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PCT/ US97/ 11909 H gh-affinity Interl eukin-4
Mut ei ns Backgr ound 1. Field of
t he I nvention 0 98/0 The invention is generally rel ated periheifope! ds
of pharacol og;vy anaﬁ% I mmunol ogy. More specifically, the invention is
directed to novel variants of the cytokine famly, and in particul ar
human Interleukin 4 (1L4). 2. Description of Related Art

Interleukin-4 is a 15 kDa gl ycdfighafiimitydetcricalsn-4Muteinsi vated T cells, 10
(Howard et al., J. Exp. Med. 155:914 (%9 2 % lté{rast cells (Brown et al.,
g&é u

Cel | 50: 809(1987)) and basophils al., Proc. Natl. Acad. Sci.
USA 88: 2835( 1991)Bield of theVii-éiltiohegul ates a wi de spectrum of cel |l ul ar
functions in henmatopoietic and nonhemat opoetic cells. The sequence of

|L-4 is disclosed i Ahe.igventigneitgenerally relatgd go7thgofields of grhasmrealogy end- 4)

Is a pleiotropi.c _cytokine, havin tihvi.ties. on gells, 15 of the. i ne
system endo he‘frm%]o(i)%ﬁ?’d eb(iﬂ'gss e%‘ﬁ“?’?/b?‘c%ﬁ ‘éesrf%log Isngfrﬁcrt%q }%06704 yants %F n
vitro effects ofytdidine¥aifllf &dsin'pattictlar Hichdiciatdieakif £0B4).on of T and B

cells, I mmunogl obulin class swtching in B cells, stinulation of
production of cellular surface adhesi on nol ecul es i n endot hel i al
cell's, and sti nulEdl9bdd of felfied REEASE- In T cells, IL-4 stinmulates T
cell proli ferat‘l'—O'n—aﬁ%r—pre'aﬂTva‘tion with mtogens 20 and down regul ates

| FN-y production. | intembeudin4eis, a [15- KDa nglycgmoteirasecréted M activatedrol' evells, e
expression, release of |jpopol ysacchalé'k.gﬁ- 'ﬁl@g ed t PA, agg CD23

expr essi on. 19 n (EHawedne| plal Lobxp.cMedoy usnast <elly d8ropgn et pl/EElL 1

and | L- 6 . sgﬁi‘a‘f I r [ ) t
al ., Hunman JOI?BP? gm)uélqr{ﬂn%: Aﬁq?ﬁﬁg%iéﬁ_r%ﬁ&mﬁ%—ﬁ?ﬁ ?35@@91}3

Ther apeut i ¢ Appihichtregulates 26 widy speatissn joff @@lular Hufctions rinFrematopoietigand- 56

(1991). Because of its ability t timuk.ate proliferati of T
cel | s acti vat edi9sprematopoglc, aells, (The, s¢quepce PE-Iﬁ.Atﬁe‘#'i‘%?feﬁa@ Hésgr‘%%&?%%d.
For instance, |5;014’,6'9‘&5Interleul&?ﬂﬂﬁ)r@h%iaﬂgﬂﬁt REQRIRS hhving GEfivitiésyorl Feligni mal
model s of renal carcinomas, and has induced tunor regression in mce
(Bosco, M, %t of|the imppnpsyuemoendatheliungjand: thasesof fitweblastiamatare digpogtefin
Tunor-bearing Mce, lnkd bit the . . . rentky

Noni nmunogeni ¢ ' u’rﬁrg? rsy?flgn qfn@ﬂ%gdg%%trrrﬁmgg%g‘wﬁ gp(ﬁlrfr%ﬁgn%qpﬁ H' c\?\gs

98/ 03654 immunoglobulin class switching in B cells, stimulation of production of cellular
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In T cells, IL4 stimulates T cell proliferation after preactivation with mitogens

20 and down regulates IFN-y production. In monocytes, IL-4 induces class Il MHC
molecule expression, release of lipopolysaccharide-induced tPA, and CD23
expression. In Endothelial cells (EC), IL-4 induces expression of VCAM-1 and IL-
6 release. IL-4 decreases ICAM-1 expression. Maher, DW, et al, Human
Interleukin4: An Immunomodulator with Potential Therapeutic Applications,

25  Progress in Growth Factor Research, 3:43-56 (1991).

Because of its ability to stimulate proliferation of T cells activated by
exposure to IL-2, [L4 therapy has been pursued. For instance, L4 has
demonstrated anti-neoplastic activity in animal models of renal carcinomas, and
has induced tumor regression in mice (Bosco, M., et al., Low Doses of IL-} Injected

30 Perilymphatically in Tumor-bearing Mice Inhibit the Growth of Poorly and

Apparently Nonimmunogenic Tumors and Induce a Tumor Specific Immune
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in humans (Margolin, K, et al. Phase Il Studies of Human Reconbi nant
Interleukin in Advanced Renal Cancer and Malignant Ml anoma, L

| mmunot herapy 15: 147-153 (1994). 5 The general structure and
function of IL-4 and rel ated nononeric |igands cont ai nji

ant i par al | eWOMBf45#cal donmins (A-D) is now known. The thrrecgﬁus%wmw

di mensi onal structure of IL-4 has been solved (Powers et al., Science
256: 1673) (1992). The protein contains 4 |left hand a-helices and two

b-sheets. Memory, . Imﬂuﬁ&iidsng&b‘)(w@@ﬂ StSiveveér| itddox]cRe HimitsWhe @BgRS. The

first IL-4R chain, 4Ra, shares significant honology to the chain
of the |L-2R ianbumaherMrzgdbisr K., et al.oPhaseellgSowti¢s fohicliuman e Beqoradrinant

superfam |y (Ldzerda et.al, J. p d. 171:.861(1990 A _second
PR chai o rCEBRER-F i, Arrars® P ReM Ganesy G ViRigRRY MetangmRbCRICL
t he ' comon cmmﬁothéﬁthsﬂﬁ?\m@%),et al ., Science 262:1877(1993). The

two binding sites _are likely involved in a sequential, two-binding event
that 15 results ilhegenephsrycture pnd fungtionot ILfand relptesdhmenomeria ligands| y

responsi bl e f s Ladi it ] d gyt bepl 0 2d on
ei ther or bot%hmgl?gggb%gggnvdé %IICEI ﬁ&n\%ﬁslgmép?‘gg{%ﬁ&?%t %cﬁ%% W th

gc is thoughtdi@enbienalosttictrest Mel has BeenPécte&(Powers et dl.NSEENcenIB6EIS73)hat t he
first binding event involves the Ii ?and cont act i ngﬁl L-4R[errJ, t he

primary bi ndi #82oRbRReaiein captaingleff handa-heliges apd hee behesis.i s associ at ed
with 20 this eventmThg x%@tgﬂ&dcdﬂkﬂﬂ'd?gxt Eﬁ%@&ﬁﬂ%?ﬁ@ﬁpsttlgﬂgl&éﬂ AR err]
c i ndi N

conpl ex recruits a second chal n, . After this secon g event,
si gnal i ngicc4Res shargs significant harhelpgynta theitt ghairs ofethe dbi2Rsdreldothgnimagders m of

wild-type IL-4 is found en bi ndi ng, i nf eracti pns di ated he
second regi on°f_( ﬁé"ce&’?&ft W%préﬁm"ar supegf""ﬁ%’t i(ggzﬁif‘g gk g’?dh-nﬁ%gé&aor

el i mnated, wWylge1/199@). "ARGAUTHUR Hath hdsteEh ?déx%iﬁe&,, APRinSeR «RE FUBR, When a
candi date |ligand constructively interacts, via the first and second
regions, to bashknewnpsdhe compwmeain', yc (Russell et al., Sdence P6218F71998). IThet have

been reported in the literature. Mutgnts of IL-4 t hat._function as
ant agoni sts i Mq GNding stteg aze éll‘ﬁllédwﬁa}‘é iR pctequentiglyworpinding eyqgt that N

Tony, H Pis Sehaihdlin W ey o1 @BmplexNUTRE rie%mﬁrdfemki Bkdly! fbPorditié gbr 30
affinity antagoni st by a single amno acid réplacenent, Enbo J. 11: 323744,
1992) binding with IL-4Ra is thought to be located on either or both of helices A and C,

SUBSTI TUTE SHEE. rul e 26 . . WO, 98/.03654 .

PCT/ US97/ 11908 ¢ tnd Hogfon ety e""‘_r'ﬁﬁ"eisg‘?‘tg‘%ﬁ%i’i 1P elprBn TSRt et

al ., Design Ofhe ds that! thb FirdtBikdiny 2vAN RYONES lg%nh%htycﬁhgﬂ-ma,

I nt erl euki n- 4-dependent and I nterl eukin- 13- depehdent responses In
T-cel | s and Bthegirirsaryi bihding gbmpbhénti Svcee]lulansigndling activBiy o< ssoriated wib9- 664

(1999 The, PSR RS il o bl % Nl RS ) o
Q{ gi ni ne by AsRatits £'sefhdlckdin, RS iAlfteP thid Sebond Bthdig LVEnDSighRIIRY o@SPREdd C aci d

cellular activity is established. Antagonism of wild-type IL4 is found when

binding interactions mediated by the second region (necessary for cellular

activity) are diminished or eliminated, while retaining binding to IL-4Ra.

25  Agonism occurs when a candidate ligand constructively interacts, via the first

and second regions, to both receptor components.

Antagonists of [L-4 have been reported in the literature. Mutants of IL4

that function as antagonists include the IL4 antagonist mutein IL-4/Y124D

(Kruse, N., Tony, H.P., Sebald, W., Conversion of human interleukin-4 into a high

30  affinity antagonist by a single amino acid replacement, Embo ]. 11:3237-44, 1992)
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position 124 in the D-helix. Variations in this section of the D helix
positively correlate with changes in interactions at the second

bi ndi ng region. Mut ant variants of 1L-4 denonstrating agoni sm or
ant agoni sm of wdsMissdO0 type IL-4 may be useful for treati nparaisglipens:
associ ated with one of the pl eiotropic effects of IL-4. For instance,
antagoni sts of IL-4 would be useful in treating conditions exacerbated

by I'L-4 production such, as_asth r r t her, infl amat or
response-rel at eﬂ‘dgﬁrdé’luﬁeoﬁ‘é’?elﬁgg‘%fl@éigf gﬁfpj (mﬁ}’_’ ﬁg {]s“é‘f_ eSIEM O°% fndn
treating conditingifeuliief gintagohRtsDingaRIbhOintdrieutin-£ dase@ehedbintdricikinie 15
anelioration or attenuation of a disease, for exanpl e, an autoi nmune

di sease suck-depepfenintasporpesrinhlicells anfuBwely evithe hgho officiency, Eur. |

| nsul i n-depend ] 280, i : ese | | s are
characterized M%’??a@o lbﬁxj ' ’}ﬁg%flg%&fé't’t;gg‘nggf &#’%@Wgﬁ)@ ?E@%P

popul ati ons, 5 t ygpartit agiicht Pofitibd 124limthe DNRélixe The doGhlé tudteind$ & sutstitftivhaift | at e

into- Thl or Th2 subsets, depending on the cytokine 20 _present during
stimul ation. AnATginine Dyofspartioégidiat pesifion 13hiand of Wmsine by, aspartiacid at

T- hel per cell ' I i d t. V] |

ef fect Bl 16 inge SRR T ariptons HIRE Wellilt b0 ik B0BHb 5
Phe-Leu or Tyr -dogt¢late withhahgesde iritéraétionisit thdseborebbindingaegioand a

negati vel y-charged am no acid w }:hi n twg ami no aci ds i nmedi at{%
upstream or downst r SAHART BFHAR O !lnle'ﬂLdéﬁ"W“mg AFUSINRY YURRALYRIR Of T
variant haviyqg n?Ee'IﬂQlf ?&?ege afsbiuli thy &é&ﬁnﬁ%mhlﬁoﬁs rR6RRte vRvh one ofVihet ue
of a neutral antho acid Substituted for the negativel y-charged am no acid.
It al so di scl ospleiotriopic effestssfdbi4 | Forsinbtanés, antaganists of rip-4 wauldr bephsefuldn
within an a- helix.qf IL-4 wthi =resi dues of negat i vel,y _charged
resi due resul t sTFAF8 cond}q}%\? 563%%4 ﬁ?’ti}‘l RipEUGReR 5“‘3’ p% e ““F'La-'%r%solron
gr otein (wth V\%btlgigx; ig\gg%?ét@ﬁyi rédponse-related conditions. Agonists of IL4 may be useful
PCT/ US97/ 11909 for treating conditions wherein the presence of dlyif 9ssggia{eﬁewp'th\,@\qt i on
The inventi i =Ye rec o) h 4 |

in accordan%g W %io\r/r\ngﬁ?%?tg glg%ge@f-tﬁﬁ eAr g?slralgstehe nicel %e'cagun%lﬁkgrgggg?ﬁfsg%set one
5 am no acid suswhidsuRhematoid RethritisdiNgitipler Scderesisf IrsulihvaepérdenDiatretds-

al pha helices .of the wild-type IL-4 whereby the nmutein binds to the
| L4Ra recept or Melliusgte. Theseay %ﬂ@?eaaﬁqrﬁﬁbgraftﬁ%%xwgﬂf@wn he

substitution is ¢l Qefi " ons ! 0gHhbY. ONGi
consi sting of, ?ﬁ?ﬁ@ﬁ%gﬁx& osi fil n llaélogﬁl'd&?%?ﬁ% ? tﬁ?&’ e

C-helix, positiGh4+Tlcallsdliferendatedsto FhipeTh2 dubsets; diepemding ontthe cytokine

recombi nant - 10 hunman | L-4 fei erein.the bstj,tut.i.on at .posiLion 13
S T Lo azh. preSetRing stmuBatoR Aetfiel Scis Hould iehly ik FPodiieuBRE e
pol ynucl eoti de Baglpenedidesired, iRl ¢®Owiards ThDShelébd hading altRerapaititeefettost cel | s,

anti bodies to the nuteins, and ~ _nmethods of treatnent are al so
descri bed. PCT/US93/03613 discloses an IL4 variant having a Phe-Leu or Tyr-Leu

sequence in a alpha-helical domain and a negatively~charged amino acid within
two amino acids immediately upstream or downstream from the Phe-Leu or Tyr-
25 Leu sequence, the variant having an increased affinity for the IL4 receptor by
virtue of a neutral amino acid substituted for the negatively-charged amino acid.
It also discloses that the specific substitution of Trp-Leu or Phe-Leu within an a-
helix of IL-4 within 2-residues of a negatively charged residue results in

improved affinity. The variant is an IL4 fusion protein (with diphtheria toxin).

3
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The invention is also directed to an assay for determining the ability of a
15 nmutein to bind to a receptor, conprising the steps of: first

introducing into a Fl ashPl ate" coated with streptavidin the binding
portion of awb r chain, the bi ndi ng portion of arrc_qxg?sg.; beethai n
havi ng~a pepti de ?‘Eg capabl e of being bound by streptavi |n;lﬁsecondl y
I ntroducing into the FlashPlate a radiol abell ed native | i gand havi ng

an affinity for the binding portion of a receptor chain; thirdly 20

i ntroducing into the FlashPlate a nutein Iigand having an affinity for the
bi ndi ng portion of a recepasor chai 93 E‘T neasuring of the anount of
signal given off by the Fl AHRPADLIARe IAVeRBPByi ng for equilibrati on:

and lastly cal cul afhe@véritfon i ldiretté@ to a recorbihdtithantin 1 0EmIMiR inknidestand
versus the native ligand. In a preferred node, the met hod uses the

receptor chai it pecorgnee ith pald-type IL4 Wh@relmﬂmmmnl@nmrses dt legsttemk t 0 a

recombi nant. h ed |n cgor dance with

o typon PL R datd StRRLARRTA Hhe binding RAHELL o WIRBEUC i g5 CraiEHA BRES1 b1

and Y124D in bheheDwilditype 114 wherablyl «netmnem bmds Ed-tl{é uamh rdekp@r Wwikpat one

am no acid substltutlon in the bi ndllwg surface of either the A- or G
e

al pha hel i cesleast graatestfipity the native I bﬁh@ﬁﬁm-’e?wf%i‘lbiﬂ§elt3@ed fremg0
| L-4Rferr] e greﬁpmg,&ﬁam'csaa;mg&%%eﬁfﬂew' $okiddha 3 B8k 18 Sapla'in Fhe T

substitution i's

WO 98/ 03654  C-helix, positions 81 and 89. A most preferred embodiment is the recombinant

PCT/ US97/ 1190% prefera I}/ sel eg%lgg fromthe rouq osi tions
consi stind umgan, -4 E“I‘F&“i yherein thg supstityfion 3 H?fgl% 3dRd n*‘t HASP-

C heli x, posi d St affrief d

r econbi nant hﬁmcﬁﬁgnf ag}c’)ﬁﬁe‘{mwt el n ﬁ?{edrse?nd %OI?Hpagd subst |ht ur{clg%n at
position 13 i enchiding theAomteifh ararsfoemed cladst celisp agtibodias to aihe muuteins, &red d and

pol ynucl eoti d S odi n he .mut ei ns, trasnforned host cells,

anti bodi es to%f%eq#r@?g' ﬁ’l(g)t ibe treatment are al so described.
Brief Description THe inRentiir0ida8® directed toanasEdygférr%ieﬂerhﬁuﬁ HROSBBE) 6 &1 ew of
the ligand/receptor architecture for 1L-4. 10°1L-4 is af%ur-hellx bundl e

protein, dRd FEtERJRPIRdte & receptor, compsising,thevsteds ofhfirst introflucing hetoixes (A,
B, C andD IIV| rimar
b| ndi ng corrpo%:reagftﬁ,%% ﬁﬁte{l%nﬂh&regcep mtﬂgiﬂdﬁégferr] ot %J‘}% ﬂfaer}’ﬁ%{)s Wi t%
| L-4 |igand vbmdxxlrgpd‘zhoamﬂ a@e&eptormhauﬂiavlﬂgaape;ﬁmmglc@ﬁhm of Béing Bowad Y
compl ex hL 4/ 1 L- 4 cg{lerrgcﬁ - duces S}tﬁgﬁal [ n in the target cell. 15
Figure 2 is afYREgPagidip; ssrondly t ash%’éa gf radintabelled native

| L- 4] R121D/ Y1%ghld hEGigab Hfﬁ%y%rm@@iﬂdmé%%%f\(}%@ tod Ehdidy siFOPet €

125[err] in a solid phase bi ndi ng assay 1s Sshown rel ati e to that o
| L- 4] R1213° Y1 mgrgducing mwethkﬁlagblf’letem muteinigang having arsaffipity dor the ddding

portion of a receptor chain; the measuring of the amount of signal given off by

the FlashPlate after allowing for equilibration; and lastly calculating the relative
affinity of the mutein ligand versus the native ligand. In a preferred mode, the
method uses the receptor chain IL-4Ra.

25 The invention is also directed to a recombinant human IL4 antagonist
mutein numbered in accordance with wild-type IL-4 wherein the mutein
comprises: (a) substitutions R121D and Y124D in the D-helix of the wild-type
IL~4; and (b) at least one amino acid substitution in the binding surface of either
the A- or C- alpha helices of the wild-type IL-4 whereby the mutein binds to the

30 IL-4Ra receptor with at least greater affinity than native IL-4. The substitution is

4

SUBSTITUTE SHEET ( rule 26 )



| L-4[ R121D/ Y124D] was 0.28 nM and for |L-4[R121D/Y124D] 5.0 nM 20
Figure 3 is asimlar X-Y plot depicting antagonismof |L-4 by T13D
| L- 4[ R121D/ Y124D], . The ability of T13D-1L-4[R121D/ Y124D] to conpete |L-4-

i nduced pr ol i{iﬁ;ﬁ;o' of PHA-blasts is shown relative to |L-pgriiss#idesél24D) ,
[err] .7 he I%?grr] determ ned fromthis assay for

T13D- | i_-4[ R121D/ Y124D] was 2 nM and for |L-4[R121D/Y124D], 13 nM 25
Figure 4 is the am no acid sequence |isting of slL-4R[err]-STX .
Figure 5 is a cprefesably eclseteddrare the growp obfpositiens tafsistingdofnin ghe A-helix,
Filgure 6 i's a composite S84UeNNE il b LR pdfliond B3Rkl L KRAR V2D

98/ 03654 embodiment is the recombinant human IL-4 antagonist mutein wherein the
PCT/ US97/ 11909 Description of the Preferred

Enbodi nent s substitution b pesitipp d3 Hedlr to Asp. Tdwanaceutieal rompesitians AEHAA| sm
for deriving nov t ej ing. higher ,affiniti L-4
Kk an ety Rt e A e Mot

receptor.

human | nt er| eukdntibddies to the whetbins,'andahéthedsf treabnaitiandlbo dbseribed) t he 129
normal Iy occurring amno acid sequence of native human |L-4, as
disclosed in U S. Patent No. 5,017, 691, i ncor porated herein by

r ef er ence. As used h@rek Prescrigtich dPthe Fikn ans a pol ypepti de
wherein specific 10 amno acid suEstls‘%dtloglns tgb{kr%&ﬁurmn mat ur e

i nt erl euki n-4 prot eFigunalds bechematic viemad the igand /ireaplor architectune fortlhet. A or
C-helices, and e preferabl 0_those . .,amno acids, c rising their
bi ndi ng surt%e g_D‘{ "fﬁe‘oﬂf’ﬁﬂf"nblb‘yxk‘ﬁ? Pﬁogg“o?nq fhawn here (a5 fnﬁrsg)“ggﬁgr%!% _
found to be ff%hﬁh_élitbsgﬂ}@,c(:ﬁ&iddDPﬁsmt RN Std el RHnicks, ré@pectively). Thehel i x
C, from about position 77 to about 89. These changes to either hélix 15

i ncrease the afprimany\bindingisempenenttaf the Hut edcaptoniis 14RO which interdctstwitht ei n

may be ei ther..an _agoni st or nt a i st Lof | L ependi n on
the final nat urlz’o'{)]l’gand ola gl&edl f FBﬁth%lfﬁ%gF ﬁ'ﬁ?‘i SREmeen ﬂéﬂ‘r‘?o ﬁ’f%‘?“qpfég

As used her ei n,IL4/IE4Rapl MRy indliceddipphling FBRB targetellypept i de wherein
specific amno acid substitutions to the human mature inter| eukin-4 protein

have 20 be&h nade. Figwsei 2i isalany Xtrheplahtefgdhe seompetisives bindisgnefe ein

CrL o, S5 Y Rt R,

pair of substitutions resen ef NS Co

herei n, and refgs; ;- bac e Il aeds t] i i i X,
R121D (Arg to Asp) iLgﬁgm?/%zfi’%ﬁ T§§§§teobfsd6?5 O%Srs]@]bg sthoit (ehatv ga@ﬁih%j%
substitution had-4BEAD/MIR4A)iced . i nthe Kae dbfenmlined ssing athiss assay 26r Eidlher

the A or Chel i BixHRA3iD] oms 6 HeM, oed SaS LS RIY D v isAD] Sy Mty of the
20 Figure 3 is a similar X-Y plot depicting antagonism of IL-4 by T13D-
IL-4[R121D/Y124D], ° . The ability of T13D-IL-4[R121D/Y124D] to compete IL-4-
induced proliferation of PHA-blasts is shown relative to IL4[R121D/Y124D], » .
The IC50 determined from this assay for T13D-IL-4[R121D/Y124D] was 2 nM,
and for IL4[R121D/¥124D}, 13 nM.
25 Figure 4 is the amino acid sequence listing of sIL-4Ra-STX.
Figure 5 is a composite sequence listing of the T13D-IL-4 mutein.
Figure 6 is a composite sequence listing of the T13D-IL4[R121D/Y124D]

mutein.

5
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mutein to the receptor al pha chain. Aside fromthese changes, the nost

preferred | L-4 antagoni st nuteins have an am no aci d sequence
identical to wild type IL-4 at the other, non-substituted residues.
The IL-4 nutgj this invention may al so be characteriz l.go 30
acid insert i‘ghg{fm@%ﬂ etions, substitutions and nodificati on?gg@%%ﬂg%gr nor e
sites in 6 WO

98/ 03654

PCT/ US97/ 11909 or at the other residues of the native IL-4

pol ypeptide chain. In accordance with this invention any such

insertions, deletions, subBeseriptionef theBreferaed Embodiments shoul d result
in an I L-4 nutein : ' It LViLVe " We
prefer conservati vlgmrr%)lgé ‘?lhgllae?f %ﬂﬁs&gﬁhmglﬁ%@% ?{“ﬁg ir@%@aé{s&%ﬁ{o&i{gn&@i rf°|v8]hs 5
of IL-4 (i.e. ]L-#4hosteinsthavirghigher affinitiesfor eft [bdtreceptdrhe secondary or

tertiary _  strugture }?f the mutein). Such conservative substitutions
i ncl ude thdse deschf Bid herein, Wﬂ%@iﬂfgﬁf‘l i “pri-At meanphuman deterlewdedence
and Struct ur e whefht? fdtive 8P ecdihbinant, BNGERS ﬁ'.é(}wyléeﬂgfg@émg 1289) . For

exanpl e, am no acids belonging to one OW Nng>gr oups
represent consejuente of natizegusnan JL4, -asatliscloprdo in dI.§, Pgtent Ms.n5,086691, t hr ;

- cys, ser, tyr, thr.: .z val, ile, leu, nmet, ala, phe; - lys, arg,
hi s; - pﬁgf’mt?dp‘?ﬁmm??d&ﬂﬁe' 15 - asp, glu, tyr. Ve al so
prefer nodificati ons ugéd Hebsh U4 GRSteld"aneshd & ideEWhbd ifi

i nternol ecul ar crosslinking or incorrect diesul fi gg&g%}%é forhr%m@tiri1 c?ﬁ?c"fllcor
exanpl e, 10 aminyaqid sphsitations t9athe hymare matyre dntereskingt prgitéio-Hayp been

positions 3, 4 127 ~0he or re of i ch may be

i nvol ved in cra%sdg'- ?Reﬁ%’éﬁ%"g ?%t% gﬁ %rcf}?eoﬁs.ggthehggusb@p?ﬂf’feoﬁge\?%ﬁ@m 8 %‘859

sel ected so asmim® pridseomprisihg their thiediyig SuFfaedslir Theobintitgy surface W ItHe tay pe
protein, as far  as possjble. By "nunbered in accordance with

wild type I L- Belixgs gsperally damnd vo,befgom about amingsacid pasitien 5o @boutils; ansd er ence

to the positi ' ' ' o] |1 rs.i.n wild type
|04, vhere i nobeps SHEm sl A 7718 abops o9 THRe shaREE s B <1
nutei n, orle ofncedase the affinity ofrthe widulting pmeeinabe IL4Rt:, whith wwesip intay be t he
Ser (S) normally occuring at positi.on 125 en nynbered in_accordance with
wild type IL-%° ma&s“gsﬁf"f ?‘égn'iaﬁ%}afs‘?ft‘?'b% lepereng tepR the fingl mature pf o

| ocation of additibhdl sabétithgshsI8thé Mblzale. be readi |y deternined by

i nspection and correl ation of the flanking am no acids with those
f1anking Ser in wif¥usstheerein f/IL-4 antagonist mutein’ means a polypeptide wherein

7 specific amino acid substitutions to the human mature interleukin-4 protein have

20 been made. Specifically, the antagonist muteins presented herein contain at least
three separate substitutions. The “IL-4[R121D/Y124D]" pair of substitutions are
present in all antagonist muteins contained herein, and refer to a backbone pair
of substitutions in the D-helix, R121D (Arg to Asp) and Y124D (Tyr to Asp). In
addition, a third substitution has been introduced into the binding surfaces of

25 either the A- or C-helix at a position that increases the binding affinity of the
mutein to the receptor alpha chain. Aside from these changes, the most preferred
[L-4 antagonist muteins have an amino acid sequence identical to wild type IL-4
at the other, non-substituted residues.

The IL-4 muteins of this invention may also be characterized by amino

30 acid insertions, deletions, substitutions and modifications at one or more sites in
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SUBSTI TUTE SHEET ( rul e 26) WO 98/ 03654

PCT/ US97/ 11909 The I1L-4 nuteins of the present invention can be
produced by any suitable met hod known in the art. Such methods include
constructing woldhbsssgquence encodi ng the | L-4 nuteins ofeariiss7imeent-i on
and expressing those sequences in a suitably transfornmed host. This

met hod wi || produce reconbi nant nmuteins of 5 this invention. However, the

muteins of this invention npy al be prqoduced, | beit | ess, preferably,
by chenmical syrftffS4heOHer ges ﬁ’bP‘i‘g‘F i"SH‘F’)%ﬁ*'ﬁ Rekrpepfide g‘a‘% ar?é%’idé’e?fn‘ﬂ‘_t{‘
recombi nant Dl\lpthgs_eﬁn@mi&gﬁny such insertions! Re@RASnEHRBSHIBSEs 2hid anb&fieHIngant

nmet hod for producing a nmuteln of this invention, a DNA sequence is
construct ed by sheuldaesuitjinan Eydmitein thahretaing s 1 BNrelated activity. encodi ng t he

wild type IL-4 and en_changi ng_.t he cadon. f or t hreoni ne-,13 to..a codon
for ‘asartati ¢ aci dVhS P dogsaranGffidlind and supHESR et dfefitlorg
wel | known. sSeepf B4 (i.e.Milidée Ghatthave & indmif@P @kfbétCotthagonafdasy Gr tb

Human Fi broblast Interferon Gene, Proc. Natl. Acad. Sci. USA 81: 5662-66
(1984) : Uni shaigtuge af the nmatein)t Sueh consesgaivesubstimtionsioelude thase desonibed

reference. 15 nother t | of eonstruct a,.DNA S nge
encodi ng t he 1 (2aDayhotf i TRE AdEEic roltin SEREGY St Mgl 5T ABHE G by
synt hesis. For Axasmh EMBD JEHiE79-785 (1989).C Rored@fhs ahlifio deids beldnging4o @akei n

may be synthesized by chem cal neans usi ng_an ol i gonucl eoti de

synt hesi zer . Sﬁ@ﬁ%@b’ﬂ&%&?fﬁ@?%ﬂ*é%@%&%d on the anino

aci d sequen of i 24 tein, and preferably selecting 20 those
codons t hat Pﬁre#%i?g?'%%i%rgg#élsﬁég?ycelI in which the reconbi nant nutein

wi || be producedys,|lser,tyx guyegard, it is well recognized that the genetic
code is degenerate - that an amno acid may be coded for by nore than
one codon. For ‘q’aEJeZlEHn‘BF*egaFﬁhf‘(F) is coded for by two codons, TTC or
TTT, Tyr (Y) is.j Q(A@ghﬁé;)r by TAC or TAT and his (H) is coded for by
CAC or CAT. Trp ?V\) is coded for by a 25 single codon, TGG Accordingly, it
wi || be appreci-erhedtyrrap, Kipand gi ven DNA sequence encoding a

parti cul ar ]lg_-él_arrut qi rthere w Il be many degenerate DNA sequences
that will code T8F 8Ra?™I L-4 nutein. For exanple, it will be appreciated
that in addition towaeldy gf'e@érr abdiNAL SRS Be NHuBstitd ioRd Rt Nelfrhite sites for

| LA[ R121D/ Y124D] shown in SEQ ID NO 9, there will be many degenerate 30
DNA sequences tRirmelsgalar grosslinking oyingegrest ﬁ%@%@g@aée@e o exagiA

8 IL4 is known to have six cys residues, at wild-type positions 3, 24, 46, 65, 99 and

127, one or more of which may be involved in cross-linking interactions.
20  Substitutions should be selected so as to preserve the tertiary structure of the
wild-type protein, as far as possible.

By "numbered in accordance with wild type IL4" we mean identifying a
chosen amino acid with reference to the position at which that amino acid
normally occurs in wild type IL-4. Where insertions or deletions are made to the

25 L4 antagonist mutein, one of skill in the art will appreciate that, for example,
the Ser (S) normally occuring at position 125, when numbered in accordance with
wild type IL4, may be shifted in position in the mutein. However, the location of
the shifted Ser (S) can be readily determined by inspection and correlation of the
flanking amino acids with those flanking Ser in wild type IL4.
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WD 98/ 03654

PCT/ US97/ 11909 sequences are considered within the scope of this

i nvention. Therefore, "degenerate variants thereof"” in the context of
this invent i‘%%@s al | DNA sequences that code for acprkdiigodoar-
mut ei n: “The DNA sequence encoding the IL-4 nutein of this

I nvention, whether 5 prepared by site-directed nutagenesis, chem cal

synt hesi s or other nethods, my or may not al so include DNA sequences
that encode a si gihe llséaquuteine of theghesent invehtemtansepredaced byfangsuiieble

houl d b | zed I n f ' h -
i n. 1t ey BES ARy dte AN siEh Al RESRete comucBif B PNA Walin 1C | o

It may al so h&cbdifig thllM nafes bE thi®inventibry Bnd kxpressitpethoBcieqabmtes ol aa 10
signal sequence depends on whether it is desired to secrete the |IL-4 nutein -

from t he suitablirgransfarmed) host.j Thighmethod: wilk praduee recomblinant ieateins o€l | s are
prokaryotigc, Al . n i S'tdtlﬁ' : g}lﬁ [ encode
a signal sée:qu@rfcueW i n eﬁ&lv%')é " eeprélﬁtﬁ{ ermﬁng\%eﬁntgﬁl 0 ia?‘sgyot%gﬂx&ﬁ}zg% )
expressi on. |dibdih dese hmeferabigl bg dietnical syaithesisy of iaC combingtioerdad| ¢hemical
preferred that a sij %al sequence _be encoded and nost 15 preferably that
the wil d-typesYnthesis and reco A echpglogy. St andard net hods may

be applied to synj0gsl EmEBABRAR &1 \ABindht frletibd for proBifcilgla fGRBENT 1O
this invention. For exanple, the conplete amno acid quence nmay be
used to constthiscinventimag la- DNt séquiende g nenstrisctal by lisolptimgror synthestdirigaani ng a

| eotid ding for LL-4 mytej t hesi zed. 20
exanple.  Sbu bR SaapRe AR RE e IR LDt St rAndy Gen 5OrRe B 7% ol e 1 e
pol ypepti de n@yeoRgheSi8Nid g Tbdssl faxndsﬁamﬁcIakgﬁb?%tﬁlpégifiwmuvaigéﬂ@dm. This

oligonucl eotides typically contain'5 or 3' overhangs for conplenentary
assenbl y. technique is rlb nBee: @& bylarkyat nheSitesspesific dMutagenesie Of The

mitoin of ¢t SURDERTPRRS il Gend, Mol NAE AT BE LAY TR o

and oper at i veUsitéd e PhenflINE4[588,588, iitofsurhted|herein by seféféndece appropriate
for expression of the IL-4 nutein in the desired transtornedéCost.

Proper asdnbly na?‘%‘éercﬁﬁf’?qdrrﬁa BYSRREINGOR | Y As Befnenes ﬁ@‘_EOde_ the dkdr i cti on
mappi ng, and gRESSSH fis givlfaﬁeh%maﬁ@ Lhendedl! 4 isy%tébﬂﬁ\pw & ﬁ{é

suitable host. As is wel nown in the art, 1n’order to obtarn hi

expressi on  which encodes the desired IL-4 mutein may be synthesized By chemical meartD

98/ 03654 . . . , . . . PCT/ US97/ 11909
level s of a tPSiRGARElBANYISREde fyRthyRizer: Such D&sﬂ@um%ereo?fe@g Y8t 1 i nked
to transgm H@d@ﬂt&'ac@&qﬁéﬂd&df&hk degtede 4 AfRALA arfPPlefc?hblf Sel@itpes t hat
are functional I n the chosen expression host. The choi ce of

expr essi oY cothose rodang thatcare £anored jn ishest coldin wrhichj the recombinant mutein
will be produced. In this regard, it is well recognized that the genetic code is

-

degenerate — that an amino acid may be coded for by more than one codon. For
example, Phe (F) is coded for by two codons, TTC or TTT, Tyr (Y) is coded for by
TAC or TAT and his (H) is coded for by CAC or CAT. Trp (W) is coded for by a
25 single codon, TGG. Accordingly, it will be appreciated that for a given DNA
sequence encoding a particular IL4 mutein, there will be many degenerate DNA
sequences that will code for that IL-4 mutein. For example, it will be appreciated
that in addition to the preferred DNA sequence for mutein T13D-
IL4{R121D/Y124D] shown in SEQ ID NO:9, there will be many degenerate
30 DNA sequences that code for the IL-4 mutein shown. These degenerate DNA
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5 depend upon the choice of host. A wide variety of expression host/vector
conbi nati ons nmay be enpl oyed. Useful expression vectors for eukaryotic
host s, i nclude, for exanple, vectors conprising expression control

sequences frowog 036ay40, bovine papillona virus, adenovirus gp@gusyriige -
cyt onegal ovi r us. B(Jseful expression vectors for bacterial hosts include

known bacterial plasmds, such as 10 plasmds fromE. coli, including col
El, pCRl, pER32z, pMB9 and their derivatives, wi der host range
pl asm ds, such sgublieés qreacnsidefea] weitlgn, tHehecapenef ahis inventen.i vaherefoe,0f

phage | anbda, e,g., NWB89, and otheys . hages, such as ML3
fil ament ous si ng‘?"@%‘f’?'ﬁnﬁ%’lf"ﬁ\@e zgé‘é%q\)g‘é'f“iﬁt ‘éx%?%‘é‘é’?’bﬁ‘?%&??ﬁ? 53;@}1‘6‘

yeast cells incéggg{gmrepg‘ﬁz%dgﬁggipgrt@ggrgg{tématives thereof. Useful vectors
for 15 insect cells 1nclude pVL 941. W prefer pFastBac' 1 (G bcoBRL,

Gai t her sbur g, Nibe. DIgAt sequencel encodipg|the ilo#h nbhiteifhef is/inventiord whatber
CGenes For Mullerian . nhi bi t.i ng Subst ance, And ression O, The Human
Gone I - ani i Pispried by site-ditested mtagenen SR ERicapynmesls r oL methatS i 1 on,
any of a wide Vaf il hoblalseXiREIBAS ITNACRGhérREs BRHSRASERSa FighaPSeqtncel! SSikhi N

t hese vectors. Such”useful expression control sequences 1 nclude the

expressi on cont sighal ssequentectf presanti shoudd \betdnesrecogninech by gtha ecell othosére for

f or egoi ng expr.essi VeCl ors.. anphes _qf useful. expressi on.control
seguences i ncl ut g?‘ésfs’(?fw?%e ﬁ‘é%( r‘%pﬁ%%?‘ﬁnglb%gﬁ(fr%% ’f‘é}?aéy pr‘:oc’ﬁ:tf'tceolmsb1 11°8v40
or adenovirus, bfbelt@o. R\hdyealko bbehe signaltsequetits b Atitd A4 AdeOinciliBon of st em
t he maj or operator and pronoter regions of 25 phage |anbda, for exanple
PL, the conti? ol sigradiseqienss depends an wheshesiitis desized to secrgtesthsbrd mutein from

3- phosphogl ycer s . Gl ye | e Ler's
of acid phospha?\%?gé,<d e. ggmocrlsﬂgkh%h% %?sgkrr%{iée'?gao&fz%% f/éedags?eé)-r?r%ﬁ%gen
system the pol géneexiiynis prefened thafth8BNA cequense nanehcotb arsigred|seneeee kutown

to control _t expr.essi.on of .genes of, prokaryotic gr, eukaryotjc cells
or thei rovi T uscleigs ALNGeTRRRLRetGET A0 B trion: 1 the Chiteh Celis afe

10 VIQIQBy O R%enerally is preferred that a signal seguence be encoded and most
PCT/ US97/ 11909 Any suitabl e host 'may be used to produce the

| L- 4 mut ei nd5 of prefarably that thewwildttypmiL-4 sighal dequenbeibe wseda, fungi (i ncl udi ng

LERE Dl 0 o e g o REGES € 3

particularly, tfhsénh@edslinghyo ithil inrenti@l. | Fdfnewinpelk tHeV eérmplet dmifo acid
prokaryotic hosts, such as strains of E.coli, Pseudononas, Bacill us,
Streptonyces, Sequensgmay beeused to ¢ppstructca bpck-gangiatad gepedd PR oligemener da

ol 18 such as NS nikieotde sedientPSRUNPREEH (B ma SRR ER
BSC 1, BSC 40, exathpdTsed@ral asroalhwligonudddtisles codingaforwpbttions ¢fl it desitdds i n
T TN T S T e Y T
oligonucleotides typically contain 5 or 3' overhangs for complementary
assembly.
Once assembled (by synthesis, site-directed mutagenesis or another
25 method), the DNA sequences encoding an IL-4 mutein of this invention will be
inserted into an expression vector and operatively linked to an expression control
sequence appropriate for expression of the [L-4 mutein in the desired
transformed host. Proper assembly may be confirmed by nucleotide sequencing,
restriction mapping, and expression of a biologically active polypeptide in a

30 suitable host. As is well known in the art, in order to obtain high expression
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It should of course be understood that not all vectors and expression
control sequences will function equally well to express the DNA sequences
descri bed herein. Neither will all hosts function equally well with the
same 15 expression system However, one of skill in the aﬁéﬁ@@%"ﬁ‘ﬁg

sel ection a ‘?\5”"”5“ t hese vectors, expression control seq host s
W t hout undue experinentation. For exanple, in selecting a vector, the
host rrust be consi dered because the vector nust replicate in it. The
vector's copyleveistefra trafisfectdt] pereyirt @ host, the€ @Bid lust batopertiyelyliiiied, toand t he
expression of any other proteins encoded by 20 the vector, such as
antibiotic naFREﬁcélPh%‘Fﬂ%GF‘H teAnslatippal exprestien eentrat sequensehdhat are functigngk er r ed
vectors for u i nclude those that allow the DNA

encodi ng t he ?ﬁ?h@%%?ﬁgﬁ%lsg&t%&gnpl ified in copy nunber. Such anplifiable
vectors are wel | Krhewrhoice bhexpression keytrolnsdquence hnd e&pﬁaasibxe vereetwills abl e
to be lified F arrpllflca on, (see Uni t ed

St at es Pat énm%“dﬂﬂ"/% 'ngEo A wile, v ﬁ“eqﬁo?fsf’ﬂ?fﬁ?sf%ngeit/ Yect¥odul ar
Di hydr af ol at ecombmatﬁﬁﬂ%&f‘%@ eﬁ%@eﬂﬁefu%r&%icﬁx Yectoph ﬁﬂ'aéuia%hl: hegd, For
Efficient Expre55| on, . Biol., 2:130419 (1982)) or dl ut ami ne
synt het ase (" Gél‘u)dealﬁqzrl exdrople) wectors confprising expressitimicopttolSsequencesafromt

38}336324 a“ds%‘d e\?iaep%g{nlﬂgg%d Vits | IaC egxbelgus and Ecl; n%ggSaffc} irus. Useful VO

PCT/ US97/ 1190&kpression vectors forl BacfeflaPRbsté fhcRideRHDWISHAcRRial Plisiids, SEdUANCe, a
vari ety of factors shoul d al so be considered. These include, for

exanpl e, fifhe Plasmidsfrom ExcaligneiudingionbEls pGRbRER32z, pMBY ansl theinidesyatings) i t y
and its conpa I t NGy bes | L-
mut ei n of trrﬁl éhé)éﬁv%é\%l%ép%%?“g&%@by as reg s%\g@%n?#é sécon ary 5
structures. I-B&ﬁxaamhguf phape lambdat eg., DMIBINandl etiet DNA phagesesuch as MI3

conpatibility t he chosen_vector, the toxicity of the &o?uct
coded for by mersteaﬁé sganded DN#,iphages, dfgeful expressiop %eé 2%n

characteri st éast tag ﬁmlﬂpk'thé Yol glaEx%djaM“ QeRPAYRSE Rhid6E Useful Q448 %h1 Y.

their fernent t|on or ture reguli rements, and the ease ur| I cation
of the praducisedorls induddpVin#iDWe peejeuepEmBaclﬂ (GlbcoBRL Wbtt}mabul‘gese

araneters, o of k||| sel e¢t ,vgrious
\F;ect or / expres nft g Ig‘élaﬁ‘é'ﬁacé‘[ E‘ga)é"ggﬁbﬁﬂgtﬁﬂmntﬁeﬁesvﬁqr Mullgdan s ¢ he
desired DNA sguibitiag Subftah& ARd ERpiesiio Of The IHAirish G B ARintER Celie)ICelly €, f or

exanpl e, usmaCHOceIIs or COS 7 cells. The IL-4 nuteins
obt ai ned accof¥if859B0MBAL present invention nay be 15 gl ycosyl ated or

ungl ycosyl at ed de%%d?ﬂo Qng I&?a%ﬁ& gg{%%?{ﬂf %g%x‘r\:-ﬁst@ﬁn Eﬁt&gg%ﬁces

4

mutein. |If bacteria are osén as t tern produced
will e wseyl ymdhgsleavmbrs Ebkar wsdfilk e:qa‘etsmn aontrdiesegbmes hacidde whe |

gl ycosylate the 1L-4 nut ei ns, al t hough, perhaps not in_ the sane way as
et eI b4 | SXEEgRL, iyl Ruientes asSociatedrwith SHRCHER cEIeR b U SR 1o

transformed hQgprebsiéh P&ctors! Etdn@sles’Sf usdfifl Q&Eie@ﬂoi‘: eoﬁfm ssgué\eégl iRcloBe, ref -
Vari ous net hods are known for purifying United States

patents 5, 013 egamplanthe®ady anddate pamom@f(ﬁl&&%rm@wus. the%msaﬁtem the
i mrunoaf finit fi amur g
Fi br obl ast oi d nSB" {e ért%%&. ﬁnﬁr TR@%’FSB tﬂ&&‘%ﬁf!’@ﬁ} 8%%?‘@5 «ﬁ%ﬂ%ﬁ{? ns of

25 phage lambda, for example PL, the control regions of fd coat protein, the

promoter for 3-phosphoglycerate kinase or other glycolytic enzymes, the
promoters of acid phosphatase, e.g., PhoA, the promoters of the yeast a-mating
system, the polyhedron promotor of Baculovirus, and other sequences known to
control the expression of genes of prokaryotic or eukaryotic cells or their viruses,

30 and various combinations thereof.
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N Term nal Am no Acid Sequence, Biochem, 19:3831-35 (1980). 25 The
bi ol ogi cal activity of the IL-4 nuteins of this invention can be assayed
by any suitable nethod known in the art. Such assays include anti body

neutralizati 0@0%/03%95; viral activity, induction of protein Kchase11909
ol i goadenyl at e , 5- A synt het ase or phosphodi esterase activities, as

descri bed in EP-B1-41313. Such assays al so include i mmunonodul atory
assays (see, e.g., United States 30 patent 4,753,795), growth inhibition
assays, T cell prolAsemsuitable hdshaay berused ol psduce the IL4 muteins of this

12 : .. SUBSTI TUTE ,SHEET ( rule 2 . WO 98/ 03654
PeT/ Uo7/ 1100ginvention, inclipig badtea, (XhEt tadhudii Sedih piany inspet mpfmhal 4y

nmeasur enent of ofdiendppebpiriateC ghintal cells ok all 16wB)! &S Svell dsetrhrighonie - shirhals it O S.
See also Spits H, Yssel H Takebe Y, et al. Reconbi nant | nterl euki n4

Promotes the Gplantsh Mere partigularipethese hopts mapnindude well knpwa: eukapvatiy andgg?) .
> The %Jéa;kgﬂgeé% el{o@tso%é.{hhéss st i€ 3! .@ﬁ%ﬁehd&ﬁg@/‘%&ﬁa%ﬁ{, ﬁsret%g%@@%?t ﬂose

appr oxi mat ef'y ing t or Qreater an enp
wi | d t y pefungi, iyéastpinséct celidosuchnis Sphdbptenfragiperdi (SFO), animialtceldd sudheasl L- 4

mutein is referably adm nj red. An "effective unt” npeans an
anount capabl ngF‘ese hamster GXARY| @@) and JaQusefgils ﬁﬁdlsé‘?/gg}gr African, gEegn of
the condition gr. .indl ' i t t . VM t hose
of ki1 1 n°t niepkf @it beCn §20007 12, 30C 4o wil] BTG ARARLAERIcell
depend, inter & wel} asiplant tdlis inltisseaseltuteh Forlasienal tdlexpressiadnive pedferdfHON

schedul e of the |L- i whether the 1L-4 eipn, 1s ... | A red
al one or in®cofflls ﬁEélcg’# ’&th ineHibyres gad aﬁmﬂ‘]‘“ﬁf;’&éﬁzﬁ?@%‘hgﬂ%%@ﬁﬁ
hal f-1ife of tye conposition, and the general health of the patient. 15

The 1L-4 mutein is preferably adm nistered in a conposition including a
phar maceuti cal | y adtehewld| of course be undprstoadh thabtriot lll yeckers aAndapipsessiy i er

means a carrier that doe ot..cause_.an ni owar d ef,f e | n lents to
whom it is - ongsTioaort §UN SBkeol SRRl PPt st BIVA el
wel | “known in HéRribed hefif.- N¥hd! wilP all 116stSAICESH 2quilly well. wal the same The
IL-4 nuteins of the present invention can be fornulated into

phar maceut i1® al ©HEPs5IO8; YpigHs Howaear onerfiakillin the ag maymakea gelectiopAmpfiton’ s
Phar macaut i cal | ?&fb . Mar i } N p ed,: e ce,
descri bes sui thFée or ﬁ%a%?éééél?&ﬁ%hgﬂlaﬁgggcﬁ cgﬁ% cggr)r%%)sgrtlt?‘é?\{ ol?&%%; IL-4
mut ei n may be éxpenmentatini Foa examplet in sefectimg arwectom theulthshmuist bpicahsidgedd, 25

| yophil'ized, oy an t her suitable form, e preferred formw || .depend
abon £ e hesaie et ecion sk Fradicafiuiy Theeliein sy apmoonehe SalBERL 1 o
one of skill i gdths that copfiumber, and the exprel§ioh lof 4nyTuliek ProtBis FRERIH 1A
conposition may be adm nistered orally, by aerosol, "i ntravenously,

i nt ranuscular | the veqtoragishi aspdibiatiz, markersaghowid|alsp ke considered. For example,

preferred vectors for use in this invention include those that allow the DNA
encoding the IL4 muteins to be amplified in copy number. Such amplifiable
vectors are well known in the art. They include, for example, vectors able to be
amplified by DHFR amplification (see, e.g, Kaufman, United States Patent

25 4,470,461, Kaufman and Sharp, Construction Of A Modular Dihydrafolate
Reductase cDNA Gene: Analysis Of Signals Utilized For Efficient Expression,
Mol. Cell. Biol.,, 2:1304-19 (1982)) or glutamine synthetase ("GS") amplification
(see, e.g., United States patent 5,122,464 and European published application
EPO338841).
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30 subcutaneously or in any other acceptable manner. The preferred node of
13 WD 98/ 03654

PCT/ US97/ 11909 adm nistration will depend upon the particul ar
i ndi cation being treated and wl | be apparent to one | LN the
art. The pha“’?rﬁ Bt cal conposition of the IL-4 mut ei ﬁé‘r}’ggd’é?"b

adm nistered in conjunction with other therapeutic agents. These

agents may be incorporated as part of the same pharnaceutical conposition
or 5 nay be adn i sdeting as eppressict] qontrobsequbice] 4 véridh befabtor£4HRT also
concurrently qr in, ccord ndce wi th any other acceptabl e treatnent
schedul e. I n Rfepsigered; Faese I‘_"-‘Ci' » for exampie, thirelative strengthl of cherprsenseon may
be used as an ;ad 0,0 ' rdi , this
mvent i on: pr ov dos Rokatfiy Phatflts compadtifly e actyal DNA seqlied eliching

di sorders, cartberlb4omutejmof shisabventionl pasiculaglyoas regants peotential secondary

i dul ati i it ahl i mal., f.er abl ] |, .most
or et er ably Snuridchiies’ Fbatishule e BlRctra iy Gneiceiaen o6 She STOPNAYIZh has
many effects. 1ROBRseH vmﬁm&bﬂcﬁ&bnﬂiﬂﬁgﬁs ! t%d%l %ﬁkgrﬁm BNAF Féqgtéh&gof.

T-hel per cell ~ differentiation, ction o B-ce tivation
and prol i f er atthisinveatign,their sgonetianidharacteristicst thein ability do)Fadd the polgppepsiies

swi tching of i l.obul | . fifects on the hoi d system i.ncl ude

i ncr easi ng thecg%:%pr eé‘%ﬁ‘%}ﬁh@?“'tﬂ)ﬂ%‘ 3’1"5’5} 1q fequiremer ’ff“é‘gﬁ‘e(%ﬁ"ei’ﬁy Rurifigation 5
| ncr eased Expr&s}sdﬂadaéts&@eaqbfgpﬂﬁqursgqﬁéﬁag&B cells: a New Rol e for
B Cell Gowh Factor, PNAS USA 81:6149-53 (1984), and CD 23 on B cells
(Ki kut ani ,10H, , et ¥ithin \besec pprametars.yeneraf ekl Honthe astnriaycselest Reaciops or 20
for | mmunogl o ' . A7, hus, .t he biolagy of |

suggest s b)té#g / elxﬁ éﬁgalgﬁh%)\?\gz%@é?‘ée}ﬁ%?mc}gtntcar@ friations ttﬁ ¢ H&geelxgbeﬁ% rL#‘e of

al l'ergy and aldesiregd ®NA seguericesaonmeermentatiore s & lirge lsudle n@iraslt Aikure, Trobel per

cell type 1 (Thl nd t T are involved in the inmune
response. Sti r?ﬁ?%'f@df‘ﬁ*ﬁé%F‘§15§éG&é?egeil&-4 and bl ock Thl progression.
Any Th2-inpli cat edTH: JEASRutéin? BBAMHCadcOrdif S 36 TRE r&\éntzir’rbvleﬁﬂoﬁ Il be

antagoni st; |likew se, any Thl-inplicated disease Is anenable to treatnent
by an | L- 415ag@hyeosylated or unglycosylatpd dependingon thedwst srgasismadsed e piidice
sequences encqg] . -4 . ehn f this.invention in gene therapy
appl i cati ons. ﬁg’t%'ﬂg[rf Ig;%cymé%%ﬁtei C(l}:\gt o0 i the Rost tgﬁrhfl}f%fg'ﬁ“é‘gﬂ? BF“ﬁ'\E? will

ant agoni st s i rbelungtycosylatede Bukafyotih 06lB, 6h SIROSHBEr hahd)Will ig(lfz@s;hbteélhé 5.4
expected to cause, or &(acerb te an existing clinical conditi'on, such as an
14 muteins, although perhaps not in the same way as native IL-4 is glycosylated.

The IL4 mutein produced by the transformed host can be purified

20  according to any suitable method. Various methods are known for purifying IL-4.
See, e.g., United States patents 5,013,824 and 5,017,691; and WO9604306-A2. We
prefer immunoaffinity purification. See, e.g, Okamura et al., Human
Fibroblastoid Interferon: Immunosorbent Column Chromatography And
N-Terminal Amino Acid Sequence, Biochem., 19:3831-35 (1980).

25 The biological activity of the IL-4 muteins of this invention can be assayed
by any suitable method known in the art. Such assays include antibody
neutralization of antiviral activity, induction of protein kinase, oligoadenylate
2,5-A synthetase or phosphodiesterase activities, as described in EP-B1-41313.
Such assays also include immunomodulatory assays (see, e.g., United States

30  patent 4,753,795), growth inhibition assays, T cell proliferation, induction of IL-6,
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WO 98/ 03654

PCT/ US97/ 11909 I nfl ammation-rel ated condition (asthma), or

al l ergi es. Agoni st indications would i ncl ude aut oi nmmune di seases such
as rheumat oi dygbdd¥esst i S, nmultiple sclerosis, and i nsul pordspamdent:

di abetes nellitus. These autoirnmune di seases are characterized by a

pol ari zation in production of the T helper cell populations 5 towards T
hel per type 1 (Thl). . _ Local delivery of IL-4 nuteins, both

agoni st and arArsjparation of dMGR-1da gadothelial cplls iy mersprementiof bindivg torfelapeut i ¢
agent to the t kiR -4V St FIC i eiebd YPEQRI ens
associ ated wi ttﬂgﬁo -régs%ggtle i ciladﬁegfé?%gt%gﬁﬁnh Z%%{]%ngb Bo{){] In vitro
and in vivo geReoinbmaapinteddukidd Pegnetes sliceGeowtherfiHwrhad T Cells, | Bamanal.

met hods for transferrjn otentially therapeutic genes to defined cell

papul ati ons ar@N i (1 , e.g., Milligan, The Basic Science O Gene

Ther apy, Sci enfe 2P mtefr 3t fddINentibh® HinRAd1de s d

1) Direct gsene trans?er. Snele, e.g., V\l)'ﬁ.%el‘rl e? g’l?u @D’Qraect CGene traanso eer I nto
Mouse Muiscl e lapproximateSc paralielirigdthat 46 gré&fen HadEmpléped in therapy?vith wild

Li posonme-nedi ated DNA transfer. See, e. Capl en at al. .

Li posome- medi ﬁ@‘(’j %°ﬁéﬁﬁ?“%%f@?fT6\“T%€ém§aﬁm%mttq{e‘ﬁF Jhdomugin iisnt s
Wth Cystic Fidib@edby abiiniétBrelltdAnIefféQivebarhdiii® neald xﬁtﬂounT%cgm@%fAs A

Dr ug, Nat'ure Med. 1:15-17 (1995); Gao and Huang, A Novel tionic

Li posorme Reageeventing drolesseningcthergevarityner epread rof the ivandidionor odicetion

Bi ochem Bjophys. 79: 28Q- 1991) ; .
Ret T ovt  us Srece e AET #1 HHLpEAPPaER: B0 i e art gt e, sfecive
Therapy O Hersgdiint iof IB4 Susdimiwilt epand, iaker Gk, §son the dibeak® the@rdose, the

| X- Defi ci ent ~ Dogs, Science 262:117-19 (1993); Anderson, Human Gene
Therapy, Sci erdgninistration; sschesinlg 0f theydj-4 gmutein, whethay thrllef rmuteifeds at ed

DNA transfer. ' ' . ' ef.er, Ad- 2
or Ad 5 based RiferR althe 43 3R cbRGLAGH with oREFRMHASETE R BRI
virus based vdaifdife pf thardmpasition, andshe géneraiflteahbbithegatient i ve" or
non- aut ononous paryoviyys based vectars, npre preferably adenp-associ ated
virus baselt vectors® %‘gtm ey &P&Bﬁpﬁ?%,&mdma@@a‘ W&F‘H’f‘é?s.‘mgbg‘,cgéi.“&? Al

$th at., 3flJ 3; ggﬁece@&c@mcéé;&meaﬁ:.%&hﬁceﬁﬁéal@eaa&pmé @Q—Yxi% ERAAs
erapy, 1: -
98/ 032%4 a carrier that does not cause any untoward effect in patients to whom it is

PCT/ US97/ 11909, , . . 994): United States Patent 4, 797 368, incorporated
herein by ref eardgﬁ%“gferéa% dgut.)h pharmaceuticaltly accep?aere carriérs aré weﬁ known th e
art. We prefer 2% HSA/PBS at pH 7.0.

WO

20 The IL4 muteins of the present invention can be formulated into
pharmaceutical compositions by well known methods. See, e.g., Remington's
Pharmacautical Science by E. W. Martin, hereby incorporated by reference,
describes suitable formulations. The pharmaceutical composition of the IL-4
mutein may be formulated in a variety of forms, including liquid, gel,

25  lyophilized, or any other suitable form. The preferred form will depend upon
the particular indication being treated and will be apparent to one of skill in the
art.

The IL4 mutein pharmaceutical composition may be administered orally,
by aerosol, intravenously, intramuscularly, intraperitoneally, intradermally or

30 subcutaneously or in any other acceptable manner. The preferred mode of
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United States Patent 5,139,941, incorporated herein by reference.

The choice of a particular vector systemfor transferring the gene of
interest will depend on a variety of factors. One inportant factor is the
nature of 5 the éarget cell popul ation. Al though retrOVIrf¢Pﬁ§ﬁﬁﬁm§ have
been ext ensi studi ed and used in a nunber of gene er apy
applications, these vectors are general ly unsuited for infecting
non-dividing cells. In addition, retroviruses have the potential for
oncogeni Ci t y.administration wilhdepend uptsethe pavtiruldrandidation regpeg trbsted ahéwiliave a

broad host r can 10 nfect gquiescent or termpally differentiated
Cell's, such d ARPGRGHL B éﬁiﬁtl&é’;ﬁ@% ¢ phagmpcsysabsor B %\fﬁ%hj
non- oncogeni Gyy é%?magbgadnmubtef‘éd tﬁlcon RS Rwith - otiR& therapeu Al Thses do
not appear to integrate into the host genone. Because they I st

ext rachr onos cnmhtsw\ay he indoggoratied ias partt ofcthe lsamma tphgemaetical sogipesition areduced.

Ali et no asso | ated viruses .exhibit
simlar acF\/arFf‘%ig agg“'é‘gt@#g\ﬁe%’ia?%?@&‘ the ﬁ"‘ggﬁ’c P CINGE FRVGKTENERAT By hi bi t
site-specifi cact&tdsgeeatvatﬁwrbmmeﬁme RARMABNt schedul®- In"dddifdn, 3he IL2UPT @,
p. 377. Accordi ng to thi's enbodi nent, gene therapy wth DNA

encodi ng t he mutein pharmaceusicalscashposifiien imaj riei ased sspanvadjenctt o athext | ent
in need theret?LF concurrent 20 with, or immediately after diagnosis.
The skilled ﬁ‘ "will appreciate that any suitable gene therapy vector

containing IL-4 mﬁtcecbﬂalu{é}% ey iheertivhd provideC eomiposifiond taRdt hte&det‘s'bﬂﬁl ment .
The techni ques for constructing such a vector are known. See, Chno et

al . 15y pireating inygune @E&F@“&t caggers afy BHROrsy abmprmal IcgH rmwéll /i anf%’f t he
IL-4 mutein %ﬁun%&%@dﬂ“iﬂgtdjc&tﬂfabe a%ﬂ_ﬂalt aﬁrgf'etr%)ﬁgc“ g%gmh ost

acconpl i shed 'usi ng ues, no et
al ., supra, tpreﬁéaahly human. As px‘evnouslglenotedtan thdniBackgmeM isectiomp fLdehdset t er
under st ood, the fo es.are s rt Thes anpl es are
For the_pur poBambAlieet Sine,of testapmulation, Gt srl pralferatona-BHRET iled ac
limting the &?@%ﬁgﬁoﬂ M LBy (of Rlurhah BLelMaBRMion38nd proliferation, and

16 WO 98/ 03654
PCT/ US97/ 13|_901gmphokme—dxrected immunoglobulin class sthchmg of Emmgp(@obulms

General ly. AI t'ecrt]sgp ! e%ﬁ%xa&:ﬂ&figgaemﬁud nﬁpegl eexc%cl;ssmn of &p? I h 4

sequence by si enesi s a respon
resi dues arptigesli(Nbeld, Rpetbe marehm mprésmm @fﬂa'@hﬂxgéns &lﬂdes&ngtﬁldenaa of

IL-4 (Smith LJ; Redfleld . _Lawrenc Smth RA,
bnd Dobson ChNenI AR PRI} CarmitFarior, PHASHSA S eidd-sHSED R D Boma
four-helix bugdhss iRk H., et alMoleii structdd(HHARS Lymphocyte Receptor
20 for Immunoglobulin, Cell 47:657-61 (1986)). Thus, the biology of IL4 suggests
that it may have a significant role in the development of allergy and allergic
inflammatory diseases including asthma. T-helper cell type 1 (Thl) and type 2
(Th2) are involved in the immune response. Stimulated Th2 cells secrete IL-4 and
block Thl progression. Any Th2-implicated disease is amenable to treatment by
25  an L4 antagonist; likewise, any Thl-implicated disease is amenable to treatment
by an IL-4 agonist.
Also contemplated is use of the DNA sequences encoding the IL-4 muteins
of this invention in gene therapy applications. Gene therapy applications
contemplated for IL4 antagonists include treatment of those diseases in which

30 IL+4 is expected to cause or exacerbate an existing clinical condition, such as an
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904 (1992 ). These residues are the nost likely to nediate the interaction
of IL-4 wth IL-4Rerr] (Figure 1); effects on the binding affinity of
al ani ne substituted IL-4 muteins for IL-4R[err] indicate that the
substituted resi y be involved in the 10 binding int '

Resi du€s thatﬁa\gg'}éaﬁsgﬁbst tuted with al ani ne, gave I nt SE:?re ?@?%09
effects on affinity were extensively substituted to identify changes

that inproved affinity. Miutations that inproved affinity may, when

conbi ned, infarnmation-uelied sondition (asthenaacraliergies. Wegamistiimdications wduldh (or
I L-4 rel ated pept,i de : for. |L4ARa. .l ncreases .in affinity.shoul d .
correlate wit E lﬁ‘t'r%légeeé)s"é’c’im’ﬁ%’tn Sn(%faseslgmh as rhe“"ﬁl%ﬂlgi thsr B“é%ﬁgrs l][engl‘c’lt)y
site-directed riwdagsaBfiideperaienf QfistRtes Mdit8s. ThedAGHHoMMINUME &¥EdsEMare
purified to honpgeneit gquantitated by am no acid anal ysis,

Ly ; . an

eval uated in r&hasesrized kHimpolatizatips inTpreduation of thedT dhelpesrelh populations e
human | L-4 (SEQ.] ; ' Is study is shown below, H's at position
1 represseg?vsv%%?]@?éélr niug-hg? the mature pol ypeptide. A-, C and
D-helices are 20 i hodalalelicbralaf -4t faiding, Soflcagonie didadrthghiRObsihg gendd
underl i ned. Am npo acids , tg}a?t when appropriately substituted, yielded
hi gher af fi ni t yNGFAPY 4 Provide ¥isothisrapeutic jagensolodthetazget @ygaewhile avoiding

A-> s IpblertdP eoRieis} | frobitins" Gotated it | for el adiinalafition ¢ 25 1

d u dn Lys ThragbeistsCBethlirrvittd and iawivbtgeny/sherdpy methodologies are contemplated. 20

éSU Lys G 4oTh ISeygﬂ'g.l methods3fgr h'a%(s)ferrés pl)tlegtilaalpyeé@rgpeﬁlﬁ% gSe%Ees IEX Sde’fA'\uS'mend Ieli Igr

45 papulations are known. See, e.g,, Mulligan, The Bdsic Science Of Gend@Hed{}3654
PCT/ US97/ 11909 s Arg Ala Ala Thr Val Leu Arg A n Phe Tyr Ser "Hi s
Hs du Science, 260: 926-31 (199330 These methods include: 55
60 . . C:
Lys Asp Thr Arg Q/sl)l_re)br efﬁ %/enﬁ\l %anfﬁr ) A&e& &Pn V&’lﬁ ebﬁb RF?tAga‘eSuanSfer Into
65 Mouse Muscle/l8l Vivo, Science, 247:1465-68 (1990) ©

15 2) Liposome-mediated DNA transfer. See, e.g., Caplen at al,

Liposome-mediated CFIR Gene Transfer To The Nasal Epithelium Of Patients
With Cystic Fibrosis, Nature Med. 3: 3946 (1995); Crystal, The Gene As A Drug,
Nature Med. 1:15-17 (1995); Gao and Huané, A Novel Cationic Liposome Reagent
For Efficient Transfection Of Mammalian Cells, Biochem. Biophys. Res. Comm,,

20 179:280-85 (1991);

3) Retrovirus-mediated DNA transfer. See, e.g., Kay et al., In Vivo Gene
Therapy Of Hemophilia B: Sustained Partial Correction In Factor IX-Deficient
Dogs, Science, 262:117-19 (1993); Anderson, Human Gene Therapy, Science
256:808-13 (1992);

25 4) DNA Virus-mediated DNA transfer. Such DNA viruses include
adenoviruses (preferably Ad-2 or Ad-5 based vectors), herpes viruses (preferably
herpes simplex virus based vectors), and parvoviruses (preferably "defective" or
non-autonomous parvovirus based vectors, more preferably adeno-associated
virus based vectors, most preferably AAV-2 based vectors). See, e.g., Ali et al.,

30 The Use Of DNA Viruses As Vectors For Gene Therapy, Gene Therapy, 1:367-84
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Hs Lys Gn Leu Ile Arg Phe Leu Lys Arg Leu Asp Arg Asn Leu

80 85 90 10 Trp Ay Leu Ala Ay

Leu Asn Ser Cys Pro Val Lys Gu Ala Asn 95

100 105 D -> fi6790009 Thr Leu
PC 7175909

A u Asn Phe AW Arg Leu Lys Thr 11e Met 110

115 120 15 Arg Qu Lys Tyr Ser Lys Cys Ser Ser

(SEQ ID NO 1) 125 Mut ati ons exanmi ned in

this study wer(i99)tUrdthdc StdsnPatent &78NB68, A6corpoategloheretn bariefenencef ahdiman

| L-4 cont ai ni 1 substi t ut ] i.n the D helix, R121D and Y124D
(Tony HP, et g‘?’,‘“&?tﬁﬁﬁwn%@%ﬁ?’HP@’PM%‘?“H&Y&@%PH@?S _inhibiting
i nterl eukin-4- depefrHenhoRBbfl AT Dectdr FPRGRNBP AR qBe iglnd of
cells and B-cells with high efficiency, Eur.” J. Biochem 2 2) . 659- 65
(1994); this intereshwilbidepend erea vapiety of fackars AP dmyyriang fdtor)is thelnagimofwer e

expressed | 5 acgul oviyus s e rified to honogeneit an
evgl uat ed igqn 3}‘% g?rigﬁé-jﬁﬁgf 8pufaHon' %‘ﬁgﬁ%}bgﬁov@e"ﬁft&s E‘F%%ﬁﬁ?j‘ 5’¥tgﬁ§)‘.’g3i’he
bi ol ogi cal si ghidied andeused ih EPR@ber &ff feridi wrapxsapplfwﬁorlsm@&@mﬂtowee&e
evaluated in T cell proliferation assays t he

| L- 4] R121D/ Y1 2¢ppraly ussyitedsfop infeghing Jwmrdividing sells4n addifion, etroxinusesihayes or
| L-4R[ err] the Pg{gﬂﬁh%{&%(l’ - blp}’? decreased ICJerr] for the higher
S er

affinity antagon mut'ei n r 30 is defined as the concentration of
ant agoni st necessaiydehoviruses hate thedslvantage that theyalyniel Sbroad hpsimaags @ .

Exanpl e 1. Praoductign of nuteins It eins were generated by site-
directed nif ag‘é&é‘é‘l‘ges&@‘rﬁ tﬁ‘i’?“ﬁ%‘bé%‘r'&“é‘??‘ﬁdﬁgn&éﬁgh%s RO EBPEYIEY t he
18 and appear essentially non-oncogenic. See, e.g., Ali et al, supra, p. 367.

Adenoviruses do not appear to integrate into the host genome. Because they exist
extrachromosomally, the risk of insertional mutagenesis is greatly reduced. Ali et
al., supra, p. 373.
15 Adeno-associated viruses exhibit similar advantages as adenoviral-based
vectors. However, AAVs exhibit site-specific integration on human chromosome
19. Alietal., supra, p. 377.
According to this embodiment, gene therapy with DNA encoding the IL-4
muteins of this invention is provided to a patient in need thereof, concurrent
20 with, or immediately after diagnosis.
The skilled artisan will appreciate that any suitable gene therapy vector
containing IL-4 mutein DNA may be used in accordance with this embodiment.
The techniques for constructing such a vector are known. See, e.g., Ohno et al.,
supra, p. 784; Chang et al, supra, p. 522. Introduction of the IL-4 mutein
25 DNA-containing vector to the target site may be accomplished using known
techniques, e.g., as described in Ohno et al., supra, p. 784,
In order that this invention may be better understood, the following
examples are set forth. These examples are for the purpose of illustration only,
and are not to be construed as limiting the scope of the invention in any manner.

30
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WO 98/ 03654

PCT/ US97/ 11909 desired nutation essentially as described by Kunkel

TA, Roberts JD, and Zakour RA, "Rapid and efficient site-specific

mut agenesi s g swagssphenot ypi ¢ sel ection”, Met hods Enzypeinushrdise867- 382
(1987). Briefly, human IL-4 cDNA contai ning the restriction enzyne
sites Bam H and Xba | was subcloned into the ML3 phage 5 vector M3 npl9
(New Engl and Bi ol abs, Beverly, MA) usi nglﬁg same sites. Wld-type IL-4
cDNA was obt ai ned usi ng Pol ynerase ChaF¥rme/stt i on ("PCR") froma cDNA

pool generated from iRyl Sﬂiaﬂfn%ckubgm&w&@r&ﬁmdm@é@ko heORad-type L4
| ynphocyt es i nduced 24 hours w th phorbol 12-nyristate 13-acet ate

ng/ m). TheeqRSRephy ite-dirertet] mwagenesio rat tpositions entresfonding ta resi

ding f , 10, ' - AT A e
190010 115 ol G ' T TS AR D)
CCT CGA ACA; CT, goyﬁ%alxﬁ;eﬁ%e Gévﬁ%@whﬂas N@: 8tnith RA, and Dobson CNBeHhhiaﬁtlh@ﬂeﬂlﬂﬁyfTe

sites BanmH (5-én 3'-end) were |ncorporat ed into each

ol i gonucl eot i dé 'I&!eéomnlsn’dct@m Qfdi fopr-heliy burdle Ph@emci_sudﬁindn‘l(%ﬁg‘)'used
were 1 mnute (?%%gr r'I]g\g e re i3 éf% t%%\lx?oét lzlLeq tcl gied?a %f e neegycttl%n%tf IL [err]C

20 for 25 cycle seq ue ce so o was confirmed

by SequenﬁritﬂgLuRw‘(glg&xI&el)SQWst ﬁleslﬁqdmgcafﬁwrykoﬁ algriine sstlsmmthd ﬁb—4
Sci ences, Arlington Heights, as described _by the manufac

Ur aci | - cont ai ning¢gins for §Lﬁ§ﬂé“§$¢taﬁhﬁtm5‘€h§h9m5l f@%@“"oﬁ‘?’élbﬁéﬂv‘we in the
t f t E. { 6 |
ory i o1 88 2" BeiRe. Stetachipg Rpsiduss iy g sLBGpRAC WO ra?agé%ehle—g e =

utilized in geiﬁ@érﬂ{edfhl‘cé BRécEs 619 Bffmit}i were Jeﬁtenswelymﬂbaﬁmeaew hemiﬂyagaugest o the
tenplate UUDNA 5' to the codon(s) targetted for mut agne; ucl eoti des
that i ncor por ath@t iTaproyed jaffinitye MMgEons that npraysd @ffinig) may, when tombiBedi des

honol ogous to ec%ﬂrl {degle. The
D-helix mutati %%gvk rg- @iﬁo}é‘gﬁﬁe%ﬁ%%fﬁ%]%ﬁ?zis%i/\egé‘}ggla%d% duced to
the wild-type fori{4-4Beqimmeases iDaéiiity shaidldfwrreldte withdnireased potanar.d

]F-‘gT 1 US9/ 11 i@OV\D 98/1\9132:% were generated by site-directed mutagenesis, expressed in the

baculovirus system, purified to homogeneity, quantitated by amino acid analysis,
and evaluated in receptor binding assays. The amino acid sequence of mature
human IL-4 (SEQ ID NO:1) used in this study is shown below; His at position 1
represents the N-terminus of the mature polypeptide. A-, C- and D-helices are

20 indicated above their respective starting points, and underlined. Amino acids
that, when appropriately substituted, yielded higher affinity variants, are shown

in bold-faced type:
A:—
His Lys Cys Asp lle Thr Leu Gln Glu Ile Ile Lys Thr Leu Asn
5 1 5 10 15

Ser Leu Thr Glu Gln Lys Thr Leu Cys Thr Glu Leu Thr Vval Thr
20 25 30

30 Asp lle Phe Ala Ala Ser Lys Asn Thr Thr Glu Lys Glu Thr Phe
35 40 45
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| L- 4[ R121D/ Y124D], was generated as described above. Al nutations

gener at ed in these studies were generated using the IL-4[R121D/ Y124D]
tenpl at e. Primers were phosphoryl ated using T4 pol ynucl eoti de
ki nase ( New Engl and Bi ol abs, Beverly, MA) using the r'.s

pr ot otol . Yyf,8/03654 phosphor yl at ed primer was then anneal eW%gABEf

tenpl ate, and foll owed by extension with T7 DNA pol ynerase (Bi o-Rad
Laboratories, Hercules, CA) as descri bed by the manufacturer (Bio-Rad
Labor at ori es,Cylseptal 2k ATA) TheVdls Lefu Alg Gln PheETyro$ér dtisaBhs BHBa[ err]
(G bcoBRL, Gaithersburg, Msgwere transfornedssith 5 [err]l 6 Of
reaction mxture and plated in "LB nmedium containing 0.7% a ar. After 10
incubation at 37[err]C, plaques were expanded by picking thr €71 ndi vi dual
pl aques 18/si AEPOTHY Qiigeagh DAy agenashaSTheaqla ehnanth tehangfieraiqg to 2
ms of "LB nedia" and geown overnight at 37C. Single strand,DNA was

i sol ated using an ML3 purification kit (Qagen, Inc., Chatsworth, CA)
per manufacturer's protocol, and cl ones cont ai ni ng the desired

mut ati on wer gl isdggéicﬁired,dnyzsew Ehegrehernvs PHee 1,40 ASS ardadn DNAI USI Ng

t he Sequenase sequencing kit (Amersham Life Sciences, Arlington

Hei ghts, 1L) per manufactur8P's protocol. Repl8cative FormDNA 9% (double
st randed form of ML3 phage) corresponding to plaques containing the
correct f 1y\% t g Plasm d

M ni prep &%% gt uggu:qng Gcﬁa%’s §géi§;§§i IL&% v g?n%cl%N%T r%%n? was 20
i sol ated u5| ng Bam HI and XB from the puri f]ioé’d Repl i cati ve Fot%d DNA, and
subcl oned to the plasm d veat: e-s pFast Bac[ err] 1 (G bcoBRL, Gait hersburg,

MD) . Af t L ubcl.oni_n
referred to Ser @é’& st '
containing the nutein léD)NA to the E. colll-‘st rain DHlOBac[ e1$q

(G bcoBRLys Gai thersburg, MD) as 25 described by the manufacturer. Miteins

were expressed in,Sppdoptera fr ge‘égaﬁﬁ)r 55%8” ) cel l(§Ec5’sfgzp egg, on

Bac-t o- Bac%® ul ovi rus

system All insect ceII i ncdBati ons occurred at 28[err]C. Briefly, 2 n
cultures of Sf 9 cells were transfected with 5[err]l of reconbi nant Bacm d
usi ng Cel | FECTIN[err] (G bcoBRL, Gaithersburg, MD). The supernat ant
was harvested 30MwBatidrsuexampised- inr athisf ebtdyowerenisitreduckd anfonfaesnown 100- 200
\T\D gg} ng 4Of %ax%(x)uﬁst %fangnt of human IL-4 containing two substitutions in the D- hehx,zo

PCT/ USQ7/ 11908121D and YC2AD $TdHly HP, & dCDesighed iranaal ide@Ridkin-4=ahiaBeristeur g,
MD) . Per manuf a turer S grot ocol , the supernatants were harvested

48-60 hrs posihibiingintesicukin-4-dependgnt and ineriquiin-ki-deprodentyrrassesip Tri nut es
ST SRR YRR, B, Eb ko migns g v
mutein is desxgnated "IL-4[R121D/Y124D]"). Muteins were expressed in a
25 baculovirus system, purified to homogeneity, and evaluated in a solid-phase
IL-4Ra. receptor binding assay. The biological significance of improved affinity
for IL-4Ra was evaluated in T cell proliferation assays. As the
IL-4[R121D/Y124D] mutein is an antagonist of IL-4, improved affinity for IL-4Ra
should result in a decreased IC5( for the higher affinity antagonist mutein (IC50
30 is defined as the concentration of antagonist necessary to inhibit a defined
agonist response 50%).
Example 1. Production of muteins. Muteins were generated by site-

directed mutagenesis using primers containing codons corresponding to the
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5 (typically, >1X10[err] plaque formng units/m was obtained). For
protein production, 2-3X106 Sf 9 cells/m in 500 ms of SF900 II
medi a (G bcoBRL, Gai t hersburg, MD) were infected at a multiplicity of
i nfection b%%ﬁ&ﬁé‘f 10 and t he supernatant was harvestregdr®niiddshr s
post -infection by centrifugation at 5000 rpmfor 10 mnutes in a
Sorvall RC-5B centrifuge using a GSA rotor (Dupont 10 Instrunent Co.,

W I | ni ngt on, . and filtered t h.a ile .0 M At jt.
Exanpl o 2. PuPPTEarHArcb R b oF SsieRh Hniurt T Rty Bl 2o

anti bodi es CARQ, IRd akd @flicieht w-q:@m&&ﬁﬂtfag&_\ddﬁiv%cﬁitf}ihdﬁditggﬁfs@kaﬁﬁl“,s from
manogen. wobdethedskRs ey 14s AV 382 (P, BeRY, Museen ik cOBUpFERMRRECKE:

i mrunogen, weMethedsiErzymol s , Y, , -
15 activat ed ypeRORI 058 eddvdid JRE Bam 1 11@&%‘%@68 ixﬁglil?er@?ygﬂ%%ﬁurerls

protocol . Sf ce supernatants generated from 1on o | s by

reconbi nant baedtho M13uspt (INewnErdarid Bidlatsp Beverhe M) disifig thensanwer sitesoaded
onto colum of anti-I1L-4 MAb-coupl ed Sepharose, washed with 100

aln ; . b »
Y NaHCOVEid-typedbet FRINRawRs obfingdausing Ealymerrse {hain &eactipny ERGRe) sal t
and eluted 2 | | Yakk: t@ﬁ‘ﬁ‘ﬂ?&nﬁn L '%Q.Ta,p : i ons
were collecte o| n EIBN%@HI #corﬁ!zed vials %gnt alﬁrﬁg{ ; vg%‘ﬁ%%’ilﬁl ris, pH
8.0. Mutein piyhphoryteasnduced 24 hontsheith phorbal d2-nipristate dB-scetpled3@ ng/ mi).
chr omat ogr aphy., usi a nanpx- 300A ,.C | umm j.nip I nstrunent
o Mobar ks PRelnert bahoR s B end ofhedb Open readife Famea, f or A
wat er; Buffer B, acetonitrile, 0.1%trifluoroacetic acid). Fractions 25
wer e eval uated by SDS-PAGE, and nutein-containing fractions were
| yophi li zed 5-CEEIGGEA FFagelG &abd FEC S Hehdeed' (FEQIRNQ:?); phosphat e- buf f er ed
saline (PBS; 10 nmM NaP( err], 137 mM NaC, pH 7.6) for assays. Mitein
so purified was typically a singl e band as observed by SDS- PAGE

(silver stai nhnd&tdhy\@%ndwithed [Lal @ebnligading fraffieno aci d anal ysis (accuracy
typically >90%. 21
WD 98/ 03654

PCT/ US97/ 1.1909,_ EEHmG ~A RaGeRE R A RANE] S. In order
to deter m'l%e ?h%cgf'l;ce"rcl?(smhoA suﬁsﬁ:‘f&uti on grﬁf%@%@????@‘%f IL-4
nuteins to bind to IL-4R[err] (Ldzerda, RL., et. al., Human

I R SR I o i W (A
SO PR S U, S P 3 bls8
| L-4R[ err] bogerditipnsgused were 1 minute at 94°C, 1 minute at 58.7°C, and 1 minute at 72°C
20 for 25 cycles. The correct IL-4 cDNA sequence so obtained was confirmed by
sequencing using the Sequenase® sequencing kit (Amersham Life Sciences,
Arlington Heights, IL} as described by the manufacturer. Uracil-containing
single strand DNA (U-DNA) was obtained by transforming the E. coli strain
CJ236 (Bio-Rad Laboratories, Hercules, CA) with IL4 cDNA-containing M13
25 mpl9. Site-directed mutagenesis utilized in general primers containing 15
nucleotides homologous to the template U-DNA §' to the codon(s) targetted for
mutagnesis, nucleotides that incorporate the desired change, and an additional
10 nucleotides homologous to the template U-DNA 3' of the last altered
nucleotide. The D-helix mutations Arg-121 to Asp and Tyr-124 to Asp were

30 introduced to the wild-type IL-4 sequence. Uracil DNA for this variant, termed
19
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solid surface. Figure 2 shows the ability of T13D-IL-4[ R121D/ Y1240 to
conpet e 1251-1L-4 in a solid phase binding assay relative to that of
| L- 4] R121D/ Y124D . The assay was formatted using 96-well Fl ashPl ates
(DuPont NEN, Boston, 10 MA) coated with streptavidin; the ﬁthr-r?l(igol-)l ul ar
domain of IWO2PIF4] was bound to these plates by vi FEG&SS pepti de
tag engi neered to the extracel lul ar donai n of I L-4R[ err] that binds
streptavidin. FlashPlates contain a scintillant inpregnated into t he
pl astic of tHe4[R1A1R/ YD} wasgenetatedhasogeseribedtabare. oAll ynutaiidrs gepetatest]

cor e at i o bsasRaes et yeRetaled Poing el ar@EEpy saddt il 1 L, "' C
ant agoni st MUt el PiRES IAHEChHoBpRAYIted usinielTh, pAFIBRIAKEsHNNehy

equi li briumwas obtai ned. Because nhon-boun r adi ol abel | ed conpound

does not i ndEoglands8jdlabs) |Bevedyy Mhawsingydheasannfgcmres protocglas Thejui red
before assessing.th r.adi oact | wi,ty, b i,n_each [l The
bk a it ther Vor ) BRI S e O A B BRRG boned |

r adi oacti\:}ity us represents radi dl abe 4 20

bound to I L- #iRertenbionavith TV DNA pohgheasea(Bice-Rad Labbatdties Hetculesf CAphabel | ed
I L-4 ant agoni st nutein added, allows the calculation of the affinity

of the unl abdpscsied by the manufaeturey dBiosRadhaberatories; Hepculgsy €A Cellsrpfithe er nal
dard ' b [ ffini f

fn i PR SN e TR T

relative neagpkgstigh mixkireidnd pRWAdirDELE BiediRRY coMbingdy 87% afarOWadet he

assessnent of the effect of individual substitutions on the affinity for
| L- 4R[ er r1p. incubation at 37°Chplagnes wexel expprdedioyrpickingfthree- ingdjvidyal plagses

recovered using P r . _ce gt 1. |ibrar bl ne

Cl oni ng Syst éa{r'}rgl,n g@‘%&?{ﬂa,ﬁmﬁemﬁ%ﬁ% aM “a%?f?‘rﬁ’é‘ﬁs*gu@é%? éfcs) Li@é)‘?g?’e t he
extracel | ul andgffowin lertightddt] ¥1°C] SiRgie strhfid DNA Was ROMted usifig ahfe13

| L4R[ err] open reading, frane,

22 puv@cymmgle §Qiagen, Inc., Chatsworth, CA) per manufacturer's protocol, and

PCT/ US97/ 119 i Dy "y ] geeneen %i %L‘% (;L?E " (SEQ
I D NG 4); Lones g%rga%n %e%r&egg%gnt eeelgf% acel Pu rﬂ-ﬂ-é im0 1ﬁm?a,

5 5'15AAGrasidCDN ASgeing e Saqengie® GueAGNEEE B mérShih | [feNidnres,

;23 ECR Condl.&rﬁiggt%nuﬁgpgh%rlﬁ) %)exm rrrllyr;[u?ac%rexg? [per(r)trol& ;ie}r;rl]icglfl&g I%trmGBT\?Aer r1G

(double stranded form of M13 phage) corresponding to plaques containing the

correct mutated sequence of [L-4 was isolated using the Qiagen Plasmid
Miniprep Kit (Qiagen, Inc.,, Chatsworth, CA). IL-4 mutein cDNA from was
20 isolated using Bam HI and Xba I from the purified Replicative Form DNA, and
subcloned to the plasmid vector pFastBac™1 (GibcoBRL, Gaithersburg, MD).
After subcloning, recombininant baculovirus DNA (hereafter referred to as
Bacmid) was generated by transforming pFastBac'"1 containing the mutein
cDNA to the E. coli strain DH10Bac™™ (GibcoBRL, Gaithersburg, MD) as
25  described by the manufacturer. Muteins were expressed in Spodoptera frugiperda
(5f) 9 cells using the Bac-to-Bac%o. (GibcoBRL, Gaithersburg, MD) baculovirus
expression system. All insect cell incubations occurred at 28°C. Briefly, 2 ml
cultures of Sf 9 cells were transfected with 5ul of recombinant Bacmid using
CellFECTIN™ (GibcoBRL, Gaithersburg, MD). The supernatant was harvested
30 60 hours post-transfection, and used to infect a 100-200 ml culture of 1X106 Sf9
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mnute at 72[err]C for 30 cycles. The resultant PCR product was di gested
with the 10 restriction enzynes BanH and Eco47111, and subcloned into a
pBl uescri pt vector (Stratagene C oning Systens, La Jolla, CA)

cont ai ni ng D%%&ﬂsg he codons corresponding to the segueneerniivee
Ser-Ala-Trp-Arg-H s-Pro-@ n-Phe-dy-Ay (SEQ ID NO 6) digested with
the sanme enzynes. This sequence has been reported to bind to
streptavidin (Schm dt. TG and Skerra, The random pepti de 15 ,

li brary-assi st ecﬁng i e F"‘lcﬁé_”&‘fﬁ%@‘-Wé?%’ﬂg?"@ﬁh“ﬁ&t@[ﬁeﬂ’ﬁd’é‘?m{ﬁ%‘é‘f"i‘ﬂ'Sf or

t he det ectpramcamdtr&urs'ugéﬁa&an@ﬁ Wred HaMisstddONiBleg GV phitaAfRAbn E? otein
Eng, 6(1):109- 122 (1992)). The extracellular domain‘of IL-4Rerr] so
gener at ed encode€dtrifugation at 5 i for 48 duipntes in a Sorvall® RC-5B centrifuge using a

St sl of ek ot thdadhs Filruiols Cof WillgthEn k) it Sbavedroriie @8 (v

t 20 | to ARt ] -1 h | L dd FO.1 D NO
7 20 PosT Obicaly, PG Pl Sorthin (EndBK Sun oPRiNegfic a2 B U
systemin a  prodidtidg) 213%e06 isgal cdiR/idlah 30peshd of fi:bon‘h%@%%&gﬁ&oﬂﬁﬂ eins,

purified by affinity chromat ography with an IL-4-co trix as
descri bed (Kr u$eitiiersburg, MD) werpjpfected atdy multiplicity of otfeationl betweansd-td atdinan

interleukin 4 ' | £ j 5 inpaired in either re or

bi ndi ng or rec g%%%‘#&gxg%t%ta‘?%o%gﬁéﬂ?h% qogk—%%cnon y rﬁﬁ%ﬁ?ﬂ%ﬁﬁé and
stored in PBS. rpinefol 104nimatesiix a\mvammcaswebﬂbmgﬁuﬁmgwcs;\ rotdd (dDuponduced
in E. coli to CNBr Sepharose 4B as descri bed by t'he manufacturer

( Phar maci a, 10UpfastTument o Willmingion dgEband filtered threuglra sterilel 0.2 M f{lten Roitt

NEN, Boston, MA) we t ¢d pil . of 2, [err]al I L-4RLerk] - STX
in 100 MM 30 Tris, E’S" ‘i@?s%‘a%’k#fl%if%f Q‘&’]'h’r“g at“'&‘biﬁ’]“aﬁ%ég ‘\‘/‘m°‘{‘?|1%5‘?3]§§,
0. 1% BSA, pH 7.aGfibardies C400.1 and C400.17 were generated using standard protocol23rom

WO 98/ 03654 . . . . . .

PCT/ US97/ 11909 ™ice using recomhinary higmag bof(Geneywe Qirgnosticss Cambridge. Mgas
Boston, MA) anGm¥iingt ks = sfelgll gl N
200 [orr] 1 pro T HnsgE] were pIOGUERTES AR, plrified HRIRREl BRI}
quadr upl i cabe. apwagd SepherosepPhamnacet, Uppsilat Sweden)Ams aper manufsthererisl

reference, I1L-4 23D/ 4D, was titrated in parallel wth ejn 5

on the sane Fl f%%aéfcét e.g} éoﬁ%‘lh SHRHPA'ARE; FRerats stram, Tifectign; Jgftpog%uhl"

scintillation eewtibitiantBaaliovicus dftainfiR e feSpectiVeITi-4 Bfuteily TWeredBsHbnis Ues

wer e cal cuiaﬁd usi ng .t he I@+4gand program (Munson, P.J. and Rodbard,
r .

D., " Conp@t &alumRn o) Ardi-hed” M Abrcaupied dPephamse.awashast witheA0ymM . 92
p543-576 ‘509! NACL, pECEEilel i SR 35 $E80RE sal g Hiled or 1

bet ween 2-20% Resul%'s 10 were“expressed as the rati

| L- 4] R121D/ 261246} 8isblaguddélames of 100MUGTyRghef pAM.MN FhicRoRARBreADR%ed it €
Di fferences between Kd val ues neasured
siliconized vials containing 0.1 volume 1M Tris, pH 8.0. Mutein protein was

further purified by reverse phase chromatography using a Dynamax®-300A C13
column (Rainin Instrument Co., Woburn, MA) with a 0-100% gradient of Buffer
A to B (Buffer A, water; Buffer B, acetonitrile, 0.1% trifluoroacetic acid). Fractions
25 were evaluated by SDS-PAGE, and mutein-containing fractions were lyophilized
for storage, and resuspended in sterile phosphate-buffered saline (PBS; 10 mM
NaPO4, 137 mM NaCl, pH 7.6) for assays. Mutein so purified was typically a
single band as observed by SDS-PAGE (silver stain), and was quantitated by

amino acid analysis (accuracy typically >90%).
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reflect either a relative increase in affinity of the respective nutein for

IL-4R[err] (i.e., Kd mutein/Klerr] IL-4[R121D/Y124D] <1), or a

rel ative decrease in affinity of the respective nutein for IL-4Ra
(i.e., Kd ' err] IL-4[R121D/Y124D] >1). 15 m 1l err]
T cel I“"prom(gérsa%ﬂk%n assay. Primary T cells were obtained %lr?bgr%hgfresh

bl ood from normal donors and purified by centrifugation using Ficoll-
Paque Pl us (Pharnmaci a, h,(Lil:s)sal | a, Sweden) essentially as described by Kruse,
N. Tony, H Epamplef. JRecepter bindingassays simerdst thdeterming the ¢ftegtsiof- 4 i nt o

a high affini - .St 1 nal ' | d.repl.acement . Enbo J.
11: 3237-44 (%5‘5‘.“°°r%gt@%m% r‘.’fﬁ%y’é%“?#ee?}.%ﬁ P YR (e & ek el | s
wer e i ncubat eldufnan integlaylini tdteftdr conferd BioldgiallrespoytiobIRERAAH Wekinks a( S gma
Chem cal Co., St, Louis, M), harvested b centrifugation, and washed
'n RPM 1640 TRYA] 45¢eRec SEReriamly, (lnckxn Med. WB):861-873(1996)) x a1 salichphaseat ed T
cel |l s/ wel |5 ( BHAs ;nagp i |t R varyi . mpunt.s of IL-4 or
mutein in SRPI\/IIIE& 641‘8§me |%@%s§%tgﬁp%&%e&'f}eﬁp\éﬁ;’bgﬂ\%?%%m% (%s’énruﬁerﬂ‘s P mv
HEPES, pH 7. 5neasoidd by theiraahility, to Hixplaceirhdioldbepahilcd o IIG4R@Mdund to al00

[err]g/mM streptomycin sulphate in 96 well plates for 48 hrs at 37[err]C
pul sed with solid S‘q}fa‘[eerfﬂw 2[5é?‘ﬁ therability @f E&QMB%&ZINEKI}M@}@ compete) / wel |

f 6 hrs, h t ed .agi tivity. ' TopCount '
Lo 1% DR a0 oy SRR B R AR S RST

24 :
PCT/ US9/ 11909MQ ¥ay m%""atte@xg?r“ﬁﬁ JoavellFlashPlates® (Dubort NEN®, Boston.o, on
the af finlay MA) cbatdd fith streptavididRfherextracelltaraidntdih of H-4R& AdsBOUNd to
substitution of tqe sgrface- etxpose,d resi dues of helices A- and G of
IL-4 on the dPfeR'RYs 8Y Virtueofipentidesng epgineered te Magextiaceliulan domain of5

) ' : - . . d
Tebl e L, Dol AR A £ n O

nut ei n/ Kd | L-th¢ RlestiOpfth $lite, which has the propertyethatonly radiolabelled cobdpubdt 0 Al a

N : “prokithi 1.1 du-9t
Al a in c%sg p%o;lguéllésthe surface of the plate will jnsits; scintillation. Samples u o]
fbsAl R 15  contaififg -rl&ioldbe}ﬂcgllfl and IL4 antagonist muteinlwére added to each Th"-13

well, and incubated until equilibrium was obtained. Because non-bound

radiolabelled compound does not induce a scintillation signal, no washing step

was required before assessing the amount of radioactivity bound in each well.

The radioactivity measured thus represents the amount of radiolabelled IL-4

20 bound to IL4Ra, and, upon consideration of the quantity of unlabelled IL-4

antagonist mutein added, allows the calculation of the affinity of the unlabelled

IL-4 antagonist mutein for IL4Ra. An internal standard was generated in each

assay by measuring the affinity of IL-4[R121D/Y124D] in parallel with each

mutein. Thus, specific relative measures of affinity could be obtained, which

25  allowed the assessment of the effect of individual substitutions on the affinity for
IL4Ra.

The extracellular domain of IL-4Ra was recovered using PCR from a

Jurkat cell Igt11 library (Stratagene Cloning Systems, La Jolla, CA). The PCR

primers used to isolate the extracellular domain of IL-4Ra were, for the 5' end of

30  theIL-4Rou open reading frame,
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Asn-15 to Al a 1.8 Ser-16 to Al a

0. 43 C hel i x: Hs-74 to Al a

1.9 Lys-77 to Al a 3.7 A@n-78
to Ala .. WO 98/03654 4.7 Arg-81 to Ala pcTussm11909 -
8.9 Phe-82 to Al a 2.3 Lys- 84
to Ala 11 Arg-85 to Al a

4.2 Arg-88 to Ala 150 Asn- 89
to Ala 51 Trp-91 to Ala

2.3 5"GAE ATOGATICXR THRS GGTURSE THRSCHCYRRD3 (5D héﬂcﬁ?&%ﬂ Y124D]
backbone. 25

98/ 03654

PCT/ US97/ 11909 a fne substitytion al ly does not cause
structural chan fo;ﬂxef&ﬁgn%&%bg%mce ufafﬁ?@?“’é%ﬁ@%kg' on activity, in this
case affinity, can be ascribed to the loss of the side chain

substituted (Cunningham B.C., Wlls, J. A, H gh-resolution epitope mappi ng
of hGH r ecept or5' A 86l COASHY AGHGEE G TG AMGIAGAJ(EEQIID,NG5).ence
244(4908) 5 :1081-5 (1989). Nom nal changes in affinity (e.g., ~2-fold)
that result as a consequence of al ani ne substitution suggest that the

resi due/ posi ti oTheSPOR! donditRihs used wére OimihiéOAtVeRC] D rhidgied A 5.8, 4 1! ar ge
effects (e.g., >100-fol d%: sug(%est that the resi due/ position
substituted is minute atal2*Cder Sheydles: ciheceswtant PERprodid, wast digedted with the

“Sel ecting high-affinity binding proteins by nonoval ent phage display;. 10
Bi ocheni st r {0 ~ JF@ftzson, £pRyResy Bemb@ﬂ"}i Ee%mérﬁndeﬁuialqn,ed(mm @. pBlussm@tPhat

t hose resi ' ' s & S ' aﬂiiﬂéji .
consequence of \%F%?\#ﬁ?ﬁk@ﬁ’é Sﬁ’b";‘t‘% ? 8%?%%’ V\Lgrlggl;'i gkgég{&t I 0 tl%}g‘?ﬁglt?mtgf
sensitive resi dodsns ¢omespomtingia thetshquence Ser AlacTrpcArigeiisiRroGindthedilpdGly

Appl yi ng t hese (o kQns, t.o the results of this al api.ne scan qf the A-

and 350 el GEO T NG e outR e ryetie exdlidyoLhF Gedtage e 8t on
of [1L-4 with Idepéiiceto Bind to stréptBvidhnl(SAe TG daid Sforrd AL CTREMARALA 8;5@%@“68
woul d include |l e-5>Asn89>Lys- 84~Ar g-81>Thr-13~d n- 78~Ar g- 85~Lys- 77,

resi dues |i Kel ylibseny-aspistsivengingeringeof a C-termismheffinity peptidaicuseful-for thee- 11,
ohser ved 1 nor Aseeat antirEbaun s FRubte B ramepta ol ahg bfag
within the inteRa@esor e aatacelbulal Idofhad) &f | ILUR sd pRAerateds bhdoded ethene a
DO © O M Gkohde BGfendt ser-ala-Ti-Arg His Pro-Gin-Phe.Gly-Cly BB D NO: 9t
of the pep q p-Arg e-Gly-Gly ( )
the C-terminus of the extracellular domain, and was termed sIL-4Ra-STX (Met at
20 position 1 is the N-terminus of the mature IL-4Ra) and is SEQ ID NO: 7.
sIL-4Ra-STX protein was produced using the baculovirus system in a
manner identical to that used for IL4 antagonist muteins, purified by affinity
chromatography with an IL-4-coupled matrix as described (Kruse N, et. al., "Two
distinct functional sites of human interleukin 4 are identified by variants
25  impaired in either receptor binding or receptor activation." EMBO ]. , 12(13)
p5121-9(1993).), and stored in PBS. The IL-4 matrix was generated by coupling

IL~4 produced in E. coli to CNBr Sepharose 4B as described by the manufacturer
(Pharmacia, Uppsala, Sweden). Streptavidin-coated FlashPlates® (DuPont

NEN®, Boston, MA) were coated with 100 pl of 2 ng/ml sIL-4Ra-STX in 100 mM
30 Tris, 0.1% BSA, pH 7.0 for 2 hrs at 20°C, washed with PBS, 0.1% BSA, pH 7.6, and
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structure of IL-4 (Smth LJ, et. al., Human interleukin 4. The sol ution

structure of a four-helix bundle protein, J. M. Biol. 224(4):899-904
(1992)), consists of adj acent portions of the A- and C-helices of

I L-4, and extends for about three 25 helical turns on eac&lt}gg?%(wo;.e.,
posittons 5WE®A6SEhe A helix, and 77-89 on the C hel 1X. " The "nost
likely residues involved in the contact with the IL-4 receptor al pha
are, inthe A-helix: Ile-5 Qu-9, Thr-13, and Ser-16; in the C helix:
Lys-77, fAcpbAbd W 2|§(3— pMYIZEEH 4 ADEPSR: NEND, S8ostéH) MAS il Ovarying

Structurally, the critica center of interaction appears to be
conposed of r ewicentestions of -4 AntpgBBist mudeinim 1080l PED 0.14nBSA heH dissfer ved
al anine ef fect genorabl ¥, d8gh aTesne a5 TRYETeMBY [ R twice. As an

PCT/ US97/ 1190fhternal refériice, RM[RITID Of 128D wab hie@tddein paitalfel aieH yeeh IndtBins
descri bes a binding surface of IL-4 for IL-4R[err].

Exanpl e 6. 5Substthé sirheFlashplate® Bousdiradibadivitgsivas areasurbd in apTepCaus’
anal ysis of growth hornone, substitutions for residues that, when
5

substituted b5scipfilagon cawnter(Ragkard Anstriraent<en-Merider £d), ad kd valges ereuer e

found that inproved.the, affinity of gro hor no for i r ecept or
(Lowran HB, reTFa.m\é{?t.efl 'uélé'lgectp‘?n ’W&h-}’mg&"}:\ﬁlgwﬁpg/ bfi;'ﬁdiaﬁ% ;ﬁo% aéal('anszy
nonoval ent pheagsmpiutefikely Analyfs 0f DRIFndBiNdiRg (2", MethpERSIR15029343-576 It was
found that the nature of the substitution_ of [ resi due t hat

resulted in i RIPHVEToxfinthg Kd Wsnﬁprfﬁsgca%?%ﬁga%%ﬁyggeq #r2Phe Regults

anal ysi s ppes fieiRa A theSidls it ki nAlteing KA YR A D) T BB dih Gt
structur aI% gmé‘f?xcts ?i .e.,e excl ustlé%l/e o?‘na/k?,l y,zquo)%ol?l un rgo facile
oxi dative reagéduifed ffdm ithin each@Xsdyslatée Differbhécs baRieRniKY valdeBeasated he
targetted positions: Table I1. Targetted residues and

t hei r subst i t teflestgither a relative increase in pffinity pf the reapegtive mudein fogi fh<ARat (he-i ons

Ile-5 71, . , T, ,

Thr - 13 Ka rhteip/Kd I tR105128D] €, e albelgye flecréaselin alfinly of ghe | ¢

0.43 D, E réépe&divelmut&n fbr INR&Q(i.e!ngT-Enu?\é)in%d 134[}21211)/\(12413] >1)§; g-81
: n-

8' 9 D! E! ) H! | ) K! ) ] ) ) ) 89
51 1B, E, F,Esdmple 4K1° T cel) proliferafion wssayy Primary T cells were obtaiviéd

mut ati ons were_superi.nposed upon e | L-4[R121D); Y124D]. 15.. . .
backbone. . FoRtlEnAIRGE g dtel dinersan Prighel b St BEon e el

excl uded frompahne® Phist(PRdrmacia, UpbdlR Bivedér) Rsstndhlly hsdestabédibe Xrite @, chosen
for further analysis i upon al ani ne substitution, there was a

f
decrease in affotihith . med Sebeld, 1. Soavesionfhumareinterieokinhintea digh affinity i nit y:
this range wa 0. ' . nm.et. al .
(ibid). Addi C AnfBRE P g 3R It ad S BBt %@ﬁﬁ&%ﬁ%ﬁ%@% T ecause
of the obsar veurified ipesipherahblablimononucleat celBswieredncfbatsth fok Indays with 10
Z:ngt ituti g{lélutﬂpﬁfﬂiﬁ?‘?‘&e?g{ae t hat ot herChségEcsa Iéol.{tét.o guigth?’l ﬁaregs%édti))gm may

centrifugation, and washed in RPI\;II 1640 media (GibcoBRL, Gaithersburg, MD).
5 X 104 activated T cells/well (PHA-blasts) were incubated with varying
amounts of IL-4 or mutein in RPMI 1640 media containing 10% fetal bovine
25  serum, 10 mM HEPES, pH 7.5, 2 mM L-glutamine, 100 units/mi penicillin G, and
100 ug/ml streptomycin sulphate in 96 well plates for 48 hrs at 37°C, pulsed with
1 uCi 3H-thymidine (DuPont NEN®, Boston, MA)/well for 6 hrs, harvested, and
radioactivity was measured in a TopCount’ scintillation counter (Packard

Instrument Co., Meriden, CT).
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PCT/ US97/ 11909 Exanple 7. Substitutions that yielded inproved
affinity for IL-4R[err]. Mut ei ns cont ai ni ng substitutions at individual
positions in ‘gg lﬁgsﬁnd C helices were generated in conpfitaiees t h

| L- 4] RI21D/ Y1 BT ackbone; conpetitive bi ndi ng assays were perforned

such that each nutein was conpared in parallel 5 wth IL-4]R121D Y124D].
This allowed direct conparisons and thus concl usions %f?,bout t?‘e ffect
of each substitution BRmpie Sarkffest of alanine substibtion on the affipitypf 114 for
IL-4R[err]. | 31 | - t bibhdsBP NG ksadif i nity
are shown in Tgﬁ?%a'l ITIh.e ﬂf}ee@#ﬁ}%{éﬁ (k)‘%}’ﬁgi t{bﬁ\%{%%%%g%ﬁs%é&wt gi n"

i ndi cates the hé&icad Avand QCofaRSIRN the afflhitydf (1L-Aifér/ I ofReedre lown irdTalkequence
of each substitution. Table I11.
Substitution Kd | L-4[ R121D/ Y124D] / Kd mut ein

T13D-IL-4[ R121DY Y124Dlpape 1, Results of the &

S16A- | L- 4[ Rl21D/ Y124D) e-scan of the surface-

d residues of the A-and C-helices of 1L-4.*

S16D- | L- 4] R121D/ Y1241 =2P25¢ o
S16H | L- 4] R1221D/ Y24pfutation Kda mytgin/Kd 4R A5/ V201
1.8 EWI. 1 Df=rd 24y~
S16Q- | L-4[ R121D/ Y124 = 2.3
S16R- | L- 4] R121D/ Y24Djle-5 to Ala 1.8 71 S16T- 1 L- 4{ R121D/ Y124D]
2.4 SI6\-L1-4[ R121D]Y124D) 2.0
S16Y- | L4[ R121D/ Y124[)Gin-8 to Ala 1.8 1.1
R81K- 1 L-4[ R121D/ Y12 Nlu-9 o Al 8- 125
N8Il - | L- 4] R121DY Y124 2.0 Mbst slubstitutions
were either deleteri{geds1as Atad noleftfect on thesgrfinity 15 for IL-4Rerr]
(data not shown). Hauwever, severall substitutions did inprove fhe
affinity, the nost ndyaflReo 8da whi ¢h was the Thr103 to Asp subptitution that
28 Thr-13 to Ala 6.4

Asn-15 to Ala 18

Ser-16 to Ala 0.43

C-helix:

His-74 to Ala 19

Lys-77 to Ala 3.7

GIn-78 to Ala 4.7

Arg-81 to Ala 89

Phe-82 to Ala 23

Lys-84 to Ala 11

Arg-85to Ala 42

Arg-88 to Ala 150

Asn-89 to Ala 51

Trp-91 to Ala 23

* All mutations were superimposed upon the IL-4{R121D/Y124D]
backbone.
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PCT/ US97/ 11909 resulted in a surprising 18-fold affinity increase
for IL-4Rerr] (Figure 2). The am no acid Ser-16 was unique in this
anal ysi s wherein st substitutions resulted in nodesesy s-in
affinity. Si"‘fﬂ?sé‘?ﬁrggorrpet itive binding profiles were obtai n%%immﬁ%r t hese
other nuteins in correlation with their relative affinity (data not shown).
5 Affinity inprovements are relative to the |L-4[R121D/ Y1240

par ent pAselanine substitytign gerarpll deestnes cause sneury changse insth SreteiR i ons

I n one protei reSMlt. . i . ombi nat.or i al L PRT es

I n af fini FOwaECtg.OS 'a,cﬁw&,tm fhfig%fﬁgﬂﬁy %Plﬁe[ﬁ?é% %ﬂﬁ&ﬂsg ﬁgélegﬁ%duce a
mutei n wi t h 36hdinbubstteted Cunninghamf B.Cnivells, ¥  High-ré$dRiZc ¥pitbpd Blappiriy

Resi dues Thr-13 and Ser-16 yi el ded the best inprovenents in affinit

when the appr 8bhHrrecepiprinteragtiops byakaninesqaniing mutagengsi 3&@@9% t hat

ot her r eSjingHl t, NMASRarS | e\ | au3i, g I Lar
effects as’ei ?Hg#gﬁa?éﬁ'n ﬁllg%%g'reg g&G%m(Mé} zf'?'b?? %gdergi\égéégdrl?dlag.a& fold
i ncrease, repewisequEngd of alanihe subssitution suggestdhat the sdsitluley poritioresubstitiuted | L- 4
vari ants when, appropri ately substituted. Far the 15 ent sey,ies, of

al ani ne- subst %t fttef ?1(‘-5%4 b‘h\é}ée, ‘“?WF%“%E?&G F%ﬁ?tﬂ&eﬁ" ﬂﬂgf:fﬁffﬁ sE@@-StY{?h,a?%‘e

A n-78, Lys- 8fesfil/Pbélti&® substituted is criticll fo B¥ileRREBRNEownid FiB, RS been
extensi vely studied, single substitutions which resulted in increases

in af finity welectingt higheaffinity obindiriz proteins by mémdwilent ophage Hisplagdl | s JA

i spl oy 0 HsRhedpgy OUET 108, (ol T305mah, el 1B 08RG REee
substi t uti ons résiiles Vifig inteRfediste! clfed® ih MHMdiNE @B AlOnidjuehdesiralanine

activity (human IL-3 (dins PO, et.al., Saturation nutagenesis of human
i nt er | euki n- 3substitiiasy were, dnpdditign 40)the avosh sesitivegssiues inyolyed; wigh theman
ciliary : ' r (CNTF) (Saggio J, et. al., CNTF variants
with incr ease%ﬁg{'ﬁ%%?g%gls%g potency and receptor selectivity define a
functional site of Applytig these conclusione t@theiresults ObAGS dlanihé bdad) of Ihel A- arid

in

1995 have been i tjfied. For.l]L-3, one . hutation._jncr, e
§(/i t ro) %)l) ol Bgi _5%“5’5’5?‘? E‘t‘{f th?ﬁ‘-“ﬁb‘?‘&,‘c W‘%ﬁrtﬁe’éﬁfﬂﬁt@“ OQ_I s}’ﬂgbaﬁ‘ﬁfﬂl on
i ncreased af fipl GYu-934id %%S;Fﬁﬁerméa%e qgi&’tkés%ufdnir&:mlael ﬂé—%@%ﬂg@ﬁ&ys-

nost substitutions general resulted 1n no effect or losses o

af finity/acti B#trg-81>Thr-13~GIn-78~Arg-85~Lys-77; residues likely not involved igghe
SUBSTI TUTE  SHERTL L L8 $cfide GIn-g, lle-11, Lys-12, Asn-15, His-74, Phe-82, and Trp-91. Ser-
16, by virtue of the observed increase in affinity when substituted with alanine, is

20 at or within the interface formed between IL-4 and IL4Ra. These results define a

probable binding surface of IL-4 for IL-4Ra, that when put in context of the

structure of IL-4 (Smith L], et. al., Human interleukin 4. The solution structure of

a four-helix bundle protein, ]. Mol. Biol. 224(4):899-904 (1992)), consists of

adjacent portions of the A- and C-helices of IL-4, and extends for about three

25  helical turns on each helix, i.e., positions 5-16 on the A helix, and 77-89 on the C

helix. The most likely residues involved in the contact with the IL-4 receptor

alpha are, in the A-helix: Ile-5, Glu-9, Thr-13, and Ser-16; in the C-helix: Lys-77,

GIn-78, Arg-81, Lys-B4, Arg-85, Arg-88, and Asn-89. Structurally, the critical

center of interaction appears to be composed of residues Glu-9, Arg-88, and Asn-

30 89, and the observed alanine effect generally decreases as one moves away from
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PCT/ US97/ 11909 Thus, the absolute effect of any given substitution
on affinity and/or activity is unpr edi ct abl e. Exanpl e 8.
Ef fect of T13RooWhsks tution on biological activity. The pdTIES97/11909

ant agoni st nutein |L-4[ R121D/ Y124D] I s an ‘antagoni st of IL-4 (Tony HP, 5
Shen BJ, Reusch P, and Sebald W "Design of hurran interl euki n-4 ant agoni sts

|nh|b|t|ng i nterl eukin-4- dinterl - dependent respopses
in T- cel this RRER %feﬂ?‘P &ﬁ‘ﬁe hﬁgﬁ %Yai)fsbﬁ esc“ F%’ﬂ ng; Sb‘&ﬁ%‘%’f]
225(2) p659- 65 (1954 H and was used as the basel i ne’ peptide in this
st udy duet0|tS|na ity to stinulate IL-4 activities. This

ant agoni st nutein i s Ekanplete. tSnblsﬁhaionantxm@mﬁtssblebgedmsmdnst e agfreviogs
ability to bind IL-4Rlerr tnote cJdn a

manner, thus bPBRKFHE ﬂm;ithf TR Bienat ?Af fer &% b‘iﬁfge&g e‘gbef‘ é‘f% ex.
Thus, she hipligdhe Rad & intériredtite éﬂfecﬂ&ﬁ&ﬂﬁ%%@@buﬁd thad uﬂpiow@a thé M)

are-isolated to Its i nteractions, neasured f) finity,

IL-4R[err]. affinity of growth homnanerfor ds gecsptort wm«reli@pﬁoﬂl. ’Selueﬁﬁm high-
correlates with_biolaqgical 15, otenc mut T13R:1L-4 24D
was eval uat ed Pg’r‘“‘fyt@ggﬁ‘glﬂr{’tquoymomyﬂ ttﬁ%‘%f?%%du?&é% 9g"\ﬁ[on of
PHA-bl asts (Fi gyog23|1997))e 10ReR" f6add | th@Othe natufe 8 ek biilbstitgorabf whgieen 50%
inihibition is seen) relative to | L4[R121D/ Y124D] was found tortg

appr oxi mat el y pesisrisr thapmesulted inHmpspued alfmityewas nob peerdiefable; nThus, in & ept or
affinity. Xl doinfl Etr@éctﬁfaﬁ“ ty
to | L4Ra 2'(8 T“l‘élﬁ’f E’%ﬁ%@%ﬁ%@gﬁ&#{ém %gatg*ﬁggﬁ_%féﬂ ant aé%ﬂl st.

I Clerr] for  effeckd B, lekeldditri BE10)sY G2y, Broy or uhdergb facile Iakﬂihﬁbhfleatﬁbns ge.,
approxi mately proportional to th& %eatlvpgfrd val ues (as neasured in
the solid phas&xgpsive pigMet) were Bt PPHRYE t wo proteins: the
Kd of T13D-IL4[RI 21 D Y ge'ited f& Ld 1AK% bubstartidnge Kd of
| L4 R121D/ Y124D] (0. 28 ﬁ%ﬂ:“ Tag : ghilasd resoe%tlve v): the ICerr] of
T13D- | L4[ R121D/ Y124D| Residué- 1Alaeéﬁﬂedto nbstimnon!ne I C[ er r] of
| L- 4] R121D/ Y124D] (2 e e . : e
nunerical differencebled rel ati v31ef fedD ﬁa@ é‘!&b%gq he
particul ar conditgo EACH 4aSSHYR g 77 e
sol i d- phase binding & ai);?at 30 201 4& ﬁg lfirzlc%ba#?ﬁhsg? %pFer ]C for
the proliferation as$satr-16The abi | pi4g of DENEH, LK LN, QR, T, V,W,Y
30 WD 98/ Q3654

PCT/ US97/ 11909 ArgiBbi ns [evaBdat ed B F Frild KibdY @& LoWp@t & 11-4 in
biol ogi cal assays waszghyy 51 DEFHLKLQRSTV,W,Y
* All mutations were superimposed upon the IL4[R121D/Y124D]
15 backbone.

Cysteine, glycine, methionine, and proline were thus excluded from this further
substitution analysis. Residues were chosen for further analysis if, upon alanine
substitution, there was a decrease in affinity between 5 and 80-fold or any
20 increase in affinity; this range was chosen based on the results obtained by
Lowman, etal. (ibid). Additionally, Ser-16 was selected for further analysis
because of the observed increase in affinity that resulted from alanine
substitution; this suggested that other substitutions at this position may also

yield affinity improvements.
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proportional to their relative Kd to the IL-4[R121D/ Y124D] (data not

shown) . These results indicate that binding to IL-4Rerr] is a
separabl e event from activation of the IL-4 receptor; this activation
requires the heterodinmerization of IL-4R[err] 5 and at le her
subunit (e. g¥O%}®4 Thus, nodification to IL-4 in the A a%gtmg&ﬁnﬂ%- hel i x
nodul ates the affinity of IL-4 for IL-4R err], and does so in a
proportionate manner to the ability of said mutein to antagonize IL-4
in a biological cdixample 7. Substittionsf fhahiyi¢ided fimprovedy affinityufor ofiL-4Ree
mechani sm of jnteractian. of -4 wWith its. recept of, shou al.so
translate to W&Wa%qlﬁmesubgqtgﬂgv 2 ‘“fi}_".‘%%é’f’ﬂ%%?ﬁ’ggﬁi ‘g’t a%&—}ﬁ BTi des.
The theories @fretgdtnsratétl fédnWinioh WithQLOR B BptesudicoRkbste; Eothpdtitives. The
most obvious target is IL-13 due to the fact that the IL-13 receptor

conpl ex al so bindingassays ease perfarped sych(that eagh lutgin\was eampgred immparaligli nar y
bi ndi ng subunj P . I In- C |

conmponent %f Y’i%‘e‘?{*ﬁfﬂ;‘r%i‘%ku n-D B%Cagltﬁt%fi?d{%cp@f}“o‘f a.gls%%t 9@1%%15 %é&u&bm

270: 13869- 78(AR%v xhe Eiedtaff Gach substirhiiory oh the AffirafjdofCilieespeeifie miteln fok3 to
nore closely resenble those of IL-4 should result in an increase in binding
affinity for I4BRjerr]. An alignnent of the two interleukins

Carget mitati on ot bolbsRiutols Y3l Sy improv airnlled RS, RREXAIEUT 10 2
of the two i nTke taiskiKSILHM[R1ZIDYNARED] Ky rhakdis" inMicBek ke relative increase in

31 WO 98/ 03654
PCT/ US97/ 14 90&finity observed as a consequence of each substitution. Table |V

Conparision of the A- and Chelices of IL-4 with the Sequences of |L-13*

Table IIL.

Substitution Kd IL-4[R121D/Y124D}/K{ mutein
T13D-1L-4[R121D/Y124D] 18
S16A-1L-4[R121D/Y124D] 25
S16D-IL-4[R121D/Y124D) 3.1
S16H-IL-4[R121D/Y124D] 1.5
S161-1L-4[R121D/Y124D] 18
S16L-1L-4[R121D/Y124D) 29
S16Q-1L-4[R121D/Y124D] 23
S16R-IL-4[R121D/Y124D] 1.8
S16T-1L-4[R121D/Y124D] 24
516V-IL-4[R121D/Y124D} 20
S16Y-IL-4[R121D/Y124D] 1.8
R81K-IL-4(R121D/Y124D] 18
N891-IL4{R121D/Y124D] 20

Most substitutions were either deleterious or had no effect on the affinity
15 for IL-4Ra (data not shown). However, several substitutions did improve the
affinity, the most notable of which was the Thr-13 to Asp substitution that

yi
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Resi due positions Sequence A- helix: hl L-4

5-17 ... TLQEL1KTLNSL. .. hi L-13

4-16 ... TALRELI EELWNI. .. C hel i x: hiL-4
74-91 WO 98/03654 .. HKQLI RFLKRLDRNLW . . hiL-13  pcT/US97/11909
59-74 . TORMLSGFCPHKVSAG. . . *Ali gnment from

Banbor ough, P., Duncan. D and Richards, WG, "Predictive

Model I'i ng of the 3 D Structure of | nt? euki n- 1% Pr. otei, n Engl neering, 7,
pp. 5 1007 Fepited g a purprising 18-fold aftimy inggegse &or irdRey (Fregue 4l dbe gming - 4

medi ating the agideggeq%l,p%fg,\_{yggp it kmé?hﬁ%ﬂs dﬂﬁﬁté t?tqngﬁ??astxﬁ@d m

al ani ne-scan, and are ace type, are
t he corr espondimgieseincnbass in affiri;.byl?mﬂnﬂsecbmpetttime&bmdaqypmfﬂesa‘ivegmmmed As 10

revi ousl nentio ed, JL-13 utilizeg the | n i t,s receptor
c onpl ex y fﬁaﬁmtﬁg IRyiteing in cgrrelation,p &S‘ theip rela hve Hawr{&aw@ £ atiowglg
C helices of; I L-13 S h
Aftnity jmBiemh>8) pRNRITRY Snt PSR OO A s et

result in an increase | I ng inity for

Addi tional ly, gpudtein. tlhis mtxcipatepbﬁiat combinling dese sabistitiitionk il 8ne proteingsayues
wi th residues found to, |ncreas f|n|t of IL-4. for al.f g{jerr]
(positions 15 * ddlibl e- ﬁ‘@ f or™ aslf and M- 13)2HR66 4 af&o

resul't in increpmesyNsoIl-ILAARIAD/N124D] ka}3pfoduce aSmiRGe RIEH 36.9618! G¥atefNd
t hus i nproved poten Sequences. The fol | owi ng bi ol ogi cal

sequences are @ffmlmtXMIMERéZW/YlMD] SEQ ID NO 1: anmino acid

sequence, ture hu : nucleotlde ence,
PCR pri mern% H&duﬁE 3 A Sﬁ"l?ﬂc‘ﬁgﬁ‘#%a'\%%‘q tanees™ 1%rl lg%

SEQ ID NG 4: mmeln&a& aﬁp@ﬁﬁu@&bsxxmemms ummd Thxs would sugeat that difler 5:
nucl eoti de sequence, g‘ SEQ ID_NO_ 6: amno acid
sequence of peﬁgqxqﬁesttg@t when ggtpsgg{tgq withpalanine gave similar effects as either mutein

32 %g%r%)i%idf(ﬁ. Sflc—_!g cligrﬁée ayd 2.5-fold increa e, Ie ectweley) }vould also

PCT/ US97/ 11909 am no aci uenc
sl L- 4R er r] - STXkely yield higher 8#@RityDLMOrar@ntawhen appno@natetycﬁ\ﬂmhhﬂm slagutbece of

1o 5 B[ tmeny spriss bl slagine substititeperidusin Shis HL Sptuer 0o TR T7or

will become apraneB!LysB4UMA Axg-g5Ki | | in the art. The concept and

experi nment al approach descrlbed herei n shoul d be
For growth hormone, which has been extensively studied, single

substitutions which resulted in increases in affinity were on the order of 1.5- to 5-
fold (Lowman HB; Wells |A, "Affinity maturation of human growth hormone by
20 monovalent phage display". ]. Mol. Biol. 234(3) p564-78 (1993)). Recently,
however, substitutions that have resulted in large improvements in either
activity (human IL-3 (Olins PO, etal., Saturation mutagenesis of human
interleukin-3, ]. Biol. Chem. 270(40):23754-60(1995)) or affinity (human ciliary
neurotrophic factor (CNTF) (Saggio I, et. al., CNTF variants with increased
25 biological potency and receptor selectivity define a functional site of receptor
interaction, EMBO ]. 14(13):3045-54 (1995))) have been identified. For IL-3 one
mutation increased in vifro biological activity ~26-fold; for CNTF, a single
substitution increased affinity ~32-fold. For other cytokines in the literature,

most substitutions generally resulted in no effect or losses of affinity/activity.
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applicable to other cytokines utilizing heterologous multinmeric receptor

- systens, in particular I1L-2 and rel ated cytokines (e.g., IL-7, IL-9,
IL-10, IL-13 and IL-15), interferon al pha, and interferon gamm. 10
33 SUBSTI TUTE SHEET ( rul e 26) PCTIMQ7H§/0936‘54

PCT/ US97/ 11339803654

Thus, the absolute effect of any given substitution on affinity and/or activity is
unpredictable.

Example 8. Effect of T13D substitution on biological activity. The

IL4 antagonist mutein [L-4[R121D/Y124D] is an antagonist of IL4 (Tony HP,

5 Shen BJ, Reusch P, and Sebald W, "Design of human interleukin4 antagonists

inhibiting interleukin-4-dependent and interleukin-13-dependent responses in T-

cells and B-cells with high efficiency.". Eur. ]. Biochem. 225(2) p659-65 (1994)),

and was used as the 'baseline' peptide in this study due to its inability to

stimulate IL-4 activities. This antagonist mutein is thought to be an antagonist by

10  virtue of its ability to bind IL-4Ra but not engage g¢ in a signaling competent
manner, thus blocking IL-4 from binding to its cognate receptor complex. Thus,
the biological effects of IL-4[R121D/Y124D] (IL4 antagonism) are isolated to its
interactions, measured by affinity, with IL4Ra.

In order to prove that receptor affinity correlates with biological

15  potency, the mutein T13D-IL-4[R121D/Y124D] was evaluated for its ability to
inhibit 1IL4-induced proliferation of PHA-blasts (Figure 3). The observed IC50
(concentration at which 50% inihibition is seen) relative to IL-4[R121D/Y124D]
was found to be approximately proportional to the observed relative change in
receptor affinity.

20 In conclusion, although binding with higher affinity to IL4Ra |,
T13D-IL4[R121D/Y124D] remains an IL4 antagonist. The IC50 for
T13D-IL4[R121D/Y124D] wvs. the IL-4[R121D/Y124D] is approximately
proportional to the relative Kd values (as measured in the solid phase binding
assay) obtained for these two proteins: the Kg of T13D-IL-4[R121D/Y124D]} is

25 ~18-fold lower than the Kq of IL-4[R121D/Y124D] (0.28 nM wvs. 5.0 nM,
respectively); the IC50 of T13D-IL-4[R121D/Y124D] is ~5-10-fold lower than the
IC50 of IL4[R121D/Y124D] (2 nM wvs. 13 nM, respectively). The specific
numerical differences in relative effect may be a consequence of the particular
conditions of each assay: 1.5 hrs incubation for the solid-phase binding assay at

30 20°C vs. 48 hrs incubation at 37°C for the proliferation assay. The ability of other
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SEQUENCE LI STING (1) GENERAL | NFORVATI ON: (1) APPLI CANTS:

Shanafelt, Arnen; Geve, Jeffrey; Roczniak, Steven (ii) TITLE OF

| NVENTI ON: High Affinity 1L-4 Miteins (iii1) NUMBER OF SEQUENCES: 9
(1v) CORRESPGHDbYeIssADDRESS: (A) ADDRESSEE: BaFrus97/11909

Cor porati on, Pharnmaceutical Division (B) STREET: 400 Morgan
Lane (O CATY: West Haven (D) STATE: CT

(E) COUNTRY: United St tes .af ﬁ}mari a L . Z| P: 06516-417

(v) COVPUTER RERIAR EY3ERfH o ¢ Study o compate Ikréd’tk)é’@ﬁﬁé APFRKY 2P é’il
inch, 1.44 M E%{ 1 to thexr relanve KaEib tﬁg\!ﬂ(ﬁmlD/@Mﬁ% gﬁfﬁpﬁ’ét' dhom).

(C) OPERATI NG SYSTEM PC— 6. TWARE: W)rd for
W ndows 6.0  These resuits ndbtmmbmdm OATH4BN MTsaparable event from actiyatio

APPLI CATI ON NU R /687 80 ( FI LI NG DAT 1996
(Vii) ATTORNEY? A -cf ﬁ'ﬁ\lacnvanon requires E)e kee'gsrogl E \ﬁ? Q]-%k&n es

(B) REG STRATI thi NUMEGne dehe? %@bumt(r . Thus, rlo@ficRESEREANCEDBEHE LriUVBER
WH5020 (viii) TELECOVMUNI CA fgC]% "NFORMATI ON: (A
TELEPHONE NUNVBERelik Wlm%ﬁfﬁuty of IL-4 for IL4Ra , @Rl dbed doFfé propO3jon8te2- 5492
(2) I NFORVATI ON FOR SEQ | SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 1291anner to the abﬂxty of @g)i msin tqiﬁ;lzqgoraéq: g4 in a biological context)

STRANDEDNESS:
MOLECULE TYPE: pr ot finity effect, by virtue of B}“A%‘Qggé‘%ﬁfﬂ 'géfgahﬂrr‘ré’ﬁr o eﬂ’e%j"ku n4

protein recéptior, )shbildGI$dET BMte todncreasing the (potencpNdt [L-StedBived mgonist
(xi) SEQJENCE DES IPTIO\I SEQ ID NGO 1: H s Lys Cys Asp Ile Thr Leu A n
Gu lle Il dOLyReRHfESLeu Asn 1 10
%g Ser Leu Thr Qe t@&lés)n‘:? tﬂ?fnvkﬁﬁb%ymb b@aﬁa{a@ﬂ ta- Bﬂ\ey atomés TheS
Al a Ser

Lys Asn Thr Thmos} wa_o}@ target ThiL-Fhdue to the fact that the IL-13 receptor comp]ex also
utilizes IL-4Ra (Zurawski S.M,, et al., The primary binding subunit of the human

interleukin-4 receptor is also a component of the interleukin-13 receptor, . Biol.
15 Chem. 270:13869-78(1995). Therefore, mutating the A- and C-helices of IL-13 to
more closely resemble those of IL4 should result in an increase in binding
affinity for IL4Ra .
An alignment of the two interleukins enables identification of the positions
that would be analogous to a target mutation site, for example, Thr 13 on IL4.
20  The binding surfaces of the two interleukins are compared in Table IV below.
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35 40 45 Cys Arg Ala Ala Thr Val
Leu Arg G n Phe Tyr Ser Hs Hs Gu 50

55 60 34
WD 98/ 03654

PCT/ US97/ 11 8K""““"‘Lys Asp Thr Arg Cys Leu Ay Ala Thr A ac&/(.}]ss» lsmPhe Hi s
Arg 65 70 75 H s
Lys Gn Leu Ile Arg Phe Leu Lys Arg Leu As% Arg Asn Leu

80 85 ableIVo0 ~ Trp Ay Leu Ala Ay Leu Asn
Ser Cys Pro Val AS, ;o : - 100
Y05 T Ser ryiipetifor bAnEHL and C heliges of L t% ] Qe

110 QA u Lys Tyr Ser} Lys
Cys Ser Ser he 1725 (2) TNFORMRITON FOR SEQ 1D NO._ 4:

(i) SEQUENCE &5 TER STI CS: (A) LENGTH 24

(B) TYPE: nuc¢hHi4 acid 517 (O STRANDEIMEEHNKELINGL.e

(D) TOPOLOGY:(—tihear i MOLECULE-FYPRE——s¢ 4A)

(1 AY
DESCRI PTI ON: |BIL-BCR Priner, |L- 416 (iii) HyPEREEEEENNI. no
(XT)

(1v) ANTI - SEI SEQUENCE DESCRIM PTION SEQTD NO— 2°

CGCGGATCCA T(EGG.TCTCAC CTCC 24
C-helix:
hiL-4 74-91 ..HKQLIRFLKRLDRNLW...
hiL-13 59-74 .. TQRMLSGFCPHKVSAG...

*Alignment from: Bamborough, P., Duncan, D., and Richards, W.G., "Predictive

Modelling of the 3-D Structure of Interleukin-13", Protein Engineering, 7, pp.
5 1007-82 (1994)

The most critical residues of 1L.-4 mediating the interactions with IL-4Ra
identified from the alanine-scan, Glu-9 and Arg-88, are shown in bold-faced type,
as are the corresponding residues in IL-13 based on this sequence alignment. As

10  previously mentioned, IL-13 utilizes the IL-4Ra chain in its receptor complex
(Zurawski S.M., et al., supra). Thus, changing the A- and C-helices of IL-13 to
more closely resemble those of IL4 should result in an increase in binding
affinity for IL-4Ra. Additionally, substitution of positionally-equivalent IL-13
residues with residues found to increase the affinity of IL-4 for IL4Ra (positions

15 shown double-underlined for IL4 and IL-13) should also result in increased
affinity of IL-13 for its receptor complex, and thus improved potency.

Sequences. The following biological sequences are contained herein:

SEQ ID NO: 1: amino acid sequence, mature human IL4;

SEQ ID NO: 2: nucleotide sequence, PCR primers;

20 SEQ ID NO: 3: nucleotide sequence, PCR primers;

SEQ ID NO: 4: nucleotide sequence, PCR primers;

SEQ ID NO: 5: nucleotide sequence, PCR primers;

SEQ ID NO: 6: amino acid sequence of peptide tag for streptavidin;
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(2). | NFORMATI ON FOR SEQ I D NO  3: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH 29 (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (i)
MOLECULE TYPRyo 68654 (A) DESCRIPTION: 3" PCR Pepcrveseriidnsd -
(iii) HYPOTHETICAL: no (iv) ANTI-SENSE: no (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 3: CGCTCT AGAC TAGCT CGAAC ACTTTGAAT

29  (2) INFORVATION FOR SEQ I D NO., 4: _& SEQJENCE

CHARACTERI STI cS:  SEQIDNO:7: aﬂu{'%\?ﬂéﬁ&mce ofsIL-4Ra-5TX (B) TYPE:

| ei id . D
‘rll'gcflcfaY?C: i near SEQID N?Iﬂfwj@;m%gée S%H%I%e of TI3D-IL4; and (A§ )

DESCRI PTI ON: 5' PCSE@r ilDer NO:L-%Rarfifi®) acid, nuclebtidlé ) sefGEF-EDE CAL3DAO

(i v). ANTI - SENS (xi) SEQUENCE DESCRI PTION: SEQ I D NO 4:
GOCATGOATC. CATGHBBHBY BHMBLCTCTG 31
35 5 VO 98/ 4mbodiments of the invention w111 become apparent to one of skill

PCT/-US97/ 11909 2) | NFORVATI ON FOR SEQ I D NO 5 (1) SEQUENCE
CHARACTERI STI @Sthe art. The concept afid\expdriifisndal q,ﬁproach described hereinBhotidPe

-rll-glq? IO%YaC: :jnégphcable to othetrI 5/5%)1(@ A E)E s Iozlgj%ulhmenc receptor sv€§g§nsD)

DESCRI PTI ON: ] L
(iv) ANTI-SE N%I]E pEQBuBE'IIHQr and( *Elé)}a'ﬁ !%@nes (%'S%R'? I(:’F'%Lgd){ILHg"E@ﬁﬁd:ﬁ‘ 15)n0
30

AAGCCGCTAG C@T@f%ﬁ@lmf on gamma
10
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(2) | NFORMATI ON FOR SEQ I D NO 6: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH 10 (B) TYPE: am no acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (i)
MOLECULE TYPE: tid (A) DESCRI PTION: tag avi din
(i) -HYPOTFET? %&E (iv) ANTI-SENSE: no {’%(mfﬁé ;ENCE
DESCRI PTI ON: SEQIDNQ 6: Ser Ala Trp Arg Hs Pro Adn Phe Ay Ay
10 1 5 10 (2) INFORVATION FOR SEQ ID NO 7:
(i) SEQUENCE CHARACTERI STI CS: SEQUENCHISTIENGTH, 197
(B) TYPE: am no acid (C) STRANDEDNESS: single
(D) TOPOLOGY: (1) GRNERAL INFORMATIQN:| ) MOLECULE TYPE protein (A
DESCRI PTI ON: sl L- 4R[ err STX iii) HYPOTHETI CAL: no (1v)
ANTI - SENSE:  no ? §C%TL ‘@N“@Ebsfet?’wo 7: Met Lys
Val Leu Gn du P‘%E&R Ny, 5
10 (iv) CDRRESPO gN hg‘lﬁgss(ys GQu Trp Lys Met Asn Ay Pro Thr
Asn Cys Ser (A) ADDRESSER: ayer Corporation, PharmaceuticalRvision 30 -
Thr A u Leu Arg Leu Gl(mﬁm 00 M Q/s H s Leu Leu Met
35 4{Q)C1TYWestHaven 45 Asp Asp Val Val Ser Ala Asp
Asn Tyr Thr Leu Asp LeD) STATEACR 50 55
60 Ay @n An Leu (E)ego \L ytﬂ@lsyt@efrﬂnﬁweﬂ Lys Pro Ser u His
65 75

v CONg]QE@T L%Fg
36 “ (A) MEDm ett SIE'Slijxllch 1 4? k/lb storage

(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS v. 6.30
(D) SOFTWARE: Word for Windows 6.0
{vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 08/687,803
(B) FILING DATE: 19-JUL-1996
{vii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Huw R. Jones
(B) REGISTRATION NUMBER: 33, 916
(C) REFERENCE/DOCKET NUMBER: WH5020
(viii) TELECOMMUNICATION INFORMATION:
{A) TELEPHONE NUMBER: (203) 812-2317
(B) TELEFAX: (203) 812-5492

(2) INFORMATION FORSEQID NO: 1:
(i} SEQUENCE CHARACTERISTICS:
{(A) LENGTH:129
(B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: protein
(A) DESCRIPTION: human Interleukin-4 protein
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

His Lys Cys Asp Ile Thr Leu Gln Glu Ile Ile Lys Thr Leu Asn
1 S 10 15

Ser Leu Thr Glu Gln Lys Thr Leu Cys Thr Glu Leu Thr Vval Thr
20 25 30

Asp Ile Phe Ala Ala Ser Lys Asn Thr Thr Glu Lys Glu Thr Phe
35 40 45

Cys Arg Ala Ala Thr val Leu Arg Gln Phe Tyr Ser His His Glu
50 S5 60

M
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WO 98/ 03654

PCT/ US97/ 11909 Val Lys Pro Arg Ala Pro Ay Asn Leu Thr Val His Thr
Asn Val 80 85 90

Ser Asp Thr Lﬁbgh,g%sj_eu Thr Trp Ser Asn Pro Tyr Pro Pro AsppcTrus??/i11909

95 100 105 Asn Tyr Leu Tyr Asn H's Leu
Thr Tyr Ala Val Asn Ile Trp Ser 110 115
120 G u Asn Asp Pro AIa Asp Phe Arg Ile Tyr Asn Val Thr Tyr Leu

125 135 Gu Pro Ser Leu Arg Ile Ala
Al a Ser Thr LGHSLW %I‘Ar@ |¥eé1 Gly Ala Thr Ala Gln Gln fa His rg 145
150 Ser Tyr Arg Ala Arg Val Arg Al a Trp Ala dn Cys Tyr Asn Thr

155 160 165 Thr Trp Ser Gu Trp Ser Pro
Ser Thr Lys TrgusHys AsNLenefieldfg Phe Leu Lys Arg Leu Asp AP Asn Leu 175
180 Arg Gu Pro Phe Qussd n H's Ser AlasTrp Arg His Pr9@ G n Phe

185 190 195 Ay

197 (2) 1 I\FER‘H‘KT‘I@G\PIPCﬁYS'EQ AP $¢ O Pro Val Lys Gi“) ASE(?EN

CHARACTERI STI CS: (A) LENGTH?%62 9 (B) TYPE:
q'glg?&:;YaC: ?ne%lP Ser Thr Leu Gl(z)cgs'{g DEQ?‘;E@% g‘b%gl %hr Ile l::; (A§ D)
DESCRPTI ON: | L-4/T13D (iii1) HYPOTHETI CAL: no (1v)

ANTI - SENSE: noarg 6lu Lys fyti §erSEQUENCERLDESCRI PTION: SEQ | D NO  8: ATG GGT
CTC ACC TCC CAA CTG CTT CC@sCCT CTG TTC TTC CTG CTA 45 Met Gy

Leu Thr Ser An Leu Leu Pro Pro Leu Phe Phe Leu Leu
(2) INFORMATION FOR SEQ ID NO: 2:

(iy SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: cDNA
(A) DESCRIPTION: 5' PCR Primer, 1L4
(iii) HYPOTHETICAL: ro
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
CGCGGATCCA TGGGTCTCAC CTCC 24

{2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(A) DESCRIPTION: 3' PCR Primer, IL-4
(iif) HYPOTHETICAL: no
{iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
CGCTCTAGAC TAGCTCGAAC ACTTTGAAT 29

{2} INFORMATION FOR SEQ ID NO: 4:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: cDNA
(A) DESCRIPTION: 5' PCR Primer, [L-4Ra (ED)
(ii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 4:
GGCATGGATC CATGGGGTGG CTTTGCTCIG G 3
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1 5 10 15 GCA TGI' GCC

GGCAACTTTGTCCACGGACACAAGTGCCATATCACC 90 AIaQ/sAIa
Gy Asn Phe Val Hs Ay H s Lys Cys Asp Ile Thr

25 30 TTA CAG GAG ATC ATC AAA GAT TT C ACA
GAG CAG AAGWO /03634 135 |leu @n Gu lle Ile Lys Asp Leu%‘ﬁﬁ&@grg eu Thr
Gu dn Lys 35 45
ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr iSFORMATIONIFORYED IDTRO: 5Asp |1 e Phe Ala Ala Ser

50 (i) SHQUENCE CHARACTERISTICS: 60

37 WO 98/ 03634 LENGTH: 30

PCT/ US97/ 11909 AAB ANGEA@AelAGTd GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT
GIG 225  Lys (&nSTRANDERNESS: single/ s GI u Thr Phe Cys Arg Ala Ala Thr

val @: TOPOLOGY linear 75 CTC
CGG CAG TTC TAC A "'19—%% ﬂ%ﬁ@’@g %q,nﬁ%r mcggc C. 270  Leu
UoLYS S Leu

Arg G n Phe Tyr S@ig)

80 smsa . CGT GOG ACT GCA CAG CAG TTC
CAC AGG CAC AAG oNsEQImSé%, Ay Ala Thr Ala Gn dn Phe
Hs Arg H s lAmchmAerIGt'r@rdmvg CTCGAAGGGC 96 100

105 TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GEC CTG GGG G&C TTG
360 Phe Leu (ByINFORMABONAOBSEQWP XNO6: Leu Trp Ay Leu Ala Ay Leu
110 () SERVENCE CHARACTERISTICS: 120 AAT TCC TGTI CCT GIG AAG GAA
GCC AAC CAG AGT ACG TTé& GRENGRE 405 Asn Ser Cys Pro Val Lys Qu
Ala Asn Gn Ser Thr Ldl G)I% - 125 130
135 TTC TTG GAA A sl’@ ATG AGA GAG AAA TAT TCA AAG
450  Phe Leu G ug bl Y¥PE: fm Jd e Mt Arg Gu Lys Tyr Ser Lys
140 ](45 DESCRIPTION: tag for sﬂe%m
(iij) HYPOTHETICAL: no
. (iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: é:
Ser Ala Trp Arg His Pro Gin Phe Gly Gly 10
1 10

(2) INFORMATION FOR SEQID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:197
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: protein
(A) DESCRIPTION: slL-4Ra-STX

(i) HYPOTHETICAL: no

(iv) ANTI-SENSE: no

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Met Lys Val Leu Gln Glu Pro Thr Cys Val Ser Asp Tyxr Met Ser
1 5 10 15

Ile Ser Thr Cys Glu Trp Lys Met Asn Gly Pro Thr Asn Cys Ser
20 25 30

Thr Glu Leu Arg Leu Gly Ala Gly Cys Val Cys His Leu Leu Met
35 40 45

Asp Asp Val Val Ser Ala Asp Asn Tyr Thr Leu Asp Leu Trp Ala
50 55 60

Gly Gln Gln Leu Leu Trp Lys Gly Ser Phe Lys Pro Ser Glu His
65 70 75
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TGT TCG AGC TAG 462
Cys Ser Ser End (2) I NFORVATION FOR SEQ ID NG 9: (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH. 462 (B)
TYPE: nucl ei Gygediéhess (C) STRANDEDNESS: single pcrroseriiises - (D)
TOPOLOGY: i near (i1) MOLECULE TYPE: cDNA (A

DESCRI PTI ON: | L-4/T13D[ R121D/ Y124D] (iii) HYPOTHETI CAL: no

(iv) ANTI-SENSE: no (xi ) SEQJENCE DESCRI PTI C]\l SEQ ID NO 9. ATG
GGI' CTC ACC TCC CAA CT CTG TTC TTC CTG 45  Met

GI y Leu Thr SeV*d¥ E’é‘h“ﬁ'eglif’& ﬁ?%“ﬁ‘é&:ggg
&ea TeT aoc
GAT ATC ACC

Asp Ile Thr
TTA CAG GAG ATC ATC AAA GAT TTG AAC AGC CTC ACA GAG CAG AAG
Leu A n GQu || &sn e Les Tyspsi His Ash TBe Tyt dda Tai Agh UI1€ TrplSes
ACT CTG TE2PACC GAG TTG ACC

35

15

40

GIA ACA GAC ATC TIT GCT

val Thr Asp |1 &"PhE AR™H ﬁzzsgcp

60
ACT GIG

Ser

Gly

ey

ATG
Met

GCA
Ala

Leu

ACT
Thr

95

110

140

100

485

Phe Arg Ile 'r?rg Asn Val T

PR g d"‘Ee’tf“

Thr

13%8

145

Tyr Arg Ala Arg Val Arg Ala Trp Ala Gln Cys Tyr Asn

155

160

Trp Ser Glu Trp Ser Pro Ser Thr Lys Trp His Asn Ser

170

175

Glu Pro Phe Glu Gln His Ser Ala Trp Arg His Pro Gln

Gly

185

130

INFORMATION FOR SEQ ID NO: 8:
() SEQUENCE CHARACTERISTICS:

(A)
(B)

(A)

GGT CTC ACC

Gly Leu Thr

TGT GCC
Cys RAla

GGC
Gly

CAG GAG
Gln Glu

ATC
Ile

CTG TGC
Leu Cys

ACC
Thr

LENGTH: 462

TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
DESCRIPTION: IL4/T13D
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

TCC CAA CTG
Ser Gln Leu
5

AAC TTT GTC
Asn Phe Val
20

ATC ARA GAT
Ile Lys Asp
35

GAG TTG ACC
Glu Leu Thr
50

CTT CCC CCT
Leu Pro Pro
10

CAC GGA CAC
His Gly His
25

TTG AARC AGC
Leu Asn Ser
40

GTA ACA GAC

Val Thr Asp
55

37

CTG TTC TTC CTG
Leu Phe Phe Leu

AAG TGC GAT ATC
Lys Cys Asp Ile

CTC ACA GAG CAG
Leu Thr Glu Gln

ATC TTT GCT GCC
Ile Phe Ala Ala

SUBSTITUTE SHEET ( rule 26)
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105

\Ké 98/ 03654
PCT/ US97/ 11909g1 5:20 sdAG ARy ALAARCR1 CAGy ARG 1A yAder Tehe TheC AGG GCT GCG

150

Thr
165

Tyx
180

Phe
195

197

CTA
Leu
15

ACC
Thr
30

ARG
Lys
45

TCC
Sar
60

45

90

135

180

135

Leu Q/s Thr G u Leu Thr

55

5

AAC TTT GIC CA(S GGA CAC AAG TGC
Ser Asp 20 Leu H&@-L@/i‘hﬁ\l'rﬁp Gy I&Qﬁrbrghﬁr \@E Eli’bsnsg y H's Lys Q’S



Lys Asn Thr Thr Ju Lys GQu Thr Phe Cys Arg Ala Ala Thr Val

65 70 75 CTC CGG CAG TTC TAC AGC CAC
CAT GAG AAG GAC ACT CGC TGC CTG 270 Leu Arg G n Phe Tyr Ser His
Hs Gu LysAs Thr Arg Cys Leu 80 . 85
90  ~GGT CAG CAG TTC CAC AGG CAC AAG CAG CTG 'ATE R

315 GIyAIaThrAIaGInGInPheHisArgHis Lys An Leu lle Arg

95 100 105 TTC CTG AAA CGG CTC GAC

AGG AAC CTC RafsasSacCRGr GEG ABEGAR THEC TTC Tee AGe36dr codPher &l Lys asg Leu Asp
Arg Asn Leu Typ A6h yht ghr Ala 1@ \Glhelhr Phe Cys Arg Ala Ala Thr 1410

115 120 €5 AAT TCC TGT TCT GIG AAG GAATECC AAC CAG AGT ACG
TTG GAA AAC 405 Asn Ser Q/s Pro Val Lys Qu Ala Asn Gn Ser Thr
Leu du Asn CTC CGG CAG 'I":;C TAC AGC é T” GAG AAG GAC AC CGC CTG

135 TTC TT& &R AE TR ARG "AEC RTEARE BRCEAEARE {2t Tca AaG

450 Phe Leu G u Arg Leu Lys Thr Ile Met Asp G u Lys Asp Ser Lys
140 GeT 66 ACT Béh cAG CAG TTC cAC Ace caclidd cac cidGArcleéa AGC TAG
462 Cys SeglfBela Engl Ala Gln Gla Phe His Arg His Lys Gln Leu Ile Arg

95 100 105

TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TTG 360

Phe Leu Lys Arg Leu Asp Axrg Asn Leu Trp Gly Leu Ala Gly Leu
110 115 120

AAT TCC TGT CCT GTG AAG GAA GCC AAC CAG AGT ACG TTG GAA AAC 405,
Asn Ser Cys Pro Val Lys Glu Ala Asn Gln Ser Thr Leu Glu Asn
125 130 135

TTC TTG GAA AGG CTA AAG ACG ATC ATG AGA GAG AAA TAT TCA AAG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Arg Glu Lys Tyr Ser Lys
140 145 150

TGT TCG AGC TAG 462
Cys Ser Ser End

(2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:462
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(A) DESCRIPTION: IL4/T13D[R121D/Y124D)
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

ATG GGT CTC ACC TCC CAA CTG CTT CCC CCT CTG TTC TTC CTG CTA 45
Met Gly Leu Thr Ser Gln Leu Leu Pro Pro Leu Phe Phe Leu Leu
1 5 10 15

GCA TGT GCC GGC AAC TTT GTC CAC GGA CAC AAG TGC GAT ATC ACC S0
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA GAT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Asp Leu Asn Ser Leu Thr Glu Gln Lys

35 40 45
ACT CTG TGC ACC GAG TIG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Sexr

50 55 60

a8
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39

REPLACEMENT SHEET We claim 1. A reconbi nant human IL-4 nmutein
nunbered in accordance with wild-type IL- 4 wherein said nutein

conpri ses at g fawkssgnNe am no acid substitution sel ected pd¥rosWADIe group
consi sting of substitutions at positions 13, 16, 81 and 89 of said
wld-type IL-4, and whereby said nutein binds to the IL-4R err] receptor
with at | east greater affinity than native |L-4. 3. The

reconbi nant  hupan id a4, Rt 8hd Al okl 3bMrdc Woe ek hcs alcd Rwhgki tuti gps at
position 13 iSyJhsd SnP S clu Lys GlLATHP%Q&Q@Lﬂer@:L pﬁQrﬁiQSJa&I on COWD” si ng
t he reconbi nant human | L-4¢s mutein ofipclaim 1 in comsi nation with a

pharmaceutically acceptable carrier. 6. The reconbi nant human |L-4
mut ei n of cl ai ATCLC@NEARIBTE BAC B CATIICAD GAR |A8G GAC ACT SIqURSACECGOf SE@4 D NO 8
7. A purifibep h‘fﬁd‘-‘*’r’éé‘l‘ea?@ﬁsﬁo?‘%@w EoF ilye Asedirerfee ‘b’edreﬁg for the

r econbi nant human 1 B24 nutein of cl®im 1.

GGBT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 31s
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 100 105

TTC CTG AARR CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Aap Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 115 120

AAT TCC TGT CCT GTG AAG GAA GCC AAC CAG AGT ACG TTG GAA AAC 405
Asn Ser Cys Pro Val Lys Glu Ala Asn Gln Ser Thr Leu Glu Asn

125 130 135
TTC TTG GAAR AGG CTA AAG ACG ATC ATG GAC GAG AAA GAC TCA ARG 450

Phe Leu Glu Arg Leu Lys Thr Ile Met Asp Glu Lys Asp Ser Lys
140 145 150

TGT TCG AGC TAG 462
Cys Ser Ser End
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8. A host cell transfornmed with the purified and isol ated pol ynuci eoti de
sequence of claim?7. The reconbi nant huma IL-4 nutein of

9.
cl ai m 3 encoded bythem ‘“ll e of SEQID NO 9 or a stably
hybri di zabl e variant th 'r-l Ur‘“ E@ﬂ]] transforned host | e of
expr essi ng tHRIVBEYbi na Ml Lsd = nutei n of cl g&r#ﬁﬁﬂmp 40

11. A nethod of treating a human in need thereof conprising

adm nistering a pharmaceutically effective anmount of the conposition
of cl aim 4. Weelaim: An assay for determining the ability of a mutein to
bind to a receptor. conprising the steps of: (a)

I ntroducing into a FlashPlate[err] coated with streptavidin the binding
portion of a fece (TN tﬁﬁ’lﬁ'agw i_ndi ng.p ' t qbiﬂd'_n
havi ng a L p%%‘&- tag capa g’%%"&%ﬁnﬁ“&%ﬁ%qﬁf sc{rragp a‘&{dai n:

(b) I nt r odtypiei-4i whereinasaitl fiussih Pbmpaises at debisbbne inlridadid substitdHogaind
havi ng an aftfini té for said binding portion of a receptor chain;
(¢) i nt r odthe; pdingisyriacg af eithertbe Ay orCnalpba helicesof paichwildgyre I i nity
for saj i | H AR e AT .
measuri ng thg@%&gg& 1??111 s%é\g éﬁééﬁe Hﬁ‘g§&{eﬁg&?§+’1§‘sﬁﬁkgﬁe§§%@eﬁ finity

al l ow ng for #adinative Hi-4.on: and (c) calculating the relative
affinity of the nutein |igand versus the native | i gand. 13.
The met hod of claim 12 wherein said receptor chain is IL-4Rerr].

2 The recombinant human IL-4 mutein of claim 1 wherein said substitution
is selected from the group of positions consisiting of, in the A-helix, positions 13

and 16, and in the C-helix, positions 81 and 89.

3.  The recombinant human IL-4 mutein of claim 2 wherein said substitution
at position 13 is Thr to Asp.
4. A pharmaceutical composition comprising the recombinant human IL-4

mutein of claim 1 in combination with a pharmaceutically acceptable carrier.

5. An amino acid sequence coding for the recombinant human IL-4 mutein of

claim 1.

6. The recombinant human IL-4 mutein of claim 1 encoded by the amino acid
sequence of SEQ ID NO: 8.

7. A purified and isolated polynucelotide sequence coding for the

recombinant human IL-4 mutein of claim 1.

8. A host cell transformed with the purified and isolated polynucelotide

sequence of claim 7.
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14. The nethod of claim 12 wherein said peptide tag conprises SEQ [D NO
6 or a degenerate ' 15. The nmethod of claim
12 wherein said peptide tagl;umummmnﬁumﬂﬂd from the receptor

chain and t leafR} Or chai M has beéh Bi oti nyl at ed. 16.pcTuBbeseet hod of
clai ns 712 wherein said binding portion of a receptor chain is
encoded by SEQ ID NO 7 or a degenerate variant thereof. 17. A

reconbi nant human | L-4 antagoni st nutein nunbered in accordance wth
wi | d-type | L- 49wheT8erresembinantt kmar dhydr matein of claim 3 encgdgd by the NAt i ons

R121D and Y124D in th | f sal i ] d-type | L-4; and

(b) at |east bojalin .oﬁgﬁl;@ﬁ&*@ﬁ%rﬁ S?fﬂ}' glxtggﬁzé@félﬁn?rﬁépﬁrf%fe group

consi sting of substitutions at positions 13, 16, 81 and 89

of said wl d-tYJ)e I L-4, and _ )

41 - A ypesfermedhosticell gapable pf expressing: the recombigant hpmag Hefit or
9

with at | east ynity than native | L-4. 19. The
r econbi nant hu%%ﬁeﬁiﬁ{ciﬁé{%agoni st nutein of claim17 wherein said

substitution at position 13 is Thr to Asp. 20. A pharmaceuti cal
conposition conprising the reconbi nant human_ | L-4 . L
11. A method of treating a human in need thereof comprising administering a

pharmaceutically effective amount of the composition of claim 4.

12 An assay for determining the ability of a mutein to bind to a receptor,
comprising the steps of:

(@) introducing into a FlashPlate® coated with streptavidin the binding
portion of a receptor chain, said binding portion of a receptor chain having a
peptide tag capable of being bound by streptavidin;

(b) introducing into said FlashPlate a radiolabelled native ligand
having an affinity for said binding portion of a receptor chain;

()  introducing into said FlashPlate a mutein ligand having an affinity
for said binding portion of a receptor chain;

(d) measuring the amount of signal given off by the FlashPlate after
allowing for equilibration; and

(e)  calculating the relative affinity of the mutein ligand versus the

native ligand.

13.  The method of claim 12 wherein said receptor chain is IL4Ra.

14.  The method of claim 12 wherein said peptide tag comprises SEQ ID NO: 6

or a degenerate variant thereof.

15.  The method of claim 12 wherein said peptide tag has been removed from
the receptor chain and the receptor chain has been biotinylated.
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ant agoni st nutein of claim17 in conbination with a pharmaceutically

acceptable carrier. 22. T i.nant human | L-4 antagoni st nutein
of claim 17 encoded by tﬂu\wm m&ﬂﬂﬂ\l Taci d sequence of SEQ ID NO 9. 23
A purified and isol ated sequence coding for, &rﬂfs nbi nant

human-1 L- 4 WROYA st nutein of claimi17. 24 A hostt CE P;/ﬁ?%nsf or med

with the purified and isol ated pol ynucl eoti de sequence of claim 23.
25. The reconbi nant human IL-4 mutein of claim19 encoded by the DNA
sequence of SEQ ID NO 9 or a stably hybridizable variant thereof. 26.

A transfornmed host cell capable of expressing the reconbinant human |L-4
mut ei n of cl diém The methopipf claimi@iviwgeinfsaidridading godidnofarrereptoraddintiser eof

conpri si ng adm.nist.erd i harmaceutical |y effective anmount of
the conposi t ieSHo%e?_bcyl %@@BJO 7_°raé’i?.ggnerﬂtﬁe"aflgﬁtotﬁﬁeﬂént human IL-4 nutein of
claiml1 wherein said substitution at position 16 is serine to

al ani ne. 42 29.

The reconbi nddt héntasompinentrhugap b4 antapenist) mptein diumbesed) it gecordangei on at
oL 0, 15, P 8 AR e oped ccor! nant e L4
(a) substitutions R121D and Y124D in the D-helix of said wild-type 1L4;
and
(b) at least one amino acid substitution in the binding surface of either the
A- or C- alpha helices of said wild-type IL-4 whereby said mutein binds to the

IL-4Ra receptor with at least greater affinity than native IL4.

18.  The recombinant human IL4 antagonist mutein of claim 17 wherein said
substitution is selected from the group of positions consisting of, in the A-helix,
positions 13 and 16, and in the C-helix, positions 81 and 89.

19.  The recombinant human IL-4 antagonist mutein of claim 18 wherein said

substitution at position 13 is Thr to Asp.

20. A pharmaceutical composition comprising the recombinant human IL-4

antagonist mutein of claim 17 in combination with a pharmaceutically acceptable

carrier.

21. An amino acid sequence coding for the recombinant human L4

antagonist mutein of claim 17.

22.  The recombinant human IL4 antagonist mutein of claim 17 encoded by
the amino acid sequence of SEQ ID NO: 9.
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position 16 is serine to histidine The reconbi nant human IL-4

mutein of claim1 wherein position to is
serine to isol eucine. SEm“H ‘ﬂmll”ﬂﬂ Hml nant human IL-4 nutein of claim
1 wherein sajdoghdiss it uti Ition 16 is seri PETRSINHONG ne.

33. “The reconbi nant human |L-4 rrut ein of claim1 wherein said
substitution at position 16 is serine to glutam ne. 34. The
reconbi nant human IL-4 nutein of claim 1 wherein said substitution at
position 16 8 sepi purifiedapgdniselated p@pnucelotidehsequenembading feanthe | L- 4
mutein of claim1l.wherein position 16 is
serine to threoﬁ’mblmnt?l mﬁéﬁgaﬁ%%gmsé%é#o%ﬁgﬁ uman IL-4 nutein of claim
1 wherein said substitution at position 16 is serl ne to val i ne.
37. The reconbi nant human | L nmut ej n_ of c] ai m 1 wherej

substitution &f A host cell ﬁ?gﬁqr@ﬁd 1with the gurified i ang iselaty 20 ynucelots%e The
reconbi nant h nédofbidiiei n of claim 1l wherein said substitution at
position 81 is arginine to ly5|ne 39. The reconbi nant human |L-4
mutein of claim2l1 wherein said substitution at position 89 is
ngar agine t OZ&.SOLF}{JCLert]:gmbmant human IL-4 mutein of claim 19 encoded by the DNA

sequence of SEQ ID NO: 9 or a stably hybridizable variant thereof.

26. A transformed host cell capable of expressing the recombinant human IL-4

mutein of claim 26.

27. A method of treating a human in need thereof comprising administering a

pharmaceutically effective amount of the composition of claim 20.
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