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i nt eract iF®Bet ween the Tigand IL-7 and the CD127 receptor. The fol | ow ng
am naoaci ds 30arandtiedri #spedt, ttoe bieveritiopaprovides ar nsstiged forctiec Beatmehhef lan
E/E/ %1(27§é|5§?%n§lﬁ%t @g{%see‘.ﬂ‘ an %u?n%lndssubﬁgc)t, golmpsrl ingSQd&%%%rEn% {goth]ézszabjec(t be?n 7

antagonist of IL-7 receptor mediated STAT-5 phosphorylation.

In another aspect, the present invention provides a method for treating multiple
sclerosis in a patient comprising administering an antagonist of IL-7 or CD127 to said

25  patient, wherein the patient is suffering from relapsing remitting multiple sclerosis.

In another aspect, the invention provides a method of treating an autoimmune or
inflammatory disease in a human subject, comprising administering to the subject an
antagonist of IL-7 or IL-7R in an amount effective to reduce the ratio of Ty17 cells relative
to Tu1 cells.

30 In another aspect, the invention provides a method of treating an autoimmune or
inflammatory disease in a human subject, comprising administering to the subject an
antagonist of IL-7 or IL-7R in an amount effective to reduce the ratio of Ty cells relative to
(Foxp3+) T cells.

In an embodiment of the above methods, the antagonist is selected from the

35  group consisting of (a) a binding protein which specifically binds to CD127 (SEQ ID NO:1);



(c) 97 KKFLLIG 103 (SEQ I D NO 124), (d) 158 KY 159 (SEQ I D NO 125), and

35(e) 212 YF 213 (SEQ ID NO 126). WD 2010/ 017468PCT/ US2009/ 053136
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enbodi_.nment , t he |n i r ov n-bi ndi ng proteins which are
capaglse SEPBPIR & WS a‘ﬁq'r Zgge[dlag%cgﬂgﬁﬁ%a%g& within a region defined by
amno acid r esTrréum«eseére)m\%bﬂ)rt bhavd detlefmiBEQthdD ING:CD 12T biadihy dndteing a@EE not
structurall uring. ani no 25a|d T en- bi ndi ng rot
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It is postulated that these regions contain amino acids which play a role in the
interaction between the ligand IL-7 and the CD127 receptor. The following amino acids
30 are believed to be of particular significance in the IL-7/CD127 interaction: amino acids
(a) 51 SQH 53 (SEQ ID NO:122),
(b) 77 LVE 79 (SEQ ID NO:123),
(c) 97 KKFLLIG 103 (SEQ ID NO:124),
(d) 158 KY 159 (SEQ ID NO:125), and
35 (e) 212 YF 213 (SEQ ID NO:126).



Ant i bodi es according to these aspects of the invention include 6A3, 1Al1,
605 and 9B7, antigen-binding fragnents thereof and chinmeric or humani sed
vari ant s wbepwafi7468Addi t i onal anti bodi es of these aspecPsTafS2edeesidyent i on
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Further, a structurally neighbouring residue in this context is a residue
that is in 20 close proximty in three-dinensional space to the residue in
guest i on woaowiesssi s bound by the anti body. The per sonPskiusk@d/os313¢ he art
appreci ates that antigen epi topes may be either liner or non-liner peptide

sequence n th e |near case |.t hou h th from
G 11 or ontDndith B AR do g BERARE ARG Sahuihhdgther kIR i Baldel h
the thr e@?dbm\ees@do)m% tst3uahdi(e 2D td De3 ahSEQeD. N(}Bmch structurally
nei ghbouring rg es 25c¢ etermn raugh d
rograns. of viATPRTER sirianer G arS AP De B R AT a5R TalhalS Known
in the ardnd mhnagermlxblhamg mfagmﬁaisl thgreaphryd Chlmgrl(éI or Anmblgleéd asfentd ’g@fe(zjdfhe
present i ntion relates,to ther tic anti bodies an nt i i n g
Fr agment SAFRPELIMRATIER SCIMeSe pRREeR @ pPvebes 7 SHEEiACLAUPASIL BN 1 ¢ he
treat rrent0f<§&‘34a4lbo'(3mun@ ai‘mh(tlgénibrmfdlr@rfr@wwoﬂR3¢H4dﬂrC$Rs4l' he anti bodi es and
antigen- 30 bi nd fragnepts may inhibit. TH17 expansi on and suryival
andl or 7 nhi bi t pters BHERE  henBag i, BiovisES: A AT ch heritch 2t PR,
ant i bod| emtinody, @ﬁfalf%mdmlt trbiren, \fvhagmemesantrmdyr@maeﬁmamtt binlde taah aphopes bf
usef ul the the inve articul arl in one
aspect, {5@ %P g\ﬂt qeYagR aérLﬁ%SB8’(’ﬁ/a6‘r‘”°a?ﬁ'ﬁ* éeéﬁdut?‘ﬁ' 'rh % CQIORRRING or
deri vat i \mrésmreeﬂfmbmlmmnblemdmgtamre@lbﬂ.@hu&ﬂiér\n/aa) ch conprises at |east a
35third heavy ,chain . H3. |l ected fromt 0 n stl of :
OB CORD W0 028 TARRBRET U Pe Bitatey e e dhorgi et idsi 1 o
NO. 3’;2), d%&s&@%ﬁ%dﬁﬁ@o{)lﬁl&m@ $39)] ZDKSH@\lD-NCEﬂ)RlvBld fe(’éﬁE@mH@pNﬁb&Bés ?jn amino In
an enbodi ne nt,i bo nt i i ndi r agnent r vative
her cof - i asiddS Bt 265 bredenf Bt af Rah o REPE o6 i 60 50 2} hr e,
four or alOs: 50-f28v@5—&d;$|7t7IOo|8a489C5)R$ 106-19B7 'I(hEEBJnUlBgN@j Be MebsBred) by, ated body
all fiv dditional CDRs of

005 (30D DS 5o sHSinpiiRion Brpransn S oI%Ee s NePBS) and one, two,
t hree, four orinahtictiiavemaddirientnéle éHDBBd}OEBr fﬁdg'ﬂne(rfﬁlﬂ@récﬁi’ HIWas: to an epitope of
or a1 1 Ve hHa R o) Ve e sR PR AR 7 S8 rerrlipg e O
anot her gsest irt loee ewiosthpseui fdedofatht hegiopeoft SEQ alDﬁ\lem@BLm\/mnehtW(Smanhree
a0 0095 Gy 0l BEEoe il Sl IANERDIT AR R SRR
A CBH1:CHRMW\ SERED NDsN@44fD16 15CDRH2: M V\DGGSTDYNSALKS (SEQ ID NO 5);
o NI (EQMBIR P SR O 43550 P iy
AYWVS ( SHEdsDoND Bﬂj)op@DFRI-HQIdeI CPDSE WHNCEIRSlakDe Hitsip@ Hdd MOaditho 4ddRIrEsidue
RLRPFVWF%\r/\eAs/e%§ t Ieast ong %)f thce%owmg reg%nls\éw\{%g 45 %EIQQI IB I\NS)Z%4)84 105
(SEQ ID NO:21) 171-180 (SEQ ID NO:22), or an antibody or fragment which binds to an
25 at least one of the following linear peptides: 35-49 (SEQ ID NO:20), 84-105 (SEQ ID
NO:21) 171-180 (SEQ ID NO:22). This binding may be measured by, inter alia, peptide
ELISA, suface plasmon resonance (BlAcore), or phage display. In an embodiment, the
invention provides an antibody or fragment thereof which binds to an epitope of human
CD127 (SEQ ID NO:1), the epitope having an amino acid residue present within, or the
30  epitope being present within the following regions of CD127 (SEQ ID NO:1): 80-94 (SEQ
ID NO:23), 95-109 (SEQ ID NO:24), 170-184 (SEQ ID NO:25). In an embodiment, the
invention provides an antibody or fragment thereof which binds to an epitope of human
CD127 (SEQ ID NO:1), the epitope having an amino acid residue present within, or the
epitope being present within the following regions of CD127 (SEQ ID NO:1): 35-49 (SEQ
35 1D NO:26), 84-105 (SEQ ID NO:27), 139-184 (SEQ ID NO:28).



25CDRL2: KVSNRFS (SEQ I D NO 35) CDRL3: FQGSHVPRT (SEQ | D NO 36) C: CRDHL:
TDYAWN (SEQ | D NO: 53) CDRH2: Y FYSGSTTYTPSLKS (SEQ | D NO: 54) 30CDRH3:
GGYDVNYF WEBQ0@74¢® 55) CDRL1: LASQTI GAWLA ( SEQ | D NO 5@YTESRI2/053A4T RLAD
(SEQ I D NO 57) CDRL3: QQFFSTPWI (SEQ I D NO 58) 35D: CDRHL: GYTMN (SEQ I D

RGNl hets g M NI Re) I SR
SASSSVTYNhihe 6SkRich Binde! té G) CEeNshiRal tﬁbtﬁilﬁla&ﬁ COHELY bEptive tYle C(@E}Rls'és reENBEPY TH
Gt 1 body “TRTo1P4 195 it Shber eSaRET s er rivTacht MRS aroni i ren

bi ndi ng fge@@d@bémgbdﬂrwto@nﬁtte\pﬂdwldnesér’mw eltip. whi ch binds to CD127 and V\/m ch
conprises the If ol |$]WI n%%%@%ﬁ 9 I 0 s thereof H1 GYTM\I(%SE(%

NC: 927 corH2: 'TIERPEES k % NS, TP EAG9S

NC. 94) CHE&SIon&ﬂ&ﬁ&\&é&/fdﬂé(oSE@mtE}am&@hmebZes@e‘aléLséﬁj 4t13EE3t obe NSiALE)
RS, QN 0 Q0% 80 o ot RIARAMD L 5, SPEcL oot fony the
t he Kabat nurrblafel persery skited irfshes att daor tedilynidéatifgt sueh adritiSéigs @n degnehts
Do el 1S R b TS, B8 SRl S50 «Dbbbarke eahiRG ShL GshNE RS ! oM A

10 respect, whether or not the antibody requires a residue in the abovedefined regions of
CD127, or a flanking or structurally neighbouring residue, for binding can be determined
by independently substituting said residue of CD127 with alanine and comparing the
binding affinity of the antibody to the alanine substituted CD127 peptide with the binding
affinity of the antibody to the wild type CD127. Whether or not a residue in the

15  abovedefined regions of CD127 is required is defined by a reduction in binding affinity of
the antibody to the alanine substituted CD127 compared with the wild-type CD127,
wherein said reduction is more than 1, 2, 3, 4 or 5 fold as determined by Biacore or
ELISA affinity measurements.

Further, a structurally neighbouring residue in this context is a residue that is in

20  close proximity in three-dimensional space to the residue in question and which is bound
by the antibody. The person skilled in the art appreciates that antigen epitopes may be
either liner or non-liner peptide sequences. In the latter, non-linear case, although the
residues are from different regions of the peptide chain, they may be in close proximity in
the three dimensional structure of the antigen. Such structurally neighbouring residues

25 can be determined through computer modelling programs or via three-dimensional
structures obtained through methods known in the art, such as X-ray crystallography.

Another aspect of the present invention relates to therapeutic antibodies and
antigen-binding fragments thereof which are specific for CD127, and which are useful in
the treatment of autoimmune and/or inflammatory disorders. The antibodies and antigen-

30  binding fragments may inhibit Ty17 expansion and survival and/or inhibit pSTAT-5, in an
assay that as that herein defined. These antibodies and antigen-binding fragments may
represent the antagonist useful in the methods of the invention.

More particularly, in one aspect, there is provided an antibody or antigen-binding
fragment and/or derivative thereof which binds to CD127 and which comprises at least a

35  third heavy chain CDR (CDRH3) selected from the group consisting of: 9B7-CDRH3



CDR CDRH1 CDRH2 CDRH3 CDRL1 CDRL2 CDRL3 Residues 31-35, 35(A), 50-65 95-97
24- 34 50-56 80-97 35(B) 30l n another aspect, there is provided a

nonocl onavoantwdogyg conprising: (i) the heavy chai n var ipablus2e0095386 of SEQ
ID NO 2 and/or the light chain variable region of SEQ ID NO 3; (ii) t he

heavy ch e._r f 2 rlable
regt on oftSEECH NORES sh5%8HE) <§Eﬁ%@9ﬁk8@?ﬁ%ﬁi LR baoshT s Tadf |
NO 51 andZIDFRHBl(ﬁEQlIIgmo Zhri n vari abl e regi on of SEQ I D NG 52 or 11 V\D
2010/ 017468PC'I|'/ UuS200 8531f6th% "?tb $ hea E Q i abl odn oft SEQ ID
NO 71 and/or tRe™ PERPUENS: at1']B% °f -8 '§E%rr erivativep so
provi ded tb@/rebh&)nmrsseIGIDRHW@‘nIathUOd?.QBH@SEOde\!O ﬁaamabrheat\d@nmea fpagoedices
t hat hav ast % I i rat | 95% i ast 98%
dont Pty TvBaofod RS 6658 ke BNSgser Thy i Renlie B Nt il ences
of SEQ | Rn¥Oswo,dhred, fod®.or 30,five addflidnal CDRs of 6C5 (SEQ ID NOs: 31,32,34,35,36);

antibody 6A3 (SEQ ID NO:55) and one, two, three, four or all five additional CDRs of 6A3

(SEQ ID NOs: 53,54,56,57,58); or antibody 1A11 (SEQ ID NO:75) and one, two, three,

four or all five additional CDRs of 1A11 (SEQ ID NOs:73,74,76,77,78).

10 In another aspect there is provided a therapeutic antibody which is an antibody or
an antigen binding fragment and/or derivative thereof which binds to CD127 and which

comprises the following CDRs, or analogs thereof:

A: CDRH1: RYNVH (SEQ ID NO:4),
15 CDRH2: MIWDGGSTDYNSALKS (SEQ ID NO:5);
CDRH3: NRYESG (SEQ ID NO:6);
CDRL1: KSSQSLLNSGNRKNYLT (SEQ ID NO:7);
CDRL2: WASTRES (SEQ ID NO:8); and
CDRL3: QNDYTYPFTFGS (SEQ ID NO:9).
20
B: CRDH1: AYWMS (SEQ ID NO:31)
CDRH2: EINPDSSTINCTPSLKD (SEQ ID NO:32)
CDRH3: RLRPFWYFDVW (SEQ ID NO:33)
CDRL1: RSSQSIVQSNGNTYLE (SEQ ID NO:34)
25 CDRL2: KVSNRFS (SEQ ID NO:35)
CDRL3: FQGSHVPRT (SEQ ID NO:36)

C: CRDH1: TDYAWN (SEQ ID NO:53)
CDRH2: YIFYSGSTTYTPSLKS (SEQ ID NO:54)
30 CDRH3: GGYDVNYF (SEQ ID NO:55)
CDRL1: LASQTIGAWLA (SEQ ID NO:56)
CDRL2: AATRLAD (SEQ ID NO:57)
CDRL3: QQFFSTPWT (SEQ ID NO:58)

35 D: CDRH1: GYTMN (SEQ ID NO:73)

CDRH2: LINPYNGVTSYNQKFK (SEQ ID NO:74)
10



71, and 72. Al so provided by the invention is a nethod of treatnent
of an autoi nmune di sease or inflammatory di sorder conprising adm nistering
to a patiwotoswiassi - CD127 anti body, wherein the anti bodgTasaiosase
10(i)the heavy chain variable region of SEQ ID NO 2 and/or the light chain
vari abl e regi on of chain variable region of SEQ
I D NO 29 and/ or the&F'gd#tG@g&ﬁP{V\&'& %%@h@“frbegf’/on of SEQ ID N0 30: (iii) the
heavy chain vari abI@REQISﬁS&SV‘B&@W\HSﬁQ fNamb)or the |ight 15chain

vari abl e regi on of heavy chain vari abl e regi on of
SEQ I D NO 71 and/ or %gﬁk%ﬁ%‘&ﬁ%:ﬂﬁ% le region of SEQ ID NGO 72; or (v)
t he heavy chain var¢|alBL:e QEYINPYATF (SEQ IDINOKZ890 and/ or the |ight chai n

vari ahl e region of SEQ ID NO 91, 20or a nonoclonal antibody having a heavy

and | i"ght chain variable regions that have at |least 90% identity, or at
| east 95%|denh|atrwthe®rasabctl thast |s98&ﬁ/idéenattﬁeyapemmcantlb@@swwa%@Iauﬁnahy, to

t hese hegvy and/or ht chain variable ect
the | nver 50 gY icaisters A Ree g Brtden STt Baomeni Aty AL RN ARl eor
whi ch bi ngttch Bin@HH2TD davandwisibh cempagesiihe faibwing G4, icoanaibgd thereo?5nedi at ed
TH1 7 expansion, wherein the antibody is not R 34.34 (Dendritics

I nc., #DDX0700) . I n anot her aspect of the present invention, there is
provilded a net hod fEDRHUe@YTIMN (SGCaIDNO®R)es or anti body fragment suitable

for use in the tre ) i i } an i nflamrat ory

di sease, the net ho?@'g%lﬁgfﬁgeﬁﬁ\?’@%&?sgbﬁ@g@@@gén. ng a plurality of

i ndependent anti bodyDRH3a@BDGHOUYYF (SEQEDNQOPUl ati ons to determ ne the
ability of each ant&IS)RE,Y: éjAoég’g\?é\'(l\ﬂﬂV\} &Ed D NBhéﬁl t the binding of IL-7 to

I L- 7R,
CDRL2: EISKLAS (SEQ ID NO:96)
15 CDRL3: QYWNYPYTF (SEQ ID NO:97).

Throughout this specification, the terms "CDR", "CDRL1", "CDRL2", "CDRL3",
"CDRH1", "CDRH2", "CDRH3" follow the Kabat numbering system, as set forth in Kabat
et al; Sequences of proteins of Immunological Interest NIH, 1987. Therefore the following

20  defines the CDRs according to the invention:

CDR Residues
CDRH1 31-35, 35(A), 35(B)
CDRH2 50-65
25 CDRH3 95-97
CDRL1 24-34
CDRL2 50-56
CDRL3 80-97
30 In another aspect, there is provided a monoclonal antibody comprising:
(i) the heavy chain variable region of SEQ ID NO:2 and/or the light
chain variable region of SEQ ID NO:3;
(i) the heavy chain variable region of SEQ ID NO:29 and/or the light
chain variable region of SEQ ID NO:30;
35 (iii) the heavy chain variable region of SEQ ID NO:51 and/or the light

chain variable region of SEQ ID NO:52; or
11



ii. neutralise IL-7 induced STAT-5 phosphorylation, and/or iii. inhibit the
production of IL-17 by TH17 cells, WD 2010/017468PCT/ US2009/ 053136 and

sel ecti ngvohom@ia4s8i body or anti body fragnent popul ati om€Tise@l/083186 abl e to
inhibit the binding of IL-7 to IL-7R, inhibit IL-7 induced STAT-5

phosphoryl ati on, d/ or pradyction o - )y, TH17 cel l

Dver " Tha abi 11ty oM a confharaw sHEaegate radth S SE i8N L abd s o 4ot ne an
ant agoni st of 5 |L-7 recephiavarasé adgich aﬂ-ﬂmmmm on or |IL-7 receptor
medi ated TH17 survival, .or to reduce TH17 ce e. determ ned by
routine net hod@?o PBOrV"’ISQatH‘p {8, PTRERIL 84O B9 %”tt?éiﬁy E{@"'%bﬁ? ﬁﬂ'i“&t e RGNCes
differ entth@ttr%via &t eadt-4ioP, wlehhtya@pa“tdm:rst 5% idanticli, br aﬂSazkr%@mldémlty hﬁ!%@le@ét ski Il
in th

|- 6 'and Seck Siafonyoir S whdk et s sSlienge SRR B! 2 d¥eio ofe tost

agent and71l brd, 7210 fol | ow ng whi ch the TH17 cell count can be deterni ned.
A decrease in THL relative to a uIdlndlcatetht t he test
Bgent o capadied B RRNBY TS AueHRn 2 B deatia a0 D BB RuR Bsgged

anot her asgpefeimraftotyheisorndee bdmprising Aemdisteringr 0va gatibra ameimieCD 027 antibody,

manuf act ur,i ngﬂz}ﬂ ﬂb arrent for the treatnent of autoimmune or inflammuatory
di sease, VIR FULPEY C¥BRIESsi ng formul ating an anti-CDL127 or anti-|L-7
anti body or anti genhbi ndhagebnaghantvatibige esdioant SBT IDNORIghdttccthpilight S
into a pharmaceutically acce | e for his nmet hod nay conpri se
the prelininary steps of° ?H‘eﬁf'?&&rﬁ%}c’%ﬂ %%(15 @mg as herei nbef ore defined,
and/ or of reconbingit!y the bdaw cithirs uatatda reyidr boEEQ IDNNOIES alef/omtheilights of

t he epitopes of CD127 that. are bound b indi.ng proteins 20 and
antibodi es of the preserft "R Flﬁéﬁg'o?ﬁgé'%ﬁrlr@whg’ system used refers to

the full |ength seqlignceheheSBlvain whiiakie reytdrudeSEQN® NO@E1adnd@qtieniget | n

one §§bod| ment the epito pes of. QI man Tl%% gbi&%gbjnd within the cited
resi ddes of SEQ I D NO 1. &hain varia PRcYRR O (8 * the binding proteins of
t he present inventi(w bithe$etwy thuimnaGhle vegidrt bf 8BBQADf NOtyar(di®) thahighth i S

| ess than 20nM | ess than _15n | ess t 2Bl ess than 5nM | ess than
InMor less than 0.5nM CQ?'”H@%BI%EQB?/ fg%ll:'ég@gq%;gs%n resonance (Bl Acore)

In an enbqdj merthe hthey mamdwa@tm edgoroCOENEDI KOWEI gnd/aorhthbiliyst
bi ndi ng of 9B7, 605, 3A6, 1ALl

anti gen-bi ndi ng fragnent®"gief raé'Sgletr u%%é@?%b%’géolnggt i ;t#P\[/»e(Orggl) bi ?iroﬁn
can (20 detrer m'onedodny dnttibsdy Isduind echelany tahe light cha‘imwamtﬂmpégﬁonsi thaBhave at
aapoct of T SeBRB Vn et % FisRlivarl f it o8l 19681 e abisral S
pr ot ei ns iudritih t@mnspeheawetridiorlhglatrmwlabnmylaaa%@éns{ Dendritics Inc. #DDXO?OO)
3511 an antibqdy, AVl "GR! AhL ARV DR 3Y%vate 4 LRI &° aﬁeénti%‘é% ording- 2 ' P
fragment thereof which binds to CD127 and which is capable of inhibition of IL-7
25 mediated Ty17 expansion, wherein the antibody is not R.34.34 (Dendritics
Inc.,#DDX0700).

In another aspect of the present invention, there is provided a method for
identifying antibodies or antibody fragment suitable for use in the treatment of an
autoimmune disease or an inflammatory disease, the method comprising the steps of:

30 screening a plurality of independent antibody or antibody fragment populations to
determine the ability of each antibody population to:
i. inhibit the binding of IL-7 to IL-7R,
ii. neutralise IL-7 induced STAT-5 phosphorylation, and/or
iii. inhibit the production of IL-17 by Ty17 cells,

12



NO 2 and a variable light chain region as set out in SEQID NO 3; 13 W
2010/ 017468PCT/ US2009/ 053136 iii. an anti body having a vari abl e heavy chain
regi on asweebiour468n SEQ | D NGO 29 and a variabl e |ight ebaius2e009s3186 as set
out in SEQ 1D NG 30; iv. an antibody having a variabl e heavy chain region
as set out in SEQO ID NO 51 and a variable |{ght chain region gs set.out in
SEO 1D NSRS hasaniBasy Aaardi rameah PEPETs AT A adf of Tt

out in SHRE IbDdNG dFliLahth B-FRrinkibit eL-7i igdiced &l AT-6 eiosphar@aticdt, aaufor iinhitHEQ | D
NO 72; or, vi.an antibo havi variabl e heavy chain region as set out in
SEQ I D N@@@rogHﬁt'oé' QIE#HZBV?HF?S%‘E RH%Pn region as set out in SEQ ID NO 91,
for binding torHeRixify ofvdeompositidreorasubistaady (a eshager® 34 cB4as GPainthgohist sf

| nc., #DDXPZ00) ., 10l tjcul nmbodj t he i sol at bi ndi tei
of S oo bor i hePRE T e 57 el Bl i PP SREle "
t her eof whdwde TaMRet esum) ¢dm:bd determinhdabioly rocBee BdtHoden &bk &xabspld, MaiveHTIDK0700) ;

e
15iii.an taodd bfoskw hathb!wt @.g/.a]TGIabh,eIL_lflEﬁ\Hy-prati-rFN-?@hdranaSL-aebr autB,i10-6SEQ | D
NG 7L a0 B A o e HBSLAT o b T BPotud o
NO 90 0andolwiry iaish eéhd Tttt cetihaiunt cargbedetasnined. AutecidasSEOT| T ¢lls 9dlativieor
8 7P Bab D TRS P here 8hae A GREE S,
pr ot ei ns duevivdllse i n the
In another aspect of the invention, there is provided a method of manufacturing a
medicament for the treatment of autoimmune or inflammatory disease, the method
15  comprising formulating an anti-CD127 or anti-IL-7 antibody or antigen-binding fragment
thereof and one or more excipients into a pharmaceutically acceptable formulation. This
method may comprise the preliminary steps of identifying an antibody, as hereinbefore
defined, and/or of recombinantly producing such an antibody.
In the definitions of the epitopes of CD127 that are bound by the binding proteins
20 and antibodies of the present invention, the numbering system used refers to the full
length sequence of CD127, which includes the signal sequence. In one embodiment the
epitopes of human CD127 are found within the cited residues of SEQ ID NO:1.
In one embodiment, the binding proteins of the present invention binds to human
CD127 with an affinity (KD) which is less than 20nM, less than 15nM, less than 10nM,
25 less than 5nM, less than 1nM or less than 0.5nM, as measured by surface plasmon
resonance (BlAcore) .
In an embodiment, the binding protein competitively inhibits binding of 9B7, 6C5,
3A6, 1A11 or R34.34 (Dendritics Inc. #DDX0700), or an antigen-binding fragment thereof
to human CD127.
30 Competitive inhibition can be determined by those skilled in the art, for example,
in a competition ELISA assay, by BIAcore or Scatchard analysis.
In one aspect of the present invention, there are provided isolated binding proteins
which compete with:
i. antibody R34.34 (Dendritics Inc.,#DDX0700);
35 i an antibody having a variable heavy chain region as set out in SEQ ID

NO:2 and a variable light chain region as set out in SEQ ID NO:3;
13



treatnment of nultiple sclerosis, wherein the binding proteins conpete for
bi nding to human CD127 (SEQ ID NGO 1) with: i. antibody R34.34 (Dendritics
| nc. , #DDXWBQ0Y0/017468 an anti body having a vari abl e heavyPchaispommgiion as set
out in SEQ ID 25NO 2 and a variable light chain region as set out in SEQ ID

NG 3; iii. an antibody havj a variabl e heavy chain region as.s out in
SE0 1 D NG 20 afld & oheriaidy i S SRERHE negrihan Tedet B8 niecTra o 0.
iv. an antibody havNOp®Rarubs vatdbes iypaehaic hagion degitont dSERID 8I@:30;n SEQ | D
NG 51 and a variable |light chain reqi. s set, out i.n SE D NO 52.. 30v. an
At P body. havi - a vaP eREFY M & REEEle BnBhchdh celin b Seh outB SERNE 1
and a variabl e |ighNOciaard & egiable laght skedin esdior 4 SEQut D SEQ M2NC52;vi . an
2nd advari abl 6%t Fgnah AU N e TRaY P Esiod Skaeb Ut FoPoBl i ng
to CD127. 35The per NOn7sdid 4 estidbie ligh cladit rexjigT &csaioasintSEQ ID NCoT2jex for an
anti body or fragnment (aptipody.or fra nt A tao conpete with antLho

o 39 cra, | Baa.Ineniboaaioeye i Bah) oA Eaten Frshod) Bastaaty
(anti body B) for a NEe®0 énda barnubieiyhs chan tafiorhag®n oCORBHQ IBNO:9RQdy A nust
be present i.n.a sufficient amunt to have effect 1.0 sai For
oxampt o TonnaiBade GO WerdtB ot AnabRey B By Boat s i Bbnc s, 11
aﬂti Egodé_ A i s |a aquimie ’ ILdrregmtmﬂtmm,dﬁengMe;qu'msiagqﬁotEEdi'rg\hé bu@dgntﬂnmyom csdlﬁce
10% - 200 550poB60 o8y SRHBHERrTaR, (et By SCIRGoA) A may reduce the
bi ndi ng of anti. bodyaflibody Ri3a13d-(Dendttick imaDORD230); wher eas a

non-anti - CD127-specific..control

: does .nqt. In such ELI SA assays. h CD127
mey be bound tb an PIAIHERYSI A AraTeHR neRd AT 46995 28 el 1 st Rabs
pl asnon resonance nNQY:Heantse dardablaiehe cihaineegianpesdt toubin IED VISID: 5t | bodi es.
10 I sql ated binding proteins which are capable of canpetition fo i adi ng
Lo 03927 with lnt | bRAyREpRY Y0’ NENEHIE FRAtK Suorogit o ok APl b oEdy
i sol at ed bi ndi ng pr NOet hartba vartabée NgHt ofiaidkdgidrTad\éat 2utindSBA 1D 8i0:BEQr I D NO: 3,
an isolated binding protein having a.VH of SEQ I.D NO 76 and a, VI f SEQ ID
NG 77 or San i Hol atah DD et afrehia endy s erodas bofomsstiRa 4
VI _ of SEQ I D NO 19MOngyariira useld light bieait rexpdmaenset olit i EDQ D Neogher
aut oi mune di sease .The bi.ndin t.ei f the pr iaventi on
ay o PG TEERL2T mhessit i aBSly R B R 5 g R BEX 7B ey oy
conmpr20se anal Aso thhevigsf by the present invention are binding proteins for use in the
treatment of multiple sclerosis, wherein the binding proteins compete for binding to
human CD127 (SEQ ID NO:1) with:
i. antibody R34.34 (Dendritics Inc.,#DDX0700);
i an antibody having a variable heavy chain region as set out in SEQ ID
25 NO:2 and a variable light chain region as set out in SEQ ID NO:3;
ii. an antibody having a variable heavy chain region as set out in SEQ ID

NO:29 and a variable light chain region as set out in SEQ ID NO:30;

iv. an antibody having a variable heavy chain region as set out in SEQ ID
NO:51 and a variable light chain region as set out in SEQ ID NO:52;
30 V. an antibody having a variable heavy chain region as set out in SEQ ID
NO:71 and a variable light chain region as set out in SEQ ID NO:72; or
vi. an antibody having a variable heavy chain region as set out in SEQ ID

NO:90 and a variable light chain region as set out in SEQ ID NO:91,
for binding to CD127.
35 The person skilled in the art appreciates that in order for an antibody or fragment

(antibody or fragment A) to compete with antibody R34.34, GR34, 6A3, 1A11, 6C5 or 9B7
14



Al so provided by the present invention are humani zed anti bodi es, wherein
the R34. 34, GR34, 9B7, 6A3, 1A11 or 605 CDRs (or anal ogs thereof) are
grafted iwbDaon/@@w8avy chain or |ight chain variabl e domairmsteoameswss k. | n
anot her aspect of the present invention there is provided a pol ynucl eoti de

part i oul deniciy B TS e as a0 Bl B Bhabo Az ctnuBhGEA Pt St

ant i body aguffidiergretiunt fodrawe fanwiiectin GaidEss e 5o BRaraple aantibolly AlmmdGoRsodyound

072 LR i AT R B o AR

rel at ed gsesiceaff dntieody Asedy réducerthé dindingesfeantibopy @vicdkeman lost27cial dn

bi nai i proeb freay o FRted: Sl (R 0 hard £F Ebent’s TR s cd.

human or (ahiiboelyi &) vy esuse thechivdiag afSantiobdy B2 t@rptstemound reiiano DTy, be

di 30 t hod of, t.. of tipl | i t hqd
Como o et bt SNt D TEL Bped b doBp it BB EHE A PARaVA Ut i ns
of the preBEN mayvientbbom t® aa pahureaksaynprReed |4 eotel .astdy sydtemaspeade of

Compt i Sod TSR AT B GO0 FBRE P oBRY (LG BNCETHES, 605 (SEQ 1D
NOs: 30- 36) , 6AB0I4BEQiddng\BIt&as blilch AALEpSISEQT kBmEKIGAIo7 Bhdiog tERIHA7SEQ | D

35N0Gs: 92-97) . WO,2010/ 017468PCT/ US2009/ 053136 . Also.provided in this
aopect oritaniPRERP'ss b Hiahone® 3 e dnisa o andsaiaed pRBIr TSR iRl of

t he treatargnbof FEQaDrmD@p@im‘gL/ ofePEQ tHD ND:BRarg IEBME?]d iniading prote#h havimg ab\dudf t o,
or isin, r ) ase. | nqt her_aspect i nventian, provi des

met hod 0rSaR WIS A lornk A NS 27 PR E snialedy e Bl s8Ry eVng’
adni ni st SE@IDINO:A93 whijecV, bhSEeD NDerdomhan behaeapethd tedthgnedf BSt ande
am)urit5 of @n %%aﬂ@ni sdt of IL-7 or IL-7R and an additional therapeutic
agent. other aliiemya8aiAtsears: t herapeutic agent may be selected fromthe
group consi stiTig whding prawiosotihegiresent vehticmsman temprsothelBDRs of RBIB3ka or

| FNB- 1b) | at | r,,ac te,, 10 i nmunosuppresants such as
cycl ophos%ﬁ%}n%éz: é%%ﬂr"é%ﬁe?"t&?%m?VSBF’ipHEé,)g'&ﬁﬁ%Qﬁ BiRE, cycl ospori ne and
m t oxant r one, Aisderovidaduine thiehpreaphteimventioh @s humardxeeinantibodisslwae@irobid i n

N N L e

pr es@0i bedaby claaipbykdht clagin vhmakdedenbiadiamentork.t he addi tional therapeutic
agent may be administered 15 sinultanequsly or sequentjally or separately
from t he arraBshPSeea e TitePheBlaR TR0 SHE Pin et ehpur e SEEN
?ﬂd! ti ORaA/hidtfh@Ihatmﬂst Ithte ??el'm? anmcbir:dwef alme: qges:unﬂ;tin\aa:hﬁo:adm pantsibelaedthsmis Eﬂat
elr pharnacol odl cal el ects on e, patl,en overlap. 1N 0O r rds ey
trort PhariRged f 2efBlosilpRenudt PRLSBhielhn SafedRir vl erdf xhino oy
enbodi menfongfisédiend ovandfithe CORBfoURT iNIIBTR SEQ HYydGisst-9), 6Ca (SBQUDI MO201-CD127
pol ypeptide...L le. 7 I i [ 0 i.se epRt| whi ch
PO RSP oTaab el Rof 38 1 R P, MO iR 2 DL NBRREL
;:Iom;ilg O;In ggb&l'f%i Sﬁ@ft am@pléienprnvanmg&pmtsipd@{[imh hibstebxfdalldfggiﬁgi;i’ed vath _ds 21
(0] (0] L 1. certajn e odl nents, e Solu e conpri ses
L ol yporiod A o e Gl DGR Sle | B N s, STn urt her b ment s,
t he égllggl e CDEt%?bmdlngpsr@tém? aimrljaodﬁes,f anste;d;tn_?cgndir]gg aragrmm@?ﬁﬁar rlnlu'rrﬁnthSecé[T) r11<237
non- nol e my .pe a eter 0gous | de se .0 e ol U e
o Sant inwBRre b oEre Sa e ShT radRER. AERs S Rad L arkion S BB I 1
gr oupOconsethodd g trebtnsent Wwhnad tlensolerasid, ane eddtingl poroprésing administeringoglsateul i n

f : ifi ion-facilitati in. |
par 1 cul A Ccion e of ke Safte Pelelhn oh o pERantissipE o dokleb ibed," °
regi on ofthemeof3Oinntirisnaxpleobofl tha . pré&sane invBettwr ihptbinding brdtéie nkaygbe @s antibédygur e

1(A) shows.i,nhibition of IL-7- iat e TA Nty « S

ant ) bod: amierEPyRpised e el PR URTH 8 teeRt PRI G 4% 10
ant i - rouNOEBN-38), BAS (BED 6B; NOSEBES) .11 SRR 1B KWDiZ 3-8l Ic5/ACR3NIEEQ 10uUr ve
for % 7; ’\m)_g?é%MMGBPCT/ US2009/ 053136 Figure 3 (A) shows that MAb 9B7
(solid Ii 3 §'capabl e of recogni zi ng CD127 expressed on the surface of

CD127-transfected CHO cell line. An irrelevant, isotype control, antibody
is shown as a dotted line; 15




Figure 3(B) shows that antibody 9B7 (solid line) is not capable of

recogni zing CD127 in a 5nock transfected CHO cell line - an irrel evant,

i sotype cwotzowlo1748ti body is shown as a dotted |ine; Fi gorasdoodeninst rat es
an exanple of the inhibition of 1L7-nedi ated pStat5 signalli ng by purified
murine anti - ). ws. t hat MOG: EAE .cl i ni cal
score was ane%%? 8&0&9633}‘ fhis aspRe Oﬂ*ﬂﬁ Prr?égpfd@fﬁi@‘?” &rft 'i“ﬁﬁti’@ Wierq e Fif’\t'aﬂtre
5(B) shovs ne&hbbuhteltmlatr@éntﬁwr@e;mumgiennmdglm(ﬁme} bat@holvhd ¢ aioud o, loy isSB/ 14;
Figure 5(0) sh nhi bi ti on of cytokine production by anti-CD127 anti body
by SB/ 14; '”If’lr@ﬁﬂpég b -~ and 5(E) show the selective effect of anti-nCD127
ant|body (SB/ﬂﬁbnbweaqunmtb@nhehmﬁfmﬁvﬂekbrﬁumb&pe&em&@ﬁhgummwﬁﬁ&aesmoms

t hat % E cI .ni cal score was ama i % . - mCD127 r?mtl

(SB/ 1 ) t"P BV, BIGEP e CBMEHUNS ﬁﬂ'ﬁ‘? eé&?ﬁr ¥sfo t?J‘ﬁC Tr‘”egﬂe HiNSR 'ﬁ—il?
cells dertheﬂedelﬁbcaw efieftivenamplraest af aspdgoaist @0rd-706r HAERNareean additiohblgur e
7(A shogﬁ that.the effect of IL-7 on the pronotion of TH17 differentiation
was 20nodBYEPCYIGAUEBY to that of IL-6; Figure 7(B) shows that the induction
of STAT-3 phoﬂpfeoaqdutainiaomeiraoelua@ ggbm ey \vensdiyctdd_fromi thd epeuns esvidigting rasm

| L-7; ure 7(0 ows that. ct ression,i,s al so
modost cdmpEnblolRRRRuGTS plefratedts e ERb DO R g fe o

ant i -lnwl&mlgbﬁmm@an(ssaﬁﬂés by@@dhmenhamﬁs md@&bx@iuramhldpmeas:@dmaet in
EAE; Figure erceptage o 17 interferon secretin
T col | Eroadidthect  BitbeSnfEer SR @irtihe tHehpbRs B e LR oM nt age
of TH17 qﬁd)tilﬂin (Mg)nblesmerrenﬂamr&tandg;uTBHésajailh@ Ta@ddd"tlagaliﬂﬁhr%élﬁlcmn‘ay

spl enocytb rﬁL{re 8 %C%3 hows th@ %rce{nta e othH17 THL an Tre in the
course of eEﬁ%mf SBEHNaT PR A SBPIFH (E85R%C01IMING: eMechansm), A8 RIERSTPSHORE & he

ef fect ofphgsiciant i MCBA ZMmtaniindradyhe( SiBditlehal Ofﬁeriﬂyﬂullcaaigian’ﬂ'h'liaycbéladmmaﬁeﬁad but
not eg cou

oot 529 SRl oSk o0 e RGBT ASle P TP ek BBRSEL ©f
ef fect ofinan embidiméid] thé aduitidpadyelapBltlctagent and tié gotagoti§i gre daletinistered
L 7" prorsEag et o rer BurdoPo SRpatrd aerasdb PRl Rohotall not
Foxp3 i n tAsiebiologltanefttals ¢h thApaliftas peciahiectinie.cel | s were cul tur ed;
In another embodiment of the invention, the IL7/IL7R antagonist is a soluble
20  CD127 polypeptide. The soluble CD127 polypeptide may comprise a polypeptide which
is 90% or more identical to a polypeptide selected from the extracellular domain of CD127
(SEQ ID NO:1), or a polypeptide comprised of amino acids 21 to 219 of SEQ ID NO:1. In
certain embodiments, the soluble CD127 comprises a polypeptide is amino acids 21-219
of SEQ ID NO:1. In further embodiments, the soluble CD127 polypeptide may be fused
25 to a non-CD127 moiety. The non-CD127 moiety may be a heterologous peptide fused to
the soluble CD127 polypeptide. In an embodiment, the non-CD127 moiety is selected
from the group consisting of serum albumin, a targeting protein, an immunoglobulin
fragment, a reporter protein or a purification-facilitating protein. In a particular
embodiment, the soluble CD127 polypeptide is fused to an Fc¢ region of an

30  immunoglobulin.

Brief Description of the Figures

Figure 1(A) shows inhibition of IL-7-mediated pSTAT5 by anti-mouse CD127 antibodies;

Figure 1(B) shows inhibition of TSLP mediated pSTATS by anti-mouse CD127 antibodies;
35 Figure 2 shows a CD127 ELISA binding curve for 9B7;
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5 Figure 11(A) shows an i nmunobl ot analysis of CD4+ T cells derived ex vivo
fromtreated or control EAE m ce showi ng anti-CD127 anti body treat nment
changes iwo2ogvElieag pat hways rel ated to JAK- STAT and apoptusge09/0a336
characteri zed by dovvn regul ati on of phosphoryl ated JAK-1 and phosphoryl at ed

oct. 2. atdolhe; EelaS e PR Par UaIT it € ap T eBRaTat B T 65 gur e

11(B) shans tiehatrfavet bf CDHU27-teanbicotzdy CHCe abinging. | Aormmdntt heotyer comtalge of

Annexi n- V+ totic cells,. amng CD4+CD127+ T cells conpared to that of
CD4+CD12?a”t'$&§HFISb°‘ﬁ%F‘f9éj(sﬁ’ttf’$g?ﬁqtreat ed EAE nice; Fi gure 11(0) shows

that di f frRigestBi(BY sdwsHiat antibbdy et '(s*o&dihfﬁer)%m&AEmbl@&afmn&gngmg@@ﬁh%i s
whi ch _.can b res but. this process he cells are
e e O TR tH coit e o 21 e bt OB Sob s Py EeDh it ah AL ES e
ef f ect s afottelitife;ar e nmedi at ed t hrough the JAK/ STAT-5 pat hway; Figure 12
shows .9B7 and R34. 34 have m ni | inphibitory effect q he ,
ST or ontrigiTe L0SaG et A P A e PRI s Ge e R e S ana s man
605 i nhi bJuhﬂ@dﬂrrﬂﬁné:@&t?CmQDnbﬁ.b’l@BT)g to imobilised IL-7; Figure 14 shows
t hat mAb 605 tes inding to CD127 re 15 .shows that
b 605 A BONBL R s b hesR-RAE SRS Sige beS Abre Breled i PR g e
25Fi gor e AB(2Y) argibosysSBAKR; 6A3 i nhi biti on of CD127- ECD bi nding to inmobilised
I L-7; Fi B) is. nhi thC ti bodi A3, 605 and
Rt 5 i B oS st e b eg i fat) Sol bl R S PES: of t nese
ant i bodi edgws 5(@)&srimwgdmmlgt|@*f o@ic%frre&@&jmonoh by §htl CD127BEingbiwdy by /SB/hews t hat
mAb 6A3 t 7 for b| nd 12 pr 3 | 1's;
T o 1 R B s B S P SRR 2RE GO AT PR TR o of
| FNy by Ittea?msrﬁtldniLHeadeed deB8Ustypdd;gure 19 shows the ability of antibodies
BD, 4. 6 to nallln i ndu by | L-
ot mipai deousaned) e By P dlGAT B istPR yeo ArisfoRdtipednkrchuny 54
1A11 and eﬁﬁBodp(SlBl/b@kreStrﬂérﬁ signalling i nduced by IL-7 stinulated CCF CEM
cells; 201 7 US2009/ 05313 i 1 shpws the abilit
SR3 o | IEPD DM LAY SRR R dmed bR L el tREyed AE VBR Mot ooy
22 shows drfseinlahdfur@bt EA& ngéifd;ect of vari ous anti-CD127 anti bOdI es on the
product i of L-7 stinmu re 23 shows
Phecion Hee i plod? s oBSG' GUETERE e phtienar i e ehalbE o8 £ oo
by THD7 aeddest compared to that of IL-6;

Figure 7(B) shows that the induction of STAT-3 phosphorylation is largely driven by IL-6

independently from IL-7;

Figure 7(C) shows that the effect of IL-7 on RORa expression is also modest compared to

that of |L-6;

25  Figure 7(D) shows that the effect of anti-mCD127 antibody (SB/14) treatment was modest

during disease onset in EAE;

Figure 8(A) shows the percentage of Ty17 cells, y-interferon secreting Tu1 cells, and T

cells in the CNS;

Figure 8(B) shows the percentage of Ty17 cells, y-interferon secreting Tu1 cells, and T

30 cells in splenocytes;

Figure 8 (C) shows the percentage of Ty17, Ty1 and T4 in the course of EAE in both

treated and control mice;

Figure 9(A) shows the effect of an anti-CD127 antibody (SB/14) of Ty17 and Tyl cell

counts, but not T4 count, was inhibited when CD127 antibody was added in the onset of

35  differentiation;
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Det ai |l ed description of the invention The invention is based on the

di scovery that IL-7/1L-7R signalling is critically 10 required for survival
and expamspantoafi7a8mr tted THL7 cells in both nouse andPRUABR0099SI1G6S,
while its role in TH17 differentiation is not essential conpared to that of

IL-6. S I the i ff t. by 1l-7
o e B8, o B B R Sl REE R P B
scl er osi son différecticged HI7, bed n Tandr TLO a | esser extent, THL cells
d tl f th ells. 15 Thi
DO b Lo 0 B 0B B8l oo o T e, o
pat hogenldelgﬂ'dréél,THtedult ?ot&*t?pﬁd&?ﬂ%@bvhén byy b [EAERVIOE- agmil icseelle weAkcaltuded; s f
tt e r eat.nen nismo n o
PL 7 30 Fole S ey Rbroficl poQis pUGPe Aol FRRERH e B dtred
above pr ayi d&ﬁréoiEEm\an:ulsremmiga@atnomzfmta?ﬂitfwytﬁwmﬁmntchaﬁgjetscacysugnﬁhdzg_ 7R
t ic,i cations for humpn autoi ne
i segses PRASAERR 14 DRSIRN bhd iPRRlosR 4 cry oSz, B SRICE LRI y ¢ o
ha?/e ;JI’II qiﬂ@sfﬂrr]m{zla@euwm addﬁfmba}g&ﬁylal@d WTBH?M ﬂé’f‘}ﬁﬂ% rdeafl(elawt? IeoérfseTmsa t hed
ectivi a in eni c a ce rom Treg an
it ol at otV RITARORENT BORE et RELEE 1288 THARERCCA4r Dy Sl SplEarorpels PEecu”
advanpagesAxyf |L-7R ant agonl sminvolve its selective effect on survival and
f d t d to TH17 f tiat 51t
s Conciranpel (RERRON 3ot sy V17 ORI R SR GBS Bt o6 sus
THﬁ?bd![ f fArmeRrini\at i |7 wDM(ﬂIC{TmEHS %rﬁomgacd:bmsCD]nle t'h?ﬁeilse;mbnmace@nttegthat of
I nhibitiag re or nal [in erefore provides a
pPom si nga?ﬁeq[g Gt'i% ﬁ? H?révre\ggE @?\ae[ %];AEHB Py egt nent of aufm nrune or
i nfl amrﬁtm%tyedi ‘E(eal&eﬁ)wsﬂhe:[[ tdggdmntbieﬂRTnﬁﬁlﬁtlegjﬁavwm}?dm rEAE aﬁlcela&diergﬂ e:l\ﬂ
t he bi ec [ r ecept or, conpl ex when
pound oy APRCeRgUE oft b§ Fscie WiRatrP bn S byndkRei gorRETIR P21 Helkes.
but is nabcubetseissitr ad yntl- CDﬂz'edntttm)dyone or nore, or all, of IL-7 induced
P oD Bh AL b, St EAPETS 8 8 bicainld 7
2010/0174@8}9@&/ US2009/ 053136 An | L- 7 pat hway ant agonl st as used
h i bl ock ff t f
b b T A e R R R 0
measml()e tdﬁé’HthbommmgwaftbﬁCCDbycaﬂ&ays such as IL-7- |nduced P- STAT5 or
Bcl - 2. 5 |1 ul
Covel . ondbusy okbBRERAb o AiERich L iR i e RirAGod: Pamtbir iy s 'such as
Th17 secrlﬁgurer14csh0\lrvk{rﬂa“inﬂ¥b 6 E\yom fetesrpitiatly 7 &8 hindingatbec@d 259 descri bed
h 7 at t t i
vent | orf e 8:ueandt MG B RN RRRRALR R ot S BRI ot on
of STAT-EXDbmiyced by IL-7. STAT-5 phosphorylation can be deternined by
th ti th t t hat
et o L B A e P o Rl B e R BN T
IL-7 i ndtm@rprmmﬁsearamdubaibeeaﬁmlcmf\/ea)ftaeﬂbooﬁm_}egs &5 bad &34. :ﬂudus@fqerfent |y
uantitativ the | ev -5, e. staining fo
DSTAT. 5. (OngenaBhs 5P o Ghani ! Bardliect 3 Mostoafirbyist afale B of
fl uoresc@lﬁ@?aECD\talLea cell sorting. The levels of phosphoryl ated STAT-5
I d al t SA. Thos 15whi t he | | of
Shos phor BB TSHRres RS S5, e ety S drZ el pPaPEaR O e Spggtea &n' Sl ©
aut oi3|®Trur(EH(d|ceEase The antagoni st may be capabl e of reducing |evels
f ph STAT- 0% 80‘V 5‘V 0 %
20056 vihorl @raaRbeT Bagae af) anlReY oY e AR e et bR oI o
when conﬂastmdjlzhted@Bthl ve control, or untreated 20 cells. The ant agonl st
h
R O R R R s e
| ess tharslgwrallmgmaiuce@by.ngfEdlmullamjsPBNﬂaa or equal to O.75pg/m, less than or

Iﬂgurggédﬂshowse |ﬁtr3]/ c())fr arﬁ%%giest%,oRgl?.gg,/ %\11 %rndlgég tct) b?o%koéta%qual

signalling induced by IL-7 stimulated CCF-CEM cells;
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The antagonists of the invention are particularly effective in inhibiting
the 25 expansion of TH17 cells. Expansion of THLl7 cells can be determ ned
in a THLAWoxpamBEirwsa assay, which conprises stinulating acpapsateasiass of nave
T cells to expand in the presence and absence of a test agent, foll owed by

or oduced T Tivsa pelhoh AL s AL ISR R g N op BB ent 7301 n

an enbodigxpatsiont assagnt agoni st is capabl e of from20%or nore i nhl bition of
retiQn.in

IL- 17 h t
typi cal 10T Rk dny dvteR e oL SrblR ABHtaSG HoRiaseR s BcBsiar
from 90%adiL-Dbg hCOR bélisi deolf-1 stiMulateecr et i on versus the control. The

antagqQni st. may,.in so e i ment.s xhi bi n_ | | ess t ha r.-equal
6 508/ iotTR 7hePab8ohe PRRbHeP st sdarabnpad o dr N oS bragiost AL et nan
or equal greduipgbyiT, 17164/ ML or 5pg/ m . WO 2010/ 017468PCT/ US2009/ 053136
In an enbodi nent of this assay, human CD4+ T cells are differentiated into
TH17 by stimulation with T cell receptor activation in the presence of

IL-1, |L-DetadedidéderipdionAsfithe irivetitipa of differentiation, CCR6+ cells are

sorted out to produce. an. enri ched TH17 ul T ul ati o t hen
oo mlaten w THen e is5bied" 6 ane wieBSEY Fh L7 iers, SR
superloat asguirsdefod stietval amtl exii@ingiki sfgontmittedTat Actlison dagi w&meetdfne Humah and

CD127 b f t 7 th . t
o boayy et hil s, Tz FeR SR S BPLoR o dohudied Bt 57 RS iy
C(rar’lol 3 I eesfljrmgsurtglry,tthe :lnlad\mteff@og @f tHeLwﬁrﬁuﬁldyétErﬁ]\I-bry wmﬂw;magnwﬂ rb\sI hrygiylo
odl nen + e e | ro unma r er (0]
o omuar detectid T, EABS o oee B Mt B e BRLL R s, a8 kst
1, i SOe&%'r ieﬁﬁznt Mdﬂc&!ﬂs’ipr&b@h@)ﬂy cﬂﬂfldm'lén&ﬁfylpmeadst@pé hegrial $Qems:§:ceg sells.

- t t .
rliesi Do B apBess 4 el A et P ebBlengRo it ritle Sforthensnisogi es.
t ypi C?| | yT;ﬂ@rceB@amﬂ My Catls|by IWTFEarﬁtb@aml@nlllrt HAENY i§ attobutable ho the tiébtmghtr  of
| L-7 for a

At the end of t j atign, cells are silrrul t ed
wiih songfEcy o nare rshrrsmol Sclin B Sehdlfac B i 2 ot Syhaland
super nat axpansien es tisenmssedldbeed prbvialed at duevelrfut é)?pla]'mtloe fidrrtd troatniest difitacynm ned
by ELI SA nces n tein The isol.ated bin roteins of
e br oot TR ArRE R BRE nood Rb EPRrE T RSkdtsn foro biifaf e RbRiiAE
i Mmurdgl alikdaises, aambiasa\dSanLﬂnmemrahmlbn loo dly-7 Raarhagamism rulikeh) oelthver urdduerer i ¢
anti body,, or frag

0 or damai ns ai,d antibodi es. These
The pr esdhfepruBBRtags Oinene e end e AAmet Shere' J6¢ PR balg i
9B7 ( SEQ dls[ﬂnbmshéb- SYthodsbte '(@F;le'l[ﬂﬂﬁl@etls?ﬁerﬂﬁ‘),eg abd\bneBiEY inniMescdiis-GBihe 1A11
(SEQ ID ) 25 inding".in this
Context 16rd a0 Ao orasRTie RO GOE B T g Rep S vtk i Aelefi®
ant i body efﬂ@bﬂdﬁsdrdvélaamdeq&pﬁnm@w off JiffécBAZated/ Tad 7aans (ﬁmidsg@tb m1ﬁoﬂlﬂf@‘edtwmahn and
t hat Jthe Di ndi ng orrplerrent ri bet ween .t h ti i ng
omai2 b S PR EPIED it SF 3R IR BTG o5 TR e bre Bt s T o
CD127 or differefiatiope mbre@mc%aon@ﬁrea trmmbeluylcbhaextlt would bind to a random
unr el at ed pon ept.i de nrel ated, e ot her words,
there i o shec, PBNDY It Bbehe BhsiaRr S Er a1 e ProvidEs: s dpamie”
CD127. therapel]ﬂcentbmedtmgfoptr@ttmanaemfofTahe)lmmueeﬂbt iaflarmmytony disedmesi N the form
of a soluble ]éZterrRQI'_-)}Rer%tedlgFed signalling, as used herein, means the biological effect
30 instigated by the IL-7 receptor complex when bound by its ligand, IL-7. IL-7R mediated
signalling therefore includes, but is not necessarily limited to, one or more, or all, of IL-7
induced phosphorylation of STAT-5, IL-7 induced expansion of Ty17 cells and IL-7

induced survival of Ty17 cells.

35  Antagonists
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The binding proteins of the present invention may bind to CD127, such as a
35nonocl onal antibody that specifically binds to CD127. The bi ndi ng

prot ei ns wayow/aoiBe entities that reduce bindi ng of TSPPTius2a000531$4 P
receptor, and al so reduces binding of IL- WO 2010/ 017468PCT/ US2009/ 053136 7

to the IL-7 receptor, . for the treatnent, of .multiple.s r.osi.s uch as a
by spoci T e bl Al e Bebtay A A amey el 5 oo ey & BRoRpaRtEocs
el ement s thé bidieicdl-efiRciangd T, Fidsheatblemoyladsgysv eAt tes mefdcalat level, one can
conbi nations of ljgands and.receptaors,.In this regard,, TSLP t ists are
Gonor et iand BRASEe 306 plSsRER et ot oHoE arub et P B S prs,
t he TSLP BaeepEx@mptapp-$TAES aE¥lr € .ard iesaihkbddendist At dfie tdirRigpri@stndng ¢arent i on
may therefore be useful as antagonists of TSLP. 1so d The term
TR o X e Rbe e Peadie I BPLRTS Sty teal® vt 85 iR PeaPi i g & 10
renoved fIFRM Ekemplami ds3ay@aie diso ddscdibed heginmay be found in nature, for
exanpl e, they ified a f.rom substances wth which they would
ATy et oL pathitgy BBt anE R TSR PP R el bredh & s B bur o
in that tihidbitegspatialpr ot én rfull,nplrospaomylationosfl 8TAY-5c onistéd Wyet -bf 8TAT&ast
50% or at | east ,80% bi ndi n rotejn. 1 etition A bi ndi n rotein
s i d gosadanT car per ibTecd R aterh b 37 tag artefer oS 18 T ot ci 1
to CDD27,askay auth agniat dedcricBl 2éren (EgarapleepB). ope such Rinnadsly2PBMCs aire
preferenti.al | %(Pi d 0 that epitope,,to th xtent fhat it blocks 0 sone
Bear oo timuates B Rt T e dresidee AR aPREN oS B edPT 08 ks arg Subteop Rl
fragment mbesdolijiantitatiyzily @p ehewbtdlion pSDAP-b, e J0byetararig for y8TATHE (eid. mith amay be
determn any. kn inthe art, for example, ,conpeti.ti on ELISA
eoy " HrEANSS BB BBl e e B T e SR SOt o TR
bi ndi ng pewlieioh phegphoeylsted GTAT-S eopldt alsd wel geterdinddd by tEeSAI nThodg aajenss
r ef er.ence ,bi,ndi rotein to.a.qgiven epi.t if the binding. of, the .
ot orgne vt a8k 168 el 8t HipsHEo BBl V870 0T SR 1PeB T LhohBautc 700,
at | east dz0ddatesddr dutsisimupn@iiseabe.l nt act Anti bodi es The bi ndi ng
proteins of t present invention may be "intact .antihodies" ..notact
Pl Bodt ea ar S eBAERG s bR B aPER ey gt BBy SRheTRE R0 STATSHY Ploast
t wo heav\ieast @020k, 7%, G084, 185%, AP O584 o1 009 whientcaaipassit oA TRS |avets
heterotetrameric gly roteins of 30 approximately 150KDa,, conposed, of two
Gent | calih e Absers o M AbShiet! G Ve RBmBaTed R R ety ® cRtrfieoT F BRI |
each 20i ghdell€hdihe arsaddnisk ethyt bave ded®y of EOuY/ndy 28uEmE o ddsent Oeh/mUbf iede, bond
whil e the nunber, of di.sul fide |inkages between, the heavy,chai of
N1 or en UL e 50 PR B fosse 0 e at A e USSRt P Bt et 5% o
has i nt r abhdrabneghas th fl uglenl, Hesdtpes .or Egahl th@eXsugihiaiass hisen at equak tee0.Sug/ml,
vari abl e dongin (V 0, d, by, a nunber 35qf .constant regions. Each |ight
o el Tl okt [0SR Y 165 B G et ORBER . at 2t o ot her o
the constant reg antagbnisise of ithhit inedrition bee Flartgordy Weffdutivdienf inhibitingo et ant
regl (}g Zzexpg\fll)sigrP%fO'I/'Hq]ﬂC% SBng{aHg%g%?Lrg??%élg can be determined in a Ty17 expansion

assay, which comprises stimulating a population of naive T cells to expand in the

presence and absence of a test agent, followed by stimulating the cells to produce IL-17

and assessing the level of IL-17 produced by the cells in the presence and absence of the

test agent.

30 In an embodiment, the antagonist is capable of from 20% or more inhibition of IL-

17 secretion in such an assay, versus a negative control. More typically, the antagonist is

capable of from 50%, from 75%, from 85% or from 90% or more inhibition of IL-17

secretion versus the control. The antagonist may, in some embodiments, exhibit an 1Cs

of less than or equal to 50ug/ml in the assay. In other embodiments, the IC5y may be less

35  than or equal to 20pg/ml, 10ug/ml or Sug/ml.
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of the heavy chain and the light chain variable domain is aligned with the
vari abl e donmain of the heavy chain. The light chains of antibodies from
nost ver twbratw14seci es can be assigned to one of two typeaseaviossiikappa
and Lanbda based on the am no acid sequence of the constant region.

De di th i .aci.d f t tant 5, i f thej

e e e 1 G Gy B8 BSRS b 0mel RS P R ot B et Tl o

| gﬁ\, | | gD,byI @iF}Uldt@GV\aﬂhdr d)]ﬂWbCé[g@daﬁlﬁdaéLl(@An @??Fbieﬁdérdfdm.le-ﬂ ,A{ﬂzikﬂ)ghﬂlll.dEBt Aﬁélp t
Cl ass , ) . coan n . ecl,e ant s

oot i oApt oL dtdTatiof BRI e S B8 a0 BRF0rED, LT

of the anidpbdyn.cThiteopulatiordisrtgers praulbicdiwith hyren tLhE aad thebiadieagé thiLedr t ai n

i di i) i cul i, abi. | i | 10 I i
GoSer i nidng FRY Bou® Bhpeedsterlant Yatindh 2 eficB e eaAERsrbaHest ek o
regi on aramdc@bi 2by aaomstondl L TYLORS p4thihy aftagoniar jeala@ atairGD ey eftidoayact

h d lLight [ [ FR. ted t . Th

g L A T TR L e

and wi t h rebectiobigs ILEtoand IFe-ppleductdnai N contribute to the formati on of the
ti bi ndi i t f.anti ies, The 1 t ant i

o e 8 B oo e SO ol R ER BB Aok

vari dos ehdeiuokaf uélist usints a Sommadialpit (6.¢. OB4+ anCelhisattibb ddityll, e pemrde nt

ecept or el iRy GFBE Gifet el aTeRBOKARLI b Bt i Bedi s

conpl ementt0% € pSrud endoncyhtadtion io€ il 15y 108 &ml. h€ellSlare podqIrnkated olfith tdoetra@mahgnent

caseade. \[ORCHTBRbS TSy 5T A, <8 Dk TGRS SAPeL SO SR °

nedi at e aftiiBcddy72lepsiiedt Atehd shdof thetintubation toells Brestirg@édtedonisit 50Hg/miegi on

has en orted Lack the abplity to.activate,c |l enent b he

o asdRen PR ARt ol o BriBEBER N i B PefFeh oilbclstand

onl y weakhy IL-Ahtorvediratonds setetrmiabl Yy IEACKA (eBiddeesee®f f ect or functi ons nmay be
ternmed 'non-lytic' 25antibodi es. Human anti bodi es The bi ndi ng

proteins of the present invention may be "human anti bodi es". Human
ant i bodi eBindvay Pasteipr oduced by a nunber of methods known to those of skill

i th t. 30 Hu t.i di | de by the hybrjd th i
uman myel oms BI° TOGEE- MG PRaPE Gy Bctohr TR AL bE AR dhun
133,, ZBOPJantibW)imgm;BbgdlwsucH\?man Lmjimmlajnmndy?@ggmn&m?nariim_ dfemm&t;rﬂugs

| C 1 ONS, - I Ce er ng. . I natli, ve ne odads
e onel R BbYSE by PR ot YhS R o SR Sukn Thome.aboFRS o i pEReUC T ze
human V riegintion reyeohprise sné e o, idr @il oGthe( ADR4 Yound5A9BE.(BEQ. IDMDstdi9),

12,4723 I s 8 e ST RELIA 0 ectfo Reko R o, e
now avai |(8BQelDAM@s:9R+97).hei r nouse i mmunogl obulin |oci has been repl aced
o U AR PSR RAE ALl 4 iEobeb T80 S, 1o
1997, Natamw antiGeagtbirads, toXan Eaifepkbd) COURD Nvisamt bgtyendiadihg dgeaisuatd et e ar e

bl f duci. t 0i of h t i bodi . whi. ch i bodi
CaPaD1 2 Sl S HEADS Pl BRERAIAA! JDHIZA 5O A0 Sl T 00 o3
produce lapitepe af)tGAT. es b{nalind) Hroithetcforehg dsoto) CD $2koMiCapitapiet of, CINER7UT €,

348, 552-553 (1990), and Giffiths AD et al (19 EMBO 13: 3245-3260. 10

hi rerte A feobn ah tafb b Bhadhny by RiReatte 14 5 aR .
presait iunveatedepitopy. e othehiwveds, dhereris "shacitisity zZmtWweemthebisiddieg .pordtbie arsle of

i ntact n\(l)&ﬂ}- huntha)n a]ntd' 9i es in the treatnent of hunman di seases or disorders
carries hH p?ﬂé oW wel | established problens of potenti al

i rmunogeni ci t yTHESbiedipe praidihy oliperinveapeaeay asinbainsthe dbrinoof @boluble GDtd7body:
that is the immne system of the patient may recogni se the non-human i ntact
ant i body pé’iypﬁm%el f and nmount a neutralising response. In addition to
devel opi ng fulThe bindiag @oteidsodi the Hreeentaiboardipn waay birsl toeCBriRgueschhavea been

devel,Qqped _over the years to overcone the oh| ens_and nerally involve
Feducthg maistiesbsulbBR e ReRt e Bnds dai 2L e BgRlrmBh, Poy Bsad4 ot ac
t her apeutantitienthab@dycewbintiaty of €8P e thg T reebpivr, vad axsaedures biralinyg ofdL-

non- human anti bodi es from an i muni sedani mal e.g. nouse, rat or rabbit.
Broadly two approaches have been used to achieve this. The first are

chi maeric anti bodi es, which generally conprise a non-human (e.g. rodent
such as nouse) variable domain fused to a human constant regi on. Because
the antigen-binding site of an antibody is |ocalised within the



25 variable regions the chimaeric antibody retains its binding affinity for
the antigen but acquires the effector functions of the human constant
regi on arwoi2e1oiiessef ore able to performeffector functi @ea3/USSHOMNBHBE C
anti bodies are typically produced using reconbi nant DNA met hods. DNA

di nt Lbodi t d d
oo ant g nd ez SR o 1 vigeht emuRRl S b SraE oS et R g, 30
capabl e qfrotblnrtdalﬂgn@l@dhélmalahy TShPdigards, @neledicng dfliee HL ZRand T(Shla?thhat

vari abl e regions e, anti body of t i hvention

and 3 destith e <Bis e R sorRinaiRys bt Ber s 1t ViR 1498 FSLEoa ng
seguence a‘rmagdnlsteaard_ dastibed dhatonsexaatpld, eST3nar ¢4 mrddwwmmn%ttu@arand easy.
muring) Hand L co regi ons see n; , 1984)
Thus "on TR aPPBnd S me: TP PPk SOPRUSH BN 2 hey B 0 nisraeh E Bsthiimae | o
anti body ieamgion sagghaetdr b uedfal dsaantaywnisieofsksuPence: SEQ | D NO 2 and a Vi
WO 2010/ 017468PCT/ US2009/ 053136 domai n having the sequence: SEQ I D NO 3
fused to a human constant region (which maybe of a 1gGisotype e.g. 1gGl)
The seconsblagepr oach i nvol ves the generation of humani sed anti bodi es wherein
t he non- human ent .of the an |bod |s rreduced hu n|2|n he vari abl e
regions. 5 Two teﬂﬁ dodatef o as, rt"?aHF BN HEGAS %ﬁé@”ﬁ&ﬁtﬂ% 'S #te

firstl0i s rbohowed fraii tha dnylrdﬁalﬂergrtafzvttlchgheﬁ% HBzUﬂOUﬁId iroogtare; tf@sea@hmlet, higey

ti bod N-te ted i ) ffold
by Bey b e BuaY Fof, bt Shoiy e 35 HOR kel 9 B e
ant i body Tresawinaling ;detfeirmedaybbe shisstarapidg paehin taakthbyndskef pheesih drah sample

characteristi 0 es tyres agre in turn determ ned
byt he. 1OMIhPE RS TNt B RG AUBER BB RG BeAE s el at i ve di sposi 11 on
of the CDRs and by the nature and disposition of the side chains of the
resig (go rt sing the CDRs. A |arge decrease in immnogenicity can be
achi 107 | ng only the CDRs of a non-human (e.g. nurine) antibody

("donor" anti bodnpingnirotem is gaidablcemipuatitvelyf inlsibie e inding ot e péferenice dimeimgr k")

Ver hooyerl P BC T F3ats Cad B SR2" 5 1ie alipe R GR 27 Bl P BPERNG per

se may ndiindses whdt elpno;teheao thergxteait ehat &todotks,an someatayrege binkingaf trgs r@f@pmrat i es

and it equent | that S frarrewo i dues. of t
ot i body TR 5 SE0P7. 47\ ofRT MR BORLBL G, B B e bfint EBGRs ) i
t he ROMarCeesktitind etibditon hag bgnietermamtd ananygesthodidiong iafthe aittfyr esarhgepe

d , C eta 89), PNAS 86, 10, , 03 M et .20 al
Tooy NbelETud ECBagh R, iRt Hp e ait BT, O e SRaahebe fe
gr eat est A;empdmlgqﬂrotetmmla@@e s(atcym cahpetiti 6l driibiigthe direding bha tréferemoa -bindiiren

donor anti bod sen ro dat abase I n or r

£ ramewor 0 o SRS EPERH T HeCRh Ao TRaE Frkiob i o R Rehed By shadhan
consensusp0os, at fedisv8au adt Idsusltrﬁt’n%aetleémﬁb%%rat\nrfssem%cessary key residues from
t he gsnor anti body are substituted into the human 25acceptor framework to

presérve CDR conformations. Conputer nodelling of the antibody maybe used
to hel p i/deot Afdtibogieeh structurally inportant residues, see W99/ 48523.

Al ternatively, hurranl sati.on _maype achi eved a _pr.ocess 0
A Lernat vely. hualsal Lon. e ehievsd by abrocesscel aneenung . A
l'i ght chaintibvdies atd esuatghetesomdireatiedlytdmdtetnsecopipeising eat st evabealy axposed

d f 30 h d.juri tib
i vi dudrodapt eispoks b7 670 G EMad NS R R FRr Rl n ther of
di f f 80entappesdirately 156&B0aPeathgosel. df\tW(Eltdeaﬂlcal ligh® A0))chiviak nad mod lcﬁatlca4893\4/98 and

Peder sen T. .et 9 2 5 95 Ther ef

poss: b e T Spaifc By seetisbEie Byttt o isnahah b B oy BT
exposed resddukite ithe inusibbr afediguifider irgiagos ttel’fwéerdltﬁé épavy ghaihéas edificaal | vy
found in  hu nt| odi es rote ity can be.c el ated
w th sur (EUPaeBBaE ey VareSy ERR ReR ot Ml Shaif PlRodtasnf el gl dse
suffici erttndges r Eadehea\tye:hamm ataneadnlden 2biathd @&DA4h @\1,7)4&&1&@'&/&9@6%[)&53136
regi vsbe to t u ne system see | so I\/ark G.E. .et

(19085 | kRReiByRobRe Rre L Redif en g AtRYF bR oM R A b i et ogy
of nonoclltsrmﬂter/e‘mtjl thedioastaniSeyiongé theVieght alggin tspéll@ﬁedﬁﬁtb] thellivsscqmistane chglicn  Of
humani sation is referred to as "veneerpmg" because only the surface of the
antibody is altered, the supporting 5 residues remain undisturbed. Further
alternative approaches include that set out in WO04/006955 and the
procedure of Humaneeri ngTM (Kal obi os) whi ch makes use of bacteri al
expression systens and produces anti bodies that are close to human germine
i n sequence (Al fenito-M Advancing Protein Therapeutics January 2007, San

D ego, California).



10It will be apparent to those skilled in the art that the term "derived"
is intended to define not only the source in the sense of it being the
physi cal woi2gionif48 t he material but also to define mat @ciraiS2euios313é s
structurally identical to the material but which does not originate from
the reference source. T “residues fqund in the donor, antih " need not
nocessar 1 GRY5EER A e 4T ShABRrade domah SAteigayt PEchEo seBERor "fhe
present iditienheany dhain. t Ties édraradaink wiantizeliesaindr ookt esrtetoratey $pgiciey canebeor
nore, or all f_the found in the nouse antibod B7 (SEQ 1.D NGs;
4-9). Nuﬁsis'QB?gBPs‘B‘&P o équbB%{g’Qs*Q%?hén iRaag B%lsﬁ?’e?%gh%fg”i'ﬂ% Fi%sent
i nvent i orsegagndecof timutdristaiw esjidr. cCOemndingi atae iafrind' act séduaice ®f thd constant

| ti i fi bi ifi. tibody. is. ti bod i vat.i ich
prevent s 1a9oh ehlnebd B arigs i antpbdef 2ahBe atpotel T Bl leRes. ¢ ne
ant i body 1gavigbgIgs, i agd RideCiga and igescahde faithdrasabiivides ind stigiiaxsesdy@ct ed

fromlIL-7 SLB,. CD127,, | L7 chai or . CRLF2. . alsq forns part ,of, the
| oont i oniGG T Fie4 BEaeRT T, A2 TSR Tl S 8L PoRES Bha T ne
Splefi fi ]E:irtayinfgoat 1ebst2[@r;(]32~ahilgmzb.s Teneprarbed domra]hhef thel hr_ut?qadj/ atxoa;emé bgdd]rﬁg
cells, for exanple e hinding protein may have specificity for bo

| L- 23R (oﬁpeF'ﬁQ'%yp%@ed‘ﬁ@?,y h {EMaR (9o L‘l“%%‘?y'%qqﬁaﬁ“ﬁij'?? viriabilly CF}Letdhods
of ki NGosiptdmensrith atbtemining rkgions) (CORshe Biid mofe agtinsevaal doytiorishef the

reconbi nant. production of hispecific.antihodies is based on th

Cooxpr coaPUREFeqIEs SResler iR atob R o B al B rATaRH O afr of MarkPeaPhe tvo
H chai ns dmavighdchdies eath bornplisegfoapERI danakttee HyseecMDRst dhe GDReIn et ur e
305 537-539. (1983 W93/ 08829 and Traunecker eta! EM 10 991

3655. 3650 B LE HOTRE MRt HELh At RopSrS AR PR AR RO Mt i
m xt ur e afthdredchath tomrieute tarthé boehatish rofichelimatigar bingingdiiteest arftibabiesh T y one
has the desired binding specificity. An alternative r.oach invol ves

fusi gt HEmaR! wIoBS sRaBRm e Yok g binfly it ARER 6 e BPL B
heavy chaixhibitonstoant effextprofunctionsr ssc@isapartieipstionpar tantibodyheepéritigat roetHd on,
CH2 and CH3 regions, |t i erred to have the CH1L WO

20101 017 TEEBEeH USRI, s HBCE LGRS et g PEHE0s ¢ 6 FReciBserPy Mal- 11 ght
chai n bi nigh/flga@hes efte | Via ahedrR@st FONRcEHtol NECRHP | 41ES .coRfentdit odéfhdehese
fusions, and if desired 5he L chain ﬁre inserted into $ep ra%e exp&ﬁfsion
vectors dNiPIEHEYt HanthEoP ! ArfMRonert Philld® LORPIATRRHI 3362 e-oﬁb‘ﬁ HERD 1965 s
potssizlol e dgh@l@ghrdgﬂ)_ni rﬁt&euséetnt ﬂ%@ml&@ﬂld’leS’eﬁﬂ?l@'ﬂéagtﬁeOJbiltty\ﬁbhQét{vﬁld %émpslem_e?bai ns
into one 5 expression vector. In one preferred, approach, e bispecific

ant i body BVEhE SRSEEHPAUMELPTI atediae antliooy-deppRYens PR YIRS Wi B0 BG4 one
arm and ajdnktaht edtidrn hB&ibeen Pepuiitsl By [tk SR CaBilitP itd dchigats RReididreértyby et he
other arm see W94/ 04690. See al sQ Suresh et al thhods in Enﬁ¥nnlo y 121,
210, 1986aseiral pBIWARY A P(B%?cﬁ”'i'%odﬁf'c?eﬁ%‘g%”ééceﬁ“ i §pataxicity of Wﬁaﬁg- or

bi speci fimmbag@?&semalﬁumkmg deser kiedos Upiaionbiemal Nba forhed HBRYLT City
ist gards,sn,ggltope of I'L-7 and a second specificity towards TSLP.

Anot Hter 6%?'9@ | approach is a is to produce a bispecific antibody or

bi specific fragment such as described supra wherein a first specificity is
t owar ds 3%#§ itope of IL-7 and a second specificity towards IL-6. 15

Ant i body %ﬁ@# gdies The binding proteins of the present invention nmay
be " agt ijbOdyhf'ITr%gﬁT@dﬂ_i@'brotéiﬁsb @gnhte\ﬂr]@seﬁmahtmnhéy bé “ﬁdgﬁan;jammaie@’n Hdma"resi sh
provi ded a_ therapeutic antibo [ i s an antigen binding fragnent. Suc
P agrrens ST M POHSHOGIY P GUTEBI ABMRIoRe BN LS el skl Jirapir
humarsips ecH@ngh antitsddigdeedr ee anaddogditRs hybedones nallod being Fan mjyabhkhZor Fv,

b human MamdIiTar betedmmem Cel fises Stokeesr Lol vas; abFE g e 2 S
anti {oodit eBro@éurl mlbgwoﬁmtiu%cwlytrfrocmhi?cngquébe@nd Ep@gmt A p!t)%ﬁk?i :(Marfcble |
const an 1 O abl | | O aclilvate CO ment, \ e Cl assl| Ca
ey Jhoe eu T LR R et B Ua Lt Gap! WO A ies oy randgenic
;{5 adi ti onaice yp<sbtug bf fwiagieutlise af@ng Qﬂuﬁégd>nby§3rﬁdi&>(ri§§ O@feel Wirtr ctis,gew%\géq,n of

I ntact ant odal es apal ST on ee or a ,
S 58540/ B Eman) 24585 SRR LE it et Mootk 237 AR efhr mod host
cells. For the production of ScFv, see Bird et al ; (1988) Science, 242,

423-426. I n addition, antibody fragnmenbs nay be produced using a variety of
engi neering techni ques as descri bed bel ow.



Fv fragnents appear to have |ower interaction energy of their two chains
than Fab 30 fragnents. To stabilise the association of the VH and VI _
domai ns, wbheyidmavessbeen |inked with peptides (Bird et alPCT(UE2@8)5866 ence
242, 423- 426, Huston et al, PNAS, 85, 5879- 5883), disul ph| de bridges

(d ockshuber §t1990) i ochem stry, 29, 1362- égﬁ }Mg nob in hol e"
nut ati ons (Zh eé’? %l ?I SPEEF n"MEEi A EOYg VY 8&’5/“1‘ %n‘Bﬂ‘f%e can
be pr odudmdmdnxogldbtnhﬂda haeltieekm@mncdddmtmnwﬁarsknmmnblmbmlm lyenakégraests \(¥aet | ow

et al 1 t t nd H n et
2 (1093 Tieiaeh. CRIDHINAS 87 28271 PRREED N oY ope e 0fk, Bt RO L B2 o
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Cterm na(l1b§‘9?[w$(nzl3 32&5%’256(5% Ki priyanov et al (1995) Cell. Biophys 26,
187-204). Alternatively, ScFv can be forced to formmultinmers by shorteni ng
the pepti 3.to 12 residues to form "di abodi es”, see

i.nker ,t o betwee
o1 Pon ! e B hig8Ee I AT s a4, Gaas.  Reduci ng Lhe. |1 oker stil)
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(FcyR) is believed to nediate the effector functions of the antibody which
i ncl ude anti body-dependent cellular cypptoxicity (ADCC), fixation of

conpl ement, phagocytosis and half-life/clearance of the antibody. Various
nodi fications 10 to the Fc region of antibodies of the invention may be
carried out depending on the desired effector property. In particular,
human constant regi ons which essentially |lack the functions of a)
activation of conplenent by the classical pathway; and b) mediating

ant| body dependent ceI I uI ar cyt ot oxicity i ncI ude the I gG4 const ant regl on,
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20 cytotoxicity (ADCC) (Duncan et al. Nature 1988, 332; 563-564; Lund et
al. J. I'munol. 1991, 147; 2657-2662; Chappel et al. PNAS 1991, 88;
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Cnunber o BEeP dBha $5o0 e (& direnf 7l foeb Bty Eao el Al t1o0n
derivati wagl. ImfndnbEQS nammgaoland rrddeesngll Jc as yd/ at1Do4) V.ol Biol. 5238, 959e973).
ant i bodi eﬁ] of]c th |nve | g dﬁ %Ctﬁs Iat| on of. an ti bodi es atF conser ved
posi ti ons eﬁef’rﬁe S RERLYIRAY RGP SRS E‘“Rﬂ%%c'% r?aO%” UBRRF YN HIEG& on
ant i body dxposdd @sidupsuirt n$tuhmeWyrke‘bgreos thrat fdiffec fioonihoge usmnjlly fasnd ihdsenan
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2010/ 017 46pReamM&IB2610DE003h3e rpsidsenmaynbe suifisientie render dhe nosuseDy®iable
carbohydrate noiety is added, substituped, deleted or nodified are
contenpl ated. Analogs 5In this context of the present invention, also
provi ded are anal ogs of the



anti bodi es described. Thus, the invention provides anal ogs of the R34. 34,
GR34, 9B7, 6A3, 1All or 605 CDRs (R34.34 anal ogs, GR34 anal ogs, 9B7
anal ogs, wO20ewEalwgs, 1A11l anal ogs or 605 anal ogs). AnalPogaisedooasiiaé ent al
anti body (e.g. 6A3 or 9B7) will have the sane or simlar functional

ti to th " ini the CDRs of the 1 ti -
eopecti Jeng" TR O HE GuPn HGo she B dregs 0P RS Gt o aicPbbi s
bi nd to tHendbaore df abgetimphial Eharmacdgt ope 184 tThet rearsaoslogy osimaraglfonbl ndi ng

affinity., The .anal 0gs conpr, i ne_ar nore amno acid substitutjons
Wi thin odMHPERes POrBRel YRR O5TATY T h & SO Me s 18ads refaetb 8006
of the amasntveaeerthy”eisdodues anly thee sGiRiRe of tidanplesdynisabiterat] bedgugpoeting
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may be pr(x:é)ag.gce.d by net hods known to the man skilled in the art. Antibodies
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Such host cells may al so be further engineered or adapted to nodify
quality, function and/or yield of the antibody of this invention.
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Bacterial systens are particularly suited for the expression of antibody
fragnments. Such fragnents are localised intracellularly or within the
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Sequence pagation or expression in a host ¢ ne use ul expression system |s a gI Al
synthetase system (such as sold by Lonza Biologics), particularly where the host cell is
CHO or NSO (see below). Polynucleotide encoding the antibody is readily isolated and
sequenced using conventional procedures (e.g. oligonucleotide probes). Vectors that may
35  be used include plasmid, virus, phage, transposons, minichromsomes of which plasmids

are a typical embodiment. Generally such vectors further include a signal sequence,
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origin of replication, one or more marker genes, an enhancer element, a promoter and
transcription termination sequences operably linked to the light and/or heavy chain
polynucleotide so as to facilitate expression. Polynucleotide encoding the light and heavy
chains may be inserted into separate vectors and introduced (e.g. by transformation,
5 transfection, electroporation or transduction) into the same host cell concurrently or
sequentially or, if desired both the heavy chain and light chain can be inserted into the

same vector prior to such introduction.

Signal sequences

10 Antibodies of the present invention maybe produced as a fusion protein with a
heterologous signal sequence having a specific cleavage site at the N terminus of the
mature protein. The signal sequence should be recognised and processed by the host
cell. For prokaryotic host cells, the signal sequence may be an alkaline phosphatase,
penicillinase, or heat stable enterotoxin Il leaders. For yeast secretion the signal

15  sequences may be a yeast invertase leader, o factor leader or acid phosphatase leaders
see e.g. WO90/13646. In mammalian cell systems, viral secretory leaders such as
herpes simplex gD signal and native immunoglobulin signal sequences (such as human
Ig heavy chain) are available. Typically the signal sequence is ligated in reading frame to
polynucleotide encoding the antibody of the invention.

20
Selection marker

Typical selection genes encode proteins that (a) confer resistance to antibiotics or

other toxins e.g. ampicillin, neomycin, methotrexate or tetracycline or (b) complement
auxotrophic deficiencies or supply nutrients not available in the complex media or (c)

25  combinations of both. The selection scheme may involve arresting growth of the host
cells that contain no vector or vectors. Cells, which have been successfully transformed
with the genes encoding the therapeutic antibody of the present invention, survive due to
e.g. drug resistance conferred by the co-delivered selection marker. One example is the
DHFR-selection system wherein transformants are generated in DHFR negative host

30 strains (eg see Page and Sydenham 1991 Biotechnology 9: 64-68). In this system the
DHFR gene is co-delivered with antibody polynucleotide sequences of the invention and
DHFR positive cells then selected by nucleoside withdrawal. If required, the DHFR
inhibitor methotrexate is also employed to select for transformants with DHFR gene
amplification. By operably linking DHFR gene to the antibody coding sequences of the

35 invention or functional derivatives thereof, DHFR gene amplification results in

concomitant amplification of the desired antibody sequences of interest. CHO cells are a
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9B7 Heavy chain FR1 sequence 12 9B7 Heavy chain FR2 sequence 13 9B7 Heavy
chain FR3 sequence 14 9B7 Heavy chain FR4 sequence 15 9B7 Light chain FRL
sequence WO 29BM146ght chai n FR2 sequence 17 9B7 Li ght cireiruSER8/0sgeuence 18
9B7 Light chain FR4 sequence 19 9B7 epitope by peptide ELI SA 20 9B7 epitope
by peptldp%rtﬁ:h‘ary gg'efngZ:el?qfnteOPoer m(s %Rﬁlﬁ/%%tf%&#e%ﬁe selection and methods of
amplifying and selecting host cells using the DHFR system are well established in the art
see Kaufman R.J. et al J.Mol.Biol. (1982) 159, 601-621, for review, see Werner RG, Noe
W, Kopp K,Schluter M,” Appropriate mammalian expression systems for
5  biopharmaceuticals®, Arzneimittel-Forschung. 48(8):870-80, 1998 Aug. A further example
is the glutamate synthetase expression system (Bebbington et al Biotechnology 1992 Vol
10 p169). A suitable selection gene for use in yeast is the trp1 gene; see Stinchcomb et al

Nature 282, 38, 1979.

10  Promoters
Suitable promoters for expressing antibodies of the invention are operably linked
to DNA/polynucleotide encoding the antibody. Promoters for prokaryotic hosts include
phoA promoter, beta-lactamase and lactose promoter systems, alkaline phosphatase,
tryptophan and hybrid promoters such as Tac. Promoters suitable for expression in yeast
15 cells include 3-phosphoglycerate kinase or other glycolytic enzymes e.g. enolase,
glyceralderhyde 3 phosphate dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose 6 phosphate isomerase, 3-phosphoglycerate mutase and
glucokinase. Inducible yeast promoters include alcohol dehydrogenase 2, isocytochrome
C, acid phosphatase, metallothionein and enzymes responsible for nitrogen metabolism
20  or maltose/galactose utilization.
Promoters for expression in mammalian cell systems include RNA polymerase Il
promoters including viral promoters such as polyoma, fowlpox and adenoviruses (e.g.
adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus (in particular
the immediate early gene promoter), retrovirus, hepatitis B virus, actin, rous sarcoma
25  virus (RSV) promoter and the early or late Simian virus 40 and non-viral promoters such
as EF-1alpha (Mizushima and Nagata Nucleic Acids Res 1990 18(17):5322. The choice
of promoter may be based upon suitable compatibility with the host cell used for

expression.

30  Enhancer element
Where appropriate, e.g. for expression in higher eukaroytics, additional enhancer
elements can be included instead of or as well as those found located in the promoters
described above. Suitable mammalian enhancer sequences include enhancer elements
from globin, elastase, albumin, fetoprotein, metallothionine and insulin. Alternatively, one
35 may use an enhancer element from a eukaroytic cell virus such as SV40 enhancer,

cytomegalovirus early promoter enhancer, polyoma enhancer, baculoviral enhancer or
33
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murine 1gG2a locus (see WO0O04/009823). Whilst such enhancers are typically located on
the vector at a site upstream to the promoter, they can also be located elsewhere e.g.
within the untranslated region or downstream of the polyadenylation signal. The choice
and positioning of enhancer may be based upon suitable compatibility with the host cell

5  used for expression.

Polyadenylation/Termination
In eukaryotic systems, polyadenylation signals are operably linked to
polynucleotide encoding the antibody of this invention. Such signals are typically placed
10 3 of the open reading frame. In mammalian systems, non-limiting example signals
include those derived from growth hormones, elongation factor-1 alpha and viral (eg
SV40) genes or retroviral long terminal repeats. In yeast systems non-limiting examples
of polydenylation/termination signals include those derived from the phosphoglycerate
kinase (PGK) and the alcohol dehydrogenase 1 (ADH) genes. In prokaryotic systems
15  polyadenylation signals are typically not required and it is instead usual to employ shorter
and more defined terminator sequences. The choice of polyadenylation/termination
sequences may be based upon suitable compatibility with the host cell used for

expression.

20  Other methods/elements for enhanced yields
In addition to the above, other features that can be employed to enhance vyields
include chromatin remodelling elements, introns and host-cell specific codon modification.
The codon usage of the antibody of this invention thereof can be modified to
accommodate codon bias of the host cell such to augment transcript and/or product yield
25 (eg Hoekema A et al Mol Cell Biol 1987 7(8):2914-24). The choice of codons may be

based upon suitable compatibility with the host cell used for expression.

Host cells
Suitable host cells for cloning or expressing vectors encoding antibodies of the
30 invention are prokaroytic, yeast or higher eukaryotic cells. Suitable prokaryotic cells
include eubacteria e.g. enterobacteriaceae such as Escherichia e.g. E.Coli (for example
ATCC 31,446; 31,537; 27,325), Enterobacter, Erwinia, Klebsiella Proteus, Salmonella
e.g. Salmonella typhimurium, Serratia e.qg. Serratia marcescans and Shigella as well as
Bacilli such as B.subtilis and B.licheniformis (see DD 266 710), Pseudomonas such as
35  P.aeruginosa and Streptomyces. Of the yeast host cells, Saccharomyces cerevisiae,

schizosaccharomyces pombe, Kluyveromyces (e.g. ATCC 16,045; 12,424; 24178;
34
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56,500), yarrowia (EP402, 226), Pichia Pastoris (EP183, 070, see also Peng et al
J.Biotechnol. 108 (2004) 185-192), Candida, Trichoderma reesia (EP244, 234), Penicillin,
Tolypocladium and Aspergillus hosts such as A.nidulans and A.niger are also
contemplated.

5 Although Prokaryotic and yeast host cells are specifically contemplated by the
invention, typically however, host cells of the present invention are vertebrate cells.
Suitable vertebrate host cells include mammalian cells such as COS-1 (ATCC No.CRL
1650) COS-7 (ATCC CRL 1651), human embryonic kidney line 293, , PerC6 (Crucell),
baby hamster kidney cells (BHK) (ATCC CRL.1632), BHK570 (ATCC NO: CRL 10314),

10 293 (ATCC NO.CRL 1573), Chinese hamster ovary cells CHO (e.g. CHO-K1, ATCC NO:
CCL 61, DHFR minus CHO cell line such as DG44 (Urlaub et al, Somat Cell Mol Genet
(1986) Vol 12 pp555-566), particularly those CHO cell lines adapted for suspension
culture, mouse sertoli cells, monkey kidney cells, African green monkey kidney cells
(ATCC CRL-1587), HELA cells, canine kidney cells (ATCC CCL 34), human lung cells

15 (ATCC CCL 75), Hep G2 and myeloma or lymphoma cells e.g. NSO (see US 5,807,715),
Sp2/0, YO.

Thus in one embodiment of the invention there is provided a stably transformed
host cell comprising a vector encoding a heavy chain and/or light chain of the therapeutic
antibody as described herein. Typically such host cells comprise a first vector encoding

20  the light chain and a second vector encoding said heavy chain.

Such host cells may also be further engineered or adapted to modify quality,
function and/or yield of the antibody of this invention. Non-limiting examples include
expression of specific modifying (eg glycosylation) enzymes and protein folding
chaperones.

25
Cell Culturing Methods.

Host cells transformed with vectors encoding the therapeutic antibodies of the
invention may be cultured by any method known to those skilled in the art. Host cells
may be cultured in spinner flasks, shake flasks, roller bottles, wave reactors (eg System

30 1000 from wavebiotech.com) or hollow fibre systems but it is preferred for large scale
production that stirred tank reactors or bag reactors (eg Wave Biotech, Somerset, New
Jersey USA) are used particularly for suspension cultures. Typically the stirred tankers
are adapted for aeration using e.g. spargers, baffles or low shear impellers. For bubble
columns and airlift reactors direct aeration with air or oxygen bubbles maybe used.

35  Where the host cells are cultured in a serum free culture media this can be supplemented

with a cell protective agent such as pluronic F-68 to help prevent cell damage as a result
35
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6A3 Li ghtof(irrl]émagra}/igrq ip%tt):legs.r B%ipgr?dir?gzon the host cell characteristics, either microcarriers
maybe used as growth substrates for anchorage dependent cell lines or the cells maybe
adapted to suspension culture (which is typical). The culturing of host cells, particularly
vertebrate host cells may utilise a variety of operational modes such as batch, fed-batch,
5 repeated batch processing (see Drapeau et al (1994) cytotechnology 15: 103-109),
extended batch process or perfusion culture. Although recombinantly transformed
mammalian host cells may be cultured in serum-containing media such media comprising
fetal calf serum (FCS), it is preferred that such host cells are cultured in serum —free
media such as disclosed in Keen ef al (1995) Cytotechnology 17:153-163, or
10 commercially available media such as ProCHO-CDM or UltraCHO™ (Cambrex NJ, USA),
supplemented where necessary with an energy source such as glucose and synthetic
growth factors such as recombinant insulin. The serum-free culturing of host cells may
require that those cells are adapted to grow in serum free conditions. One adaptation
approach is to culture such host cells in serum containing media and repeatedly
15  exchange 80% of the culture medium for the serum-free media so that the host cells learn
to adapt in serum free conditions (see e.g. Scharfenberg K et al (1995) in Animal Cell
technology: Developments towards the 21st century (Beuvery E.C. et al eds), pp619-623,
Kluwer Academic publishers).
Antibodies of the invention secreted into the media may be recovered and purified
20  from the media using a variety of techniques to provide a degree of purification suitable
for the intended use. For example the use of therapeutic antibodies of the invention for
the treatment of human patients typically mandates at least 95% purity as determined by
reducing SDS-PAGE, more typically 98% or 99% purity, when compared to the culture
media comprising the therapeutic antibodies. In the first instance, cell debris from the
25  culture media is typically removed using centrifugation followed by a clarification step of
the supernatant using e.g. microfiltration, ultrafiltration and/or depth filtration.
Alternatively, the antibody can be harvested by microfiltration, ultrafiltration or depth
filtration without prior centrifugation. A variety of other techniques such as dialysis and gel
electrophoresis and chromatographic techniques such as hydroxyapatite (HA), affinity
30  chromatography (optionally involving an affinity tagging system such as polyhistidine)
and/or hydrophobic interaction chromatography (HIC, see US 5, 429,746) are available.
In one embodiment, the antibodies of the invention, following various clarification steps,
are captured using Protein A or G affinity chromatography followed by further
chromatography steps such as ion exchange and/or HA chromatography, anion or cation
35 exchange, size exclusion chromatography and ammonium sulphate precipitation.

Typically, various virus removal steps are also employed (e.g. nandfiltration using e.g. a
36
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DV-20 filter). Following these various steps, a purified (typically monoclonal) preparation
comprising at least 10mg/ml or greater e.g. 100mg/ml or greater of the antibody of the
invention is provided and therefore forms an embodiment of the invention. Concentration
to 100mg/ml or greater can be generated by ultracentrifugation. Suitably such
5  preparations are substantially free of aggregated forms of antibodies of the invention.

Bacterial systems are particularly suited for the expression of antibody fragments.
Such fragments are localised intracellularly or within the periplasma. Insoluble
periplasmic proteins can be extracted and refolded to form active proteins according to
methods known to those skilled in the art, see Sanchez et al (1999) J.Biotechnol. 72, 13-

10 20 and Cupit PM et al (1999) Lett Appl Microbiol, 29, 273-277.

Pharmaceutical Compositions
Purified preparations of antibodies of the invention (particularly monoclonal
preparations) as described supra, may be incorporated into pharmaceutical compositions
15  for use in the treatment of human diseases and disorders such as those outlined above.
Typically such compositions further comprise a pharmaceutically acceptable (i.e. inert)
carrier as known and called for by acceptable pharmaceutical practice, see e.g.
Remingtons Pharmaceutical Sciences, 16th ed, (1980), Mack Publishing Co. Examples
of such carriers include sterilised carrier such as saline, Ringers solution or dextrose
20  solution, buffered with suitable buffers such as sodium acetate trihydrate to a
pharmaceutically acceptable pH, such as a pH within a range of 5 to 8. Pharmaceutical
compositions for injection (e.g. by intravenous, intraperitoneal, intradermal,
subcutaneous, intramuscular or intraportal) or continuous infusion are suitably free of
visible particulate matter and may comprise from 1mg to 10g of therapeutic antibody,
25  typically 5mg to 1g, more specifically 5mg to 25mg or 50mg of antibody. Methods for the
preparation of such pharmaceutical compositions are well known to those skilled in the
art. In one embodiment, pharmaceutical compositions comprise from 1mg to 10g of
therapeutic antibodies of the invention in unit dosage form, optionally together with
instructions for use. Pharmaceutical compositions of the invention may be Iyophilised
30 (freeze dried) for reconstitution prior to administration according to methods well known or
apparent to those skilled in the art. Where embodiments of the invention comprise
antibodies of the invention with an IgG1 isotype, a chelator of metal ions including copper,
such as citrate (e.g. sodium citrate) or EDTA or histidine, may be added to the
pharmaceutical composition to reduce the degree of metal-mediated degradation of

35 antibodies of this isotype, see EP0612251. Pharmaceutical compositions may also
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polysorbate 80, and an inert gas such as nitrogen to replace vial headspace oxygen.
Effective doses and treatment regimes for administering the antibody of the
invention are generally determined empirically and are dependent on factors such as the
5 age, weight and health status of the patient and disease or disorder to be treated. Such
factors are within the purview of the attending physican. Guidance in selecting
appropriate doses may be found in e.g. Smith et a/ (1977) Antibodies in human diagnosis

and therapy, Raven Press, New York.

10 Clinical uses

The antagonists of the present invention may be used in the therapy of multiple
sclerosis and in other autoimmune or inflammatory diseases, particularly those in which
pathogenic Ty17 cells are implicated. Such diseases are associated with high levels of
IL-17 expression. Elevated levels of IL-17 have been reported in serum and CSF of MS

15  patients (Matusevicius, D. et al.; Mult. Scler. 5, 101-104; 1999) and in the synovial fluid
obtained from rheumatoid arthritis patients. IL-17 has also been implicated in psoriasis
(Homey et al.; J. Immunol. 164(12):6621-32; 2000), while Hamzaoui et al reported high
levels of IL-17 in Behcet's disease (Scand. J. Rhuematol.; 31:4, 205-210; 2002).
Elevated IL-17 levels have also been observed in systemic lupus erythrematosus (SLE)

20  (Wong et al.; Lupus 9(8):589-93; 2000).

Inhibition of IL-7 receptor mediated signalling may also be useful in the treatment
of inflammatory (non-autoimmune) diseases in which elevated IL-17 has been implicated,
such as asthma.

Accordingly, inflammatory and/or autoimmune diseases of the invention include

25 inflammatory skin diseases including psoriasis and atopic dermatitis; systemic
scleroderma and sclerosis; inflammatory bowel disease (IBD); Crohn's disease; ulcerative
colitis; ischemic reperfusion disorders including surgical tissue reperfusion injury,
myocardial ischemic conditions such as myocardial infarction, cardiac arrest, reperfusion
after cardiac surgery and constriction after percutaneous transluminal coronary

30 angioplasty, stroke, and abdominal aortic aneurysms; cerebral edema secondary to
stroke; cranial trauma, hypovolemic shock; asphyxia; adult respiratory distress syndrome;
acute-lung injury; Behcet's Disease; dermatomyositis; polymyositis; multiple sclerosis
(MS); dermatitis; meningitis; encephalitis; uveitis; osteoarthritis; lupus nephritis;
autoimmune diseases such as rheumatoid arthritis (RA), Sjorgen's syndrome, vasculitis;

35 diseases involving leukocyte diapedesis; central nervous system (CNS) inflammatory

disorder, multiple organ injury syndrome secondary to septicaemia or trauma; alcoholic
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1A11 CDR H1 73 1A11 CDR H2 74 1A11 CDR H3 75 1A11 CDR L1 76 1A11 CDR L2 77
1A11 CDR L3 78 1All Heavy chain FR1 sequence 79 1All Heavy chain FR2
sequence W80 20AlNM7448avy chai n FR3 sequence 81 1Al11 Heavy PChlAiSpooBRBE31S€quence
82 1A11 Light chain FR1 sequence

hepatitis; bacterial pneumonia; antigen-antibody complex mediated diseases including
glomerulonephritis; sepsis; sarcoidosis; immunopathologic responses to tissue/organ
transplantation; inflammations of the lung, including pleurisy, alveolitis, vasculitis,
pneumonia, chronic bronchitis, bronchiectasis, diffuse panbronchiolitis, hypersensitivity
5  pneumonitis, idiopathic pulmonary fibrosis (IPF), and cystic fibrosis; psoriatic arthritis;
neuromyelitis optica, Guillain-Barre syndrome (GBS), COPD, type 1 diabetes, etc.

In particular, the antagonists of the present invention may be useful in the therapy
of multiple sclerosis, in all its forms, including neuromyelitis optica. Treatment with an
antagonist of the present invention is predicted to be most efficacious when administered

10 in the context of active inflammatory disease, i.e. when used in the treatment of clinically
isolated syndrome or relapsing forms of MS. These stages of disease can be defined
clinically and/or by imaging criteria such as gadolinium enhancement or other more
sensitive techniques, and/or other as yet undefined biomarkers of active disease.
Particularly, the antagonists of the invention can be used to treat RRMS (via intravenous,

15  sub-cutaneous, oral or intramuscular delivery) when the patients are entering or are in
relapse. In an embodiment, the antagonist of the invention is administered to the patient
at the onset of relapse, or within 1hr, 2hrs, 3hrs, 6hrs, 12hrs, 24hrs, 2 days, 3 days, 4
days, 5 days, 6 days, 7 days, 8 days, 9 days or 10 days from the onset of relapse.

The use of biomarkers such as CD127 expression and intracellular cytokine

20  staining (e.g. IL-17 staining) provides criteria for applying the therapeutic anti-CD127
binding protein. A subgroup of MS patients with increased Ty17 in their CD4+ T cells are
primary candidates for the treatment. In one embodiment the methods of treatment are
methods of the present invention are methods to treat those patients that express high
level of CD127 on their T cells, making them susceptible to anti-CD127 treatment.

25  Treatment with anti-CD127 may likely shorten the time of relapse and quicken the
attenuation of the clinical activities measurable by EDSS or MRI. Once the patients enter
remission, the treatment may be stopped to avoid complications such as the inhibition of
normal T cell development and homeostasis. The use of the anti-CD127 antibody may
also prolong the period between relapses and improve patients’ quality of life.

30 Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly used and understood by those of ordinary skill in the art.

The examples, and the materials used therein are for the purposes of illustration

only and are not intended to be limiting.
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83 1A11 Light chain FR2 sequence 84 1A11l Light chain FR3 sequence 85 1All
Li ght chain FR4 sequence 86 1Al1 Phage epitope region 1 87 1A11 Phage

epi t ope rwgQi2or/@748 1A11 Phage epitope regi on 3 89 GR34PHeEANR000/083186

vari able region 90 GR34 Light chain variable region 91 GR34 CDR Hl 92 GR34

DR H2 %Z)escription SEQ ID NO:
Human CD127 amino acid sequence 1
9B7 Heavy chain variable region 2
9B7 Light chain variable region 3
9B7 CDR H1 4
9B7 CDR H2 5
9B7 CDR H3 6
9B7 CDR L1 7
9B7 CDR L2 8
9B7 CDR L3 9
Epitope of SB/14 (171-187 mouse CD127) 10
Epitope of A7R34 (80-95 mouse CD127) 11
9B7 Heavy chain FR1 sequence 12
9B7 Heavy chain FR2 sequence 13
9B7 Heavy chain FR3 sequence 14
9B7 Heavy chain FR4 sequence 15
9B7 Light chain FR1 sequence 16
9B7 Light chain FR2 sequence 17
9B7 Light chain FR3 sequence 18
9B7 Light chain FR4 sequence 19
9B7 epitope by peptide ELISA 20
9B7 epitope by peptide ELISA 21
9B7 epitope by peptide ELISA 22
9B7 Phage epitope region 1 23
9B7 Phage epitope region 2 24
9B7 Phage epitope region 3 25
9B7 Consensus epitope region 1 26
9B7 Consensus epitope region 2 27
9B7 Consensus epitope region 3 28
6C5 Heavy chain variable region 29
6C5 Light chain variable region 30
6C5 CDR H1 31
6C5 CDR H2 32
6C5 CDR H3 33
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GR34 CDR H3 94 CGR34 CDR L1 95 GR34 CDR L2 96 GR34 CDR L3 97 GR34 Heavy
chain FR1L sequence 98 GR34 Heavy chain FR2 sequence 99 GR34 Heavy chain FR3

sequence WOQo@RAMdeavy chain FR4 sequence 101 WO PCT/US2009/053136

2010/ 017468PCT/ US2009/ 053136 GR34 Light chain FR1 sequence 102 GR34 Light

chain F SEEERRNSe 4
6C5 CDR L2 35
6C5 CDR L3 36
6C5 Heavy chain FR1 sequence 37
6C5 Heavy chain FR2 sequence 38
6C5 Heavy chain FR3 sequence 39
6C5 Heavy chain FR4 sequence 40
6C5 Light chain FR1 sequence 41
6C5 Light chain FR2 sequence 42
6C5 Light chain FR3 sequence 43
6C5 Light chain FR4 sequence 44
6C5 Epitope by BlAcore 45
6C5 Phage epitope region 1 46
6C5 Phage epitope region 2 47
6C5 Consensus epitope region 1 48
6C5 Consensus epitope region 2 49
6C5 Consensus epitope region 3 50
6A3 Heavy chain variable region 51
6A3 Light chain variable region 52
6A3 CDR H1 53
6A3 CDR H2 54
6A3 CDR H3 55
6A3 CDR L1 56
6A3 CDR L2 57
6A3 CDR L3 58
6A3 Heavy chain FR1 sequence 59
6A3 Heavy chain FR2 sequence 60
6A3 Heavy chain FR3 sequence 61
6A3 Heavy chain FR4 sequence 62
6A3 Light chain FR1 sequence 63
6A3 Light chain FR2 sequence 64
6A3 Light chain FR3 sequence 65
6A3 Light chain FR4 sequence 66
6A3 Phage epitope region 1 67
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103 CGR34 Light chain FR3 sequence 104 GR34 Light chain FR4 sequence 105
R 34. 34 Epitope by Bl Acore region 1 106 R 34. 34 Epitope by Bl Acore region 2
107 R 34.802Epitiope by Bl Acore region 3 108 R 34.34 Epi POPpAISky0sBEAGer e
region 4 109 R 34 34 Ep| tope by Bl Acore regi on 5 110 R 34. 34 Phage epitope

reg| on 1 111 P han apltcpb ramni Fa¥al 2 12 q 24 Phann arnfnna

r egi on 3 Whage epltope reg?on 2 FegroR—=2—2—R-3 68 o 0T
6A3 Phage epitope region 3 69
6A3 Phage epitope region 4 70
1A11 Heavy chain variable region 71
1A11 Light chain variable region 72
1A11 CDR H1 73
1A11 CDR H2 74
1A11 CDR H3 75
1A11 CDR L1 76
1A11 CDR L2 77
1A11 CDR L3 78
1A11 Heavy chain FR1 sequence 79
1A11 Heavy chain FR2 sequence 80
1A11 Heavy chain FR3 sequence 81
1A11 Heavy chain FR4 sequence 82
1A11 Light chain FR1 sequence 83
1A11 Light chain FR2 sequence 84
1A11 Light chain FR3 sequence 85
1A11 Light chain FR4 sequence 86
1A11 Phage epitope region 1 87
1A11 Phage epitope region 2 88
1A11 Phage epitope region 3 89
GR34 Heavy chain variable region 90
GR34 Light chain variable region 91
GR34 CDR H1 92
GR34 CDR H2 93
GR34 CDR H3 94
GR34 CDR L1 95
GR34 CDR L2 96
GR34 CDR L3 97
GR34 Heavy chain FR1 sequence 98
GR34 Heavy chain FR2 sequence 99
GR34 Heavy chain FR3 sequence 100
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R 34. 34 Consensus epitope region 1 114 R 34.34 Consensus epitope region 2

115 R 34. 34 Consensus epitope region 3 116 CD127 Epitope region 1 117 CD127
Epi t ope rwQi2on/@7488 CD127 Epitope region 3 119 CD127 Epcrasecmosiion 4 120
CD127 Epitope region 5 121 CD127 Epitope region |la 122 CD127 Epitope region

2a 123 CD&&CL Eglhtt gH%‘?n I':'Igg isgqn e?ﬁ%e 102
GR34 Light chain FR2 sequence 103
GR34 Light chain FR3 sequence 104
GR34 Light chain FR4 sequence 105
R.34.34 Epitope by BlAcore region 1 106
R.34.34 Epitope by BlAcore region 2 107
R.34.34 Epitope by BlAcore region 3 108
R.34.34 Epitope by BlAcore region 4 109
R.34.34 Epitope by BlAcore region 5 110
R.34.34 Phage epitope region 1 111
R.34.34 Phage epitope region 2 112
R.34.34 Phage epitope region 3 113
R.34.34 Consensus epitope region 1 114
R.34.34 Consensus epitope region 2 115
R.34.34 Consensus epitope region 3 116
CD127 Epitope region 1 117
CD127 Epitope region 2 118
CD127 Epitope region 3 119
CD127 Epitope region 4 120
CD127 Epitope region 5 121
CD127 Epitope region 1a 122
CD127 Epitope region 2a 123
CD127 Epitope region 3a 124
CD127 Epitope region 4a 125
CD127 Epitope region 5a 126

Example 1: Characterization of monoclonal antibodies that bind to mouse CD127

Methods

1.1 Evaluation of commercially available mouse antibodies to mouse CD127 by using

FACS on pStat5 detection assay

In this example, we identified commercially available anti-mouse CD127
antibodies that inhibited IL-7-induced Stat5 phosphorylation (pStat5). Briefly, splenocytes

10 were prepared from C57B/6 mouse spleens by a standard protocol; CD4"™ T cells were
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cells were then washed two tines with PBS and anal yzed by flow cytopetry
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SB199 and the R&D systems antibodies could only inhibit Stat5-p partially at high
concentration.
SB/14 was also tested for its inhibition of IL-7-driven expansion of differentiated
25  Ty17 in vitro. Experimental autoimmune encephalomyelitis (EAE) was induced in mice by
immunization of myelin oligodendrocyte glycoprotein (MOG) as described in Example 3
below. CD4+ T cells were harvested from the spleens or lymph nodes of EAE mice and
were cultured in vitro in the absence or presence of IL-7 for 3 days. As shown in Figure
11C, IL-7 promoted the expansion of Ty17 cells, detectable by IL-17 intracellular staining.
30  Antibody SB/14 against mouse IL-7Ra but not a control IgG inhibited the IL-7-driven
expansion of Th17 cells.
The antibodies were also tested for the inhibition of TSLP-mediated pStat5 in
mouse thymocytes. CD4- cells in thymocytes expressed functional TSLP receptors and
were gated in the FACS analysis. As shown in Figure 1B, IL-7-induced and TSLP-
35 induced pStat5 was inhibited by SB/14 (BD) and A7R34 (eBio). Therefore, antibodies
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30 peptides were employed to predict possible epitopes of mouse antibody (phage peptide

mimotopes: antibody interaction site on the surface of the antigen mimicked by phage
peptide or a mimic of an epitope) (Geysen et al., 1986, a priori delineation of a peptide
which mimics a discontinuous antigenic determinant. Mol. Immunol., 23:709-715;
Luzzago et al., 1993, mimicking of discontinuous epitopes by phage-displayed peptides, I.

35  Epitope mapping of human H ferritin using a phage library of constrained peptides, Gene,
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20 4) Discard nonbinding phage and wash plates 10 times with TBST.
5) Elute bound phage with 300ul 0.2 M Glycine-HCI (pH 2.2), 1 mg/ml BSA and
neutralize with 45 yl 1 M Tris-HCI (pH 9.1) for further two rounds of biopanning.
6) Add the eluate to the inoculated E. coli. ER2738 culture and incubate at 37°C with
vigorous shaking for 4.5 hours. Centrifuged cultured supernatant then precipitate in
25 PEG/NaCl at 4°C for overnight.
7) Titer the resulting third round amplified eluate on LB/IPTG/Xgal plates. Plaques from

titering plates were used for DNA sequencing.

The biopanning procedure using fGWX10 phage displayed random peptide library:
30 The in house phage library, fGWX10, displaying 10-mer random peptide sequences was

constructed as described previously (Deng et al.,, 2004, Identification of peptides that

inhibit the DNA binding, trans-activator, and DNA replication functions of the human

papillomavirus type 11 E2 protein, J. Virol., 78: 2637-2641). Briefly,

1) Coat 100 ug/ml of each testing antibody (in 0.1 M NaHCO3;, pH 8.6) to the well of the
35 12-well plate and incubate overnight at 4°C with gentle agitation.

2) Inoculate one tube with 10 ml LB medium with E. coli K91. Incubate culture at 37°C
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El ute bound 300ul 0.2 M dycine SA into a
Tom cr ocent ARPGE e R ERUSHatitPal PRetieR 6 mikiesubbeareny ulzg fBothe [
further two dnﬁumdmn(ﬁntlbo@pﬁbmdlges)ﬁdr Thowrat he ano el TBS B datthior dixrtionasd

el uate usin te coli . K91 cells on LB/ Tet plates. Colony from
titering gThg %tz’r[\’%]\iw%eéﬁ%@nci ng. Store the renaining eluate at 4C. 15
1. 4Det er m)naetppo/rmmfedem G1o@e/ ionshiang (ditersiouse 04N hith 38y niyf BBET ohe dBaeed

bi ndi ng epit ti- se. CD127 anti bodi es r _nouse 27 re
nssessed. st A AR TP CTuT sy TieoRerPREL e darrrTes JR sfouse
CD127 anti badiherB3Tas 20 i nmobilized on a CVb bi osensor chip with a final

| evel of -1 R onse uni e ndar ] ne ¢ ing kit and
procedure?) %%§ E?QQ‘SE ﬂ’i?’haé c@%s'ﬂgﬁyﬁ@eﬁaléﬁngnzﬁl&é@m@% Mq%(?di um
chl orliode, 3 miMoEE)TtAfu@Bdulﬁb and Heutratize withads antt NP20is-H@IS pHSEd fersfurtbamiweg
buffer. Senso were .run against a reference cell that was
acti vat ed/ déglg?qasﬁtbg’(ﬁ)aﬂg'f'%g EDC/ NHS/ et hanol amine. 15 mers with 7
over | appig)g T&br ﬂmpﬁmaﬂmhﬂed tHitd7fdubCla I vakes esmgnrﬁdwwtaoeﬁ doyi K¥acgisadn SBfTence
peptide Bi oI and b hem ( Shanghai ), Ltd. .Each tide
Pen i eot e s TR Boe B PR REHET PR SR R0 S s (i ay S4BL) i .
Kd val ues wette@°cal cul ated using the Biacore evaluation software package.
The ns were carried out at 25C Table 1 shows epitope regions

r’rD1 m)]use 30ant i 0| ; BD Bi osci ences Cl one
SB/14 an' EFeHees SRILoDe AN dSeqnlibod\ by BlCares or pre of the
met hods phage pept| de I|br ary, pept| de ELI SA and Bi acore WO
2010/ 017468PCT/.US2009/ 05 136 Tabl f epito udi es
anti- mur | B G159 eRoen o e e S037% SApaHe Rr ridlst W17 WeteSoseSbed

using a Biacore T100 system (GE Healthcare). Briefly, anti-mouse CD127 antibodies was

20  immobilized on a CM5 biosensor chip with a final level of ~100 RU (response units) using
the standard amine coupling kit and procedure. HBS-EP buffer pH 7.4 (consisting of 10
mM HEPES, 0.15 M sodium chloride, 3 mM EDTA and 0.005% v/v surfactant P20) was
used as running buffer. Sensograms were run against a reference cell that was
activated/deactivated using EDC/NHS/ethanol amine. 15 mers with 7 overlapping
25 peptides of IL7TR ECD were synthesized by Shanghai Science peptide Biology
Technology, and by GL Biochem (Shanghai) Ltd. Each peptide was injected at various
concentrations for 120s at a flow rate of 30uL/min. Kd values were calculated using the
Biacore evaluation software package. The runs were carried out at 25°C.
Table 1 shows epitope regions of mouse CD127 (NP_032398) for two mouse
30 antibodies, BD Biosciences Clone SB/14 and eBiosciences Clone A7R34 that identified
by one or more of the methods phage peptide library, peptide ELISA and Biacore
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Ant i body

171- PARGESNWIHVSLFHTR- 187 (SEQ I D NGO 10) Al A
80- VKCLTLWHRLQDI0YHGK- 95 (SEQ | D NO 11) N D Al

Mouse epitope Bl Acore Phage |library Peptide ELI SA SB/ 14
A7R34
N D 5 Examplras2009@s3186 at i on

of nonoclonal antibodies that bi nd to human CD127 (hCD127)
Monocl on odies ( S uce rally in
Notor danatatfy 1t BRfmSny oF ettt f m%"b%ei?ﬁ%"ﬂ Bfgies SEREGR0LY &
Labor at Or\ylAIVM“da ("nI r~I Qprl ng Har hnr | thr ator y’ 10ARt I nnr\ u)ed to
gener at e I»mbbéd:jonlaﬂsusme;butmdeng 9B7 and 6C5 was EHAdornre Phageec rﬁnptiaelt human
CD127 extracell u ar dOITB.I n (ECD) Fc (R&D Systems #306- “B) on@r' ;;\i ng am no

1 g Vake) P C‘ NNl 1) o~ n P ary LI
aci d 21- 262 of hprman—Cb127 Ho—No- Ny Antigen—used—to 18]
hybr i domaSB/ el ud‘lh‘gPBRQE@WVTLH‘SKSLWdERd&Zonstr ct conhtainind-the full ECD
of CD127|(am no pgsds BNE1®)of SEQ 1D NO 1).| 15Bal bfc mce were prined and
bOOSt ECI Ly I mtTraperT tonedal 1] ect I (01 4] WI LII /-\IILI [S18] I 4]

A7TR34 80-VKCLTLNKLQDIYFIK-95 I\II N N/D
(SEQ ID NO:11)
5 Example 2: Generation of monoclonal antibodies that bind to human CD127

10

15

20

25

(hCD127)

Monoclonal antibodies (mAbs) were produced by hybridoma cells generally in
accordance with the method set forth in E Harlow and D Lane, Antibodies a Laboratory
Manual, Cold Spring Harbor Laboratory, 1988.

Antigen used to generate hybridomas including 9B7 and 6C5 was a dimeric
recombinant human CD127 extracellular domain (ECD)-Fc (R&D Systems #306-IR),
comprising amino acid 21-262 of human CD127 (SEQ ID No:1). Antigen used to
generate hybridomas including 6A3 and 1A11 was a construct containing the full ECD of
CD127 (amino acids 21-219 of SEQ ID NO:1).

Balb/c mice were primed and boosted by intraperitoneal injection with Antigen in
FCA or FIA (Sigma-Aldrich, #F5881, #F5506) (1:1; vol:vol).

animals were harvested and fused to SP/0 myeloma cells to generate hybridomas.

Spleens from responder

Hybridomas of interest were monocloned using semi-solid media (methyl cellulose
solution) and manually picked up into 96-well plate. The hybridoma supernatant material
was screened for binding to CD127ECD using ELISA, CHO-CD127 transfected cell FACS,
pStatds FACS and BlAcore T100 (results shown below).

Selected purified mAbs (isolated from hybridoma supernatants 9B7, 6C5, 6A3 and
1A11) were tested for inhibition of IL-7 induced IFN-y and IL-17 in a Ty17 expansion
assay. In addition, commercially available anti-hCD127 R34.34 was shown to inhibit IL-7
induced IFN-y and IL-17 in a Ty17 expansion assay and was also selected for further

analysis.
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FCA or FIA (Sigma-Aldrich, #F5881, #F5506) (1:1; vol:vol). Spleens from
responder ani mals were harvested and fused to SP/0 nyeloma cells to
gener at e Wohkwiodamss. Hybri domas of interest were nonocl @ogaSe@90§3136
sem -solid nedia (nethyl cellulose solution) and manual | y picked up into

96- wel | at%%. The hybri doma supernatant material 20was screened for

bi ndi ng t #57ecD usi ng ELI SA, CHO CD127 transfected cell FACS, pStath
FACS and Bl Acore T100 (resul ts shown bel ow). Sel ected purified mAbs
(i sol at eo 6A3 and 1A11) were tested

for inhi Bt i a TH17 expansi on assay.
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ot e HEEEI3sE PR s oA s i BntdothvaT b8 ELTSA S Sbyely

acr oss t hsing BVIB subdteatd. Reslultofor tiengB Migybridsme aupeinathnbyretsheah e Rigu 2.h a

hor se-radi sh peroxi dase (HRP) -conjugated goat-anti-nouse |1gG anti body. The

ELI SA was devel oped using TMB substrate. Results for the 9B7 hybri doma
superlfat gn2 ar FlustesuendenAdiivated €el Soltihd. (BRICSoaasiggnce Acti vated Cel | Sorti ng

Lo o) ) e Mg ranstedtd HO B e S et G S v tBinh T BS: e

at_1pg/ mhybdorda lso.gwmwam chpuRiEd b RBGS(RARGHIULT ehbur Gk k% RESen B
t t t t
pos {1 ve (EORITeORGRI I Bt FENEE 1 ASUHDRITOS Coamreo R s s iadrea 1 n

FACS buf famiti-raunchnt h)@12§t posited worittol JR34138i Dendrities | 196G ADBEXAZ68). s@ellendeurey

ant i dy 1: itr #13-A11017 Af ter hi i buf fer,
ol | e isRAd m S8 HHrREAR 1hLa o bR A b ok 10RATERRebd spédiantny
ant i body ammbo@homom (infitrggereind. #23-Af ndri )i Aftenwashirld-in FPACSWuEEedeld Were
receptor si naIIe t at hor lat{o oB7 frost Frozen PBMCs the
i oht berSPEoRhd B3R (ARFF S Ter ddt b ReaHiS B AP B] G BRRGPGS BHIL 1 ng
10% of FBSgdrer3.recovering. For screening functional antibody to CD127,
hybridoma culture medi um positive control antibody (R34. 34 Dendritics

I nc) at . _ .

W th 5x1F M :
The Qbtreated Mtdss szee Pcﬁmuymdn@ﬁ teefore Hige bmelngretnt;r@dée@maﬂherrwthFé\/lll L-7

the-cont r LT esﬁﬁta'gn"f‘nsgaﬁt%%%i B 6 B Frma s ost ol Ao Ry o
| L-7 for QBTﬁ?nthmdo’h?aCculﬁ}Edz Ineediune nposiive donikeldantib6dy (R34p34, a'jemdrrbxtsdlahydta/ PBS
Lot 20 ol G20, BESAERRL AP eSO FEIMIRL A 3 T0°Bellr,
with 7ul c@ﬂs mrémanr(‘sélﬂefﬁﬁlsaibmldtleg witht ingm3Btcdi15 7 aTite bmtclgate(oB@llllmelaeaig&si I nc
#Rgiﬁlégs 38 {hgé:}a roug sv%na rrﬁleallr]L?}e¥r2a%do(§]ellsB I:\)/vel‘rg F\;e%%sFﬁA‘e%%tl\'/en%E)ﬁtlrjqﬂeRher
30mins’ incubation with the controls or testing samples, the cells were stimulated with
1ng/ml of IL-7 for 15mins at 37°C. Cells then were fixed 1.6% of paraformaldehyde/PBS
for 10min at 37°C and were permeabilized in 100% methanol for 20-30 mins. Cells then
were washed twice in stain buffer (1% BSA in PBS) and stained with 7ul of Alexa-647
30 labelled anti-pStat5 antibody (BD Biosciences Inc #612599) for 1hr. Samples were

analyzed on BD LSR Il FACS instrument. Results for 9B7 are shown in Figure 4.

An optimised process was used to utilised for antibodies R34.34, 6A3, 1A11 and
6C5, as described in Section 3.19.
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An optim sed process was used to utilised for antibodi es R34.34, 6A3, 1Al1
and 6C5, as described in Section 3.19. WD 2010/ 017468PCT/ US2009/ 053136
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anti bodi e ected at variqus concentrations t ow rate
ant Lot 5t % Sulytb SpbRe By WL B HOR SR PE RS R g Bk
pH2. 5. Kd4vahrke40 hereepaaivelyl at ed usi ng the Biacore eval uation software
package. The runs were carried out at 25C. 5 Table 2. - Kinetic data for
supernatant material of 9B7. The run was carried out at 37C.

30 2.5 Determination of kinetics of binding by surface plasmon resonance

The binding kinetics of anti-CD127 antibodies for human CD127 was assessed
using a Biacore T100 system (GE Healthcare). Briefly, recombinant human CD127 ECD
was immobilized on a CM5 biosensor chip with a final level of ~100 RU (response units)
using the standard amine coupling kit and procedure. HBS-EP buffer pH 7.4 (consisting

35 of 10 mM HEPES, 0.15 M sodium chloride, 3 mM EDTA and 0.005% v/v surfactant P20)

was used as running buffer. Sensograms were run against a reference cell that was
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Anti body Ka Kd KD (M 9B7 8. 09E+04 4.50E-05 5.56E-10 The isotype of 9B7
was determned to be IgGL with a kappa |ight chain constant region. 10 The
fol | owi ngvasseyoimss used t o eval uate the binding kineti esTafS2em05318D127
anti bodi es 605, 6A3, 1Al11 and GR34. Antibody kinetics were assessed using a
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a final lwrelinjedted 2008DUBUYONt@R GOS0 )t WFiongratehef Judndiar Tha@htigen

coupling kit and procedure. HBS-EP fer 1 . consisting, of .10 mM
ripes |0 SHEbRRL Bl HeeAr Gl 4o eIl FTasoRe HGOES ke Eetleiss) s
used as rusimy thg BixtbfeedvaluStios egihedrs paekael Tine agaiwise carricgfoat &rgseCcel |t hat
was bl.ank i nmmobilized using EDC/ NHS/ et hanol am ne. For |igand capturing,
25nM of 605 was i njected over the chip surface for 30 s at 10pL/mn.

Anal yt es Tabte anbiKinetic Hataefor €bperhateid)material bheB7.i THeenirewas cavided outat
concentragg ns for 500 s 20at 30 pL/m n. The sensor chip surfaces were
regener at d“with 10 nv G ycine-HCl, pH 1.7. Kd values were cal cul ated usi ng

t he Bi acomatidealuatii on St ware p@ckage.Kﬁzm)e . Kinetics data for 6C5 and

6A3 ka ’I/I\/I:) d (1/Q) KD (M 6C5 1 7
9B7 8.09E+04 | 4.50E-05 | 5.56E-10

The isotype of 9B7 was determined to be IgG1 with a kappa light chain constant region.
10 The following assay was used to evaluate the binding kinetics of anti-CD127
antibodies 6C5, 6A3, 1A11 and GR34. Antibody kinetics were assessed using a Biacore
T100 system (GE Healthcare) with a reaction temperature of 25°C. Rabbit anti-mouse
IgG antibody was immobilized on a CM5 biosensor chip with a final level of ~10000 RU
(response units) using the standard amine coupling kit and procedure. HBS-EP buffer pH
15 7.4 (consisting of 10 mM HEPES, 0.15 M sodium chloride, 3 mM EDTA and 0.005% v/v
surfactant P20) was used as running buffer. Sensograms were run against a reference
cell that was blank immobilized using EDC/NHS/ethanol amine. For ligand capturing,
25nM of 6C5 was injected over the chip surface for 30 s at 10uL/min. Analytes
(recombinant human CD127 ECD) were then injected at various concentrations for 500 s
20  at 30 yL/min. The sensor chip surfaces were regenerated with 10 mM Glycine-HCI, pH

1.7. Kd values were calculated using the Biacore evaluation software package.

Table 3. Kinetics data for 6C5 and 6A3

ka (1/Ms) | kd (1/s) | KD (M)
6C5 1.79E+04 | 4.36E-04 | 2.44E-08
6A3 1.80E+04 | 1.46E-04 | 7.74E-09
1A11 - 2.51E-04 | 3.44E-09
GR34 - 8.75E-04 | 15.3E-09

25 2.6 Antibody Profile Summary

Antibody 9B7 was found to bind tightly to CD127 with a dissociation constant of
556 pM. It was also capable of partially blocking the binding of IL-7 to CD127, correlating
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4. 36E-04 2.44E-08 6A3 1.89E+04 1.46E-04 7.74E-09 1A11 - 2.51E-04 3. 44E-09
GR34 - 8.75E-04 15.3E-09 252.6Antibody Profile Sumrmary Ant i body 9B7
was founawoceotwmaesi ghtly to CD127 with a dissoci ati on ecmasacmw/06§13656 pM
It was al so capable of partially blocking the binding of IL- 7 to CD127,

Cor el o e U0, AT OB RCT LROROL R0 LR L2 T
Ant i body (6@5re(4n)ouse I gGl) was determined to inhibit pSTATS signalling with
an 1 050 of 50 rﬁ%ody 6C5 (mouse IgG1) was determined to inhibit pSTAT5 signalling with an
ICsq Of 50 pg/ml.
5 Antibody 6A3 (mouse IgG1) was determined to inhibit pSTAT5 signalling with an
ICs0 of 0.099ug/ml in the assay described herein. It had an affinity for the IL-7Ra EDC of
7.99nM (KD) and a Kd of 3.34x10™. It was capable of binding to IL-7Ra expressed on
CHO with an ECsg of 0.19ug/ml, and blocked IL-7/IL-7Ra with an ICs, of 1.92 ug/ml. 6A3
was determined to bind to amino acids within CD127 epitope regions 2, 3, 4 and 5 (SEQ
10 1D NOs:118-121).
Antibody 1A11 (mouse IgG1) was determined to inhibit pSTATS5 signalling with an
ICs0 of 0.088ug/ml in the assay described herein. It had an affinity for the IL-7Ra EDC of
3.44nM (KD) and a Kd of 2.51x10™. It was capable of binding to IL-7Ra expressed on
CHO with an ECs of 0.16ug/ml, and blocked IL-7/IL-7Ra with an 1Cs of 1.79 ug/ml.
15 1A11 was determined to bind to amino acids within CD127 epitope regions 2, 3, 4 and 5
(SEQ ID NOs:118-121).
Antibody GR34 (mouse 1gG1) was determined to inhibit pSTATS signalling with an
ICsq of 0.22ug/ml in the assay described herein. It had an affinity for the IL-7Ra EDC of
15.3nM (KD) and a Kd of 8.75x10™. It was capable of binding to IL-7Ra expressed on
20 CHO with an ECs of 0.27ug/ml, and blocked IL-7/IL-7Ra with an ICs, of 2.29ug/ml. GR34
was determined to bind to amino acids within CD127 epitope regions 2, 3, 4 and 5 (SEQ
ID NOs:118-121).
Commercial antibody R.3434 (Dendritics) was determined to inhibit pSTATS
signalling with an ICsy of 0.67ug/ml in the assay described herein. It had an affinity for the
25  IL-7Ra EDC of 7.74nM (KD) and a Kd of 1.46x10™. It was capable of binding to IL-7Ra
expressed on CHO with an ECs, of 0.01ug/ml, and blocked IL-7/IL-7Ra with an 1Csp of
1.38ug/ml. R.3434 was determined to bind to amino acids within CD127 epitope regions
2,3,4and 5 (SEQ ID NOs:118-121).

30 27 Sequencing of Variable domains

271 9B7
Total RNA was extracted from pellets of 2x10” 9B7 clone cells using the Oligotex
Direct mRNA Kit from Qiagen according to the manufacturer’s instruction. The reverse
35  transcription of mMRNA to ¢cDNA was performed with ImProm-II"™ Reverse Transcription

System (Promega) according to the manufacturer’s instruction with conventional primers
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epi tope nes3g GBEQDH NB.2) and 5 (SEQ I D NGs: 118-121). 302. 7Sequenci ng of

Var i alsl e domains 2.7.1 9B7 Total RNA was extracted frompellets of
2x10 9B7 clone cells using the Aigotex Direct nRNA Kit from Q agen
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MRNA t o cDNA erfornmed,w r IM Reverse Transcription System
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for each hybri by sequ | i dat abase 5 searchi ng and

al i gnment wi t h@%ﬁ?\%%ﬁ%‘ﬂ@%ﬁ%ﬁﬁ@ﬁ%ﬂ%gﬁge sequences |isted in KABAT
(Kabat, HERY sedlincet MDYWREIGTTVI/SS (SEDID&OT8s), K S., Foeller, C, 1991.
Sequences of proteins of Imrunol ogical Interest, 5th edition, US Departnent

of Health and Human Services, Public Health Service, N H).
Rearranged Vk of mAb 9B7 used a V segment of the IGKV8 family

25 DIVMTQTPSSLTVTAGEKVTMSCKSSQSLLNSGNRKNYLTWYQQKPGQSPKLLIYWAS
TRESGVPDRFTGSGSGTDFTLISSVQAEDLAVYYCQNDYTYPFTFGSGTKLEIKR (SEQ
ID NO:3)

FR1 sequence: DIVMTQTPSSLTVTAGEKVTMSC (SEQ ID NO:16)
30 CDR1 sequence: KSSQSLLNSGNRKNYLT (SEQ ID NO:7)
FR2 sequence: WYQQKPGQSPKLLIY (SEQ ID NO:17)
CDR2 sequence: WASTRES (SEQ ID NO:8)
FR3 sequence: GVPDRFTGSGSGTDFTLISSVQAEDLAVYYC (SEQ ID NO:18)
CDRS3 sequence: QNDYTYPFTFGS (SEQ ID NO:9)
35 FR 4 sequence: GTKLEIKR (SEQ ID NO:19)
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10 The consensus sequence of mAb 9B7 was: Rearranged VH of mAb 9B7 used a V
segnent of the Igh-VQ@2 VH2 famly. QVQ.QESGPGLVAPSQSLSI TCTVSGFS

L SRYNVHWARQRPB/H@ 68 EW.GM WDGGST PCT/US2009/053136
DYNSALKSRL SI TKDNSKSQVFLKIMNSLQTDDTAMYYCARNRYESGVDYWSQGT TVT VSS (SEQ | D NO. 2)

sequence CHANATSEReD Ner ) (9 JBHEREE U uRerRt ALY STV SRS 13)

CDR2 sequeﬁal&le riybVRCASTRYINGAL Kight Sf=lh VBYidkR: 5¢giad) FR3Fseguenc esgion. CDR:

RLSI TK FLKI\({NS@@TPDTAWYCAR SEQ I D NO 14) CDR3 sequence: NRYESG ( SEQ
| D NO 6) §RGUEH Wﬁﬁﬁ?%vss (SEQ | D NO 15) Rearranged Vk of mAb

9B7 used a V segnent of the IGKV8 famly 25

Dl VMI_(—,%T D%‘Lfés (@KVTNBCKSSQSLLNSG\IRKNYLTVWQ](PGQSPKVWV\AS
TRES DFTLI | SSVQAEDLAVYYCQNDYTYPFTFGSGTKLEI KR ( SEQ | D NGO 3)

FR1 sequence: TheVBSSIBRHESINIASSHKMTivREd (t5EQvE Rh&IEbIbG)ing3 O€RIplarsE lighe nehaln

KLLI'Y (SEQ I D
NG £7) _CORD" QBT A RRELO St P AP By OPRe SOIGTE GO |
GVPDRFTGSGSGTIDFTLI | SSVQAEDLAVYYC (SEQ I D NG 18) CDR3 sequence:
Q\DYTYPFTEGS 35F sequence: GTKLEI KR (SEQ I D NG 19) WO
2010/0174%%3&?’682 I\tl’g%%%"(’ggésregi ons are in bold. Ig gene:
I muriogl abwKLiLE SEBEL VEPIG GRUKLBOHMA SGFARS AWIMS WAARQABGKGLEYVIGEINRDSSANt | body

Lont_ehalruark Rk s SNy TGRS R ARL B PBRRUGRETTOT

determn
SS (SEQ ID NO:29)

FR1 sequence: EVKLLESGGGLVQPGGSLKLSCAASGFAFS (SEQ ID NO:37)
15 CRDH1 sequence: AYWMS (SEQ ID NO:31)
FR2 sequence: WVRQAPGKGLEWIG (SEQ ID NO:38)
CDRH2 sequence: EINPDSSTINCTPSLKD (SEQ ID NO:32)
FR3 sequence: KFIISRDNAKNTLSLQMNKVRSEDTALYYCAR (SEQ ID NO:39)
CDRH3 sequence: RLRPFWYFDVW (SEQ ID NO:33)
20  FR4 sequence: GAGTTVTVSS (SEQ ID NO:40)

Light chain variable region of 6C5

DVLMTQTPLSLPVSLGDQASISCRSSQSIVQSNGNTYLEWYLQKPGQSPKLLIYKVSNR

FSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCFQGSHVPRTFGGGTKLEIK (SEQ ID
25 NO:30)

FR1 sequence: DVLMTQTPLSLPVSLGDQASISC (SEQ ID NO:41)
CDRL1 sequence: RSSQSIVQSNGNTYLE (SEQ ID NO:34)
FR2 sequence: WYLQKPGQSPKLLIY (SEQ ID NO:42)
30 CDRL2 sequence: KVSNRFS (SEQ ID NO:35)
FR3 sequence: GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC (SEQ ID NO:43)
CDRL3 sequence: FQRGSHVPRT (SEQ ID NO:36)
FR4 sequence: FGGGTKLEIK (SEQ ID NO:44)
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The 605 anti body was determ ned to have the follow ng heavy and |ight chain
vari able regions (the CDRs of 605, according to Kabat, are shown in bold):
Heavy chawo 2oaviiadsBe regi on of 6C5 10 PCT/US2009/053136
EVKLLESGGEL VQPGGSL KL SCAASGFAFSAYWVBSVWRQAPCGKGLEW CGEI NPDSSTI

NCT PSLKD@:J/ 58 KNTL SLQWNKVRSEDTAL YYCARRLRPFWYFDVWGAGTTVTV SS (SEQ | D

NO 29) " YF equence: EVKLLESGGGE.VQPGGSLKLSCAASGFAFS (SEQ | D NO 37)
15CRDHL sequeriie: 64AY \AkbddSEad Defdondidy tbR2ve afel éolosvind/ WESWPEAligH dBa(n"SEQ | D

NG 38) CDRHZ sequenc P NCTPSLK! | D NO 32) ,FR3 sequence:
KFI | sm@&ﬁ‘*ﬂ&%ﬂﬁ&@&%ﬁﬁ?ﬁé&% FoER 'WQBO%E%)QF%%I%!@ 'égaﬁince: RLRPFWFDVW
(SEQ I D NO 33) 20 FR4 sequence: GAGITVTVSS (SEQ I D NO 40) Light chain

vari ahl e re on of 6
DVL Nrr%TPL"é‘L %5%“ QEBRBINT YL EVWL QKPGQSPKLLI YKVSNR
stpwmmpmwmmwmﬁmmmwmﬁwmmmmsnm FRL

oS! VBN | R Sy s L et ATt R erg v

NG 42) 3EDRER Ipavpsnge: KVSNRFS (SEQ | D NO 35) FR3 sequence:
GVPDRFSGSGSGTDFTLKI SRVEAEDLGVYYC (SEQ I D NO 43) CDRL3 sequence: FQGSHVPRT
(SEQ I D NO: 36) FR4 sequence: FGGGIKLEI K (SEQ I D NO 44) WD
2010/1017ZFEF8P£§E7’UUS&QQB/@ECEQ@PGLVKBS@&BSLTCTVTGYBEI’ GED HNNOSE)Yy was

(the Core of A acedatrge RN EE T NOSA0N 1 R hol o) - sheavy chain
vari abl e FRYs«auente: HARQFPGNKLEWMG (SEQ ID NO:60)
CDRH2 sequence: YIFYSGSTTYTPSLKS (SEQ ID NO:54)
FR3 sequence: RISITRDTSKNQFFLQLNSVTTEDTATYYCAR (SEQ ID NO:61)
15 DRH3 sequence: GGYDVNYF (SEQ ID NO:55)
FR4 sequence: DYWGQGTTLTVSS (SEQ ID NO:62)

Light chain variable region of 6A3
DIQMTQSPASQSASLGESVTITCLASQTIGAWLAWYQQKPGKSPQLLIYAATRLADGVP
20 SRFSGSGSGTKFSFKISSLQAEDFVSYYCQQFFSTPWTFGGGTKLEIK (SEQ ID NO:52)

FR1 sequence: DIQMTQSPASQSASLGESVTITC (SEQ ID NO:63)
CDRL1 sequence: LASQTIGAWLA (SEQ ID NO:56)
FR2 sequence: WYQQKPGKSPQLLIY (SEQ ID NO:64)
25 CDRL2 sequence: AATRLAD (SEQ ID NO:57)
FR3 sequence: GVPSRFSGSGSGTKFSFKISSLQAEDFVSYYC (SEQ ID NO:65)
CDRL3 sequence: QQFFSTPWT (SEQ ID NO:58)
FR4 sequence: FGGGTKLEIK (SEQ ID NO:66)

30 274 1AN1

The 1A11 antibody was determined to have the following heavy and light chain

variable regions (the CDRs of 1A11, according to Kabat, are shown in bold):

VH of mAb 1A11
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DVQLQESGPGELVKPSQSLSLTCTVTGYSI TTDYAVWAW RQFPGNKLEWMGY! FYSGSTT

YTPSLKSRI SI TRDTSKNQFFLQLNSVTTEDTATYYCARGGYDVNYFDYWSQGTTLTVS S (SEQ I D

NO 51) 10wBRbiwamsence: DVQLQESCGPGLVKPSQSLSLTCTVTGYSI T PEE@SkINER130Q) CRDHL
sequence: TDYAWN (SEQ I D NO 53) FR2 sequence: W RQFPGNKLEWMG ( SEQ | D NGO 60)

RI SI %RE?W%%%@%@RW&%E’%%@%@é’%’%@@%@ﬁ@ﬁ@g’%@%VWF
( SEQ |b :DePﬁrYIGGD(FKBKAﬂ'eIWAKSBSTDYMHI%[[‘[S’E’ISSA(/SEQAHGDGNBW)YFDVVILGQEHTTWai n
E?%@PA%@@%@LASQTI GAW. AW QQKPGKSPQLLI YAATRLADGVP 20
SRFSGSGSGTKFSFKI SSLQAEDFVSYYCQOFFSTPWIFGGGTKLEI K ( SEQ | D NO. 52) FRL

seque I
CASOTRGAVTA (81> NG GO P e LGRS SHb PR PER oD S | D N 64)
25CDRL2 sEbRENcequedREAIMNSERA ID NO:73Y) FR3 sequence:
GVPSRFS GTKFSFKI ‘\?) CDRL3 sequence: QQFFSTPWI
(SEQ I D %q“ﬁﬁae ?&&E@%Q@ gé)é(q D NO 66) 302.7.4 1Al1
The 1A11 anti heoiRH2Bsqukeicer INNPYNGIT SVN@KFKESEQI IDav®:7g) heavy and | i ght
chain vard le re . e shown in
bol d) : thf g%%}g’*mf%@égﬁ 8%@%’8‘@%%&'%8%5“0 &)
EVQQQS@ELLKIE@@NKBS@%S@\GBG@YWW\WEZSMM GLI NPYNGVT SYNQKFKG KAT
LTVAKSSST. LLSLT GITVT VSS (SEQ ID NO 71) 5 FR1
sequence: % é@é@%ﬁ%@%&ﬁ% | D NO 79) CDRHl1 sequence:
GYTWN (SEQ I D NGO 73) FR2 sequence: WKQSHGKNLEW G (SEQ | D NG 80)

Vk of mAb 1A11

EIVLTQSPAITAASLGQKVTITCSASSSVTYMHWYQQKSGTSPKPWIYEISKLASGVPVR

15 FSGSGSGTSYSLTISSMEAEDAAIYYCQEWNYPYTFGGGTKLEIK (SEQ ID NO:72)

FR1 sequence: EIVLTQSPAITAASLGQKVTITC (SEQ ID NO:83)
CDRL1 sequence: SASSSVTYMHW (SEQ ID NO:76)
FR2 sequence: YQQKSGTSPKPWIY (SEQ ID NO:84)
20 CDRL2 sequence: EISKLAS (SEQ ID NO:77)
FR3 sequence: GVPVRFSGSGSGTSYSLTISSMEAEDAAIYYC (SEQ ID NO:85)
CDRL3 sequence: QEWNYPYTF (SEQ ID NO:78)
FR4 sequence: GGGTKLEIK (SEQ ID NO:86)

25 275 R3434
R3434 is commercially available from Dendritics, Inc. In-house sequence analysis
of in-gel digested protein involved N-terminal sequence analysis using Edman
degradation on an ABI Procise 494 automated protein sequencer (Applied Biosystems,
Foster City, Ca., USA), peptide mass fingerprinting and MALDI-LIFT-MS/MS sequencing
30  on a Bruker Ultraflex Il Maldi-TOF mass spectrometer and additional LC-ESI-MS/MS
sequencing on a Bruker HCT+ ion-trap mass spectrometer (both from Bruker Daltonics,
Bremen, Germany). The reverse engineered clone was named GR34, the sequence of

which is below.
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CDRH2 sequence: LI NPYNGVTSYNCQKFK (SEQ I D NO 74) FR3 sequence:
GKATLTVAKSSSTAYMELLSLTSEDSAVYYCAR (SEQ | D NO: 81) 10CDRH3 sequence:
GDGNY1NYFWOSEQ/dIDIGRIO; 75) FR4 sequence: DVWGAGTTVTVSS ( SEQUSDIOROSB2) VK
of mAb 1A11 El VLTQSPAI TAASLGQKVTI TCSASSSVTYMHWYQOKSGTSPKPW YEI SKLASGVPVR 15
FSGSGSGTSYSLTI SS D¢@| PYTFGGGTKLEI K (SEQ | D NO 72) FR1 sequence:
El VL TQSPATSPAREIS P ‘xps(é D NO 83) CDRL1 sequence: SASSSVTYMHW (SEQ | D
NO 76) FRV/GEQQSCRELVKOGAIFSBERASG Y(SHEG Y IMRNIANGE) S ROKDRER/| G EINRYSGITS

El SKLAS ( : R ( SEQ
D No: 55) RO LRSS B PR S A TG o Ry B 8 el e ¢
(SEQ I D 3 B8HQ IBROO® R3434 R3434 is comercially available from
Dendritics, Inc. In-house sequence analysis of in-gel digested protein

i nvol ved N-terni nal sequence anal ysis usi ng Edman degradati on on an ABI
Proci se 4RH satjuensd: &VQUANSGRESYHREASMKISORPEGYSFBI (SEXSIDEN®;98Fost er City,
Ca., USA), peptide mass fingerprinting and MALDI - LI FT- M5/ M5 sequenci ng 300n
a Bruker Utraflex Il Mldi-TOF mass spectroneter and additi onal

LC ESI - M5/ M5 sEREpequencorGETBNUKEQ 1IBAN®:92pn-t rap mass spectroneter (both

e CRAF RS O ERNLET A R ST ° °° N0t neered elone was

2010/1017468PCICIS2 66 QDb UINPRSGI TSYNAN FKHSER 1mAKO GR34
X SHCS

VNONERGATETVRERST KNPSRS A RS9 NS P80 1 0

NO 90) 5 FRl SeDR®BeqienEdGONGRENYF/ISERASVKICBBKASGYSFT (SEQ | D NO 98) CDRL
sequence:c GYTMN{ SEQWRCNE o BB SRR 0: JVKESHINLEWG (SEQ 1D N 99)

15 Rearranged Vk of mAb GR34
EIILTQSPAITAASLGQKVTITCSASSSVSYMHWYQQKSGTSPKPWIYEISKLASGVPARF
SGSGSGTSYSLTISSMEAEDAAIYYCQYWNYPYTFGGGTKLEIK (SEQ ID NO:91)

FR1 sequence: EIILTQSPAITAASLGQKVTITC (SEQ ID NO:102)
20 CDR1 sequence: SASSSVSYMHW (SEQ ID NO:95)
FR2 sequence: YQQKSGTSPKPWIY (SEQ ID NO:103)
CDR2 sequence: EISKLAS (SEQ ID NO:96)
FR3 sequence: GVPARFSGSGSGTSYSLTISSMEAEDAAIYYC (SEQ ID NO:104)
CDR3 sequence: QYWNYPYTF (SEQ ID NO:97)
25  FR4 sequence: GGGTKLEIK (SEQ ID NO:105)

2.8 Identification of 9B7 epitope by peptide ELISA

The epitope of the anti-hCD127 antibody 9B7 was determined by peptide ELISA

30 as before (1.2). The results of this mapping are shown in Table 3.
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10CDR2 sequence: LINPYSA TSYNQNFK (SEQ I D NO 93) FR3 sequence:
GKATLTVDKSSSTAYMELLNLTSEDSAVYYCAR (SEQ | D NO. 100) CDR3 sequence: GDGNY1NYF
(SEQ | D Nop2dyo/HR%BSsequence: DVWGAGITVTVSS (SEQ | D NG POT)USr@®9mBexnBé anged
Vk of mAb GR34

SGSCSOTSVEPIT AR RODIR YA PRI SRS P KEESfe ERISA using

sequence:dibhdé IRBPAI TAASLGQ<VTI TC (SEQ I D NO 102) 20CDR1 sequence

SASSSVSY AMN(CEN 1 N canlANnecAQ: Y SG CSDKW YV ([ CQF B !\‘0 103

R0 s eq RO S ASo (BTN U HAS  sequepsid 1D NOTZD ©

GVPARFSGS TT SSEEAEDANRRIQE I BER TKRANDGRO4 sECDIRBNOeguence: QYWNYPYTF
(SEQ I D NG 97) 25FR4 ssguence: GGGTKLEI K (SEQ I'D NO 105) 2.8ldentifi ca1t i on
of 9B7 epi|tope by pept'rde ELI SA The epitope of the anti-hCD127
anti body Y9ERegi@s3 det ermy IM(MNW}THI% ELT SA 30aseeioone: 4. 2). The resul ts
of this n’g_p_pJ_n_g_a_Leﬁ,_h_g_\m_Ln_'[a_b_l_e WD 2010/ 017468PCT/ 1US2009/ 053136

Table 4. shows three positive regions of hCD127 identified by peptide ELISA
using cl ong 9BYtEauhfdnbf Antiddd bridriaYsidebydr 685 SREORLIA. M by 2Bface plasmon

5 resonance (BlAcore)

15 mers with 7 to 8 overlapping peptides of CD127 ECD were synthesized by
Shanghai Science peptide Biology Technology, and by GL Biochem (Shanghai) Ltd. All
peptides were prepared by continuous-flow solid phase peptide synthesis. The peptides
10  were then biotinylated at the N-terminus of the peptide with a spacer Acp between the
peptide and the biotin moiety, i.e., biotin-Acp-peptide.
The binding of anti-CD127 antibodies to 15 mers synthesized peptide of human
CD127 was assessed using a Biacore T100 system (GE Healthcare). Briefly, anti-CD127
antibody was immobilized on a CMS5 biosensor chip with a final level of ~1000 RU
15  (response units) using the standard amine coupling kit and procedure. HBS-EP buffer pH
7.4 (consisting of 10 mM HEPES, 0.15 M sodium chloride, 3 mM EDTA and 0.005% v/v
surfactant P20) was used as running buffer. Sensograms were run against a reference
cell that was activated/deactivated using EDC/NHS/ethanol amine. 1uM peptides were
injected for 120s at a flow rate of 10uL/min. Data were analyzed using the Biacore

20  evaluation software package. The runs were carried out at 25°C.

Table 5 shows positive region for 6C5 and R34.34 antibody identified by BlAcore

6C5 Region 1 65 NTTNLEFEICGALVE 79 SEQ ID NO: 45

R34.34 Region 1 65 NTTNLEFEICGALVE 79 SEQ ID NO: 106
Region 2 80 VKCLNFRKLQEIYFI 94 SEQ ID NO: 107
Region 3 95 ETKKFLLIGKSNICV 109 SEQ ID NO: 108

Region 4 155 LQKKYVKVLMHDVAY 169 | SEQ ID NO: 109
Region 5 162 VLMHDVAYRQEKDEN 176 | SEQ ID NO: 110
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Regi on 2 84NFRKLQEI YFI ETKKFLLI GKS 105 SEQ ID NO 21 Region 3 171 QEKDENKWH
180 SEQ ID NO 22 2.9Determ nation of antibody binding epitope of 605 and

R 34. 34 byosurd@esspl asmon  5resonance (Bl Acore) PCTAISD@O®53MBe h 7 to
8 overlappi ng peptides of CD127 ECD were synthesized by Shanghai Science
pepti de oJIEfS 00 b GLB| ochem hnhal) Ltd. Al peptides

wer e prep y ynt hesis. The
pepti des 10vvere then bi otlnyl ated at the N-term nus of the peptide with a

spacer Acp bet t peptid t

by o 1 n- Acp- peptd tadict e BBRose 3 BF Rei-RED0F o B on IR OF Y 5 rer s

synt hesi m:ﬂapeptorejeswfiomuwan amﬂues%?assestMsAagnth acore T100 system
(CGE Healthcare). Briefly, anti-0D127 anti body was i nmobilized on a OMo

bi osensor chip with a final level of -1000 RU 15(response units) using the

st andar d 2ani.meB7oupl i ng kit and procedure. HBS-EP buffer pH 7.4 (consisting
of 10 mM HEPES, 0.15 M sodium chloride, 3 nmM EDTA and 0. 005% v/v surfactant
P20) was used as running buffer. Sensograns were run against a reference

cell that was mglgeVedpide dRM6éns(at KGubsde ehdibPot Wﬁoﬂi an@éntmea rfﬂ)m khé- M

peptides were injected for 120s at a flow rate of m n. wer e
anal yzed 82494y p?'ﬁt@eé'ib%tﬁ’ﬁé’r%‘é*@%glﬁﬁ‘?ﬂt@Ho%?R'WB?%OHHéP&@@ (Taltt'l"é“} uns were
carrijgd out at 25C. Table 5 shows positive region for 6C5 and R34. 34

ant i body | dentified by Bl Acore 6C5 Regl on .1 65 NITNLEFEI CGALVE 79.
Table 6 shows three positive regions of hCD127 identified by phage peptide library

using clone 9B7

Region 1 80 VKCLNFRKLQEIYFI 94 (SEQ ID NO:23)
Region 2 95 ETKKFLLIGKSNICV 109 (SEQ ID NO:24)
Region 3 170 RQEKDENKWTHVNLS 184 (SEQ ID NO:25)

Summary of epitope mapping by phage peptide display and peptide ELISA: three regions
15  were identified as potential epitopes of CD127 for 9B7 monoclonal antibody, as shown
below:
position 35 LDDYSFSCYSQLEVN 49 (SEQ ID NO:26);
position 84 NFRKLQEIYFIETKKFLLIGKS 105 (SEQ ID NO:27)
position 139 YREGANDFVVTFNTSHLQKKYVKVLMHDVAYRQEKDENKWTH
20 180 (SEQ ID NO:28)

2.10.2 6C5
Phage peptide mimotopes identified from the 2 random libraries predicted 2

possible discontinuous epitopes of antibody 6C5.

25
Table 7 shows 6C5 epitope regions identified by phage peptide library
Region 1 55 LTCAFEDPD 63 (SEQ ID NO:46)
Region 2 209 PDHYFKGFWSE 219 (SEQ ID NO:47)

Summary of epitope mapping by phage peptide display and peptide BlAcore:
three regions were identified as potential epitopes of CD127 for 6C5, as shown below:
30 Position 55 LTCAFEDPD 63 (SEQ ID NO:48)

Position 65 NTTNLEFEICGALVE 79 (SEQ ID NO:49)
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SEQ I D NO 45 R34.34 Region 1 65 NTTNLEFEI CGALVE 79 SEQ ID NO 106 Region
2 80 VKCLNFRKLQEI YFI 94 SEQ ID NO 107 Region 3 95 ETKKFLLI GKSNI CV 109 SEQ
| D NO 1080 2Regiiodss4 155 LQKKYVKVLMHDVAY 169 SEQ | D NO PLOAIS2009b3186 5 162
VLMHDVAYRQEKDEN 176 SEQ I D NO. 110

Position 209 PDHYFKGFWSEE 219 (SEQ ID NO:50)

2.10.3 R.34.34

5 Table 8 shows R34.34 epitope regions identified by phage peptide library

Region 1 65 NTTNLEFEICGALVEVKCLNFRKLQEIYFIETKKFLLIGK 104 (SEQ ID
NO:111)

Region 2 153 SHLQKKYVKVLMH 165 (SEQ ID NO:112)

Region 3 211 HYFK 214 (SEQ ID NO:113)

Summary of epitope mapping by phage peptide display and peptide BlAcore:
three regions were identified as potential epitopes of CD127 for R34.34, as shown below:
Position 65 NTTNLEFEICGALVEVKCLNFRKLQEIYFIETKKFLLIGK 104 (SEQ
10 ID NO:114)
Position 153 SHLQKKYVKVLMH 165 (SEQ ID NO:115)
Position 211 HYFK 214 (SEQ ID NO:116)

2.10.4 6A3
15 Phage peptide consensus sequence motif or mimotopes identified from the 2

random peptide libraries predicted discontinuous epitopes of mAb 6A3.

Table 9 shows 6A3 epitope regions identified by phage peptide libraries

Region 1 66 TTNLEFEICGAL 77 (SEQ ID NO:67)

Region 2 91 IYFIETKKFLLIGKSNICV109 (SEQ ID NO:68)
Region 3 152 TSHLQKKYVKVL 163 (SEQ ID NO:69)
Region 3 212 YFKGFWSEWSP 222 (SEQ ID NO:70)

20  Itis postulated that these regions may be closely neighbouring regions within an

important effector site of CD127, potentially involved in the site of IL-7 binding.

2.10.5 1A11
Phage peptide consensus sequence motif or mimotopes identified from the 2

25  random peptide libraries predicted discontinuous epitopes of mAb 1A11.
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WO 2010/ 017468PCT/ US2009/ 053136 2. 10 Predicti on of epitopes by biopanning

phage peptide display To predict the epitope of the anti-hCD127
ant i bodi e8Q 2ptvagetedi spl ay was carried out as before (SeeCirars2@9853166
anti bodi es 9B7, 605, R3434, 6A3 and 1Al1l. 2.10.1 9B7 Phage pepti de

consensu ti.f or, m not.opes 2 random epti de
li brari e?a%?qﬂfﬁﬁgwgﬂm £pitope regiot hage fef ries, b 2 6
ﬁ A L v'

shows thre ‘?%%rl i ve reg?% déi" &peptide |ilbrary

usi ng cl oner&ioh Regi on 1§@FNK§HBEW§6(@E@:ID p@@g@ EQ TD NO 23) Region|2 95
ETKKFLLI G4SNV 109 (SER 1D NQ 24) pgg. on 3 170 %KDENKWZI:MNI S 184 (SEQ I D
NO 25) Regiefas y of epPP bR RRPIF RGVISEVHRAYESH I N8 spl ay and pépti de

ELI SA: three regions 15Were 1dentifi ed as pO[ entiat _epit opes of —0D127 for

d fromtth.

9B/ ”Dnoq{igrzﬂ)%gtu%'ﬂ%d $at¥es@RgRI Wk r‘ibd&'ﬂng"ﬁa P QLEVN 49
(SEQIDNO posi tion 84 "NERKL YFIE LI KS' 1 $ IDN027
posi ti on IM9r WRE@NMWI@@WQ@@WMWD\YA@W@R@EN 0980 ( SEQ | D
NO 28) 2.10.2 605 Phage peptide m notopes identi f ied fromthe 2
random | ibraries predicted 2 possible discontinuous epitopes of antibody
605. 2.11 _ Antibody binding neutralizing assay by BlAcore

The assay was carried out using a BlAcore T100 system (GE Healthcare) with a reaction
temperature of 25°C. Recombinant human IL-7 was immobilized on a CM5 biosensor chip
10 with a final level of ~500 RU (response units) using the standard amine coupling kit and
procedure. HBS-EP buffer pH 7.4 (consisting of 10 mM HEPES, 0.15 M sodium chloride,
3 mM EDTA and 0.005% v/v surfactant P20) was used as running buffer. Sensograms
were run against a reference cell that was blank immobilized using EDC/NHS/ethanol
amine. 10 pg/mL recombinant human CD127 ECD was mixed with various concentrations
15  of anti-CD127 antibodies in separate vials and allowed to incubate for 30 min at 4°C.
These mixtures, as well as 10 yg/mL recombinant human CD127 ECD alone, were then
injected over the chip surface for 30s at 10 yL/min. After each injection the sensor chip
surfaces were regenerated with 10 mM Glycine-HCI, pH 2.0. At 100 ug/ml antibody 6C5
completely inhibited CD127-ECD binding to IL-7 on the sensor chip. The results for 6C5
20  are shown in Figure 13.

The assay was repeated for 6A3, using a Biacore T100 system (GE Healthcare)
with a reaction temperature of 25°C. Recombinant human IL-7 was immobilized on a CM5
biosensor chip with a final level of ~1000 RU (response units) using the standard amine
coupling kit and procedure. HBS-EP buffer pH 7.4 (consisting of 10 mM HEPES, 0.15 M

25  sodium chloride, 3 mM EDTA and 0.005% v/v surfactant P20) was used as running
buffer. Sensograms were run against a reference cell that was blank immobilized using
EDC/NHS/ethanol amine. 10 pyg/mL recombinant human CD127 ECD was mixed with
various concentrations of anti-CD127 antibodies in separate vials and allowed to incubate
for 1 hr at 4°C. These mixtures, as well as 10ug/mL recombinant human CD127 ECD

30 alone, were then injected over the chip surface for 60s at 10uL/min. After each injection
the sensor chip surfaces were regenerated with 10 mM Glycine-HCI, pH 2.0. At 10ug/ml
antibody 6A3 completely inhibited CD127-ECD binding to IL-7 on the sensor chip. The
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25 Table 7 shows 6C5 epitope regions identified by phage peptide library

Summary of epitope mappi ng by phage peptide display and peptide Bl Acore:

t hree regwonsinvmarssi dentified as potential epitopes of @DIABR2600/058686, as

shown bel ow. 30Position 55 LTCAFEDPD 63 (SEQ I D NO 48) Position 65

NTTNLEFEI LVE 7 4 010/ 1746 PCT/ 2009/ 136

Posi ti on "59/4'S Iﬂfﬁﬁ%‘@@ﬁurﬁl\g’b{ @EQ?(?EE) %%&n 919 6a|g%at§g a§iol 8% WO hows

R34. 34 eputiopd +Ryi(sarsple /R (ECBY by phage peptide library Summary of

epi t ope mappi ng by phage peptide display and peptide Bl Acore: three regions

were identified as potential epitopes of CD127 for R34.34, as shown bel ow

Posi t i on 5 NTHN¥L.doidetish MENVKCE NFRKLQEI YFI ETKKFLLI GK 104 ( SEQ 101 D NO 114)

P03|t|on 153 SHLQKKYVKVLMH 165 (SEQ I D NO 115) Position 211 HYFK 214 ( SEQ
N05116) 2.10.4 6A3 15Phage peptide consensus sequence notif or

m rmt opes i dercHOIGDN A7r oghist Were2prepacanane plaslked Ibly baokt im:&)epc@siimtoeplhate-

donti 11 TP DR G A8 FBPR AR Kol R vere thonReodReh L7 oGt

recombinant IL-7 in separated vials at 4°C for 30 min. After the incubation, anti-CD127

antibodies were added and the incubation continued for additional 30 min in 4% FCS in
10 DPBS (FACS buffer). Afterward cells were washed in FACS buffer 3 times and stained

with anti-mouse 1gG ALEXA488 secondary antibody at 1:2000 dilution (Invitrogen Inc.

#13-A11017). The cells were then washed 3 times in in FACS buffer and were analyzed

in LSR Il (BD Biosciences Inc.).

While increasing concentration of IL7, the binding of 6A3, R34.34 or 6C5 to CHO-

15 CD127 is decreased, indicating binding competition of these antibodies with IL-7 to

CD127 expressed on CHO cells (Figure 14 shows the result obtained with 6C5, Figure 17

shows the result obtained with 6A3). The effect on 9B7 binding was less marked,

indicating that 9B7 had less effect on IL-7 competition in this assay.

20
2.13  Antibody binding cross-competition assay by FACS

CHO-CD127 cells were prepared and washed by cold DPBS for 3 times. Fluorescence
labelled anti-CD127 antibody (BD Biosciences Inc #552853) was diluted in FACS buffer

25 and mixed with various concentrations of non-labelled same antibody, or mixed with
testing anti-CD127 antibodies, R34.34 and 6C5. The antibody mixtures were then
incubated with the CHO-CD127 cells for 30 min at 4°C. After washing in FACS buffer for
3 times, binding of fluorescent labelled BD antibody is measured in LSR Il (BD
Biosciences Inc.). The results showed that, in addition to unlabeled BD antibody, mAb

30 R34.34 and 6C5 competed for binding with the labelled BD antibody, indicating antibodies
BD, R34.34 and 6C5 recognize a similar epitope on CD127 expressed on CHO cells.
(Figure 15).

Example 3: Treatment effect of IL-7R antibody in EAE

35 The potential for the murine antibodies described in Example 1, to treat MS, was
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66 TTNLEFEI CGAL 77 (SEQ I D NO 67) Region 2 91 | YFI ETKKFLLI GKSNI CV109 ( SEQ
I D NO 68) Region 3 152 TSHLQKKYVKVL 163 (SEQ ID NG 69) Region 3 212
YFKGFWEEWED 280201(46BQ | D NO 70) 20It is postul ated t hat PCmaSe0A§I1660S may
be cl osely nei ghbouring regions within an inportant effector site of CD127,
potentially involved in t | t f_LL-7 binding. 2.10.5 1Al ,

Bhage. pedebatsos armble Baemeel ot c5pouhs: Gise BoPuARIATE ot PHPlhe 2
25r andomqeepsiortte alsinylardpasseptatith examablé issdssotibatioalow.epi t opes of mAb 1A11.
WO 2010/ 017468PCT/ US2009/ 053136 Tabl e 10 shows 1All epitope regions
identified by pha e peptide libraries Region 1 79 EVKCLNFRKLCEI YFI ETKKF 99
(SEQ | D MIefaépsRegi on 2 150 FNTSHLQ 156 (SEQ I D NO 88) Regi on 3 207

Sl PDH)J{FKG:V\BEW 220 (SEQ I D NGO 89)

3.1 Induction and evaluation of experimental autoimmune encephalomyelitis (EAE)
Male C57BL/6 mice (6—8 wk; Shanghai Laboratory Animal Center, Chinese

Academy of Sciences, Shanghai, China) were immunized s.c. with a synthetic peptide

(300 ug) of myelin oligodendrocyte glycoprotein (MOG residues 35-55). Immunization

10  was performed by mixing MOG peptide in complete Freunds adjuvant (CFA, containing 5

mg/ml heat-killed H37Ra strain of Mycobacterium tuberculosis (Difco Laboratories)). Two

hundred nanograms of pertussis toxin (List Biological Laboratories) in PBS was
administered i.v. on the day of immunization and 48 h later.

For the treatment protocol, a commercially available anti-mouse CD127 mAb was

15 used (BD Bioscience, rat anti-mouse CD127 SB/14, Cat. #550426), a second monoclonal

antibody which neutralized IL-7 alone was also tested (R&D systems). The test antibodies

or control IgG was administered at 200 yg per mouse i.p. every other day from day 10

onwards till a total of 5 injections. In some experiments, control IgG was replaced by PBS

as for the control group. Mice were weighed and examined daily for disease symptoms.

20  They were scored for disease severity using the EAE scoring scale: 0, no clinical signs; 1,

limp tail; 2, paraparesis (weakness, incomplete paralysis of 1 or 2 hind limbs); 3,

paraplegia (complete paralysis of 2 hind limbs); 4, paraplegia with fore limb weakness or

paralysis; 5, moribund state or death.

25 3.2 Histology and Immunohistochemistry

Tissues for histological analysis were removed from mice 21 days after
immunization and immediately fixed in 4% paraformaldehyde. Paraffin-embedded 5- to
10-um sections of spinal cord were stained with Luxol fast blue or H&E and then
examined by light microscopy. For immunofluorescence staining of CD4+ T cells and

30 CD11b+ monocytes/macrophages, spinal cords were removed from mice, perfused with
PBS, and incubated in 30% sucrose at 4°C overnight. The tissue was subsequently
dissected and embedded in optimal cutting temperature (OCT) compound. Frozen
specimens were sectioned at 7 um with a cryostat, and the sections mounted upon slides,
air dried, and fixed for 10 min with 100% acetone. After blocking with 3% BSA, the

35  sections were incubated overnight with primary rat anti-mouse CD4 or CD11b Abs (BD

Biosciences), which were then labeled with Cy3 AffiniPure donkey anti-rat IgG (Jackson
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It is postulated that these regions may be cl osely nei ghbouring regions
within an inportant effector site of CD127, potentially involved in the
site of IWwo2olwmndieRg. 5 2. 11Anti body bi ndi ng neutralizi RgTAS3@Y/083138| Acor e
The assay was carried out using a Bl Acore T100 system (CE Healthcare) with

a reacti gn terr%%r ature q{ %SC. Rec(?nbi nant hbuman IL-f@D\Nas i mmobi lized on a
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Ehe st andalikdnamissgtypeatipiched Abs \eevd p:ge@edy[]@egdtﬂ%- Edntiols. f The pdﬂagjeé of
consi st of 10 mM HEPES, Q.15 M sodi chlLoride, 3 EDTA and 0. 005%
v/ v surfaf%?’yﬁ[m%@@) ! at{f’é’edgaéum(\rﬁqsng&%f'fgr .Ceg%n%’@gm%r”éoqoﬁﬁteﬁgai nst
a ref er empacrogidget heds gasntifib@k ammpbiadge z# B ¥pinag caICHMEBEsE hagodbnsapeme. 10
pg/ nmL _r econbi nant h%m?g CD127 ECD was m xed lethbr%‘rﬁigous concentrations 15
of anti - (PALE 8t IPB & 2O FHPLHAIRLEY P RIS ARG PE WU ubat e for 30
mn at 4C. These m xtures, as well as 10 pg/nL reconbi nant human CD127 ECD
al one, then.injected ogver the chip surface for 30s at 10 pL/mn. After
each i nj eetiorf2He cypiine ces were regenerated with 10 mv

d yci ne- HCl, phlpdliferatiin 463QysigpEhoanés (Hoxh0°eebwebngdriete frpymi BAE biitedere

CD127-ECD hindi.ng.to |L- sensor, ¢chip. .The results for, 6C5 20are
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sodi um C%%kig%?mgé nmv EDTA and 0. 005% v/v surfactant P20) was used as

X n

runni ng sograns were run against a reference cell that was bl ank
i rmobi | i zed udHongyiokios NkSisatdmasntd, sapematanisOwgeg/dolledted froidi ceticultinersad8 GD127

mmobi Fzed usio | | loaec obi unbiirara
Copartat o Anosgiuted for 166 nikeRugReRan G e Re AL, QB L RLUERSIERUE o
wel | as 1Bpg MbuseeTamizrankcyomaMORATKESR Bouss HR23 FloetgtorheSinipthedt ed
Srr e LRSS o500, 2P0 A gt
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P en s RO OHSGS RECTH APades EUR L e Paielr S TS s i B T
(samaile) PE-RUeleEGDhEptaRidindvad addeciaamalah¢ubiated foy 1 RaGSatToom temper@tde €DdaK. cel | s

A L T T N T L e

r econbi nasftwhie Bermles dpedyisttn)viNMduseaTGEB hod 1BR1mmvere Aldagureddhiey iDwogbiat i on,

anti - CD1 L 3 re added and the ipcubation cantinued for

20di t rondr-19B W AT SyRa Ry Bl Mae e 8Py MRhe o SEpPRare wer e
washed i nwdsAGSTdimbt dor @adh pete anlusddaionetdcuitt thanbsoloeuacégfatidhEX GRS
secoggary. demti o% at 1:2000 dilution (Invitrogen Inc. #13-A11017). The
cel | ner&tHgHC %'H%% 3 tinmes in in FACS buffer and were anal yzed in LSR
|1 (BD Biosciences Inc.). Wile increasing concentration of 1L7, the

bi ndi ng 0\{ 6A31 R34b§4 or. 605 to CHO 15CD127 is decreased, indicating

bi ndi ng cohpetYRUNQLOEAtANSIS " anti bodies with IL-7 to

Protein extracts were loaded onto 10% or 12% SDS-polyacrylamide gels and

7

subjected to electrophoresis. Immunoblot analysis was performed by initial transfer of
30  proteins onto Immobilon-P membrane (Millipore) using a Mini Trans-Blot apparatus (Bio-
Rad). After 2 h of blocking, the membranes were incubated overnight at 4°C with specific
primary Abs against P-JAK1, JAK1, P-AKT, AKT, P-Stat3, Stat3, P-Stat5, Stats, Bcl-2,
Bcl-xL, Bim, Bad, P-Bad (All the aforementioned antibodies are from Cell Signal), MCL-1
(Bio-legend), Bax (BD Bioscience), RORyt (Abcam), Foxp3 (Santa Cruz Biotechnology),
35  Actin (Santa Cruz Biotechnology) respectively. After washing and subsequent incubation

with a goat anti-rabbit (Sigma-Aldrich) or goat anti-rat Ab (Jackson ImmunoResearch)
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CD127 expressed on CHO cells (Figure 14 shows the result obtained with 6C5,
Figure 17 shows the result obtained with 6A3). The effect on 9B7 bi ndi ng
was | ess wearkmd17468di cati ng that 9B7 had | ess effect onPCLAR2@9mpHEB6ti on in
this assay. 20 2.13 Antibody binding cross-conpetition assay by FACS

CHO CD127 cel Il s were epar,ed shedb col] d DPBS

Fl or s dRERSP BT ICHREBT | CLROPOTh ET BB et PSSR Enb YT S FSBMES) vas
di | ut ed ivisuah£sd Wit E€L s@bstainsel(M@érsed wi t h various concentrations of
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CD127 SBlekéerirtatts ugbg0d2HEndent spleood/terprepatatiodd. ant i body whi ch neutrali zed
IL-7 alone was al so tested (R&D systens). The test anti bodies or control

| gG was adm ni stered at 200 pg per nouse i.p. every other day fromday 10
onwards t3.61 aAdoptasis afalysisi nj ections. I n sone experinents, control 1gG was
repl aced by P s.for the .cantrol group. ce were we m ned
(opt aced by Pog Rl S SSoGSR. ok, BB i B S TR RIS
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or par al y&aised sellnweichanatyzet aubsajued®yatising 25ACHLSRU | ingyunaomd (BD) within 1
r}%hl j‘t ochem stry Ti ssues for histological analysis were renoved

fro 21 days after imuni zation and i mrediately fixed in 4%

par af or mal dehyde. Paraffin-enmbedded 5- to 10-pm sections of spinal cord

wer e stai fast Dbl ue hen exam ned by |ight
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Mononuclear cells were prepared from brain and spinal cord using gradient

centrifugation. In brief, mice were perfused with 30 ml PBS to remove blood from internal
30 organs. The dissociated brain and spinal cord tissue were grinded and filtered through a
70um cell strainer. Resulting cell solution was centrifuged in a Percoll gradient.
Mononuclear cells at the interface between two gradients (37% and 70% Percoll,
Pharmaica) were collected, washed by centrifugation with medium, and then submitted to
FACS analysis.
35
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30 CD11 b+ nonocytes/ macrophages, spinal cords were renoved from m ce,
perfused with PBS, and incubated in 30% sucrose at 4C overnight. The tissue
was subsewoentdo7gBssect ed and enbedded in optimal cuttiPAg/USeINOASHBUI €
(OCT) conpound. Frozen speci nens were sectioned at 7 pmwith a cryostat,
and the S¢ tiqns1 mount ed, | on slides, air dried, and fixed for 10 mn with
100% acet : g th 3% BSA, the 35 sections were incubated
over ni ght w t F8gsdngrof yralvatmias erdmmseeCahd alispei3bd ittoAlrsyld B Slispsadi@sces) ,
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30 total human CD4+ cells were stimulated in anti-CD3 and anti-CD28 in the presence of IL-

1B, IL-6, and IL-23 for six days. IL-7, IL-2, and antibodies were added on day 3 to the

differentiation system.
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5The expression profile of selected genes related to apoptosis and JAK- STAT
signal i ng pathway was anal yzed by using a validated cDNA array system
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for 1h at 37C, and then m xed with 100pl of 20ng/ml IL-7. The cells were
cul t @ed for Raatpe dctivi{%)wit h supRplUesarmdle of RBY{HGRgrolhd dohtloBy el in 100pl

of the culture supernatant were ne(ﬂiﬁ(feﬁagt}(/ny cor\ﬂ%f IQIQqUZE)agkgrounJcontrol))

MedSystens). Table 11

The results of this calculation are shown in Figure 19.

25 CCF-CEM cells were cultured in growth medium (RPMI1640, 10% FBS, 100U/ml
Penicillin, 100ug/ml Streptomycin, 1mM Sodium Butyrate) and treated with 1uM
Dexamethasone (Sigma #D4902) overnight for IL7 receptor induction before the
experiment. Test sample antibodies and positive control antibody (R34.34, Dendritics Inc
#DDX0700; BD anti-CD127, BD Biosciences Inc #552853) were prepared in 3 fold serial

30 dilution starting from a top concentration of 120ug/ml, and added to 2x10° CCF-CEM cells
for 30mins at 37°C before stimulation with IL-7 at 1ng/ml for 15mins at 37°C. The cells
without antibody and IL7 treatment were used as background control. The cells treated
with IL7 but not with antibody samples were used as full activity control. Cells after
treatment were lysed by lysis buffer (PerkinElmer #TGRS5S500) for 5mins at 37°C and

35 the lysates were incubated with Reaction Buffer plus Activation Buffer mix (PerkinElmer

#TGRS5S500) containing AlphaScreen® Acceptor beads (PerkinElmer #6760617C) for 2
72



5 shows the IL-7 and testing anti body (R34.34 and 605) concentrations used
in generation of the results in Figure 22 (results froma single donor).
R34. 34 i mhokbtoad746B- 17 production in IL-7 induced differemttisatoeds3izeel | s in
6/ 6 donors; 605 inhibited IL-17 production in IL-7 induced differentiated T

cells in 4/6 donors. ,10TablJe 11.CM 1 . l[L-7 1 / 50 /[ mL
"oa ° Ra4oue FORPRn TR T (i Bl Sifier (e MEIReP $TERER500P
expleri ngrﬁonV&kﬁré@sﬂaﬂmSoad;]dn@ r[ﬁpefltbyingQngmEElbmdy#l\ff’laemED)ZIWemalddﬂeWrei I

i sol at ed .accor di to.the nua #130- 091- t i) . r oxi mat e
205 m el BB Arbuigh 2 TS geiiestanes et i wiktisheep o PEid Why ¥
TH17 rred}amraﬂy(za@gfmtnaibh;wm‘ﬁ itCD3& adit bﬂmg/édﬁeanﬁbgd EﬂﬁgyreadiwggmnanEm I L-ﬁ
+ 12.5n [ L-1R 2 mL 1 L-23 + 50ng/nml | L-6 nd cul.tured i.n 37C wi t
S0 oon T oroamgapes s o tealie sy en wom Follered: ueRite Sy Sen o tor s |
t he THL17 fomhingriopheerentially differentiated the CD4+ cells into Thl7
cells. CCR6+ cells fromthe differentiated cultured cells at day 5 were

sorted using BD FACS SORP Aria Il. The CCR6+ cells were then adjusted to 2
x106/ nl 20f or Rdigtivelaclivityqp@duct i onR&8gsymple) — RFU(background control)) /

(RFU(full activity control)-RFU(background control))
10
The results are shown in Figure 20.
The experiment was essentially repeated, for antibody 6A3, as follows. Fresh
PBMCs were suspended in serum free RPMI 1640 medium. Test sample antibodies and
positive control antibody (6A3 and R34.34, Dendritics Inc #DDX0700) were diluted to
15  achieve final concentrations from 20 ug/ml to 0.01 ug/ml in the culture and were added to
1x10® PBMC cells per sample. PBMCs were incubated with antibodies for 50mins at
37°C before stimulation with IL-7 at 1ng/ml for 15mins. For intracellular staining of
phosphorylated STAT5, cells were fixed for 10 min at 37 °C with 1% (wt/vol)
paraformaldehyde, made permeable for 30 min on ice with 90% (vol/vol) methanol, and
20  stained for anti-phosphorylated Stat5 (BD Bioscience) staining. Flow cytometric analysis
was performed on BD LSR Il (Becton Dickinson) instruments and results were analyzed
using FlowJo software (Tree Star Inc.).
The cells without antibody and IL7 treatment were used as background control.
The cells treated with IL7 but not with antibody samples were used as full activity control.
25  Figure 21 shows the inhibition of IL-7-induced P-STATS5 relative to no antibody control at

increasing concentrations of R34.34 and 6A3.

3.20 Inhibition of IL-7 induced IL-17 production in differentiated T cells

CD4+ cells from six donors were isolated according to the manual (#130-097-155,

30  Miltenyi). Approximately 1x106/ml of the CD4+ cells in 100 ul were mixed with equal
volume of 2x Ty17 medium (2pg/ml anti-CD28 + 10ug/ml anti-IFNy + 10ug/ml anti-1L-4 +
12.5ng/ml IL-13 + 20ng/ml IL-23 + 50ng/ml IL-6) and cultured in 37°C with 5% CO, for 5
days. Treatment by the various cytokines and growth factors in the Ty17 medium
preferentially differentiated the CD4+ cells into Ty17 cells. CCR6+ cells from the

35 differentiated cultured cells at day 5 were sorted using BD FACS SORP Aria Il. The

CCR6+ cells were then adjust to 2 x10%/ml for the IL-17 production assay.
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To measure |IL-17 and IFN-y | evel,
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isolated according to the manual (#130-091-155, Miltenyi) . Approximately 7x10°/ml of the

CD4+ cells in 100 ul were mixed with equal volume of 2x Ty17 medium (2pug/ml anti-

15

CD28 + 10upg/ml anti-IFN-y + 10ug/ml anti-IL.-4 + 12.5ng/ml IL-13 + 20ng/ml IL-23 +

50ng/ml IL-6) and cultured in 37°C with 5% CO2 for 5 days. Treatment by the various

cytokines and growth factors in the Ty17 medium preferentially differentiated the CD4+

cells into Th17 cells. CCR6+ cells from the differentiated cultured cells at day 5 were
sorted using BD FACS SORP Aria Il. The CCR6+ cells were then adjusted to 2 x10%ml

20

for the IL-17 production assay.

To measure IL-17 and IFN-y level, 100ul of CCR6+ cells from individual donors

were pre-incubated with testing antibody for 1h at 37°C, and then mixed with 100yl of

20ng/ml IL-7. The cells were cultured for 3 days in 37°C with supplement of 5% CO2.

IFN-y and IL-17 levels in 100 ul of the culture supernatant were measured by

25

FlowCytomix (Bender MedSystems) at 24 h and 40 h, respectively. Table 12 shows the

IL-7 and testing antibody concentrations used in generation of the results in Figure 23.

The results are representative of 5/6 donors.

30

Table 12

CM

10ng/ml IL-

7 10pg/mi

10ng/ml

R34.34
IL-7

1
1

Oug/ml 6A3
Ong/ml IL-7

10pg/ml 1gG
10ng/ml IL-7
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As shown in this study, commtted TH17 cells of the nenory phenotype
represent an in vivo pathogenic T cell subset and are susceptible to

sel f -i ni twatet)/ar46pr ogr ammed 20 apopt osis. Thi s processPapfsans/ osa3be
dependent on IL-7/1L-7R signalling through regulation of pro- and
anti-apoptotic proteins, such as Bcl-2 and Bax, in susceptible TH17 cells.
In this context, IL-7 serves as a critical survival signal that prevents

di fferentCenadsioh®87 cells from programred apoptosis. Furthernore, increased
| L-7 production and highly expressed IL-7R in pathogenic T cells as seen in
the acute phase of autoi mmune 25 di seases provide the mlieu required for
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t he cour geosdseBAat idtbisgtibher pewlth s m@tdrurtzjuws é@g}bgét&mt(ﬁ oaﬁhd)’m/d:mr%
advant age over t her reat ment daliti ose ayt oi nmune
di seases Ha?CtW?tﬂQé% gfjf’\éfﬁls rqargy KagFes p ot ¢ 168 f t Eh@ qcﬁﬁ%t‘ﬁa ?%r?ﬁ UHE i ons.

The novelcagesdeadtikiiase fphasghopatith drid- &éétbamc&lngrmb kb ®ITATS pilspheBAdtion,
survi val Vﬂ&%{ 20 expans on as dj

cusse o i des vverful expl anati ons
For 't ho (G forEo R KRy Tolaoh rotane s GTs e 4ERe PEEE BBV agheie &
i mpl i30at imeEatk@radoRigRR aylttmcmgnsmdlaaeaaeﬁﬁfromugétuvaﬁngjv@axlém?saeurm@ lization
or IL-7R ant.g onismis |Ii ave uni L{_&_ hleFEeu“ c. advan gg On one
hand, t he PYds #AKPIBRFlP O'E '%cr\mw.qf% % PRRYI ﬂ%g‘"tb #88ni ¢
:]'Hldandd'éé‘dbﬁﬁtcﬁebhénhg‘e&(hﬂﬂu'ﬁé@m @a;ﬁbgymoerm%dus} ?yn%gﬁ cell's. On the I25 ot her
and, additio t erap utic adva antao Involve Its
el e6tive of o SUPTEBINRYdfe Bt o Bareh B B UIP SHUP G i B o aga s
opposed trwghTstzzlebnf/é eheBAEAt dffRBtingl AT ARt tElg, andt Ifoaan |e§dyrbe>tt@ﬂit of ,1t kells
I L-7/1L-7R ath the in vivo i nt enance o ted THL7 versus TH17
diffé entFi“a WP Bee MEMENERISTOPP ARY SPRTE (i VERLE BRYE ShAp
2010/ 01746&P¢I1N%%W%éﬁ@é86e (3 adffested by UL-7ALMR Mamﬁg.t r emidee e Gfanin
aut oi nmune di sease or inflammtory disgsder in a human subject, conprising
adm nistering to the subject an antagoni st of at |east one of 5IL-7
receptor nedi ated TH17 expansion and |IL-7 receptor nediated TH17 survival.
2. The nethod of treatnent as clained in claim1, wherein the antagoni st

inhibits IL-7 induced IL-17 production by TH17 cells. 103. The net hod of
treatment as clained in claiml or 2, wherein the antagoni st



inhibits IL-7 induced I FN-y production by TH17 cells. 4. The nmethod of
treatnent as clained in claiml1l, 2 or 3, wherein the antagonist inhibits

| L-7 recewOanriomadicat ed STAT-5 phosphorylation. 15 5. TireTrseévom5386
treatment as clained in any of claims 1, 2, 3 or 4, wherein the antagoni st

S ablndln rot n_whi cﬁspe i catIH | L-7 or. to CD127. _6. The
ot hod. a BRAPRRe SReenF S Rinareaierend Bivaifl B i earercal s
bi nds t o R&EEPandiet Dy b(DeNﬁllalIh)ad by diffeFbret dyﬁildmm&leu tedigendthi Nn witi mtt&‘ng
wherein t e bindin prl(at_/ei.n Id(lil%d bi Etjs t he bi.ndi nﬁ of (?Iﬂljr'j tlo IL-7R] ]B
met hod as" & &iTECTH cT-3l are 7 WPeFB‘FR REBIHY R BP U Rls to
at | east mugplardytotingsi Thavistlectivititfol Bast ovsreT peiptreadily cexptdirsdd ngdﬁfferamano
aci d resi dues se fromth oup _consi n 3 é41 t ‘W@) g
N0 117 G5B RE o b Reb R 1 65T SORS Rl Thd s LTSIl R 10 )
148 tO l&gmte( Q. ThinGsel&@fiyity apsbaeg thﬁlayTaa ||21jb8rtz§r8E@el|DréI@Iér2:iln)g thefratﬁE@’ I D
010/0 g? PFT/rBj[SﬁOOQI Oﬁ i@? T&J;%d ’Pﬂs tt hrl{egl |tn claim
B, wher o RTTINE"Bi Wl A8 S8t Brrbolt RGL (B Q1ooPBATL " GG 2 AGUARTGORT fien each
of pepti demtrhéntt effidlcy SE@vé\Eér,Nﬁlé.lﬁécreﬁeqncte@ 105hé SE@ghl[ﬁd&OOillSD.)? indd&d o 169
(SEQ I D NO 120% and 202 to Wﬁ,’ ﬁ? 121) SE ?ﬂ#\f 10. The
met hod of CtRUSIRRSR HY ¥{s5P é%f SE% Ff{"fgoﬁ}\ﬁ'@r%“ﬁe% q& o ?3‘?“3‘!8
conpdi t ibediyplyreitplBires blyithel exgesdioradf |L-g&Rsds loolle soibsets highly express IL-7R. The
intrinsic expression and activity of SOCS-1 is responsible for the discrepancies. That is,
SOCS-1 naturally expressed in Tyl or experimentally induced in Ty17 by IFN-y is
attributable to dampened susceptibility to IL-7 or IL-7R antagonism as SOCS-1 acts as a
repressor gene for STAT-5 required for |IL-7 signalling. Thus, the selectivity for T417 cells
15  of the memory phenotype appears to involve intrinsic requirement of these pathogenic
cells for IL-7 to survive when activated in the course of EAE. This therapeutic specificity
represents an obvious advantage over many other treatment modalities proposed in the
autoimmune diseases that often affect a broad spectrum of the immune system/functions.
The novel mechanism of action of IL-7/IL-7R signalling in Ty17 cell survival and
20  expansion as discussed above provides powerful explanations for the treatment efficacy
of IL-7R antagonism in EAE and therapeutic implications for human autoimmune
diseases, such as MS. IL-7 neutralization or IL-7R antagonism is likely to have unique
therapeutic advantages. On one hand, the treatment offers the selectivity that
distinguishes pathogenic Ty1 and Ty17 cells from T and unrelated immune cells. On the
25 other hand, additional therapeutic advantages of IL-7R antagonism involve its selective
effect on survival and expansion of differentiated Ty17 as opposed to Ty17 differentiation.
Targeting, with an inhibitor of the IL-7/IL-7R pathway, the in vivo maintenance of
committed Ty17 versus Ty17 differentiation may be more efficacious in a therapeutic

context.
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(i) R34.34 (Dendritics Inc. #DDX0700), (i1) an antibody having
heavy and |ight variable regions of 6A3 (SEQ ID NGO 51 and 10SEQ I D NO 52,
respect i WeD2P10/E M8 (ii1) an antibody havi ng heavyCarus20000bi13€ hai n
vari abl e regions of 1A11 (SEQ ID NO 71 and SEQ I D NO 72, respectively), to
human CD127.in an ELI SA assay. 1511. The nethod as clained in any of clains
5 to 10, in the binding protein binds to CD127 with an affinity (KD)
of 15nM or | ess as neasured by surface plasnon resonance. 12. The net hod

of treatnent as claimed in ang@\pr eceding claim wherein the 20antagonist is
an anti body or” Aathayafkeineatingatl elogn autpnmyng disgpsfoar WEaEmaters disoRdesaiam 12,

wherein trhl%aﬁhnédtﬁ&fﬂyc fn'gS&ﬁmﬁlsféﬂﬁyh'o Wédbjé‘&%'é?ﬂ&ﬁin%ﬁ ok ¥t fakesrE Bf Ng
region 3 g D NO 55 or an anal og thereof, a heavy chain

conpl emer ‘grrPP‘i‘Pt‘éféP%ﬁ* ﬁtieﬁlTﬁéV Pé@%ﬁ”@”@dﬁaﬁ%@%‘?r ’E‘Eﬂ?tﬁﬁ)Tﬁﬁ\@'r’Y'ﬁa' 14. The
nmet hod of treatment as claimed in any preceding claim wherein the

aut oi mune or inflammatory di sease Is associated with el evated | evel s of

| L-17. 3¢45. ThderBethed cbirestment apAleimad ipcaimeld Whﬁreé%if‘ep?r&%%ﬂ‘i'%@m&”& b
wher ei n thgghessaD- 1$Lmbm|om8ﬁTpﬁﬁéblld.et erm ned to express an el evated | evel
of IL-17 conpared to a heal thy human individual. 16. The nethod as cl ai ned
in claim1l4 or 15, wherein the antagonist is adm nistered 35in an anpunt
ef feqii ves.t 0 reuaRtidlcof f¥sthnent akLclé%e'unmt&l@mpat&rth whe the antagonist
2010/ 017468PCT/ US2009/ 053136  17. nethod as clained in claim %4 15 or
16, wher énbifse- I'QQMGddFNTVLerU‘i“@”P&Sé&'u? E¥iSin the serum of the patient.

18. The nethod of treatnent as clained in any preceding claim wherei n t he
5aut oi mmne disease is nultiple sclerosis. 19. The method accordi ng

cl ai m 18,4 wher élenm?ﬁ‘é’dﬁ%{ttfe@m‘erl‘{ﬁ glaimes Beelaimi 72 6 FatWhreihithe @H@EP”@[M+ T
cel I popuh@bitsdn-7 receptor mediated STAT-5 phosphorylation.

15
5. The method of treatment as claimed in any of claims 1, 2, 3 or 4, wherein the

antagonist is a binding protein which specifically binds to IL-7 or to CD127.

6. The method as claimed in claim 5, wherein the binding protein specifically binds to
20 CD127 (SEQID NO:1).

7. The method as claimed in claim 6, wherein the binding protein inhibits the binding
of IL-7 to IL-7R.
25 8. The method as claimed in claim 5, 6 or 7, wherein the binding protein binds to at

least one amino acid within at least one peptide consisting of amino acid residues
selected from the group consisting of:
a) 41 to 63 (SEQ ID NO:117),
b) 65 to 80 (SEQ ID NO:118),
30 c) 84 to 105 (SEQ ID NO:119),
d) 148 to 169 (SEQ ID NO:120), and
e) 202 to 219 (SEQ ID NO:121),
of SEQ ID NO:1.
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1020. A nethod for treating nmultiple sclerosis in a patient conprising

adm ni stering an antagoni st of IL-7 or CD127 to said patient, wherein the
pati ent iwoOofomerieag fromrelapsing remtting multiple ®crarseaosss3tze 21. A
met hod of treating an autoi mune di sease in a hunan subject conpri sing

I er Mgl S Qhitgh iR U S Sh B4 inopd Tt Rings 1] af R85!
Admetn Ihgfl drmfe émi?atacmgwm% @ubl?bﬁ'ﬁvﬂitﬁiedl%aaﬁ) (S;EQII[DIW@Im&)UBJ;e@;[‘Ig&(SEQrI[ﬁI ng
SO e eliongoh 3abdf BYNED IFNEAIER 2b2 36 21b78eR 1t NS o Do SeBIE e g

for the tN@datnent of an autoi mune di sease in a human subject, conprising
adm ni_stering to the subject an antagonist of IL-7 receptor medi at ed STAT-5
phospl'?oryl ation. 25 24. The nmethod of treatnment as clained in claim20, 21,
22 or 23,10nher Thé ridtRodiiof agamait & clalmed o1 claim 7R wiserainbinedbiRging rppbdieinn

whi ch f 1 25. Th thod of t t t
asI gl alsﬁteacg’ln]plr‘??g\fwy'aglbﬁ E'Pﬂlgggg aﬁﬂ%roé'faﬁ’ft he bi ndi ng Sgprgt e?n |Os a:}ea e
anti body or aqt)lRﬂM|D¢dung:sflm@gfm¢0700pr eof which binds to at | east one
d t t ti t
2 42 to 6 (S Btkefi heyta BsRgEndd5aGkE e arcr ) AR LA °C seo
| D N@0119EQ IBND: M&emcﬁ%(a&g I D NO 120), and e) 202 to 219 (SEQ ID
NO 121 0/01 PCT/. US2009/ 05 f . SEQ I D NQ 1. ~AN Lsal at ed
urmn. hurant 400 98P HoP BRIy B9 SR BnGraER-BoRgs af AT (628 E €
NO:71 and SEQ ID NO:72, respectively),
to human CD127 in an ELISA assay.

5 1. The method as claimed in any of claims 5 to 10, wherein the binding protein binds
to CD127 with an affinity (KD) of 15nM or less as measured by surface plasmon

resonance.

12. The method of treatment as claimed in any preceding claim, wherein the

20  antagonist is an antibody or a fragment thereof.

13. The method as claimed in claim 12, wherein the antibody comprises a heavy

chain complementarity determining region 3 (CDRH3) of SEQ ID NO:55 or an analog

thereof, or a heavy chain complementarity determining region 3 (CDRH3) of SEQ ID
25 NO:75.

14. The method of treatment as claimed in any preceding claim, wherein the

autoimmune or inflammatory disease is associated with elevated levels of IL-17.

30 15. The method of treatment as claimed in any preceding claim, wherein the human
subject has been determined to express an elevated level of IL-17 compared to a healthy

human individual.

16. The method as claimed in claim 14 or 15, wherein the antagonist is administered

35 in an amount effective to reduce the level of IL-17 in the patient.
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fragnent thereof, wherein the antibody or fragnent thereof binds to an
epi tope of human 5CD127 that contains at |east one am no acid residue

wi t hi n t woregivamedegi nni ng at resi due nunber 80 and en@CmgSat09exsBeue
nunber 190. 27.The isolated anti body or antibody fragnent as clainmed in

cl ai m 26, ,_wherein the ant i body .or  fragnent. t hereof, binds to at_ |l east
one am no7aci d oS Bt SRR 14 (B T ol ot SR g Bt o Elz i

resi dues:meégsuéed ihathéSer(SEDthd NNl 17), b) 65 to 80 (SEQ I D NO 118), c) 84
to 105 (SEQ ID NO 119), d) 148 to 169 (SEQ ID NG 120), and 15e) 202 to 219
(SEQ ID NO 121), of SEQ ID NO 1. 28.The isolated anti body or anti body
fragment s clTiemedbthod ©f aremmatt as aAdimedhér @inp preceding hedaiant wikedy e

ant i gen- bi ndi F@ f(rga%ﬁent thl?rleof bi nds to human CD127 with an affinity

20( KDP wHIYHMTEINE SIS SMATRE SHEESEY ed by surface pl asnon resonance.  29. An
i sol ated binding protein, wherein the binding protein binds to CD127 and

conprises, a heavy chain conpl enentar,ity, determ ni.ng region.3 (

el bet ed 1 om AmEPBH FoEaRBRR EIRY 0P SRR SIS 11D A g5 17 Se
NO 55 andwifbieQhkld OWA" Tocelpapdlataral ogs t hereof . 30. The isol ated bi ndi ng
protein as clainmed in claim29, wherein the binding protein conprises:

30A: a heavy chain conprising the followi ng CORs or anal ogs thereof CDRHL:
RYNVHO( SEQ. | D A@iet)ad GDRIRtindvIBGIESIIRDISALKS {HER) ¢dondSiry) adriibiRtdsing NRYESG

§ ﬁErQelcnP %taesg}o’nis%lgfj | L?7 cl)rI (98% th%aslaiﬂd gﬁ%ﬂ{ IW Iep n Eh%epertiglntl i(s)\lsmuil?grin(gjl?l%sm PerlapgasPn%l 09s
remitting multiple sclerosis.

21. A method of treating an autoimmune disease in a human subject, comprising
15  administering to the subject an antagonist of IL-7 or IL-7R in an amount effective to

reduce the ratio of Ty17 cells relative to Ty1 cells.

22. A method of treating an autoimmune disease in a human subject, comprising
administering to the subject an antagonist of IL-7 or IL-7R in an amount sufficient to

20 reduce the ratio of Ty cells to Tq cells.

23. A method for the treatment of an autoimmune disease in a human subject,
comprising administering to the subject an antagonist of IL-7 receptor mediated STAT-5
phosphorylation.

25
24. The method of treatment as claimed in claim 20, 21, 22 or 23, wherein the

antagonist of IL-7 or IL-7R is a binding protein which specifically binds to CD127 or IL-7.

25. The method of treatment as claimed in any of claims 24, wherein the binding
30 protein is an antibody or antigen-binding fragment thereof which binds to at least one
amino acid within at least one peptide consisting of amino acid residues:
a) 41 to 63 (SEQ ID NO:117),
b) 65 to 80 (SEQ ID NO:118),
c) 84 to 105 (SEQ ID NO:119),
35 d) 148 to 169 (SEQ ID NO:120), and

e) 202 to 219 (SEQ ID NO:121),
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CDRL1: KSSQSLLNSGNRKNYLT (SEQ ID NGO 7), 80 WD 2010/017468PCT/ US2009/ 053136
CDRL2: WASTRES (SEQ I D NO 8), and CDRL3: QNDYTYPFTFGS (SEQ ID NGO 9); or B:
a heavy cweai2oiooamssi sing the foll owi ng CDORs or anal ogs POEUSeI0IDHERBIL :
AYWS (SEQ | D NO 31), CDRH2 El NPDSSTI NCTPSLKD ( SEQ I D NO: 32), CDRH3:

RLRPFVWFME%J#} NG 33), and a light chain conprising the foll ow ng CDRs
anal o eoRL1: RSSQSI VQSNGNTYLE (SEQ I D NGO 34), 10CDRL2: KVSNRFS

(SEQ I D NO 35), and CDRL3: FQGSI—I\/PRT (SEQ ID NO 36); or C a heavy chai n
conpri si t he foI I or an s _t.her.eof TDYAUW E@
NO 53) , ThcDRIA! AR pafned %%1569 | 6‘%%4‘3“% CATHRYE SEQ 1D
NO 55), d&ragneent tr@li’éof,c:\hlaerllndbﬁphlltajdyg)rtfdagm‘eﬁt ih@Wdﬂ@m@@IRS anlepaoy @‘gmnﬁdner eof
CDRL1: L%% é&g I DI CDRL2d AATRL fﬁsﬁﬁel D .NO 57 t
20C0RY: COPISHRETSED FOERE 859 R0 G by MUNAT® (6P BoRpEhe
f ol | ow nge&iliRs nanbarsd @gﬁeddh@ramésumﬁimbmw (SEQ | D NO 73), CDRH2:
LI NPYNGVTSYNCQKFK (SEQ I D NO 74),
27. The isolated antibody or antibody fragment as claimed in claim 26, wherein the
antibody or fragment thereof binds to at least one amino acid within at least one peptide
10 consisting of amino acid residues:
a) 41 to 63 (SEQ ID NO:117),
b) 65 to 80 (SEQ ID NO:118),
c) 84 to 105 (SEQ ID NO:119),
d) 148 to 169 (SEQ ID NO:120), and
15 e) 202 to 219 (SEQ ID NO:121),
of SEQ ID NO:1.

28. The isolated antibody or antibody fragment as claimed in claims 26 or 27, wherein
the antibody or antigen-binding fragment thereof binds to human CD127 with an affinity

20  (KD) which is below 15nM, as measured by surface plasmon resonance.

29. An isolated binding protein, wherein the binding protein binds to CD127 and
comprises a heavy chain complementarity determining region 3 (CDRH3) selected from
the group consisting of SEQ ID NO:6, SEQ ID NO:33, SEQ ID NO:55 and SEQ ID NO:75

25  and analogs thereof.

30. The isolated binding protein as claimed in claim 29, wherein the binding protein

comprises:

30 A: a heavy chain comprising the following CDRs or analogs thereof
CDRH1: RYNVH (SEQ ID NO:4),
CDRH2: MIWDGGSTDYNSALKS (SEQ ID NO:5),
CDRH3: NRYESG (SEQ ID NO:6),
and a light chain comprising the following CDRs or analogs thereof
35

CDRL1: KSSQSLLNSGNRKNYLT (SEQ ID NO:7),
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25CDRH3: GDGNYWYF (SEQ I D NO 75), and a light chain conprising the

follow ng CDRs or anal ogs thereof CDRL1: SASSSVTYMHW (SEQ I D NO 76), CDRL2:
El SKLAS (waQiodiN@s77), and CDRL3: QEWNYPYTF ( SEQ | D NOPZ)us2@809/033l36 The

i solated binding protein as clained in claim29 or 30, which is an isol ated

humani zed or chineric ant(l | (N or_.antigen-bi ndi ng fragnent
t hereof which specifi caﬁ%%%@gf@zé&?%&'b%&a&dn the anti body or
fragment of an anti body CODRPEt@SDYOVPETRESNGEQAIDNDEN oD127 with one or
nore anti bodi es selected fromthe group consisting of: 81 WD

2010/ 017468PCT/ US2009/ 053136 a. an anti body having the follow ng
heavy chai n vas:i ablehdagicbain comprising the following CDRs or analogs thereof

EVKLL SMV@%LKLSWEW@W GEl NPDSSTI

NCTPSEKDKFI | SRDNAKNTLSL SWWHFDVW\WGAGTTVTV SS (SEQ | D
NO. 29), and the fol |l ow rgDRHZIEINPESTINGTPALKE (BEQIIDINO:B2),
DVLMIQTPLSLPVSLGDQASI S %%W 11 YKVSNR
FSGVPDRFSGSGSGIDFTLKI S ' TR (SEQ I D NO. 30);
b. an anti body haviand 4 liyht Eledih owvinpiiisihethieyolnen NCDRE iod Bh&log€ihieasof

VTPSTKSR! SI TROTSKNOFFL QU HEDTAT VST YD REOFTEVS S (SEQ 1D

NO 510, and the foll ow rgDRLZIHKVSNREFS (SBEQIIRNGE3B)eghdn:

DI PASQSASLGESVTI T PGKSP TRLADGVP
SRFQgWGSQSGsaSESFKl SSLmEW%égék%@g@b ID NO 52): c.

an anti body having the follow ng heavy chain variable region: 15

EVQL QQSGPELLKPGASMKI SCKAS YSFTGYTMWWNL cH| NPY|NG\/£1 SYNQKFKG KAT
LTVAKSSSTAYM E-LLS 4 H&E V¥ CPRRGOTEARES " SFRIFYBSCSEQ 1 D NO 71)
and the followi ng |ight CRBHN: TRYAMN SEGHD NO:53),

FSGSCSGT YS! i SSUEAEDAARRIEREWEY FSCGUTREERR (PSRRI 72): and 20d. an

anti body having the fol |CDIRHE: GEDYNMraiSEQ/I@ NAtE58, regi on: EVQLQQSG PE
LVKPGAS MKl SCKASGYSETGYTMWWKQS HGKN L L1 NPYSG TS
YNQNFKGKATL TVDKSSSTRY NI ! B%RWW@A@%WM%@%‘ Chet3 s he&f seq 1 D

NG 90), and the foll ow rePRLYNASIIRGAVWASY {SHID €D Negsa)N: El
LTQSPAI TAASL GQKVTI TCSASWEQ lﬁ%_ éEI SOELASGVPARF 25
SGSGSGTSYSLTI SSMEAEDAAI (SEGTD NO 91); wherein the

antikody is not R34. 34 (CBRUO3:IQQEESTRWT ($EOXOMN0)BS);38. A human, humani sed or
chinmeric antibody or an antigen binding fragnment and/or
D: a heavy chain comprising the following CDRs or analogs thereof
CDRH1: GYTMN (SEQ ID NO:73),
CDRH2: LINPYNGVTSYNQKFK (SEQ ID NO:74),
25 CDRH3: GDGNYWYF (SEQ ID NO:75),
and a light chain comprising the following CDRs or analogs thereof
CDRL1: SASSSVTYMHW (SEQ ID NO:76),
CDRL2: EISKLAS (SEQ ID NO:77), and
CDRL3: QEWNYPYTF (SEQ ID NO:78).
30
31. The isolated binding protein as claimed in claim 29 or 30, which is an isolated

humanized or chimeric antibody.

32.  An antibody or antigen-binding fragment thereof which specifically binds to CD127,
35  wherein the antibody or fragment of an antibody competes for binding to human CD127

with one or more antibodies selected from the group consisting of:
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derivative thereof which binds to CD127 and which conprises: 30a heavy
chain conprising the followi ng CORs or anal ogs thereof CDRHl: GYTMN (SEQ ID
NO 92) CDRB2010l01N8¥SE TSYNQNFK (SEQ | D NO 93) CDRH3: CDENYWKR000SED3é D

NGO 94) a light chain conprising the followi ng CDORs or anal ogs thereof

U0 2010/ 017468PCT) ASAIDOPVILTING Botglo AV PIEN VTSNS 67 34 A
et hod f AEVKULESG GGL QP SESUKISTAR SE SR WMSVWN RQARSKG LEVEIGEINPDSSTI

i sease ofc BohRUREE R0 AkBR R PAMRY R aAR R e R PP B A 6T et
t her eof &3 (B MY NCE2HNFndhedblWiRg IRt titaidBariabBbregin: ant agoni st of 1L-7
it o i TS s PR R r So RpseM Y BT R B R PR 67"
i sol at ed HSG\IP DRFPGEGSGT, DRIMIKISRUFABDL Gy TEQMGSHMPRTH GAGTELEIKIGSEQ [@any of
cl ai ns 23\16039’;3 for the treatnent of an autoi nmune or inflammatory

conditio A nmethod for identifying antibodies suitable for use in the
treatment of an 15 amwndibodpnsyi hedsewing eavy Bhaiaverdss yegibrsease, the

ot o0 O LR, PSRRI B AL SN A BRSORRSRET, o,
to: i10 i rNTRSLKSRISI TRDDSKYQBFLOQLNSVTDEDTATRYCARGGYDVNYFDYWGQGTTLTVS
S (SEQ ID NO:51), and the following light chain variable region:
DIQMTQSPASQSASLGESVTITCLASQTIGAWLAWYQQKPGKSPQLLIYAATRLADGVP
SRFSGSGSGTKFSFKISSLQAEDFVSYYCQQFFSTPWTFGGGTKLEIK (SEQ ID NO:52);
C. an antibody having the following heavy chain variable region:
15 EVQLQQSGPELLKPGASMKISCKASGYSFTGYTMNWVKQSHGKNLEWIGLINPYNGVT
SYNQKFKGKATLTVAKSSSTAYMELLSLTSEDSAVYYCARGDGNYWYFDVWGAGTTVT
VSS (SEQ ID NO:71), and the following light chain variable region:
EIVLTQSPAITAASLGQKVTITCSASSSVTYMHWYQQKSGTSPKPWIYEISKLASGVPVR
FSGSGSGTSYSLTISSMEAEDAAIYYCQEWNYPYTFGGGTKLEIK (SEQ ID NO:72); and
20 d. an antibody having the following heavy chain variable region:
EVQLQQSGPELVKPGASMKISCKASGYSFTGYTMNWVKQSHGKNLEWIGLINPYSGITS
YNQNFKGKATLTVDKSSSTAYMELLNLTSEDSAVYYCARGDGNYWYFDVWGAGTTVTV
SS (SEQ ID NO:90), and the following light chain variable region:
EIILTQSPAITAASLGQKVTITCSASSSVSYMHWYQQKSGTSPKPWIYEISKLASGVPARF
25 SGSGSGTSYSLTISSMEAEDAAIYYCQYWNYPYTFGGGTKLEIK (SEQ ID NO:91);
wherein the antibody is not R34.34 (Dendritics Inc. #DDX0700).

33. A human, humanised or chimeric antibody or an antigen binding fragment and/or
derivative thereof which binds to CD127 and which comprises:
30 a heavy chain comprising the following CDRs or analogs thereof
CDRH1: GYTMN (SEQ ID NO:92)
CDRH2: LINPYSGITSYNQNFK (SEQ ID NO:93)
CDRH3: GDGNYWYF (SEQ ID NO:94)
a light chain comprising the following CDRs or analogs thereof
35 CDRL1: SASSSVSYMHW (SEQ ID NO:95)

CDRL2: EISKLAS (SEQ ID NO:96) and
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ii. neutralise IL-7 induced STAT-5 phosphorylation, and/or 20iii. inhibit
the production of IL-17 by TH17 cells, and sel ecting those anti body

popul ati one 20dwaeare able to inhibit the binding of

| L-7 induced STAT-5 phosphoryl ation, and/or inhibit the production of

by TH17 cell s.

10

15

20

CDRL3: QYWNYPYTF (SEQ ID NO:97).

34. A method for treating an autoimmune disease or inflammatory condition,
comprising administering to a patient who is suffering from the autoimmune disease or
inflammatory condition a binding protein, antibody or fragment thereof according to any of
claims 26 to 33.

35. An antagonist of IL-7 receptor mediated Ty17 expansion and/or survival for the

treatment of an autoimmune disease or inflammatory disorder in a human subject.

36. An isolated binding protein, antibody or fragment thereof according to any of

claims 26 to 33, for the treatment of an autoimmune or inflammatory condition.

37. A method for identifying antibodies suitable for use in the treatment of an
autoimmune disease or an inflammatory disease, the method comprising the steps of:
screening a plurality of independent antibody populations to determine the ability of each
antibody population to:

i. inhibit the binding of IL-7 to IL-7R,

ii. neutralise IL-7 induced STAT-5 phosphorylation, and/or

iii. inhibit the production of IL-17 by Ty17 cells,
and selecting those antibody populations which are able to inhibit the binding of IL-7 to IL-
7R, inhibit IL-7 induced STAT-5 phosphorylation, and/or inhibit the production of IL-17 by
Tu17 cells.
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