was measured by CELLTITER-GLO® after
48 hours.
[0036] FIG. 3(a-c) depicts the neutralization of proliferation of murine
IL-21R-BaF3 cells by scFv. Cells were mixed with the indicated scFv and then
incubated with 400 pg/ml of murine IL-21. Proliferation was measured by
CELLTITER-GLO® after 48 hours.
[0037] FIG. 4(a-c) depicts scFv competition with parental antibody 18AS5 IgG for

binding to murine IL-21R. The scFv were mixed with biotinylated-murine



The nmet hod includes adm nistering an anti-IL-21R

bi nding protein to a subject underconditions that
wW@bkdoomsIses bi ndi ng of the binding protein to |RERUR009/045182

The binding protein may be coupled to a second

therapeutic noiety, e.g., a toxin. [0032] In another

enbodi nent, the invention provides a diagnostic kit

conprising a binding protein 35 ant i gen- bi ndi ng

fragment of the present invention. [0033] Additiona

aspects of the disclosure will be set forth in part in
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Cedd pe/mbehixed.-M (INGsH8dify) di eatiad ISOFR-BAFS dellefvith
incubated with 100 pg/m of human IL-21
PAY pg/e af mapingdls 2ie G- 88-iby CELLTI TER- GLO(r)

BT R B BRER Rt 39 Rl RS i PP wamsicony
PEQrbdsioatunRi 1012 IRWAGS! da-1 B TED 1R FIGs. 8d-B CMomSRkk S

were mxed with the.indicated scFv and then incubaged
winohkey0ld.-pidt HIGesf 6grippramd humanganpnakerhmoachan (WHss. 6j-1).

TEERYLE e o ek b G SRS et ot k983 ormmon
gglﬁiﬁ’faﬁa BlrdHb Whs dBckdw i f@ﬁcgﬁ‘\Fg?atéaeJnki%Mantslgg\gn a cell-

s were mxed with the indicated scFv and
i hoeth&l d9Awi th 400 pg/ Ml of nurine IL-21.

P[O%hh{ %’i&t i7&r-]c)vg?:f)icg&c g len?igngbs)f)ecificity of particular anti-IL-21R
antibodies (FIG. 7a, AbS; FIG. 7b, AbQ, AbT, AbO; FIG. 7¢, AbR, AbP, and
AbU), measured by surface plasmon resonance. The anti-IL-21R antibodies were
captured on anti-human IgG, and subsequent binding to either murine IL-21R-H/F,
human IL-13-H/F, human IL-2R[, or human soluble IL-4R was measured in a
BIACORE™ (GE Healthcare, Piscataway, NJ) instrument. FIG. 7d shows that
human IL-2R and human soluble IL-4R are captured by specific anti-IL-2Rf3 and
anti-IL-4R antibodies, respectively (control).

[0041] FIG. 8(a-d) depicts the binding of anti-IL-21R antibodies to human and
murine IL-21R. The indicated human anti-IL-21R antibodies were captured on anti-
human IgG immobilized on a BIACORE™ chip. Varying concentrations of human
IL-21R-His/FLAG (FIGs. 8a-b) and murine IL-21R-His/FLAG (FIGs. 8c-d) were

allowed to flow over the chip, and binding and dissociation were monitored.



CELLTITER-AQ(r) after 48 hours. [0037] FIG 4(a-c)
depi cts scFv conpetition with parental antibody 18A5

WO g@8figas2hi nding to nurine | L-21R The scFv wePE&I/bb2002045182
with biotinylated- nurinellL-21R-H F, and the m xtures
were added to anti body 18A5 i mmbilized on an ELI SA
plate. Capture of nlL-21R was detected with
HRP- st rept avi di n, and conpeti %Ion for binding to
mL-21R was indicated by a réduction in the A450
signal. [0038] FIG 5 depicts the neutralization of
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By P B B i (g WP 5 I S shows
deﬁioﬁ{cf}gdshﬁoﬂdey dli 2R offis 2L @ binidinglto A8, IJGs 9bGh&Ohuman
cells transiently expr eSSI@SgF human 1 L-21R (FI Gs.

6H--21R-HigfFLAG bingingtp &bS e slwwaplgleguwé?y

(AR TR Rinkse AR, THER Sa SRR ERITR FERLTFLAG

WbinBinlglto AbR. or the control ganmma conmmon chal n, and
bi ndi n% was detected wi th HRP-conjugated anti-human
| 18431 FAGe &0 Hepicte an ERit@E: asmsmcljt oF G2 1 R (aatieydigte gh ¢hes
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resonance. The antl -1 L 21R antibodi es were captured on
ammobilizechon gBIAGARTES Ulsbirg ukddititniahdithdL6R antibaties (AbS, AbT,

RSy BBPa e N Rl o oy BAREIREE Rypeigslizing
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bthespptoiddi 1E-2R-H/F a@Ronaored. In the experiment depicted in FIG. 10b
human IL-21R-H/F was captured by anti-IL-21R antibody AbS immobilized on a
BIACORE™ chip. Additional anti-IL-21R antibodies (AbS, AbT, and 9D2 (a
nonneutralizing anti-human IL-21R control antibody)) were flowed over the chip and
their binding to the captured IL-21R-H/F was monitored.
[0044] FIG. 11 depicts the neutralization of proliferation of human IL-21R-BaF3
cells and murine IL-21R-BaF3 cells by the indicated antibodies. Antibodies were
added to cells. IL-21 was subsequently added and proliferation measured with
CELLTITER-GLO® after 48 hours. Assays were conducted on human IL-21R-BaF3
cells with 100 pg/ml of human IL-21 (FIG. 11a), murine IL-21R-BaF3 cells with
200 pg/ml of murine IL-21 (FIG. 11b), and human IL-21R-TF1 cells with 100 pg/ml
of human IL-21 (FIG. 11c¢).
[0045] FIG. 12 depicts the neutralization of IL-21-dependent proliferation of human

primary B cells. The indicated antibodies were added to primary human B cells



anti-1L-4R anti bodi es, respectively (control). [0041]
FIG 8(a-d) depicts the binding of anti-IL-21R
wW@riovheses to human and nurine |L-21R  The i neCT/HS209/045182
human anti-1L-21R anti bodi es were captured on
anti human 1gG i mobilized on a BI ACORE(tm) chip.
Varyi ng concentrations of human | L-21R-H s/ FLAG ( Fl Gs.
8a-b) and nurine IL- 21R—HIS/F&AG (FI Gs. 8c-d) were
allowed to fl ow over the chip, %and bi ndi ng and
di ssoci ation were nonitored.[0042] FIG 9 depicts the
b|nd|n of . I -1L:-2 R an bodi o, human and
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afePifs Higi GREPAH P Wekh %?To/hb\ﬁeff\‘éwném 6?%aumm G lggpntrol
S cynonol gus nonkey | L-21R-H s/ FLAG binding to
. 'FIG 9b shows hunman |L-21R-Hi s/ FLAG binding to
Al846 FIFEG. 93 dsjiomsheCysnaaizagivs ofink eylepdnd2diprbfifetdtloAGH human
bi nding to AbT. FI G 9d shows human |IL-21R-H s/ FLAG
bPlﬁ@lFleC]% Ristils. [Goangicptedantifydigs prese added te ptivafse primary
a t [ r
AEBRATCER, 1o FIRILER, pidink o BT L Trpymigine
Ywax @psurdddftenénrbd d@ER- H F (Hi s-Fl ag fusion protein)
was captured by anti-IL-21R anti body AbS immobili zed

OH)OA7]3|FA@dQE(1?WtS ¢hsi rputrphzﬁtlpp ehHL-2 hdependentprdiferation of murine
gﬁ%rlngro st §S2 1@% Ctilc% al}tlbo(aiea V\Lfggzlljti({ At 2llSted primary
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were fl owed over the chip and t hei r bi nding to the

cm@s meatirgd afger Fhrpf gaygas nonit or ed In the experinent

cfiftss1 g1 Bs 5%&%@%311&%&% - @g@"y-ﬁ;p“c’iég]‘%a%ggg(e%bt&my
ggtépccé\ﬂﬁiut:é@wémamm hntmlanpm@gld@?em%ﬂm& and

(a nonneutralizing anti-human |L-21R contr ol
aftSbdalyglgd Bikg céllomattdovitr the reliettédparaint -2 He antitigidied ivrry

glegsl?l?edct?}? fnggr%gral‘u%n% IE\)r_oIf)'{chm 10d1crirD n'i"he an%qCD20 antibody rituximab

(RlTUXAN , Genentech, Inc., South San Francisco, CA) was included as a positive
control, and an anti-IL-13 antibody was included as a negative control.

[0049] FIG. 16 depicts complement Clq binding by anti-IL-21R antibodies. The
indicated anti-IL-21R antibodies were immobilized on an ELISA plate and,
following incubation with human serum, Clq binding was measured with chicken
anti-human Clq and an HRP-conjugated anti-chicken IgY antibody. The anti-CD20
antibody rituximab (RITUXAN®) was included as a positive control, and an anti-
IL-13 antibody was included as a negative control.

[0050] FIG. 17(a-c) depicts amino acid sequences for AbQ, including Vi and Vi,
domains, CDRs (H1, H2, H3, L1, L2, and L3), and constant regions.

[0051] FIG. 18(a-c) depicts amino acid sequences for AbR, including Vi and Vi,
domains, CDRs (H1, H2, H3, L1, L2, and L3), and constant regions.



[0044] FIG 11 depicts the neutralization of
proliferation of human |IL-21R-BaF3 cells and nurine

WO 2002ABSBAF3 cell s by the indicated anti bodi esPCT/US2009/045182
Anti bodi es were added to cells. IL-21 was subsequently
added and proliferation nmeasured with CELLTI TER-GLQ(r)
after 48 hours. Assays were conducted on hunman
| L-21R-BaF3 cells with 100 pg/ 91 of human IL-21 (FIG
Ha), nurine IL-21R-BaF3 cel 153 ith 200 pg/ M of nurine
IL-21 (FIG lib), and human IL-21R-TF1 cells with 100

"&@E%} i L0 PR P A NG gP e 1oRbBB e Vicand V1.

1 f I di cat ed
A LN i o s FL e
WO0B3 h G- 24ee) anpictadiies add dedugnan foLARY,.including Vg and Vi
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(hl I . [0046] FIG 13 depicts the neutralization of
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| [0036] FaQd23@cy rd@pmtahﬁﬂo edid Skdniehoedifoll ABP WRSuABATHhed V|
after three da%/ 0047] FIG 14 depicts the
neéempiakiGARs ghl.&i2. l@i L%l@péﬁéérwdsp@ﬂtaméfrgmnmn of

o7 ARG TR e s it i WLl i S Vo

alionginWAHROWIBMHI, 2 L1, BNGnH NSPraRQkakdta r&fions,
3H-thym di ne was neasured after three days. [0048]

FI0058] 5 1te P (@t® depietsrprsuradeeucndes dort Abﬁdlylcuéplgn‘&emd Vi
| [ ul ar é%ca%? anti.-1L-21R
L e AR RS TR LR S
BROB9T $11GS 26@48%) Qfépl‘é’{str@sdl@ SehdPited AloRPadiMidral étu@l%ﬁthat were
anti bodi es was measured by incorporation of propidi um
i pelfadmed Theilaht to tIEH2 Pedotndaad ywendrataxhambults shown in FIGs. §, 11,
12, 13, and 14 (described above).
[0060] FIG. 27 depicts IL-21 cytokine competition with antibody AbT for binding
to murine IL-21R. Vehicle or increasing amounts of IL-21 was mixed with
biotinylated murine IL-21R-His/FLAG, and the mixtures were added to AbT
immobilized on an ELISA plate. Capture of mIL-21R was detected with
HRP-streptavidin, and competition for binding to mIL-21R was indicated by a

reduction in the A450 signal.

DETAILED DESCRIPTION OF THE INVENTION
[0061] The binding proteins of the present invention were initially derived from
parental antibody 18AS5, but differ from 18AS5 in the amino acid sequences of
portions of the heavy chain and/or light chain complementarity determining region 3

(CDR3). Additionally, the present binding proteins show improved potency in



(RrrUXAN (r), Genentech, Inc., South San Francisco,

CA) was included as a positive control, and an
W@piopA4I5233 anti body was included as a negati VBCT/US2009/045182
control. [0049] FIG 16 depicts conplenent Clq binding
by anti-I1L-21R anti bodies. The indicated anti-IL-21R

anti bodi es were i mmobilized on an ELI SA pl ate and,

foll owi ng incubation with hu serum Cl g binding was
measured wi th chicken anti-hanmgn Clqg and an

HRP- conj ugat ed anti-chicken IgY anti body. The
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including VH and VL domains, CDRs (H, H2, H3, LI, L2,
and L3), and constant regions. [0055] FIG 22(a- c)
dQﬁf”é‘t“Qn%m no aci d sequences for AbQ i ncI udi ng VH and
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AbV, including VH and VL domains, CDRs (H , H2, H3,
L‘Fhat binds ghantigey, ta@ﬁﬁpr@mtogﬁgptgi@gproqqgagment(s) thereof. Binding

proteins of the invention can include antibodies, or be derived from at least one
antibody fragment. The binding proteins can include naturally occurring proteins
and/or proteins that are synthetically engineered. Binding proteins of the invention
can bind to an antigen or a fragment thereof to form a complex and elicit a biological
response (e.g., agonize or antagonize a particular biological activity). Binding
proteins can include isolated antibody fragments, “Fv” fragments consisting of the
variable regions of the heavy and light chains of an antibody, recombinant single-
chain polypeptide molecules in which light and heavy chain variable regions are
connected by a peptide linker (“scFv proteins”), and minimal recognition units
consisting of the amino acid residues that mimic the hypervariable region. Binding
protein fragments can also include functional fragments of an antibody, such as, for

example, Fab, Fab’, F(ab’),, Fc, Fd, Fd’, Fv, and a single variable domain of an



[0059] FIG 26(a-g) depicts results generated from
additional studies that were perforned simlarly to

w0 bewga43ses f ormed to generate the results shownPCHUSI0@S045182
5, 11, 12, 13, and 14 (descri bed above). [0060] FIG
27 depicts IL-21 cytokine conpetition with anti body
AbT for binding to murine IL-21R Vehicle or
i ncreasi ng amounts of |L-21 M@§ m xed with
bi oti nyl ated nurine |IL-21R-H sfFLAG and the m xtures
vvere added to AbT inmobilized on an ELI SA pl ate.
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sEpntisFA that hifvgimathertise seanarieddd the CH2 constant region
polypeptide (or CH3 in the case of a construct derived in whole or in part from IgE).

Typically, such binding domain-immunoglobulin fusion proteins are capable of at
least one immunological activity selected from the group consisting of antibody-
dependent cell-mediated cytotoxicity, complement fixation, and/or binding to a
target, for example, a target antigen. The binding proteins of the invention can be
derived from any species including, but not limited to mouse, human, camel, llama,
fish, shark, goat, rabbit, chicken, and bovine.

[0065] The term “antibody” as used herein refers to an immunoglobulin that is
reactive to a designated protein or peptide or fragment thereof. Suitable antibodies
include, but are not limited to, human antibodies, primatized antibodies, chimeric
antibodies, monoclonal antibodies, monospecific antibodies, polyclonal antibodies,
polyspecific antibodies, nonspecific antibodies, bispecific antibodies, multispecific

antibodies, humanized antibodies, synthetic antibodies, recombinant antibodies,



description and el sewhere in the specification. [0063]
The term "bi nding protein" as used herein includes any
wmaa09n4dskyy occurring, reconbi nant, synthetic, BCT/US2009/045182

genetically engineered protein, or a conbination

t hereof, that binds an antigen, target protein, or
peptide, or a fragnent(s) thereof. Binding proteins of
the i nvention can include antlgodles or be derived
fromat |east one anti body fFagient. The bi ndi ng
proteins can include naturally occurring proteins
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domai n- |nnunoglobulln fusion proteins, including a
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deengtipallyrangimsglcd pudtein staf&eldrorgrasniiration hereot, that binds an

antigen or fragment thereof to form a complex and elicit a biological response (e.g.,
agonize or antagonize a particular biological activity). Single domain binding
proteins may be derived from naturally occurring proteins or antibodies, or they can
be synthetically engineered or produced by recombinant techology. Single domain
binding proteins may be any in the art or any future single domain binding proteins,
and may be derived from any species including, but not limited to mouse, human,
camel, llama, fish, shark, goat, rabbit, chicken, and bovine. In some embodiments of
the invention, a single domain binding protein scaffold can be derived from a
variable region of the immunoglobulin found in fish, such as, for example, that

which is derived from the immunoglobulin isotype known as Novel Antigen



further include a region that includes a native or
engi neer ed i munogl obul i n heavy chain CH2 const ant
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derived in whole or in part fromlgE) that is fused or

ot herwi se connected to the hinge regi on pol ypepti de,

and a native or engi neered i nmunogl obulin heavy chain

CH3 constant region polypeptigf (or CH4 in the case of

a construct derived in whole or "in part fromlgE) that

Is fused or otherw se connected to the CH2 const ant
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an]tl I es, nonspecirtic ant é)l es, I SpeciTiC

aNHIDadiceslc bt USI@ﬁﬁﬂ fedrf aAtibdddaduised innimelide dpecies, for
anti bodi es, synthetic antibodi es, reconbinant
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. Heditigmal égG mqlequbﬂts They aisdineds pqligl@ptlﬂgwndl agqvyery g@blearpgisting
CEFEI d%l Ergtc):co:ng‘ ’?i%s( eMg]ieoE Ig%eg s1Stanth%he action of

Ravaq heavy

cp@t@s@sowat&ng ndSt&Hé Bdke GRS tToRAD anfibBdies. | Biptherh8&2in vztro
| gG3, or gﬂ{ﬂ The anti body can al so have a |ight
$

N e predire, highapighl, propedy folderhiactionpl VHFke In
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those recognized by antibodies generated in vifro via antibody libraries or via
immunization of mammals other than Camelids (see, e.g., International Application
Publication Nos. WO 97/049805 and WO 94/004678, both hereby incorporated by
reference herein).
[0068] The terms “antigen-binding domain” and “antigen-binding fragment” refer to
a part of a binding protein that comprises amino acids responsible for the specific
binding between the binding protein and an antigen. The part of the antigen that is

specifically recognized and bound by the binding protein is referred to as the

“epitope.” An antigen-binding domain may comprise a light chain variable region



be derived fromany species including, but not limted
to nouse, human, canel, |lam, fish, shark, goat,
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anti bodi es can be altered, e.g., nutated, to nodify
the properties of the antibody (e.g., to increase or
decrease one or nore of: Fc receptor binding, antibody
gl ycosyl ati on, the nunber of st ei ne resi dues,
effector cell function, or conmplenment function).
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s €hesmbirdingderrain (ragments can by plidined nging icojleatigeigchniques

bj ndi n af fol ds,dernvi ed from.a variabl e reaqi fo .
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(2005} Protein ScL 14 Ilzz 901- 09.
[0069] The term “neutralizing” refers to a binding protein or antigen-binding

fragment thereof (for example, an antibody) that reduces or blocks the activity of a
signaling pathway or an antigen, e.g., IL-21/IL-21R signaling pathway or IL-21R
antigen.

[0070] The term “effective amount” refers to a dosage or amount that is sufficient to
regulate IL-21R activity to ameliorate or lessen the severity of clinical symptoms or
achieve a desired biological outcome, e.g., decreased T cell and/or B cell activity,
suppression of autoimmunity, suppression of transplant rejection.

[0071] The term “human binding protein” includes binding proteins having variable
and constant regions corresponding substantially to human germline immunoglobulin

sequences known in the art, including, for example, those described by Kabat et al.



[0067] In other enmbodi ments, a single domain binding
protein is a naturally occurring single domain binding
w@e@basds2ihi ch has been described in the art aBCHUR®AY§45182
chain anti body devoid of |ight chains. Such single

domai n binding proteins are disclosed in, e.g.,

I nternational Application Publication No. WO
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tHﬁn&?gﬁnﬁﬁEnﬁﬂ&ﬁgngaﬁg§§ﬁH{kbOd'es Furthermore, in

vitro expression 0 an produce high-yield,
pr0®geY Mhe atded ifinbel’ i amagonvid s blbdk, asidineu@dlize b IIndi R@ctivity
proteins generated in Canelids can recogni ze_epitopes
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Apptlagiad toxthe BetblityGA L QMRNo $he M&Z/o@ﬂ&&aﬁle&ﬁdb(\@ The IL-21R

94/ 004678, both hereby incorporated by reference

héc‘rt@ﬁltmcan bo U@Bﬂurqdq@w%@wwmﬁﬂqed@ﬁwam éherrgt- dahkitipn Aind
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responsi

f @dftwﬁtls}e Asltaamtfdnqn tattm\dtmaﬁ@d ARan 1@% ez(i.% nxb%1 94(1% a0ed, 0%,
and an anti The part of the antigen that is

<% $0%a90%. 4¥6cymared and bound by the binding

Al S s o n T Rl Rl 5 s Pl 38R i it oo clas

V@vtbﬁg% @g@gﬂﬁt@%%%msaﬁgﬁg Efmqtmg%g g g\rquS bkt np@ii®fion No.
09/569,384 and U.S. Application Publication Nos. 2004/0265960; 2006/0159655;
2006/0024268; and 2008/0241098), NILR or zalphall (see, e.g., International
Application Publication No. WO 01/085792; Parrish-Novak et al. (2000) supra;
Ozaki et al. (2000) supra), that binds to an IL-21 ligand. IL-21R is homologous to
the shared P chain of the IL-2 and IL-15 receptors, and IL-4a (Ozaki et al. (2000)
supra). Upon ligand binding, IL-21R is capable of interacting with a common
gamma cytokine receptor chain (Yc) and inducing the phosphorylation of STAT1 and
STAT3 (Asao et al. (2001) supra) or STATS (Ozaki et al. (2000) supra). IL-21R
shows widespread lymphoid tissue distribution. The terms “interleukin-21 receptor”

or “IL-21R” or the like also refer to a polypeptide (preferably of mammalian origin,

e.g., murine or human IL-21R) or, as context requires, a polynucleotide encoding



have to conprise both. Fd fragnents, for exanple, have
two VH regions and often retain antigen-bi ndi ng

W0 eovetteses of the intact antigen-bi ndi ng domai NPCT/US2009/045182
Exanpl es of antigen-binding fragnents of a binding
protein include, but are not limted to: (1) a Fab
fragnment, a nonoval ent fragnent having VL, VH CL and
CH domains; (2) a F(ab')2 faggnent, a bival ent
fragment having two Fab fragmenfs |inked by a
di sul fide bridge at the hinge region; (3) an Fd

fragnent, hayi two VH and one. CHI. d ins;. (4 n, Fv
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sBagices,Beoticads) MDaArcdspionNoc INPL BE83710) anSIEYHDIMéQidoinsurine -
pair to form nonoval ept nol ecul es (known as

(Gt sb et BN BANR] Act Rundyl SEBEABeIdpreans! Hhreof: () an
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ob3 @i ovedd %1 hoimglogomyvenin anklo ackicdequepice setkomhvin $OQINASE@:2 or
with skill in the art, and the fragnents are eval uated
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nucleotide sequence degenerate to a naturally occurring IL-21R nucleotide sequence
or a fragment thereof, e.g., SEQ ID NO:1 or SEQ ID NO:3, or a fragment thereof; or
(6) a nucleotide sequence that hybridizes to one of the foregoing nucleotide
sequences under stringent conditions, e.g., highly stringent conditions. In addition,
other nonhuman and nonmammalian IL-21Rs are contemplated as useful in the
disclosed methods.
[0074] The term “interleukin-21" or “IL-21" refers to a cytokine that shows
sequence homology to IL-2, IL-4 and IL-15 (Parrish-Novak et al. (2000) supra), and
binds to an IL-21R. Such cytokines share a common fold into a “four-helix-bundle”
structure that is representative of the family. IL-21 is expressed primarily in

activated CD4" T cells, and has been reported to have effects on NK, B and T cells
(Parrish-Novak et al. (2000) supra; Kasaian et al. (2002) supra). Upon 1L-21



[0071] The term "human bi nding protein” includes

bi ndi ng proteins having variable and constant regions
we@oarpasysendi ng substantially to human gernl i nePCT/US2009/045182

i mmunogl obul i n sequences known in the art, including,

for exanple, those described by Kabat et al.(5th ed.

1991) Sequences of Proteins of |nmmunol ogical Interest,

U. S. Departnent of Health and Eunan Services, NH

Publ i cation No. 91-3242. The Kufran antibodi es of the
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nucleotide sequences under stringent conditions, e.g., highly stringent conditions.
[0075] The terms “IL-21R activity” and the like (e.g., “activity of IL-21R,”
“IL-21/1IL-21R activity”) refer to at least one cellular process initiated or interrupted
as aresult of IL-21R binding. IL-21R activities include, but are not limited to: (1)
interacting with, e.g., binding to, a ligand, e.g., an IL-21 polypeptide; (2) associating
with or activating signal transduction (also called “signaling,” which refers to the
intracellular cascade occurring in response to a particular stimuli) and signal
transduction molecules (e.g., gamma chain (Yyc) and JAK1), and/or stimulating the
phosphorylation and/or activation of STAT proteins, e.g., STATS and/or STAT3;

and (3) modulating the proliferation, differentiation, effector cell function, cytolytic



supra). Upon ligand binding, IL-21R is capabl e of
interacting wiwth a common gamma cyt oki ne receptor

W@ b@bn435gx) and i nduci ng the phosphoryl ati on oPCBUSINI/045182
and STAT3 (Asao et al. (2001) supra) or STAT5 (Qzaki
et al. (2000) supra). IL-21R shoms wi despread | ynphoi d
tissue distribution The ternms "interl eukin-21
receptor” or "IL-21R" or the |Like also refer to a
pol ypepti de (preferably of na%ﬁallan origin, e.g.,
nurine or human |IL-21R) or, as context requires, a
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sequence that is encoded by a naturally occurring
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al. ((1988) Comput. Appl. Biosci. 4:11-17). A set of parameters may be the
Blosum 62 scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a
frameshift gap penalty of 5. The percent identity between two amino acid or
nucleotide sequences can also be determined using the algorithm of Meyers and
Miller ((1989) CABIOS 4:11-17), which has been incorporated into the ALIGN
program (version 2.0), using a PAM120 weight residue table, a gap length penalty of
12, and a gap penalty of 4. The percent identity is usually calculated by comparing
sequences of similar length.
[0079] The term “repertoire” refers to at least one nucleotide sequence derived

wholly or partially from at least one sequence encoding at least one immunoglobulin.

The sequence(s) may be generated by rearrangement in vivo of the V, D, and J



sequences under stringent conditions, e.g., highly
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[0081] As used herein, the terms “stringent,” “stringency,” and the like describe
conditions for hybridization and washing. The isolated polynucleotides of the
present invention can be used as hybridization probes and primers to identify and
isolate nucleic acids having sequences identical to or similar to those encoding the
disclosed polynucleotides. Therefore, polynucleotides isolated in this fashion may be
used to produce binding proteins against IL-21R or to identify cells expressing such
binding proteins. Hybridization methods for identifying and isolating nucleic acids
include polymerase chain reaction (PCR), Southern hybridizations, in situ

hybridization and Northern hybridization, and are well known to those skilled in

the art.
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Table 1: Hybridization Conditions

Condition Hybrid Hybrid Length Hybridization Wash
(bp)* Temperature and | Temperature and
Buffer? Buffer?

A DNA:DNA > 50 65°C; 1X SSC -or- | 65°C; 0.3X SSC
42°C; 1X SSC,
50% formamide

B DNA:DNA | <50 Tg*; 1X SSC Tg*; 1X SSC

C DNA:RNA > 50 67°C; 1X SSC -or- | 67°C; 0.3X SSC
45°C; 1X SSC,
50% formamide

D DNA:RNA <50 Tp*; 1X SSC Tp*; 1X SSC
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| f Thelnbsd éwlgth 1sntbat9p@@pa‘t¢ddor the hybridized region(s) of the hybridizing

polynucleotides. When hybridizing a polynucleotide to a target polynucleotide of unknown
sequence, the hybrid length is assumed to be that of the hybridizing polynucleotide. When
polynucleotides of known sequence are hybridized, the hybrid length can be determined by
aligning the sequences of the polynucleotides and identifying the region or regions of optimal
sequence complementarity.

2 SSPE (1xSSPE is 0.15M NaCl, 10mM NaH,PO,, and 1.25mM EDTA, pH 7.4) can be
substituted for SSC (1xSSC is 0.15M NaCl and 15mM sodium citrate) in the hybridization
and wash buffers; washes are performed for 15 min after hybridization is complete.

Tg* - Tg*: The hybridization temperature for hybrids anticipated to be less than 50 base pairs
in length should be 5-10°C less than the melting temperature (1) of the hybrid, where T, is
determined according to the following equations. For hybrids less than 18 base pairs in
length, T,,(°C) =2(# of A + T bases) + 4(# of G + C bases). For hybrids between 18 and 49
base pairs in length, T(°C) = 81.5 + 16.6(log;sNa*) + 0.41(%G + C) - (600/N), where N is
the number of bases in the hybrid, and Na* is the concentration of sodium ions in the
hybridization buffer (Na* for 1X SSC = 0.165 M).

Additional examples of stringency conditions for polynucleotide hybridization are provided in
Sambrook et al., Molecular Cloning: A Laboratory Manual, Chs. 9 & 11, Cold Spring Harbor
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identity) with the disclosed polynucleotides, whereas polypeptide homologs have at
least about 30% sequence identity (more preferably, at least about 45% identity; most
preferably, at least about 60% identity) with the disclosed binding proteins /
polypeptides. Preferably, homologs of the disclosed polynucleotides and
polypeptides are those isolated from mammalian species. The isolated
polynucleotides of the present invention may additionally be used as hybridization
probes and primers to identify cells and tissues that express the binding proteins of
the present invention and the conditions under which they are expressed.

[0084] The phrases “substantially as set out,” “substantially identical,” and
“substantially homologous™” mean that the relevant amino acid or nucleotide

sequence (e.g., CDR(s), Vy, or Vi domain(s)) will be identical to or have
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a therapeutic binding protein, e.g., an anti-IL-21R nanobody. Nonlimiting examples
and uses of therapeutic agents are described herein.
[0087] As used herein, a “therapeutically effective amount” of an anti-IL-21R
binding protein (e.g., an antibody) refers to an amount of the binding protein that is
effective, upon single or multiple dose administration to a subject (such as a human
patient) for treating, preventing, curing, delaying, reducing the severity of, and/or

ameliorating at least one symptom of a disorder or a recurring disorder, or prolonging

the survival of the subject beyond that expected in the absence of such treatment.
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i Setthi(1985) Wiriehce W8: Hi 1S el 7o Sdatkbimetiah g 1 o \Nairirg 352:624-28;
Marks et al. (1991) J. Mol. Biol. 222:581-97; and International Application
Publication Nos. WO 92/018619; WO 91/017271; WO 92/020791; WO 92/015679;
WO 93/001288; WO 92/001047; WO 92/009690; and WO 90/002809.

[0090] In addition to the use of display libraries, the specified antigen can be used to
immunize a nonhuman animal, e.g., a cynomolgus monkey, a chicken, or a rodent
(e.g., a mouse, hamster, or rat). In one embodiment, the nonhuman animal includes
at least a part of a human immunoglobulin gene. For example, it is possible to
engineer mouse strains deficient in mouse antibody production with large fragments
of the human Ig loci. Using the hybridoma technology, antigen-specific monoclonal

binding proteins, such as antibodies, derived from the genes with the desired
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anti-IL-21R anti bo I n anot her enbodi nent of the

i avedy sene ohthe @&‘p@gy be reptpepd wiity nonhuman CDRs. It is only

necessary to replace the number of CDRs required for binding of the humanized
binding protein to a predetermined antigen.

[0092] Humanized binding proteins or fragments thereof can be generated by
replacing sequences of the Fv variable domain that are not directly involved in
antigen binding with equivalent sequences from human Fv variable domains.
Exemplary methods for generating humanized binding proteins or fragments thereof
are provided by, e.g., Morrison (1985) Science 229:1202-07; O1i et al. (1986)
BioTechniques 4:214; and U.S. Patent Nos. 5,585,089; 5,693,761; 5,693,762;
5,859,205; and 6,407,213. Those methods include isolating, manipulating, and

expressing the nucleic acid sequences that encode all or part of immunoglobulin Fv



a therapeutic binding protein, e.g., an anti-IL-21R
nanobody. Nonlimting exanples and uses of therapeutic
wawatgssay e descri bed herein. [0087] As used heCEUS200#045182

"therapeutically effective amunt™ of an anti-IL-21R

bi nding protein (e.g., an antibody) refers to an
anount of the binding protein that is effective, upon
single or nultiple dose adn1n|§tration to a subject
(such as a human patient) for-“treating, preventing,
curing, delaying, reduci ng the severity of, and/or
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example, a binding protein derived from an antibody) can be analyzed for peptides
that bind to MHC Class II; these peptides represent potential T cell epitopes (as
defined in, e.g., International Application Publication Nos. WO 98/052976 and
WO 00/034317). For detection of potential T cell epitopes, a computer modeling
approach termed “‘peptide threading” can be applied, and in addition a database of
human MHC class II binding peptides can be searched for motifs present in the Vg
and V1, sequences, as described in International Application Publication Nos.
WO 98/052976 and WO 00/034317. These motifs bind to any of the 18 major MHC
Class II DR allotypes and thus, constitute potential T cell epitopes. Potential T cell
epitopes detected can be eliminated by substituting small numbers of amino acid
residues in the variable domains or by single amino acid substitutions. Typically,

conservative substitutions are made. Often, but not exclusively, an amino acid



Smth (1985) Science 228:1315-17; C ackson et al.

(1991) Nature 352:624-28; Marks et al. (1991) J. Mol.
wW@Br@b/143829: 581-97; and International ApplicatiRCI/US2009/045182

Publ i cati on Nos. WD 92/018619; WD 91/017271; WO

92/020791; WD 92/015679; WD 93/001288; WD 92/001047,

WO 92/ 009690; and WD 90/002809. [0090] In addition to

the use of display libraries, .the specified antigen

can be used to immunize a nonAdfan animal, e.g., a

cynonol gus nonkey, a chicken or a rodent (e.g., a

nmouse, hanster, or one eggodlnent

nsmwﬁﬁﬁo SR P sisorgPod hien sis’&fﬂeceafnaa%m Human
ﬁ’igl Qﬁ%h&é@ agee@@cloé:egrm et?(%nﬂ)ﬁhnéotn &t 8. ?@‘?9‘22 ‘wlﬁolt Biol.

neer use stralins deficient In nouse an
pEZﬂWm P& rCouikte al. 41998) fmmgmlnTad@flaﬂjeBﬁMﬁaﬁihb@ld e:tcail .(1992)

nUtSS:”(@glf tgrf]?jl %b?r'?l |dorm : Chn %%éigah?@% ]%glf628 38. The
ders X dfrE%B'gﬁn(gSVﬁ sn§§o r%:ﬂentsn)% ﬁ&?ﬂofﬁgﬁﬁﬁﬂnﬁbﬁ%gmﬁhn

be produce ecte see
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Nat . Genet. 7;13-21; S. Patent No. 7, 064, 244; and

| hpgineesingohambrigesn. Ué%t iThgsePigANeICat FaprPentsed asgysource of human

IRLQAR0 AR &%Q?%Y&g)andk%ﬁsﬂcme&@ hERe el
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ardeidmodyn hlkabe u&dohﬁ ddsangtsbdfin oz . aUrt atenaNo ab1 BomO64. and
then _nodified (g humani zed, dei muni zed, or
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Takeda et al. (1985) Nature 314(6010) 452-54; U. S.

Pﬁteéﬁtcﬂmeffeptw‘eolswew 33 sABPIYPN! FdfesFEdgreptors, which can

Ag(%ltro(f abJe 1 1rtn n?(l unc't 8ns (gC{ﬁ %ndH% p%(g%mgsggh]g %5 EI‘?orQ:el]I a§t1v1ty,
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FcRn subclasses, 1nclud1ng allelic variants and alternatively spliced forms of these
receptors. Fc receptors are reviewed in, e.g., Ravetch and Kinet (1991) Annu. Rev.
Immunol. 9:457-92; Capel et al. (1994) Immunomethods 4:25-34; and de Haas et al.
(1995) J. Lab. Clin. Med. 126:330-41. For additional binding protein / antibody
production techniques, see, e.g., Antibodies: A Laboratory Manual (1988) Harlow et
al. eds., Cold Spring Harbor Laboratory. The present invention is not necessarily
limited to any particular source, method of production, or other special characteristic
of a binding protein or an antibody.

[0096] Binding proteins comprising antibodies (immunoglobulins) are typically
tetrameric glycosylated proteins composed of two light (L) chains of approximately
25 kDa each and two heavy (H) chains of approximately 50 kDa each. Two types of
light chains, termed lambda () and kappa (), may be found in antibodies.



5,225,539) describes an exenplary CDR-grafting nethod
that nmay be used to prepare the humani zed bi ndi ng
wW@e@vai3se3 descri bed herein. Al of the CDRs of PEI/US2009/045182
particul ar human bi nding protein nay be replaced with
at least a portion of a nonhuman CDR, or only sone of
the CDRs may be replaced with nonhuman CDRs. It is
only necessary to replace the gunber of CDRs required
for binding of the hurrani zed ™ B nding protein to a
predeterm ned antigen. [0092] Humani zed bi ndi ng
proteins or _fragnments thereof can be generat b .
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residues or greater than 26 amino acids. The subunit structures and three-
dimensional configurations of different classes of immunoglobulins are well known
in the art. For a review of antibody structure, see, e.g., Harlow et al. (1988) supra.
One of skill in the art will recognize that each subunit structure, e.g., a Cy, Vy, Cy,
Vi, CDR, and/or FR structure, comprises active fragments, e.g., the portion of the
Vi, V1, or CDR subunit that binds to the antigen, i.e., the antigen-binding fragment,
or, e.g., the portion of the Cy subunit that binds to and/or activates, e.g., an Fc
receptor and/or complement. The CDRs typically refer to the Kabat CDRs (as
described in Kabat et al. (1991) supra). Another standard for characterizing the
antigen binding site is to refer to the hypervariable loops as described in, e.g.,

Chothia et al. (1992) supra and Tomlinson et al. (1995) supra. Still another standard
is the “AbM?” definition used by Oxford Molecular’s AbM antibody modeling



EP 0 239 400). [0094] A binding protein or fragnment
thereof nmay al so be nodified by specific deletion of
woeovan43b2xel | epitopes or "dei muni zati on" by BEEUS2009/045182
met hods di sclosed in, e.g., International Application
Publ i cati on Nos. WO 98/ 052976 andWD 00/ 034317.
Briefly, the heavy and Iight chai n variabl e domai ns of
a binding protein (such as, gg exanpl e, a binding
protein derived from an antlb y) can be anal yzed for
peptides that bind to MHC Cass |I1; these peptides
represent potential T _cell es (as defined.in, .
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wherein the CDRs are part of a single domain polypeptide. Examples include, but

are not limited to, heavy chain binding proteins, binding proteins that are naturally
devoid of light chains, single domain binding proteins derived from conventional
four-chain antibodies, engineered binding proteins, and single domain protein
scaffolds other than those derived from antibodies. Single domain binding proteins
include any known in the art, as well as any future-determined or -learned single
domain binding proteins.

[0101] Single domain binding proteins may be derived from any species including,
but not limited to, mouse, human, camel, llama, fish, shark, goat, rabbit, chicken, and
bovine. In one aspect of the invention, the single domain binding protein can be

derived from a variable region of the immunoglobulin found in fish, such as, for



[0095] In certain enbodi ments, a binding protein can
contain an altered i mmunogl obulin constant or Fc

WO e@vouss2For exanpl e, binding proteins producelCT/HS2009/045182
accordance with the teachings herein may bind nore
strongly or wwth nore specificity to effector
nol ecul es such as conplenent and/ or Fc receptors,
whi ch can control several nnB e functions of the
bi ndi ng protein such as effe r cell activity, lysis,
conplenent medi ated activity, binding protein
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bi ndi ng._ protein / antibody productiaon technlques see,
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S farfobedy, ne tikaagzudth i froduitt icomvendon2d tMipst fepediadl immunoglobulins.
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Oéal&ﬂ mrdaiﬁeﬁabﬁl:@fnéiﬁe&i Dﬁmzﬂﬂ@horﬁﬁld (§6&pe be Mwlc(eh'l)laﬁ\(abms)
of apprOX|nateI¥ 50 kDa each. Two types of (%g
L eIfS@ams
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M and several of these may be further divided into
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omai n (g;% three or four C domains (CHS), and a
hﬁmg@s;@@g}f Hygam produce high-yield, properly folded functional VHHs. In
addition, binding proteins generated in camelids will recognize epitopes other than
those recognized by antibodies generated in vifro via antibody libraries or via
immunization of mammals other than camelids (see, e.g., International Application
Publication Nos. WO 97/049805 and WO 94/004678, which are incorporated herein
by reference).
[0102] A “bispecific” or “bifunctional” binding protein is an artificial hybrid binding
protein having two different heavy/light chain pairs and two different binding sites.
Bispecific binding proteins can be produced by a variety of methods including fusion

of hybridomas or linking of Fab’ fragments (see, e.g., Songsivilai and Lachmann

(1990) Clin. Exp. Immunol. 79:315-21; Kostelny et al. (1992) J. Immunol.



C domain nost proximal to VH is designated as CH | -
The VH and VL donmai ns consi st of four regions of

WO 200at143se3 y conserved sequences cal |l ed franmewoP®I/US2009/045182
regions (FR, FR2, FR3, and FR4) that forma scaffold
for three regions of hypervariabl e sequences, called
CDRs. The CDRs contain nost of the residues
responsi bl e for specific interactions of the anti body
with the antigen. CDRs are ré#gfred to as CDR, CDR2,
and CDR3. CDR constituents on the heavy chain are
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e.ghg}the portion_ of the VH VL, or CDR subunit that
bP

ang lefd oxfitei Getand; Crgh regione oblel (gesne i 1S nfypplication
Fﬁ%ﬁpgn 3%0(%/(91 360@1 &l fs'n?&;ﬁ%#e@%y %#er%ﬂ? r&nfji??ta more

or actrvdtes receptor an
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(as described in Kabat et al. (1991) supra). Another
stuthgaingluds a f%ﬁlii get muzi%gn@tn@ oaﬁpglg@@fe% imeupeelehylia heavy
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supra an
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Enbodi nents described with respect to Kabat CD&%
Cu3 in the case of a construct derived in whole or in part from IgE). Typically, such
binding domain-immunoglobulin fusion proteins are capable of at least one
immunological activity selected from the group consisting of antibody-dependent
cell-mediated cytotoxicity (ADCC), complement fixation, and/or binding to a target,
for example, a target antigen, such as human IL-21R.
[0104] Binding proteins of the invention can also comprise peptide mimetics.
Peptide mimetics are peptide-containing molecules that mimic elements of protein
secondary structure (see, for example, Johnson et al., Peptide Turn Mimetics in
Biotechnology and Pharmacy (1993) Pezzuto et al. eds., Chapman and Hall, New

York, incorporated by reference herein in its entirety). The underlying rationale

behind the use of peptide mimetics is that the peptide backbone of proteins exists



can alternatively be inplenmented using simlar

descri bed relationships wth respect to Chothia
whyenyses abl e | oops or to the AbM defined | ooPGI/US2009/045182

[0098] The Fab fragment consists of VHCH I and VL-CL

domai ns coval ently |inked by a disulfide bond between

the constant regions. The Fv fragnent is smaller and

consi sts of VH and VL domai ns poncoval ently |inked. To

overcone the tendency of noncé@alently i nked domai ns

to dissociate, an scFv can be constructed. The scFv
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ecu e (I'munog in"Genes (2nd e Joni o
epowmuﬂbdﬁmnnﬁdaﬂﬁﬁuﬁnﬂkesS San Di ego, CA). [0100] In
certain enbodi nents of the invention, the binding
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dg f@glﬂgb%%'@ Olth%'s@ﬁlo elaglfey ggnse?z{r%gﬁ‘lggg Sir?mlp tﬁ SitlRantial portion

ereint

pOfy@@@hmg@qxﬁkaﬁﬁbﬁaanpHHﬁHKObmimﬁIEJMHIaMﬂﬁﬁyddmkdatﬂw
heavy chain binding proteins, binding proteins that
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di es, heer

dmrmuph@teebﬂﬁbﬁ@ﬁff dxplddsiopbhe prdtdfiﬁﬂn b he@ml@gems ‘hsa fFopm
anti bodi es. Single domain binding proteins include any
k%’WPl‘P r@rrtlh@ agifl sequeBCcaped! NuskeiGIR)d fagueRcss gegading aeigo geid

e%Errﬂc g egtlhg bgn n}g‘g %rog:mnsdang%ng% %t l% ccijl%g rﬁ[a %grllgs therfrgogfI of the

rirve

S p@@érﬁsnveﬁﬁd)mebrﬂmsubgu lea@dr (bﬂ ﬁgﬁa@ﬂsetl@encm% sBléBf@& from
canmel, |lama, fish, shark, goat, rabbit, chicken, and

bSBRID, NOx 83189 anpa3e-248. t\n@thﬁhwﬁﬂ ifevion inglidgs thglagdition of an

dPnrlrr%urrl]olgglglga } ng:ti% 855"1'211%, guacﬂ a3% binding protein epitope, to facilitate

purification of the fusion protein. Inclusion of a cleavage site at or near the fusion
junction will facilitate removal of the extraneous polypeptide after purification.
Other useful fusions include the linking of functional domains, such as active sites
from enzymes, glycosylation domains, cellular targeting signals, or transmembrane
regions. Examples of proteins or peptides that may be incorporated into a fusion
protein include, but are not limited to, cytostatic proteins, cytocidal proteins, pro-
apoptosis agents, anti-angiogenic agents, hormones, cytokines, growth factors,
peptide drugs, antibodies, Fab fragments of antibodies, antigens, receptor proteins,
enzymes, lectins, MHC proteins, cell adhesion proteins, and binding proteins.
Methods of generating fusion proteins are well known to those of skill in the art.
Such proteins can be produced, for example, by chemical attachment using

bifunctional cross-linking reagents, by de novo synthesis of the complete fusion



derived froma variable region of the inmunoglobulin

found in fish, such as, forexanple, that which is
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Anti gen Receptor (NAR) found in the serum of shark.

Met hods of produci ng single domain binding proteins

derived froma variable region of NAR (1 gNARs) are

described in, e.qg., Internat|§£ Application

Publ i cati on No. WO 03/014161 d Streltsov (2005)

Protein ScL 14:2901-09. Single donain binding proteins
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bi nding protein is an artificial hybrid binding
determined as described in Kabat et al. ((1991) supra).
[0108] Illustrative embodiments of the binding proteins (and antigen-binding
fragments thereof) of the invention are identified as AbA-AbZ, H3-H6, L1-L6,
L8-L.21, and L.23-L25. DNA and amino acid sequences of the nonlimiting
illustrative embodiments of the anti-IL-21R binding proteins of the invention are set
forth in SEQ ID NOs:5-195, 213-229, and 239-248. DNA and amino acid sequences
of some illustrative embodiments of the anti-IL-21R binding proteins of the
invention, including their scFv fragments, Vi and Vi domains, and CDRs, as well as

their present codes and previous designations, are set forth in FIGs. 17-25, and

Tables 2A and 2B.



protein having two different heavy/light chain pairs

and two different binding sites. Bispecific binding
WQe@va#3se3 can be produced by a variety of net hBdBEUS2009/045182

i ncluding fusion of hybridomas or |inking of Fab

fragments (see, e.g., Songsivilai and Lachmann (1990)

Adin. Exp. Inmmunol. 79:315-21; Kostelny et al. (1992)

. I'mmunol . 148: 1547-53). I n one_,enbodi nent, the

bi specific binding protein céﬁ%fises a first binding
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SEQ 1D SEQ ID | SEQID SEQ ID SEQ ID
Vu AA NO:14 NO:16 NO:18 NO:20 NO:6
\'%3 AA NO:10 NO:10 NO:10 NO:10 NO:22

scFv AA NO:110 | NO:112 | NO:114 NO:116 NO:118

CDR H1 AA NO:163 | NO:163 | NO:163 NO:163 NO:163

CDRH2 | AA NO:164 | NO:164 | NO:164 NO:164 NO:164

CDRH3 | AA NO:165 | NO:166 | NO:167 NO:168 NO:169

CDR L1 AA NO:194 | NO:194 | NO:194 NO:194 NO:194

CDR L2 AA NO:195 | NO:195 | NO:195 NO:195 NO:195

CDR L3 AA NO:170 | NO:170 | NO:170 NO:170 NO:171

Vi DNA | NO:13 NO:15 NO:17 NO:19 NO:5

Vi, DNA NO:9 NO:9 NO:9 NO:9 NO:21

scFv DNA | NO:109 | NO:111 | NO:113 NO:115 NO:117
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and any isotype subclass. Constant regions

are known in the art (see, e.g., Kabat et al. (1991) supra). Therefore, binding

proteins within the scope of this invention include Vi and Vi, domains, or portions

thereof, combined with constant regions known in the art.

[0110] Certain embodiments comprise a Vi domain, a Vi domain, or a combination

thereof, of the Fv fragment from AbA-AbZ, H3-H6, L1-L6, L8-L21, and/or L23-L.25.

Further embodiments comprise one, two, three, four, five or six CDRs from the Vy

and Vi domains. Binding proteins whose CDR sequence(s) are the same as, or

similar to (i.e., differ insubstantially from), one or more CDR sequence(s) present

within the sequences set forth in SEQ ID NOs:5-195, 213-229, and 239-248 are

encompassed within the scope of the invention.

[0111] In certain embodiments, the Vi and/or Vi, domains may be germlined, i.e.,

the FR of these domains are mutated using conventional molecular biology



[0110] Certain enbodi nents conprise a VH domain, a VL
domai n, or a conbination thereof, of the Fv fragnent
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forth in SEQ ID NGs:5-195, 213-229, and 239-248 are
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introduced into . the FR of a binding protein .
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vmsgqeg CRMBIMIFI IRONS! & bogFang publishe pequencasymglyding those in
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housan equences, I nc ose

c blﬂhb@ﬂfneh@l ®aFRS oBkcHWN %re(ﬁhBﬁdNKﬁ rc))nfaﬁﬁltﬁwﬁh tﬁifél&lasest matches
libraries. I n sonme enbodi nrents, the FRs of scFvs are

it the ¥BAYE deabase and gheﬁl?lﬁ PeFong pgdept infagt-ches i n t he

V@?g (iiat 4 a{flﬁc’ & cﬂm ts bmdm g){‘OttI%I%Q Sf %E:?nvken 101 Is ecﬂ’ a{l%react
hocer farn embodi nen I hg proteins o

| BV RhiePNoFeBsd i tealahy ak @RCdpitahé Fecaghigfd BYORBAIAWR, HSH6,
the sane as the epitope recognlzed y AbA- AbZ, H3- H6,
LLILe; LB4.21 2qr L L2 3u¢lpthat they pornprittivelydphibit the binding of

[ RERAbEgIEale LI Lt Eor PRl A b G, hnaing

bpﬂ)@élﬁ@can be determined in competitive binding assays. In one embodiment, the
association constant (K,) of these binding proteins for human IL-21R is at least
10°M's™. The binding affinity may be determined using techniques known in the
art, such as ELISA, biosensor technology (such as biospecific interaction analysis) or
other techniques, including those described in this application.
[0114] It is contemplated that binding proteins of the invention may bind other
proteins, such as, for example, recombinant proteins comprising all or a portion of
IL-21R.
[0115] One of ordinary skill in the art will recognize that the disclosed binding
proteins may be used to detect, measure, and/or inhibit proteins that differ somewhat
from IL-21R. For example, these proteins may be homologs of IL-21R. Anti-IL-21R

binding proteins are expected to bind proteins that comprise a sequence which is at



proteins can be determ ned in conpetitive binding
assays. In one enbodi nent, the associati on constant
W@ Bwy/148523 hese bi ndi ng proteins for hunman | L- 2BEI/US2089/045182
| east 105M 1S1. The binding affinity may be detern ned
usi ng techni ques known in the art, such as ELI SA,
bi osensor technol ogy (such as biospecific interaction
anal ysis) or other techniques, _including those
described in this appllcatlon47[0114] It is
contenplated that binding proteins of the invention
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recogni zé that the disclosed binding oteins may be
ubén:2 a det ect, neasure, and/or |nh|b|t proteins that

differ somewhat from|L-21R For exanpl e, these
ptHde] hxadgigonte %%W%@gmslrogv en'cﬁms SRQPE MAPPIRR (see, e.g.,

R St bt D X it S R R
80%Mar OFact&bUnalgsesivan be caleind boab idantifinypesEipuBin ceucofreat

| east 100, 80, 60, 40, or .20 contlguous amno acids. jin
t ReuBed hxfheprewntly diselsesingipe Resseins apd their complsyey with
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I\/(Errgls®ned974)l—ﬂzwam Wx@SBl)?l 1arm1$)emdr¢dmwteaﬁﬂ>déleﬂgt dfarintual
structure anal yses can be carried out to identify
sff@éqsmtéﬂfm of ﬁhqatrﬁfefméémaglgmﬁ%tam@@l@ﬁ@l%eé akhtqdp) Computer
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an ens but "are not

t Biolxkgy, @wldcsmﬁig&ﬁdrb@rmbmﬁrgn@smmmg YdhorBNIghem

Exp. Biol. 11:7-13) and conputer nodeling of virtual '
[ﬁﬂéh dhie disclonareproviges pneded fortﬁbﬁ?dmﬁg am&éﬂ Réinding proteins.

I(vﬂlfg %nfﬁ: roldcck etrl éis crea(tm9 %&dm%}%}%y y & Igfzoa g’rﬂlser:]quence(s) that

Vile@Grbted rfro%h ﬂio@@ ye ué}weg diSplokdtthdrieth b gﬁcﬁ_ah@rngtp%tyms ey the
Spring Har bor, NY). [0117] The disclosure provides a

né‘trh@d byarskdlsdatifan gsiaatéchniguesiRicyimidi they alpr belegxagipleT paino

a?i%?i Slsbs@ﬁu%rgas@éﬁegé{l:%tr Ifl(ﬂcg%lgrllsnc%n iR ugfl: in 15% and/s/r DR
regions. FR changes are usually designed to improve the stability and
immunogenicity of the binding protein, while CDR changes are typically designed to
increase a binding protein’s affinity for its antigen. The changes that increase affinity
may be tested by altering one or more CDR sequences and measuring the affinity of
the binding protein for its target (see, e.g., Antibody Engineering (2nd ed. 1995)
Borrebaeck ed., Oxford University Press).
[0118] Binding proteins whose CDR sequences differ insubstantially from those set
forth in or included within the sequences of SEQ ID NOs:5-195, 213-229, and
239-248 are encompassed within the scope of this invention. Typically, such an
insubstantial difference(s) involves substitution of an amino acid with an amino acid
having similar charge, hydrophobicity, or stereochemical characteristics. More

drastic substitutions in FR regions, in contrast to CDR regions, may also be made as



are altered fromthose sequences di scl osed herein.

Such bi nding proteins nmay be derived by a skilled
W@era00a435231si ng techni ques known in the art. FOPCT/US2009/045182

exanpl e, am no acid substitutions, deletions, or

addi tions can be introduced in FR and/or CDR regions.

FR changes are usually designed to inprove the

stability and i mmunogenicity ag t he bi ndi ng protein,

whil e CDR changes are typicall'y designed to increase a

bi ndi ng protein's affinity for its antigen. The

c that increa ffinit e tested
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be acconplished by selecting substitutions in the
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ot U ER UK TR20h area of the substitution

f Eue}zgﬁ ;ﬁrégﬂé@doz;rﬁﬁlo%cﬁﬂ%%ﬂt@tﬁoﬂ%%vih@@lsr EMREQ AR drddncdmrvative)
can be determined by those skilled in the art at the time such substitutions are
desired. For example, amino acid substitutions can be used to identify important
residues of the molecule sequence, or to increase or decrease the affinity of the

molecules described herein. Exemplary amino acid substitutions include, but are not

limited to, those set forth in Table 3.



hydr ophobi city of the nolecule at the target site,
and/or (3) the size of the nolecule. [0120] For
W@x@aps3s23 a "conservative am no aci d substit ut PORUS208%/045182

i nvol ve a substitution of a native am no acid residue
with a normative residue such that there is little or
no effect on the polarity or charge of the am no acid
residue at that position (see,_.e.g., MacLennan et al.
(1998) Acta Physiol . Scand. SOPpl. 643:55-67; Sasaki
et al. (1998) Adv. Bi ophys. 35:1- 24) [0121] Desired

et her conservative or
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He e enbodi ment, thkeurdtahddetf da, Rhgi nglen vari ant VH
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eastLone anmno acid Naﬂélﬁgqed'ﬂscv;gsed VHiéglomai ns, or
conmbi ning the discl ospgt\éhlactqgal ns wthl at [ east one

and testi he variant vHAd [ for
Eyé;@gabl ndi ng or nod f | on %f | L-21R/ IBL@’Zl activity.
0124] An anal ogous %i-‘rl,d Uil ng aj vari ant VL
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[0122] In certain embodiments, conservative amino acid substitutions also
encompass nonnaturally occurring amino acid residues that are typically incorporated
by chemical peptide synthesis rather than by synthesis in biological systems.

[0123] In one embodiment, the method for making a variant Vi domain comprises
adding, deleting, or substituting at least one amino acid in the disclosed Vi domains,
or combining the disclosed Vi domains with at least one Vi domain, and testing the
variant Vi domain for IL-21R binding or modulation of IL-21R/IL-21 activity.
[0124] An analogous method for making a variant Vi, domain comprises adding,

deleting, or substituting at least one amino acid in the disclosed Vi, domains, or



pol yners (e.g., polyethylene glycol, polypropylene

gl ycol, or pol yoxyal kyl enes) in manners set forth in
weR®@I1seent Nos. 4, 640, 835; 4, 496, 689; 4, 301, RAHS2009/045182

4,670, 417; 4,791,192; and 4,179, 337. The bi ndi ng

proteins can be chemcally nodified by coval ent

conjugation to a polyner, for exanple, to increase

their half-life in blood circgbation. Exenpl ary

pol ymers and attachnment nethods are shown in U S

Patent Nos. 4,766, 106; 4,179, 337; 4,495, 285; and

4,609, 546 012 h dISC|O ed b|nd| rotei ng can
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g[0125k fh sdmhontesnites catodmeenac denpiti- BA2IR bipdoigangeimg can be
an1no aci d sequence tq delete or create glycosylation
B8 d e £ - U B echiglea kR KR o écampimant methods.
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Bl 96{1¢5>. ag}a 4229 bs%‘é)%hﬁ %ﬁ%o%fl scc% o Q}{@l{lﬁ%@f Hl%hﬁeh%

can al so be acc or enzy

( s®@alene cehjugatiakitory gdiymeetfontxan(pld 83 )ncf\fa@é‘ltheiillhalfhﬁ"mn blood
Bi ophys. 259:52; Edge et al. (1981) Anal. Bi ochem
19igeuiEon. dxgmphsy BRYMSTsed gftachmag methggs gre stawr|U.S. Patent

1?ﬂ%sr345$é dg{l?ﬂ 1%%%‘7'49&‘95%850%(?2%95%6 structures may

e as an n anges in the Fc domain

MM 26 TAB @&ciodEaIpiagi@Ripedttivis 0in Be mbdifféﬂ@@b)ﬁdrctlaélr glycosylation;
conposition (see, e.g., International Application

Pth@t iSC@artlwhowarbeysi@@ﬁsmeEM)be delsted ofrrddeshtogbe binding
een at e
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car omal n

ChmnirioGld Je@ﬁerABG&dasﬁsloy celite '&ll @W@ns&ﬁam&iy Which Yire well
or through nutation of the ed consensus site

r é@qﬂm m the aitj Anpther mepes Qtﬁ@@d}ng@aﬁb@hy@ratqmpieties is the chemical or
8‘%5101: & 2 o o& h?:o Mdrtataesi % ALt RS o%tﬁ % 0 e.g.
£ FOYRRE SHEPHITHE "B hAPI6T o MeRPIsE o-¢-
i antﬁ)oﬁp (Repd.d. dﬁltéfﬁéﬁ(fnam?pﬁ&a?ibﬁ PPSlicatidNNS, W(H8705330 and
gl ycosyl ation, termed N-11nked g cosglatlon
Cé.ph@nt;@g(l&ﬁl}(ﬁ@C Crit. Rev. Biochem. 22:259-306). Removal of carbohydrate
moieties can also be accomplished chemically or enzymatically (see, e.g.,
Hakimuddin et al. (1987) Arch. Biochem. Biophys. 259:52; Edge et al. (1981) Anal.
Biochem. 118:131; and Thotakura et al. (1987) Meth. Enzymol. 138:350).
Modification of carbohydrate structures may be preferable as amino acid changes in
the Fc domain may enhance immunogenicity of a pharmaceutical composition (see,
e.g., International Application Publication No. WO 2008/052030). For
immunoglobulin molecules it has been demonstrated that attachment of N-linked
carbohydrate to Asn-297 of the CH2 domain is critical for ADCC activity. Its

removal enzymatically or through mutation of the N-linked consensus site results in

little to no ADCC activity. In glycoproteins, carbohydrates may attach to the amide



endopl asm c reticulum (ER) with the addition of
mul ti pl e nonosacchari des to a dolichol phosphate to
WO 200911485231- r esi due branched car bohydr at e conpl BRI/US100%045182
car bohydrate conplex is then transferred to the
protein by the oligosaccharyltransferase (OST)
conpl ex. Before the glycoprotein | eaves the |unen of
the ER, three glucose nol ecul Ei are renmoved fromthe
14-resi due oligosacchari de. enzymes ER gl ucosi dase
I, ER glucosidase Il and ER mannosi dase are involved

in. ER processjn ubseguently,. the oI tides a
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the ci's a compartnents of the Gol gl conpl ex,
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th h d and
SR AR BRI .
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forms "o rates enera y have in
coligmncchafyininakase @ THeomgee Befosd thtighgopitdimieaees the lumen
mannose and two I\I-acet%l o] ucosam ne residues. Finall

i At PRER: MRS Slappsgimolptiesrareyconeyed fogt thedd- Tegiug@lizosaccharide.
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9t L LR, 1056 G AT AT, ot
Gl BR pezepdigx Subselehiy] thd pcﬂ;apapatiesgdry aasypoatd anthe Golgi

di stinguish it from"core glycosylation," which takes
pfeipRleX Whaie thepd-linked qugﬁmha&w&f pedifisd i mpay difteremivays.

Cal cis@.iii% rﬁ%hhgi%r(iiﬁ Bﬁﬁgﬁts% ?iies(t}ﬂg%oﬁ tizﬁo(g?%i?{l l\ﬁ’fya&iiiaride

have two, Free or four branc ennary

t Nilaikeg memﬁ)}excmaw&tthaﬁﬂé&uhwgh)remévdi @ﬂbﬁhn@sfs (Mmﬁ)/f&ﬁiues and
are involved in CGolg ﬁﬁr ocessi ng, i ncl uding |

naleRgssditisarghadditiop Oé aqealglg:%m@lq(@%%@a@/er ucose (Fuc)
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abérﬁisa&glahhec@ensﬁsamngroegire@n@ﬁn@elahmdwml el @hdbsamine
(such as, for exanple, the constant regi on of an

aeides finale ikiiouwans ol binGleBhnsmiage pratterdedufefoned

:Hg gal gosel%ﬂ}%ign %HS l(,ig nal S l %%Eie d(Si" ziri)éilyfd%rte Srr(])cessing in the
Golgi complex is called * terminal glycosylation” to distinguish it from “core
glycosylation,” which takes place in the ER. The final complex carbohydrate units
can take on many forms and structures, some of which have two, three or four
branches (termed biantennary, triantennary or tetraantennary). A number of enzymes
are involved in Golgi processing, including Golgi mannosidases IA, IB and IC,
GlcNAc-transferase I, Golgi mannosidase II, GlcNAc-transferase II, galactosyl
transferase and sialyl transferase.
[0127] Methods for altering the constant region of a binding protein (such as, for
example, the constant region of an antibody) are known in the art. Binding proteins
with altered function (e.g., altered affinity for an effector ligand such as FcR on a cell

or the C1 component of complement) can be produced by replacing at least one

amino acid residue in the constant portion with a different residue (see, e.g.,



or the G conponent of conplenent) can be produced by

replacing at | east one anmno acid residue in the
W@ostigase3 portion with a different residue (seRCT/US2009/045182

e. g., European Application Publication No. EP 0 388 151

and U S. Patent Nos. 5,624,821 and 5, 648,260). Simlar

types of alterations could be described that, if

applied to a murine or othernszecies of bi ndi ng

protein, would reduce or elinrnate simlar functions.
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in the heavy chain is that of the EU i ndex (see Kabat

efongolar rgsadyip)sughpy RfiCny RiingCalyrsing: (rupfopleat er@janingsee, e.g..
gb%gqg&%gﬁio§6 % ﬁpdand it is believed that the
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présence of ¢a rate is required for Fc receptor

b{01dDN For Sttt ieplashid sdsidus 2D Oas@&ra%ﬂﬁb)swﬁh tRnfnBad the IgG
destroys the glycosylation site is believed to cause a
SEQAstaat regidy sees canﬁyul}ltlblés igetitientyof efferier celifi W@lla@nld slightly

it Tci%:llné gt i %F Se) fogdn\ge%?gna?{ g)SPo? O %e OJ %; ?lalt%ﬁ nown
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235 to Gu destroys its
similar decrease in lytic activity. Other amino acid substitutions, €.g., changing any
one of residues 318 (Glu), 320 (Lys) and 322 (Lys), to Ala, are also known to abolish
Clq binding to the Fc region of IgG antibodies (see, e.g., U.S. Patent No. 5,624,821).
[0130] Modified binding proteins can be produced which have a reduced interaction
with an Fc receptor. For example, it has been shown that in human IgGs, which
binds to the human Fc gamma R1 receptor, changing Leu 235 to Glu destroys its
interaction with the receptor. Mutations on adjacent or close sites in the hinge link
region of a binding protein (e.g., replacing residues 234, 235 and 237 with Ala) can
also be used to affect binding protein affinity for the Fc gamma R1 receptor. The

numbering of the residues in the heavy chain is based on the EU index (see Kabat et

al. (1991) supra). Thus, in some embodiments of the invention, the Fc region of the



interaction with the receptor. Mitations on adjacent

or close sites in the hinge link region of a binding
w@e@vaisds2ie. g., replacing residues 234, 235 anBCERB$2009/045182

with Ala) can also be used to affect binding protein

affinity for the Fc gamma R receptor. The nunbering

of the residues in the heavy chain is based on the EU

i ndex (see Kabat et al. (1991% supra). Thus, in sone

enbodi nents of the invention, fRe Fc regi on of

t hebi ndi ng protelns of the invention contains at Ieast

He const ant gllon nmut ati on, such as, for exanp

DAGeRIOERS of YPIHON SRS ghleass ane ponsipry reg&:‘ﬁ’a‘i‘?@ﬁaﬂﬁn such

Led fér%xé!ngleat:hdﬁgﬁf 1Mo %?fé at(ﬂo%ﬁ%)zwi\ﬂﬁmi) Eﬁh%gﬂﬂgrl%u to Ala

Ay to Ala at p S|t|on 237 . I'n oné enbod

t htepoksgion@Gd Ch23FA)t ned/ doi qindnglgg ﬁiﬂyotoeMa aa:pnzuaom%’/t m37A) In

constant .regi on _putation [.234A and &37A (i
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F t 1l Hh,
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( emBodineht, itz ED-Iﬁ'g]bﬁ roff 'thedj‘mdlffg/bl)otelﬁoont&ma ﬂ’pbce(;orﬂtahumgmn
gG constant gﬁon trcfle mutant. is set forth in_SEQ

|@um®0n&éé3 ﬁe& A A8 A3 AdE S nelt iRl REE 4l T D ngox W@mple
Eﬂu‘flaﬁ géd} 0 sYani)fegﬁ)nbth R AgeaRe nggt! fBrth Erpglﬁl_@t)iﬁ'mbel%by

ter east “one nlno acl erm nal

r E(QBQ]’I Aalditidmal EthodofoRiaNerigy the @&ﬁcal‘ctlb@}doﬂ dbinding protein, for
I nternational Application Publication No. WD 94/029351
afrerples bypdiedng atNgast gnggmingagid inghesNiterpppalypgign qfthe CH2

3@?%%%2% ‘&Esch'%?unrf‘%‘?éﬁ’ﬁit%ﬂ@"%@qﬂ%ﬁﬁ@ﬁ% @%r? Noaw 94/029351

e or C |ona ese S |nc

r agl Olalpelest 6. 9624,9811 and 99Tc), enzymatic Iabels
(e.g., hor seradi sh_peroxi dase and al kal i ne

pHH éh éﬁlﬁ@é}dlngam@temsrﬁ thecEention| capb éagiged with, agietectable or
| SO nﬁaclj le{) llsﬁlese pa%e s WS eI rgcrflor%gls?l 01 andu;B"Fc enz atic

|nd|n ern-or an %lndlng fr

t hBeeed. ot haltseﬂamrgﬁl §eﬂo@1dlabe zﬁqlﬁlkdli’ﬂe ﬁﬁé $phetbedr andmﬂi@r&hemlcal
I L-21R I n certain enbodi nents, e anti-IL-21R

bﬁw@ﬁwg@pgob@ﬂm)nay have at Ieast one of the follomﬁng
c ri.sti W% 4 or Si . o
<PBSRF ABF o bRy b B An (31 B Eing rarbl sFfesrenaine
Dﬁ@%xﬁél{i ;thdreof thdt Hifdsad 112 1R fnlRra@ne! diesh LMK NG certain
protein; (4) it is an
embodlments, the anti-IL-21R binding protein may have at least one of the following
characteristics: (1) it is a monoclonal or single specificity binding protein; (2) it is a
human binding protein; (3) it is an in vitro generated binding protein; (4) it is an
in vivo generated binding protein (e.g., transgenic mouse system); (5) it inhibits the
binding of IL-21 to IL-21R; (6) it is an IgG1; (7) it binds to human IL-21R with an
association constant of at least about 10° M's™; (8) it binds to murine IL-21R with
an association constant of at least about 5x10* M's™; (9) it binds to human IL-21R
with a dissociation constant of about 107 (1/s) or less; (10) it binds to murine IL-21R
with a dissociation constant of about 107 (1/s) or less; (11) it inhibits human IL-21R-
mediated proliferation of human IL-21R-expressing BaF3 cells with an ICsy of about

1.75 nM or less; (12) it inhibits murine IL-21R-mediated proliferation of murine



in vivo generated binding protein (e.g., transgenic
nmouse system; (5) it inhibits the binding of IL-21 to
WO 200248523 6) it is an 1gd; (7) it binds to huPgrUS2009/045182
IL-21R with an associ ati on constant of at |east about
105 M 1S1; (8) it binds to nurine IL-21R wth an
associ ation constant of at |east about 5xIO4 M 1S1;
(9) it binds to human IL-21R gﬁth a di ssoci ation
constant of about 10 3 (1/s)~ ? less; (10) it binds to
murine IL-21R with a dissociation constant of about 10

Zgg—%il%)%aqeésltng%ﬁﬁ%ﬁ]ﬂ%) ig{ qrik)]rr(rdgi b. ah{s? hd)iganlﬂ/l or less; (13) it inhibits
I Hur%&rRILe%pf( ‘?ﬁéﬁaﬂ&i %%F?ér&t%nl o hthda I@Qlk@(@r&gmgwtcells with an

.75 nMor |ess; inhibits nurine
I I_C52 oRalmedil ADed pr IEBS ;f(ef)dt inbibiteflL-21-mediated proliferation of human
nurlneIL R—expre sin aF cells with an | C50 of )
ABRRHGE 5T r dh o of ghegy 1%l R oA MO 2 I pecdiated
. 5%l 4* 'TUéEﬂE‘ th it e&‘f%%ﬁtsi SaME 1
ggﬁ”s a?% a#l%ﬁéﬁ%ﬁv out 14.8’1nl\/lor5 ess; ?Nl oo
| mrkd @io) & inHibizs 1~ pdiediaed ppoldfeidtion af n[ﬁummefp1*1h1m§taﬁD4+ T cells with
imary B cells with an 1C50 of about 1.9 nMor |ess;
(T5¥¥PPfWﬁH¥BpH@APE‘§& medi ated proliferation of human

F@é?m g%? ilé:;l ift ‘ﬁll 'hwg é)@%ﬂi‘cgﬁ%t ﬁlfe dﬁ@cﬁﬂ%ﬁt%h?dé@ﬂl%d above

paelnof extanitonr, @ffd ﬂﬁutrmmey @hérmodifiCidhs Wikt ®k bbvioiid 10 aadkilled
| C50 of about 5.0 nMor less. [0134] One of skill in
t préisalr i ligiht pf B fraskings ef tha freseHaliselsire cat i ons

descri bed above are not exhaustive, and that many

ON‘ﬂa 10@355 c§ 1h£g1?d tﬁ%ﬂ)eljess?(ﬁl %QYén%US to a skilled

artisan in’light teachi ngs of the present

d[aeEpThe dlscl‘dlslﬁﬂeqir@w&&i istsate@nod¢leioGerlv @ndodpiedhs didblosed binding
Syst ens 135 The di scl osure provides isol ated )
nbotET o Ry f%PféﬁeégNﬁsoég\l‘b‘?‘,r?@ﬂﬁ]@CYﬁﬂ@ﬁ@ Hgthetic

I_Q:%n‘g) e(ﬂl:g fﬁeglﬁ@%(%gﬁ%)@m% %c% par]SI B y’all@?ci{etf&%%e toa

r ﬁ@@émide 38duehCOMeeb @t herei eﬂib@fﬁpa&iek ¥ DN Red@eRMeith ¢hea
nucl eoti de sequence as set out herein enconpasses a
DRPECHisH sequeacsian ergpanpapies iaf RN sxdgsaifcwith thegpecified sequence

eﬂfoﬂgﬁiﬁﬁ%u uun%ﬁﬁg%leCU|e wth the specified

sequence i'S substituted for T. [0136] Also
c gntsemw &ﬂlteﬁﬁ}ﬁat@&i aletieledCaci®s thRRdonfiRiRPhics&ind s€R@hddfor one,

S‘?vgou %? Sc:h(:)ref]:c 8]r)R2 nae Vy domain, a Vi, domain, or combinations thereof, as
disclosed herein, or a sequence substantially identical thereto (e.g., a sequence at
least 50%, 60%, 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or higher
identical thereto, or which is capable of hybridizing under stringent conditions to the
sequences).

[0137] In one embodiment, the isolated nucleic acids have nucleotide sequences
encoding heavy chain and light chain variable regions of an anti-IL-21R binding
protein comprising at least one CDR chosen from the amino acid sequences of SEQ

ID NOs:163-195, or a sequence encoding a CDR which differs by one or two or three

or four amino acids from the sequences described herein.



two, or three CDRs, a V domain, a VL donain, or
conbi nations thereof, as disclosed herein, or a

W@ ewaamses substantial ly identical thereto (e.gPCT/EHS2009/045182
sequence at |east 50% 60% 70% 80% 85% 90% 95%
96% 97% 98% 99% or higher identical thereto, or
whi ch is capable of hybridizing under stringent
conditions to the sequences). 50137] In one
enbodi nent, the isol ated nucl 8P¢ acids have nucl eoti de
sequences encodi ng heavy chain and |ight chain

o B3RP o e i et W St B Re bt b pabe
eﬁe%%gln Sp&ncgncéé%¢1?ﬁ1%%?t%§ql ilglg’hea% clhir EGHERE Ee Iglon,

ing a CDR ers one or two or three or
f oparatéwel ynbnkaeditd ﬂlefmmpdmdngaquebie esgide skrdnbechbodiment, the

herein.[ 0138] The nucleic acid can encode onIy t he
| HgHchaiRgiaHable regien Wabgd (s ansar feglonehp gt a kapragy 2
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regi on, operat veI to t respon

var laablde typeg i[rminotlhem eﬁfbedemﬁmo,dherrberﬁvy chiie vhnghé rdgﬁt&i iR linked to
variable region is linked to a constant regi on chosen

f # OFAVA %ﬁﬁanmntaegla%a%\b@éﬁgtpaﬁ@nrlé@tmuch%ﬁb frpmdge (e.2.,

t Yi.al1S k
L ARt TR L S o2 1D PR ST RP Rl hain
vasﬂsaalnt egicdghdnbd s IgGnkad dndg@lheatype.chai n const ant
reqgion of a binding protein isotype chosen from

9] Thgapcleicgap! cqrwtloaﬁgf thg @zgsentp@mntlp@,Ayhﬂq (g(gm in the

(

I I

d R T R T
aglodiffed BRS¢ tidnoEs Hid thb eikpr«as @B imutive i 4ceBrdaiédl wigh standard
often in the native sequence (of cDNA or genom c DNA

otecmsawﬁ@@rqvm@r&G@ﬁ)seql@n@fép%f eAdingEAARFrRAGS (these mhutetices, may

ﬁe and can nptated.in accordance wth
el aming a01 se uenc’es S des1red o epartlcular nucleotide seqiences
echni‘ques tTO provi gene sequences

Cﬁﬂisﬁﬁtlﬂﬁﬂlld@lﬁﬁkﬁﬁto driRECedtb@Atiafhe v, MY, cdhétest switdhe®and other
aci d sequences as desired. In partlcular nucl eot i de

S @qahéﬁq;@m@m&rdwﬂuhardny arue@emempéﬁtect ovhsre ‘Glsriveddndicaies that a
es and ot her such

cSnReds 1 Baud (£ BTREREs RUMASIET A Shea (where
" {A4DY &8 ond AHbSANBS, tHRatucRic acid differs (e.g., differs by substitution,

insertion, or deletion) from that of the sequences provided (e.g., by at least one but
less than 10, 20, 30, or 40 nucleotides; at least one but less than 1%, 5%, 10% or
20% of the nucleotides in the subject nucleic acid). If necessary for this analysis the
sequences should be aligned for maximum homology. “Looped” out sequences from
deletions or insertions, or mismatches, are considered differences. The difference
may be at a nucleotide(s) encoding a nonessential residue(s), or the difference may be
a conservative substitution(s).

[0141] The disclosure also provides nucleic acid constructs in the form of plasmids,
vectors, and transcription or expression cassettes, which comprise at least one nucleic

acid as described herein.



sequence is identical to or nodified from anot her

sequence). [0140] In one enbodinent, the nucleic acid
waelpdobae3s23e. g., differs by substitution, inserk¢DOS2009/045182

deletion) fromthat of the sequences provided (e.g.,

by at | east one but |ess than 10, 20, 30, or 40

nucl eoti des; at |east one but less than 1% 5% 10% or

20% of the nucl eotides in the gubject nucl ei ¢ acid).

If necessary for this analysré the sequences shoul d be

al i gned for naximum honol ogy. "Looped" out sequences

fro etions or. insertions, 1 smat ches

cﬁﬂgkﬂ glj.hs&lsa OF W F R ETOViYRS iRt @Tletﬁ&tecom%seaté?%hone nucleic

nh‘&h‘é‘&#s?ﬂ@t(&)sc@&ﬁ%t&g a nonessential residue(s), or

the difference may be a conservative substitution(s).

[ (143] ATheprdisled dsumethad 96 npkmgiadeacoded|pedteing) ifim a nucleic

constructs. in the formof plasmds, vectors, and
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closure furt rovi des a

C oiigd¢it aeid. @’bllb@ﬁ@texpfwsmm ahdprodaciod, hensgt st domain, or specific
descri bed herein, ﬁ@] Al so provided is a nethod. of
kg gt cRae be }ﬁP@f Wy PPF@?H BsipgReiuitableterhaique, and
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es Ccu turln

apad e@crddatgeancsaﬁd I\xhthﬁﬁ:le@acﬁdb&ylcedﬁﬂ § 86 $c pbeioproPheimling
fromthe nucleic acid. Follomnﬁg expressi on and
pPLoiRiEtang gxprepana e dusednuglsieercil ingrcel p ddie meghagh gagiakg include

i sol ated and/or purified using any
?@gbrégﬁégﬁ%'que and then used as appropriate. The
nrgnhmpl Antiebi@in gl td, Vg st @RV lonfaitil Mgl éncbdigk du€leic

acid encodi ng an sckFv with nucleic acids encodi ng an

F@m@ sralgcytes gnd gedspiy dliladeDeGﬁQi@féﬁi ﬁnd/ahmlref;qglrféyg Fhﬁgr ltaﬁefal
G’fr% m'f':CJt ubs{: g I(Ly Te rlﬁomo ot Odr Caﬂl A2 Df nucleic

|%I%:‘i e a- 8t &p &P% R R %eé‘fiﬂ "Rn? RS 6i r’?ao Ny

f hagdrent Sr sméHtaaa redVhf rdl@m% a8ds @rgén&rtﬁcwli R0otReCth el the

acid nol ecul es and vectors may be isol ated and/or

peaquenascnteding a helypepiaievitl the mguire dwation. i n
t&iﬁ%@ t :S;tamls ¥ore:lllornei‘n£ in é)xr}g? glﬁg lf)%ly]i)g}gt@es ma Vzimety OFhosEedlls are
known in the art. Cells suitable for producing binding proteins are described in, for
example, Fernandez et al. (1999) Gene Expression Systems, Academic Press. In
brief, suitable host cells include mammalian cells, insect cells, plant cells, yeast cells,
or prokaryotic cells, e.g., E. coli. Mammalian cells available in the art for
heterologous polypeptide expression include lymphocytic cell lines (e.g., NSO),
HEK?293 cells, Chinese hamster ovary (CHO) cells, COS cells, HeLa cells, baby
hamster kidney cells, oocyte cells, and cells from a transgenic animal, e.g., mammary
epithelial cells. In other embodiments, the nucleic acids encoding the binding
proteins of the invention are placed under the control of a tissue-specific promoter
(e.g., a mammary-specific promoter) and the binding proteins are produced in
transgenic animals. For example, the binding proteins are secreted into the milk of

the transgenic animal, such as a transgenic cow, pig, horse, sheep, goat, or rodent.



acids, free or substantially free of nucleic acids or

genes of origin other than the sequence encoding a
wWEoiogpedsed de with the require function. [0145]PCSyEsMNE045182

for cloning and expressing polypeptides in a variety

of host cells are known in the art. Cells suitable for

produci ng binding proteins are described in, for

exanpl e, Fernandez et al. (19 ) Gene Expression

Systens, Academi c Press. In b suitabl e host cells

i ncl ude mammal i an ceIIs insect ceIIs plant ceIIs

yeast cel ls, rok tlc cells
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cells, oocyte cells, and ce|]ls fron1a trans eni.c

ahPFrigetors My alseecopiaina plasmickerviral Ragkpane. |pr %ﬁ%@? see, e.g.,

e £,0041 n

oS aEAoR L i B Bh P BRI RR PRI ENE o

ofpiang Haiboel sipeatofyl Rrepr dvimiyedstablisiged, tedhniques used with vectors,
manmary- sp eC|f|c pronoter) and the binding proteins

arr@hﬂf%the RNy attlroan&rsléeﬁﬁteoram%aegesm:éffquswaﬁw agd tiapgfection of

bbﬁ@k ng. RLOLGINE lga}ﬁlfgggﬁ‘éﬁt%%cag"i&\/foﬁ‘e%umr '13%018% {Jz‘ﬂﬁ ed. 1992)

t ransgeni ¢ ani as a transgeni c COW,
hAﬁlSlﬂ).el sthafals., ferat Wiley & Sseisnt . [0146] Sui tabl e vectors
Eé&be chosen or constructed to contain approprlate

¥ ht'otuithsaspesi©é he disrdosye prgvidedparbiciod<d dufeqsieing the
t El?{ﬂél@ %18 nt%%%%%ﬂgeﬁs ’FOP glllya?goqﬁycleﬂg, sggaﬁ? %ﬁll%@ecc%%n techm ues
ennan mar Ker enes, '‘and O

er seg er se

Tha Ylﬁﬁﬁdércﬁlcﬁiﬁﬂ pﬁb@Qat@,ODEAiE]JDaxtEHnaélﬁi:tﬁopMatiUnf Bﬂ)osome medlated
backbone. For details, see, e.g., Sanbrook et al.,
MBPRsERStiaRn. @Iddﬁlinﬁﬂ}leUAn L&B® A a¢tETWIuNRh O (umérssw g ,1‘91891}113 or

Oga ulovp irus. ﬁorl_f)a &Perla% b,gsgltziat%l?le)fec ! e%‘é’s mﬁ% nr%/ huedsf':tcgpcluﬁ C orlde

nlques use ors |nc

”&Bﬂs@é&h@ftlb@ NeledBlopPrtiah, i 8 ,tram&gﬁﬂﬁﬁi cShacRE@piRidel MINA
and transfection of DNA, are described, e.g., in

Cintiodpetioprmaasolsofoslowad lvblaéelmtam BptHPd gﬁyg (e resghtancopip)select

Al |, et hn W & S 0147] A
fgeﬁ#ﬁg?tcgg%%cqleg?c ?lﬁém rgcl osﬁ¥e prg\rlllsde[s a rrLt hod of

introducing the nucleic acid into a host cell. For
eukay of KtLIce I R Bindikd Patdifis t ransfection techni ques

[0148] Anti-IL-21R binding proteins that act as antagonists to IL-21R can be used to
regulate at least one IL-21R-mediated immune response, such as one or more of cell
proliferation, cytokine expression or secretion, chemokine secretion, and cytolytic
activity, of T cells, B cells, NK cells, macrophages, or synovial cells. Accordingly,
the binding proteins of the invention can be used to inhibit the activity (e.g.,
proliferation, differentiation, and/or survival) of an immune or hematopoietic cell
(e.g., a cell of myeloid, lymphoid, or erythroid lineage, or precursor cells thereof),
and, thus, can be used to treat a variety of immune disorders and hyperproliferative
disorders of the blood. Examples of immune disorders that can be treated include,

but are not limited to, transplant rejection, graft-versus-host disease (GVHD),



may i ncl ude cal ci um phosphat e, DEAE- Dextr an,
el ectroporation, |iposone-nedi ated transfection, and

WQ e@nd4hses i on using a retrovirus or other viruB(EE}009/045182
e.g., vaccinia or bacul ovirus. For bacterial cells,
suitabl e techni ques may include cal cium chl oride
transformati on, el ectroporation, and transfection
usi ng bacteriophage. DNA intr guction may be foll owed
by a selection nethod (e.g., ug resistance) to
sel ect cells that contain t he nucl ei c aci d. Uses of
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t haschlitisod. Exanpl es of inmune disorders that can be
treated include, but are not Iimted to, transpl ant

%|ect|on raft-versus-host disease (GVHD), all ergi es
grbERg AR ¢f%8Y opi c al lergy), and autoi nmune
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art ritic ers (Inc ing r
anithili-DiR birjditveriotetn idteatn@dsooik thetapduticiagent is admlmstered in
osteoarthritis, ﬁsorlatlc arthritis, and ankyl osin
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ergli c as ero errra an
VaRawbicbinpounds may still be detectable at effective concentrations at the site of

treatment.

[0150] For example, the combination therapy can include at least one anti-IL-21R
binding protein, such as, for example, an anti-IL-21R antibody, coformulated with,
and/or coadministered with, at least one additional therapeutic agent. The additional
agents may include at least one cytokine inhibitor, growth factor inhibitor,
immunosuppressant, anti-inflammatory agent, metabolic inhibitor, enzyme inhibitor,
cytotoxic agent, and/or cytostatic agent. Such combination therapies may
advantageously utilize lower dosages of the administered therapeutic agents, thus
avoiding possible toxicities or complications associated with the various

monotherapies. Moreover, the therapeutic agents disclosed herein act on pathways



Conbi nation Therapy [0149] In one enbodi ment, a
phar maceuti cal conposition conprising at |east one
W@rivAsIs2P1R bi nding protein and at | east one PCT/US2009/045182
therapeutic agent is admnistered in conbination
therapy. The therapy is useful for treating
pat hol ogi cal conditions or disorders, such as inmmune
and i nfl ammat ory di sorders. TSS term"in conbination”
in this context neans that the’binding protein
conposition and the therapeutic agent are given
sybstanti al | 0] aneously, either sinu]taneousl
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at | east one cytokine inhibitor, growh factor )
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nmet abolic inhibitor, enzyne inhibitor, cytotoxic
aggghomﬁn§§gr cytostatic agent. Such conbi nation
t herapi es may advantageously utilize | ower dosages of
t 04 521 fiha ibatden et otelverd pieuiny entgaenidysalsd biissed vodetedighe presence
possible toxicities or conplications associated with
t AkllvalR Bukiolosicat fHemipi b coustading dhe Pretrace pelesgalthese
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anti-1L-21R binding proteins., [0151¥ Anot her aspect. of,
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o SRR R A b bl bl IR
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[0153] Binding protein-based detection methods, such as those commonly used for

antibodies, are well known in the art, and include ELISA, radioimmunoassays,
immunoblots, Western blots, flow cytometry, immunofluorescence,
immunoprecipitation, and other related techniques. The binding proteins may be
provided in a diagnostic kit that incorporates at least one of these procedures to
detect IL-21R. The kit may contain other components, packaging, instructions,
reagents and/or other material to aid the detection of the protein and use of the kit.
[0154] Binding proteins may be modified with detectable markers, including ligand
groups (e.g., biotin), fluorophores, chromophores, radioisotopes, electron-dense
reagents, or enzymes. Enzymes are detected by their activity. For example,

horseradish peroxidase is detected by its ability to convert tetramethylbenzidine



Di agnostic Uses [0152] The binding proteins of the
invention may al so be used to detect the presence of
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presence or |level of these proteins with a nedica
condition, one of skill in the art can diagnose the

associ ated nedical condition. For exanple, stinulated

T cells increase their expresgbon of IL-21R, and an
unusual | y high concentration I L-21R expressing T

cells in joints may indicate j oi nt |nflannat|on and
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[0154] Binding proteins may be nodified with
det ect abl e markers, |nclud|ng and groups (e.g.
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of)}pa%agg%ltlggluad%{mlstratlon. Use of these agents for pharmaceutically active
substances is well known in the art. The compositions may also contain other active
compounds providing supplemental, additional, or enhanced therapeutic functions.
The pharmaceutical compositions may also be included in a container, pack, or
dispenser, together with instructions for administration.
[0157] A pharmaceutical composition of the invention is formulated to be
compatible with its intended route of administration. Methods to accomplish the
administration are known to those of ordinary skill in the art. Pharmaceutical
compositions may be topically or orally administered, or capable of transmission
across mucous membranes. Examples of administration of a pharmaceutical

composition include oral ingestion or inhalation. Administration may also be



entity, such as another binding protein (e.g., a
bi specific or a nmultispecific binding protein),
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anong others. Qther pernutations and possibilities are
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such as
phenol, ascorbic acid, thimerosal, etc. In many cases, isotonic agents (sugar),

ross nuco

polyalcohols (e.g., mannitol and sorbitol), or sodium chloride may be included in the
composition. Prolonged absorption of the composition can be accomplished by
adding an agent that delays absorption, e.g., aluminum monostearate or gelatin.
[0160] Oral compositions include an inert diluent or edible carrier. For the purpose
of oral administration, the binding proteins can be incorporated with excipients and
placed, e.g., in tablets, troches, capsules, or gelatin. Pharmaceutically compatible
binding agents or adjuvant materials can be included in the composition. The
compositions may contain (1) a binder such as microcrystalline cellulose, gum
tragacanth or gelatin; (2) an excipient such as starch or lactose, (3) a disintegrating

agent such as alginic acid, Primogel, or corn starch; (4) a lubricant such as
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such as ethyl enedi am netetraacetic acid (EDTA);
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[0163] The binding proteins or binding protein compositions of the invention are
administered in therapeutically effective amounts as described. Therapeutically
effective amounts may vary with the subject’s age, condition, sex, and severity of
medical condition. Appropriate dosages can be determined by a physician based
upon clinical indications. The binding proteins or compositions may be given as a
bolus dose to maximize the circulating levels of binding proteins for the greatest
length of time. Continuous infusion may also be used.
[0164] As used herein, the term “subject” is intended to include human and

nonhuman animals. Subjects may include a human patient having a disorder



sweetening or flavoring agent. [0161] The conposition
may al so be adm ni stered by a transnucosal or
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Appropri ate dosages can be determ ned by a physician
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f prodh&tea BeRPb@SEd effect in association with the carrier. The dosage unit depends
on the characteristics of the binding protein and the particular therapeutic effect to be
achieved.
[0167] Toxicity and therapeutic efficacy of the composition can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
determining the LDsq (the dose lethal to 50% of the population) and the EDs (the
dose therapeutically effective in 50% of the population). The dose ratio between
toxic and therapeutic effects is the therapeutic index and it can be expressed as the
ratio LDso/EDso. Binding proteins that exhibit large therapeutic indices may be less
toxic and/or more therapeutically effective.
[0168] The data obtained from the cell culture assays and animal studies can be used

to formulate a dosage range in humans. The dosage of these compounds may lie



| ength of time. Continuous infusion may al so be used.
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i nclude a human patient having a disordercharacterized

by cells that express IL-21R, e.g., a cancer cell or
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on the characteristics of the binding protein and the
particul ar therapeutic effect to be achieved. [0167]
Toxicity and therapeutic éiKAbHH#be t he conposition
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but are not intended to, and should not be construed to, limit its scope in any way.
The Examples do not include detailed descriptions of conventional methods that

would be well known to those of ordinary skill in the art.

Example 1: Generation of Binding Proteins by Phage Display

[0171] The scFv parental clone 18AS, described in U.S. Patent No. 7,495,085
(incorporated by reference herein), was obtained from the CS human scFv library by
standard phage display methods, using BaF3 cells expressing human IL-21R as a
target in rounds 1 and 3 and biotinylated IL-21R-Fc fusion protein as a target in

round 2.
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mlL-21R-H/F”); all procedures and techniques related to selection are well known to
one of skill in the art. A total of twenty-seven anti-IL-21R scFv were isolated by

phage selection procedures.

Example 4: Library Screening

[0175] Resulting binding proteins in scFv format were chosen based on their ability
to compete with parental 18AS in human IgG1 format for binding to biotin-
hIL-21R-H/F and biotin-mIL-21R-H/F, to prevent the hIL-21-dependent proliferation
of genetically engineered cell lines expressing human IL-21R and the mIL-21-
dependent proliferation of genetically engineered cell lines expressing murine

IL-21R.



[0171] The scFv parental clone 18A5, described in U S.

Pat ent No. 7,495,085 (incorporated by reference
wheoeil#s523 was obt ai ned fromthe CS human scFv PEDD82099/045182

by standard phage di splay nethods, using BaF3 cells

expressing human |IL-21R as a target in rounds 1 and 3

and biotinylated IL-2 IR-Fc fusion protein as a target

in round 2. Exanple 2: Library gbnstruction [0172]

Phage display libraries were Based upon the parental
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t awhthy selewemtaning sphperpdtfitseshanestedi sol at ed by phage
sel ection procedures. Exanple 4: Library Screening

Example 4.2: Epitope Competition Assay for Library Screening

[0177] Those scFv able to compete with the parental 18 A5 antibody for binding to
human or murine IL-21R were identified from selected phage by a homogeneous
time-resolved fluorescence (HTRF®) assay. Purified parental 18 A5 antibody was
covalently modified with cryptate, a derivative of europium, according to the
instructions in an HTRF® Cryptate Labeling Kit (Cisbio, Bedford, MA). Peri-preps
of scFv were prepared as described above and diluted to 0.25% in PBS / 0.4 M
potassium fluoride / 0.1% BSA (HTRF® buffer); then 10 pl of the mixture was
transferred to the wells of black 384-shallow-well plates (Nunc, Rochester, NY).
Five ul of cryptate-conjugated 18 AS antibody was then added to each well, followed
by 5 ul of a mixture of a 1:800 dilution of streptavidin-XL665 conjugate (Cisbio),
and either 4.8 nM biotin-hIL-21R-H/F or 40 nM biotin-mIL-21R-H/F. The mixture
was incubated for 2 hr at RT, and time-resolved fluorescence measurements were

made (340 nm excitation, 615 nm and 665 nm emission). Competition with 18A5
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six amino acids of, e.g., SEQ ID NO:170 (at the N-terminus of Vi CDR3).
[0180] PCR amplification of scFvs was carried out using VENT® DNA Polymerase
(New England Biolabs, Ispwich, MA) in HN buffer (Epicentre Biotechnologies,
Madison, WI) according to the manufacturer’s instructions. Five pl of a 1:10
dilution of a stationary phase bacterial culture was used as the template for a final
reaction volume of 20 pl. The cycling conditions used were a 2-min hot start at
94°C, 30 cycles of denaturation at 94°C (1 min), primer annealing at 55°C (2 min)
and extension at 72°C (1 min), followed by a final extension at 72°C (5 min). PCR
products were verified by agarose gel electrophoresis and cleaned up with Exol/SAP
(shrimp alkaline phosphatase) prior to sequencing with the M13rev primer.
[0181] The SEQ ID NOs for the CDR3 sequences of twenty-seven scFv are listed in

Table 4. These scFv were chosen for further analysis based on assays described in

Example 6.
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Example 6: Characterization of Library-derived scFv

Example 6.1: Preparation of Purified scFv for Quantitative Analysis

[0182] Individual scFv clones were purified on a small scale by Ni-NTA purification

on PHYTIP® columns (PhyNexus, Inc., San Jose, CA). Single colonies were grown

in 20 ml 2xTY medium with 0.1% glucose / 100 pg/ml ampicillin in 50-ml conical

tubes to mid-logarithmic phase at 37°C with shaking at 250 rpm. Expression of scFv

was induced with IPTG at a final concentration of 0.02 mM, and cultures were grown

overnight at 30°C. Cells were harvested by centrifugation and resuspended in 1 ml

TES periplasmic buffer, followed by the addition of 1 ml 1:5 TES:water and

incubation on ice for 30 min. Lysates were centrifuged at 3200 rpm for 10 min at



(New Engl and Bi ol abs, Ispwich, MA) in HN buffer
(Epi centre Bi otechnol ogi es, Madi son, W) according to
W@ b@eased act urer's instructions. Five m of apdI/Lg2009/045182
dilution of a stationary phase bacterial culture was
used as the tenplate for a final reaction volunme of 20
m . The cycling conditions used were a 2-mn hot
start at 94C, 30 cycles of de turation at 94C ( 1
mn), prinmer annealing at 55C 2 mn) and extension at
72C ( 1 mn), followed by a final extension at 72C (5
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[0182] Individual scFv clones were purified on a small,

sEelesulgy wrighhautoffdiier plai (M irore MHIHTISCRERN! UFhBACEL ™
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oye 19151? %tZ aAss%Zv 9? g g lﬁle s rdgrég”yo)r:]e ?%TF %@?ells Oveilfexgressmg
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a[ud 8B GuthiBitibA Assas WeR peBormé With 18 A¥SREiG&d WalRg proteins (scFv
centrifuged at 3200 rpmfor 10 mn at4C, and
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3%)%%& M(IE) Hlu%am ne, ld'(l,)eU;r)l%ifpfemrcﬂyvasl O%X I?mp g{reptomyc?n and
0.00036% P-mercaptoethanol. Human IL-21R-BaF3 cell cultures were
supplemented with 50 ng/ml of human IL-21; murine IL-21R-BaF3 cell cultures
were supplemented with 10 U/ml of IL-3; TF1 cell cultures were supplemented with
50 ng/ml of GM-CSF. Prior to assay, cells were washed 3X in assay medium lacking
supplemental growth factors, resuspended in assay medium, and incubated at 37°C /
5% CO- for 6 hr. To prepare assay plates, S000 cells were added to the central
60 wells of a 96-well flat-bottomed white tissue culture plate (Thermo Scientific,
Waltham, MA) in a volume of 55 ul/well. Test scFv or IgG samples were prepared
by diluting the stock sample in assay medium and diluting serially three-fold.
Twenty-five ul of the binding protein samples were added to the cells and incubated

for 30 min at 37°C /5% CO,. Twenty pl of assay medium containing 100-400 pg/ml
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1mmunosorbent assay (ELISA). Parental 18AS antibody was coated overnight at 4°C
on 96-well Nunc MAXISORP® plates at a concentration of 0.75 ug/ml in PBS.
Plates were washed 3X using PBS, and then blocked for 3 hr at RT in PBS /
1% BSA /0.05% Tween-20. scFv were mixed with 36 nM biotinylated
mlL-21R-H/F and incubated for 10 min at RT. Blocked plates were washed 3X with
PBS, and 50 ul/well of scFv / IL-21R mixtures were transferred to the appropriate
plates and incubated for 1 hr at RT. Plates were washed 5X with PBS prior to the
addition of a 1:6000 dilution of horseradish peroxidase-conjugated streptavidin
(Southern Biotech, Birmingham, AL) secondary antibody to detect bound
biotinylated mIL-21R-H/F. Plates were then incubated for 1 hr at RT and washed 7X
with PBS. Signal was developed using 3,3°,5,5’-tetramethylbenzidine (TMB), the
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( FEADmE AZGUANS VHARnQVBARE M1 RS 00 Ere Leande of
{91 Yiaofds BRASLYR. 1, (YRASPLAMYAROOCEM _1) i the

case’ of I'ons wer e done by a
COVIBABE!L AAFWHNPOBEEB/IS ¥ NinhBS tSe aF tHeBNEARDdifiRegan sk Gone by a
CGermany) and sitedirected changes introduced by PCR

| poralia R qroef, eeng aynsleagiseyt EESNERR E (Regroppei Gerpmay x ayd site-
expressi,on in_nma La el s by EART using . thejr

o RGeS PotsInPRORE: bRRCET i adio o W keiiEh IR ek
SeptueReE SordRfrebien AN AMABAE 1@ GENERRT SaUBEIE PfopriStary

shown bel ow. 18A5 Heavy Chai n Conpari son Parental 18A5
vRethods. An alignment of the parental 18AS sequences and the germline-corrected

18AS sequences is shown below:

18AS Heavy Chain Comparison

Parental 18AS Vi

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGACTTCGGAGACCCTGTCCCTCACCTGCGCT
GICTCTIGGTTACTCCATCAGCAGTGGTTACTACTGGGGCTGGATCCGGCAGCCCCCAGGGAAGGGGTTG
GAGTGGATTGGGAGTATCTCTCATACTGGGAACACCTACTACAACCCGCCCCTCAAGAGTCGCGTCACC
ATATCAGTAGACACGTICCAAGAACCAGTTICTCCCTIGAAACTGAGCTCTGTGACCGCCGCAGACACGGCC
GIGTATTACTGTGCGCGAGGTGGGGGAATTAGCAGGCCGGAGTACTGGGGCAAAGGCACCCTGGTCACC
GICTICGAGT (SEQ ID NO:5)

Germlined 18AS Vi

CAGGTGCAGCTGCAGGAGTICTGGCCCTGGCCTGGTGAAGCCTTCCGAGACCCTGTCTCTGACCTGTGCC
GTGTCCGGCTACTCCATCTCCTCCGGCTACTACTGGGGCTGGATCAGACAGCCTCCTGGCAAGGGCCTG
GAGTGGATCGGCTCCATCTICTCACACCGGCAACACCTACTACAACCCCCCTCTGAAGTCCAGAGTGACC
ATCTCCGTIGGACACCTCCAAGAACCAGTTCTCCCTIGAAGCTGTCCTCTGTGACCGCTGCCGATACCGCC
GTGTACTACTGTIGCCAGAGGCGGCGGAATCTCCAGACCTGAGTACTGGGGCCAGGGCACCCTGGTGACC
GTIGICCICT (SEQ ID NO:7)




GICTCGAGT (SEQ ID NO :5) Germined 18A5 VH GIGICCTCT

(SEQ ID NO :7)CGermined 18A5 VHXParental 18A5 VH 1
WEABHTES2GCT GCAGGAGT CTGGCCCT GECCT GGT GAAGCCT TCORAERS2089045182

T T U I O O I I A I e

CAGGT GCAGCT GCAGGAGT CGEGCCCAGGACTGGTGAAGACTTCGGAGAC 50

51 CCTGICTCTGACCTGIGCCGT GICCEECTACTCCATCTCCTCCGGCTACT

100 I 111 51

CCTGTCCCTCACE TGCGCTGTCTCTGGTTAETCCATCAGCAGTGGTTACT 100

101 ACTGGGECT GGATCAGACAGCCT CCTGGCAAGGEGECCTGGAGT GGATCGEC

150 T1LLEIITTITT] 11 LI LU 1 101
ACTGGGGCTGGATCCC&‘S—\ S Mc%@rﬁiéé&éﬁé&ﬁeee 150

151 TCCATCTCICACACCGGECAACACCTACTACAACCCCCCTCTGAAGTICCAG
200 ICREFTIACRGETACAREAATLFEGACLFEGACEGETAAABCIBECGAGAC 50

AGT ATCTOTICATACT GERAACACCETACTACAACCCECOCCT CAAGAGT CG 200
201" ACTCACEAT G A ACET CCAACAACCASTTET e TAGET

250 1 L el v rorererorrrerrerrrrrrrrrrrernnd

I 1§41 202GTCTCTGACCTGTGCCGTGTCCGGCTACTCCATCTCCTCCGGCTACT 100

CGT CACCATATCAGTAGACACGTIACAAGAACCAGTTCTCCCTGAAACTGA 250
2591 CETEHCT BACCEE TS e ACE I ECETGTAET ST ETEECAGNEECEEL
1C70 10 2 I T T T Y I O 235 %

CLI CLET A EFAGRGAS IS GRAd AT SIEhtAG TG 300

301 GGAATICT COAGACCTIGAGT ACT GEABPCAGCBELAGECT CBTGACCGTGTC
350l ACTG3GCELr$GATCEGGAAGECAACREEGARGEGATTEEAGTGERATTIGEE] 1340 | |

301 GGAATTAGCAGGCCGGAGT ACT GGEGCAAAGGCACCCTGGTCACCGTICTC

3?&% %éaﬂégggqbggiéC&égégkié%T%E%Aé%%CCCCCCTCTGAAGTCCAG 200

FETTETT FEETEErrrrrrerrre e el |
151 AGTATCTCTCATACTGGGAACACCTACTACAACCCGCCCCTCAAGAGTCG 200

201 AGTGACCATCTCCGTGGACACCTCCAAGAACCAGTTCTCCCTIGAAGCTGT 250

FEorrrrr rere reeer reerrrrrrrrrrrrrrrrrrrr
201 CGTCACCATATCAGTAGACACGTCCAAGAACCAGTTCTCCCIGAAACTGA 250

251 CCTCTGIGACCGCTGCCGATACCGCCGTIGTACTACTGTGCCAGAGGCGGC 300

FErrerrrerrer e re rrerrrer rerrrerr e
251 GCTCTGIGACCGCCGCAGACACGGCCGIGTATTACTGTGCGCGAGGTIGGG 300

301 GGAATCTCCAGACCTGAGTACTGGGGCCAGGGCACCCTGGTGACCGIGTC 350

[T FEE e e errrert e rrerrrrrrrr trerr
301 GGAATTAGCAGGCCGGAGTACTGGGGCAAAGGCACCCTGGTCACCGICTC 350

351 CICT 354 (SEQ ID NO:7)
|
351 GAGT 354 (SEQ ID NO:5)

18AS Light Chain Comparison

Parental 18AS Vi

TCTTCTGAGCTGACTCAGGACCCTCCTGTGTICTGTGGCCTIGGGACAGACAGTCACGCTCACATGCCAA
GGAGACAGCCTCAGAACCTATTATGCAAGCTGGTACCAGCAGAAGTCAGGACAGGCCCCTATACTTICTC
CICTATGGTAAACACAAACGGCCCTCAGGGATCCCAGACCGCTTICTICTGGCTCCACCTCAGGAGACACA
GCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGACGAGGCTGACTATTACTGTAACTCCCGGGACTCC
AGTGGCAACCCCCATGTTCTGTTCGGCGGAGGGACCCAGCTCACCGTTTITA (SEQ ID NO:9)




| 351 GAGT 354 (SEQ ID NO :5) 18A5 Light Chain
Conparison Parental 18A5 V TGermlined 18A5 V T

W GOSBEGAACCCT CACGT GCTGT TTGGCGROGGAACCCAGCT GACORTIZITM09/045182
(SEQ ID NO 11) Germlined 18A5 Vt x Parental 18A5 WVt 1
TCCTCTGAGCT GACCCAGGATCCTGCTGTGTCTGTGGCCCTGGGCCAGAC 50
RN E E E !
TCTTCTGAGCTGACT CAGGACCCT CCTGT G CTGTGGCCT TGGGACAGAC 50
51 CGTCAGGATCACCTGCCAGGGCGATAGOCT GAGAACCTACTACGCCTCCT
200 TUUE 0 LUEE TEEEE 00 00 Lrrer trrreier b
| 51
AGT CACGCT CACAT GCCAAGGAGRERBHASE I AN YT ATTATGCAAGCT 100
1 0dc G AT CAGCAGAAGECT GEARA GO TG TG Gt CATET AQGRCAAG GCCAG
15@ﬁqAEA$CqTBA$AHCDIACHACG¢QHCDI$GHAEFAGQAGAAGCCEG$AQAGG¢CQCTGTGCTGGTG
105CTEETACEN S CAEACAT S CEECTATACTECTEESCY AT GST ARAATACC

TGACCATCACCGGCGCTCAGGCCGAGGACGAGGCCGACTACTACTGTAACTCCCGGGACLCTCCT
i%é@%&%&%&%&%%&%&%%%&%ﬁ% 51

151 CACAAACGGCCCT%E&T mm@q%mﬁ@&@@@ CCACCT CAGG
200 201

H|||%ﬁ%%géﬁﬁﬁ}ﬁﬁﬁgg?%ﬁ§?%f%%%%%%%%%#%ﬁ%” 250

250 251

00
P A P A P AT AT TR PR O TP CE 1051
ACJM biieé& X @@&@@%@W SERECGIIC 300

GGCGCCEGAACCCAGCTGACCGTGCTA 327 (SEQ ID NO 11)

101 GGTATCAGCAGAAGCCTGGACAGGCCCCTGTGCTIGGTGATCTACGGCAAG 150

T A A O O A I O
101 GGTACCAGCAGAAGTCAGGACAGGCCCCTATACTTCTCCTCTATGGTAAA 150

151 CACAAGAGGCCATCCGGCATCCCTGACAGATTCTICCGGCTCCTCCTICTGG 200

R N AR
151 CACAAACGGCCCTCAGGGATCCCAGACCGCTTICICTGGCTCCACCTCAGG 200

201 CAATACCGCCTCCCTGACCATCACCGGCGCTCAGGCCGAGGACGAGGCCG 250

R R R N N N RN R
201 AGACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGACGAGGCTG 250

251 ACTACTACTGTAACTCCCGGGACTCTTCCGGCAACCCTCACGTIGCTGTTT 300

FEET et et FEETEEET 1ttt
251 ACTATTACTGTAACTCCCGGGACTCCAGTIGGCAACCCCCATGTTCIGTTC 300

301 GGCGGCGGAACCCAGCTGACCGTGCTA 327 (SEQ ID NO:11)

FEEEE 1ttt rreer
301 GGCGGAGGGACCCAGCTCACCGTTTITA 327 (SEQ ID NO:9)

Germline-corrected Vy sequence (changes from parental sequence are bold and
underlined):

Parental (SEQ ID NO:6) QVQLQESGPGLVKTSETLSLTCAVSGYSTSSGYYWGWIRQPPGKG

Germlined (SEQ ID NO:8) QVQLOESGPGLVKPSETLSLTCAVSGYSISSGYYWGWIRQPPGKG



Freer o Foreerrerr reerr 11 301
GGCGGAGGGACCCAGCTCACCGTTTTA 327 (SEQ ID NO : 9 )
w@20ai143se3 corrected V H sequence (changes fronP@HUS20DH45182
sequence are bold and underlined): Parental (SEQ ID
NG 6) QVQLQESGPGLVKTSETLSLTCAVSGYSI SSGYYWGW RQPPGKG
Gernmlined (SEQ I D NO 8)
QVQLQESGPALVKPSETLSLTCAVSGYSI SSGYYWEW RQPPGKGPar ent al
LEW GSI SHTGNTYYNPPLKSRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARG
G3 SRP Gernm i ned
(LEIN P%Sl@{ SHTGNTYYNPPLKSRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARG
TORP PatEHCAF STEYNEKETE VIS G AT i e dX P ANBESFEVISECCC T SRR
G mhiing- E%f@@?%}ﬁ%n]y}yﬁgﬂk@ﬁ? ?s&&@ﬁﬁ@%%ﬁsr QMDA P @lrcscTsre
sequence are d and underlined ental (SEQ ID
NG 10) SSELTQDPPVSVALGQT VTLTCQGDSLRTYYASVWQQ(SGQAPI L
Germ ed (SEQ ID NO 12)
AVSVACEDTVRP TCQGDSLRTYYASWQQKPGQAPVL  Par ent al
X%H@P%ggggg\g%gswmsm TGAQAEDEADYYCNSRDSSGNPHVL
Q Gernl ime

VI YCKHKRPSA PDRFSGSSSGNTASLTI TGAQAEDEADYYCNSRDSSGNPI—I\/L
FGGGTQ Parental LTVL Gernijnes LTVL Exanp :
chsvehae-gariseted; o, seayense (changes from Parqngat SF@%’!B?F ayp pold and
comdenlingdsns of the VL and V H domai ns of inproved
18A5 scFv derivatives were anplified by PCR and
sBivehteh&dEQ H? O'Q:h@ ger $HLTRBRRYGN P EEITE UL MIOGAPICRTVIHR SWYQOKSGQAPTL

B S BBt N8 A £ T ama AR ety REi 0o v g ogzeoaey:

the germined 18A5 VH gene was generated by
anplification of the plasm d pSMED2_OP18A5G h iil gd
wParkngal | WBL&@S@%}PQMHGSFSQEEASW@W@E@SGNPHVLFGGGTQ

é@gl’rréc GCTGCAGGAGS'S) L | D NO 230] and
FIRIegy VBEHHKRP SCIPDRF SGSSSCNTASLTITGAQAEDEADY YCNSRDSSGNPHVLEGGGTQ

Parental LTVL

Germlines LTVL

Example 8: Conversion of Library-Derived scFv to IgG

[0188] The CDR3 regions of the Vi and Vi domains of improved 18AS5 scFv
derivatives were amplified by PCR and subcloned into the germline-corrected Vi, and
Vi frameworks of the parental 18AS by the following method. A PCR fragment
encompassing the 5° portion of the germlined 18AS Vy gene was generated by
amplification of the plasmid pSMED2_OP18A5G_hulgG1 with primers
BssHI_II_Vy_F (5’-GCTTGGCGCGCACTCTCAGGTGCAGCTGCAGGAG-3)
[SEQ ID NO:230] and GVy_R_for BssHII
(5’-TCAGGGAGAACTGGTTCTTGG-3’) [SEQ ID NO:231]. A PCR fragment
encompassing the 3’ portion of the Vi gene from the improved scFv clone VH3 was
amplified with the following primers: G_Vy_F_for_Sall
(5’-TCCAAGAACCAGTTCTCCCTG-3’) [SEQ ID NO:232] and scFv_Sall_Vy_R



(5" - TCAGGGAGAACTGGITCTTGG S') [SEQ I D NG 231]. A PCR
fragnment enconpassing the 3' portion of the VH gene

wo e@aia3ses | nproved scFv cl one VH3 was anpl i fi eRCTU$1909/045182
the following priners: GV HE for_Sall
(5' - TCCAAGAACCAGITCTCCCTG S') [SEQ I D NG 232] and
scFv_Sall _V
H R(5' - GCGACGT CGACAGGACT CACCACT CGAGACGGTGACCAGGGTGCC- S
") [SEQ ID NO 233]. Fragnents “were gel -purified, and
then the two were m xed and anplified with the outside

5W@@%@@ﬁ@%@é@ﬁ?f@#@?ﬁ@%@?@5T800-3’>
B S S
B S A
t ampligedrwithrtite dutnidrepriwe ©rs. BSEHEl_Gnder F and Sall eémi idf gemelrate a
with BSSHP P VH F and_a new pri

( 8° P RIECACCTURARBEAL T ERERATTERH g@&%ﬁﬂ)a}ld“ﬂ@%@@ peated into
NQV@&&I] confhifhdele (,109 @il € 105@%6}&3’%1 rlg léjfnuuﬂ?hm e

H J segnent fo conform |ne equence
amgldnl glateanlsertrit Iaarhpllmf&mi WwileB ssHII i |Ipl\e{ mmaratnemhant

on vector. The VL genes from inproved. sc
B RIS 4l A ST AGERH R ARC GG R C3)
LAY Dl Brcty 10 (R ecing BRUCHEDY Yl VPP EealfRh o

p&MEDZN (Rh8 AHG ghrnhlinel seqinthace Vﬂnﬂfhlgpfed it 9 hidSBHRe @1 MliplE-mutant
(5' - GCTTGECGECGCACTCTTCCTCTGAGCTGACCCAG S ' ) [SEQ ID
NEP BB} regiel Y- VL R for BssHI |

RIS s

f AQPCR MAE@YEEnS6ipastingness ’V}ﬁfrﬁ’orﬁﬂﬁﬂlb filg 88 W defe tWa€ generated by
prinmers GVL_F for Xbal (5" -ACCGCCTCCCTGACCATCAC-S' )

[ gEEjlﬁl@th@Ofgrp] plagayd §E MENG AP WA SR _hu Lambda with primers

L T L AR TR o

a[REQ BING:LagrealsFEoY,T RSRONBisDI L0 the 5 and 3

P G GG ATTEATEGTCA S [ Tp NB:236) PR Ragments
encompassing the 3’ portions of the Vi, genes from improved scFv clones were
amplified with the primers GV_F_for_Xbal
(5’-ACCGCCTCCCTGACCATCAC-3’) [SEQ ID NO:237] and scFv_Xbal_V;_R
(5’-GCGCCGTCTAGAGTTATTCTACTCACCTAAAACGGTGAGCTGGGTCCC
TC-3%) [SEQ ID NO:238]. Fragments were gel-purified, and then fragments
corresponding to the 5 and 3’ portions of each gene were mixed and amplified with
the outside primer set BssHII_II_V;_F and scFv_Xbal_V;_R to generate complete
Vi gene fragments. These were digested with BssHII and Xbal, and ligated into a

vector containing the constant regions of the human lambda gene.



the outside priner set BSSH I _P_VL_F and
scFv_Xbal Vi _R to generate conplete VL gene fragnents.
wab@em43ses e di gested with BssHU and Xbal , and PCTHS209/045182

into a vector containing the constant regions of the
human | anbda gene. Exanpl e 9: Characterization of
Improved IgGIn Vitro Exanple 9.1: Transient
Smal | - scal e Expression of Bingkng Proteins [0190]
Clones were tested for function'in full 1gG format
follomﬁng transi ent expression in cos-7 cells. Each

chain in the set of six test sequences

ZFH e ion gy Rre%@?f@ Virg e, L9, LIl
ini:\gam +4.1: L%nﬁl?ﬂi@mdﬂlﬁulé-é resls%gl’of%%’r)dln}?ﬁot?zng L25)

al red each heavy chain ih the 'set of five
tEHBOBéﬂm&mwase&kﬁdf@ﬂhnﬁﬁmlammlhﬁ3ﬂnhmn@ﬂhwmﬂgﬂﬁﬂyan
the germ.ned parental 18A5 VH donalnﬁ Each Iasnld
i RRRSIRARN co3-1 callyrfjachdightdintl Rdbe Wit o SIM?én 19SPaGEY
LR e aRREY L M BT P SO R 0 R LT E

r Ba@dIR0, Lohillebend [2S) waapiied wich mhdnlea%ecﬂﬁnnh tlhos:t 6f five test
cells grow Dul becco's Mydified Eagle' s nedi um

(mrzmceﬁ H@r}gﬁé&i PRAEI: YapeditheXalP. B wachaliaghpaggntal 18AS
t?’@'d%dalﬁg, tdacﬁﬁla?rﬁ{dqmﬁ%‘a#{ QZ g&‘ﬁ'&asgc' #b‘%{nd it Hleeréﬁﬁ\lisllT

sue C ure
Changadioh e eﬁtﬁ(Mﬂ’ﬁsf MREisBRAVINact&AE o ,th@ﬂﬁdnd/i@c&uﬂehe n
collected 48 hr later. Binding proteins, now

Cbﬁﬁﬁ¢t9nﬁ,gﬁnﬂlDNAIW$T amgagpydiony]exge Wérecﬂgiéﬂd fo mpeelaysys of

T PP Pl ks AR oo Bl oM 10 heat
Pﬁfal:ﬂnfa@édaﬂeta@ Bo{lﬁel Skhm TheniBAliA | aRgh@ydiy / 2xvigs glaﬁhnhﬂ@ﬁl

in serumfree conditioned nmediumwere tested fo
abtwell tispug enlture plates ddplendehr, th oedifiereas Qhﬁn@sisraweﬁum -free

| DGR B Dorrs R, O Ral-2Rd 00 e b Tens aiy
( &mﬁﬁ‘iﬂ@fuﬂl'—legétﬁ'aﬁﬁ)odi&' v8re d¥ahti@RdRFI n&-RRANEEG ELISA.

neutralization of proliferation of hunan
I L- 21R-expressing BaF3 cells, and all pairs except

t Rogenle Aol Adrivgy UHAn & hbvied Igin Nakireligatiom ob€ elh Brmltfemtwn

oL B SRBB e S BT Eh R TereSrery e g were
n’eérsﬂeﬂ @orl detidibiRiEX PF B8&IeRent proliferation assays in three cell lines as

described above: (1) human IL-21R-BaF3 cells, (2) murine IL-21R-BaF3 cells, and
(3) human IL-21R-TFI cells. All 80 pairs showed neutralization of proliferation of
human IL-21R-expressing BaF3 cells, and all pairs except those involving VH4
showed neutralization of human IL-21R-expressing TF1 cells (data not shown). All
80 pairs also showed neutralization of proliferation of murine IL-21R-expressing
BaF3 cells, with the strongest neutralization generally associated with light chains
paired with the parental heavy chain and the weakest neutralization generally
associated with the VH4 heavy chain (data not shown). Neutralization data from the
most potent 21 IgG combinations (AbA-AbU) are shown in FIG. §, and ICs, data are

summarized in Table 6.



BaF3 cells, with the strongest neutralization
generally associated with light chains paired with the
w@a00ensxk3 heavy chain and the weakest neutral i REE/US2009/045182

generally associated with the VH4 heavy chain (data

not shown). Neutralization data fromthe nost potent 2

1 1gG conbi nati ons (AbA-AbU) are shown in FIG 5, and

| C50 data are summari zed in ngl e 6.[0192] Assays were
conducted on human |L-21R-BaF3°Cells with 100 pg/m of
human I1L-21 (FIGs. 5a-c), human IL-21R-TF1 cells wth

/m of human |L-21 - or. muyr i
| | 9BEABS e radn Oa@snﬁgﬁmﬁgfﬁ%ﬁ}rqeﬁé VL9 pe/mi of
5 I
Ao G b AR APRTR AR IR 081 @ el e o2t
CEH‘.IGE[ JEER), Gk Burihe At LER-Be¥ 3hells ithsl00 peanicofsaine TL-21
addi tional studies denonstrating simlar inhibition in

t HIGSangrik Hled wasiaddeq fpethe celsatisr hegndjcatphpijtihodiesy R

CEI%IIF&F@ ﬁ)l%ﬁ 596'&%1?{1§EF5¥E}%I§?‘S ubsetr 4%?19 Fl(és 26a-c show

PAdi €S stoaRs Hembeddratiog sibiindidhgbition (the s&& ey @iﬂlﬂmes
nonkey, human | L-21R or human |IL-2R-g common subunit

expressed transiently on the surfaces of CHO PA- Dukx
c Exqraple Bk | Antiplly- @R !%G% Sisénety lrgnsientfyckogress ¢l Rygnd
a§swnolthekeol’aw -2dR the assay, cells were washed

’%gg?)é}/ sell-’]t oé? d? o r%%:grilsg SQCS% g?gtmé t%ngth v %?nor@l/lls
( fHohEéé} AkmaiiiNO SR dd umaNli) - 21@‘?@01%[1@%‘%@%51@&&%9&% @dnsRhtly on

in PBS/ CaMy / 5% nonfat dry milk. Conditioned nedia
f thermitfacas of EMQ-PAeRpkesdsd (@it weld ratRcled @S hugrier to the assay.

i al | d bl ock uf f de
SO 4y dhibe B0 e WP oS AR Wi
W@ﬁ@gqnéﬁ M iy 1ABE1 (pﬁeh/tcmgb dn%rhu&&ﬁa@@pﬁe ms'hér (Titereek,

hor ser adi sh per oxi daseconj ugated anti-human |1gG
hHuatsviRE, ACe Iah@ bleeked foné rhr waBhed PBOX GaMg:’Bg%/noﬁﬁWQr}amdk
t he buf f er S renoved. I re . .
" HeufHipes wrER b T CHRETE Ei o) Bret Sie wHaly dilued
r ﬁﬁﬁbﬁgngﬁﬁf?&ﬁhﬂ QBdedSth ARPEM s W tHR b1 QRedb1a0%s O 1By zMRT Cells
4, and read at A450 on a Perkin Elnmer ENVISION(tm
pWateevashacii 8K.with PBS / CaMg and then incubated with horseradish peroxidase-

conjugated anti-human IgG for 1 hr at RT. Cells were then washed 10X in PBS /

CaMg and all of the wash buffer was removed. Cells were incubated with 100 pul
TMB until the color reaction reached saturation, stopped with 100 ul of 0.18 M
H,SOy,, and read at A450 on a Perkin Elmer ENVISION™ plate reader.

[0194] All of the twenty-one IgGs bound to CHO cells transiently expressing human
(FIGs. 6a-c), rat (FIGs. 6d-f), or cynomolgus monkey (FIGs. 6g-i) IL-21R. Most
showed no binding above background to a control protein (human gamma (Y)
common chain) transiently expressed on CHO cells, but a subset of IgGs (AbD, AbE,
AbF, AbH, AbL, and AbM) bound above background at 13 nM or greater

(FIGs. 6j-1). Data are summarized in Table 6.



[0194] Al

transiently expressing human (FI Gs. 6a-c),
wW®@eodN43503 cynonol gus nonkey (FIGs. 6g-i)

of the twenty-one 1gGs bound to CHO cells
rat (Fl Gs.
| L- 2RERr/UMD99/045182

showed no bi ndi ng above background to a contr ol
protein (human gamma (g) common chain) transiently

expressed on CHO cel | s,

AbE, ADF,
13 nM or

greater
Table 6. Table 6 :

AbH, AbL,

| L-21

ZE gﬁi}g iaﬁb‘“ﬂaﬁlﬂ P

Moglpyoliferation Assaye and &l@dinertmfbén my lgga:m €ynomolgus Monkey

and Abl\/p

(FIGs. 6j-
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| gGs

(AbD,

und above background at
Data are sunmarized in
Summar y of Neutral i zation of Human

&%ﬁ%‘ﬁig PR Activity in

BHACORALxpresved IopCHOoFelse| ect i vity of Anti-IL-21R 1 gG
Binding (Bi fldimay t p Hibwman | |- 2VRripd195] Hiinen speciRatci t|yCybmolgus |  Human
Protein |hj Hadtd¥g of Ua2ByBEkt of-2Rans|i eHt-PAR expribgdRd | Monkey Gamma
ant BatBL - 21 Rrofiferpipmg  prisddi ns &Fl'éfl‘@g ant |Bé)‘ts‘§‘|ges \Ha'§1R Common
st o (A%Ezﬁg'fﬂ X T340 T bilance s
. Anti-hlmdhef n%LII Z]I p| (3 nM Ab
. in Ge in Cell
anti bodi es, and mur i ne I L- 21 ‘Ey) %\E%Eb' i zg ELISA:
onto a regearch-grade carboxynethyl -dex hi py QMS) A450)
AbA _|UST §g7 Standarfg,am me CoRpl T Ng. (T SenseiLNi|p SPEHacel o1
AbB  [WaS jggtivateg 3y TN EXG Hifs Tior g njat j@of 1w ragg o[ ¢.107
AbC |20 gigpminf Thegfir$t T Hhow cell pa§ usedpas T &f er epge 0.137
AbD [SUrbgee tp corgrect [Toropul K refragti ve pRgex,| mafgisX 0.197
AbE  |[efTests, and xx@nspect fo.a4 bl nNdi niks7 Capt un g1@nt|l bodigs 0.223
AbE [(7, 350 repsonanae uni t 9.0RU) |of amd4r - humamedic gnt i body 0.433
AabG  [(I neiztrogen QGuogapor ati omg7 Car|l sbags CA) omiX I qw cebds 2 0.108
AbH  [and0$4500] RU 34 anti - mmine-|Fc apd i body1.097 fljow cell 0.152
AbI 3) weope diluted to|10 oA |i n sBdi UM acessat € buf.fomr 0.107
AbJ (pHO®%50) and 4.40] ected over tlhe v vat ed.26lur flacel.273 0.126
AbK  |Remadfi ng| act4.0pat ed grooups wer el.Bhockedlwix h [1. O1.048 0.108
AbL et h&®®l am ne 429H 8.0) .0.2Phe npl ectdhar |weil @it s |of t.hid 0.219
AbM  |ant i 0human | g@2and |t he)- @At i -jmuriWé |1 gG WeBe hot h14#50 0.224
ADN kD, 9ahd the nol%ecullar Q8P ght| oflilhe [l - 2TR mononk#d/was| 0.136
AbO 127 RP? [ 0196]2%%ondi|t i dH&H di al-Want gi nil A anti-1.$3821 0.108
AbP  ant PRSI es adBant il bod99%t antlr 0l 398 murli nd-94nt il- huhdld 0.112
AbQ 1| - 96% and mi®@ne antiCKWaman | ILBR (R&D!4st dns, 131 0.125
AbR 0.87 3.94 0.302 1334 1.108 1.35 0.109
AbS 1.53 5.00 0.04 1.017 1.166 1.224 0.118
AbT 0.67 3.26 0.093 1.078 0.994 1.219 0.102
AbU 0.73 3.13 0.184 1.289 0.927 1314 0.104

Example 9.4: BIACORE™ Analysis of Selectivity of Anti-IL-21R IgG Binding to

Human I1.-2

IR

[0195] The specificity of binding of a subset of transiently expressed anti-IL-21R

binding proteins (here antibodies) was tested on a BIACORE™ 2000 surface

plasmon resonance instrument. Anti-human-IgG, anti-murine immunoglobulin

antibodies, and murine IL-21R-H/F were immobilized onto a research-grade

carboxymethyl-dextran chip (CMY5) using standard amine coupling. The sensor chip

surface was activated with EDC/NHS for 7 min at a flow rate of 20 ul/min. The first

flow cell was used as reference surface to correct for bulk refractive index, matrix

effects, and nonspecific binding. Capture antibodies (7,150 resonance units (RU) of




M nneapolis, MN); human anti-human IL-13 (Weth,

Canbridge, MA)) were diluted in HBS / EP buffer
waupphesented with 0. 2% bovi ne serum and i nj ecPE€HUSID045182

all four flowcells of the BIACORE(tm chip, capturing

500-700 (RU) of antibody on the species-appropriate

capture anti body. Following a 5 sec washi ng period, 50

nM sol utions of a positive cogér ol protein (nurine

IL-21R-H F), two human proteri related to IL-21R

(human I L-2Rb and human slL-4R (R&D Systens)), or an
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regenerate a fully active capturing surface,.

biditRisg cEx s rieiehloskadeidh 4O eghanoBaina(pHE%0). ﬁm molecular
2%{(@& of %Ilcazﬂhl ﬁlﬂgarpﬁﬁ zg‘[ % Eu%? i rIgG %}épé l'[;cgﬁ é??i k&r %nd the

sSensor gr am usl er en

ofnolde@ladieight bfrmﬁalerb@djnees v&a@&U&@ (18A5 ant i body
and AbA- AbU) showed cl ear bi ndi ng to nurine |IL-21R,
b19ab Gondigiongd mediarsentaining Fut- Bi- Atk antghodicsiand apiipagy controls

| .- 2Rb h I.L- 4R t | at ed

H BT AR A T SRLR Wb S b ot flch RTREH §) RS
78fifea @PsnMN’j $uifaflia6@hefhah I]][@-H?)'(W}%E\b C@ﬂl@ﬂhg'mA)) were diluted
sol ubl e I L-4R coul d be captured by specific

am HBS |/ EPRwtgn cuppiementdd with 82% bodieserimla@d injected onto all four

S B P AT i
t Eﬁe@ e§: ag‘a%ﬁﬂgte‘ég tﬁfeoﬂlﬁbod%bsl?olﬁbv-[mg @?@ec WRRin 2RGioB04H nM

nd dou nmut an versions: AbQ and AbR) were
t scamtscprsmf Ia3poax1pc e@SEdi piateio gswiine Hl- IZ$R-EH{H) pupihiined pfaeins
furthcﬁr an addi tion, three versions of

ut%nl% humansl4RRETP Susteme)) Oé\ftérl s
32@@&%@%% kea{v%gga ﬁﬂ)t&ﬂv‘(ﬂlﬁnmehé-ﬁ&% w%gﬁgfgg g)vé&ﬁ%

ubl e-nutant s al so prepare
pegitaed hntitesitssionabe ettipyv Ehevasotialidromeidisexadpi phdsat waike
ng of each plasm d was used to transfect cells in each
ofmogjteyed far 112ﬁ5mf1|1§9 KeC, 19speqtyRlyn Epliomed by twe SHE Ajjeettons of

glycine (pH 1.5) to regenerate a fully active capturing surface. All binding
experiments were done at 25°C in HBS / EP buffer. Blank and buffer effects were
subtracted for each sensorgram using double referencing.

[0197] All of the anti-IL-21R antibodies tested (18 A5 antibody and AbA-AbU)
showed clear binding to murine IL-21R, but no binding to the IL-21R-related
proteins human IL-2R[3 and human soluble IL-4R, or to the unrelated His/FLAG-
tagged protein human IL-13-His/FLAG (FIGs. 7a-c). Controls indicated that IL-2R[3
and human soluble IL-4R could be captured by specific anti-IL-2Rf and anti-IL-4R
antibodies (FIG. 7d).



condi tioned nedium fresh RICD was added and then

collected after an additional 72 hr. Conditioned nedi a
wowere/1g3503 ed and filtered on a 0.22 nmfilter.PCT/US2009/045182

Anti bodi es were | oaded onto protein A resin, eluted

with 20 mMMcitric acid / 150 mM sodi um chl oride (pH

2.5), neutralized with Tris (pH 8.5), and dial yzed

into PBS. Exanple 9.6: Bl ACOR Qt m Anal ysi s of Anti body

Bi nding to Human and Murine TE-21R [0199] The ki netics

of binding of anti-IL-21R antibodies to human and

e A R B ShT
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onto a research-gr extran chip
( GbAbUsamid@bénclatadt ensings: @mnphnm@bR)FWeresmnélan@y sgsessed in
actlvated with EDC/NHS for 7 min at a flow of 20
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afdG 1 ogly4, was 1¢l 1 d(buiﬂie trmta?fﬂs)n@ﬁeﬂhlsd) preplredMIae diRAMS’IT protocol
acetate buffer & pH 5.0), and 2950- 3405 resonance units
( fegpripet abova ptag Fellpwesd. @ecent Bat 32 ofgeh plaéwdc\zsaﬂ wed to

ni ng,.acti vat ocke
TR BB P S E T B O e
apdridaashied snadRire, fetish RIED It @aDadbed ard tidh ¥bllddtedHBRr An Bfitional
buffer supplemented with 0.2% bovi ne serum al bum n and

| datie dContitorted endBiACARECO Y aohifiltereBeinl adhh gmefiltari éfntibodies

S SR s DL B0 SRR
Cbﬁlgn@é (P 3. Bp\ﬂeﬁ@atlﬁe@fméefrm (?PP 8"5) Iﬁ@dl@@%&?iﬂ% PBSs.

p ase was run for 3 mn uman and nuri ne

| L- 21RKi neti cs, an]gll t he d| ssoc:| ati on phase was

Bmirte Ocb: { BIA CLOREH riadysisy-A2tiRodnBintlong 18 Hrinmuntae Murine
nfl-22RR, followed by two 10 m injections and one 30

ol b N SR P s SR St
SRS TERLS A G0 SRORED L5y B pen.
eAhgdiusnandp@ astibddiesciiedtrdgem (éapbraﬂaﬁsmrg uramobﬂlzn@ onto a
d?eggzlrgh grade carboxy-methyl-dextran chip (CMS5) using standard amine coupling.
The surface was activated with EDC/NHS for 7 min at a flow of 20 pl/min. The first
flow cell was used as a reference surface to correct for bulk refractive index, matrix
effects, and nonspecific binding. The anti-human-Fc antibody was diluted to
20 pg/ml in 10 mM sodium acetate buffer (pH 5.0), and 2950-3405 resonance units
(RU) were captured on each of the four flow cells. Remaining activated groups were
blocked with 1.0 M ethanolamine-HCI (pH 8.5).
[0200] Anti-IL-21R antibodies were diluted to 0.1-0.2 pg/ml in HBS / EP buffer
supplemented with 0.2% bovine serum albumin and loaded onto the BIACORE™
chip. Following a brief washing period, solutions of 0-100 nM human IL-21R-H/F
or 10-500 nM murine IL-21R-H/F were injected over the chip at a flow rate of

50 pul/min. The association phase was run for 3 min for human and murine IL-21R



referencing. Sensorgrans are shown in FIGs. 8a-b
(human | L-21R-Hi s/ FLAG and 8c-d (nurine

WO 2002185eE s/ FLAG) . Bi ndi ng ki netic paramneters BCEHUSIVONM5182

in Table 7A, and additional kinetic data froma
replicate experinent are shown in Table 7B. [0201] In
addi tion, AbS and AbT were tested for binding kinetics
to cynonol gus nonkey |L-21R-H_s/ FLAG by the
above-descri bed protocol. Bi ﬁgiiﬁg profiles to human
and cynonol gus nonkey |IL-21R-H F were simlar for both

S and FIG 9). FIG 9 sh |
| Kinsigs: ﬁ?&p%}&@%m@ A% BaBeNgRY 10rdngningdongHE-{ §§nd for
andhihyemAn bR ken b ed A% B RoinQHbR MASnk 301 i@@aidfm
(9d). Table 7A: Kinetic Paranmeters of Anti-IL-21IR
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7B: Kinetic Paraneters of Anti-1L-21R Antibody Bi nding
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e paren antl were I nmo I ze

Ot @reciftdVDS dBls 4rakh&hn B FIGY. 8a9 (hkmdd B R-Hil89.AG)

nM was allowed to flow over the chip for 300 sec,

f aind Jead dmbyinallwad Bir HiG0 A8 ¢ BindinglikinhenpaaBeteyy are shown

sol ption,.of either S, .AbT, .D5, or..a nonneutralizjng .
o FanR P A e bt me e o 3 apiGRE R S in
t hgpewg ace. No addi ti onal binding was observed w th
AbS, AbT, and D5, indicating that their binding site
o[0201 ]I AdRki tithiE; Admbsanidl Ak evelreltystedfor birdéng kibétinditorgyrtomol gus

F RO KO BT LA RaORE R eres e PRaiRe sy b (o
WS AL %{ﬂlo@m'g%ls Bf}bngk;l-ﬂ;éﬁz-ﬂ/ﬁ WP L f&%oﬁf@bs ARd AbT

or 18A5 a ndicating that this contro

aflih Ogly FhGuhshoats cgnalinblees enonkepiltdiie His/BhAGhending to
bound by the capture antibodies. 1[2021:2 Simlarly, AbS
afltS AP anditondh T plewcrnd dumapdh 21 R-Bipf @be@m&tpe%bsogﬁ’b%

ADRI AT (9d).

Table 7A: Kinetic Parameters of Anti-IL-21R Antibody Binding Human and
Murine IL-21R-His/FLAG

Human IL-21R Murine IL-21R

ka kd KD ka kd KD
Antibody (1/Ms) (1/s) M) (1/Ms) (1/s) M)
18A5 2.43E+05 1.08E-03 4.43E-09 2.12E+05 1.53E-02 7.20E-08
AbO 2.41E+05 1.14E-04 4.75E-10 1.12E+05 5.49E-03 4.92E-08
AbP 1.94E+05 1.19E-04 6.15E-10 9.99E+04 5.08E-03 5.08E-08
AbQ 4.39E+05 9.34E-05 2.13E-10 3.01E+05 2.07E-02 6.88E-08
AbR 1.70E+05 9.61E-05 5.67E-10 7.65E+04 4.93E-03 6.45E-08
AbS 1.44E+05 2.91E-04 2.02E-09 1.99E+05 3.32E-03 1.67E-08
AbT 1.79E+05 6.78E-05 3.79E-10 2.11E+05 3.31E-03 1.57E-08
AbU 1.86E+05 8.18E-05 4.40E-10 9.81E+04 4.34E-03 4.42E-08




or AbT imobilized on a CVb Bl ACORE(tnm) chip,
anti-human | L-21R anti body (9D2) was able

t he control

10b) .

whi | e

W@ 00bitgss2human | L- 21R-H F captured by AbS or ARdT/UF10@/045182
Thi s observation suggested that the binding site

for AbS is bl ocked by concurrent binding by AbT, and

Vi ce versa.

Assays [0204] Purified 1gGs
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| i nes as described above:
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captured on AbS, AbT, or 18AS5 antibody, indicating that this control antibody bound
at a different epitope from the one bound by the capture antibodies.

[0203] Similarly, AbS and AbT did not bind to human IL-21R-H/F captured by AbS
or AbT immobilized on a CM5 BIACORE™ chip, while the control anti-human
IL-21R antibody (9D2) was able to bind human IL-21R-H/F captured by AbS or AbT
(FIG. 10b). This observation suggested that the binding site for AbS is blocked by

concurrent binding by AbT, and vice versa.

Example 9.8: Cell-based Proliferation Assays
[0204] Purified IgGs were tested for activity in IL-21-dependent proliferation assays
in three cell lines as described above: human IL-21R-BaF3 cells, murine

IL-21R-BaF3 cells, and human IL-21R-TF-1 cells. All showed strong inhibition of



adjusted to 5% CO for 30 min. The treated B cells were

then stinmulated with0.5 ng/m anti-CD40 mAb (BD
wBr@saixseres, San Jose, CA) and 10 ng/m | L- 21PCHUBL00NGI5182

for 3 days in a 37C incubator adjusted to 5% CO . On

day 3, cultures were pulsed with 0.5 nC/well

3Hthym dine (Perkin Elmer (NEN)) and harvested 5 hr

| ater onto glass fiber filter 3H t hym di ne

i ncorporation was determ ned” 6% iquid scintillation

counting. Al of the inproved antibodies neutralized
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[0205] Anti-IL-21R antibodies were tested for their ability to inhibit IL-21-

dependent proliferation of primary human B cells. Buffy coat cells from healthy
human donors were obtained from Massachusetts General Hospital (Boston, MA).
The cells were incubated with a ROSETTESEP™ B cell enrichment cocktail
(StemCell Technologies, Vancouver, Canada), and B cells isolated according to the
manufacturer’s instructions. The resulting population (60-80% CD19" B cells) were
cultured in RPMI containing 10% FBS, 50 U/ml penicillin, 50 pg/ml streptomycin,
and 2 mM L-glutamine at 1x10°/well in 96-well flat-bottom plates. B cells were
pretreated with serially diluted anti-human IL-21R antibodies in a 37°C incubator

adjusted to 5% CO; for 30 min. The treated B cells were then stimulated with



harvested onto glass fiber filter mats and
3Hthym di ne i ncorporation was determ ned by liquid

wa@eioattedskat i on counting. Al of the inproved aPCT/bsd0E645182

neutralized IL-21 - dependent proliferation with
greater potency than the parental 18A5 antibody (FIG
13, Table 10A; also see FIG 26f). Table 10A:

Neutral i zation of Human Pri may T Cell Proliferation
Exanple 9.11: Primary Mirine ¥ocel | Proliferation
Assays [0207] Anti-IL-21R anti bod| es were tested for
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vas added to] al k.t tegt antibodies were
iter in tripli &rfh\/\%dn“ﬂg& 20 ng/m . Cells

wer gl or—BI ieeatiog ) 1r% CO i ncubat or.

ﬁlemg the | qt 5 hr @-1éultur9, cells were | abel ed

MADR 0.5 nCi| net hyl - 3HOLRyni di ne/wel | (GE Heal t hcare).

TA®Scel | s were harvest@ed4using a Mach in cell

hampyest er (Tonlfec, Hanglep, CT) and|counted using a

M, [UX T cropeta count gy (Perkin & mer). Aside from
g:/f\idl Lbo%i the—pt UVfg anttbodires neutralized |L-21
dep SAYLE y“r oH-ferat+on—wth—great'er potency than the

parent al 18A5 anti body (FIG 14, Table 10B; al so see

FEGQumZ09)10: TatheryIBiarNE kil BYdlgatarion A®fayMur i ne Primary

T Cell Proliferation Exanple 9.12: ADCC Assay
[0206] Anti-IL-21R antibodies were tested for their ability to inhibit IL-21-

dependent proliferation of primary human CD4" T cells. Buffy coat cells from
healthy human donors were obtained from Massachusetts General Hospital. CD4"
T cells were isolated by negative selection using ROSETTESEP™ CD4" T cell
enrichment cocktail (StemCell Technologies), according to the manufacturer’s
instructions. The resulting population was ~80-90% CD4"/CD3" T cells. Enriched
human CD4" T cells were activated for 3 days with anti-CD3/anti-CD28-coated
microspheres in RPMI containing 10% FBS, 100 U/ml penicillin, 100 pg/ml
streptomycin, 2 mM L-glutamine, and HEPES in a 37°C incubator adjusted to 5%
CO,. After activation, the microspheres were removed and the cells were washed
and rested overnight at approximately 1x10° cells/ml in culture medium. The rested

cells were then washed again before addition to the assay plates. Serial dilutions of



[0208] Anti-IL-21R antibodies were tested for their
ability to induce anti bodydependent cellul ar

W@ iongsei ty (ADCC) when bound to target cel | BCT/UB2909/045182
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Example 9.11: Primary Murine T cell Proliferation Assays

[0207] Anti-IL-21R antibodies were tested for their ability to inhibit IL-21-
dependent proliferation of primary murine CD8" T cells. Popliteal, axillary, brachial,
and inguinal lymph nodes and spleens from 12-week-old female BALB/C mice were
collected. A single-cell suspension of the spleen cells was depleted of red blood cells
using 0.16 M NH4Cl in 0.017 M Tris (pH 7.4). The spleen and lymph node cells
were pooled and enriched for CD8" cells using a murine T cell CD8 Subset Column
Kit (R&D Systems). Murine CD8" cells (3x10*; suspended in DMEM containing
10% fetal calf serum and supplemented with 0.05 mM [-mercaptoethanol, 2 mM

L-glutamine, 0.1 mM nonessential amino acids, ] mM sodium pyruvate, 100 U/ml



is likely to I ead to conpl enent -dependent cytotoxicity

(CDC), the antibodies were tested for their ability to
Whewd/143523 he conpl enent conponent Clg in an ELPGSAUS2009/045182
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diluted in PBS to 5 ng/m . Diluted antibodies (100 m)
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Example 9.12: ADCC Assay

[0208] Anti-IL-21R antibodies were tested for their ability to induce antibody-
dependent cellular cytotoxicity (ADCC) when bound to target cells. The day before
the experiment, PBMC were isolated from buffy coat by diluting the buffy coat

1:1 in PBS, layering it over FICOLL® (GE Healthcare), and centrifuging at 1200 g
for 20 min. PBMCs were removed from the top of the FICOLL® layer, washed, and
stimulated overnight with 10 ng/ml IL-2 and 10 ng/ml IL-12 (R&D Systems). The
day of the experiment, stimulated PBMCs were collected by centrifugation and
resuspended in media at 1x10° cells/ml. BJAB cells were labeled with 0.5 uM CFSE
(MOLECULAR PROBES®, Invitrogen Corporation) for 10 min at 37°C, and then



performed. Antibody AbT was coated at 1 ng/m onto

ELI SA pl ates, which were then blocked with 1% BSA in
wOeBBL/106% Tween. Biotinylated rmurine | L-21RH sPCHL#809/045182

(1.5 ng/m) was added to the wells, either alone or in

the presence of increasing concentrations of nurine

IL-21, and the binding of the receptor to the

i mmobi |i zed anti body was dete%%ed wi t h HRP- conj ugat ed

streptavi din and subsequent ubation with TMB

detection reagent. Muse |IL-21 was able to block t he

ysed e BA B g ot e ST BBt a1t Heapeb Rt intoa
C%’R%h@laft %tt&hfzb@dtélgt ixa oﬂyéllsﬂi?eﬂ i~ DR 1 i3, ﬁv\} i of the 4x

Equi val ent s Those skilled in'the ar t
r etdgdics ever@addeé t@ﬂiedBJtAB adbefollaivad big ISmg() RBMGCrie SOhdgiving
equi.val ent s

L,Sée%lf”fﬁ é‘ﬁ%@%&eﬁ%ﬁa‘%ﬁwﬁ? n@? WHEiRGbated At ?% Q&%ﬁéhé ppd

S
Pt o b S PLARIAF i Qe sERe e

beaii (QFSBI ob & am.sdssedd:r}t ngBNriig RHME]@HfghﬂfoE’((fS(ﬁMEfBﬁJRTM flow
that binds to I L-21R wherein the ndlna proteln or
5

afiXtPgelsr Eﬁlﬂﬁl?ﬁleﬁlF%@w@ﬁ{Y MseEdt- ?cl&iﬂtibg A2, wdudy has a
g/ﬁdalﬂcﬂﬁm"i’zﬁ{ Gsi%‘aﬂﬁ%§e$lg§tshb@e@kﬂ&?%ov@kfﬂé% é:%gl{ﬂmd level
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bhﬁmt@gAchhgmmfgpmaﬂ&mgen blndlng fragnment is an
anti body. 3. The i1solated binding protein or

anti gen-bi nding fragnment of claim1l1, wherein the
bﬁﬁamﬂg9dﬁoﬂ%hmE%@Aantlgen bi ndi ng fragnent is an

2“9] In order to determine whether cell-surface binding by anti-IL-21R antibodies
is likely to lead to complement-dependent cytotoxicity (CDC), the antibodies were
tested for their ability to bind to the complement component C1q in an ELISA.
IL-21R antibodies and rituximb (RITUXAN®) were diluted in PBS to 5 pg/ml.
Diluted antibodies (100 ul) were coated onto a COSTAR® high-binding ELISA plate
(Corning Life Sciences, Lowell, MA) overnight at 4°C. Plates were washed 3X with
PBS / Tween-20 and blocked with 200 ul of blocking buffer (0.1 M NaPQ,4, 0.1 M
NaCl, 0.1% gelatin, 0.01% Tween) for 1 hr at RT. Human serum previously
determined to contain Clq (Quidel, San Diego, CA) was diluted 1:50 in PBS. After
1 hr of blocking, plates were washed and 100 pl of diluted serum was added to each
well and incubated for 2 hr at RT on a shaker. Following three washes, 100 pl of
0.1 pg/ml chicken polyclonal anti-human C1q antibody (AbCam, Cambridge, MA)



4. The isol ated binding protein or antigen-binding
fragnment of claim 1, wherein the binding protein or
w@ringes2bi ndi ng fragnment is a VH 5. The i sol BEBUS2009/045182

bi ndi ng protein or antigen-binding fragment of claim

1, wherein the binding protein or antigen-binding
fragnment is a VL. 6. The isolated binding protein or

anti gen-bi nding fragnent of claim1l, wherein the

bi ndi ng protein or antigen-brﬁ ing fragment is a CDR

7. An isol ated binding protein or antigen-bi ndi ng
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1aniibogy avithpsyiplermgtang gnan ksGi | cpgefantyggion sty hadargviopsly been

4l§1w q%&ﬁl%ggngﬂ—lg Allszmtl%g)&ig g’?tﬂq%@&ﬁ xpatrﬁbfgtaﬁgnams as AbZ,

anti gen- bi ndi ragnment o erein
binetlidig forrat &iith hamaangG4geabY), add dgsé wagrdeobleirsutant (AbX) and

anti body. 9. The isol ated binding protein or
aftAlg BRI AP R ormagiismmandieGds ghowed onfinkackgiqupdlevels of Clg

DL AJIGEREOIS! DDl ankl e Bl Nelhg ARl Rae iple-

aflutge forki sTdivAginfIE@ g mth@&edqiaakgfbﬂnd @m@bﬁadﬁlgt he

bi ndi ng protein or antigen-binding fragnent is a VH
11. The isol ated binding protein or antigen-binding
f Eaymiad-ldf rehing c,vmwg%ﬂwavhe bi ndi ng protein or

A} - . .
oTAOE Bl G M it e W T PRPhE g e
7manheTtiitRompeted vt itRGILPR DE@bKin®ra Bdkigedoniiefidbngssay was
fragment is a CDR. 13. The binding protein or

amrgg”éwdb M@bﬁ@y ApBgvasspated atcl ag/ml pntoclpldA plptee veltich were

| ﬁlenrblocked with 1% BSA in PBS/.05% Tween. Biotinylated murine IL-21R-
His/FLAG (1.5 ng/ml) was added to the wells, either alone or in the presence of
increasing concentrations of murine IL-21, and the binding of the receptor to the
immobilized antibody was detected with HRP-conjugated streptavidin and
subsequent incubation with TMB detection reagent. Mouse IL-21 was able to block
the binding of mIL-21R to AbT nearly completely above 4 ng/ml, indicating that the
antibody and the cytokine compete for binding to murine IL-21R (FIG. 27).

Equivalents
[0211] Those skilled in the art will recognize, or be able to ascertain using no more

than routine experimentation, many equivalents of the specific embodiments of the



one ami no aci d sequence selected fromthe group
consisting of SEQ ID NOs: 14, 16, 18, 20, 22, 24, 26,
wWQ@09385282, 34, 36, 38, 40, 42, 44, 46, 48, 5PCT/BR009/045182
54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104,
106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126,
128, 130, 132, 134, 136, 138, .140, 142, 144, 146, 148,
150, 152, 154, 156, 158, 160,‘9 62, 165-168, 171-193,
213-229, 240, 242, 244, 246, and 248. 14. The isol ated
bi ndi n rotein or aptigen-bjnding. fr nt of claim
1§%V69\%fg%‘%sﬂﬁteﬁgwfﬁ%d W PebREnR A wﬁgg&fz%?mm@swd by the
f FAQUEBRY clhfn@n antibody. 15. The isol ated binding
protein or antigen-binding fragnment of claim 13,
wherein the binding protein or antigen-binding
fragnent is an scFv. 16. The isolated binding protein
or antigen-binding fragnent of claim 13, wherein the
bi ndi ng protein or antigen-binding fragnent is a VH
17. The isolated binding protein or antigen-binding
fragnent of claim 13, wherein the binding protein or
antigen-binding fragnent is a VL. 18. The isolated
bi ndi ng protein or antigen-binding fragment of claim
13, wherein the binding protein or antigen-binding
fragnent is a CDR. 19. An isolated binding protein or
anti gen-bi nding fragnment thereof that binds to IL-21R
wherei n the binding protein or antigen-binding
fragnment thereof conprises at |east one am no acid
sequence that is at |east about 95% i dentical to an
am no acid sequence(s) selected fromthe group
consisting of SEQ ID NGs: 6, 8, 10, 12, 14, 16, 18, 20.
22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46,
48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98,
100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120,
122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142,
144, 146, 148, 150, 152, 154, 156, 158, 160, 162-195,
213-229, 240, 242, 244, 246, and 248, and wherein, if
t he binding protein or antigen-binding fragnment
conpri ses



at | east one am no acid sequence that is at |east
about 95% i dentical to the sequence(s) selected from

w0 b@gesep consisting of SEQ ID NGs: 6, 8, 10, HQI/UINBY/045182
164, 169, 170, 194, and 195, then the binding protein
or antigen-binding fragnent nmust al so conprise at
| east one am no acid sequence that is at |east about
95% i dentical to the am no acid sequence(s) sel ected
fromthe group consisting of - 8 QI D NCs: 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
4 4, 56, 58, 60, 62, 64, 66, 68, 70,
g’H‘ﬁIS%AIg@Dg%, 84, 86, 88, 90, 92, 94, 96,
98, 100, 102, 104, 106 108, 110, 112, 114, 116, 118,
120, 12pisolgtad bipgme progin arzetizasbinding fragmeat therwgf thaykinds to

12yt iRy urydoehy i fpmgygdsoltpises o

218st 048 anib AG@bajfuettelthitdi Rk ABRIt D5 identical to an amino acid
anti gen-bi ndin fra ment thereof that binds to |L-21R,
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SeBn el EnetaRa by Ch o 45t a0 S embe bt O af: 8. 70.

| eaSt4, 2b,o8t 8O BAle3wt 8S.A0, HD A, DELGISe PO, CJ@zsﬂmue@tcems)no 112,
selected fromthe rog§200n3|st|n of SEQ | D NGs: 5,

9]14116188, 12), 122, 1219120128280, 252, 134, 1369381403612, 13464 146,

STes 0. 188 1f5eitlon I, G107 Eos 305 28 2o 20

8946,944 2898, 95, 97, 99, 101, 103, 105, 107, 109, 111

113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133,

135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155,

187, 1%be isg@g_ed peding prptein 21 gntiggndinding fragment phglaim 1, wherein
erei t.he Dbi ndi rotein or antigen-binding

r PR e bisigt P A M Sipder s ATMERY cequence

encoded by a nucl eoti de sequence that is at |east

about 9pSbsoremttifdhg botdiler sRfpeantR(isg fragheftoedlaih aMvherein
the group consisting of SEQ ID NGs:5, 7, 9, and 11,

t herpindieg piofrdn Ayanicer inding rm&n@e&mﬁcm ng fragment
nmust al so conprise at | east one ami no acid sequence

epcode

BBt AFUBIEE S Ll o 1. v

S el pioGih bNgntGERBIMEONGAEhd 6 aovaSEQ | D NGs

15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,

41, 43
5. The isolated binding protein or antigen-binding fragment of claim 1, wherein

the binding protein or antigen-binding fragment is a Vi..

6. The isolated binding protein or antigen-binding fragment of claim 1, wherein

the binding protein or antigen-binding fragment is a CDR.

7. An isolated binding protein or antigen-binding fragment thereof that binds to
IL-21R, wherein the binding protein or antigen-binding fragment thereof comprises at
least one amino acid sequence encoded by a nucleotide sequence that is at least about
95% identical to a nucleotide sequence(s) selected from the group consisting of SEQ

ID NOs:13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53,



45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95,
w©®700999523 01, 103, 105, 107, 109, 111, 113, 11BCT/US2009/045182

119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139,
141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161,
239, 241, 243, 245, and 247. 21. The binding protein

or antigen-binding fragment of claim19, conprising at

| east one ami no acid sequence9%elected fromthe group
consisting of SEQ ID NGs: 6, 8, 10, 12, 14, 16, 18, 20,

185 905923 6545, BY 69541 ToT5.00. TRBL. §6'85657. 01,53 95. 97, 00,
491,183, 103, 189, 10§21118‘ﬂ13 %@5 B8, 1?@12?21239‘&5 967, 192@ 131,133,
100, 102, "104, 10 110, 112 114, "116, 118

1223, 13241391 241, 1312,81451:84@7,, 131321511:8513 136, 15]73859 140, 23]?4241 243,
144 133 148, 150, 152, 154, 156, 158, 160, 162-195,
238389924240, 242, 244, 246, and 248, wherein, if the

bi ndi ng protein or antigen-binding fragment conprises

ag | eaghe Reﬁté@rﬂlﬁkﬂng?fﬁelﬁ SAMANCH-tiltBhe Frie rﬁéntlo?éﬁﬁm7 wherein
about 95% i dentical to the sedquence(s selected rom

t the bgnduppiowes bsintizgn-bindBigIradnddOss 6, adibod, 12, 163,

164, 169, 170, 194, and 195, then the binding protein

of ant]j fragnment nust S t .
PBact SRERaRiP e pOlE Creder 4Endie GREREuSE oy, wherein

9§14’H11Q§ﬁ§ ©fdin Bpaﬂt n %EH et GaHERES(S) sel ect ed

fromthe group consi sting of EQ I D NOs: 14, 16, 18,

20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,

4@(;) 48Th6001a&21 bigding Eﬁ)teig 8r alﬁigenﬁﬁndi@glfragﬁq:nt@s claiz@ 7, wherein
74, 76 0, 92, 94, 96,

9§w birsgne Ii’i??m %%ﬁfgfbémd%eﬁefmgmg laﬁ%{' 114, 116, 118,

120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140,

142, 144 isbrhéed bifkding dRMein bPdnti &kﬁ Aoincﬁ&%fraé{ﬁgnt ok6fim ¥6%herein
165- 168, 171-193, 213-229, 24 242, 244, 246, and

24@ bikling pyetdis of attg@nbmddmgw@agmmt & mVor
anti gen- bi ndi ng fragnent thereof that binds to IL-21R

V\?gr ei thela?eid “‘ﬂg%rgrﬂ féelop r?tr ghnbt ‘gﬂ%frﬁl ndi ngclr%%7 wherein

Chﬁlbﬁlndlﬁglﬁro‘{%@bﬁm{llgtsﬁl%l g}ﬁ@itﬁk £ODIR, | ses at | east
one am no aci d sequence se ected fromthe group

Con.SI SIFLQ gm?ifngsp%(gelln%rNagﬁgenl‘td;mdl%lg fra]églent of claim 1, comprising at least
one amino acid sequence selected from the group consisting of SEQ ID NOs:14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68,70, 72, 74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140,
142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 165-168, 171-193, 213-229,

240, 242, 244, 246, and 248.

14. The isolated binding protein or antigen-binding fragment of claim 13, wherein

the binding protein or antigen-binding fragment is an antibody.



20, 68, 70, 72, 88, 90, 92, 94, 213, 218, 219, 240,
and 242. 23. An isolated binding protein or
w@ringes2bi ndi ng fragnment thereof that binds tRCT/US2AR)45182
wherei n the binding protein or antigen-binding
fragment thereof conprises a |ight chain and a heavy
chain, and wherein the |light chain conprises at |east
one ami no aci d sequence sel ec Sd fromthe group
consi sting of SEQ I D NGs: 22, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,

6 64, 6 74, .7 78, .80, 8 86, 96, 9 0 )
3% 16%° gf@&ﬁd bmﬂgng E?&elﬁf?amggfé%%bng bagmeny p Claﬁﬂgi wherein
26’@ bn?tﬂn %ﬂ%?enpblnﬁﬂt n«%ﬁﬁﬁ@é ﬂa@ﬁerﬁ‘@éngs%ﬁvb' ndi ng

ragrrent cl al m wherei n the binding protein or
ant i gen- bi ndi ng fragnent conprises a VL domain and a
VH.dondhaisalattdthedieg prOttetie ovmlttgenﬁiimding)frpgrh@e:of alairhddswherein
OE{?; a[ﬂ'.no aci.d se uen cted fro the group

c BN Brofin SE ]|g€>“ gijaemet 131% Hand 20. 25. The

bi ndi ng protein or antlgen blndlng fragment of claim

287. Whehe{sBlatdashitMing| bf&eﬂ%@ﬁﬁig@n%ncﬁﬂ frgglﬁelhlomdlanﬁ 13, wherein
fragnent conprises a VL domain and domai n, and

whherbaiding h@tmoxalmn@embummgﬁr&gnemus ﬂ;{a.st one am no
acid sequence sel ect ed from the group consisting of

SEQ l o?age‘éi bzléang gi&)telg Br algjtggeg é)éncﬁ]gngrggtaen%%g cﬁg& é%,z wherein
2{hé, bm’){ﬁﬂ-g iein oPgmigeRDndifaghéht iZPCDRhe bi ndi ng

protein or anti gen- b| ndi ng fragment of claim22 or 23,
wherein the heavy chain conprises an amno acid

séfuende ixdited biadinrspteinhe agriaupbiodmgifegmegt fdaf:resfztbat Ipnds to

D2 R b Reinde bingins e I Rna g ndige 58 REn i Ggol Whprises at

SRh&Wn Anfii MBI BRuek@URatGO SISk bttt 05 73EEX tIcR NG aP6ino acid
98, 100, 102, 104, 106, 108, 214, 216, 220, 222, 224,

226@1%@2(3@) saldated Qfa@l thagtbum:snmﬂmg KSEG B NQseh. i h(&hlﬁ 14, 16, 18,

Pofa P 2oy B E52. Mol Q2T ks SEabyE %?ﬁﬁkéﬁsﬁ 64,
pset@ no.32l egt7d74 raoms e, 96, C88E9@ @25 b8 196198, ofpo Ay, AbWV106,

LU1- 16, L8-L21, and LZ23 wherei n the binding
pﬂ@ﬁ éllﬁ Ur2 at, |1@én1-ll§|, h20.1g2f }Qaigﬂr%&]ﬂ%o}'ﬁ@eﬂﬁ ildé) 436, 138, 140,

O G S ANEAR138T 159, PEa 3 sB! MY 16b, 162-195, 213-229, 240, 242, 244,

246, and 248, and
wherein, if the binding protein or antigen-binding fragment comprises

at least one amino acid sequence that is at least about 95% identical to the sequence(s)
selected from the group consisting of SEQ ID NOs:6, 8, 10, 12, 163, 164, 169, 170,
194, and 195, then the binding protein or antigen-binding fragment must also comprise
at least one amino acid sequence that is at least about 95% identical to the amino acid
sequence(s) selected from the group consisting of SEQ ID NOs: 14, 16, 18, 20, 22, 24,
26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72,74,76,78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112,
114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146,



protein selected fromthe group consisting of AbA- AbW
H3- H6, L1-L6, L8-L21, and L23-L25 to human |IL-21R 28.
wab@oh#isel ng protein or antigen-bindi ng fragnePCT/082009/045182

claim 27, conprising a heavy chain, a light chain, or

an Fv fragnment conprising an am no acid sequence

sel ected fromthe group consisting of SEQ ID NGs: 14,

16, 18, 20, 22, 24, 26, 28, 3@4 32, 34, 36, 38, 40,

42, 44, 46, 48, 50, 52, 54, 56,758, 60, 62, 64, 66,

68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92,

94, 9 93, 0, 102, 104, 106, 10 , 4

18 1304052 350 0o 58500 Yoaal63l, Tiiddpi3 30 o0 24 204,
138 14045 142, 144, 146, 148, 150, 152, 154, 156, 158,
160, 162, '165-168, 171-193, 213-229, 240, 242, 244,

246, and 248.29. The binding protein or

ald.i geAnbsaldedpinflimagmetatn @fantpei-bnding fogmeni Sieregf that binds to

heayy_ chai n, ight chain, or an .Fy fragnment .
Bt ¥ B aPein g st g alissdebiasiop dBAmEY Gereof comprises at
GLER L SRV EALEN R SIAby AN B AHRARASE HE M about
of SEQ ID NGs: 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
335%38nti87], to 3% uckdtideA@quelse(sd ¥gleat@ frémh, thS8roup Sonsdsting of SEQ

o NP da0. 951355 18519, 8% 2935, 7030, o3l aodT b 43 45,47

108,51134,2<133,50140,62144 ,7148,71124 ,7<123,7012P,22124 ,¢7128,
19513 5E 5513 R 59 4b 631886714071 91.75 727918 831 858718901, 03,

193,9719%,1015103,169,1076109, 289,1134115, 243,11248 1, aR8l 1247127, 129,

30.. The hi ndi ngi rotein or _antigen-bindi ng fragnent of
2R RS bF: CAAS A1 543,445 7. 8 1anekar ox.HE7. 190, 161,239,

assPo6iatsy ngf&p@@t of the binding protein or

a%?fgg%jbl ndi ng frgg%rrent for human IL-21R is at |east
about 105 Mwvh&?in, Hlthe Bimeini profeingorpin@gei-binding fragment comprises
ant i gen-bi ndi ng. fragnment of any one of clains 1, 2,

19 legst o%z}mwﬁ@p@i KAvHISE BRGYER By 5,118@1@1)t|1fieoqequence that is at least

R A S R R e e o

NNIOBIS, I7e$,ind dngdtheh efeciindih § proBsir 3r aietl des-bimiipg fras@neént must also
human 1 L-21R 32. The binding protein or ) )
afRMBIESS-b igaehi g 2nHBQARiA seayeneEriacedre bfa ryclfotige gequpnce that is at

1Rast about 95% identical to the nucleotide sequence(s) selected from the group
consisting of SEQ ID NOs:13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43,
45,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73,75,77, 79, 81, 83, 85, 87, §9,
91, 93,95,97,99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125,
127,129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159,
161, 239, 241, 243, 245, and 247.

21. The binding protein or antigen-binding fragment of claim 19, comprising at
least one amino acid sequence selected from the group consisting of SEQ ID NOs:6, 8§,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100,
102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134,



or 20, wherein the binding protein or antigen-binding
fragment inhibits IL-21- nediated proliferation of TFI
wW@e200va43823 h an |1 C50 of about 14.0 nM or | ess, BEEHUS2009/045182

wherein the TFl cells conprise a human |IL-21R 33. The
bi ndi ng protein or antigen-binding fragnment of any one
of claims 1, 2, 19, or 20, wherein the binding protein
or antigen-binding fragnent ﬁ ibits IL-21- nedi ated

proliferation of primary human-B cells with an |1 C50 of
about 1.9 nMor |ess, and wherein the B cells conprise

2T L T o 0 AL B 58 P o195, 213229

1840.002 244, M@ afd B4g he binding protein or
ant | gen bi hdi ng fragnment inhibits IL-21-nediated

proliferati ohewefn, pfrtherhmyzhﬂglpmmlr@@:htlg@i bindinigtfingarent &ofprises

of about 1.5 nM or |ess, in the CD4+ cells

cBpt 8B° AmHgTEH TR o s %Oﬁbéi?e ig5ngEditn thsysequence(s)

a 0 1;
B, SRS P SO, ) Tt 1

ah®4,ged b, nemge biragrepbdtedpeacinticedbinginyi fmgmemommt also comprise

am no acid sequence that is at | east about 95%

i At ead a%l%?ﬁyi %&%@ﬁ éf@t brat 4ast about 9%@6@8% tg ths pgnino acid
agd 'Ilan% &Ed §§Q thDNG s”iémgTd?%E‘Q ﬂj"f\ﬁﬂﬂ 1Y, TB e128 28122, 24,

ant nt o any ‘one
190, 2(8( 3(203.2 Mt—%eB& 40he2 bfi4nd6m$ B(D cﬂ?eﬁm 5@5( 58 60 62 64 66 68 70,
ant i fra rrent i nh

t 62178 N %@F?S §9/ The ﬁ%n%)g%r%t 8@ r%ﬂo%df)?g]éﬂ Ea%dpﬁgllo 112,
t;Qf ng, 0 I 1, 9,240 r
T R AR ARG AT
| g43,.1588152] 4, 156,01 389 1 60, a6 res50r68amy i-ges 2&18@9[@40 242,244,

frgﬁgment of any one of clains 1, 2, 19, or 20, wher ei n
Brédithg protein or antigen-binding fragment is
human. 39. A pharmaceutical conposition conprising the

bindi N - i genhi ndi ng
B e
alli-d1RNehdeinghd biadinigpdotais dpaotiginrbinding fittegent theredi ¢tgnprises a
fragment of any one of clainms 1, 2, 19, or 20.
light chain and a heavy chain, and wherein the heavy chain comprises at least one
amino acid sequence selected from the group consisting of SEQ ID NOs:14, 16, 18,

20, 68,70, 72, 88, 90, 92, 94, 213, 218, 219, 240, and 242.

23. An isolated binding protein or antigen-binding fragment thereof that binds to
IL-21R, wherein the binding protein or antigen-binding fragment thereof comprises a
light chain and a heavy chain, and wherein the light chain comprises at least one amino
acid sequence selected from the group consisting of SEQ ID NOs:22, 24, 26, 28, 30,
32,34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 74, 76, 78, 80, 82,
84, 86, 96, 98, 100, 102, 104, 106, 108, 214-217, 220-229, 244, 246, and 248.

24. The binding protein or antigen-binding fragment of claim 22, wherein the

binding protein or antigen-binding fragment comprises a Vi, domain and a Vi domain,



4 1. An expression vector conprising the nucleic acid

of claim40. 42. A host cell transforned with the
weeewoe3ses claim4 1. 43. The host cell of cl aPem/482009/045182

wherein the host cell is a bacteria, nanmalian cell

yeast cell, plant cell, or insect cell. 44. A

di agnostic kit conprising the binding protein or

anti gen-bi ndi ng fragnment of aﬁé one of clainms 1, 2,

19, or 20.45. The isolated bindding protein or

anti gen-bindi ng fragnent of any one of clains 19-38,

wherejn th i ndi n rotein or antigen-bindin

f ?%F[ﬂ’fh‘?ﬂ“ni tge gjﬁ dg 'rbg%’g}l?“s&%?tol?ﬁé oPs %Tﬁ‘toeaﬁldoﬁeﬂg‘?rﬁﬁ selected from
pPhRtL Antd gesed N rag any one of
cfhgig?r%dblcg{n%g?ﬁ%\her e(? rIllB ?lllﬁ(gg g::nl gf g%%p}cri 2P'ei n or
antigen-binding fragnent is an scFv. 47. The isol ated

b2hdi nghebimtlmigrproeinantanggsn- bindiaic figgimeageienhdimol3, singreomehe

of. ¢l ainms 19-38, wherejn the bindin rotein or :
aﬁwﬁ@émfﬂﬁwrﬁﬁﬁﬁnﬁ ine fiagrg agmiyfes N oBgfibandg Vi domain

bh Ry R QL Q’%goﬁfai%ﬁ%&' Ripdt B {hR8TBlseQlenROYel QA& from

of clains 19 wherei'n the binding protein or

athei ggeup cwnsidiimgoff Qe M O4:32,24V26, 28930, BRe34,56| 38,48, 42, 44, 46,

of R 6633, SluaBl b0t AL fg 2 oF aus: FTopnd 2267
anti gen-binding fragnment is a CDR
26. The binding protein or antigen-binding fragment of claim 22 or 23, wherein the

heavy chain comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs:88, 90, 92, 94, 213, 218, 219, 240, and 242, and the light chain
comprises an amino acid sequence selected from the group consisting of SEQ ID
NOs:96, 98, 100, 102, 104, 106, 108, 214, 216, 220, 222, 224, 226, 228, 244, 246, and
248.

27. An isolated binding protein or antigen-binding fragment thereof that binds to
an IL-21R epitope that is recognized by a binding protein selected from the group
consisting of AbA-AbW, H3-H6, L1-L6, L8-L21, and L.23-L.25, wherein the binding
protein or antigen-binding fragment competitively inhibits the binding of a binding
protein selected from the group consisting of AbA-AbW, H3-H6, L1-L6, L8-L21, and
L23-L25 to human IL-21R.

28. The binding protein or antigen-binding fragment of claim 27, comprising a
heavy chain, a light chain, or an F, fragment comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs:14, 16, 18, 20, 22, 24, 26, 28, 30,
32,34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76,
78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116,
118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150,
152, 154, 156, 158, 160, 162, 165-168, 171-193, 213-229, 240, 242, 244, 246, and
248.
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29. The binding protein or antigen-binding fragment of claim 27, comprising a
heavy chain, a light chain, or an F, fragment comprising an amino acid sequence
encoded by a nucleotide sequence selected from the group consisting of SEQ ID
NOs:13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53,
55,57,59, 61, 63,65,67,69,71,73,75,77,79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99,
101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133,
135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 239, 241, 243,
245, and 247.

30. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,
or 20, wherein the association constant of the binding protein or antigen-binding

fragment for human IL-21R is at least about 10° M5

31. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,
or 20, wherein the binding protein or antigen-binding fragment inhibits IL-21-
mediated proliferation of BaF3 cells with an ICsy of about 1.75 nM or less, and

wherein the BaF3 cells comprise a human IL-21R.

32. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,
or 20, wherein the binding protein or antigen-binding fragment inhibits IL-21-
mediated proliferation of TF1 cells with an ICso of about 14.0 nM or less, and wherein

the TF1 cells comprise a human IL-21R.

33. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,
or 20, wherein the binding protein or antigen-binding fragment inhibits IL-21-
mediated proliferation of primary human B cells with an ICsy of about 1.9 nM or less,

and wherein the B cells comprise a human IL-21R.

34. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,

or 20, wherein the binding protein or antigen-binding fragment inhibits IL-21-
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mediated proliferation of primary human CD4" cells with an ICs of about 1.5 nM or

less, and wherein the CD4" cells comprise a human IL-21R.

35. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,
or 20, wherein the binding protein or antigen-binding fragment specifically binds to an
amino acid sequence that is at least about 95% identical to any sequence of at least 100

contiguous amino acids of SEQ ID NO:2.

36. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,
or 20, wherein the binding protein or antigen-binding fragment inhibits the binding of

IL-21 to IL-21R.

37. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,

or 20, wherein the binding protein or antigen-binding fragment is IgG1.

38. The binding protein or antigen-binding fragment of any one of claims 1, 2, 19,

or 20, wherein the binding protein or antigen-binding fragment is human.

39. A pharmaceutical composition comprising the binding protein or antigen-

binding fragment of any one of claims 1, 2, 19, or 20.

40. An isolated nucleic acid encoding the binding protein or antigen-binding

fragment of any one of claims 1, 2, 19, or 20.

41. An expression vector comprising the nucleic acid of claim 40.
42. A host cell transformed with the vector of claim 41.
43. The host cell of claim 42, wherein the host cell is a bacteria, mammalian cell,

yeast cell, plant cell, or insect cell.

44. A diagnostic kit comprising the binding protein or antigen-binding fragment of

any one of claims 1, 2, 19, or 20.
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45. The isolated binding protein or antigen-binding fragment of any one of claims

19-38, wherein the binding protein or antigen-binding fragment is an antibody.

46. The isolated binding protein or antigen-binding fragment of any one of claims

19-38, wherein the binding protein or antigen-binding fragment is an scFv.

47. The isolated binding protein or antigen-binding fragment of any one of claims

19-38, wherein the binding protein or antigen-binding fragment is a V.

48. The isolated binding protein or antigen-binding fragment of any one of claims

19-38, wherein the binding protein or antigen-binding fragment is a V..

49. The isolated binding protein or antigen-binding fragment of any one of claims

19-38, wherein the binding protein or antigen-binding fragment is a CDR.



