1 MODIFIED | L-4 MJUTEI N RECEPTOR ANTAGONI STS BACKGROUND COF THE

| NVENTI ON FI ELD OF THE | NVENTI ON [ 0001] Thi s invention rel ates to an
I L-4 mutein receptor antagoni st coupled to a non- protein pol

such as poMRIWWPEAY gl ycol . In addition, related fornuP&Tit§ 8"’33589
dosages 15 and nethods of adm nistratjon thereof for therapeutl C
pur poses are provided. These nodified IL-4 nutein receptor

antagoni sts, and NMODIFEDEL.-4 MUTEIN RECGEPTOREBNTAGORISTSIsef ul in
providing a treatment option for individuals afflicted with severe

ast hma, chronic obstruc | v r(%% @NLQ' ated | ung
condi tions. BACKGROUND haracteri zed by
vari able, reversible airflow obstructl on, and airway

hyperresponsi veness (AHR), FIBODIOR PAEMNVENTIONNT i | tration of the
bronchi al nucosa with acti vated T-| yrrphocyt es (T-cells), and

eosi no T, ese c esi dent airway mast . cells,
seclr et gf@bﬁar %F%ﬁg)si%ﬂd‘{ i“h"lteﬁ?@ortaﬁ%‘go’b‘ L uée‘ﬁ BRR¥ENt al
rol e i npfotegn ﬁh@mm@'ﬁs 15&?&1311&1@ gcﬂyowaﬁ 8ddifidt} teldib@ fiz@blaBiond, Hé@g@hst he

release of s eC|f|c cytoklnes -4, IL-5, I'L-9, and |L-13), are

t hought 28ddngredsf admirastiagen H’P%eéﬁ@é &&r%é%%pmoszﬁ are PO vidads 1lase grodifiede
Th2 cytgkh BRSeid becbpt gb}ns‘éa%nd%ﬁ)cﬁ%% gﬁybﬁﬂoﬂ ahfl A:{dg ateReful in
(6] alrway |1 n a

devel opnent and na ntenance nmat |1 on an I rway

hyper r eppovidinigereagsent ppid@sibr mdividrabsrafBictedrvith sewers astbineschainiootstipgiet
the piv t he pat hogenesi s of asthnma.
Using a |nafl£r93%ﬁ2%1 Aenﬁtréhéﬂ%ﬂgrl?géégé ol cine, or reagents that
neutralize either IL-4 or 1L-13 function, an inportant role of these
cytokines is observed in r%ﬁK&ﬁlO@ﬂDﬁ&F@iﬁmﬂoﬁnd secondary i mmune
response leading to airway inflammation and airway

hyperre Siv @15)”
IL-4 angﬁ% 3& &n%?} bﬁ(%?/rag&?ﬁe over ap%{%h%‘*’%#’% %%% Pes M the
al | ergi hymnesmyﬂvmsqdﬂﬂﬁé asamiatedlarithuamjﬂtram dfditdbrm;cﬂ:fﬂi mm&saomtﬂ d

have signi fi t t to tar her, | d al one.
(o004] K AwBhdsstes 0T Rol art Babiftut . fHtadeat Horke it R ey
Miut ant smadt cklls, deckdi@h varitie bf @fokises and ﬁﬁﬂiﬁto‘fst ﬁlaﬂ ;ﬂs)} &lﬁﬁdﬁlh&ntéllrolé in the
antagoni st mutein |L-4/Y1 24D Conver si on. of _huma

Kr u
i nt er | eRAtRpgeResiSREghediprags, %ﬁﬂ ity &rﬂera@whg felwc af sperife éytahﬁﬂﬁ%(lhﬂr d
r epl acenentyy,-Eah@11l13)l dreIchfhtid oréh%&?a)ce BB disBasd i’&'e% 55% Barticular, the
| L- 4] R1210Y Y124D] (Ton 2009/ 065007PCT/ US 008/ 835803 H.
al ., De%@yt@ﬂnqad% am%ﬂei?r &t enpidarednivatsbiv the develppment mdtrnmgtenance of

I nterl eéﬂ‘%j’ gﬁﬁgﬁﬂ 3-dependent responses in
T-cells an ‘%ﬂce Q{dh 6%%%$®HS%%S}EW Bi ochem 225: 659-664
(1994)). The single nutein is a substitution of tyrosine by aspartic
acid at [%@%]l t i AymumnPer aign wh@sindlheals&supph@ﬂmmt@lr tof llardiagd &L-13 in the

substit

tyrosi ngé%(%gasé)aﬁa?dg&gg?dg %Fﬁ&%gl({a?%ﬁé%% ?ﬁ%cﬁ ajg%ﬂ'ts ?lg%%fflé%\es
i n thiseitecili-éor 0i-13 fmclioh eh inpgrest toﬂwdthese@ywkinaﬂﬁahsdr%dahammgn

i nterac ons at the cond bi ndin 0005 tanI vari ants of
L-4 de g M e S Fion S ATVBG
usef ul ﬁﬁfen&ip@ﬁéwéiﬁséi(@ml. CuRibtita$abésaided sigdebt tﬁﬁtEILOIf anld!TE- 13/ RAyi1EPPI C
effects, of IL-4. For_|nstance, antagonists of IL-4 would be useful in

treat i nePte o¥eTlaPPias and ndersndent selenip the allergie aiyatSTEPOBIe ARGt aERRE,

al | er QYbotQEthfulﬂgsr coulf RRT5RhPcint" 3&4@6&%&8&&&&& candiciid ﬁﬂﬁald%gon' Sts
of -4 may be useful for "treating conditions ere| n-t presence of
| L- 4 is associated with the anelioration or attenuation of a disease,

for exalf8P8, ohntaganditnefilhet lfve baencrenertad in thediteratvm: dfwanty efiir4 that
Mul ti pl £inSedrSls Aitagonibtd ﬁiéldd@ ndapengdeionist ARRS wmmb EE.: e

If)? ese
aut oi mmune di seasés are characterl zedmbgy a pol ari zati I n pr Oﬁctl on
Conversion of human interleukin-4 into a high affinity antagonist by a smgle amino acid

replacement, Embo J. 11:3237-44, 1992) and a double mutein IL.-4[R121D/Y124D] (Tony,




WO 2009/ 065007PCT/ US2008/ 083589 3 antagonist in vitro (See U. S.
Patents 6,028,176 and 6, 313,272). A significant drawback to the use

of IL-4RA is. It atively short half life in vivo (approxi natel
3-6 hrs). Bﬁ%%%%ﬁ%ﬁ‘i'?neti c/ phar macodynani ¢ nodel i ng of | I[’CZMZ‘{“W‘W%@

prinmate asthma nodel indicates that the effective average steady
state concentration for optimal therapeutic effect is approxi mately

60ng/ M g, 0A0Pesi ?9 8f ARREN #REuRinOV ﬁhﬁg&hﬂg irf MRibRHR Thtel&kkin-b i deBerident

frequent adm nistration of the |L4ARA futein to a patient, however

f r equentocHaterlavian Adepanderigesapnses iy TicpliiseandiRypellswith highefiikienes, Bt on)

t t
and t nop kot 2258566 R lo0 0B O gl iRl R 8RR AR SER osfle RRAT
[ 0009] dadidatipesigion il 2hingho Pibdis. The dobblemtteinisa substitutjoreaf Argidiad by | i f e

t han pr |ou orte |nvent|o | sg. prayi.des .

r eagent ‘%’éfi ﬁ‘gﬁ‘? dllzﬂuq'"g ? ?’ﬁ%s"ﬁ DYASRAGC Pﬁgng?P@H’g‘ﬁédn ﬁ?rRTH@‘X‘
respo ns*e’snatﬂihs i taiRdeqioneif thrIPhdixspritivelotiraMRntitiothaags ip fthddRds Mythe
one or nore, of the enbodinents listed below. [0010] In one

enbodi n¥e0d RIRLNE FREER: i on provi des a purified preparation of a
nodified IL-4 nutein receptor antagonl st conprising an IL-4 nutein

recept o[00esyt agdniast vagiaht o€ -4 deoRating Sodiskh &%ﬁ@&hsﬁ%@&lﬁ o ILoMm
the group consi sting of polyethyl ene 3 ycol , }éi)ropyl ene gﬁ¥col and
pol yoxy®ReX§e urséd fon trpaipgcondiions asspciatef $1tB0n6 af the Rleiotidpic qiTeetsiol Het4.

pr epar at b QRstaRE Pt 368isR oﬁlgh fol ot delysrui t?éaﬁn ESREAAS e?rﬂ:l:l%gﬁﬂ 'b?tIL 4

pol ypeptide conprising the am no acid sequence as set rth 1n"SEQ ID

NO  32. prefucsinn S‘é@rﬁé ztlhrgf, endsbeti mﬁmmatpnetemmsef-xe@cﬂemp@pam on
COMPr ! SRRyl LA Gy bend A b Oh CSRE Qs SALRAPRLS IR AP ROUNES |

conpri si am no° aci a sequence®as se
anot herasamedwﬂhﬂteranmherﬂuodnnmmuaﬁdneafadisyﬁej’djok exeenpie, o abito{rhinte | S

| i near rbran he and has .a. | ecu ing from about 3
D o sosa AR e e il A NrEblsloictie fsli8 eetent I8 00211
I n one Frives, sienuhegefaatoﬁmﬂhﬁé Gifeatesthrétha@icheriz64 BPh B6laAidH M pidHuction
pol ypept| de_can be coupled to a non- 2Erot ein polyner at am no acid

r esi duetibe hsipes ¢ P?B‘ﬂaé?}ls fypes band 2 G4, Thak Naive@lgd b cplls differsptiate
POSi ti o, BI%r THIDRSEE, REERTSE Pt eytbiaﬁe ekehtwlglg% AdmLﬂatg]dnaAﬂlrﬁan

interleulcin-4) amno acid seqguence. yne as
enbodi negenist wneldadﬁaﬂm slaﬁldedvemrmqéheT-hpkpsr @qlldqaer@sl e.3@wagis Thagtherey,

105 or ﬂ,gg I n anot her aspect of this enbodi nent, the
am no acl esl éﬁ%u%'giéﬁ%(g& tions 121, 124 and 125 is aspartic acid. In

4 anot her aspect of this enbodiment, the amno acid residue at
posi ti ol008q | sP(é’HE§93/ﬂé6k$cﬂ1@1®nﬁanﬂe4 sarianbhavingi PlesLelue Bir-Iso séquemes

121 and. i one nodj fi ed
muten . PetpRORnER Nk A% o B8 e B SIRRRMIR, amfhd B

r ecept oimmaé¢didtely ohstreamvartdowastfiiatirdm medfhealmw TYr-Lew dquencebihe tvaridht gM
about 0.5.nMt.0 about 1. r.about 1.0 nMto,.about. 100 nM, [0013

ot IR FREh LI L BiFePEt B Tifpe E Rettel o ARE ahRade
i nhi bi t for lH%&eQﬁtﬁﬂelyf-nﬂihﬁged‘éﬁuﬁ(ﬂﬁ:ﬂﬂ mtS@soQﬁsch%eéthaﬁthk @&mclshbﬁlmﬂohfbf%

| C50 of _about 1 nM.to about 10 15 about 0.5 nMto about 1.0 gM

or abou%elllord’hﬁmeéld‘ﬂ%bm a-helox of 1M4 mZ}re$lﬁue§pf B memﬁlﬁehmé%@aﬂ% nt,
t he nodicbiiadn dhpdvaiieahity. ThE %aaee& fsaamgpﬁgﬁh d?QhKHﬂ?dl{lpg@Sna foxn).

proliferative response of TF- l's to IL 1
fromabout 0.1 nMto about 10 M about 5 nMto about 1 gM or
about 1[0§07AMm tfb r%@ibtna&mutﬁmprwemﬁ}ﬂw demwtfmr hemasoldi-frawtated; in gwo

nodi fi e f tyye
res ponsgO t#mﬁurran e ﬁg%ugﬁ?ei‘%f V\llg‘?ﬁ?si e (%eg L’tl’erci%te é 6652% 15?
0.1 nM sl GHGR7211-4RA\ barddls wtiththigh affihitptocthe biman mg Mceptor aphnnhaih, & nM
to abouﬁnp]o%gut%hokg gn]alnllgnco%{]p%%grﬁrof%%%e fieE and ﬁh% I[g(?éjﬁt(.l;l' compieliesél

This mutein has no agonist activity, and acts as a potent competitive IL-4 and IL-13 receptor




[0017] In yet another enbodinment, a nodified IL-4 nmutein receptor
ant agoni st of the invention has a plasma half-life which is at |east
about 2-10 f %@ ater than that of an unnodified IL-4 rece
ant agoni st . ‘? T@% %he invention al so provi des pharnaceﬁFF@§
conpositions conprising: (a) a nodifigd IL-4 nutein receptor
ant agoni st which binds to the human IL-4 receptor; and (b) a

phar macgthdonat byvies CRRUAR! Pu&a 6,029, 176[&@3593]135@) M@ﬁﬁé&ﬂd@%&k to the
provi des a ?urlfled polynucleotlde conmprising (a) a nucleotid

sequencksepf IsdRArig jits pelativelymthort hakdfe iz viorapproxingtel3-6 9E) | D NO 4,
SE ID %éﬁg ID NO
Q %%% °¢ﬁ§§ e §§mﬁgﬁﬁg&%%%l fﬁbmgﬁg%PﬁﬁééﬁﬁéiwﬂﬁEV|ﬁ%han

a m n o amdt!:mé thatthe effective @-t!el‘figﬂf sténdy staBEOnEdRttNDIn 0 opt8EE) th&apeaDtideffect is,
SEQ ID 12 ﬁgagpNO 13, SEQID NGO 14, SEQID NGO 15, SEQ ID
NO 16, ﬁ%ﬁﬁqqg fﬂ or SEQ ID NO 33. [0020] The invention al so
provi des expression vectors conprising a pol ynucl eotide of the

i nvent i H808ind Guxsappoekch © eenqoniisg thy shert badﬁhfessﬁequenm&mmmdnomhﬁthe IL-

i nventi Q2 In.addition,. the invention ro i des .net hods

ki no. SRR L PRSP RPTE Astit ST Ao e Al B8 vt ag teqeel

st eps ofntubafign)@tdated WeryGsidrfcaiOSdmiae td paﬂﬁﬁmcba@&cabpme thenghSTand

condi tigns whereby the antagoni st is expressed; and (b) purifying the

ant agonttEPFHisAdpRstbion iaflinieyl ture. In a particul ar aspect, an
ant agoni st produced by a nethod of the invention can inhibit IL-4 and

I L-13-nmedi ated activity aguMMARWOFErgEINVENPION Ot ei n pol ymer

sel ect ed fron1the group consi sting of polyethylene glycol,

pol ypr opy! ycol and poly yalkylenes [ 0022] The inventjon also
provi delDOp%, ﬂgelmﬂ Pwéﬁwgﬁa AR Arraviers SethaEsats g'é@feaﬂi@apmoﬁsy

i ncr easﬁgoﬁéﬁﬂ}ﬂtbﬁﬁs’ e ih¥enfioR o plovikids re‘ﬁ@éﬂ?s!’ Rl AGhd 3 f fﬂh@tﬂﬁn L 4 &

providing a human having a condition in which activity of 4 and
| L- 13 i Bl hrmedigted dmmane respynses tbisiand eftiengspeess shithe inventson faﬂpl@ﬁ&fd@éb}’ve

anmount G}Ied}%réb%ﬁ%hbédﬂéhﬁ'h@teﬂ‘ﬁglﬁw or antagoni st of the invention

or a pharmaceutica osition of the invention. In one aspect, the
di sorder is asthng, chronlc obstructive pul nonary di sease (such as
emphysel®@1®lr dnross pmb@dmemﬂleu@)enum prozidas edwpiﬁdrmmqnon@ﬁ dintodified IL-

[0023] Im@ﬂéﬂ?@‘{’%@‘%ﬁ@% RS 'Ii%fﬂt%‘riil Blep) SRAEDAG PulSf ggg%gd

IL-4 nuternr agonr'st Fn active onr's
by the netahopblymmmhsﬁeﬂmrmthegrqnplcsnm@ngm bol&eﬂlﬁlgmglyécﬂ @hﬂ)xﬁﬁfﬁ&ﬁd of

and phaby i ant PP SeliTler i B pRe PR RS i S iges

met hod emifsesemolified SIL-aRsutéih redepior Snthfoist Eﬂlyﬁé]ﬂldb @&hpﬁsﬁ‘ﬁé th@%mmo acid
descri bed above und&r condj tions whereby the antagonist is expressed;

(b) al | HAPTHGe et SH&GIP NO: #21 Iy opejagpachef this smbadignest, the purified
di t hi ot e ﬁﬁﬁt’iﬂmcoﬁﬁ‘ﬁﬁﬁﬂ)m@&iﬁb&l @%{ﬁé}ﬁr&@ﬁt@ﬂﬁﬂé@hs{ bSPdphge Elﬂﬁ;n lthe

cul ture. one enbodi nent, the neth further  conprises the 'steps

of : (d)amebapridaeuente asrsetfgrhin$EQ éDNPaoﬁu dn enether aspricy ofishis earbadnmpt

2000/ b6ROBIRCR CROROR SbaELH o o Bl AL Bl kiR pig fom

[ 0025] #hogt3 kD 1o §hblds baosciretmaliment) thp PESandietyiinabonf 40 kiR. chemni stry of
a PEGylation reaction. [0026] Figure 2 is a graphlcal dlagran1shomnng

data fr | Acor t he I -4 dou e|n
CTL A OnITE' {R0fe BB Rl fhe i 1R DB at e BS: et i i

SEG a]E pogiupied o Sﬂ@-px[o]f}ﬁhi'ﬁ:s}l{ﬁem\r/aﬁ]& qc’tsd ﬁlsgﬁﬁmptoemb:lzd?am; a'm3sh0}m ng
at a r | z .O W SUI nul.atl reveall n
Chet bERR Ao o AN SishbedbOm Bk dacipRine o iy wap L
PEGY| at @@. Hum=ABDMe G_)ﬁﬂmalabmts ﬁdEH Inorkelas KR} 246k 4Dhe

DETAI LED DESCRI PT] ON THE | NVE 0028] This invention rel ates
amino acid residue at positions 28, 36, 37, 38 104, 105 or 106 is cysteine. In another aspect

or
50081083589

of this embodiment, the amino acid residue at positions 121, 124 and 125 is aspartic acid. In



[ 0029] Unl ess ot herwi se required by context, singular terns shal
include pluralities and plural terns shall include the singular.

[ 0030] The_section headi ngs used herein are for organizational

pur poses oM Q2'4%eF5%e not to be construed as |imiting tRBETASHO¥E458Y
matter described. Al references citegl in this application are
expressly incorporated by reference herein. [0031] The term

" PO! Y NUg|oRRk kot oFihis BHOAIEn b AmPRAKIESn Okt poB6h 85 & Afidrlo acid and
nol ecul e” RNA sequence t erm enconpasses

ol ecul@saﬂmdirfemdmampsmfmsm’é akd ddhatsaspargasibgs of DNA and RNA
such as, but not limted to 4-acetylcytosine, 8-

hydr ox i:ne,
57 oo TR JREHE PERRRLRS o BRIl nlloin kRSt BfegARUERL AREMIASIAS.
car boxytmﬁhehm ﬁr&mnptondphw@amwﬂﬁl o [[Kaflilp of about 0.1 nM to about 10 uM, about 0.5

o so- DU Ehg d ahiiR aboud Y S deehl AT T2k pseudour aci 1, 1-

nmet hyl g- uani ne, 1- nethylln03|ne 2, 2- di et hyl - guani ne,
2- met hy[ﬂama]ni e m&hmﬁbddgnmqiMO&ﬁnéﬂhwmyﬁnsémptpr Srtageiniyy inditite shene,

N6- et hy| Jne yl amin t acil,

5 ot holy AANS® RispsF ob T HGTF leEr PiheR I REMRBEYT DLioSRE 10 Mas
- met hoxytwat By tonbbhyil. (mnm;bf abot B nVOMYBERCION nh2- et hyl t hi 0- 5

N6- i sopent enyl adeni ne, uracil-5-oxyacetic acid nmethylester,

uracil - - oxya etl acj d, qxybut oxosin eudour.aci | , queosi ne,

o Thi oo ndb sl aghererpoiimest tronpned find Gaeia faosstat BrRBIbEhibit
5-1net hye gsf@fférhmvé\ﬂeép%ﬁsé of PROXYAERS [191@%1@ aNBC L RS ® from about 0.1 nM to
uracil - 5- acetic acid, pseudouracil, queosine, 2- thiocytosine, and

5 e i oD pMinehout B30 teraborel Wb prationt bAnMbio 2bpuidi0Amdy”
polynucleotlde refers to a nucleic acid nolecule of the invention

that (ljpopss DRGMTIRRAbETheht, ﬁf@rﬁédlh&ﬁﬁ_.t-dr ahe reé&t&%%%@ﬁlsﬁt]hlblts the
proteins, [|ipids, carbohydratés, or other materials with which it is

nat ur al Piplifegaiive respense 0§ bumamB cplls to Thd with an IGspselacted frono Abqub@. 19ditc e
cells, eotide to
whi ch tﬂﬁim}@%?@%u%ﬁnugﬁgﬁgﬁggéh@ %ﬁhk? %ﬁ@g |nqﬁgture (3)

is operably linked to a polynucleotlde which it is not linked to in
nat ur e, [0§16]( 4)Indoetbenrmbodireent, thevmndified 8.-4gnysein recgptonantagogist inhibits the

pol ynuc d
A R e e S T

ot her ccnmmﬂ@wa”bng (hLoMeb abaild pivh|abowt 0eY s to bt b e, abodtdnd b s

t hat ar% P i,h its natural environment that would interfere with
its use ﬁgpyﬁeptlde production or its therapeutlc di agnosti c,
prophylactlc or research use. [0033] As used herein, "wild type IL-4"

or "vvt[iM7' andeesmistheabebidimbites ﬁmﬂifaﬂeLu&ﬁﬁteihné@pmhamgmiwtyfmad

nmean human Jn erle | ci Ave or recomhina havi he 129
nor mal | JiVEROEDAS A BIEsHR Aarie Rt ik @é#e%ﬂ@?&ﬁaﬁ@éiﬁmﬁ%ﬁlaﬁog
dlSC|OSQQHMﬁﬁ&5ﬁ;4EQﬁmﬁﬁma nigl 7, 691, incorporated herein by

reference. Further, the nodified human I1L-4 receptor antagonists

describ ere may have varjous insertiqns and/or del etions and/or
coupl i nB@ ?lo 'h?‘FdH ‘%‘PB’E‘ A PRsidssBharmagyt aﬁéom%@r@&osﬂﬁnae%&ﬁ)&ance

W th t hgoWiiel 1144 Méiﬁ%d@?@f‘ﬁlﬂék&kt {vhﬁhl%?xfds't&ﬂﬂe%m@ﬂ‘ﬂﬂﬁ 18GhRr,CRasHn i s
that same amno acid th normal Iy occurs in the wlL-4. ccordlngly,
one ski Phasgagentieally ageeptapie qartigspr eci ate that the normal ly occurring
am no acids at positions, for exanple, 13 (threonine), 121

(argini el anﬁ{eqﬁvekaén Gy pRVIREL putffidd ﬁ?}@yrﬁ:mef)ﬁ&dcdn{cbrﬁfﬁg @J&tlﬁicmonde

Thus, an |nsert|on a cyStelne residue at am no Ions, for

exanpl eseqsgice 2ot mm_rSEmH) N8 2L8EQ B NG h, SEQURN @A, SIERQ [IHYRe $eSEQ
the | OCH# Ney? G%E(ﬁ Eﬁ I\&B]:I 'f, %E@ Iﬁefﬁ()( @dr Sﬁ@lﬂl@) 3 i[%)'i‘ Ctg)Ya)nu%feo{i&]es rqﬁe% e Cys

encoding a polypeptide having an amino acid sequence as set forth in SEQ ID NO: 10, SEQ




virus) used to transfer coding information to a host cell. [0039] The
term "expression vector" refers to a vector that is suitable for
transformati on of a host cell and contains nucleic acid seguences
that directV&H¥ % ontrol the expression of inserted hgpy,%g:;og@wgssv
nucl eic aci d sequences. Expression ingludes, but is not limted to,
processes such as transcription, translation, and RNA splicing, if

'n”O'tﬁ)ﬁbelpf % No: 512{) Sk 8b N 1?%1@@2113@@6 @ekko Im\reseﬂsgqrrmoto

refer to a ceII at has been transforned, or 1$ capable of
transfolﬁr@@@mNOaﬂ\mSEQGTDaHDd3%equence and then of expressing a

sel ect ed gene of interest. The termincludes the progeny of the

par ent thesn aen RF@

in gene@@c rra\lggj%u tg&gﬁ@&% (Mal%%a pgpar}e{r‘{%&m%%ﬁghgﬁ%sbtﬁ ('re ecte
gene |smptré@erandh@@@dls]com(aSMgangrcamdmjm ofithe inyenigmd to refer to

t he transfer of genes fromone bacteriumto another, usually by a
phage. ns r of
Gukar yolAACE ARt g A0aih G sda PRSP A AR
"transf Rcdzptcnrrahtagsmsls ecdnﬁrmm@:hestepsmft (a culpiriak ¢hedfosf ariieiegmribed atwe gedwus

DNA by a nd, a,ce has .been "tran n .t he, exogenous
DA hastmations wEERC I i eadia i S et A eh S Eine e TGt B pm the Kt
transf egdll danuxteemete@aramcw hntKgr@dh foﬂu&daeyadﬂaetﬁwoﬂhenﬂrbﬁsdnmd
her ei n. . See, amet al, 1973, Virology 10 52:456; Sanbr ook

et al, wmbgéh14£nd@&ﬁrmadlafﬂ@ E%&Va%wowﬁmaqmreteemlﬂae

Labor at 850880 ord b bE pbED 3 é vhMl.ggul ar Bi ol ogy
(El sevier, 19 6}%3 anld u&g?}egﬁhenegg% Ee fb? 1 Such techni ques
can be p@myaldry enes oduce one or nore exogenous DNA rml eties into
suitabl e host cells. [0043] The term"transformation" as used herein

refers : i ]ﬁ].?agul
has beet?%t rangﬁré égﬂvﬁ lb I{O ggﬁﬁglgggﬁ)ggﬁtlﬁ%&q{ 0 cé%:t% g}eﬁ%oﬁgt&v& gﬁk
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the follomng more detazled description of certain preferred embodiments and the claims.
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Al tschul et al, 1990, supra). The well-known Smth Waternman al gorithm
may al so be used to determne identity. [0048] Certain alignnent
schenes foY&FYHMPY two anino acid sequences may resul PCTYSHEYEEHg
of only a short region of the two seqggences, and this small aligned
regi on may have very high sequence identity even though there is no
significant rel ationshi PREORIE I Ihﬁﬁm\{i; equences.
Accordingly, in certaih%&gmdl rrentig@ﬁmﬂ?g#e%t ed a |§gnmant met hod
(GAP program) will result in an alignment that spans at |east 50

cont i guH’ﬂ%Slam' Fgurg dishewpt schgmatigregessenigion d e chemisinyof o PESytatier anpl e,
using the.iamputer al gorithm GAP (CGenetics Conputer G oup, University
of Wsconsin, Mdison, W), two pol ypeptides for which the percent
sequence identity is to be determ ned are aligned for optinal
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5:345-352 for the PHETRGIEPDESCRIPTION OF THHEENVENTION al, 1992,
Proc. Natl. Acad Sc! USA, 89:10915-10919 for the BLOSUM 62 conpari son
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GAP program may be useful with the above paraneters. In certain
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for pol ypeptide conparisons (along with no penalty for end gaps)
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methylaminomethyluracil, 5-methoxyamino-methyl-2-thiouracil, beta-D-mannosylqueosine,




5) residues that influence chain orientation: Gy, Pro; and 6)
aromatic: Trp, Tyr, Phe. [0053] Conservative am no acid substitutions
may i nvol ve exchange of a nenber of one of these classes w th another
menber of tHEXUHRE'W ass. Conservative amino acid subst FEHUSHR0GER?
enconpass non-naturally occurring am po acid residues, which are WO
2009/ 065007PCT/ US2008/ 083589 13 typically incorporated by chem cal
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if present, should be one recognized by the cell chosen for expression of the IL-4 mutein. It



Preferred Substitutions Ma Val, Leu, Re Val Arg Lys, Gn, Asn Lys Asn
Gn Gn Asp u Qu Cys Ser, Ala Ser G n Asn Asn
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may be prokaryotic, eukaryotic or a combination of the two. It may also be the signal
sequence of native IL-4. The inclusion of a signal sequence depends on whether it is desired
to secrete the IL-4 mutein from the recombinant cells in which it is made. If the chosen cells
are prokaryotic, it generally is preferred that the DNA sequence not encode a signal sequence,
but include an N-terminal methionine to direct expression. If the chosen cells are eukaryotic,
it generally is preferred that a signal sequence be encoded and most preferably that the wild-
type IL-4 signal sequence be used, as disclosed in U.S. Pat. No. 6,028,176, incorporated

herein by reference.

[0035]  As used herein, the terms “mutant human IL-4 protein,” “modified human IL-4
receptor antagonist,” “mhIL-4,” “IL-4 mutein,” “IL-4 antagonist,” and equivalents thereof are
used interchangeably and are within the scope of the invention. These polypeptides and
functional fragments thereof refer to polypeptides wherein specific amino acid substitutions
to the mature human IL-4 protein have been made. These polypeptides include the mIL-4
compositions of the present invention, which are administered to a subject in need of
treatment for asthma. In particular, the mhIl-4 of the present invention, include at least the
R121D/Y124D pair of substitutions (“IL-4RA™) (SEQ ID NO: 31).

[0036]  As used herein, a “functional fragment” is a polypeptide which has IL-4
antagonistic activity, including smaller peptides. These and other aspects of mhlL-4 and
modification of hIL-4 are described in U.S. Pat. Nos. 6,335,426; 6,313,272; and 6,028,176,

the entire contents of which are incorporated herein by reference.

[0037] By “numbered according to wild type I1.-4” we mean identifying a chosen amino
acid with reference to the position at which that amino acid normally occurs in wild type IL-
4.

[0038] The term “vector” is used to refer to any molecule (e.g., nucleic acid, plasmid, or

virus) used to transfer coding information to a host cell.

[0039] The term “expression vector” refers to a vector that is suitable for transformation
of a host cell and contains nucleic acid sequences that direct and/or control the expression of
inserted heterologous nucleic acid sequences. Expression includes, but is not limited to,

processes such as transcription, translation, and RNA splicing, if introns are present.



Gu Asp Asp Ay Pro, Ala Ma H's Asn, Gn, Lys, Arg Arg Il e Leu, Val,

Met ,

Ma, Phe, Norl eucine Leu Leu Norleucine, Ile, Val, Mt, Al a Phe

Ile Lys Ar%?ozlo’oél Di am no- butyric
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[0040]  The term “host cell” is used herein to refer to a cell that has been transformed, or is
capable of being transformed with a nucleic acid sequence and then of expressing a selected
gene of interest. The term includes the progeny of the parent cell, whether or not the progeny
is identical in morphology or in genetic make-up to the original parent, so long as the selected

gene is present.

[0041]  The term “transduction” is used to refer to the transfer of genes from one
bacterium to another, usually by a phage. “Transduction” also refers to the acquisition and

transfer of eukaryotic cellular sequences by retroviruses.

[0042] The term “transfection” is used to refer to the uptake of foreign or exogenous DNA
by a cell, and a cell has been "transfected" when the exogenous DNA has been introduced
inside the cell membrane. A number of transfection techniques are well known in the art and
are disclosed herein. See, e.g., Graham et al, 1973, Virology 10 52:456; Sambrook et al,
Molecular Cloning, A Laboratory Manual (Cold Spring Harbor Laboratories, 1989); Davis ef
al, Basic Methods in Molecular Biology (Elsevier, 1986); and Chu et al, 1981, Gene 13:197.
Such techniques can be used to introduce one or more exogenous DNA moieties into suitable

host cells.

[0043]  The term “transformation” as used herein refers to a change in a cell’s genetic
characteristics, and a cell has been transformed when it has been modified to contain a new
DNA. For example, a cell is transformed where it is genetically modified from its native
state. Following transfection or transduction, the transforming DNA may recombine with that
of the cell by physically integrating into a chromosome of the cell, may be maintained
transiently as an episomal element without being replicated, or may replicate independently
as a plasmid. A cell is considered to have been stably transformed when the DNA is

replicated with the division of the cell.

[0044]  The term “identity,” as known in the art, refers to a relationship between the
sequences of two or more polypeptide molecules or two or more nucleic acid molecules, as
determined by comparing the sequences. In the art, “identity” also means the degree of
sequence relatedness between nucleic acid molecules or polypeptides, as the case may be, as
determined by the match between strings of two or more nucleotide or two or more amino

acid sequences. “Identity” measures the percent of identical matches between the smaller of



Acid, Gn, Mi My Met Leu, Phe, Ile Leu Phe Leu, Val, Ile, M, Tyr Leu
Pro Ala Gy Ser Thr, Ma, Cys Thr Thr Ser Ser Trp Tyr, Phe
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two or more sequences with gap alignments (if any) addressed by a particular mathematical

model or computer program (i.e., “algorithms™).

[0045] The term “similarity™ is a related concept, but in contrast to “identity,” “similarity”
refers to a measure of relatedness which includes both identical matches and conservative
substitution matches. If two polypeptide sequences have, for example, 10/20 identical amino
acids, and the remainder are all non-conservative substitutions, then the percent identity and
similarity would both be 50%. If in the same example, there are five more positions where
there are conservative substitutions, then the percent identity remains 50%, but the percent
similarity would be 75% (15/20). Therefore, in cases where there are conservative
substitutions, the percent similarity between two polypeptides will be higher than the percent
identity between those two polypeptides.

[0046] Identity and similarity of related nucleic acids and polypeptides can be readily
calculated by known methods. Such methods include, but are not limited to, those described
in COMPUTATIONAL MOLECULAR BIOLOGY, (Lesk, AM., ed.), 1988, Oxford
University Press, New York; BIOCOMPUTING: INFORMATICS AND GENOME
PROJECTS, (Smith, D.W., ed.), 1993, Academic Press, New York; COMPUTER
ANALYSIS OF SEQUENCE DATA, Part 1, (Griffin, A.M., and Griffin, H.G., eds.), 1994,
Humana Press, New Jersey; von Heinje, G., SEQUENCE ANALYSIS IN MOLECULAR
BIOLOGY, 1987, Academic Press; SEQUENCE ANALYSIS PRIMER, (Gribskov, M. and
Devereux, J., eds.), 1991, M. Stockton Press, New York; Carillo et al, 1988, SIAM J. Applied
Math., 48:1073; and Durbin et al, 1998, BIOLOGICAL SEQUENCE ANALYSIS,
Cambridge University Press.

[0047]  Preferred methods to determine identity are designed to give the largest match
between the sequences tested. Methods to determine identity are described in publicly
available computer programs. Preferred computer program methods to determine identity
between two sequences include, but are not limited to, the GCG program package, including
GAP (Devereux et al, 1984, Nucl. Acid. Res., 12:387; Genetics Computer Group, University
of Wisconsin, Madison, WI), BLASTP, BLASTN, and FASTA (Altschul et al, 1990, J. Mol
Biol, 215:403-410). The BLASTX program is publicly available from the National Center for
Biotechnology Information (NCBI) and other sources (BLAST Manual, Altschul et al



Tyr Tyr Trp, Phe, Tin, Ser Phe Val Ile, Met, Leu, Phe, M, Norleucine
Leu [0060] A skilled artisan will be able to detente suitable
variants of the pol ypeptide as set forth herein using well-known
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art. SubHERAZSPLmE aeﬂ%ig@ee%@aﬂpan%‘at(w ihpyribaeneoRntiob the 280 t abl e

var i ant Spenfi@peRX/TPdsavell ds AQRRIpEHiRE WL SuchRa PAMIINAR BL.OFUM 62 are used
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avoi ded r r i ey Ihher I SHCH
routi neD(aal H&gf‘%tﬁ%é%?zg) A%?\dg oggﬁ%ﬁqréggqu'ﬁﬂéteﬁ% art &E}%e%gégga??;f/&éet erm ng t he
am no acémparistremetrig Hehikoff st st992 ufProonkart kisad. SchES4\85: 93 5-4 D Mefior the

al one o+ ination with.other at,i ons.. [ 0063] A nunber of
sci ent | P?“?%HE‘@E?S%’%%%“ ﬁlg&g)f)se i '%fg%{l/%{{gﬁ @%’ntﬂ{{% prediction of
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7: 422- APB50)Chdm cettaih enbddidgents] the pamainstersyfof 3 pAlRRedidb seqUhunue cotnpadison
1974, Bi %ﬁ’g?m%tﬁig 113:211-222; Chou et al, 1978, Adv. Enzynol Rel at.
Areas M °87¥88148: Chou et al, 1979, Ann. Rev. Biochem

Algorithm: Needleman et al, 1970, J. Mol Biol, 48:443-453;

Comparison matrix: BLOSUM 62 from Henikoff et al, 1992, supra;
Gap Penalty: 12
Gap Length Penaity: 4

Threshold of Similarity: 0



16 47:251-276; and Chou a al, 1979, Biophys. J. 26:367-384. Moreover,
conputer prograns are currently available to assist with predicting
secondary structure. One nethod of predicting secondary structure is
based upon YOMIPETIodel i ng. For exanple, two pol ypept iP§EQISYL8/083589
proteins that have a sequence identity of greater than 30% or
simlarity greater than 40% often have sim | ar structural topol ogies.
The 1 eCenl GAPQHG Braimdb ¥ REA G3H 120! Hirdhord! ARANAR CRBRnAAS, he
provi ded enhanced predictability of secondary structure, 1 ncluding
t he pot aferdmentipuadinarangsdters atedbe gafaui prrameters Joraplyipdptids compprissme (atong

peen suginep e & Aho i QU poiey "5, ol 7 369- 370)

that there are a limted nunber of folds in a given pol ypeptide or
pr ot ei n[MaH] t hAs used herein, tlre tvientylcomeemtional afhir® asidsand thegsbbmvietiednllow

resol ved, structural predhctl 44| agaii.cally r

accur at 8(.3nvf6tfﬂ§1&§ WAt ?‘iem&#@ﬁﬁ#ﬂ?&%% %‘g& gé‘ﬁ% éﬁrr@ cgothrﬂiﬁf’[dur e
i ncl udeD: RhGeagdEdg), Sinhoeresssodifios! Sukdeiland, BOAN1 999 inberpoldted hereti 7 7- 87;
Sippl et al, 1996, Structure 4:15-19), "pnofiH% ggil sis" (Bow e et

al , 199TFTRIEINARYTFPOIYPIATYIORES {skdd-2inn acidshghihe Mgy eqiygifonal
183: 146ahpW;ackds! B8 kRYal Blnird) acidh 36ch asRL QL distiAtitutdCAsino 8lis, N-alkyl amino
84:4355-4358), and "evol utionary |inkage" (See Holm 1999, supra; and
Br enner acidnptic aeigray otleo MPV¢nmoeéraﬂammafé§ﬁw_ Femessuitphle eermponents for
vari ant ol AekECoghy f98MA £BHA dr 30 S MBS duihl) SciBUTBRE AN/ or
type of "grFycosylation site as heen al tere conpared to the am no

aci d sebubocesoliofe, T-haboagbiamgic| eyl ApNitdmethy Hysies, £-4N-acetyilyside,fént s,

protein_yari ant.s Lse a.greater or a lesser.nunber,_ of . N |.inked
P veosy PLEPhERe SCARRARRS ISR Thefbnfle; SERRIRIARE s fablo RS,
%!S yc;)(s¥Nambm5alaﬁg&'ﬁ_ 1'ﬁe,iaﬁd othar ﬁﬁﬁl&’z@xﬁiﬁd amisa iﬂalanﬁﬁqamd _ C(e.g., Asiydebx d ?@fyg@a}. In
n- X- Thr, erejn the amno aci resi desi gnated, as X _nmay. be any
ani no agaeéoriggnﬁai?ém&%@e%ﬁfe W:ﬁ]é?leg‘ﬂ’_éﬂ‘gg‘ﬁ%@% it e AmBe terrring dieqtign
resi duegnd Me FipREkAd iRHSicha S8 REBoRFI QMRS dﬁea&h,eﬁtah@draaﬁ%%ﬂlhfs%naﬁa

the addition of an N-linked carbohydrate chain. Alternatively,
subst i t b¥ageARd eqpyentin; i nate this sequence will renpve an existing
N-Iinked carbohydrate chain. Al so provided is a rearrangenent of

N-1i nkefhlﬁﬁ]’ boRydFaAl @ calAhE R IMNES BAT LN GidRH iriPEIRssE bdsBd&fcommon sid
glycosylation sites (typically those that are naturally occurring

are el | phampregerdipl one or nore new N-linked sites are created.
Addi ti onal preferred variants include cysteine variants wherein one
or nore cystg)i%515;}%},519%&1@%%8%@;mt,mg)’megrLe%uﬁ@ti tuted for another
amino acid (€.g., serine) conpared to thé parent ami no acid sequence.
Cysteine variants may be useful when proteins nust be refolded into a
bi ol ogi cal | yZatauirgkhsdeephdicrdtisobersTrhAss Gkt er the isolation of WD
2009/ 065007PCT/ US2008/ 083589 17 i nsol ubl e inclusion bodies. Cysteine
vari ants gengy alidiy: Rgysifewer cysteine residues than the native
protein, and typically have an even nunber to mnimze interactions
resulting fromunpaired cysteines. [0066] In additional enbodi nents,
protei n vari #hbasice IHs:i L8 M8 nut ati ons such as substitutions,
additions, deletions, or any conbination thereof, and are typically
produced by §) fegrifés R&tIRTAN AAR Gt G, PRS aRY NOre nutagenic

ol i gonucl eotide(s) according to nethods described herein, as well as
according to_nmethods known in the art (see, for exanple, Sanbrook et
al, MOLECULAR EPERPNGIPATIABBRATORY MANUAL, 3rd Ed., 2001, Cold
Spring Harbor, N.Y. and Berger and Kimel, METHODS | N ENZYMOLOGY

Vol une [(933] QUCEetvatIdABib il sthBRitidgs Me¢ HvoRdfchah38dF a MERABR ¥ 6ne

Press, Inc., San Diego, CA., which are incorporated herein_ by
f

refer enegﬁhPse[céﬂ?BeP]Wiﬁg%@ﬂH mgmber ofdhe seme clasp Sepmservative agfinnesidici d

substitutions may encompass non-naturally occurring amino acid residues, which are




[0070] "Modified IL-4 nutein receptor antagonists,” as used herein,
includes the IL-4RA nutein described in US Pat. Nos. 6,028,176 &

6, 313, 272 gﬁﬁé gx |ncorporated by reference in their entrret&@ W th
addi ti onal Q8d substitutions at one or nore posi FLEHSZEIB Y3
mature I L-4 protein. Exenplary triplelymuteins include, but are not
limted to a substitution of arginine by aspartic acid at position
121, of t,;pyaan§ Eﬂ%@rﬂ%Yat&ﬁW&kin@ca@ﬁéﬁd@Eyrﬁl%istrhtﬁ& thetty SAthe@k u?ﬁBlo@fcalby
aspartic’acid_at position 125 1n the hel 1 x; and "a“substitution of

t hr eoni Astass. dBgraAndlidepepidomimsties qnﬂ@ﬂlemvetsed oir igerteddotpys of aprdna dcid
acid atgﬁe%g_ron 121, and of tyrosine by aspartic acid at position
124 in e hel i x. In one enbodi nent, the triple nuteins further
conprise an N-term nal nethionine. Variations in this section of the
D hel i x[Q954] t i Nenyomm@wﬁuest%w@wsmdg@va the exahangeotfiaonembzr of bree of
second di 9.nmutein

it agontiepe Yaed 94 fllmol o R brrdfoss i sldniCapHerSHES I dpndonty
substrtuﬁeﬂ@ﬁmenﬁbhmnmmammmﬂmmmehmﬁobﬁmmmmﬁﬂ@%ﬁﬁnﬁﬁwﬁwﬁﬁknﬁneﬁm
non- prot ei suc ropy ene glycol, polyoxyallcyl ene,
or pol y&?ﬁg?‘gﬁggﬁﬂsf%?ns(‘g uI e to the mutein. Site-specific
coupling of PEG for exanple, alloms the generation of a nodified

mut ei n ydos8) pmaﬁﬂﬁfs@ﬁlch bBaripes) atdokdin@fo crtpial eyebobirhnetiginy eepathtlistkx
(PEGyIatﬁ?]%m cul e, nane]y jincreased plasnma half life and decreased
i munog@hRing gei \dip e b eTideted: FgoRyrBe F1d e beraypstgRsd afyArappby nfex
PEGy| at hRtheHasis bLmd Eﬂr&i&%ﬁcﬁ?m‘h&é dﬁaracteﬁdlcl;y%%éuglﬁe&h@ 04, %

PEGyl ation. [0071] It shoul d be understood that the structure of

at t achedalPRGHhB); daicks (+3.8); phorylalaning (rr2<3mtqyrﬁemp4¢gstmhé+2?®®meﬁmmm of

t he mut I /v

| i near. ﬂ :%é%gmhggln%i @?{;’%g@gr H"%%E%‘ggmﬂ SI ze( %E?%B%%ﬁq‘@%gur i ng
pr ocess tirestimUsk3); pmlmﬂ(}d fﬁ) loftideteG-32)p glutamuateéﬁ 8% g:kﬁadﬂﬁe(mﬂ)mspm (-
wei ght reases n noi et i £s reases in PEG nutein
nnlecul§$?§ﬁ%55?§ ¥§§? Wvﬁ%%%ﬁﬁg d“ﬁ@ i ncreasi ng the number of
PEG attachnment sites on the nmutein. This often results in suboptinal
phar mac (0056] ca’[hqdimm‘orthme of the lydadphthic anihodeidimlex it mfdrfity mdradtivei s

branched. fro SI. Ie at chrre t Si nch PEG eties have
Che. adv EiREe BrSoitte Bei SetarSed Bing HE Concnoamelf K16 FAb 102
i ncreasivpg Bibike 15TUNERT319T BiknBwa Ha@ 66D drfino 161 Alay BB ¥$bstitufeddBLother

aspect, the pol élet hyl ene gI ycol (PEG noiety has _a nol ecul ar _wei ght

r angi ng@RSrACKE HaYinga gipilag Bbonqﬁm e&ﬁescerﬁoe’drsrrﬁﬁ%tamtawen#e@me@y
i's aboutettfyk Ry nfeRitd BRts eet;&s%ﬁnaemﬁwg d&ﬂﬁhﬁ%ﬁe&c’intc@ﬁmﬂ%ﬁﬂom

"PEGyl ation®) may be acconplish nown chem cal reactions and

synt hesF#psti@épmp 0 agigs W mrhyii@pa indieesgspwithingf2 is inslyded de n@rtam
t L]
N act Pl B R L Ry, B AEEANR S BpRtheRY, HEATHERD

| n anot #6.H aaa;lpeiuﬂedaf the present i nventr on, the PEGyl ation of protei n
may be acconplished by reacting a mal eim de actl vated PEGwith the

sul hydr o]

sui t abl gdors gjacffr% 65?12[1%0n c?ﬁtslﬂb%ﬁt'}%ﬁ ﬂ%lf@mtﬂ? T Of@%ﬁj Tjénét’t °§dds %b%@ad"
cr eat edeffectivilyea thé 5 roé hYdI‘ﬂrﬁMBCIt}Ap&hﬂ'@hley %é@%ﬂﬁﬁogﬁm}t ﬁanet&mme
attached at. a sin te on.the tej a branched PEG

Evo o Bisten Reateifls Beteby fasnitd S BoRe b i nSrapRaloscsl emE kit
at t achedisalbosed hete 1€ cértdiferiboditentikEirtate R lock MR 3k h§<rfarﬂluhatyaéffas may
be attached at multiple sites on the nutein. Theoretically,

monosi t BTN §PEINSARYSha by daRkilidiygatits adiaceRtiamnarcids e@Taldies witiGts
at t achmgpt, C t din
domai ns. [8% 4@%%‘&%%?%%‘%‘5 ??\ %‘Eﬂa@; bé‘??%‘%ﬁ Eod; gfgpﬁlg §‘§ée1§ of ’

post-transl|l ati onal nodifications (PTMs) have been extensive and there
[0058] The following hydrophilicity values have been assigned to these amino acid

residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 & 1); glutamate (+3.0 % 1); serine



[0078] The [[Kd]]of nodified 1-4 nutein receptor antagonists to the
I L-4 receptor can be assayed using any nethod known in the art,
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been identifiedliby scredni noAsafdidasesrani t H t he aboveAmssays. The
enbodi nent s of Hdie presdnt LemMahtMenAbaPhe,t He pol ypeptigle sequence
shown in Table 2 (SEQ I D NOS: MNulkbciannd 32-33). Tabl e 2: Pol ypepti
Sequences SEQ IuNO NBnEK@ﬁ&MQﬂQEegvﬂUM%F@ﬂi|L-4DND Ile
MHKCDI TLQEDKTLNSLTEQKTLETELTVTD FAR SI CNT
TEKETFG TVL SHI TEKDT LKHLUHNLWEQ@FIFEITNW@?
ANQSTLENFLERL E?I’T;%DEKDSKC wﬁimw

Met Leu, Phe, lle Leu

Phe Leu, Val, lle, Ala, Tyr Leu

Pro Ala Gly

Ser Thr, Ala, Cys Thr

Thr Ser Ser

Trp Tyr, Phe Tyr

Tyr Trp, Phe, Thr, Ser Phe

Val Ile, Met, Leu, Phe, Ala, Leu

Norleucine

[0060]

A skilled artisan will be able to determine suitable variants of the polypeptide as

a

of
f

Iy
he

i ed

S
de

set forth herein using well-known techniques. In certain embodiments, one skilled in the art



10 1L4- RE- T28C MHKCDI TLQEI | KTLNSLTEQKTLCTELCVTDI FA
ASKNTTEKETFCRAATVLRQFYSHHEKDLRCLG ATAQQFHRBKQL| RFLKRLDRNLWGLAGLNSCP
VKEANQSTLENFLERLKTI MDEKDSKCSS 11 1L4- RE- S36C M | KCDI TLQE! | KTLNSL1
EQKTLCTEL TWHRBXORMINI 1 EKETFCRAATVLRQFYSHHEKDTRCLG PCT/US2008/083589
ATAQQUFHRHKQL| RFLKRLDRNLWGLAGLNSCP VI GRANQSTLENFLERLKTI MDEKDSKCSS 12
1L4- RE- K37C M TKCDI TLQUI KTLNSLTEQKTLCTELTVTDI FA

ASCNTTEKETECRAATYERGE YSHHERD TAE .
Vi CEAN%‘IEEIIENFLQR%(TI NDEKDSKC%%%C% L4 Rlé"l-?| ﬁs%%ﬂ i W%%gﬁ?
1 EQKTL CPELATREHDE FegidtSHCE FatienEine brAnpuitROFY 8kl @& DI®IBr@mbodiments, the

L e TG e PG P R R (T FOUFBHE R e comervoa Ao
ASKNT T EKimiiTaChAippogi e SR il Shiviold (s oh s eXgn-inEds Ghat Riak: BB AEEAGLINpEH]

CNQS NDE 1L4- RE- N105
VKE l&n‘%}l\'t; IBFfROIE%ctmeP%)% %Ss%b}%gt to conservativc? an%no acid substitutions without

destroying the biological activity or without adversely affecting the polypeptide structure.

[0061] Additionally, one skilled in the art can review structure-function studies identifying
residues in similar polypeptides that are important for activity or structure. In view of such a
comparison, the skilled artisan can predict the importance of amino acid residues in a protein
that cotrespond to amino acid residues important for activity or structure in similar proteios.
One skilled in the art may opt for chemically similar amino acid substitutions for such

predicted important amino acid residues.

[0062]  One skilled in the art can also analyze the three-dimensional structure and amino
acid sequence in relation to that structure in similar polypeptides. In view of such
information, one skilled in the art may predict the alignment of amino acid residues of a
polypeptide with respect to its three dimensional structure. In certain embodiments, one
skilled in the art may choose to not make radical changes to amino acid residues predicted to
be on the surface of the protein, since such residues may be involved in important interactions
with other molecules. Moreover, one skilled in the art may generate test variants containing a
single amino acid substitution at each desired amino acid residue. The variants can then be
screened using activity assays known to those skilled in the art. Such variants could be used
to gather information about suitable variants. For example, if one discovered that a change to
a particnlar amino acid residue resulted in destroyed, undesirably reduced, or unsuitable
activity, variants with such a change can be avoided. In other words, based on information
gathered from such routine experiments, one skilled in the art can readily determine the
amino acids where further substitutions should be avoided either alone or in combination

with other mutations.

[0063] A number of scientific publications have been devoted to the prediction of
secondary structure. See Moult, 1996, Curr. Op. in Biotech. 7:422-427; Chou et al, 1974,
Biochemisiry 13:222-245; Chou et al, 1974, Biochemistry 113:211-222; Chou et al, 1978,
Adv. Enzymol Relat. Areas Mol. Biol 47:45-148; Chou et al, 1979, Ann. Rev. Biochem.



VHKEDI TLQEI | | CTLNSLLEQKTLCTELTVTDI FA  ASKN1
| ' EKETFCRAATVLRQFYSHHEKDTRCLG ATAQQFFI RHKQLI RFLKRL DRNLWGLAGLNSCP

VI CEACQSTLENFLERLKTI MDEI CDSKCSS WO 2009/ 065007PCT/ US2008/ 083589 23
16 1L4- RE- &0 YEYRHZCDI TLQEI | KTLNSLTEQKTLCTELTVTDI FA  PCT/US2008/083589
ASKNTTEKETFCRAATVL RQFYSHHEKDTRCLG

ATAQQOFHRHI CQLI RFLKRLDRNLWGLAGLNSCP ~ VKEANCSTLENFLERLKTI MDEI CDSKCSS

47:251-276; and Chou et al, 1979, Biophys. J. 26:367-384. Moreover, computer programs are
currently available to assist with predicting secondary structure. One method of predicting
secondary structure is based upon homology modeling. For example, two polypeptides or
proteins that have a sequence identity of greater than 30%, or similarity greater than 40%
often have similar structural topologies. The recent growth of the protein structural database
(PDB) has provided enhanced predictability of secondary structure, including the potential
number of folds within a polypeptide’s or protein’s structure. See Holm et al, 1999, Nucl.
Acid. Res. 27:244-247. It has been suggested (Brenner ef al, 1997, Curr. Op. Struct. Biol.
7:369-376) that there are a limited number of folds in a given polypeptide or protein and that
once a critical number of 5 structures have been resolved, structural prediction will become

dramatically more accurate,

[0064] Additional methods of predicting secondary structure include “threading” (Jones,
1997, Curr. Opin. Struct. Biol. 7:377-87; Sippl et al, 1996, Structure 4:15-19), “profile
analysis” (Bowie ef al, 1991, Science 253:164-170; Gribskov et al, 1990, Meth. Enzym.
183:146-159; Gribskov et al, 1987, Proc. Nat. Acad. Sci. 84:4355-4358), and “evolutionary
linkage” (See Holm, 1999, supra; and Brenner, 1997, supra).

[0065] In certain embodiments, protein variants include glycosylation variants wherein the
number and/or type of glycosylation site has been altered compared to the amino acid
sequences of the parent polypeptide. In certain embodiments, protein variants comprise a
greater or a lesser number of N-linked glycosylation sites than the native protein. An N-
linked glycosylation site is characterized by the sequence: Asn-X-Ser or Asn-X-Thr, wherein
the amino acid residue designated as X may be any amino acid residue except proline. The
substitution of amino acid residues to create this sequence provides a potential new site for
the addition of an N-linked carbohydrate chain, Alternatively, substitutions that eliminate
this sequence will remove an existing N-linked carbohydrate chain. Alsc provided is a
rearrangement of N-linked carbohydrate chains wherein one or more N-linked glycosylation
sites (typically those that are naturally occurring) are eliminated and one or more new N-
linked sites are created. Additional preferred variants include cysteine variants wherein one
or more cysteine residues are deleted from or substituted for another amino acid {e.g., serine)
compared to the parent amino acid sequence. Cysteine variants may be useful when proteins

must be refolded into a biologically active conformation such as after the isolation of



32 114- RE- T13D MHKCDI TLQEMCDLNSL1E, QKTLCLEI TVTDI FAA  SKNI
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VHKCDI TL QEM KENEISHEQKTLCTELTVTDI FAA  N38C SKC PCT/US2008/083589
11EKETFCRAATVLRQFYSI THEKDTRCLGAT 17

insoluble inclusion bodies. Cysteine variants generally have fewer cysteine residues than the
native protein, and typically have an even number to minimize interactions resulting from

unpaired cysteines.

[0066] In additional embodiments, protein variants can include mutations such as
substitutions, additions, deletions, or any combination thereof, and are typically produced by
site-directed mutagenesis using one or more mutagenic oligonucleotide(s) according to
methods described herein, as well as according to methods known in the art (see, for
example, Sambrook ef o/, MOLECULAR CLONING: A LABORATORY MANUAL, 31d
Ed., 2001, Cold Spring Harbor, N.Y. and Berger and Kimmel, METHODS IN
ENZYMOLOGY, Volume 152, Guide to Molecular Cloning Techniques, 1987, Academic

Press, Inc., San Diego, CA., which are incorporated herein by reference).

[0067] According to certain embodiments, amino acid substitutions are those that: (1)
reduce susceptibility to proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding
affinity for forming protein complexes, (4) alter binding affinities, and/or (5) confer or
modify other physicochemical or functional properties on such polypeptides. According to
certain embodiments, single or multiple amino acid substitutions (in certain embodiments,
conservative amino acid substitutions) may be made in the naturally occurring sequence (in
certain embodiments, in the portion of the polypeptide outside the domain(s) forming
intermolecular contacts). In preferred embodiments, a conservative amino acid substitution
typically does not substantially . change the structural characteristics of the parent sequence
(e.g., a replacement amino acid should not tend to break a helix that occurs in the parent
sequence, or disrupt other types of secondary structure that characterizes the parent
sequence). Examples of art-recognized polypeptide secondary and tertiary structures are
described in PROTEINS, STRUCTURES AND MOLECULAR PRINCIPLES, (Creighton,
Ed.), 1984, W. H. Freeman and Company, New York; INTRODUCTION TO PROTEIN
STRUCTURE (C. Branden and J. Tooze, eds.), 1991, Garland Publishing, New York, N.Y.;
and Thornton ef al., 1991, Nature 354:105, each of which are incorporated herein by

reference.

[0068]  Peptide analogs are commonly used in the pharmaceutical industry as non-peptide
drugs with properties analogous to those of the template peptide. These types of non-peptide

compound are termed “peptide mimetics” or “peptidomimetics”. See Fauchere, 1986, Adb.
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(b) Pol ynucl eoti des encodi ng nodified 111-4 nutein receptor

ant agoni sts [0083] The invention al so provides pol ynucl eoti des
encodi ng $90%BPSPY7- 4 mutei n receptor antagoni sts. The&E€T/US2008/083589
pol ynucl eoti des can be used, for exanmg e, to produce quantities of
t he antagonists for therapeutic use. The invention further provides
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[0070] “Modified IL-4 mutein receptor antagonists,” as used herein, includes the IL-4RA

mutein described in US Pat. Nos. 6,028,176 & 6,313,272 (hereby incorporated by reference
in their entirety) with additional amino acid substitutions at one or more positions of the
mature IL-4 protein. Exemplary triple muteins include, but are not limited to a substitution of
arginine by aspartic acid at position 121, of tyrosine by aspartic acid at position 124, and of
serine by aspartic acid at position 125 in the D-helix; and a substitution of threonine by
aspartic acid at position 13, of arginine by aspartic acid at position 121, and of tyrosine by
aspartic acid at position 124 in the D-helix. In one embodiment, the triple muteins further
comprise an N-terminal methionine. Variations in this section of the D helix positively

correlate with changes in interactions at the second binding region. The modified IL-4



Sequence 1 |L-4RA ATGCACAAGTGCGATATCACCTTACAGGAGATC  ATCAAAAC |
| TGAACAGCCTCACAGAGCAGAA GACTCTGTGCACCGAGTTGACCGTAACAGACAT  dl I
GCTGCCTCCAAGAACACAACT GAGAAGGA AACCTTCTGCAGGGCTGCGACT GTGCTCCGGCA
GTTCTACAGCMA A RN AGGACACTCGCTG  CCTGAGT GCGACT GCACAGCARS TEB20MPAFSA
CAAGCAGCTGATCCGATTCCTGAAACGGCTCGA CAGBAACCT CTGGGGCCTGECGGGCTTGAATTC
CTGTCCTGTGAAGGAAGCCAACCAGAGTACGTT GGAAAACTTCTTGGAAAGGCTAAAGACGATCAT
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2009/ 06 5@9&?@&%&&@@%‘6 éRd decreased immunogenicity while maintaining greater

potency over non-specific PEGylation strategies such as N-terminal and lysine side-chain
PEGylation.

[0071] It should be understood that the structure of the attached PEG moieties is important
in optimizing the PEGylation of the muteins of the invention. In one embodiment, the PEG
moiety is linear. Linear PEG moieties are limited in size by the manufacturing process
because the amount of PEG-diol increases as PEG molecular weight increases. With linear
moieties, increases in PEG—mutein molecular size is typically accomplished by increasing the
number of PEG attachment sites on the mutein. This often results in suboptimal
pharmacological profiles. In another embodiment, the PEG moiety is branched from a single
attachment site. Branched PEG moieties have the advantage of increasing the size of the

PEG molecule without increasing the number of site attachments.

[0072] Thus, in one aspect, the polyethylene glycol (PEG) moiety has a molecular weight
ranging from about 3 kD to 50 kD. In one embodiment, the PEG moiety is about 40 kD.
Covalent attachment of the PEG to the drug (known as “PEGylation™) may be accomplished
by known chemical reactions and/or synthesis techniques. For example, in one aspect of the
present invention, the PEGylation of protein may be accomplished by reacting NHS-activated
PEG with the mutein under suitable reaction conditions. In another aspect of the present
invention, the PEGylation of protein may be accomplished by reacting a maleimide activated
PEG with the sulhydryl group of the cytsteine residue in the protein under suitable reaction

conditions.

[0073] PEG-mutein conjugates can be created in three different ways: A single large PEG
moiety can be attached at a single site on the mutein; a branched PEG moiety (i.e., two or
more medium PEG chains joined together via a linker) can be attached at a single site on the

mutein; or several small chains may be attached at multiple sites on the mutein. Theoretically,



3 1L4- RE- S3 6C ATGCACAAGIGCGATATCACCTEACAGGAGAT  CATCAAAAC | |

r GAACAGCCTCACAGAGCAGA  AGACTCTGIGCACCGAGITGACCGTAACAGAC  ATC IT |
GCTGCCTGCAAGAACACAACTGAGAA GGAAACCT TCTGCAGGECTGCGACTGTGCTCC
GGCAGT TCT AMAGIOAESHT GAGAAGGACACT PCT/US2008/083589

20

monosite PEGylated muteins have higher activity because the PEG attachment is less likely

1o occur at or near receptor-binding domains.

[0674] Improvements in PEGylation and other types of post-translational modifications
(PTMs) have been extensive and there are now a large number of PTM techniques and
reagents known in the art, and new ones are regularly being developed. Techniques and
reagents for PEGylation include, for example: (i) specialized linkers and coupling
chemistries; (ii) branched PEGs which effectively allow additional PEG groups to be attached
to a single conjugation site; (iii) site-specific PEGylation, including site-specific
monoPEGylation; and (iv) site-directed enzymatic PEGylation (e.g. using a transglutaminase
reaction). There are also additional technologies and reagents available from an increasing
numbr of commercial suppliers (see, e.g., Nektar/Shearwater (on the world wide web at
nektar.com), Sunbio (on the world wide web at sunbio.com and sunbio.com/peg-shop),
Celares GmbH (on the world wide web at celares.com), NOF Corporation (on the world wide

web at peg-drug.com), and others).

[0075]  Also included in this invention is the selection of the specific site of amino acid
substitution which enables proper folding of the molecule following expression. Modified
IL-4 mutein receptor antagonists bind to IL-4 and IL-13 with an affinity loss not greater than
10-fold relative to that of IL-4RA. Modified IL-4 mutein receptor antagonists inhibit IL-4 and
1L-13 mediated activity with a loss of potency not greater than 10-fold relative to that of IL-
4RA. In addition, modified IL-4 mutein receptor antagonists possess a plasma half-life which
is at least 2 to 10-fold greater than that of unmodified IL-4RA.

[0076] The IL-4 muteins of this invention may also be characterized by amino acid
insertions, deletions, substitutions and modifications at one or more sites in or at the other
residues of the native IL-4 polypeptide chain. In accordance with this invention any such
insertions, deletions, substitutions and modifications should result in an IL-4 mutein that

retains its IL-4-related activity.

[0077]  An additional aspect of this invention is provided in the method with which the
protein is expressed and refolded, as depicted in Example 2. The IL-4 mutein must be
purified properly to allow efficient PEGylation. An exemplary method for purification is
described in Example 2 below. When the mutein is refolded in the presence of a sulfhydryl



CGCTGCCTGGGTGCGACTGCACAGCAGITCCA  CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
GCCTCGACAGGAACCTCTGEEECCTGECEEEC TTGAATTCCTGI CCTGT GAAGGAAGCCAACCA

GAGTACGTTGGAAAACTTCTTGGAAAGGCTAA AGACGATCATGGACGAGAAAGACT CAAAGT GT
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protecting agent a covalent disulfide bond is formed between the IL-4 mutein’s free cysteine
and the protecting agent. In contrast, the use of the sulfhydryl protecting agent dithiothreitol
(DTT), which oxidizes to form a stable disulfide bond, will not form a covalent bond with the
IL-4 mutein’s free cysteine, thus leaving its sulfydryl group free to react with the PEG
maleimide reagent. IL-4 muteins purified after refolding in the presence of a sulfhydryl
protecting agent can react with the PEG reagent if treated with DTT, but a mixture of
monoPEGylated and multiPEGylated products are generated, suggesting that existing -4
cysteines are also PEGylated. PEGylation of existing cysteines would lead to misfolded

products that are inactive.

[0078] The [[K4]] Kp of modified IL-4 mutein receptor antagonists to the 1L-4 receptor
can be assayed using any method known in the art, including technologies such as real-time
Bimolecular Interaction Analysis (BIA) outlined in Example 4. BIA is a technology for
studying biospecific interactions in real time, without labeling any of the interactants {(e.g.,
BIAcore™). Changes in the optical phenomenon surface plasmon resonance (SPR) can be

used as an indication of real-time reactions between biological molecules.

[0079] The capacity of modified IL-4 mutein receptor antagonists to inhibit the
proliferative response of immune cells can be assessed using proliferative assays as outlined

in Example 5 and this capacity expressed as an Inhibitory Concentration 50% (ICsg).

[0080] In a BIAcore™ assay, modified IL-4 mutein receptor antagonists of the present
invention specifically bind to the human IL-4 receptor with a preferred [[K4]] Kp in the range
of from about 1.0 nM to about 100 nM. More preferred embodiments of the present
invention bind to human IF.-4 receptor with a [[K4]] Kp of approximately 0.5 nM to about 1.0
uM. Still more preferred embodiments of the present invention bind to human IL-4 receptor
with a [[Kq]] Kp of approximately 0.1 aM to about 10pM. Additionally, modified IL-4
mutein receptor antagonists of the present invention, as envisioned, will bind to human IL-4
receptor and neutralize its capacity to promote immune cell proliferation with a preferred ICsp
ranging from about 1.0 nM to about 100 nM. More preferred human antagonists bind IL-4
receptor and neutralize its immune cell proliferation capacity with an ICsp ranging from
approximately 0.5 nM to 1 pM with the most preferred antagonists of this irivention binding
and inhibiting IL-4 receptor with an ¥Csq of approximately 0.1 nM to about 10 pM.



TCGAGCTAATAA 4 1L4- RE- K37C ATGCACAAGTGCGATATCACCTTACAGGAGAT
CATCAAAAC f | | GAACAGCCTCACAGAGCAGA
AGACTCTGTGCACCGAGTTGACCGTAACAGAC  ATCTTTGCTGCCTCCTGCAACACAACTGAGAA
GGAAACCTTCYS M UHISSHECGACTGTGCTCC  GGCAGT TCTACAGCCACCAT BATNAZIOHpEaEsY
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[0081] The current embodiments of modified IL.-4 mutein receptor antagonists of the
present invention also exhibit a plasma half-life that is preferably at least 2 to 10-fold greater
than that of unmodified IL4ARA with the most preferred embodiments of the present invention
exhibiting a plasma half-life which is 10-100-fold greater than that of unmodified IL-4RA
(see Example 7).

[0082] A number of modified IL-4 mutein receptor antagonists with the characteristics
described above have been identified by screening candidates with the above assays. The
embodiments of the present invention have the polypeptide sequences shown in Table 2
(SEQ ID NOS: 10-16 and 32-33).

Table 2: Polypeptide Sequences

SEQ ID NO Name Sequence

9 IL-4RA MHKCDITLQEINKTLNSLTEQKTLCTELTVTDIFAA
(IL-4DM) |SKNTTEKETFCRAATVLRQFYSHHEKDTRCLGAT
AQQFHRHKQLIRFLKRLDRNLWGLAGLNSCPVKE
ANQSTLENFLERLKTIMDEKDSKCSS
10 IL4-RE-T28C [MHKCDITLQEIKTLNSLTEQKTLCTELCVTIDIFA
ASKNTTEKETFCRAATVLRQFYSHHEKDTRCLG
ATAQQFHRHKQLIRFLKRLDRNLWGLAGLNSCP
VKEANQSTLENFLERLKTIMDEKDSKCSS
11 IL4-RE-S36C |MHKCDITLQEIUXKTLNSLTEQKTLCTELTVTDIFA
ACKNTTEKETFCRAATVILRQFYSHHEKDTRCLG
ATAQQFHRHKQLIRFLKRLDRNLWGLAGLNSCP
VKEANQSTLENFLERLKTIMDEKDSKCSS
12 IL4-RE-K37C (MHKCDITLQEIKTLNSLTEQKTLCTELTVIDIFA
ASCNTTEKETFCRAATVLRQFYSHHEKDTRCLG
ATAQQFHRHKQLIRFLKRLDRNLWGLAGLNSCP
VKEANQSTLENFLERLKTIMDEKDSKCSS
13 IL4-RE-N38C MHKCDITLQEIKTLNSLTEQKTLCTELTVTDIFA
ASKCTTEKETFCRAATVLRQFYSHHEKDTRCLG
ATAQQFHRHKQLIRFLKRLDRNLWGLAGLNSCP
VKEANQSTLENFLERLKTIMDEKDSKCSS
14 IL4-RE-A104C (MHKCDITLQEIIK TLNSLTEQKTLCTELTVTDIFA
ASKNTTEKETFCRAATVLRQFYSHHEKDTRCLG
ATAQQFHRHKQLIRFLKRLDRNLWGLAGLNSCP
VKECNQSTLENFLERLKTIMDEKDSKCSS

15 ILA-RE-N105C MHKCDITLQEIIKTLNSLTEQKTLCTELTVTDIFA
ASKENTTEKETFCRAATVLRQFYSHHEKDTRCLG
ATAQQFHRHKQLIRFLKRLDRNLWGLAGLNSCP
VEKEACQSTLENFLERLKTIMDEKDSKCSS




CGCTGCCTGGGTGCGACTGCACAGCAGITCCA  CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
GCCTCGACAGGAACCTCTGEEECCTGECEEEC TTGAATTCCTGI CCTGT GAAGGAAGCCAACCA

GAGTACGT TGGAAAACTTCTTGGAAAGGCTAA AGACGATCATGGACGAGAAAGACT CAAAGT GT
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16 IL4-RE-Q106C MHKCDITLQEIKTLNSLTEQKTLCTELTVTDIFA
ASKNTTEKETFCRAATVLRQFYSHHEKDTRCLG
ATAQQFHRHKQLIRFLKRLDRNLWGLAGLNSCP
VKEANCSTLENFLERLKTIMDEKDSKCSS

32 [L4-RE-T13D |MHKCDITLQEIIKDLNSLTEQKTLCTELTVTDIFAA
SKNTTEKETFCRAATVLRQFYSHHEKDTRCLGAT

AQQFHRHKQLIRFLKRLDRNLWGLAGLNSCPVKE
ANQSTLENFLERLKTIMDEKDSKCSS

33 IL4-RE-T13D- IMHKCDITLQENKDLNSLTEQKTLCTELTVTDIFAA
N38C SKCTTEKETFCRAATVLRQFYSHHEKDTRCLGAT
AQQFHRHKQLIRFLKRLDRNLWGLAGLNSCPVKE
ANQSTLENFLERLKTIMDEKDSKCSS

(b)  Polynucleotides encoding modified IL-4 mutein receptor antagonists

[0083] The invention also provides polynucleotides encoding modified IL.-4 mutein
receptor antagonists. These polynucleotides can be used, for example, to produce quantities
of the antagonists for therapeutic use. The invention further provides degenerative DNA.
sequences that encode the same modified IL-4 mutein receptor antagonists. Methods of
constructing and expressing degenerative DNA sequences capable of expressing the same

amino acid sequence as a given polynucleotide sequence are known in the art.

[0084] A polynucleotide of the invention can be readily obtained in a variety of ways
including, without limitation, chemical synthesis, cDNA or genomic library screening,
expression library screening, and/or PCR amplification of cDNA.

[0085] Recombinant DNA methods described herein are generally those set forth in
Sambrook et al, Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory
Press, 1989) and/or Current Protocols in Molecular Biology (Ausubel et al, eds., Green
Publishers Inc, and Wiley and Sons 1994). The invention provides for nucleic acid molecules

as described herein and methods for obtaining such molecules.

[0086] One method for obtaining a suitable nucleic acid sequence is the polymerase chain
reaction (PCR). In this method, cDNA is prepared from poly(A)}+RNA or total RNA using
the enzyme reverse transcriptase. Two primers, typically complementary to two separate
regions of a modified IL-4 mutein receptor antagonist cDNA, are then added to the cDNA
along with a polymerase such as Taq polymerase, and the polymerase amplifies the cDNA

region between the two primers.



TCGAGCTAATAA 5 1L4- RE-N3 SC ATGCACAAGTGCGATATCACCTTACAGGAGAT
CATCAAAACTTTGAACAGCCTCACAGAGCAGA  AGACTCTGTGCACCGAGT TGACCGTAACAGAC
ATC ii f GCTGCCTCCAAGTGCACAACTGAGAA

GGAAACCT TCE NS ECGACT GTGCTCC PCT/US2008/083589
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[0087]  Another means of preparing a nucleic acid molecule of the invention is chemical
synthesis using methods well known to the skilled artisan such as those described by Engels
et al, 1989, Angew. Chem. Intl. Ed. 28:716-34. These methods include, infer alia, the
phosphotriester, phosphoramidite, and H-phosphonate methods for nucleic acid synthesis. A
preferred method for such chemical synthesis is polymer-supported synthesis using standard
phosphoramidite chemistry. Typically, the DNA will be several hundred nucleotides in
length. Nucleic acids larger than about 100 nucleotides can be synthesized as several
fragments using these methods. The fragments can then be ligated together. Other methods
known to the skilled artisan may be used as well.

[0088] Polynucleotides of the invention that can be used to encode the modified I1.-4
mutein receptor antagonists are shown in Table 3 (SEQ ID NOs: 2-8 and 31).

Table 3: Polynucleotide Sequences

SEQ ID | Name Sequence
NO
1 IL-4RA ATGCACAAGTGCGATATCACCTTACAGGAGATC

ATCAAAACTTTGAACAGCCTCACAGAGCAGAA
GACTCTGTGCACCGAGTTGACCGTAACAGACAT
CTTTGCTGCCTCCAAGAACACAACTGAGAAGGA
AACCTTCTGCAGGGCTGCGACTGTGCTCCGGCA
GTTCTACAGCCACCATGAGAAGGACACTCGCTG
CCTGGGTGCGACTGCACAGCAGTTCCACAGGCA
CAAGCAGCTGATCCGATTCCTGAAACGGCTCGA
CAGGAACCTCTGGGGCCTGGCGGGCTTGAATTC
CTGTCCTGTGAAGGAAGCCAACCAGAGTACGTT
GGAAAACTTCTTGGAAAGGCTAAAGACGATCAT
GGACGAGAAAGACTCAAAGTGTTCGAGCTAAT
AA

2 ILA-RE-T28C ATGCACAAGTGCGATATCACCTTACAGGAGAT
CATCAAAACTTTGAACAGCCTCACAGAGCAGA
AGACTCTGTGCACCGAGTTGTGCGTAACAGAC
ATCTTTGCTGCCTCCAAGAACACAACTGAGAA
GGAAACCTTCTGCAGGGCTGCGACTGTGCTCC
GGCAGTTCTACAGCCACCATGAGAAGGACACT
CGCTGCCTGGGTGCGACTGCACAGCAGTTCCA
CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
GGCTCGACAGGAACCTCTGGGGCCTGGCGGGC
TTGAATTCCTGTCCTGTGAAGGAAGCCAACCA
GAGTACGTTGGAAAACTTCTTGGAAAGGCTAA
AGACGATCATGGACGAGAAAGACTCAAAGTGT
TCGAGCTAATAA




GGCAGT TCTACAGCCACCAT GAGAAGGACACT
CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
TTGAATTCCTGI CCTGT GAAGGAAGCCAACCA
AGACGAT CAT BErROEHEANAGACT CAAAGT GT

CGCTGCCTGEGTGCGACT GCACAGCAGT TCCA
GGCTCGACAGGAACCT CTGEGEECCTGECEEEC

GAGTACGT TGGAAAACT TCTTGGAAAGGCTAA
PCT/US2008/083589
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3 IL4-RE-S36C

ATGCACAAGTGCGATATCACCTTACAGGAGAT
CATCAAAACTTTGAACAGCCTCACAGAGCAGA
AGACTCTGTGCACCGAGTTGACCGTAACAGAC
ATCTTTGCTGCCTGCAAGAACACAACTGAGAA
GGAAACCTTCTGCAGGGCTGCGACTGTGCTCC
GGCAGTTCTACAGCCACCATGAGAAGGACACT
CGCTGCCTGGGTGCGACTGCACAGCAGTTCCA
CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
GGCTCGACAGGAACCTCTGGGGCCTGGCGGGC
TTGAATTCCTGTCCTGTGAAGGAAGCCAACCA
GAGTACGTTGGAAAACTTCITGGAAAGGCTAA
AGACGATCATGGACGAGAAAGACTCAAAGTGT
TCGAGCTAATAA

4 IL4-RE-K37C

ATGCACAAGTGCGATATCACCTTACAGGAGAT
CATCAAAACTTTGAACAGCCTCACAGAGCAGA
AGACTCTGTGCACCGAGTTGACCGTAACAGAC
ATCTTTGCTGCCTCCTGCAACACAACTGAGAA
GGAAACCTTCTGCAGGGCTGCGACTGTGCTCC
GGCAGTTCTACAGCCACCATGAGAAGGACACT
CGCTGCCTGGGTGCGACTGCACAGCAGTTCCA
CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
GGCTCGACAGGAACCTCTGGGGCCTGGCGGGC
TTGAATTCCTGTCCTGTGAAGGAAGCCAACCA
GAGTACGTTGGAAAACTTCTTGGAAAGGCTAA
AGACGATCATGGACGAGAAAGACTCAAAGTGT
TCGAGCTAATAA

5 I1L.4-RE-N33C

ATGCACAAGTGCGATATCACCTTACAGGAGAT
CATCAAAACTTTGAACAGCCTCACAGAGCAGA
AGACTCTGTGCACCGAGTTGACCGTAACAGAC
ATCTTTGCTGCCTCCAAGTGCACAACTGAGAA
GGAAACCTTCTGCAGGGCTGCGACTGTGCTCC
GGCAGTTCTACAGCCACCATGAGAAGGACACT
CGCTGCCTGGGTGCGACTGCACAGCAGTTCCA
CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
GGCTCGACAGGAACCTCTGGGGCCTGGCGGGC
TTGAATTCCTGTCCTGTGAAGGAAGCCAACCA
GAGTACGTTGGAAAACTTCTTGGAAAGGCTAA
AGACGATCATGGACGAGAAAGACTCAAAGTGT
TCGAGCTAATAA




TCGAGCTAATAA WO 2009/ 065007PCT/ US2008/ 083589 26 6 1L4- RE- Al 04C
ATGCACAAGTGCGATATCACCTTACAGGAGAT CATCAAAACTTTGAACAGCCTCACAGAGCAGA
AGACTCTGTGCACCGAGI TGACCGTAACAGAC  ATC. Li i GCTGCCTCCAAGAACACAACTGAGAA
GGAAACCT TCPErAHIESIIECGACT GTGCTCC  GBCAGT TCTACAGCCACCAT GABAAUSHORSpS8Y
CGCTGCCT GEGT GCGACT GCACAGCAGT TCCA  CAGEACAAGCAGCT GATCCGAT TCCTGAAAC
GCCTCGACAGGAACCTCTGGEEECCTGECOGEC TTGAATTCCTGT CCTGT GAAGGAATGCAACCA

GAGT ACGTTEEAARACTIETRGGAAA A A A A AT AT OEACEA
TCGAGCTAATAA ;ﬁi\quﬁE -NI' 05C AT SCLTT
CATCAAAACTTTGRACAGCCTCACAGA @ - c
ATCTTTGECTGCCTLCAAGAACACAACT e
CAGT TCTACAGCCACCATGAGAAGGAC SAGEA

CAGGCACAAGCAGLT GATCCGAT TCCT EaSAA AT EEhoh A e e T e FaA& I aeEctae
TTGAATTCCT GTCLT GT GAAGGAAGCCTEEEA ST M PECAAET P APPSR ACASTAA
AGACGAT CAT GGACGAGAAAGACT CAARCFE T CREIHEFRRCARA GTGCACAICAGTDECA

ATGCACAAGTGCGATATCACCTTACAG CASZITICTGABBAGA
AGACTCTGTGCACCGAGTTGACCGTAA
GGAAACCTTCTGCAGGGCTGCGACTGT
CGCTGCCTGGEGTGCGACTGCACAGCAG
GGCTCGACAGGAACCT CTGGGGCCT GG
CAGTACGTTGGAARACTTCTTGGAAAG

7 IL4-RE-N105C ATGCACAAGTGCGATATCACCTTACAGGAGAT
CATCAAAACTTTGAACAGCCTCACAGAGCAGA
AGACTCTGTGCACCGAGTTGACCGTAACAGAC
ATCTTTGCTGCCTCCAAGAACACAACTGAGAA
GGAAACCTTCTGCAGGGCTGCGACTGTGCTCC
GGCAGTTCTACAGCCACCATGAGAAGGACACT
CGCTGCCTGGGTGCGACTGCACAGCAGTTCCA
CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
GGCTCGACAGGAACCTCTGGGGCCTGGCGGGC
TTGAATTCCTGTCCTGTGAAGGAAGCCTGCCA
GAGTACGTTGGAAAACTTCTTGGAAAGGCTAA
AGACGATCATGGACGAGAAAGACTCAAAGTGT
TCGAGCTAATAA
8 IL4-RE-Q106C ATGCACAAGTGCGATATCACCTTACAGGAGAT
CATCAAAACTTTGAACAGCCTCACAGAGCAGA
AGACTCTGTGCACCGAGTTGACCGTAACAGAC
ATCTTTGCTGCCTCCAAGAACACAACTGAGAA
GGAAACCTTCTGCAGGGCTGCGACTGTGCTCC
GGCAGTTCTACAGCCACCATGAGAAGGACACT
CGCTGCCTGGGTGCGACTGCACAGCAGTTCCA
CAGGCACAAGCAGCTGATCCGATTCCTGAAAC
GGCTCGACAGGAACCTCTGGGGCCTGGCGGGC
TTGAATTCCTGTCCTGTGAAGGAAGCCAACTG
CAGTACGTTGGAAAACTTCTTGGAAAGGCTAA
31 IL4-RE-T13D- | ATGCACAAATGCGATATCACCCTGCAGGAAATC
N38C ATCAAAGACCTGAATTCTCTGACCGAACAGAAA
(IL-4TM-N38C) | ACCCTGTGCACCGAACTGACCGTTACCGACATC
TTCGCTGCTTCGAAATGCACCACCGAAAAAGAA
ACCTTCTGCCGTGCTGCTACCGTTCTGCGTCAGT
TCTACTCTCACCACGAAAAAGACACCCGTTGCC
TGGGTGCTACCGCTCAGCAGTTCCACCGTCACA
AACAGCTGATCCGTTTCCTGAAACGTCTGGACC
GTAACCTGTGGGGTCTGGCTGGTCTGAACAGCT
GCCCGGTTAAAGAAGCTAACCAGTCTACCCTGG
AAAACTTCCTGGAACGTCTGAAAACCATCATGG
ACGAAAAAGACTCTAAATGCTCTTCT




1L4- RE-T13D- N3 SC (I L-4TM N38C) ATGCACAAATGCGATATCACCCTGCAGGAAATC
ATCAAAGACCTGAATTCTCTGACCGAACAGAAA ACC CTGIGCACCGAACTGACCGT TACCGACATC
TTCGCTGCTTCGAAATGCACCACCGAAAAAGAA ACCTTCTGCCGTGCTGCTACCGT T CTGCGTCAGT
TCTACT CT CAGCABEXRMSMIGACACCCGT TGCC  TGGGT GCTACCGCT CAGCAGT PCUACHIGT (3AGA
AACAGCTGATCCGT TTCCTGAAACGTCTGGACC GT. GIGGGGT CTGECTGGT CTGAACAGCT
GCCCGGT TAAAGAAGCTAACCAGT CTACCCTGG CTTCCTGEAACEWCTGAAAACCATCATGG
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enpl oyed/e(:tbr Bsing $thieladddlidation teShiGQIE: arﬁemeetowstti?pzéeh@ sBRGfed €£bd fuRBERLNAGr Y
such that at Ilflcatlon of the gene and/or expression of the gene can

occur). Hrrdogsel gaplped fie. S R SHF srrompyipe with thehostepll machinery
prokary Qﬁbl?tha’b’zﬁﬁ’ﬁffmaﬁdhstﬁ%e eﬁ@ﬁﬁﬂ/&véx‘lbié%sﬁﬁ' ﬁftﬁgﬁénegﬁg/o&furf ukaryotic

host cells. Selection of the host ce epend on vari ous

f act or s pobuaplectidedd Hieriveniinp may b expressedingrolagyotis, yeast wocbtbaculovms
expr essi I ed

Aoader GRS E B aRRIEEhY oqlf Sesytd or ghineted Yo SBRB B el | 1
host celfhctows] ducke endeaired @«pqasmnn &yelf dror plra\aew df erpraxbion anaerspsed Medh. Enz.,
cloning a enoys n oti de sequences. Such
sequencegpqég@égﬁo\?g}\} e%@?‘?& E?S%Eﬁo?l anki ng sequences" in
certain enbodinents will typically include one or nore of the

fol I owi eog1yic| &ypicaty, s@ﬁussfamemctoﬁ wREDmRE Ikt cenrvali@bntamrseqﬁﬁb@rfaﬁ@asmid
sequences an or%gtg q replicatlon g transcri t er mi nat.i on
sequencén T F RIS ATS BRISHOR CEBIPEER N AY gl ﬁﬁﬁwaﬁﬁ 88¢kpt or
splice skhifncs, &ﬁt@@tﬂz@@&cﬁ&@@@ﬂ i&gﬂanlhﬁga erRBSIUR RERaih ObBAIMSRRRI de
secretion, a ribosone binding site, pol yadenyl ati on sequence, a

pol yI i niBHcallydnelpderasie of moe afitheyfoll nmu&tpl@ptédeaseﬁ@nem a@faRgptethene or more
POl Y pepleh g kichGentePiE S34H of RBFcafioR o t?a%% ach of
t hese sequeﬁceg |§l§£scusse8 %gﬁ%mp 009 ankﬁﬁg&%ﬁggaﬁgg? %ay be
honol og&amplete intron gaquence lyentaiging aﬁ@g@t and ageeghtaysplicersite,m sequanhe elvoding a
cell), I S th an_the, h cel
speci esh%}rdglg h{?&ﬂ ﬁ)r%biﬁe%] Sg&&naggg ﬁlﬁg’ s {é ?P%ﬁ?&eﬁ é%uences
f r om norsequehem aqmbflmlmn repion fonfns&'jang ﬁmtuuclmcmmdtdﬁeodth@hklpﬁgrps}ﬁmdwbes

b t | f ynct t t
ot o AR S ACRGORYIE Pt BEeTo hiched st eaupites Soared b

fl anki ng sequence may be any prokaryotic or eukaryotic organism any
vert ebr §0892pr thkingehmh@s @iag b8 heiblogbusiBy., fbarthe sapiepbdetandakdine

flankin %W uenc nct| nal. in, and ﬂ%n be activated by, the_host
cel | %ﬁ 319;‘) ﬁbt‘?@tﬁ]" FHOUR (Gen GrometRE R theriBtn the hast il sRestes OF grai),
thi s inweBid gr., ARYmMBRAEE @aﬂt@mngxecﬁﬁuce@fﬁoﬁﬁmefe%aﬂ@ﬂe@eﬁ%e%} éyntﬂeﬁmr

inthe art, yplcally, f 1 anki ng sequences useful herein -"other than
the 1L- Ahsdlanking SP@teeﬁQSG@aymnaa%teﬁtwr@ewhwh ammaﬂg fenstige trrsgulateLi4

h b +§§Q

b?vﬁapgﬁﬂﬂagﬁﬁ%gg by est%ﬁ%%%gﬁﬁgﬁipnuc eas gg%@?@%gég&%% Iﬂ%ﬁ%@

be isol & 138 @M@Imhgpwmmmmtwr irsierieprate @rgupisnm pr argt ant,
tri | f.ul |

cequenc S AR EERE oo MRoRRRT B b o it LS Pt

sequencenachinetye synt hesi zed using the nmet hods descri bed herein for
nucl eic acid synthesis or cIonlng [0094] Where all or onIy a portion

of the f i ng,.sequence i s k nma e obt tned P
and/ or l;b@gir egtﬁ‘lﬁ‘g‘g LYENEHE |”BF1§r CW%/%%HS B’O’FT 82079 ?3’3%*‘833&“? de
and/ or folf s¢vicial thett@Asr@slt Rndvwmig B irt. (Typivally) €lag e s@fueiRe LRl IBRACL Gfher

than the IL-4 mutein receptor antagonist gene flanking sequences — will have been previously



[0096) A transcription term nation sequence is typically |ocated 3
of the end of a polypeptide coding region and serves to term nate
transcription. Usually, a transcription term nation sequence in
prokaryoti N@elpRss Py 3 G C rich fragment foll owed by a [BEIF{SI008/083589
sequence. Wile the sequence is easilygcloned froma library or even
purchased comrercially as part of a vector, it can also be readily

Geacr bl Res PR haGipEeRRa’ [ el Gl GuBriasd LB Ind U e UGS

a pr ot ei fiom deagepsar fissue sourbeusng the wggroptate getovtidn afdoadikasts. de kdbme)caaes)

i | i . di i cal | i . d
br ot e ot Pl el efadies bb Torife & hend i bt Bl ety HEASRGSE o
e.g., aneyadnkt inay bé efntirsized iy the mektada tysetiPed Kafein FmENER AR F8tbsis or

cells; ( g) .conpl enent auxotrophic deficiencies of the cell; or (c)
supply c+#®Zal nutrients not available from conplex media. Preferred
sel ect abl e markers are the kanamycin resistance gene, the anpicillin

resi st anjoe94eneyhasdll bhenly @ pbaio)y oF tHeFlankinl SdRBAR IIRMAv, A SOFR/SYtdned
resi stanc_eg]%ene may al so be used for_selection in prokaryotic and

eukar yot¥s&eHd <t ardipn by scregming p genamais librewith 8 suignblecaliganyelentide gedfon o
ar . . GOHES BB
anpli fy %me Rirg %?cﬁig%léifrl‘aﬁﬁén{ 0% RXRERSE %Ho&bégp&%%‘. GRhdrO bhe! f&nkﬁg SBRRAGSS

. eln great er . _eman e pr oducti on
pr ot ei n i8 pptlnewn,  Gegregnd wf RNy eontairiinga fenkdng sequencd evy i idolated frem a

chrormsqgfgﬁ SHTHES Sl at 4 fo inant cells. anmpl es
of suitable @é‘feect ab‘%ya\rqglraggg&g&’?’ofr&%ﬁ% ,iagﬁﬁ’n@g F‘F SRS G 2o e'rTEene
di hydr of elgates. dsduohasy beBbtaR)pliaine Hyhysticionendomekase dipatioR tpbdas the
cell transfo S ar ac under sel ection essyure wherein only
The t 1 arlBpEst HATH Segmet SRty Sk onaaing Gatin 42 BUiFaloh (Gesea it
sel ect i mmaﬂa@%raﬂ@qenatswmﬁ, e )Y SCH R meBR)d8 Khé Wi 1dHhE S8 HEEartiSm| TROSEd
by culturjng the transfornmed cells under conditions in which the
concent rS§ern Hsuldhleenzymss wperrmplish e pypeseonillibs readily apparent tgone of
changed, orighaRY iheaddig to the anplification of both the selection
gene and the DNA that encodes a nodified IL-4 nmutein receptor

antagonist. As a result, increased quantities of a nodified |IL-4

nut ei n rl88¥t oAty eherlicatiprisdynieailysi paf thoserprolaryatip ek ¢ seign mRors

[ 0099] . i . p r .

i t1 a | an AR R A g B B R R RERRATOf ookt BEMG L
( pr okar ytbe eestor@f chpiserdoghk neteguieinca drigirkefityplicetiyn siEhencahanbytheiscally
typi cal | 0, ' oto ter,an ' to the coding s ence_of
P 1103t P Serl ot ol s, Bl et e i e B
sequenc efirgplicatianeltbrb the flantiy pBR 322 Wesv Pdland Biblabs, Beyverha WMLADis suitiblfor
A-G conteni%i Mae;%s% nte-.DaI%arm se uen&esni? e been identified, each
of whi cHCARFAHENFESHH 13709 APHELTNE GUEEF s gelyswe, adgpqvirupeiesicyfar
and  usedstdniatBusOiRk &V VY, iof pMEldRdvirubd 50EH asMP e 8EBPV) e uSINRL cloning

sequence may be used to direct a nodified IL-4 nutein receptor
ant agoni ¥e£toip mpmipalisy sellss Generaliy, fieosigin of replisaioneesmipenerideynet meeded for

encodi n gnérﬂzﬂal?ﬂn%ﬁfesﬁ&ﬂ%fb@??fblsexgﬂ il {2 @%Oioﬁgﬁhg ofQ0Ldg oE%%Hegﬂlsg I{t a

modi fied IL-4 mutein receptor antagonist nucl€ic acid nole

di r ect | yeogteinsfike @tly prainesér).a nodified | L-4 nutein receptor antagoni st
WO 2009/ 065007PCT/ U52008/ 083589 30 codi ng regi on. Many signal
sequencgpodriVe LesRcineR ki : t e f tional
in the gel%ﬁt ed host IE:BS’PI Iwmygé%Dggéu%S‘?%i Sﬁ%"o"n]l ﬁ”??‘%@% oftheenddha 1 Pl
| L- 4 nutpsiypeptidseoding regiomapdrtenes mucinghage ensdriptidne Usbally, T hemsefipice, a

si gnal seq e_honml ogous, (.natur al occyrr.in or
he%J er ol 0go .TEA}]’%O Sgﬁ%n n%aipfqrﬁgagoﬁff%lsgi? Eé}l’é n'c{é\é'g%qlgﬁ f%%?ﬂ‘gg&o% apolydcl ei ¢
aci d nolsequehee. WAdidithé sxaddey is casibi omdd froel b Hbey Syved purchard 6ahinyrcially

synt hesi zed uFi né;c net hOdaﬁ dlgascrAiPed erein. In npst cases, the .
as part oI a vettor, it can also be readily synthesized using methods for nucleic acid synthesis

such as those described herein.




[0103] Pronpters suitable for use with prokaryotic hosts include the
bet a-| act amase and | act ose pronoter systens; al kaline phosphatase; a
trypt ophané\gttp) pronoter system and hybrid pronpbters such as the
tac pronot &0 2BPPSPO7known bacterial promoters are al so SGITAUSHI08/083589
Their sequences have been published, #%dereby enabling one skilled in
the art to ligate themto the desired DNA sequence, using |linkers or
adapt er gpgpr neadesl 19154 Vi f LGl i .

[ 0104] ij’t a%l e p%or?ofg er 55}? %rrgeggéle%éftﬁﬂé%fgg? E)%dgg{l &slgé%rs%})tafoz (t)h el ﬁ%‘%m
in the arewthydadvstenlh groveris azelectan\calitragadish.yTymed seledtionyealsdr genes
pronot ers, Suit.abl noters.for use with m |.ian host cel.ls are
el | kn e i P b “RRIE Soittis 5 frtfousa of Ghok wEEe b eameli® o
t he genasesydieyorkanasydn @i paskapotiy hod cslist (1 complaineniaubiroishic

adenovir (such as Adenovirus 2),, hovine papillo Vi rus, .avi an

sar cona i?ﬁ?l%%@es _?}ewﬂa?fc{m PRl Fted reasast amlplg? fromscomnlex fiediang
nost pr efseadd yidetableanarkbk U ﬂ@k&éﬁ‘fﬂrl&}l red3tRE oSid {RRLG AT idade

pronoters include heterol ogous manmal i an prondters, for exanple,

heat - sh@ere, gpdthstietrasyeling residange gene. HmepDYEn resjstanos penadaim dleore used for

pr onot er, G Hﬂ%q@ }gﬁﬁ% i ontrolling gene expression
includefa§ﬁ$hg?g not f%%%% oﬁé%%%agéﬂo early pronoter region
(Beroi st _and Chanbon, 1981, Nature 290:304-10); the CW pronoter; the
pr onot erf0@Bht aiOilead s¢lactiongeaes mayrhy used i amgllify thogane it Wil sxpresssda

virus (Y, AL L s. thym.di n
32" 1'ci naadisien §lidipoect? et ched e o tidmer (RRAIEEP BN (Bl &,
78: 1444 pidgyin critieal fegurbathGiry refterted ik emdah withen the tiabhotdrhesnif Beccgane
(Brinster zt.al, 1%%. t? e&q96:§9-§§%' roé?r otic ex res:ig%ari,
Vect or s REREHIGRS of FEobinat BT SRt b apiablE sEorHE etk Fecalan.
1978, Preelts inblatid dihpddtblatSaidutiass. (BHFRY anSdhidid kinde. TS nlaAtmdia0 8l er
(DeBoer at al, 1983, Proc. Natl. Acad. Set USA., 80:21-25). Al so of

i nt er est™RYETRANS 6 Plagi wigenstiorton presHEcYhgsein ok the BmsFsmantsgicons,
whi ch exRidibly Hbssd'® saiRfed By xﬁftﬁé’oﬁﬂ?séi‘éb‘(i_@n gt‘?x{\?ﬂ)iré%%hﬂ ih #ifdofdr | §A0RQEN! C

animal s: the el astase | gene control regio ch I's active in
pancr eatpressere isimposed Hysuftaung the ransfprmed gells undet ¢ongd@ios - wigich eni t z at

al, 198 . i r . t _Biol .399- 409 (,1986):
it Dona PGP R s R e d A oA o Ry prmae Mol e o

r egi on \ihe ahplifcatot ofibeth the peextion gtnecandehaDNIAl thst epbintea h amdifléddh 4

Nat ure 315:.115-22): .t he.i nununog] obul i ene. control,. fon whjch is
Nt e TR SREPh AR Tict (48 e S Siease pmites gha megif <o b gmeng,
Adanes aéceplor adtQfiinist hitsyiitBestAd fnadthdmpAtiekpNaer et al, 1987, Mt
Celt Biel, 7:1436-44); the nouse mammary tunor virus control region

whi ch i ive in testicular,.breast, | oi d and nmst cells eder
ot ar TOBBY (3 Bbses bl i tRisens g dra AR bR tatgr OF SRR
i's actiwad isthhiavRfizdd iy iSHibe-Bhlgaino sdfirce (FRRES 0RO @ak edffice’6) ;

t he al pha-feto-}orotel n gene control region which is active in liver
(Kr um adsukaryosss). The gismentis typigally pgeated 350 fpsmromgter ppdhinge thgwcoding 1987,
Sci ence hebds vdi (P i j : i ich
is acti éﬁﬁ%g%?%gﬁL%@%ﬁ %etééﬁgél)ﬂe[nil’aggf%ﬁt géﬂ%%ﬁg%%r{?;ﬁ%f%éﬁge #h

1: 161- 7 ¥pried bis igpigallyl obdlnpugin €. e:dnvngla highghdh canténth Magy &birievidal gamo

nyel oi d . et . 8 Nat ure 315:338-40. Kol.lias.et al,
Tooe. CoFfiehE bR at Fah oMbty i Be ity Siiiaal B Afughe
whi ch i dogichdéreia antusdiigegekeryotiyvetael |s in the brain (Readhead at
al, 1987, Cell 48:703-12); the nyosin |light chain-2 gene control

regi on i i ive dn.skeletal scl aul , 19 ure.
579 250 M LA RHl o sleltd KRy mel PR astt A eanaiBe ML e
regi on \skdepfor mstagomiist vet dfa HokteehyPgidaily amislcolisauéice ahcodiidhe signal

Science Sg q3u4CIléLBSiz ]%(-) szlt%gned [.il(l)&l% 601) dlﬁ\g reegE]oQ1a0 Cael'.ll:lo flggiulill(f glu%aii{]regeepté)rna%gggx?igt

nucleic acid molecule, or directly at the 5' end of a modified IL-4 mutein receptor antagonist



WO 2009/ 065007PCT/ US2008/ 083589 34 These net hods and ot her suitable
met hods are well known to the skilled artisan, and are set forth, for
exanpl e, in Sanbrook et at, supra. [0l111]Host cells nay be

prokaryoti Y¢H9P/0eS8IN s (such as E. coli) or eul caryoti c PEESIS20080$3589
(such as a yeast, insect, or vertebragg cell). The host cell, when
cul tured under appropriate conditions, synthesizes a nodified IL-4
mutein r : i I | e d from
the oul (g B8 kot MAGAMaE! schihilbos3A0; BLAIFINREN, aa B SRBRE NG 1y o1
di r ect | yusfigtionaltih éhehseletted bbdt cqll mayibe ngpdiin cdrijdnction ivith raodRal Et€thteinl he

sel ection of _an appr.opri.ate . host ce il | depend upon vari pus
factors, % {é’ﬁ axi}ggéé@s% Pﬁ‘éﬁ‘c &% rnéoz%‘i"%n lrl:“ér\é\%F% a S’ﬁgﬁfﬁ‘é‘ﬁ?‘fxﬂ’@aﬁ%ﬁ ﬁ?’?ﬁlﬁﬁ‘?‘ﬁns
t hat har qﬁaiaa}ly ?@clam'xcg) ogﬁﬁaﬁlb%b?s t?@]?edlﬁﬁ&iﬁ?!d %IM hﬁit&b_ h lrs%ép@f é&ﬁ@@l | )iisflﬁﬁc@é?c
or phosphgaryl.ation n ase .o ol ding into_a biol ogical active
mol ecul é‘f"(&féﬁﬂ‘f'&?ﬁ%@ﬁy{ﬁ&@ﬂ f%BT’IEeH'E?é’thGBWaIéX P08 he art
and manymakds A¢ibaPheih! MbRRaRNRhE 6RRLTY BEa Tkl L. GOl fﬁ%r%&@tor

(ATCC), Manassas, VA. Exanples i ncl ude, but are not linte ,
manmal | #Atagenistdron thethogteebriathe presrnne ol signah psptide Wl rqs@itid) the @i val of

DHER( -) : . ] . Set . .

97: 4216-@%%‘%‘%@%&%%8%8 ?1%%“?3?‘%%%‘?% ﬁ%ﬁf‘!\‘%g resBBamah S@:ﬁe Siendlys
cel | s. Thpieged may boncahpawntedithceventanron itimay Heaspariosflal Bodified B4 hoeksn f or
transforpation,, culture,. anplificatiaon,.screening, product

pr oduct ir%cﬁ?éoéﬁ%a%WﬁttflP‘ﬁgf’ F‘g}ﬁ nﬁ)}%:u%{h%ﬁé ﬁnﬁerfeﬁéma?!?e.v er suitable
mammal i an cell lines are the nonkey COS-1 and COS-7 cell |ines, and
the CV- J01)| [n meny fased, hesscapiomifarmyckiii helsclOBtingedst$ by fielprsience
primate cell |ines and,rodent cFeqllé | i nes, .including transfoj;ne cel |

Iines. ROPTBIT BYEIYTHS Shibe yectera s is ppcticplarty ipe wasremmontpRptids is produced

cul tur e iDéulfaryolid histicbils: UpeciaBy Moinknafitn Bst BAKYTIRRiréhBed A2§ b8 haBrally
sui tabl e. Candi date cell be genotypically deficient in the

S nma
sel ect i GRCHEREWItEIN themodifisd Hil-ﬁ telB FECARIAT anjageaist grpe sepestally gvhersethegene

Q her s ITRNBR defibinfc j i : i :
nmouse ng:sjér(%glhglgt onma A ceﬁl u,emf—ﬂﬁ;a, ﬁ%ggﬁﬁggg 9Iil f:}%ﬁq@?n %EP? Iltla%%%ﬁf
der i ved ofeuwsmingSwithia theggnp, the intronlicth b deain®Hkoro enéthét soarnst Fhe pesition of

| i nes. tnes is kno b d,avail able to those
ski | I ed lﬁ%ﬁg?ﬁ%“%‘??%ﬁ?&gé %?‘Jé‘i‘”r% %2 ‘%?r“%%’saunoﬁ.e ‘f{%‘%@i e PORRNGE Ul as
host celahiagsustigain B ghoraliynenportaspastthd mven iiuerbear@sdiibed 6F badffeeald.s.

For exanple, ,the v rjoumtlr%ilns f.E. coil (,e.g., H3101, DH5D,. DH10,
and MO 061) 48 A REPIPicRris il ofdhe ingpitioniinbeipgtiaysetpdothe preferred

bi ot echpesitigy for MRl ih@stSis St foahdW@arRériffion Stbitsith bd 5'FS RICPRIRARTNSRPtion
ot her Bacillus spp., Streptonyces spp., and the like ray al so be

enpl oy edErpatigR £9EL%0 greferplly othe titeg 5o orpeyiobesteBetey: Sé: or the
[ 0114] Mathér Glef, 81 S )UF W@MA%AIH ﬁ?t‘iﬂ&l}@@ nsﬂn{eﬁegmékddalfge{éﬁ{ééhc&hﬁn?f t

are also avail abl e "as host cells for the expression o

pol ypeptitepadros apheoumesinelnding virelnprosaryoti afdeukapotje@imt orddimal) ncl ude,
; P v e 4 Bi o D
Addi &1 o ey B SO B hafit it AOGHARTo B P BeP RIS Adipie iR s

t he net kdlintowhichd ipinsstadt Alsonehtded hereBlarh syifisdtie fifftraiis € OPesgliypacre f or
exanpl e‘thaiu% Kitts et.al,  .,1993, gi ot echni ques, 14:810-17; Luckl ow,
1993, O OTgyHInen oat be BB ey =ERY- 72: and Lucl dow et al, 19931
Viral ., 67:4566-79. Preferred insect cells are Sf-9 and Ilis
(I'nvitr§ajéa) . Thd&Ghdsioy andtienhi desom bf the@rdsameitcnisn RIESBRAY fordain a
host cell ¢ n&ﬁag.i sol at%ﬂ freeh of ot heraé:éal | ul.ar_conmponents. such as
membr an@ ISRt SO0 LY 6 hoshRreRpin ad onstl ieledde edweleitrpoise

i sol at eeholldcard Fehd ifversion ProtoRarshmtas@ibed a&#ﬁn&ywc&ée& apdtRIm (ie., 5'
techni ques, or S%&t hesi zed usi n% an anplification technique, such as

t he pol P 3ag cefion of a-stettrad gereregrerally wiiyn ahauh 1004 1906 dpithpteontrol the

transcription of the structural gene. Promoters are conventionally grouped into one of two




(c)Assessnent of therapeutic utility of human antagonists [0118] To
assess the potential efficacy of a particular antagonist in allergic
ast hma t herapy, the antagoni st can be tested in vitro in cell
proliferat Mh2MYEEIY as detailed in Exanples 5 and 6. | HRCEAGRAOB/B¥3589
the plasma half-life of the nodified kk-4 nutein receptor antagoni st
can be nmeasured in vivo with a rat pharmacol ci netic study according
to Exa d rraceuti cal
compot (1 Ene” POHTBE AR Bl Bty ik DG Paet

ant agoni istreasgd davelsivd trassotiptionctaom BN A nnder dedt dontral ip bapome wtdnﬁtedhange in

phar et EONG i AR B TRt SBRarLr S oF bALAIgF BUSHPER o

conposi tCaRanas pi@@no@éignoﬂlﬂset @h@tand, Gitfate CotthubIofEaE PRIduHriduchod tthat is,
| east one ot her agent, rch as stab|I|2|n conmpound, which can be

adni ni st'BFTEds kite gRyo eqntro] per eepesBrRsHeN- 1t asw&mbab@ﬁnrp@aﬂers@mcemd by
i ncl udi rbgvari@tjloﬂiﬂienhblrﬂogiedélﬁ Qre wal kifvn. Q%J@Jl@ 0 é'%gn bQSﬁgr%ﬂf &ukeﬁnd

water. A variet Yy of aqueous car riers my be e oye
saline, 10 aswlglcwéﬁmole@ﬂwﬁth@mvﬁmn bmremevmgth@tm@ngteaﬁensh@uumm

| f
drori 11 28d O epBhs belRh ndhl e mEURERROH MO S thsgrctor
(ﬁ g., fme;naaﬁ il ] mﬁ@iﬂﬁ@ﬁ#@t@mmmnmnSequm;(:e@ambausmd to direct
armaceutl a t abl e auxili,ar ces, as requir
rccept antisdh SEE Buletnats npr B bp B lectind Pusetbh & Feieealpsn o
at the Qﬁsmgﬁﬁls@ﬁ‘e@wﬁ&ﬂéfeﬁ,tlfﬁ@Mﬁ@r%&@m%ﬁﬁh&hﬁfd’ﬁ@%ﬁdeﬁloﬂm
conposi tion can contain auxiliary substances for nodify

mai nt ai rfFREFSSedPRRiE 6 PPRICd todhe Ratiygprasotenendifit l%@qmaablet\wh the host
Vi scosi taa) Sggt@fﬁltgayhaso&gﬁ)geledt@%p@em ty, odor, sterility, stability,
rate of dissolution or release, adsorption, or penetration of the
conposition. Suitable fornulation materials include, but are not

i mi t ed T3] anibaemetersgyitable o useswigh prokergoticlogisanelyde thabﬁml@v@mﬁée and

e, oS oy PstoRl AL AR PR R AN irdipl SRl 0.

bor at e, Hybrdptyorriers suchras sheHigi progiotar aDiber krphmshabtamﬂgaxomterstak’eaaisa)swable C

aci ds), i.tol h
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concentration range and route of adm nistration. Such information can
then be us®OWY8SPEr mi ne useful doses and routes for adETAISZHR/AIFYN
in humans. [0142] Therapeutic efficacysand toxicity, e.g.,EDso (the
dose therapeutically effective in 50% of the popul ation) and LD50
(the do I on| Sty an
be det ef%eh%%@%%d%@&ﬁ)@/& gmmﬁgfmnﬁggﬁtﬁg&%?oﬁne%l}? eeé@irl‘er?a aégel cula{

of experforterbaéxasplayil Sambibek eled esupad.i 0 of toxic to therapeutic
effects is the therapeutic index, and it can be expressed as the

ratio, RPhar. sitio t _exhibit

[ arge ¢ HOPElc s sl P SR BN} bt R S, St APl oot
ani mal hS(Slgﬂhl 288 yeast,lisedt, bgve‘rtebmd ll). Mhe Aost @elfevieh cdmea?mctegapﬂwpmh
use. The age caontai ned i CO 05|t|on5|s refera wthin a
range of E$$8 %Pﬁl@%&@ﬁﬁﬂaﬁ 2‘ é?cePWEF‘ETﬁ%mH% edHentlye| e
or no t ailedtéd/frorh e a@ﬁegﬁemﬁl(ﬂ’&evuomen sbdibtss fteﬁgﬁwqﬁaﬁﬁ}ﬁ} SHieBRN

t he dosage formenPIo yed, sensitivity of the patient, and the rodte

of adm | peorvging piclifdids aet sgersteg Thplsepleqsv@n@émmrm'eatwosmél
practi tlmecre eddr]_g,bg%%ll %ffa&cﬁgts%hsasfa%ls@éde& }eQsi ]?pegglg (}J %&’ M\%o requires

treat nent. sag m ni stratlon are
suf fi ci enedifieatiesthetare Hesirable ayoevessarydor amvnn(mhamglymyuaem oed

of o daBRtatoAThod @ 8l a0 B BERE Bt BRICR el gt and

gender of the subject, diet, time and frequency of adm ni stration,
drug cor{ﬂlﬁat i @*n@mmbeméantabbrhostenhs are kndvwes, thamd abdnen e aviikbRdrsethe

to thera a ar.ma tions can

adm i ot SR dpE Culeps GIRPRTRLTLI MR Bh. BReRrles Belientit sar
dependi rigmitsd to heahblian deﬂgg sﬁélﬁhs«ll@:&fs&ﬁﬁﬁstér&fv@rﬁell& (CHORICHO WHHR(-) cells
f or mul at(bo]% g‘cﬁj{ﬁg’b F;Q eot| des encodltgg modi fied 1TL-4 nmutein

r ecept or(VEAEY g 4ﬁ%§ﬁ -4 {454 eSndimae cwlgnig kidney

I nt r oduqegikh Y9 op2 e éell@'&rb??a céll% Yhe/Q1Lfioh Bféﬁ!itﬁ? anhost cells and
wel | - establ i shed techni ques including, but not limte

t r ansf ermgthodsdostEansiornatinge Pultvesy aesﬂtxﬁ@aﬁan,sqcepmngxmn@tcépmdmﬁm ad naked
Ll ul
or enca tﬁ)ﬁ a?é’ﬁlo%cln% ﬂ? ggw&%&%}:ﬁ# c%ll(iﬁeé it e m 1’131(5?r g,\;SQP

i ntracel ar transportation eX beads, pro
f usi on, amd ICA)S-7 nélblindspamd thd €VtI eptidinat Famher égem;ﬂalgunammalm Hok#Afells ficlude

cal ci um_ph hat.e- rred at.e nsf.e tlon ect Vi V.0

do/s ﬁges a:gh at%érol"ezlr%%“aazlhﬁﬁfé’fi:ﬂifﬂEﬂ:;ﬁﬁ“ﬂ’&ﬁ&é%t%&ﬁ?t‘leesglf%‘nalﬁfgggjeﬂs
g9/ kg, utraibdgrivgd fromaR ofito rinRABOtids vijell @s bAmakQithl al
jiglkg of tient Odé tr':]?f' -and g:ﬁ ﬁt 2016 t abou% 250 jlbg/k ef %
pati ent véer&mba ¢ % Berotypigelly defigieny in (e seleeion ggee %M&Pﬁ@m
t he ant agimiisdntly a6fife®ldcti6h bdhe VOMEr SRIHE BSnREDiah eezl Hﬁesrﬁd}&ﬁ: ik agheut
100 ng to about 200 ng, . 500 n%ﬁto about 50 ny, about 1 jig to about 2

ng, abodbmitd;tp.gneuse aeeaklaeerea 4 ccin dlehpaneuse6-93%peils 33Bdires doiyed frows
DNA. [015473];5 Ba®- d'&%l—?&c@dﬂhﬁ'tﬁ aﬁtﬂaﬂﬁte?fc ffl&ﬂ olfh}eﬁe E@ﬂtlﬂ‘kg known
receptor anf agoni st -cont ai ni ng phar RCOUL T c Fons of the
i nvent i di and avaiablgry thoes $laﬂtbnrthnﬁr‘eoﬁmmtcm edpﬂessycm s the antagonist to
t he host. Pharmaceutical conpositions of the invention are

articul u n
ibcut arllil VRenity BeePAl AUl £ buBHE A b ERNL R ey arepecteril el
and ot heﬁor nml@!e dlie wnﬂonmtmm oefdﬂm:aﬁ @tgr,EHBmi DH3D4 BIFA0]| angatienisl) asad
pat ent catl Qns CI n.thi cl osure, are ex
i ncor por T CORR | ﬁStt? dé %ﬂggtsb"f#?smﬁ“g?ﬁ’e (iRt %&5@§?e¥f@flgf°l y
descri b%eﬂd&ﬁzoﬁ&ﬁ@@ﬂbﬁeﬂB&ﬁﬂmp Ber BF16Ry 20 5. Qin@ theEl@edyedIsh BilengAdycae

obt ai ne erence to the foIIovmn S eC|f|c exampl es, which are
qn smegh g p r‘rp




WD 2009/ 065007PCT/ US2008/ 083589 44 designed with a 5" CACC overhang to
facilitate directional cloning, followed by a unique Ndel restriction
enzyne site for subcloning and the initial ATG start codon. The
reverse PCRQPINBISncl uded two stop codons to make sur &CREIS2008/083589
c-term nal tags were incorporated and3g unique BanH restriction
enzynme site for subcloning. A blunt- end I L-4 PCR product was

gener at in prrﬁ ?mtm

pr oduct e[\;évagﬁ QMB{JH fﬂﬂékgﬁﬁil ncg%a e Q\I}\%Jteﬁﬁlggﬁ;?mé e%%aan}qa?b&ﬁﬁs
vect or fhaste lehﬁe@cpmssmn ofrite pniyeeptides ef the pebdnd vEntiond Prefatadomadt kalls
clonin ET10 TOPO ve reconbl pant vector was
transfgr]%lneg8 %ex%ﬁgﬂéﬁ %%Dflvog%?fzﬁgfré‘ﬁfaeéqg GHAPHEYS10 E. colt The
reconbi nant plasm d DNA was sent out for DNA sequencing to confirm

t he cor ri@¢15]s e Adsiitiallif,attice: dlesixéﬁ iilgea:twell eptantempr lbenﬁﬂ&edl @i thg afeehiods b g

| L-4 RE st el ne nmut ei ps ,SE s, for nce 17 128C
Fwd GAAI %ﬁb(ﬁ g i_eigl Fie

GCAAAGATR b fedkitg: A@Gmm @%HG%A;CW@ ife BiSreoBL 4’%1-72 and Lucklow et
GTAACAGA% %3 J ]I}r(b;?T 7:4566-79. Preferred insect cells are S£-9 and Hi5 (Invitrogen).

[0116] Polynucleotides of the invention present in a host cell can be isolated free of other
cellular components such as membrane components, proteins, and lipids. Polynucleotides can
be isolated from cells using standard nucleic acid purification techniques, or synthesized
using an amplification technique, such as the polymerase chain reaction (PCR), or by using
an automatic synthesizer. Methods for isolating polynucleotides are routine and are known in
the art. Any such technique for obtaining a polynucleotide can be used to obtain isolated
polynucleotides encoding antagonists of the invention. For example, restriction enzymes and
probes can be used to isolate polynucleotides which encode the antagonists, Preferably,
isolated polynucleotides are in preparations that are free or at least 70, 80, or 90% free of

other molecules.

[0117}] It will be appreciated by those skilled in the art that the nucleic acid and
polypeptide molecules described herein may be produced by recombinant and other means.
For example, modified IL-4 mutein receptor antagonist cDNA molecules of the invention can
be made with standard molecular biology techniques, using mRNA as a template. Thereafter,
¢DNA molecules can be replicated using molecular biology techniques known in the art and
described in Example 1. Example 2 describes the 5 specific recombinant expression and
purification techniques employed in generating the modified mutein antagonists of the

invention.
(c) Assessment of therapeutic utility of human antagonists

[0118]  To assess the potential efficacy of a particular antagonist in allergic asthma
therapy, the antagonist can be tested in vitro in cell proliferation assays as detailed in
Examples 5 and 6. In addition, the plasma half-life of the modified I1L-4 mutein receptor
antagonist can be measured ir vivo with a rat pharmacokinetic study according to Example 6,



20 S36C Rev CTCAGITGTGITCTTGCAGGCAGCAAAGATGT CTGTTAC 21 K37C Fwd
CCGTAACAGACATCTTTGCTGCCTCCTGCAAC ACAACTGAGAAGG 22 K37C Rev
CCTTCTCAGI TGTGI TGCAGGAGGCAGCAAA GATGICTGTTACGG 23 N38C Fwd
GACATC1 11 GIHEZTOEARGT GCACAACTGA GAAGGAAACC 24 N38C Rev PGUUB2008/083589
CTTCTCAGTTGTGCACTTGGAGGCAG CAAAGATGTC3@5 A104C Fwd

GAATTCCTGIT CCTGT GAAGGAATGCAACCAG AGTACGITGG 26

(d)  Pharmaceutical compositions

[0119]  Any of the modified IL-4 mutein receptor antagonists described above can be
provided in a pharmaceutical composition comprising a pharmaceutically acceptable carrier.
The pharmaceutically acceptable carrier preferably is non-pyrogenic. The compositions can
be administered alone or in combination with at least one other agent, such as stabilizing
compound, which can be administered in any sterile, biocompatible pharmaceutical carrier,
including, but not limited to, saline, buffered saline, dextrose, and water. A variety of
aqueous carriers may be employed, e g., 0.4% saline, 0.3% glycine, and the like. These
solutions are sterile and generally free of particulate matter. These solutions may be sterilized

by conventional, well-known sterilization techniques (e.g., filtration).

[0120] The compositions may contain pharmaceutically acceptable auxiliary substances as
required. Acceptable auxiliary substances preferably are nontoxic to recipients at the dosages
and concentrations employed. The pharmaceutical composition can contain auxiliary
substances for modifying, maintaining, or preserving, for example, the pH, osmolarity,
viscosity, clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or release,
adsorption, or penetration of the composition. Suitable formulation materials include, but are
not limited to, amino acids (such as glycine, glutamine, asparagine, arginine, or lysine),
antimicrobials, antioxidants (such as ascorbic acid, sodium sulfite, or sodium hydrogen-
sulfite), buffers (such as borate, bicarbonate, Tris-HC], citrates, phosphates, or other organic
acids), bulking agents (such as mannitol or glycine), chelating agents (such as
ethylenediamine tetraacetic acid (EDTA)), complexing agents (such as caffeine,
polyvinylpyrrolidone, beta-cyclodextrin, or hydroxypropyl-beta-cyclodextrin), fillers,
monosaccharides, disaccharides, and other carbohydrates (such as glucose, mannose, or
dextrins), proteins (such as serum albumin, gelatin, or immunoglobulins), coloring, flavoring
and diluting agents, emulsifying agents, hydrophilic polymers (such as polyvinylpymrolidone),
low molecular weight polypeptides, salt-forming counterions (such as sodium), preservatives
(such as benzalkonium chloride, benzoic acid, salicylic acid, thimerosal, phenethyl alcohol,
methylparaben, propylparaben, chlorhexidine, sorbic acid, or hydrogen peroxide), solvents
(such as glycerin, propylene glycol, or polyethylene glycol), sugar alcohols (such as mannitol
or sorbitol), suspending agents, surfactants or wetting agents (such as pluronics; PEG;

sorbitan esters; polysorbates such as polysorbate 20 or polysorbate 80; triton; tromethamine;
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lecithin; cholesterol or tyloxapal), stability enhancing agents (such as sucrose or sorbitol),
tonicity enhancing agents (such as alkali metal halides - preferably sodium or potassium
chloride - or mannitol sorbitol), delivery vehicles, diluents, excipients and/or pharmaceutical
adjuvants. See Remington's Pharmaceutical Sciences (18th Ed., A.R. Gennaro, ed., Mack
Publishing Company 1990.

[0121]  The concentration of the antagonist of the invention in such pharmaceutical
formulation can vary widely, i.e., from less than about 0.5%, usually at or at least about 1%
to as much as 15 or 20% by weight and will be selected primarily based on fluid volumes,
viscosities, etc., according to the particular mode of administration selected. If desired, more
than one type of antagonist, for example with different [[K4]] Kp for IL-4 receptor binding,

can be included in a pharmaceutical composition.

[0122]  The compositions can be administered to a patient alone, or in combination with
other agents, drugs or hormones. In addition to the active ingredients, these pharmaceutical
compositions can contain suitable pharmaceutically acceptable catriets comprising excipients
and auxiliaries that facilitate processing of the active compounds into preparations which can

be used pharmaceutically.

[0123]  Acceptable formulation materials preferably are nontoxic to recipients at the

dosages and concentrations employed.

[0124]  The pharmaceutical composition can contain formulation materials for modifying,
maintaining, or preserving, for example, the pH, osmolarity, viscosity, clarity, color,
isotonicity, odor, sterility, stability, rate of dissolution or release, adsorption, or penetration of
the composition. Suitable formulation materials include, but are not limited to, amino acids
(such as glycine, glutamine, asparagine, arginine, or lysine), antimicrobials, antioxidants
(such as ascorbic acid, sodium sulfite, or sodium hydrogen-sulfite), buffers (such as borate,
bicarbonate, Tris-HCl, citrates, phosphates, or other organic acids), bulking agents (such as
mannitol or glycine), chelating agents (such as ethylenediamine tetraacetic acid (EDTA)),
complexing agents (such as caffeine, polyvinylpyrrolidone, beta-cyclodextrin, or
hydroxypropyl-beta-cyclodextrin), fillers, monosaccharides, disaccharides, and other
carbohydrates (such as glucose, mannose, or dextrins), proteins (such as serum albumin,

gelatin, or immunoglobulins), coloring, flavoring and diluting agents, emulsifying agents,
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digestive tract, such as orally. The preparation of such pharmaceutically acceptable
compositions is within the skill of the art.

[0128]  The formulation components are present in concentrations that are acceptable to
the site of administration. For example, buffers are used to maintain the composition at
physiological pH or at a slightly lower pH, typically within a pH range of from about 5 to
about 8.

[0129]  When parenteral administration is contemplated, the therapeutic compositions for
use in the invention can be in the form of a pyrogen-free, parenterally acceptable, aqueous
solution comprising the desired molecule of the invention in a pharmaceutically acceptable
vehicle. A particularly suitable vehicle for parenteral injection is sterile distilled water in
which the molecule is formulated as a sterile, isotonic solution, properly preserved. Yet
another preparation can involve the formulation of the desired molecule with an agent, such
as injectable microspheres, bio-erodible particles, polymeric compounds (such as polylactic
acid or polyglycolic acid), beads, or liposomes, that provides for the controlled or sustained
release of the product which may then be delivered via a depot injection. Hyaluronic acid
can also be nsed, which can have the effect of promoting sustained duration in the circulation.
Other suitable means for the introduction of the desired molecule include implantable drug

delivery devices.

[0130] In one embodiment, a pharmaceutical composition can be formulated for
inhalation. For example, a nucleic acid molecule or bone density modulator of the invention
can be formulated as a dry powder for inhalation. Inhalation solutions can also be formulated
with a propellant for aerosol delivery. In yet another embodiment, solutions can be
nebulized. Pulmonary administration is further described in PCT Pub. No. WO 94/20069,
which describes the pulmonary delivery of chemically modified proteins.

[0131]  In other embodiments, certain formulations can be administered orally. In one
embodiment of the invention, nucleic acid molecules or bone density modulators of the
invention that are administered in this fashion can be formulated with or without those
carriers customarily used in the compounding of solid dosage forms such as tablets and
capsules. For example, a capsule may be designed to release the active portion of the

formulation at the point in the gastrointestinal tract when bioavailability is maximized and
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pre-systemic degradation is minimized. Additional agents can be included to facilitate
absorption of the molecule or modulator of the invention. Diluents, flavorings, low melting
point waxes, vegetable oils, lubricants, suspending agents, tablet disintegrating agents, and

binders may also be employed.

[0132]  Another pharmaceutical composition can involve an effective quantity of nucleic
acid molecules or bone density modulators of the invention in a mixture with non-toxic
excipients that are suitable for the manufacture of tablets. By dissolving the tablets in sterile
water, or another appropriate vehicle, solutions can be prepared in unit-dose form. Suitable
excipients include, but are not limited to, inert diluents, such as calcium carbonate, sodium
carbonate or bicarbonate, lactose, or calcium phosphate; or binding agents, such as starch,

gelatin, or acacia; or lubricating agents such as magnesium stearate, stearic acid, or talc.

[0133]  Additional pharmaceutical compositions will be evident to those skilled in the art,
including formulations involving nucleic acid molecules or bone density modulators of the
invention in sustained- or controlled-delivery formulations. Techniques for formulating a
variety of other sustained- or controlled-delivery means, such as liposome carriers, bio-
erodible microparticles or porous beads and depot injections, are also known to those skilled
in the art. See, e.g., PCT/US93/00829, which describes the controlled 5 release of porous

polymeric microparticles for the delivery of pharmaceutical compositions.

[0134]  Additional examples of sustained-release preparations include semipermeable
polymer matrices in the form of shaped articles, e.g. films, or microcapsules. Sustained
release matrices may include polyesters, hydrogels, polylactides (U.S. Pat. No. 3,773,919 and
European Patent No, 058481), copolymers of L-glutamic acid and gamma ethyl-L-glutamate
(Sidman et al, 1983, Biopolymers 22:547-56), poly(2-hydroxyethyl-methacrylate) (Langer et
al, 1981, J. Biomed. Mater. Res. 15:167-277 and Langer, 1982, Chem. Tech. 12:98-105),
ethylene vinyl acetate (Langer et al., suprd) or poly-D(-)-3-hydroxybutyric acid (European
Patent No. 133988). Sustained-release compositions may 15 also include liposomes, which
can be prepared by any of several methods known in the art. See, e.g., Eppstein ef al., 1985,
Proc. Natl. Acad. Sci, USA 82:3688-92; and European Patent Nos. 036676, 088046, and
143949,
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[0138]  The present invention provides methods of ameliorating symptoms of a disorder by

binding the II.-4 receptor alpha chain and inhibiting IL.-4 and TL-13 -mediated activity.

These disorders include, without limitation, airway hyperresponsiveness and airway
inflammation including, mast cell, eosinophil and lymphocyte, recruitment and activation

associated with asthma and other immunological or allergic disorders.

[0139] In one embodiment of the invention, a therapeutically effective dose of a modified
11.-4 mutein receptor antagonist of the invention and/or a pharmaceutical composition of the
invention is administered to a patient having a disorder characterized by elevated IL-4 and

IL-13 activity such as those disorders above.
(e) Determination of a Therapeutically Effective Dose

[0140]  The determination of a therapeutically effective dose is well within the capability
of those skilled in the art. A therapeutically effective dose refers to the amount of antagonist
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that is used to effectively treat asthma compared with the efficacy that is evident in the
absence of the therapeutically effective dose.

[0141]  The therapeutically effective dose can be estimated initially in animal models,
usually rats, mice, rabbits, dogs, pigs or non-human primates. The animal model also can be
used to determine the appropriate concentration range and route of administration. Such
information can then be used to determine useful doses and routes for administration in

humans.

[0142]  Therapeutic efficacy and toxicity, e.g., EDsg (the dose therapeutically effective in
50% of the population) and LDs (the dose lethal to 50% of the population) of a human
antagonist, can be determined by standard pharmaceutical procedures in cell cultures of
experimental animals. The dose ratio of toxic to therapeutic effects is the therapeutic index,

and it can be expressed as the ratio, LDso/EDs.

[0143]  Phammaceutical compositions that exhibit large therapeutic indices are preferred.
The data obtained from animal studies is used in formulating a range of dosage for human
use. The dosage contained in such compositions is preferably within a range of circulating
concentrations that include the EDso with little or no toxicity. The dosage varies within this
range depending upon the dosage form employed, sensitivity of the patient, and the route of
administration.

[0144]  The exact dosage will be determined by the practitioner, in light of factors related
to the patient who requires treatment. Dosage and administration are adjusted to provide
sufficient levels of the antagonist or to maintain the desired effect. Factors that can be taken
into account include the severity of the disease state, general health of the subject, age,
weight, and gender of the subject, diet, time and frequency of administration, drug
combination(s), reaction sensitivities, and tolerance/response to therapy. Long-acting
pharmaceutical compositions can be administered every 3 to 4 days, every week, or once

every two weeks depending on the half-life and clearance rate of the particular formulation.

[0145]  Polynucleotides encoding modified IL-4 mutein receptor antagonists of the
invention can be constructed and introduced into a cell either ex vivo or in vivo using well-
established techniques including, but not limited to, transferrin-polycation-mediated DNA.

transfer, transfection with naked or encapsulated nucleic acids, liposome-mediated cellular
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fusion, intracellular transportation of DNA-coated latex beads, protoplast fusion, viral
infection, electroporation, “gene gun,” and DEAE- or calcium phosphate-mediated
transfection.

[0146]  Effective in vivo dosages of an antagonist are in the range of about 5 pg to about
50 ng/kg, about 50 g to about 5 mg/kg, about 100 pg to about 500 pg/kg of patient body
weight, and about 200 to about 250 pg/kg of patient body weight. For administration of
polynucleotides encoding the antagonists, effective in vivo dosages are in the range of about
100 ng to about 200 ng, 500 ng to about 50 mg, about 1 pg to about 2 mg, about 5 ug to about
500 pg, and about 20 pg to about 100 pug of DNA.

[0147}  The mode of administration of modified IL-4 mutein receptor antagonist-
containing pharmaceutical compositions of the invention can be any suitable route which
delivers the antagonist to the host. Pharmaceutical compositions of the invention are
patticularly useful for parenteral administration, i.e., subcutaneous, intramuscular,
intravenous, intracheal or intranasal and other modes of pulmonary administration.

[0148]  All patents and patent applications cited in this disclosure are expressly
incorporated herein by reference. The above disclosure generally describes the present
invention. A more complete understanding can be obtained by reference to the following
specific examples, which are provided for purposes of illustration only and are not intended

to limit the scope of the invention.
EXAMPLE 1
Recombinant production of IL-4-RA and IL-4-RE cysteine muteins

[0149] The pET Directional TOPO® expression system (Invitrogen) was selected for
recombinant expression of IL-4. The system uses a highly efficient one-step “TOPO®
Cloning” strategy to directionally clone a blunt-end PCR product and a T7/ac promoter for
high-level and IPTG-inducible expression of the gene of interest in E.coli. Additional
features include a /acl gene to reduce basal transcription, a pBR322 origin for replication and

maintenance of the plasmid and an ampicillin resistance gene for selection.

[0150]  IL-4 was cloned into pET101/D-TOPO vector for production of recombinant IL.-4

protein. The oligonucleotide primers are shown in Table 4. The forward PCR primer was
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Table 4: Oligonucleotide primers for generating IL-4 RE cysteine muteins

SEQ ID NO Oligos for IL4 RE Sequence

17 T28C Fwd GAAGACTCTGTGCACCGAGTTGTGCGTAACA
GACATCTTTGC

18 T28C Rev GCAAAGATGTCTGTTACGCACAACTCGGTGC
ACAGAGTCTTC

19 S36C Fwd GTAACAGACATCTTTGCTGCCTGCAAGAACA
CAACTGAG

20 836C Rev CTCAGTTGTGTTCTTGCAGGCAGCAAAGATGT
CTGTTAC

21 K37C Fwd CCGTAACAGACATCTTTGCTGCCTCCTGCAAC
ACAACTGAGAAGG

22 K37C Rev CCTTCTCAGTTGTGTTGCAGGAGGCAGCAAA
GATGTCTGTTACGG

23 N38C Fwd GACATCTTTGCTGCCTCCAAGTGCACAACTGA
GAAGGAAACC

24 N38C Rev GGTTTCCTTCTCAGTTGTGCACTTGGAGGCAG
CAAAGATGTC

25 Al104C Fwd GAATTCCTGTCCTGTGAAGGAATGCAACCAG
AGTACGTTGG

26 Al04CRev CCAACGTACTCTGGTTGCATTCCTTCACAGGA
CAGGAATTC

27 N105C Fwd CCTGTGAAGGAAGCCTGCCAGAGTACGTTGG
AAAACTTC

28 N105C Rev GAAGTTTTCCAACGTACTCTGGCAGGCTTCCT
TCACAGG

29 Q106CFwd CCTGTCCTGTGAAGGAAGCCAACTGCAGTAC
GTTGGAAAACTTC

30 Q106C Rev GAAGTTTTCCAACGTACTGCAGTTGGCTTCCT
TCACAGGACAGG




1L4- RE- A104C 3. 29+1.46 (n=2) 4.67 + 4.65 (n=2) EXAMPLE 7 Rat

Phar macoki netics Studies [0157] Adult mal e Sprague-Dawl ey rats

wei ghing 250 to 300 grans were used. The rats were cannulated with
jugul ar velYP 2RYPBPYEr for bl ood sanple collection. | n a8ETAUSHNS043HY
rats of intravenous (1V) dose group wgée cannul ated with fenoral vein
catheters for drug adm nistration. [0158] The rats were given either

| L- 4RA mogh fair t

and O. 5(:[bl ,(iL pect I!l-/\]/é}[ﬂl*b%'g{lrﬁﬁW%@%@ﬁ%?&?ﬂb@%%&@&s es of
admi ni stmmmmmeeQuk@UangE@éme\Dm&d Mutagayeslelﬁtlf;om ErrxegemriEzﬂl:hr ectly
into the 9/ 065 P / S2008/ 0835 in fenmoral vein
cat het er ys% %%% %%n\/\é ‘;O?W?eé)gg? B?Flf’ﬁt??mﬁﬁ @‘g?ls%‘ﬁfyt Ror aci ¢
regi ?)n o]ilbme strands o\ﬁ/&reeremﬁedld‘dmta&&qgﬁﬂ:bl égs@ngrcle@ Rr Gmﬂ,%ll?@bb@wdmg a
single us ection r ood sanpl es were collected at

pr edose %YS%WSH&F@W& ﬁ@éﬁe%f 3 the ppimers ‘158%?916%9@0’66??3 Hot BE muteins.
Cent ri f ugaduts 11194mi 3oRkimgR8GAGedhickd WaslzeROdled Abing V418G HaPetdrs g&{’r&
was harvested and placed on dry ice prior to storage atdg’ggrom mat el y

-70C.  [condipnsHlefispdindbmentipeitrenrroweol Theymadugt wvastrdite Mpnki n

B T R e i e

quanti f ituaplatchlﬁa)DpnIHr@teém& waa $rafkf@med intb XIRPh Bluspsmplicompétent cells

(Phar i gHer Db e SR DR SRR Rty e n et sl By oA

assessnenhlysdd aaberding té Stindantseqhdndingaéchaiuks 0Qbhfisn theicsirédt Betjuede.
vol unes as wel |l as the anmount absor bed. EXAIVPLE 8 E.co/i-encoded | L-4

Mut ein [0161] High purity and hi ghw cI usi on body expression
directly affects manufacturing ab I&# costs. It has been shown

that IL-4 triple nutein nol ecules can be nade in the | aboratory by

including an IL-4 tripl eRetdnghifasidixgiressivin & Pulrifichfign human DNA codons
into an appropriate plasmd vector suitable for expression in Eco/i.

L R A DR e SRR B b S R BR R om o1
f er ment a:bn@iiungrlﬂﬁsaﬁss Wére Rbiracteried for dp%miéﬁ@q@é%ﬁl@ﬁ vhd grfob.%tat Q'XCFU @R 0Dy
of an IL-4_t | e rrut in Cons”ugi’yiﬁb{]&[{ unan codons can be toxic to

E. coil T&peda aﬂgmﬁfg Q4 prad inghyce G @ryitypgspytor drhonrset 341G e
bodi es. 1Mirtdrestts d@@b PAllckddat 1§06 ﬂmpfo&tm&ﬂnﬁt&e%ag%d atid¥tSre@ BB %bh@t T}?é"

is llkelé‘:y due to limted quantities of human codons in E. coil

order t droepedlrelietwassesispanded th?emEcellccbﬂupmdmﬁfer O mhmpésmbdﬂvaél
used 0 TR F LAt RN
(Strat egene) BP?% %ﬂg ter eég‘g‘%& ckl&ﬁlg%eg%qthalnd
sui t abl enipute mtmsraksoﬂwl qeldysateovas @dumdebw cemtnﬁ%anmﬁﬁ;wﬁg &rdfimmauiz 4
(codon ) agi ne (£9od a tel TEO)
Tao £ car el BelBRA It el £ R & Aol af atRRST e by
| L-4TM (sbiudatlﬁlﬁ o Bidinune feltwed Sy cd@tifiation. The final cell pellet, inclusion bodies,
was stored at -20°C. Inclusion bodies were resuspended in 5 ml solubilization buffer (0.2M
Tris pH 9, 7M guanidine hydrochloride) per gram of cells. Sulphotolysis reagents (0.16
grams sodium sulfite, 0.08 gram potassium tetrathionate per gram of cells) were added and

the inclusion bodies were stirred at room temperature for 2 hours. Undissolved constituents
were then removed by centrifugation at 35,000g for 20 minutes leaving solubilized inclusion
bodies. The inclusion bodies were then run on a Superdex200 size exclusion column (Akta)
to isolate the protein. The column was equilibrated with 2 column volume (CV) of 6M
guanidine hydrochloride/PBS pH 7 at a flow rate of Iml/min and the protein was eluted in
1.5CV. Peak fractions (1.5 ml each) were collected and screened by 12% or 4-20% Bis-Tris-



WD 2009/ 065007PCT/ US2008/ 083589 Si Table 8: E.ca-codon |L-4TM
Plasm ds SEQ I D NO Nane Sequence 34 .E.coli-

at gcacaaat gcgat at caccct gcaggaaat cat caaaaccct gaat t ct ct gaccgaacaga
codon 1040%""92““9’ 065007 PCT/US2008/083589

aaaccct gt gcaccgaact gaccgt t accgacat ct t ggct gct t cgaaaaacaccaccgaaaaa
sequence

gaancet | ghgeauligi s AGE ok Lal IS b AANLL HAGHEICACE0MARORLACCO0t O

cat gggt gct accgct cagcagtt ccaccgt eacanacag atccg gaaacg ggac

cgt aacctengirgtien ofutinglyt RTH xas adistl gr cxlgyivtradieg det pycamcmelgtulésa Fotlowimg

aaaact t ¢L4 eReIbal AR ARGe AhHaLAN2 HA3830095! GhaRE IS E WAt bt R hect:
to dialysis into 4.5L 3mM NaH;PO,, 7mM Na,HPOq, 2mM KCl, 120mM NaCl. Dialysis was
continued for 3-4 days with fresh buffer change at least 3 times. The dialyzed material was
then filtered through an 0.2pm filter and the pH was adjusted to 5 with acetic acid. The
column was equilibrated with 10CV of Buffer 1 (25mM Ammonium Acetate pH5) followed
by a 20 minute gradient to 100% buffer B (25mM Ammonium Acetate pH5/1M NaCl) post
injection. Peak fractions (0.5 ml each) were collected and screened by 12% or 4-20% Bis-
Tris-SDS gel electrophoresis. Product containing fractions were pooled and diluted 2x into
Buffer A (0.1% TFA/water). The protein was then chromatographed on C4 Reverse Phase-
HPLC (Beckman system Gold), using a 5 ml loop and flow rate of 1 ml/min with the
following program: 10% Buffer A for duration of injection, 10 minute gradient to 40% Buffer
B (0.1% TFA/ACN), 30 minute gradient to 50% Buffer B, and 5 minute gradient to 100%
Buffer B. Peak fractions (0.5 ml each) were collected and screened by 12% or 4-20% Bis-
Tris-SDS gel electrophoresis. Protein containing fractions were dried down and resuspended
in 0.1M MES pH 6.1 for analysis and assays.

EXAMPLE 3
Site-Specific Cysteine PEGylation and Purification

[0153] A protocol was established to PEGylate the cysteine containing IL4 RA muteins
via a stable thioether linkage between the sulfhydryl of the protein and the maleimide group
of a linear 22kD methoxy-polyethylene glycol-maleimide derivative (Nektar Therapeutics). A
2-fold molar excess of mPEG-MAL 22kD reagent was added to 60puM of protein dissolved in
reaction buffer, 0.IM MES, pH 6. After 0.5 hour at room temperature, the reaction was
terminated with 2-fold molar excess of cysteine over mPEG-MAL 22kD (Figure 1).
PEGylated protein was purified away from unreacted mPEG-MAL 22kD (quenched with
cysteine) and unreacted IL4 RA cysteine mutein by cation exchange and size exclusion
chromatography. Crude reaction mixtures were applied to Vivapure Mini S cation exchange
columns (Vivascience) equilibrated with 0.4mL of 0.1M MES, pH 6. The columns were
washed twice with 0.4mL of 0.1M MES, pH 6 followed by centrifugation at 2,000 x g after
each wash. The samples were eluted by centrifugation from the column with 0.4mL of 0.6M



E. coli-

at gcacaaat gcgat at caccct gcaggaaat cat caaaaccct gaat t ct ct gaccgaacagaaaa
codon 38C

ccct gt gcactYRAPPHREYgt t accgacat ct t cget get t cgaaat gcaccac EGRARHNYBEISC

sequence 47
ttctgccgtget gctaccgttct gegt cagttctact ct caccacgaaaaagacacccgtt gcct gggt

gc NaCl/0.1M MES, pH6. The 0.4ml, eluti d ont SK-GEL G2 OOSW%(L
taccgctca%cagttccaccpgtcacgaacag%}tlgoe{ltsc‘:ﬂgg o5 ega?(lsllnocag cIt{ggaccg aacct'gt ggg

gt ct ggct @L@E@MW@G@S@BE&H&QW@B&WE@G@&% @f;&h&h@a Famjilgg aac
2t geacaniis canian BARE PP RRRRAR By Al Sullse Bt Pompileatirnriadanace
codon  rate of Iml/min for 30min. Peak fractions (0.5ml) were collected and evaluated by 4-12%
B A R R T S T e LR
ccgt gct gnérdpoaled SADCBbSRAIIRLRAE bR UIRAFR HIGARA3 ISHAC AT HE P o0t gCt ac
cge s eqxgg]u%fcturer's protocol to approximately 60uM (or ~Img/ml) for analysis and in vitro assays.
Final concentrations for the PEGylated proteins were determined by amino acid analysis.

Final yields are depicted in Table 5.

Table 5: Purification yields for PEGylated IL4RA cysteine muteins

Mutein PEGylated (mg, PEGylated (mg, % Recovery

nitial) final)

ILARA ND ND ND
T28C 0.267 0.064 24.0
536C 0.392 0.057 14.5
K37C 0.264 0.011 42
N38C 0.387 0.083 21.4

A104C 0.213 0.010 4.7

N105C 0.289 0.044 15.2

Q106C 0.125 0.023 18.4

Average 0.176 0.042 14.6
EXAMPLE 4

BiaCore IL-4 Receptor Binding Assay

[0154]  IL-4 receptor was immobilized on a BlAcore CMS5 research grade sensor chip
through amine coupling. The sensor surface was activated with an EDC/NHS pulse. IL-4
receptor was dissolved in 10mM acetate buffer (pH 5.0) and injected into flowcell 2 followed
by a pulse of 1.0M ethanolamine-HCL to deactivate the surface. The immobilization level for
the receptor was ~300RU. Flowcell 1 was also activated without a ligand to function as a
blank. The Biacore Wizard was used to perform kinetics analysis. Candidate IL4RE
antagonists were diluted in HBS-EP (running buffer) and injected at 30ul/minute flow rate
for 3 minutes and a dissociation time of 15 minutes. Regeneration of the chip was

performed by two 30 second injections of 10mM Glycine pH2.5 (flow 100ul/min) to baseline
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aaat gct cttctt aat aaggat ccggct gct aacaaagccegaaaggaagct gagtt ggct gect gccac
cgc prior to next injection in the concentration series. Dissociation constant glg.%) values were

c

t gagcaat aact agcat aacccct t'ggggcct ct aaacgggt cttgaggogtttt t gaaaggagg
aacta  calculated for each candidate based on direct binding kinetics (Table 5). Results show
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from 10 donors was col |l ected and PBMCs isol ated. PBMCs were incubated
for 4 days with WD 2009/ 065007PCT/ U32008/ 083589 54 PHA-P, and these
"bl asts" were then used for the assay. Blasts were incubated for 3
days with MQ20pPes87one of 12 dilutions of 1L-4TM test E@ERBEUTOSIPEY
the last 18 hours, 3Hthym dine was adgdgd to the culture. Cells were
harvested and DNA that incorporated 3H hym dine was quantified on a
b-counter. Table 10 denonstrates t]ff%lkﬁ’i f potency with PEGyl ation
and the inprovenent in potency gaine rom PEGyl ati ng at 38C conpared
to 104C. Table 10 Candidate 1C50 (2M >95% I nhi bition Fold increase
in IC50 (relative to IL-4DMjrimafylQpll PrdliferatioB Bsdy + 2. 07 -471. 4

[0156]  The proliferative response of human primary cells (T- and B-cells) to IL-4 was
also evaluated following IL-4RE molecule pre-treatment. Peripheral blood mononuclear
cells (PBMCs) were isolated from peripheral blood and some were treated with PHA for 4
days to induce T cell blast formation. PBMCs were also treated with anii-CD40 to
activate B cell activity and used immediately. The cells were seeded in 96-well plates (10°
cells per well). PHA T-cell blasts and B cells preparations were stimulated for 3 days with
IL-4 (10 ng/ml, 0.667 nM) in the presence of varying concentrations of IL-4RE molecules.
The incorporation of tritiated thymidine in the last 20 hours of incubation was used as an
indicator of proliferation. The results of these assays are shown in Table 7. Results
indicate that all PEGylated constructs demonstrated an ICsq less than 5-fold greater than
that of IL-4RA for both primary cell assays.

Table 7: PEG-IL4RE bioactivity evaluation in B-cell and T-cell blast proliferation

assays.
Mutein B-cell ICs;, nM T-cell blast ICsp, nM
BAY 16-9996 IL-4RA 0.86+0.42 (0=10) | 3.22 + 3.26 (n=16)
[L4-RE-K37C 3.73+2.15 (0=2) . | 13.86+12.77 (n=2)
IL4-RE-N38C 3.33+2.68 (n=2) 9.94+ 8.99 (n=2)
TLA-RE-A104C 3.29+1.46 (n=2) 4.67 + 4.65 (n=2)
EXAMPLE 7

Rat Pharmacokinetics Studies

{0157]  Adult male Sprague-Dawley rats weighing 250 ta 300 grams were used. The rats
were cannulated with jugular vein catheter for blood sample collection. In addition, the rats
of intravenous (IV) dose group were cannulated with femoral vein catheters for drug
administration.

[0158]  The rats were given either [L-4RA or a modified IL.-4 mutein receptor antagonist at
doses of 1 and 0.5 mg/kg, respectively. Both IV and SC (subcutaneous) routes of

administration were used. The IV dose was given by injection directly into the
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indwelling femoral vein catheter. The SC dose was given by injection into the dorsal

thoracic region. Three rats were used for each dose group.

[0159] Following a single bolus injection (IV or SC), blood samples were collected at
predose and at predetermined times up to 168 hours post dose. Centrifugation for
samples began within 1 hour of collection. Plasma was harvested and placed on dry ice

prior to storage at approximately -70°C.

[0160]  Plasma concentrations of IL-4RA and modified mutein were quantified with an
enzyme-linked immunoassay. Anti-IL-4 antibody was used as coating and detection
reagents. The lower limit of quantification for this assay was 0.2 ng/ml.
Pharmacokinetic parameters were derived by non-compartmental analysis using
WinNonlin (Pharsight, Mountain view, CA). Of particular interest is the assessment of

absorption and elimination kinetics, distribution volumes as well as the amount absorbed.
EXAMPLE 8
E.coli-encoded IL-4 Mutein

[0161]  High purity and high yield inclusion body expression directly affects
manufacturing ability and costs. It has been shown that IL.-4 triple mutein molecules can be
made in the laboratory by including an IL-4 triple mutein construct utilizing human DNA
codons into an appropriate plasmid vector suitable for expression in E.coli. Although small
quantities of inclusion bodies can be obtained from an IL-4 triple mutein construct using
human codons, the E.coli fermentation process is not robust. It was observed that expression
of an [L-4 triple mutein construct using human codons can be toxic to E.coli cells causing
lysis, resulting in low yields of inclusion bodies. Without being limited to certain theories,
this observation is likely due to limited quantities of human codons in E.coli. In order to
improve the process, the E.coli-codon IL-4RA plasmid was used to make E.coli-encoded
ILA-RE-T13D with QuickChange (Strategene). Briefly, IL-4RA plasmid was altered by
QuickChange and suitable primers to alter the codons at either position alanine 104 (codon
GCT) or asparagine 38 (codon AAC) to a cysteine (codon TGC). Two E.coli-codon IL4-RE-
T13D plasmids were made that coded for IL-4TM (IL4-RE-T13D) molecules (Table 8).
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atgcacaaatgcgatatcaccetgeaggaaatcatcaaaacceetgaattetetgacecgaacaga
aaaccctgtgeaccgaactgacegttaccgacatcttcgetgeticgaaaaacaccaccgaaaaa
gaaaccttetgeegtgetgetacegttctgegteagtictactctcaccacgaaaaagacaccegttg
cetgggtgetacegetcageagticeaccgteacaaacagetgateegtttectgaaacgtetggac

cglaacctgtgggptctggetggictgaacagetgeocggttanagaatgeaaccagtetaceetgg
aaaacticcigmaacgtctganaaccateatggacgaaaaagactctaaatgetcticttaataa

atgcacaaatgcgatatcaccetgeaggaaatcatcasaaccctgaatictetgaccgaacagaaaa
cecigigeacegaactgacegitacegacatoticgetgeticgaaatgeaccacegaaaaagaaace
ttetgeegtgetgetacegttetgegteagttctactctecaccacgaaaaagacacceegtigectgggtge
taccgcteageagticcaccgtcacaaacagetgatecgtttectgaaacgtetggacegtaacetgtggg

gictggetggtetgaacagetgeccggtiaaagaagetaaccagtctacectggaaaacttcctggaacgt
ctgaaaaccatcatggacgaaaaagacictaaatgetcticttaataa

| L- 4DV 40BNd&fe 42
1D
NO
34 | E.coli-
codon 104C
sequence
35 K. coli-
codon 38C
sequence
36 | Ecoli-
codon
T13D N338C
sequence

atgcacaaatgcgatatcacccetgcaggaaatcatcaaagacctgaattetotgaccgaacagaaaace
ctgtgeaccgaactgacegttaccgacatettcgetgeticgaaatgeaccacegaaaaagaaacctictg
ccgtgeigetacegttctgegteagtictacictcaccacgaaaaagacaccegttgectgggtgctacege
tecagcagticcacegtoacaaacagetgatcegtttcctgaaacgtetggacegtaacetgtgepatetege
tggtctgaacagetgeccggtiaaagaagetaaccagtctaccetggaaaacticotggaacgtctgaaaac
cafcalggacgaaaaagactctaaatgetetict




104C 30L 13.0 + 5.21 -142.8 7.6 38C 40B 6.85 + 2.21 -96.4 4.0 T13D
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0.64 -25.7

WO 2009/065007

PCT/US2008/083589
52

37

E.coli
plasmid
with E.coli-
codon
T13D N38&C
sequence

aaatgeteticttaatanggatceggotgctaacanagccogaaaggaagetigagtigpctgotgecacege
tgagcaataactageataaccoctiggggcectctaaacgggtettgaggpptittitgctgaaagpagoaacta
tatccggataattetiagaaaaactcatcgageatcaaatgaaactgeaatitaticatatcaggatiatcaataccata
titttgasaaagecgtiictgtaatgaaggagaanactcaccgaggcapticeataggatgpeangatectggtatcg
gietgegattccgactegtecaacatcaatacaacctattaatitcecctegtcaaaaataaggtiatcaagtgagaaat
caccatgagtgacgactgaatceggtgaganatggeanaagctiatgeattictitcoagacitaticaacaggecage
cattacgctegtcatcaaaatcactegratcaaccaaaccgitaticattcgtgattgegectgagegagacgaaatac
gegategcetgttanaaggacaatiacaaacaggaatcgaatgcaaccggegeaggaacactgecagegeatcaac
aatatfticacctgaatcaggatatictictaatacctpgaatgetgtiticccggggategeagtgptgagiaaccatge
atcatcaggagtacggataaaatgetipatgetcgzaagapgcataaattccgteagecagtttagtctgaccatetca
tetgtaacatcattggeaacgetaccittgecatgtitcagaaacaactetggepeatcgggctteccatacaategata
gattgtegeacctgatigecegacattategegagecceatitatacccatataaatcageatecatgitggaatttaateg
cggcctcgagcaagacgtttcecgitgaatatgpcteataacaccoctigtatiactgtitatgtaagcagacagititatt
gitcatgaccaaaatcoctiaacgtgagtittcgttceactgagegtcagaceecgtagaaaagatcaaaggatcttett
gagatcctittittctgegegtaatotgetgettgcaaacaaaanaaccacegetaccageggtggtitgttgeeggate
aagagctaccaactoitittccgaaggtaaciggeticageagagegeagataceaaatactgtectictagtgtagee
gtagttaggecaccacticaagaactetgiageaccgectacatacetcgetetgetaatectgttaccagtggetecte
ceagtgpcpataagtogtgtettacegggitggacicaagacgatagitaceggataaggegeagegateggectaa
acggegrattcptpcacacageccagetiggagogaacgacetacacegaactgagatacctacagegtgagetat
gagaaagcgecacgeticcogaaggpapgaaaggepgacaggtatccggtaageggeagggicggaacaggaga
gegeacgagpgagoticcaggggeaaacgoctggatatetitatagteetgteggetttcgceacctetgactigagegt
cgatttttgteatpctegicagggeapcggagcctatggaaaaacgeeageaacgeggecttittacggttectepect
titgeiggectitigeteacatgttotttcotgesttateceotgatictgtggataaccgtattacegeetitgagtigagetpa
taccgetogeegeagecgaacgacegagegeagegagteagtgagegaggaageggaagagepectgatgoggt
attttctccttacgcatctgtgcggtatttcacaccgcaatggtgcactctcagtacaatctgctctgatgccgcatagttaa
gocagtatacactcogctategetacgtgactgggicatggetgegececgacaceegecaacacecgetgacgege
cetgacgggcetigtetgeteceggeatecgettacagacaagetgtgacegictecegggagetpoatgtetcagagatt
teaccpicatcaccgaaacgegegaggcagetgeggtanageteatcagegtggtogtgaagegattcacagatgte
tgcetgticatcegegtecagetogltgagtitetecagaagegtiaatgiotggetictgataaageggaccatpitaag
gecggttitticetgittggteactpatzectcegtataagegepatttotgticatggapptaatgataccgatgasacga
gagaggatgctcacgatacgggttactgatgatgaacatgcccggttactggaacgttgtgagggtaaacaactggcg
gtatggatacgacppgpaccagagasaaatcacicagpgtcaatgecagegetcatgageccgaagtegegagece
gatcttccccatcggtgatgtcggcgatataggcgccagcaaccgcacctgtggcgccggtgatgccggccacgatg
cgtecggcgtagagpatcgagatecatttacgttgacaccatcgaatggtgcasaacciitcgeggtatggeatgatag
cgoceggaagagagicaaticagggtagtoaatatoaaaccagtaacgttatacgatgtcpcagagtatgecggigte
tettaicagaccgtttccegogtgstgaaccaggecagecacgtitetgoganaacgeggpanaaagigpaageggc
gatggcggagctgaattacattcccaaccgcgtggcacaacaactggcgggcaaacagtcgttgctgattggcgttgc
cacctccagtetggecctgeacgegeegtegeanatigtcgegpcgattanatetegegecgateaactggptaccag
cgtggtgatgicgatggtapaacgaageggcgicgaagectgtanagoggeggtgcacaateitetegegcaacgeg
tcagtgggctgatcattaactatccgctggatgaccaggatgccattgctgtggaagctgcctgcactaatgttccggcg
ftatitctigatgtotetgaccagacacceatoaacagtattatitictoccatgaagacggtacgegactggregtggage
atctggtegeatiggpteaccageanategogetpitagegggcccatiaagtictetoteggegegtetgogtcteget
gectggcataaatatctcactogeaatcaaaticagecgatageggaacgggaaggegactggagtgecatgicogg
ttttcaacaaaccatgcaaatgctgaatgagggcatcgttcccactgcgatgctggttgccaacgatcagatggcgctg
gecgeaatgegegecrattacegagteegggcetgegeptigptecgpatatctoggtagtpggatacgacgatacega
agacagelcatgitatatceegoogttaaccaccatcaaacaggattttogeoctgetggggoanaccagegtogacege
ttgetgcaacteteteagggccaggeggteaaggpcaateagetgttgecepicteactgptaaanapanaaaccace
ctggetcgaganatcataaaaaatitatitgctitgtgagegpataacaattataatapaticaattgtgageggataacaat
ticacacatctaganataatittatitaactitaagaagpagatatacatatgcacasatgegatatcaccotgeaggaaat
catcaaagacctgaaticictgacegaacagaaaaccctgtgcaccgaactgacegttacegacatettegetgcticg
aaatgeaccaccgaaaaagaaacctictgecgtgetgetacegtictgegteagtictacteteaccacgaaaaagaca
ccegltgectggatectaccgeicageagitccacegteacaaacagetgateogtitectgaaacgtctggaccgtaa
cctgtggggtctggctggtctgaacagctgcccggttaaagaagctaaccagtctaccctggaaaacttcctggaacg
tcigaaaaccatcatggacpaasaagactctaaatgeteticttaataaggatccggctgctaacaaageceganagg

aagctpap




1 [0167] Again the inprovenment of PEGyl ation at the 38C position
conpared to the 104C position was observed as well|l as the increased
or simlar potency of the T13D and the T13D 40B constructs,

respecti veMP 28A4584%ed to | L-4DM (R121D/ Y124D). EXANPLEPCT/USRHYB/083589g
the Refolding Yields of an IL-4/1L-13sknhibitor [0168] IL-4Th

(T13D/ R121D/ Y124D) contains a 7th cysteine residue in the protein
sequence at either position 38C OW T is odd cysteine reduces
the efficiently of refolding 1L-4 rom hcl usi on bodi es. The
addition of glutathione to the IL-4TMrefold buffer optimzing the
yield of 1L-4TM refol di ng WAEGglaged Il-4JLek3chmhibitprt he ability of 38C
or 104C to be PEGyI ated by a nal ei mde-1inked PEG nol ecul e. In
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oxi dat i aiRcebeskighific@slyarenN@sdyegsg @t BLALRE mete@WVTRH ceB-baRlinkal Red
until 1L-4TM S react d wth maki m de- PEG at a nore neutral pH where

the cystREIEY Ber di amghogytssdrompperipherpbhleed (e ences WO
2009/ 065007PCT/ US2008/ 083589 56 [0170]1. Ying, S., M Hunbert, J.

Bar kans,[0£%3]. @Qidiﬂo@almy, iRvasRibb & V& that@he PRftionlth whthGheaddRional 8@%&&1&%@”
S.R Durham and A. B. Ka 1997. erl‘;Pressmn of IL-4 and IL-5

prot ein Blacsd irdmpgrantpis Sh?fﬂ”l ingble®, PEGylatedal94Criopsss plput aﬁ@ldmatswtyaed’rb s
i n bronghiap opi ¢ and nonatopic (intrinsic)
asthmati cs. E@jlngn@rﬁ?l npﬁl%?%%%@%?ﬁ% [0171] 2. Huang, SI., HQ
Xi ao, J. Kleine-Tebbe, G Paciotti, D.G Mirsh, L.M Lichtenstein and
M C. Li (Fable%sComparisonafscsivities af Hi-4DNEtesPEElabdd BU-#EMyen chal | enge
in patients with asthma. | | munot 155: 2688-2694. [0172] 3. Zhu, Z.,
RJ. HomeMoleguleyang — Q ChBfDM P Geba, JN3EHEB Y. Zhang ABtC-40BA,
Elias. 1699kinpessarohar yllekpr dssilodd of | i nllef | eki A48 chusBsd IL-13
i nfl ammtl on mucus hgéoersecretl on, subepithelial fibrosis,
physi ol o %Pﬁ&‘r maP dAd3eot axj A%rodudt ton. J. [P n. | hidbt
103: 779" G/‘ stdday1 78728 ¥efddri8om=18y R3Y . v=1E | ¥39car1hn® 7T, &S | 455 =6
Mal i szewski,, 2000. Sol ubI e llL-4 receptor inhitbits airpay inflammation
£l ergen %I | enge i_n a nou nodell of asthpma, J | nmunol .
164: 10865443557 2 2? 5. Saltrbok (1089) CURRENT PROTPEELS | N 1060
MOLECUL AR Y, n W ey w York, N.Y., 5. [P175] A
Sequence SeT %;i Jlg'*ltal aEHed lgg‘ectro LELR By .hlf:l?\,m“t?} affd uﬁTs[o é@ e
the Electronic Filing Systemof the United States Patent and
Trademark OFfice. The entire contents of the Sequence Listing are
i ncor por{étedy h@oebmpinysatedbethisiess ofa'mﬁrlrphhedcd&@@it n*sslawonaﬁasfi@mdews:

B e U T

upl oadegl@midNoResPesD hitatidd Bds previously been shown to increase binding affinity to the
IL-4Ra (see U.S. Pat. No. 6,028,176, incorporated herein by reference). As shown in Figure
3, PEGylated T13D-N38C with 40kDa branched PEG has equal BIAcore as the unPEGylated
IL-4DM (R121D/Y124D), but the data cannot accurately predict the cell-based assay since
PEGylation affects the on-rate of all PEGylated IL-4TM molecules. It is the off-rate that is
generally potency-determining in a bioassay. Using the TF-1 cell-based assay, PEGylated
T13D-N38C with 40kDa branched PEG has equal activity as IL-4DM.

[0165]  Similar results were observed in a primary T cell assay. In this assay whole blood
from 10 donors was collected and PBMCs isolated. PBMCs were incubated for 4 days with




[0176] Al though the invention has been described with reference to

t he above exanple, it will be understood that nodifications and
variations are enconpassed within the spirit and scope of the

i nventi on. WRgWPBAY y, the invention is limted only byCTRE2008/083589
following claims. 57 What is clainedgss: 1. Anodified IL-4 nutein
receptor antagoni st coupled to a non-protein polyner at an am no acid

resi due [y 105,,,106 of .1L-4 rein
the am ngﬁg??gga g%&pﬁg?s{sﬁ%ég%? §%§ f&gtﬁ%asf% Bell?s ‘ﬁ?ﬁéii‘?lp?:té%\%}gd%ys
wher ei n witk Ia#iphos aeiofl$2 ditions obBEr4TMaest osrdpaigd! On ikellht  § peurklBFRN

I L-4, ang wherein the.non-protei ol r is polyethylene glycal

pol ypro p@pghﬁnegwﬁﬁ&%& tﬁe E‘B %@H?W?%ﬁ@’.es{?@ %r‘?’o%i“f ipeqyperated 3H-
mut el N r SeMiNY wayiaeefidddn Ob-cedntirMTible W) @eRbistbRe _tHbQBs‘sfo%Bﬁh%‘y with
pol yrer |§ coupl ed at an am no_acid residue at position 37, 38, or
104 of |Y¥EGylaton SsRRTeYeEen] Inotaray sqiped ierm BEGY ating atdh( sompsiredtoai m
1, wherejgyct he antagoni st consists of the am no acid sequence as set
forth in SEQID NGO 33. 4. The nodified IL-4 nmutein receptor

ant agoni st of claim 1, wherein the non-protein polymer is

pol yet hyT&#e18| ycol . 5. The nodified IL-4 mutein receptor antagoni st

of clai nr=; potyetthytreme—gtycot+s—++near—6—Fhe
nodi fi eq tL-é} nut e ICs@Ccept or |apvRGUHiBitioRT| Foliiltdasc RIS N the
pol yet hyll EAMIS cofl cyery br anche danMy The modi efdlvl to 1. ARG N T ecept gr
ant agoni|st _of claijm 6, wherein the polyethyl ene glycol 1s about 3 1¢D
to 50 k. 1&c 4 ‘éidl?@?' L-4 ny4ef n receptgr, antagoni st of clarm{,
wher ei n W-one . .

104C 30L 4.93+0.79 ~135.7 4.6

38C 40B 243405 ~55.7 2.3

T13D 40B 3.28 +1.428 ~38.6 3.1

T13D 0.714 +0.214 | ~10.7 0.67

IL4-DM 1.071 +0.714 | ~22.1 1

[0166]  Studies were also done in primary B cells. Similarly, whole blood from 5 donors
was collected and PBMCs isolated. PBMCs were incubated for 3 days with mouse anti-
human CD40, IL-4, and one of 12 dilutions of IL-4TM test compound. In the last 18 hours,
3H-thymidine was added to the culture. Cells were harvested and DNA that incorporated 3H-
thymidine was quantified on a b-counter (Table 11).



glycol is 40 IcD. 9. A pharmaceutical conposition conprising: a) the
nodified IL-4 nutein receptor antagonist of claiml; and b) a

phar maceutical ly acceptable carrier. 10. A pharnmaceutical conposition
conpri si ngWO B8%8850¢"he nodified I L-4 nutein receptor antPEFAISREBOSFHSY
claim8; and b) a pharmaceutically accgptable carrier. 11. The
nodified IL-4 nut= receptor antagonist of claim1, wherein the

nodi fi ed}‘{’?ﬂ%?kn receptor antagoni st binds to the IL-4 receptor al pha
chain w a KD of about 0.1 nMto about 10 pM about 0.5 nMto about

1 !'AM dr about 1.p nMto abouj 100 ti1M 12. fThe nodifred TL-Z& nutern
receptor| apLaganitst €581 ai m 1| vwHE elnhikiten rodiFoldsigedeasedn iUiei n

receptor|] antagoni sf iM)bits the @M iferatiie (ektivasellodDFH-1 cells
to | L-4 paith-an 1 B0 of about- D1 nMto abouti 10 p M about 0.5 nM1ig

about 1 {! AD4@AORD, ut191420r 688t b aka3ste 100 nM 131.3The nodified IL-4

mut ei n rfec Crarmrt-—wrerermmt-he-nod-fed—tt—seé

I
mut ei n rjec ﬁ?@?m;n agor £6-% ngrbi"f]s‘mtshe prolilf el i ve response of
D

TF-1 cel | 'Ch0 qf. about 0. 4 n\ifo about 10 pM
about O. ||¥H'é‘lﬁ'lr_\ Aalnr ah§|6f4’j“l Q. _nMtlo glbcéut 100 nM_14. The

modi fi ed ant.agoni st of dl aijm 1, wherein the
nodi fi eq BA-a e oR-St—RaH B | |
r esponse | - 4~%l4 h an | CHO0 6f3 about 0.1 nMto
about 1( ADO 57L pP. M OI agout 1 O tTvto about
100 nM Ut €-n’ receptod antagonist of claiml,

wherein the nodified IL-4 nmutein receptor antagonist inhibits the
proliferative response of human T cells to IL-4 with an | C50 of about

0.1 nMt out L . a t ..0r about 1. o]

about 108ERr gk Y8R0 her of PRG0S ANE sekHheifen Sthatsite fhegeE

cl ai m 1, posttien evan obsvevad iWelled tHelingteased or similar potency of the T13D and the T13D
40B constructs, respectively, compared to IL-4DM (R121D/Y124D).

EXAMPLE 10
Improving the Refolding Yields of an IL-4/IL-13 Inhibitor

[0168] IL-4TM (T13D/R121D/Y124D) contains a 7 cysteine residue in the protein
sequence at either position 38C or 104C. This odd cysteine reduces the efficiently of
refolding IL-4TM from inclusion bodies. The addition of glutathione to the IL-4TM refold
buffer optimizing the yield of IL-4TM refolding while still preserving the ability of 38C or
104C to be PEGylated by a maleimide-linked PEG molecule. In addition to adding
glutathione to the refolding mixture, there is a time-dependency of refolding to optimize the
yields of IL-4TM for PEGylation. Maximized protein refolding yields are monitored by the
BlAcore assay. Once the maximum refolding yield is achieved, the pH of the refold solution
is lowered with an acid to a pH where cysteine oxidation chemistries are no longer efficient.
Low pH is maintained until IL-4TM is reacted with maleimide-PEG at a more neutral pH

where the cysteine-maleimide bond forms.

[0169] References



nutei n receptor antagonist has a plasma half-life which is at |east
about 2-10 fold greater than that of an unnodified IL-4 receptor _
antagonist. 17. The nodified IL-4 nmutein receptor antagonist of claim
1, wherei n WHHRBENT ed |1 L-4 nutein receptor antagoni st PRAAS009PESHR
half-1ife which is at |east about 10-140 fold greater than that of an
unnodi fied IL-4 receptor antagoni st.
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158: 3539-3544.
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asthma. J Immunol. 164:1086-1093.
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[0175] A Sequence Listing is attached electronically herewith and uploaded via the
Electronic Filing System of the United States Patent and Trademark Office. The entire
contents of the Sequence Listing are incorporated herein by reference. The file details appear

as follows:
(a) “AERO1210_4SEQLIST.txt” — 32 Kilobytes

The Sequence Listing, “AER01210_4SEQLIST.txt,” was created on November 14, 2007 and
was uploaded on November 14, 2007.

[0176]  Although the invention has been described with reference to the above example, it
will be understood that modifications and variations are encompassed within the spirit and

scope of the invention. Accordingly, the invention is limited only by the following claims.
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What is claimed is:

10.

A modifted IL-4 mutein receptor antagonist coupled to a non-protein polymer at an
amino acid residue at position 28, 36, 37, 38, 104, 105, 106 of IL-4, wherein the amino
acids at positions 13, 121 and 124 are aspartic acid, wherein the amino acids are
numbered according to wild type human IL-4, and wherein the non-protein polymer is

polyethylene glycol, polypropylene glycol or a polyoxyalkylene.

The modified IL-4 mutein receptor antagonist of claim I, wherein the non-protein

polymer is coupled at an amino acid residue at position 37, 38, or 104 of IL-4.

The modified IL-4 mutein receptor antagonist of claim 1, wherein the antagonist

consists of the amino acid sequence as set forth in SEQ ID NO: 33.

The modified IL-4 mutein receptor antagonist of claim 1, wherein the non-protein

polymer is polyethylene glycol.

The modified IL-4 mutein receptor antagonist of claim 4, wherein the polyethylene

glycol is linear.

The modified IL-4 mutein receptor antagonist of claim 4, wherein the polyethylene

glycol is branched.

The modified IL-4 mutein receptor antagonist of claim 6, wherein the polyethylene
glycol is about 3 kD to 50 kD.

The modified IL-4 mutein receptor antagonist of claim 7, wherein the polyethylene
glycol is 40 kD.

A pharmaceutical composition comprising:

a) the modified IL-4 mutein receptor antagonist of claim I; and

b) a pharmaceutically acceptable carrier.

A pharmaceutical composition comprising:



11.

12.

13.

14.

15.

16.

17.
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a) the modified IL-4 mutein receptor antagonist of claim 8; and

b) a pharmaceutically acceptable carrier.

The modified IL-4 mutein receptor antagonist of claim 1, wherein the modified mutein
receptor antagonist binds to the IL-4 receptor alpha chain with a Kp of about 0.1 nM
to about 10 uM, about 0.5 nM to about 1 uM, or about 1.0 nM to about 100 nM.

The modified IL-4 mutein receptor antagonist of claim 1, wherein the modified IL-4
mutein receptor antagonist inhibits the proliferative response of TF-1 cells to IL-4
with an ICsy of about 0.1 nM to about 10 uM, about 0.5 nM to about 1 uM, or about
1.0 nM to about 100 nM.

The modified IL-4 mutein receptor antagonist of claim 1, wherein the modified IL-4
mutein receptor antagonist inhibits the proliferative response of TF-1 cells to IL-13
with an ICsg of about 0.1 nM to about 10 pM, about 0.5 nM to about 1 pM, or about
1.0 nM to about 100 nM.

The modified 1L-4 mutein receptor antagonist of claim 1, wherein the modified IL-4
mutein receptor antagonist inhibits the proliferative response of human B cells to IL-4
with an ICsq of about 0.1 nM to about 10 uM, about 0.5 nM to about 1 pM, or about
1.0 nM to about 100 nM.

The modified IL-4 mutein receptor antagonist of claim 1, wherein the modified 1L-4
mutein receptor antagonist inhibits the proliferative response of human 7T cells to IL-4
with an ICsq of about 0.1 nM to about 10 pM, about 0.5 nM to about 1 puM, or about
1.0 nM to about 100 nM.

The modified IL-4 mutein receptor antagonist of claim 1, wherein the modified IL-4
mutein receptor antagonist has a plasma half-life which is at least about 2-10 fold

greater than that of an unmodified IL-4 receptor antagonist.

The modified IL-4 mutein receptor antagonist of claim 1, wherein the modified IL-4
mutein receptor antagonist has a plasma half-life which is at least about 10-100 fold

greater than that of an unmodified IL-4 receptor antagonist.



