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PCT/ US97/ 09286 T-Cél1 " Sel ective Interleukin-4 Agonists Background 1. Field
of the Invention The invention is generally related to the fields of

phar macol ogy and.inmunol ogy. More specifically, the inventi ' Weect ed
to novel conMEIH4Ms of natter for selectively 5 activat iﬁtgr’tféég’?’?‘g, and
havi ng reduced activation of Endothelial cells or fibroblasts. The novel
conposi tions include vari antrscéfseideivedateplebitia-4 £gbnlists and in particul ar
human Interleukin-4 (1L-4). 2. Decri gJ.RikoRha Rel ated Art -10

Interleukin 4 (1L-4) is a pleiotropic 5%}0 I'ne, having activities on cells
of the i nMmunel.sKieliefithe & el ium and those of fibroblastic nature.

R dinvitrogffects of |L- | ni i op i ncl | jf ' f B
ol s, i mmunog ob i e araf Flelrdth ti il BE phitadpi Rpdumm . °

3 timul at eis T Meid %@:{ﬁﬂéﬂi,&kﬁh&mﬁm&ﬂ&emgﬂrwmi domipositions dfknani:rtfagsenafmd
own-regul ates |EN-[err] production. In. nono s, J -4 induces class 11
VG 15 imof e itiiog el Revire.tedbbed slmian s Sonastil el of BOBHERE o P
and CD23 expr gl Odinposifiofs ihGhBe ariintsC6fl 1hé ciioiine farhify, | 46 US QartiolRf Bisifdnon Of
VCAM 1 and IL-6 release, and decreases | CAM1 expression. (Maher, DW et

al ., Human | ningrlegkinddlad)- An | munonodul ator with Potenti al Ther apeutic
Applications, Progress in Gowh Factor Research, 3:43-56 (1991)). 20
Because of its ability to stinulate proliferation of T cells activated by
exposure to | R-Description of | Athas been. pursued. For instance, |IL-4 has
denonstrated anti - Rikass ¢ YA | 1 H%FLQ . ar ci nonas,
and has in1 uced tuIHrr%Ei regﬁg%g?fétﬁplyéril&#%gy?%g%? /] _;-'bglt&g)éﬂ‘.ge?pﬁ#otgv&mses of

| L- 4 | nj ect edinkioutielsysiganzndathelinm, and thaserof fitivehiastic gathe c Beponted b witrd ¢ffect& owt h of

Poorly and ey . ' ni- & 7T nd | nd 2 Tunor.

cooci 11 a1 BB b ROl Erafif B o 80 bl Sinfln Ben syl SR ip
toxicity | |mr)n Ba:enki)s_ﬂi'g_eqlllsnllh@lms. n atédvgeey(ﬁrd élﬁ%raﬁlgn,aﬁle:tprqdctivatﬁhmxditio_gﬁts udi es of
Human Reconbi n ‘Interle n-4 1n, ance e .Gance I ghant

Wbl anone. 37" Rl demaireas N YsrodioRe IF powe ey I g indpe et 1 pEC. | O

i mmunor egulsat eiojeciléd dxpieksion, felease df tipopdlysadchdtide-duadani A Cadll CD2S erpiréssidh.

suggested for |L-4. ‘Ajong these clinical applications are disorders caused
by i nbal ances TP m{%ﬁégkisﬁ‘é ey pxpresean of MCAM apd Urfasdepst,ond nphal ances

of T hel per ( I&&eaé@-!ItAM-.I expression. (Maher, DW, et al, Human Interleukin-4: An

Immunomodulator with Potential Therapeutic Applications, Progress in Growth Factor
Reseaich, 3:43-56 (1991).
20 Beéausé=bf its ability to stimulate proliferation of T cells activated by exposure to

IL-2, Ilé-4; therapyhas ‘been pursued. For instance, IL-4 has demonstrated anti-neoplastic
activity m ‘animal models of renal carcinomas, and has. inducéd tumor regression in mice
(Bosco, M., et -él.,,Low Doses of IL-4 Injected Perilymphatic;aﬂy in Tumor-bearing Mice
Inhibit the Growth.of Poorly and Apparently Nonimmuno_g‘_éixic Tumors and Induce a
25 Tumor Specific. Immune. Memory, ). lmmunol., 145:3136-43 (1990)). However, its
toxicity ‘limits .dosage -in humans (Margolin, K., et al., Phase Il Studies of Human
Recomb’jnm_it In_tf:ﬂ;ukin—# in Advanced Renal Cancer andMahgnant Melanoma, J.
Immunotherapy, 15:147-153 (1994).
Because-of its immunoregulatory activity, a number of clinical applications are
30 suggested for IL-4. Axrion‘g_these clinical applications are disﬁ:ders caused by imbalances

of the immune system, particulary those caused by imbaiances':f:-o_f T helper (Th) cell
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"PCT/ US97/ 09286 'responses to antigen. These di seases include certain

aut oi nmune di seases, rheunatic di seases, dermatol ogi cal di seases, and

i nfectious di seases. A |large body of experinental work has _gi'%é hed t hat
Th cells f a¥O914¥/# t wo broad cl asses, designated Thl and h % nn, TR,
Cherwi nski H., Bond, MW, Gedlin, MA and Coffman, RL, Two 5 types of
murine helper T cell clone. 1. Definition according to profiles of

| ynphoki ne activities and secreted proteins, J. Inmunol., 136:2348-2357
(1986); Mosnanmesporees to @ytigerk i These disghses ineludetcertain atoimmaing diseases, sheymatic subset s
of CD4 and CD8 jl.oel ks Bebi.i . : 19 : I

cl asses are de %En-e ’%esm?tﬁggé}{a %ﬁ%sﬁszéndtlﬁ%{}{ogsxpregssegs":'&%e)bggf{%§%ﬁ%gﬁ'?{- 2,

| NF-[err], andwprgrhagestablished thphDh eells fal) inteyfoeo troad glagses) designated Thiland 62 Th2 10

cel |5 are for Mogllf! SRS A Aok sty RUARIRN G fah R T O T2
subsets depends an the cyt ki ne present during antigen I ul"at i on:

| FN-[err] asd typeddf miirine belped iTfckid clone. 1. Befitionccording/te prafllésof tyophdkineTh 1
phenotype, while. LL-4 di | £ f | At 02t h8odNA Lhenotype. Wil e
the Thl and Thiagt'}l_ege d%eérfg‘)g/é %ﬁ“&'ﬁﬁ%@?ﬁ%ﬁ?%@@%ﬁﬁ 'r'l'gbzrﬁr‘)’of Th cel |
phenot ypes (f oCywkinesptifferentirdion atd functiomsi of bubsctyofds and @DB icells Belfring Tnst. bot h
INF-[err] and b ' , ' | assi.fication neyerthel ess
is the major p 4 }'Skﬁég))t ﬁ@:@??g?ﬁg&%s%%g%@gp%% °r°—%‘§"“a°e~°‘§‘§°? i°16‘?’?1’§- e
character of t belsinmkelle2,INEyoand dNFid, whils Tidxels mikedi dadd LAt Tl and Than

organ-speci fic t oi ne di sea e, assQci at ed .wi a jredom nantly Thl
T cell resd8ns§g§§§i'ﬁ£§'ﬂfn§§ﬁfl eﬁyﬁﬁl%ﬁﬁerﬁfuﬁ'gﬁﬁlglﬁa% ¥itt HO Thi
and Th2 CD4([jer ﬂépeﬂ'ds(bﬁhﬁ_e&yioﬂ}nb bﬁesqgaadmgn'%sﬂ %igﬂiatigﬁ:gmv aﬁdlL-&m%ﬁétf i C

aut oi nmune di s es, nol . J0Q - 34- 5) ). e. such aut ol nmune
di sease is insffi -%‘Bgﬁglé“h‘fccallr’éﬂg%gg}?}fwe: Wé&edig%‘i‘ﬁgf '?fﬁﬁf“éf‘g?’é?"i zed by T
cel ld medi at ed dﬁ%ﬁpﬁnbgpe.mwahermadnl I d Th1 ubse}s rﬁ@:ré[ﬁ_eselﬁeﬂﬁn&g lalbhghes 01;1

evi dence suggest .t hat 1- e ce are prinarily. responsjble for the
pancreatic [er F{ERR °‘§@§%°f’§§?’.°gﬁ“(‘f°és’fa@n§u*‘1 rfedﬁ’ §’Eﬁ‘?° .'es'?e}t“wa{f".c{s %Revi ew.

I gsul i n- dependﬁa?ﬂﬁ-&?&lm, hbJer'bédRscriB‘&l),lr:his a&maioa;_aaveaw&@as?he xﬁ’dgorl f

Adm nistration of , IL-4 t ) M ce, i erves as an_.animal nodel o
|DDM  down- reHpdigmin @ﬁgelﬁww%m@a%aw I8 the flarastefof fhe immpresesaenssy s t he
onset of di abetes '(JRaR®REN dbserddd tik cortainlofalRepesitic @stoimnn@k Histslatel €r at i on

Unr esponsi veness and, Preven{s .th set of Diabetes in NOD Mce, J. Exp.
Med., 178:87- 9?%%%%“%%@“&%@W%ﬁﬂt‘fﬂ%?@“ﬁﬁimw@%ﬁmﬁ-‘pl e

sclerosis (V5) Singerdivg ATRvIMHG; TH1 Sn€ TRY B4 6T de A6l 1R paBpenesisdf 7gune 30
attack upon the g%el I n, sheat h surroundj ng. nerve cells. Studies in humans

] | s.
with M5 hav@ dEFeHE pyiaimuepng Hiseases,lmumungldoday, 16P4NR (19950 ed with the
presence of au E&&ﬂﬁﬂ;ﬂ@ﬂﬁg@e is insulin-dependent diabetes (IDDM), a disorder characterized by T

cell-mé‘:diate’d déstmction of pancreatic B cells. Several lines of evidence suggest that
Thl-type cells are primarily responsible for the pancreatic c'élllf destruction (reviewed in
Tisch, R ef al.,"f'.Re_i_riew: Insulin-dependent Diabetes Mellitus, Cell, 85:291-297 (1996)).

25 Administration of IL-4 to NOD mice, which serves as an anil'ﬁ_;q‘_lzmodel of IDDM, down-
regulates the Thi cell population and significantly delays -the;cim_éet of diabetes (Rapaport,
et al., 1L-4 Reverses T ccll Proliferation Unresponsiveness ang'fsl_'_l’;revems the Onset of
Diabetes in NOD Mice, J. Exp. Med., 178:87-99 (1993)). Ario__iher such autoimmune
disease is multiple sclerosis (MS), a disease which is chmctet?#d by an autoimmune

30 attackupon the -ihy"ﬂin sheath surrounding nerve cells. Sludie;sf_ m humans with MS have

demonstrated that exacerbation of MS is associated with the ptéégnce of autoantigen-
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PCT/ US97/ 09286 specific Thl and ThO cells and that rem ssion is associ at ed
with the presence of autoantigen-specific Th2 and ThO cells (Correale, J.
et al., Patterns of cytokine secretion by autoreactive prot 6
protei n- speciWP8”474&[ | clones during the course of multipl gechée,?bgzssl S,

| mmunol . 154: 2959-2968 (1995)). Mce wth experinental autoimmune 5
encephal onyelitis (EAE), an aninmal nodel for MS, also exhibit the Thl cell
pol ari zation (Cua, DJ, Hnto and St ohi man, .| mmunol

155: 4052- 4059 (199@)*‘)6%&&5?@%@'%W&@hff@!ﬁswsmaawee%yﬂkWemémmf model
suggests that | L-gfoRiiigispcifit Th &aIThD QIR (Corddless o 8, %ﬁ@ﬁk‘b’ﬂ:&t&ﬂnd’ﬁ&bﬁ&)' ng
fromtreatment with a to]erogenic peplide_(Brocke, al . Treat ment of

experi nental encdyieuiosagive projeslipig P‘F?‘ea"ﬁi‘é‘ﬂﬁ‘? EE"“MF%‘&@S S’F W%I"f pultiplei ¢ 10
protein, Nature, sgl21%51§4ﬁ! 1rafinol. 1@@939-2@8'@&95)?“%%%&%&&!&%1@%@ as

Rheumatmd Arthritis are al so targets for ‘based t herapies. Aninal

nodel s of RA Havensnbalpmyelitis Gévkdiap ppjipp ¥f°EM§¥ alW‘PI‘%T?‘F pall RRlgrizatiRar d's

Thl cells, and Igcmm i, DN, om8 ShwiR, SN 18mundl!, 1551452 4659 oot npamedies
have dermnstrate di sease attenuatlon suggesting that IL-4 therapies that

result in down- Fsidencefgmiapiudyin the E#ﬁmoémsvsepwmtéw@hgs Herificpsole inglisease
anti-TNF-[err] efy I e eurmat oi d
Arthritis, Cell gﬁﬁ?{@ rgs%xzrggg@ %ﬁh‘gsor{haast%m\g/&} éﬁ{mdse (lBg)&e %Vﬁlr‘?r}l C
der mat ol ogi ¢ di saummth%nxmmca engerbglomplitis with 2 peptidednalegyec mydlinsesin wi t h
monocyt es and1o ‘iﬁlt Fé@/ggggnrﬁgqugg )i ndicate that psoriatic skin

l's a

| esional T ce re predomnantly of the Thil phenotype (Uyenura K;
20  Yamanura M F| veﬁgxemutqnnmm:sewemuchmmwﬁ AgthritisT(ReA) @retadsRitargetsfor wor k

0 lesional and. hEesianaUeRiQSALAl bashihl B DRLASUERARH Bor S Trelep e

type |I cell-nedi ated response, I nvest rmat o
Schl aakJF; Busl| atiltiig mwﬁn'ﬁhwellﬂe@ﬂan i th@ gvargrprgs TOH -4, ceinki-TRIF-a/lentibodiesi m

Buschenf el de KH hEJeedeﬁ‘SHs%teﬁ lS&S@ﬁle}ﬂ?htl&xS%@%ﬁﬁqi J@t |?; 43{5- ﬁ?&sﬁ%%s&%‘ dHwhel ong

to the Thl subset nvest rmat o
Fur t her nor e, m)nmtahyﬂ ofliFdresh eoméahdmvgawhwctn ingisTNFee affect plso.t de FeJdhennof

clinical benefit )j, lgptﬂegm”s R,sg&*k@%&ﬁ-,lag@g wn to selectively

stinmulate Th2 cyt ok} ne secre rom ezenmer AC,
Zonerdijk TP; van -de Favuaans i¥a clﬁpnledtmﬁtblomdtmdbx@m%g\ﬂ-by igBkretgani ve

SCi L at1 on of T okEhERS o Bifh RS e GRESDE Sy M i i DR8I 5T
| L-4 woul d be expsivhadd dells anchPBLsee pridlomitanihyodfalie 'ﬂﬂtphmtypﬂdl)hmume clinical
benefi t 20  Yamamura M; Fivenson DF: Modlin RL; Nickoloff BJ, The c;ytokme network in lesional
and lesion-free psoriatic skin is characterized by a T-helper type | cell-mediated response,
4 Invest Dermatol., 101:701-705 (1993); Schiaak JF; Buslai M: Jochum W; Hermann E;
Girndl M; Gallati H; Meyer zum Buschenfelde KH; F. Ieiscfp_gr B, T cells involved in
psoriasis vulgaris belong to the Thi subset, J Invest Dermatol, 102:145-149 (1954).

25  Furthermore, monomethylfumarate, a drug which has becn"‘_ reported to be of clinical
benefit to patients with psoriasis, has been shown to sclectf\_kg:ly stimulate Th2 cylokine
secretion from PBMC (de Jong R; Bezemer AC; Zomem'i_jk;_'?;’_l’; van de Pouw-Kraan T;
Ottenhoff TH; Nibbering PH, Selective stimulation of T lieliw‘ér 2 cytokine responses by
the anti-psoriasis agent monomethylfumarate, Eur J lmmunol 26:2067-2074 (1996)).

30  Therefore, IL-4 would be expected to reverse the Th polanzatlon and be of clinical benefit

in pSOl'lﬂSlS
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PCT/ US97/ 09286 Certain infectious di seases are associated with polarized Th
cell responses to the infectious agent. Th2 responses have in sone cases
been associated with resistance to the infectious agent. An exanple is
Borrelia buwgemshei , the infectious agent for Lyne di seas ST i nfected
with B. burgdorferi exhibit a predom nantly Thl-like cytokine 5 profile
(Cksi J; Savol ai nen J; Pene J; Bousquet J; Laippala P, Viljanen M
Decreased i nterleukin-4 and i ncreased ganma i nterferon production by
peripheral bl ood noferaindhfectiousdiscases are agsatistedwith polarized Thell ssponsdsitothe s,
Infect. | mmun. 64

bur gdor eri - i nduie‘";;Elg%%”"l'm%G’F’“Qzr(zs}’rg'zsgg ﬂat"gllr?crl ‘e)ﬁf %%sb%ﬂ{a?sggek%*mseﬁfe‘{‘gtsﬁ sesistanceo e n 1L-4
producti on whi infectiosagat.i Sn txampleisBersdiodinariontithe ihfettidas sgeptrfodiyate on | 0

Mat yni ak JE; iner,,SL., T.h e f. {] .|It in
faxpe%/i mental L ﬁﬁl%@%‘% f#@@ﬁﬁ%@%@%@g}ﬁfgﬁg@gﬁﬁﬁﬁgﬁ he- K/}/ers
g\ Ni Ickell3 SPde?leE(Oﬁ:JJSaydvamadl m&gammulgém WOZO 2§t2 Igﬂ nm‘MK,rm“_rlghieytto o

orrelia burgdor . Treatnent o
o b pdort ev et Aod e issd e PO HARELo] FIROPERLE o nf oot i on
(Keane- Myer s Amohtiutisar@uitsiof patichts With R ginebsrretiblis, Irffect. IiMingi £64:363023613ec onbi nant

| L-4 treatnent ts resis to,Borrelig burgdorferi nfections in

bot h nor mal §@§Wlaé“°é‘mf“%‘{"r? &%HVSG@F ?Fga ge’ﬁi“'f‘ﬁ"%m i5eg5e 18

| munol ., 156 M%MIL%&Mucudszmeba@eMmty if a@mat@\cbvmamamo@ctwnr ect
rrphorras and | eukeni.as (Akashi, K, The

effect on inhibitin ar

role of intl8rl M)"ﬁg’ﬁ}q %"Pﬁﬂ'gﬂgﬁr PRenplyps andigenstic %""P"W‘tyl“éﬁ?@‘ﬁ‘%{“ﬁel I

growt h, Leuk Lygpaéeisdse, 93@5&8 181893291- lzﬁmmessmhauybkﬁummegaer eported
to i nduce apopt 0si s | E_Fsel s from Fat lents with acutS) nphaobl astj c

| eukeni a (I\/tanaB(*—zI ~4ppnd IFN-gamma n podulation. of immupity 1o Bagelis H’@F’%’ﬁﬁﬂ'éﬂ"&‘@ii deat h

(apopt osi s) i nmaGRS, 195: zdmo@ozs(usks)ﬁcrc&mwapmmga&yar::mkee@m:&ammod
83:173 1- 7(199455 and inhibits the growh of cells from patlents with

non- Hodgki n' s EExents resistaperdnibe infestipn, é""'“f’ye’é*ﬂ Myliszewsl) CR; Kieelians Dk e at i ve

effects of jsnt Btdeguise, Redorfindni n,smremm&@h@hﬁﬁks &@ﬁm#&@g&mmwgaaﬂ% B-
| ynphoma cel |'s, Bl ood 79:990-6 (1992)). has al so been rerorted to

exhi bi t acti'vi tHfReEoRHE E%bgﬂ@gb%mﬂwdm"mﬁﬁ%@ sgreeRletpieal benefit in
osteoarthriti synbhtdOrsi2a88-2498(ibs6)p di sease in which the degradation of

IL-4 has been reported to have a direct effect on inhibitii:g the growth of

lymphomas and leukemias (4kashi, X, The role of interleukin# in the negative regulation
20 of leukemia cell growth, Leuk L.ymphoma, 9:205-9 (1993)). For example, IL-4 has been

reported to induce apoptosis in cells from patients with acute: ly_;pphoblastic leukemia

(Manabe, A, et al., Interleukin-4 induces programmed cell death {apoptosis) in cases of

high-risk acute lymphoblastic leukemia, Blood, 83:1731-7 (1 994)), and inhibits the

growth of cells from pa‘tieﬁts-with non-Hodgkin’s B cell. lymp:_h;b_'ma (Defrance, T, et al.,
25  Antiproliferative effects of interleukin-4 on freshly isolated noﬁ;Hodgkin malignant B-

lymphoma cells, Blood, 79:990-6 (1992)). .

11L~4 has also been reported to exhibit activities which suggests that it would be of

cartilage is the primary pathology (Sack, KE, Osteaarrhmis,
30  West J Med, 163:579-86 (1995); Oddis, CV, New perspecuves on osteoarthrms, AmJ
Med, 100:10S-158 (1996)). IL-4 inhibits TNF-a and IL-1 beta-p_r_oducnon by monocytes

ntinuing challenge,




cartilage is the primary pathol ogy (Sack, KE, Osteoarthritis, A continuing
chal | enge, 30 West J Med, 163:579-86 (1995) Qddi s, CV, New perspectives
on osteoarthritis, AmJ Nbd 100: 10S-15S (1996)). IL-4 inhibits TNF-[err]
and IL-1 beta productlon by nonocytes 4 WO 97/ 47744

PCT/ US97/ 09230 8tT74dy novi ocyt es from osteoarthritic patlentsCPBen rups,
Hlton, A Meager, A and Ham Iton, JA, Reduction of tunbr necrosis factor
al pha and interleukin-1 beta |evels in human synovi al tissue by

i nterl eukin-4 and gl ucocortjcoid, Rheumatol Int, 12:217-20 (1993 Seitz,
M et al., Produl¥iSgppviseyy F%ﬁ%??%i?ﬁﬁ“??“f%‘é’&%’?%f’”&hﬂa’d’ﬂﬂ?ﬁ il tory 5

chenot acti ¢ pr ot Busfon IACRAGETh dPlumBEHedrokis RiFtof A1FHATRA Diterlekl] B&d RAASTLNri ti c
synovi ocytes- -regul ation by |FN gar‘rm;l1 and | L-4, J Im’runoll 152; t%%go 5

(1994)) . Addi t i oimansynavial tissyey ipferisykinand glugpepigicold,

degradation of cgpys)l mﬁwm .QXPx\bawdﬁoﬁanwmmﬁé&bﬁmniagﬁmmnﬂ&nﬁmt&ygust i ne,
AJ, Lee, P, R viere, LR and Shel do A, nterleukln-4, an 1 nhi bitor of

cartilage br e&kd@WOPﬁ‘WF‘ﬂ-’ea‘H’rR‘?%'a&@m Edy thenmataid andyosigoprthritis synquigeisasol , 10

22:1740-6 (1995) Yeouhii&is6y 'aﬁ&ILSJt' fl@izd}de 54(1%71?1 (i\dhﬁioﬁu‘u qLigi cal
benefit In osteoargt hriti s wever hé Cr1 n| ‘cal use of een
limted due to |ka§ bmmﬂsd)tmdmly bioahmeﬁear@ammff:ﬁslpmnansvw %ﬁ%&gl ar | eak
syndrone ( Mar oI £

et ks et AugysHEAS Leb, PORRCER Gd SITRY L ROBIPAT,

| mrunot her apy, 15hxbmn£§8hlemaa)ﬂ)ownmb«menq@enbrwtﬂaaenxnlms. § Rhewmatolir e whi ch
describes t hg, megh b—%{p@% ! e é‘fé@@eé %géegt it 1128 ot bl Lfc%mcf]%netfbﬂxt
al ogs ‘or of tory

descri bes an tan retal n 1 nmunor egu
activities but h@h@am'@aced acute toxicity. IL-4 nutant proteins

" mut ei " k . i st
(Kruse N Tony . SsarEulh e aicbebiMlasaheld itid de f i o6 Loyt SRR 2
high affinity anisagoifistd abavascubir legk syndrome (Margpiih, Ke pl dlc Birmsenll ,StuEicbof J,

11: 3237-44 (199C%&%MT1§H§£§Q§M Inferldiaia Advancdd ?{9#[8%& g?&lfvﬁp%rﬁ? Nyttt

applications in OW ng e use o Fion of
anti cancer eff ed.kmn.@s@zmtlﬁdﬁ‘&pMIP%))aqbnnsmpam ﬂlculeamrywhidd@hcmbbs

Di sease and non- GOl ot ADRAITof Bl I0R 36 8 deod 15 R 3L milAbls 4P ©

fragments of IL- enera ant l'es 10 trea I'Sseases 23
by suppressing di-4 mmaatnmgxnuﬂmgbiamm:gwacsthut/hawreddceumtet@sew WD 9524481),

and to detect, ”335“51?4%%&%&%%&&&’ ) dre khown The P-PrnéhPlary 28 i f1fUC! NI

the differentiation
cell antagonist (Kruse N, Tony HP, Sebald W, Conversion of human interleukin-4 into a

20 higf_x affinity antapgonist by a single amino acid replacement, l_igbg_], 11:3237-44 (1992)).
| Therapeutic uses of IL-4 found in patents or patent applications include the

following: the use of IL-4 for potentiation of anticancer effects of chemotherapeutic
ageﬁts, particularly Hodgkin’s Disease and non-Hodgkins Lymphoma (see WO 9607422);
the use of antigenic fragments of IL-4 to generate antibodies io treat IL-4 related diseases

25 by silppressing or imitating the binding activity of IL-4 (see WO 9524481), and to detect,
measure #nd immunopurify IL-4 (see WO 9317106); for in_d_ﬁ_cing the differentiation of
precursor B cells to Immunoglobulin secreting celis, the mature B cells being useful for
restoring immune function in immune-compromised patiemé: (see WO 9404658); when
used'in combination with IL-10, as a therapy for treatment of leukemia, lymphoma,

30 inflammatory bowel disease and delayed type hypersensitivity (e.g. ulcerative colitis and

Crohn’s Discase)(see WO 9404180); treatment of HIV infection by administering IL-4 to



precursor B cells to I munogl obulin secreting cells, the mature B cells

bei ng useful for restoring inmune function in immune-conprom sed patients
(see WD 9404658); when used in conbination with IL- 10, as a therapy for
treatment of |eukem a, |ynphoma, 30 inflammatory bowel disease and del ayed
type hyper seosia®#i ty (eg. ulcerative colitis and Crohn' sl'ﬁrfé'ﬁ%'(@a% see WO
9404180); treatnment of HV infection by admnnistering IL-4 to 5 WO

97/ 47744 _ PCT/ US97/ 09286
inhibit viral replication in nonocytes and macrophages, and to increase

t hei r cyt ot oxi iohibiy viralweplichtios rmonpcytesand whdrsphigraani/o iGutErd thely cytdtopicity
stinmulation of | ' L e loheXk Al : . ' nds in

di abetic and itﬁ%ﬁh%@&%ﬁ%ﬁ%ﬁéﬁﬂ& Pse(ﬁt! Z&)’(fggbé&%“é&ﬁyg??{o or enhanci ng
the primary i nproliferatiesfootmstingwwenndsid diahéticand inmypnbgompromised pagients (sgoW®, and

viral vaccines | J ' ' . ); for '
I nhi bition of ?ZII?@QF:%& uce l‘ﬁ?%‘?%@?ﬁ?’ﬁ@g&oﬁ%g’ﬁfé%%ﬁ?légﬁ%%weespeci ally
chroni ¢ | ynphotoydid,and erat eaccines, especidtiy teidauntosoidredccige Ged WO D H30R fwee WO :
9210201); use of.l.L-4. trea apo , henal and basal. cell. carci nonas
(sce VD 620a049ittin 8 153 o Eey woRReH R ol i FRonflits 3% Bltonie °21, Sone
nmut ei ns, but nigmphatyticiedkesiial fon-Halgkin'sintalignaht ipmplpyav(sct WO 021iH2@4); wse ofc
effects. Lee | .. U S, Pat. i 017..691.("the ', t") is directed
to manmal i an 3&6@8ﬁﬁ¥"§%ﬁ°ﬂﬁ%@'\§§"@“‘%ﬁ%ﬁ'ﬁ‘ Pf&ﬁ?'@ﬁ’jgaﬁz(}é?)gse both B-cel l
grow h factor acti Thé patanditefanere disclosenli-4 ploteiris and sodiel ntéiys, bhitnodle dicdered €S
nucl ei ¢ aci ds codi.ng .for epti.des.exhibiti -4 actiyi . aS Il as
the pol ypepli d&§"¥%‘3M?8“P¥§%% geﬁﬁghé‘ﬂﬁg&éf tﬁ"l’ﬁ}gﬂrg‘ k?‘éﬁ%@z‘%‘%ﬁﬁ'y‘f\ﬁhf eﬁ9¥:§ to
the wild-type patent’) & difebted o mamnhalidn prgaeins aridandeify 6f klintat| IDsSlewhitih dikcléset ai n
their ability t tipmul ate _both B- and.T,cell proliferatiop jn vitro.
However, not hi ‘??8‘ é?ﬁ@@h&&’@ﬂ"%‘v'g’nvq% o] ﬁm‘@g{%‘&"f ia?}g‘trtktéf{‘]mi ygleic

antici pat ed acdcidéadoding fof pbigpeptides dxhiditing At adtivity, seltll laeakd polypepiidiesch

acconpani es adm ni strat, o f Il-4. Thus, IL-4 itself.is pnot enabli, as a
t her ggeut ic ot %f?ﬁefvﬁs"ﬁgé'ﬁé}?gs @f‘lhf'ﬁgméffé'%'i' Yiptgin ?"ﬁ% b Eodal I{Ey‘{ at 3gyino acid”

U. S. Pat enfis Nopositiohslate disdoselEthatrrethia shelt abitidy tp sthfwiislebalie Bl ailt T a6k praliféifiion Si Ng
from6 to 40 am no géi_ds of }‘.he. ative hl L-j,. fléq?o__di%%ose_d are. i nogens
conprisi ng corftiy# SO¥TVeR RUMBR B 108 SUBEEHIRANY 4 SFY ariective b miteips, aplifialen o
erythrocytes, Racdion oPPOBIE the epdoMictibltel lealindsh @hich a@ombarids@8ministratin of

subst ance capable of eliciti anti bod roduct i on i nst the copnjugat ed
peptide. No ﬁu‘!“é“' n4Ys¢ h‘l’% _ltgfelggélom’.@glrlgé/aé& 1ﬁerapeunc moga%y ause o? the Jyse-g

limiting toxicity. .

20 U.S. Patent No. 5,013,824 describes hIL-4 peptide derivatives comprising from 6
to 40 amino acids of the native hiL-4. Also disclosed are immunogens comprising
conjugates of the peptides and carriers., Carriers include erythrocytes, bacteriophages,
proteins, synthetic particles or any substance capable of el_ié;_i,ting antibody production
against the conjugated peptide. No muteins of IL-4 are disclosé_a.

25 WO096/04306-A2 discloses singlc-muteins that are antqg;nists and partial agonists
of hiL-2 and hlL-13. No data regarding IL-4 is disclosed. 'WO___95/27052 discloses splice
mutants of IL-2 and IL-4 containing exons 1, 2 and 4.

There exists a need for an improved 1L-4 molecule which has reduced toxicity and -

is more generally tolerated.
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25 W96/ 04306- A2 di scl oses single-nuteins that are antagoni sts and
partial agonists of hlL-2 and hlL-13. No data regarding IL-4 is disclosed.
W95/ 27052 di scl oses splice nmutants of I1L-2 and |IL-4 containing exons 1, 2
and 4. There exists a need for an inproved IL-4 nol ecul e wh&,? Wduced
toxi city and we 9giéd generally tolerated. 30 Summary of the I'nvention 6
WO 97/ 47744

PCT/ US97/ 09286 The |nvent|on is directed to human IL-4 nuteins nunbered in

accordance with wld-t pe | L-4_havin ‘g T cell actlvatl'fr;gpactlwty but
havi ng reduced endot h&he igvensign js direeted; tor human JL -4 yteips nymbersdyin jaesordance Withan

I'L-4 nuteins whergigh ,seh&.s HEidE §- QN RREM g a&wﬂyesm Qxfawhﬁ‘?ed@céaeénﬂ&hﬂfal the
wild-type I'L-4 are rrutated wher eby the resulting nutein causes T cell

proliferation, afeiveinsadiviededurticllas hymay é’e‘l“oﬁ“‘ﬂ"b rW"FBWE@ﬁ supfage¢rpaged ¢ o

wild-type IL-4. T&hﬁed SMROD! Hefix BPﬁL 'w?l@-'iyp% ltﬁsa'ie Inﬁf&teﬁ »Jhlefeﬂy ﬂEUtréhmné Ridtein
all ows greater therapeutic use of this i nterleukin. Further, the 1 nvention

is directed t& | lcausesiiced] mhfprawngndsqam eeduced lisP secmtion fFomIUVECS, slative o
represented by t%‘iﬁ%g, & ientidn m%@leé?%@ﬁ.ﬁnfBR%&Em st Ziblws g&&&l 10

R121K, R121N, R12 21W Y124A, Y124Q Y1 Y124S, Y124T
Y124A S125A, Tl3@MEWf@!RﬂEﬂM22F/ Y124Q when nunbered i n accordance

with wild type I'L-4 (i F.lhﬁ"waﬁwmymueefaﬂJmueemLM@ss,@m xﬁmrela‘a@mp@@s

coding for the nmuteins o e invention, vectors contal

pol ynucl eot i des, mutatinns repressatedbisthe designators BAZATRIZAD, RIAIE, Bégrtfagﬂzllfbﬂém
conprising thg mg tlgiﬁ'smﬂﬂd R1P60, a0evt] RidTok: h?Fﬁ%AOfw%&b VARt \Enls, VAT,

invention is also directed to a’vector conprisin ynucl eot’i de

encodi ng a nut ei YI1J4ASIRSA, Tmﬂﬂl&landtfhél"i@éﬂfﬁhﬁmewhmmymbﬂed m¢%@s¢mn of
a human IL-4 nut Is

endot hel i al cell %Jétgtv:ﬂ@a '?L%é'4a@JJ1\A e IX‘%M&%(,:S??)M ‘L'st %6}71 Hé'e&@F Egﬂgﬁﬁ I ng
transfecti on of autensgdithecinvrations mmmcmmmemlywmnesmwmhm sélisn of

said human |IL-4 %lm Ol t ”Bg n ORpi S
also directed to"a rré‘%ﬁﬁ(%ﬂ%ﬁmé "o °§’8‘*"§" urrén%lgtﬁlg %L‘teg}cn nﬁiﬁb}é(rg@%’jdsi Ef
accordance wiish wedtgentypc | L-4 haV| ng T cell activating activity but having

The invention is also directed to a vector comprising the polynucleotide encoding
a mutein of this invention, the vector directing the expression of a human IL-4 mutein
having T cell activating activity but having reduced endothelial cell activating activity,
the -vécgor being capable of enabling transfection of a target organism and subsequent in

20 vivo exprcs;sidn of said human IL-4 mutein coded for by said polynucleotidé.

The invention is also directed to a method of select'mg a human IL-4 mutein
numbered in accordance with wild-typc IL-4 having T cell activating activity but having
reduced endothelial cell activating activity, comprising mutating the surface-exposed
residues of the D helix of the wild-type 1L-4 whereby the Tx_resnlting mutein causes T cell

25 prolifcra!ion, and causes reduced 1L-6 secretion from HUVECs, relative to wild-type.

The invention is also directed to a method of treati_pé_._a patient afflicted with an
IL-4 treatable condition by administering a therapeutically ie‘ﬁ'ective amount of a human
IL-4 mutein numbered in accordance with wild-type IL-4 havmg T cell activating activity
but havmg reduced endothelial cell activating activity. Thxs method is applicable wherein

30  the IL-4 treatable condition is an autoimmune disorder, cancer, infectious disease,

cartilage disorder, and psoriatic disorders.



reduced endot helial cell activating activity, conprising nutating the
surface-exposed residues of the D helix of the wild-type IL-4 whereby the
resulting mutein causes T cell 25 proliferation, and causes reduced IL-6
secretion fromHUVECs, relative to wild-type. The invention is al so
directed t oweomTMed of treating a patient afflicted wi th PGTYSPVO2E oat ap) e
condition by adm nistering a therapeutically effective anount of a human

I L-4 rmutein nunmbered in accordance with wild-type I'L-4 having T cell
activating activity but having reduced endothelial cell activating
activity. This nethod is applicable wherein 30 the IL-4 treatable

condition is an autoi mmune di sg; ous di sease, cartil age
di sorder, and psoriatic disorde rﬂ?b?cﬁwf&ﬁ%?ﬁ%k

PCT/ US97/ 09286Figr1 d¢ arDemioe aqid seguencé (SEQaIDINGW) nf;natﬁng:xldﬁypeéxummﬂﬂmndam d .
sequence (SEQ JD .NO f,. mat ur e uman || S t st udy.

Hel i ces are unﬁg":'FNg‘ié)d ﬂﬂﬁeﬁ %E'ngﬁa ngtgwéﬁﬂegﬁ%yen'&aﬁ%ﬁ % & BDPhF’ggﬂst ions 5
t hat, when ﬂutahtedhgnimhdaﬂyneieédoen-eé!emwmaidométs,amﬁdxmﬁ in Bdlet)dpadl cated in -
bol d type. Fi i h| C t n. of th sel ective

agoni st concep 132321 gﬂ%‘g%ﬁﬁgp‘c@ts@@?‘&ﬁgﬂ? °°5'fﬁp e for selective
agoni st mut ei nsxgjsni heodﬂid‘sﬁ(‘ddst respaheCcutie fonselestiw)agoniftamadins’in the HWEG- t ype
IL-4; [err], R121P; [ er R12L T/ 2F/ 4 P | d-type
IL-4; [err], Md corgtion AsAY.. lI@1"#’] > WilghtyRe é‘% & @'ESHS %}%N

i ndi vi dual dosmzxmmmmvemaf BSQieﬁild%cﬂﬂQﬂl.t YIDAGQ Ws Yrakhey HUVEC
I L-6 secretlon as?é? Panel AA O wld-type IL-4; [err], R121E Panel B: O

wild-type P-4Y134 $/1]25AR121P Panel C. O wild-type IL-4; [err], Y124Q

Panel D: O W fig- 4 Vi€ inkividhal dofé febponsélotfias oPﬁﬂ:@‘weEagm@it nm:é.ﬂ.l.r infREHUVEES;
[err], Y124A/ S1 5A. Panel F; O wld-type IL-

R121T/ E122F/ Y1Bageontiop assay; Pangl ArQuswild-ppe Wiefs @, Féi’&o HJéaﬁ' BuPvuild-gpe Hebiect i ve

agoni st nut ei n@, ReF1pt Nean © ogwn@kypémoosméql kemfén o iogiviR-type 1147 @l |
proliferation assays. Panel A: Yfe | L- [err], RI21E;, [err],

R121P; [err], h&%ﬁ/@&éﬁzmﬂagm%ﬁé ! ‘WSWMP@%E— G wili-typee4; ®,v124Q
V, Y124R, [,prrﬂuzﬁﬂéﬂﬁ,{;‘si%. 20 Fig. 6 are individual dose response
curves of the 1ferr] T cell proliferation assay Panel A: O wld-type
IL-4: [err], FHgE s repmppsits:.dogs resppnsg curyp for palecive qgapistmutgins forthe higlogicalC: O

wi l d' * response of IL-4 muteins in 1° T cell proliferation assays. Panel A: O, wild-type IL-4; @,
RI121E; V, R121P; ¥, RI21T/E122F/Y124Q. Panel B: O, wnld-type IL-4; @, Y124Q; V
Y124R; ¥, Y124A/S125A.

20 Fig. 6 are individual dose response curves of the 1° T cell prohferatlon assay. Panel A;
O, wild-type IL-4; @, RI21E. Panel B: O, wild-type IL-4; @, R121P. Panel C: O, wild-
type 1[.-4; @, Y124Q. Panel D: O, wild-type 1L-4; @, Yl24_R. Panel E: O, wild-type
IL-4; @, Y124A/S125A. Panel F: O, wild-type IL-4; @, R121T/E122F/Y124Q.

Fig. 7 are individual dose response curves showing the antagq'__t__l_ism of IL-4-induced IL-6

25  secretion on HUVEC by the T cell-selective agonist IL-4 muiqiiis RI121E (®) and Y124Q
(V). The dose response of the IL-4 antagonist R121D/Y 124D’ (0) is included as a control.
Figs. 8A, 8B are individual dose response curves: Panel A shows the biological response
of the R121D mutein in a 1° T cell proliferation assay (O =IL-4,.= R121D); Panel B
shows the inability of R121D to induce IL-6 secretion on HUVEC (O=IL-4, ®=R121D).

30 Fig. 9A are the individual dose response curves for IL-4 (O) and the T cell-selective
agonist muteins R121E (A) and TI3D/RI21E (A)inthe 1°T eell proliferation assay.
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type IL-4; [err], Y124Q Panel D. O wld-type IL-4; [err], Y124R Panel E:
O wild-type IL-4; [err], Y124A S125A. Panel F. O wld-type IL-4; [err],
R121T/ E122F/ Y124Q. Fig. 7 are individual dose response curves show ng the
ant agoni smof IL-4-induced IL-6 25 secretion on HUVEC by Bpﬁ,ﬁsg, "

cel | -sel ecti WO¥HIM4st |1 L-4 nuteins RI21E ([err]) and Y124 errjo')m The
dose response ofthe IL-4 antagoni st R121D/Y124D (O is included as a
control. Figs. 8A, 8B are individual dose response curves: Panel A shows

t he bi ol ogi cal panse. Qf .fhe R121D nmutein,in a,1 T cell oliferation
nssay (O I Loa, |BRVLpirdvigpaldesk sEpons® SHomaHREs hr atneopieg ob[Ltpatist 1S

i nduce | L-6 Secrgkbicfidh 6f HUWEHE by it [T dell-deREtieIR1Q hgda)st nifleins RIZLE @) smde t he
i ndi vi dual dose resgonse curves for I1L-4 (O and the T cell-selective

agoni st nuteins ‘1) and T13D/ R121E ([err]) in the 1 T cell
proliferation assay. 8 WO 97/ 47744

PCT/ US97/ 09286 Fig. 9B are individual dose response curves show ng the

ant agoni sm of 3| L-4-i nduced |1L-6 secretion on HUVEC by the T cell-selective
| L-4 agoni st nuteins RI21E ([err]) and T13D/R121E ([err]). Description of
the Preferred Enbodi nents A Basdription nfihé PreferhalEmbalimatiown t o nedi ate a
variety of cellula nesponses in vitro, including 10 various effects on B
cells, T cells, 5‘9t es, as well as endothelial cells (Maher DW
Davis 1, Boyd AW I\/brlls-t4y:as Keen khovmrto madiete laovadisty oficcllalar responsao Dk, afctudingi t h

potentl a gt el ARELhGRRTE s 28 ShBUD, KRGl Soudif HatR
t her apeuti c i nt ebwe m‘avwrl dedMWoMoMa@._ Huindd/iftedeukinon Zh . |mhmqimdhiamumrx
upregul 2 on Of, eS| Benahlobiea BNk BBA 5 orl, LYER (Rl OF
cel | adhesion rmd:aﬁndne RIL: OOytbkiien Feghtatiom | ormrceawmumr paditial H&! ditapasic! s. J
AR e o R R AR e T
rmnocyt e chermt addhéstonfiidMciert (armM-m;t(swbmukM Iee (RHY ALY, Sepp N, Gadghaiah 8hw, al
CorLs. 201 oY S, B2 e, TR S TR, 258 e BT
Interleukin 4 angiciovseslan@idomstiad caia S Dhmdrol $4955981765,M198I! ahd) indtdtich l6F [L.s
production by en%gltonae lFI %n'omeI | %o A OLlEnm %N Maddalena F, Mantovani A: Interleukin 4
amplifies monocyte chemotactic protein and interleukin 6 production by endothelial cells.
20 Cytokine 4:24-8, 1992) and monocyte chemoattractant protein-1 (MCP-1; Colotta F,
Sironi M, Borre A, Luini W, Maddalena F, Mantovani A: Interleukin 4 amplifies
monocyte chemotactic protein and interleukin 6 production by endothelial cells. Cytokine
4:24-8, 1992; Rollins BJ, Pober JS: Interleukin-4 induces the synthesis and secretion of
MCP-1/JE by human endothelial cells. Am J Pathol 138131 5-9, 1991)) are direct effects
25  of IL~4 on cultured endothelial cells; the upregulation of "Vz;_:_CAM-l is comrelated with the
increased adhesion of lymphocytes both in virro (Carlos TM, Schwartz BR, Kovach NL,
Yee E, Rosa M, Osbomn L, Chi-Rosso G, Newman B, LobB R, Rosso M, et al.: Vascular
cell adhesion molecule-1 mediates lymphocyte adherence to cytokine-activated cultured
human endothelial cells. Blood 76:965-70, 1990; Thornhill_—_!ﬁ‘lH, Wellicome SM, Mahiouz
30 DL, Lanchbury IS, Kyan-Aung U, Haskard DO: Tumor n:gni*bsis factor combines with IL-
4 or IFN-gamma to sefeclively enhance endothelial cell-ﬁﬂhcsiveness for T cells. The

contribution of vascular cell adhesion moiecule-l-dependént and -independent binding
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4:24-8, 1992; Rollins BJ, Pober JS: Interleukin-4 induces the synthesis and
secretion of MCP-1/JE by human endothelial cells. Ant J Pathol 138:1315-9,
1991)) are direct effects 25 of IL-4 on cultured endothelial cells; the
upregul ation of VCAM1 is correlated with the increased adhesi on of

| ynphocyt eswbetv74an vitro (Carlos TM Schwartz BP, KovachPRI/USY0823f Rosa
M Gsborn L, Chi-Rosso G Newman B, Lobb R, Rosso M et al.: Vascul ar cell
adhesi on nol ecul e-] mnedi at es | ynphocyte adherence to cytoki ne-acti vated

cul tured human endothelial cells. Blood 76:965-70, 1990; Thornhill MH,

Vel licome SM Nebhagisms. Immubil 146:592c8) h9A1Y anliSy viKey (Brisdue MM, TouhiaRE FoberDEX Tunor

necrosi s factor mhenes with .lL- 4 ar |EN-qga t | ect,i vel y enhance
endot hel i al ceFf‘gélﬁjﬁléé‘f“\‘/°én‘é°§'§ Sif I(-)f?cmf’ ?:‘%?p'f) F?“W&ﬂ?r‘?%u?q E‘}ﬁ W%?fé(g‘c ar
cel |l adhesi on nadcalanudell-alihatippandenie-laindivo. Cda¢glatiod avith CD3WT regll hfiltratiiD J .
97/ 47744 . PCT/ US97/ 09286
mechani sns. J (Wé?"lzz?é‘?'g%é?%%) 1991) and in vivo .(Briscoe DM Cotran RS,
Pober JS: Effects ofhet ILvbmueis ribsiysl 28D cfshbstitufion) of Alspyastixc adid rford Tyrosimdal L- 4 on -

W th Cbas T ceprearizR s AT S smadinihaie N Temade Fepd Wi Kosisiag orhiman ' O,
IL-4 mut ei124; L_inﬂérf‘éﬁl;ili_ﬂ-ﬂ) iht6 & nsghi alﬂ!ilrtiu:yeama@nflzist\sjoaﬂ‘h'gx_er aﬁﬁioagﬁiﬁésplégh‘rlhgﬁ.{/l\llmoal

posI tion l C ant agoni st ruse \ ony. epDa

Conver si on of I‘lfiﬂgﬂ'%nfg@'e Y‘%’4"ﬁpﬂf’5° i3 Rerigmned by the ipyeniory baye dsraqnsiggied,
singl e am no aﬂiadm-ﬁghﬁmtamﬁit_s am?:xiitﬂﬁhﬂgﬁlgﬁ%of fvﬁ@-t%bé Hfﬁ iet{inilbﬁnf me
exper| nents pertor e 1.nvent or ave denonstrate { Na ;

exhi bits aclt ep’felﬁ‘?{‘%f F%ffégﬁ“g?q %Hse"f’ﬂ“‘f‘hif‘e eRliuly pypnisyasiacipted with bothyyildedyre o 10
previ ously undgsssdndgo-400I98DMRddIatd 10xId19 ikchlde whREulRioR BF YCAMEPGiprigaidion t h
both wld-type lﬂ%f nd | L-4[Y124D, nedi Et,ed toxicity include upregul ation
of VCAM 1, upr 8% f fé‘h SEPm\tBerEgses tp SEUFHEe MORpaXsS éé"}hﬁ' with @ gongqniiignt
nmonocyt es t ogetdtrdasaint Eircalafify) GRiPhboytt, #hACAnCMERask n Gbhasdrt | Siditdrydemhacyt es,

and an incr easrer##_n Jhematocrit. Simlar cellular trafficking has been
observed in cl Faffigking has; bepr observeryin qlinieal; trialf, ysing, B4 Vsbusnang (Woag B, Lotze T
Vahl LM V&bl fivt, WAl SahipdM ORdridthistidiion 1ebiditinahliL 4 d huitki¥BEsulAs Ghreal €S
gene expression, phenotype, and function in circul ating nonocytes. J

| munol 148 219pression, phensjyperspd funstion o cirewafingimengeyies. 4 fmmproh 4882 148-28¢ T

cells, these regt Hus WHE plopbhial ast ddntaorlist iof T8l SRR RIS isBifhedt ndt e/ Y124D
are due to agoni st activities on and are nedi ated through cells ot her than

T cell's. The ol¥iitisedemanstiatedpy b/ ¥ 24Pege drsityagonist aptiviticsion and gre mediated
through cells other than T cells. The observed in vivo toxicities using IL-4/Y124D and

20 the known effects of IL-4 on endothelial cells are consistent with the mechanism that in
vivo 1L-4 toxiéity is mediated through direct effects of IL-4 on the vascular endothelium.

Through these (and related) investigations, the inventors have discovered that a

new IL-4 receptor may exist on endothelial cells (“EC”). This:possibility led to efforts to

synthesize IL-4 muteins that would selectively activate T cells, but not EC. While T cells

25  express an IL-4 receptor composed of IL-4Re and IL-2Ry subunits, the inventors have

discovered that human umbilical vein endothélial cells (HUVEC), express [IL-4Ro but not

IL-2Ry. Crosslinking studies have shown that two receptor chains are expressed at the

cell surface of HUVEC: the molecular weight of one is consistent with IL-4Ra, and a

second,.lower molecular weight chain. These results suggest that a novel IL-4 receptor

30 component similar in function to IL-2Ry, but differing in sequence, is expressed on

HUVECs. The differences in the specific molecular structures between these two

10



20 the known effects of IL-4 on endothelial cells are consistent wth the
mechani smthat in vivo IL-4 toxicity is nediated through direct effects of

I L-4 on the vascul ar endothelium Through these (and rel ated)

I nvestigations, the inventors have di scovered that a new IL; ?'?}"S@B%"Q’r may
exi st on endoveey#ar cells ("EC'). This possibility led to EFFG 0
synthesize IL-4 nmuteins that would selectively activate T cells, but not

EC. Wiile T cells 25 express an |IL-4 receptor conposed of IL-4R err] and

| L-2R[err] subunits, the inventors have discovered that human unbili cal

vei n endot hel i al receprdrswereithyuEejploitest forgenerate pn LR$ wariapt thaids selsetivieforme cacerjfor
Crossl i nki ng st ugj h . .eceptor chains are expressed at

t he cell surfaceg%?ﬁ‘ﬁ%égai?ggq% ectllj‘fe\g?m\{/l\gfght of one is consistent with
IL-4R[err], and a secKBigee 2|dsmensimies graphically theisgleative hganist conkept eltrshews the T
suggest that an-qltlg 3, . o>l ' t] o]

| L-2R[ err], but %ﬂf erlleﬁ‘== “l{rﬁ:g'gtg%%{egntgglbgg ex%@g%“ggﬂgm%&m#nﬁlh%ﬂm
differences i# tirceptyeemprisingrthe HedRady-liket neceptor subunib ctltheugh depicted heretpgdther WO
97/ 47744 . . . i .

PCT/ US97/ 09286 r DEBEPSFL ol Mstaton soly e M resgrop o b e feresed ot Aferat ollne
that is sel ecti viypésorTherie cellexeegptonis @wppset loé llbdRerand 8.-3Ry ; H.-4 binding imdutesct i ve
agoni st). Figure 2 demnpnstrates graphlc .t sel egli v oni st _concept.
0 hows” t he T cispapey PR it Falata opfus ihilige, i DO B
subunit, and an keaatiinel fombation bécutslin 4 stnilar meowep bo ECE) axpeptsthal ghet deeeptor for

IL-4R[err]/[err]zljke receptor spbunit. ALthou depicted re,together for
pur poses of ﬁ*;l ug‘t'é 4t FER °5% ?/{ “T iyﬁ‘ga Wo arﬁé’%prf%sg@r fcgtgp q"fﬁﬂf g{r?eey é'%(epggespéoerd on
di fferent cell tgyqneeuentisaliffergefbmilb2Bpt (F cellgeleaivy tis¢ dganists are théyeomtigntsanfd

rosul s i’ colt ultah el Gfkin Bk g5y 1S GiFeR ik B T 6 eet Rl e

formati on occur Surabledo fidate leterodimerizitionNarddGhs, sighiliag) tof theaiontThellrreeepiof 1~ f or

10 1L-4 is conmpgsed,of [L-4 r nd, a. r]-1ike receptor. conponent, The
[err]-like receptt ""(fgerfﬂh%‘ng‘ﬁg} ‘aq?lstl‘g?ig{q?i-ﬁ}ag ’ﬁ‘i@'ﬁﬂfﬁ’raﬁ"’w ‘?r‘]&'m with
: CE' : -sel ecti ve Inpmoa@mﬂihsi;sbimymmllifwmawareiv&at H,-Zlg[ Mdﬂﬁ %mtsulg[uﬁil ﬂiiaﬂgiftr)d@ei r
ability to interact with the T cell receptor IL-4Rerr]/IL-2R err]; but are
unabl e to induce‘%ﬁﬁluﬁf'(‘igfff’é?‘f‘%f'\‘fﬁ?"%fﬂ ™¥us signalling, of the non-T cell
receptor IL- 4R eL r]/‘]{he!v_m% gdxﬁﬁéﬁent‘s_wfuﬁi’ltcellsb&hﬁﬂilgﬁk?fﬁﬁilﬁnmmtabﬁiﬁeremh _
agoni sts retain their i]i t 0 i nteract { - err]; it is their
ability to di scrﬁeww@eﬂ&%@ﬁwvﬂwﬁ%HHC&%%FP*]-%ef're 2sualFeient hat
gi ves them t hei rofqel4 to SRUEE t HyRthasitihg/dht ma%ncreaj:bi SSunithiishld sataGaRPRReNt S

r

of the T cell receptor, |L4- r nd IL-2Rlerr|, contac i fferent
20 reg_ign of IL4 as doﬂ ?L-Eéy, edinventors ade 3 number of:jl sutbstgljtut]:ons En the D-

Helix, particularly residues 121, 124 and 125,
The D-helix has been implicated in interactions with both IL-2Ry and with the
putative novel receptor on HUVEC (specifically, the JL-4 mutein R121D/Y124D is a
HUVEC antagonist). Muteins containing modifications to the D-helix of IL-4 (residues
25 110 to 126; His=1) were screened for their ability to stimulate either T cell proliferation
or human umbilical vein endothelial cell (HUVEC) secretion of IL-6. Muteins that
induced a differential reéponse on T cells relative to HUVEC were further characterized
through further mutageness. | _
An initial scan of the D helix was undertaken to determine the potential areas of
30 interaction. Additionally, alanine _scanning substitutions of the AB loop were also

generated, as this region is suggested to be involved in the interaction of the cytokine



regions of the IL-4 nolecule, and therefor the inventors have focussed on a
small region of IL-4 to nodify. Hypothesizing that the novel receptor
subunit would contact the same 20 region of IL4 as does IL-2R[err], the

i nventors made a nunber of substitutions in the DO Helix, particularly

resi dues 13goe%@aand 125. The D-helix has been inplicat eBCHRESYPBPact i ons
with both IL-2Ry and with the putative novel receptor on HUVEC
(specifically, the IL-4 mutein R121D/Y124D is a HUVEC ant agoni st). Miteins
containing nodifications to the D-helix of IL-4 (residues 25 1 10 to 126;
Hi s=l) were sdigashant fler Dthebx rintedactingt rgceptor stbhunitl alneparticulug,r suffaceedxposed

proliferation or_ hu || b N.E hel cell ecretion of

IL-6. Mt ei ns FHIHES gﬁgugg‘gmé”gﬁl#}eﬁ%n rF’EF{)?' sélplg%qz#f Altg'cli‘é\’/:é@'}%l' g’frl've to

HUVEC wer e f uri2heSerddsiraad fes-1 2cdert itargatginfof invéstigationratdhgre pefined tabgets for t i al .

scan of the D hel.ix .un t o _determ pe the.potenti areas of 30

i nt eracti on. M@?ﬁﬁ“oﬁf‘&, dg'Feéraﬁhggzéca enm"ngp'?{}fB'g‘{’iaf'ﬂtﬁ’%%gﬂdfist g B oop

wer e al so gengirefereed, Cumnpatiions berweenriLi2s IIs4ghasdnd AL1S ihthis repion sedlidemify he

i nteraction of,the cytokin 477 . . . .

pCT LSo7] 0026 il eperypetrn fhed st et 7 ahd T 1. i uessing s seigues |

parti cul ar,h S Ukdpansible fop tRcHIUVEG irdkegtsr ifdetactioh) ,spmshasmmﬁséd&i&eu frddign 115,

Lys-117, Thr-118, Arg-121, us 12 Tyr- 12 r-125, .a -1 wer e

Pirgetod for gttt BAPRETLZa IeE werdhiepied nficd. Gt bt AT S bl vsi .

g) tes 118- 128 mae,eLym?e t@%{l;ﬁﬁlﬁﬁd? t«ﬁm; s,iys-ﬁ :%glk,- ﬂ;ﬂ&hhae infitadeofs T}ﬁﬁg‘eg(rj red. f
npari sons bet we - -4, -7..an - in this region also identify

di fference¥® be‘}’ﬁégﬁt"lh’-"%lﬁﬂgzﬁ°l?—h§’,a"'1¥'ll_-yr783|1ﬂjml"L- 15, possi bly suggesting

spgci fic residues mw?mw&b @nttfolﬂiiceﬁ hﬁnﬁm&meae&emageneﬁmgemnmrhumﬁaeci fic

substitutions deri rom an.alignnment petween IL-2 and IL-4 were

i ntroduced i ntlg'l‘l Eﬁﬁﬂ Tﬁé’g&“‘iﬁﬁ?ﬂ%g@&? sypeipned 10529 GXIF‘FFéP"L‘SF&‘PfoV&% Ren:

G u-122 to Phexpressionlin@ heroldgbus SRemi(NE.CL. &liMbichlanes s CHRBGRE Hifdified Ar g- 121

to Thr, Ju-122 to Phe, and _i[yr-124 tg d H’.Em)l\/m ations were introduced using

si te- di rect ed MRIEAYWHE Lsted ghT Gl grokifsmtion angE YHC optekinqsecretion assays Bi-Bhes wer e

subel on?d i anéﬂep&ﬂlrr;&gs%esgera&_&@sy ﬁuiivtdahchngwmlrblemang&s !a?_ﬂys%j dither iR BLSH Ol ogous

system (e.g., E. coli, baculovirus, or C . Purifie rot eins were

tested in T cévrnab\"@i M@P%(P'aﬁa‘am'%\m@“ewgﬂ Pﬁ%&t theterachivigss. Egegsfvgﬂyu L-6) .

15  Di f f er entmit€ifd Mastimulin 2 raitively Rironge ke¥poritdin haIT Qi) assE (WER{M-lypese

assays, either _in ECerr] or maxi mal response Q(PI at eau) { ndi cat e, ut ati ons
that of fect t bl asgeimporett jethe reapanes o HUVEG 0. witdype L4 will suggest positions

that are more important to the interaction of IL-4 with IL-2Ry than the interaction of IL-4
20 with the novel HUVEC L4 receptor,  Further analysis and mutagenesis (e.g.
combinatorial changes, substitution with all amino acids) of the identified positions will
produce an IL-4 mutein with selective agonist properties for the T cell 1L-4 receptor. This
protein will also be a selective antagonist for IL-4-induced HUVEC responses.
B. Definitions |
25 Described herein are novel muteins and a mechanism for deriving novel IL-4
muteins with selective agonist properties on T cells and reduced toxicity. A similar
strategy may be used to identify a T cell-selective antagonist. |
As used herein, "wild type IL-4" means IL-4, whether native or recombinant,
having the 129 normally occurring amino acid sequence of natié'e human IL-4, as shown,

30 e.g.,inFigure i.
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muteins that stinmulate a relatively stronger response in the T cell assay
(vs. wild-type IL-4) as conpared to the response on HUVEC (vs. w | d-type
IL-4) will suggest positions that are nore inportant to the interaction of
IL-4 with IL-2R[err] than the interaction of I1L-4 20 wth ‘1#}? yﬁgk HUVEC
| L-4 recept oWOIHT744her anal ysis and nut agenesis (e.g. combf orra
changes, substitution with all am no acids) of the identified positions

will produce an I'L-4 mutein with selective agonist properties for the T
cell IL-4 receptor. This protein will_ also be selec i ve antagoni st for
| L- 4- i nduced HUVEC r é\Sppishseein, BIL"bE‘HeH‘i fegns 2 po peptde where e Bukgtieations

are novel nutei N tidWhn@n mﬁmfeamﬁﬂ p:darnl uavmemydel Shécifiallpidisdlo3ed Mrdir)
sel ective agonist properties on T cell toxicity. A simlar

strategy nay be the argining residug (R} 34 Pas'ﬁoncl&' I Agéw'%'g’% a‘mbg&dm' aqeordagice yith 4
herein, "wild tyQRgdiybe -4, rmesiudtéenaim mmetw adisa&dtef@),cglmmomwﬂamaxanheVI ng

t he 129 normally occurri uence of native human |IL-4,  as
shown, 30 g. (F)j histiding &ﬂ)e mrleume . 1xme &ﬂ asparagine (N) proline (P), threonine (1) or

PCT/ US97/ 09286 Agypictsh e, ebﬂ »the hlhtaﬂuai?“éﬁ?'r@sxdd@eﬁnﬁosﬁoﬂol|2¥ P& PhubgR itk N
specific substltutlons to the human mature interleukin-4 protein have been

made. Speci fi cal PhpniiplanineEypr fhertupsine residucat positiond24 ssubpittedryithalaning Al on
121 ("Arg-121"), oiaRithe mixﬁﬂe I(R) 34RO (SPBC Girebhihd (¥ oF teY Rfind ks)%sxau% at

substituted W|th al ani ,. aspartate (D), glutamate | al ani ne 5

(F), histidine (pgsitionddt mﬂf(dl with plgniger(d)( Qpr mﬁwmfagﬂd@(w teigs havese (P) ,
threonine (1), Oranf. he/ Bé.ﬁﬁtlﬁgnc@ﬁl i 1d Q&gpvggﬂﬁ]ﬂne(o@er I fon st urgs?%'teé.' on

122 is substltute phenyl a ani ne ( rosi ne resi
position 124 is Bewwei, thet ek witelss of his ingentig)) may lalse derichrsactediped by ghine meid ( R)

serine (S) or t%&flﬁynﬁ‘%efet %s b uhl?iﬁnssaﬁﬁ m Qaﬁln{ja‘?ﬁn}_edozﬁm?etsn@soﬁ' h&z%[- e | S

substituted with a nost err ave an 10
am no aci d sequemgducs déthe natie 16 WWM“@W@I\I In-atcogdaneewithothisdavention any Such

non-substi tut ed E&?&g 3&1%%&11&49,%%%&:8&:@% lnloa'ﬁcfmifltnsq di'ﬂﬁ 4 OJn IL 'l' rﬁut&ﬁ“ﬁmefa

al so be characteriz acl nsertions, I ons, stitu ons
and nodifi cat$ on'Echk-selmere@Ftlmmémshavm mdncadrabd!ty 10 hativaie l:miothew cellses of the

1o e, 1L D0l e e GEAREAR ikl o O  3 1
mut ei n that ret afi.eisthoselhat have amamhmbé‘femnhzesemdary/omgmm struetuneofi tigmuteid). c ed
ability to acti VLR c‘é&@ﬂmﬁ' iu%.lniuﬁt%l\i ficlude those described by Dayhoff in The Atias of
Protein Seguence and Structure 5 (1978), and by Argos fm_.'EMBO J., 8:779-785 (1989).
20 For example, amino acids belonging to onec of the following groups represent
conservative changes:
- ala, pro, gly, gin, asn, ser, thr;
- ¢ys, ser, tyr, thr;
- val, ile, leu, met, ala, phe;
25  -lys, arg, his;
- phe, tyr, trp, his; and
-asp, glu. o
We also prefer modifications or substitutions th_ait_'-!_do not introduce sites for
additional intermolecular crosslinking or incorrect disulﬂdé.b_pnd formation. For example,

30  IL-4 is known to have six cys residues, at wild-type positiog;';s:-f!, 24, 46,65,99 and 127.
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We prefer conservative nodifications and substitutions at other positions
of IL-4 (i.e., those that have a mninmal effect on the secondary or
tertiary structure of the nutein). Such conservative substitutions include
t hose described by Dayhoff in The Atlas of Protein Sequence and Structure 5
(1978), andwber4mgos in EMBO J., 8:779-785 (1989). 20 FECTAREMILE ami no
aci ds belonging to one of the follomﬁng groups represent conservative
changes: - ala, pro, gly, gin, asn, ser, thr; - cys ser tyr, thr; - val,

ile, leu, met, ala_ phe; - arg,, h|s - P yr, trp, h|s and
-asp, glu. W also réwﬂmﬁﬁ!q"dﬁ@ wild Gepriled t\t&m@ngd%@tngecphm@
i ntroduce Sit egnifdhcid Withréfereate tb 'ﬂie%oﬁiﬂbn?%ﬂéh ﬁxﬁtoéﬁhé R4 99"‘%’(1 b&aRiheCt

di sul fide bond formation. For exanple, known ave Si X cys
resi dues, at ivildtypedhed. oWhere jngsitions or @kuom@re G@de tggwdhﬂ mupein, ongof skilh i

97/ 47744 the art will appreciate that thc ser (S) no:mally occuring at position 125, whéithinitered/ 09286
By "nunbered in accordance with wild type |1L-4" we nean |dent|fy|n a

chosen ani nb deperordpnas “f*@r"\ﬁ“ém?élfl“omﬂm shidisd iniposition ingheimyiein.nHoweyen the aci d

nor mal |y 0CCUri§catifh M&isﬂ.m%eé ﬁ fan B\Edafly uaaﬁﬁﬂeu @Y SnspéctifiS bl dofBlRticA f MR
to the IL-4 nutein, one of ski in the art wll appreciate that the ser

(S) normally dheflanking aminogeids witlWoseflankingseninnildtiynedb-45 i n accor dance with
wild type IL-4, ma pﬂ.—&&h&ﬁ?éﬁtb@m@& { ibveRfo di:.{a?w‘&o ﬂfa&ym%l\é%eth jihe

| ocation of the shifted ser e rea determ by 1 nspection and
correl ati on ofknpweirf theiarki $ugh metheds inelpdtsopitruetingladdNA fdquenke engodieg the Fl-4i | d

type IL-4. f 0 by any
sur tabl e % nad iabolis Shinich and Bl Rl KRR WL AR SEPIBESE °Y 2
sequence encodiligmethed will produ@e recombindnhmutsins ofi this inventiort. |waemn,dhemptems3| ng

05 SCOLEnC Sy i ity b AL T DB A

reconbi nant nuteins o I nVe t I on.
i nventi on nay cambmatos qﬁnhnﬂu@ésypﬂahbmdtremmbisammﬁetﬁdinblygy by chemi cal

synthesis or a corrpl 0 t od? en???q‘rgﬁlm r%l[&t h ?ﬁ)cri%c{ug'cgquual %\IA
UCI

technol ogy. In one en & FeComp nan: pro ng a
nmut ei n of thi Snvention, a DNA sequence is constructed by isolating or synthesizing a DNA sequence

encoding the wild type IL-4 and then changing the codon for argi2] to a codon for

alanine (A), aspartate (D), glutamate (E), phenylalanine (F), histidine (H), isoleucine (I),

lysine (K), asparagine (N) proline (P), threonine (T) or tryptophan (W) by site-specific

mutagenesis. This technique is well known. See, e.g., .Mark el al, "Site—speciﬁc

20  Mutagenesis Of The Human Fibroblast Interferon Gene”, Proc. Natl. Acad. Sci. USA 81,
pp. 5662-66 (1984); United States patent 4,588,585, incorporated herein by reference.

Another method of constructing a DNA sequence encoding the IL-4 muteins of

this invention would be chemical synthesis. For example, a gene which encodes the

desired IL-4 mutein may be synthesized by chemical means using an oligonucleotide

25  synthesizer. Such oligonucle@lides are designed based on the amino acid sequence of the

desired IL-4 mutein, and prefégably selecting thosc codons that are favored in the host cell

in which the recombinant mutein will be produced. In this regard, it is well recognized

that the genetic code is degenérate -- that an amino acid may be coded for by more than

one codon. For example, j:he (F) is coded for by two codons; TTC or TTT, tyr (Y) is

30 coded for by TAC or TAT and his (H) is coded for by CAC or-CAT. Trp (W) is coded

for by a single codon, TGG. Accordingly, it will be appreciat_ed that for a given DNA

i4



15 invention, a DNA sequence is constructed by isolating or synthesizing a
DNA sequence encoding the wld type IL-4 and then changing the codon for
argl21 to a codon for alanine (A), aspartate (D); ‘glutamate (E),

phenyl al anine (F), histidine (H), isoleucine (1), lysine ( i ne
(N) proline mﬂf“flmeom ne (T) or tryptophan (W by site- sgl)eém?ép %

mut agénesi s. This technique is well known. See, e.g., Mark et al.
"Site-specific 20 Mut agenesi s O The Human Fi br obl ast Interferon Gene" ,
Proc. Natl. Acad. Sci. USA 81, pp. 5662-66 (1984); United States patent
4,588, 585, i ncoBYPIEE ccadingen panipulate flef oputen, et Wilk benmany PNA degenemteuct i ng

a DNA sequence ghgafedHatlwiRt cbde r tﬁ&ttlﬁwlﬁutéiﬁ ﬁohb:&nipIéVﬁ W wﬁiﬁé&lﬂaﬁd Bt in
chem cal synthesis. For exanp gene which encodes the desired IL-4

nutei n may be sy‘m‘m@ %W@P@M %ammwéah@u%@ma'%wowp inRFRID NEOE3, thereos
synt hesi zer . B RN UGkRRE BR6 MofendRShANG: RRBRILANNLRE AFMORE d

sequence of the deS| mutein, ‘and preferably. sel ecting those codons
that are favér edegencrath BNAowgueness preicansidered withindhe ssepsrafithisinvenion.cTherefore)  be

produced. In thigsob AR frinih thefoth khercsﬁe,g;}m@mmasn s ARPRIA GegBRER 1 S

degenerate -- that an amno acid be co nore than one codon

For exanpl e, phém(@}lefosaeerﬂ@dprmtenby two codons, TTC or TTT, tyr is 30
coded for by TAC or gl Ringe £ddbdihe e ALK Shuted of ﬁ%t‘ veifether gik @:@W s
coded for by a single co ogjeq % éc%r dﬁg%uéﬂfc lis ig’ﬁappr ercg_ t hat

for a given DNAbY 4ite direpyed gmtagtmpas], synthesis or other methods, may or may not also include
PCT/ US97/ 09286 u r be
49 BRA &Q&e%ce%’lﬁa?gﬁcﬂﬂeat si %qut‘gx & Jcir slﬁ?}g‘t&qﬁt&% 1%&9&:&[ Wo 4

many DNA degener a equences t
exanpl e, it wil be lope maspgninsil diyettic t:ﬂ!at:hoisqm ﬁwdcfxprﬂs@nntocﬁ thenEo-$ mukein. r e ahapNok

sequence for ' %w’é Elgﬁw

degener ate DNA E@é&}énces t g@“@%%@“@% E}t 4““1 Sﬁom‘hém l ce(g'
degener at e DNA satiyaHad cEhednclusioo nfé iimﬂbitqwncﬂmenﬂﬁh@.‘amﬁpeﬂ@ﬁde&mso seArglent i on.
Therefore, "deg t I o1 [ S, | tion
means all DNA sg'ggfé%crg%t&g fi.o;w{hé(ft‘: Hﬁs’ﬁ&gc%iaspnl curﬁqgﬁrnu%té%ilfr)\{.hc;fﬁugwyggquence
encodi ng t hesl Lpnokarmtmmgmmlhnssreifmémat theiDNWisequierne niptreppode a dighal seuense.

di rected nutag esd d

i nclude 10 DN&E eq nceés!ﬂtali ?"k ((ft((gcciielt ““gisﬁgﬂ? ‘? rgfg%%gﬁgtea uc%gi"e&e
sequence, if pre&edmian¢hostlp¢fdwl3dhﬂtheemblj‘mwéd‘dlgnaltsmemlbhuteﬂosen f or

expression of the llStandEQflrn?étt?;ds J”%’%ggi%”@ﬁﬁ]‘%r’g&ﬂ é?ta Che ngy?%tig‘ Blie

conmbi nati on of the two equen
according to this invention. For example, the complete amino- acld sequence may be used

20 to construct a back-translated gene. A DNA oligomer conta__x_mng a nucleotide sequence
coding for IL-4 mutein may be synthesized. For example, several small oligonucleotides
coding for portions of the desired polypeptide may be synthﬁ;ized and then ligated. The
individual oligonucleotides typically contain 5' or 3' overhangs for complementary
assembly. |

25 Once assembled (by synthesis, site-directed mutagené._s_is or another method), the
DNA sequences encoding an IL-4 mutein of this invem_ipﬁ will be inserted into an
expression vector and operatively linked to an expression co;jtfql sequence appropriate for
expression of the IL-4 mutein in the desired transformed host Proper assembly may be
confirmed by nucleotide sequencing, restriction mapping, an:q;e_'.;:_cpression of a biologically

30 active polypeptide in a suitable host. As is well known in th§-;§n, in order to obtain high

expression levels of a transfected gene in a host, the gene must be operatively linked to
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native IL-4. The inclusion of a signal sequence depends onwhether it is
desired to secrete the IL-4 nutein fromthe reconbinant cells in which it
is made. If the chosen cells are 15 prokaryotic, it generally is preferred
that the DNA sequence not encode a signal sequence. If the chosen cells are
eukaryoti c, WOo¢Rskrally is preferred that a signal sequeﬁ@“ﬁ%m@#éoded and
nost preferably that the wild-type IL-4 signal sequence be used. Standard
nmet hods may be applied to synthesize a gene encoding an IL-4 nutein
according to this invention. For exanple, the conplete am no acid sequence
may be used 20ranscgpienalsand fransiational xpressiononiral geqyenres that mefinstiongbinsthe
containing a | ence coding for IL-4 nutein may be synt hesi zed.
For exanpl e, ;bg{i/égir?g:fﬂrgﬁo F&gl i gonucl eoti des coding for portions of the
desired pol ypept i d&hawhpicp of expressinncontendsequence dnd expresgion vettor Wilkddpeati uppniual

ol i gonucl eot i | AP~y ﬁ;ss Jezale) : I ary
assenbly. 25 U choid g&%“a‘ﬁ?@%h@‘ (ngxyntlﬁ%gﬁgs, s(;’:ttéao?'rE f'&g@t}e’gwm

mut agenesi s§ oremplayed disefsbexprassion vektorsOhpeukanyoticriwsts, in¢ludse fon gxampld, veatorsrut ei n
of this inventjon.w i ' |.an. :
operatively | icﬁﬁgﬁ%éoéxgﬁgsg?p%?g%&s %&%ﬁﬁﬁeﬁgﬁéﬁiﬁ %’%‘g‘?gg‘ﬁﬁ g‘%}go l'c')x?
expressi on of antheytomegalonituei Hsdfl exipeessins vectats tfora bacteginirbebtsh gstude Fmower

e : : - O ing.
and oxpt eso] orfee el PbE st of il it 2~ 53R ke BEBERY BERDT, AP
As is well knom their dekigatixes, widen host denge plrswoids,aiuch bi BP4, phpgecBNAgre.d.cthel s of a

L1 ansf ect e} 050Gl furitives of e Bl TS A9 ORE oL HRA Yigel $68 b Ris VO

PCT/ US97/ 09286Gnd fitansowougsingde sthandad DN A phades tUsefoh txpecssiore sestotanfoe gedst adlls
sequences that._ar unctional wn the chose xpression host. The choice of
ﬁ?c?%(ﬁ l{éc %1 fasmn% ané Benvatl;veg 2}6!(‘) PV@%@% rve%orls lr}ordgifétn%f-ﬁﬁ B}S:ﬁlgf

expressi on co equence and expre he
choi ce of hostpVLA4M We prefer pBistBac™ 1dGibceBRIL, Gaithedsblulpy BID) aCatc ar1h) Nsdlations nay

be 5 enpl oyed. eful . expr.essi on, vect o f or eukaryqtic host i ncl ude, for
exanpl e, vect oqf;ﬁ’(?%f"fﬁ)'ﬂéf“&?ﬂr §§§sﬁd’ﬁﬁ-\§“dlﬁ??"o'f’ﬁ§@ﬂéjgﬁbc‘§§“f gﬁﬁ?’?ﬁfﬁ‘f’" bovi ne
papi | | oma 1 r Of, The tiamar Genedn Anithat CellsEgh) 45y pp. 685-9943886)1 expressi on vectors

for bacterial hosts i | ude kno bacteri al pl asm. d such as.plasm ds from
ot et udi g, MdaiEt ey e s wile sy ot clresfioR Sink Csendeliced n% F w15
host range pl aisse sectors Bnbh asfiRiedpression gentioNéjuereesgincludethe expressicireomios

derivati f_phage | e g . NVB89. and other DNA ph h as ML3
and 111 anont ofERERALIS OGS ST 0% Hrnthol comeponbarn TRt < 1 or

yeast cells  of useful expression control seguences include, for example, the early and late promoters

20  of SV40 or adenovirus, the lac system, the trp system, the TAC or TRC system, the major
operator and promoter regions of 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

25 expression of genes of prokaryotic or eukaryotic cells or their viruses, and various
combinations thereof.

Any suitable host may be used to produce the IL-4 muteins of this invention,
including bacteria, fungi (including yeasts), plant, insect, mam?p_al, or other appropriate
animal cells or cell lines, as well as transgenic animals or plants. More particularly, these

30  hosts may include well known eukaryotic and prokaryotic hosts, such as strains of E.coli,

Pseudomonas, Bacillus, Streptomyces, fungi, yeast, insect cei_ls such as Spodoptera
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include the 2[err] plasmd and derivatives thereof. Useful vectors for

I nsect cells include pVL 941. W prefer pFastBac[err] | (G bcoBRL,

Gai thersburg, MD). Cate et al., "lsolation OF Théeé Bovi ne And Human Genes
For Mullerian Inhibiting Subst ance And Expression 15 O The JHy Qwﬁﬁﬁe In
Ani mal Cel | s"WO@#T744 45 pp. 685-98 (1986). In addition, any of a w de
vari ety of expression control sequences nmay be used in these vectors. Such
useful expression control sequences i ncl ude the expression control

vectors. Exanp) eduaertie i rAls Seb i T BmsEs avIon (D) AL FaRe ool gpeh
exanpl e, L he ear MWAhﬁﬁﬁg@i_é'Axgﬁﬂﬂ@i Gelid Such aetos\tﬁcosn , BSeNPBSC ue,,ana Bg'rl ac
system the trp s m the em t maj r an
pronoter regions! %1‘“‘ hurpan celinpywe P"bﬁ“c‘gféﬁd ssl‘-“i"“ (96?\‘9‘{3‘6{“ EFEHEL0f £ d
coat protein, thgepfRyCTHY ceizpéndacmﬁnbﬁgdume; ﬁfd%akuk:ﬂ&%ﬁth@(ﬁl-@&ﬂﬂme CHO

gl ycolytic enzynes, the pronoters of acid phosphatase, e.g., PhoA, the
pronoters of 6he@HERY: [err]-mating system the poI yhedron pronotor of

Bacul ovirus, and ot hgf sRfUSMNERREe 8 UBleritBodC MR Adk | alll V2BtorOandCeiBreSsich! ntr&lf
genes of prokaryotlc or eukaryotic cells or thejir_viruses, and various

conbi nati ons t hepegameesawill fpgtion savally el teeypres e BYA waysners degriper hergin. 4
mutei ns of this NeMRPHICI hdsﬁ%dédwa;umwar Wwith the ume exf:ie%n'*k‘}kt@tg YRo#etes)

pl ant, insect, mammal, or other appropriate ani nal I's or cell lines, as
wel | as transgenpee efrskithinsthe rartpmrmeke ﬂ\kﬂ@“@aﬂ%dbﬁp [VpCtors, heXpressBm contilst s

oy ol ude vl | Jiaaug i Kk i Gl BBKAEKAN R Bl SRR FRLDS O

E.coli, Pseu t rept onyces,
such as Spodopt etha hgg must m@'slﬂmhq;ause the vector must rephcate in it. The vector's copy

PCT/ US97/ 09286 fm%}ep%da% as%@%mag;dﬂﬁ%m G ¢ h%??.ﬁsJirZeg@ finsOvarY

(CHO and nouse cell'd suc can green D ey ce
1, COS 7, BSC 1, eig®igd4ly, thenvcBNTSudlD as anfibidtignmerkers| $hould salsonked [conmislened. aFnr

cells in tissue gy % refehr@d v rﬁ?o'r ubinl th'g)imeﬁﬁcﬁ)' e fiofd tFJteclho‘gi% lgﬁk' >

and COS 7 cells In ures an particularly
HFR-). It shasl dexmbdmg)thp $le-4 lpertainsde bs aroplified ha¢0pnoumbdrlswbemdlfabt§wdctors are

cequonces. desor | DU RIIAIR GRS ey rneel bARRARehts it 1o bEORREE BT plER, P
with the sane expndifsiton (sspst-snKaufinaw Linited States Bitens Kid70,461n Ktzmaamtd .Gimyp,rrake
a sel ection am)”%&.E&Rﬁﬁon"éﬁ.%&hm%ﬂ&&éﬁh&%&ﬂ% QbNA Gene: Analysis Of Signals
Utilized For Efficient Expression”, Mol. Cell. Biol., 2, pp. 1304-19 (1982)) or glutamine
20 synthetase ("GS") amplification (see, c.g., United States patent 5,122,464 and European
published application 338,841).

In selecting an expression control sequence, a variety of factors should also be

considered. These include, for example, the relative strength of the sequence, its
controllability, and its cpﬁxpatibi]ity with the actual DNA_ sequence encoding the IL-4
25 mutein of this invention,: particularly as regards potential secondary structures. Hosts
should be selected by consideration of their compatibility with the chosen vector, the
toxicity of the product coded for by the DNA sequences of this invention, their secretion
characteristics, their ability to fold the polypeptides comrectly, their fermentation or
culture requirements, and. the ease of purification of the prdducts coded for by the DNA

30  sequences.
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10 sequences and hosts w thout undue experinentation. For exanple, in

sel ecting a vector, the host nust be considered because the vector nust
replicate in it. The vector's copy nunber, the ability to control that copy
nunber, and the expression of any ot her prote| ns encoded b‘Y’E{Q ¥1§Et or,
such as anwemmw4 narkers, shoul d al so be considered. Fof 9%{5’
preferred vectors for use in this invention include those that allow the
DNA 15 encoding the IL-4 nuteins to be anplified in copy nunber. Such
amplifiable vectors are well known in the art. They include, for exanple,
vectors able to be Withis i thesed PrgmElrISR oBppef skillain ofe (&bkemay sglect Kammlﬁran

Uni ted States fe?%ﬁ%mﬁu&?&n&@%eq&m%ﬁﬂ%@h@ﬁﬂ mun@&sgsrwaekm BNAA

Modul ar Di hydra e Reduct ase cDNA Cene: Anal ysis Signals Uilized For
Ef fici ent Exprsesushesson fappentationof in lgge scale a@mabwltmzabnempkeamﬁ;ﬂ%wﬂs

gl utam ne 20 AGZW E;e ("GS") anplification (see, e.g., United States
patent 5, 122, and Eur opean &abl I shed application 338,841). In selecting
an expressi.'on cont Th¢ st mytsins et medmmrémgmdhemmonmmmyd:eﬂmyb@d

consi dered. Th r t

coquence. it S ARPYQPMERterb iR Eront il S plu bR, Thoc
sequence encochm@mtdneas khe-hostaken theiitemmteinfpraduced mﬂlbemalxmsylwr Enkagyadic | y as
regards potent| 0 r

consi deration 5 gﬁer&g%r%'é R‘GH%]’%&E@ tgpf‘ﬁ§m Egllsg’e%thg 8{%@ rt)ox icity
of the productsamedlaylasfmnvﬂ}»‘thglymdmasé.quences of this |nvent|on their
secretion ghar act e Shi.g Suudll SoliudPbl icYrah Gl Hod U Qeogeégﬁg%éc@%&
correctly, hei r f Srent AP 1% requi renents & enge’ of
purification aiytshiebkrmdhet ¥adadaokiiods afo;kno\lwefdalﬁﬂnﬁ&g Ibéqtﬂmoaeg Urditéd WO
97/ 47744 97/ 09286
Wthin these psé?tﬁsrrﬁﬁt%’lxs 5 02)3r1%24015 s?(??ll’ af“h W%%solz‘i?'ro A QN % 8F£°6t"“ uma ey

vect or / expr es gudificationt SaL e g.eqmmeéthmsmm:blwasmﬁnkﬁabn \lmh:hncempcres s the

desi1 0 D SSOUSHE B BRI Bl B SASF S Bl LB >

obt ai ned aecorig3ngs (198dhe present invention nmay be gl ycosyl ated or

ungl ycosyl at ed depepdj.n t he host ,organi s se ce t .
If bacteria are chggﬁh §§ RETY 58? ﬁ'fﬁe'ﬁg’tﬁb m[ “éo“rfa?)%oﬁﬁ’g% yvﬁ"Vl be
ungl ycosy!l at edsitdbiduétiat knowa éx ths art.Suck fseaysiroinde imnbﬁuy nebtkdlizagioy obawivistle t he

IL-4 nuteins, a%lx&t@?u%due rhag’s {)]rg;[em kmargs, ohgoadenylat_e '2,5-A synthetase or

phosphodiesterase activities, as described in EP-B1-41313. Such assays also include

20 immunomodulatory assays (see, e.g., United States patent 4,753,795), growth inhibition

- assays, T cell proliferation, induction of IL-6 (MCP-1 or VCAM-1) on EC and

measurement of binding to cells that express interleukin-4 rééeptors. See also Spits H,

Yssel H, Takebe Y, et al., Recombinant Interieukin-4 Promoft'c_sg_the Growth of Human T
Cells, J. IMMUNOL 139:1142-47 (1987).

25 The IL-4 mutein of this invention will be administetq@i_zat a dose approximately

paralleling that or greater than employed in therapy with wild;;_t_jpe native or recombinant

IL-4. An effective amount of the IL-4 mutein is preferably adﬁiinistcred. An “effective

amount” means an amount capable of preventing or lessening lhe seventy or spread of the

condition or indication bemg treated. It will be apparent to those of skill in the art that the

30 effective amount of IL-4 mutein will depend, inter alia, upon.-_the disease, the dose, the

administration schedule of the IL-4 mutein, whether the IL-4 mi___;t_ein is administered alone
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same way as native IL-4 is glycosylated. 10 The IL-4 nutein produced
by the transformed host can be purified according to any suitable nethod.
Vari ous nethods are known for purifying IL-4. See, e.g., United States
patents 5,013, 824; 5,6017,691; and W9604306- A2. W prefer if@Wity
purificati onWOHMI o Okanura et al., "Human Fi brobl ast ol nterteron:

| mmunosor bent Col utm Chr omat ogr aphy And N-Termi nal Am no Acid Sequence",

Bi ochem, 19, pp. 15 3831-35 (1980). The biologi'cal activity of the IL-4
muteins of this invention can be assayed by any suitable nmethod kngwn in
the art. Such ad<¥%a% sonmynctiopwith pthensherapeptic pgents; he, porysm half-life nfithg composition, i ¢y
i nduction of pragl fiedenckd! RehR of thopdig@adenyl at e 2,5-A synthetase or
phosphodi est erase actjvities, as,described ip, EP-B1-41313. Such assays al so
i nclude 20 i munonmodtg dbdr juleds i, prefesably admpgistered, jn @jcomipggition jincluding” a

4,753, 795), O OVhbrrabdntibilll -a@Bptaig eirer. "Phérfbdeufitaly Adcbpiadld Aftier"infhkcd daffer Of
IL-6 (MCP-1 or VCAM 1) on EC and neasurenent of binding to cells that
express i nt erd euhdt does pok cayse gpy untowerd £ffes impatiegts to- whomeit is-pdministomed Spch ot

al ., Reconbi ”a”?hérﬂké‘eruh@dﬂ?ia&é talfiE QS WRIPKdAGWR VN e k. WhIgHBRe: b HSAIPBS of
| MVUNCL 139:1142-47 (1987). 2 The I'L-4 nutein of this invention

wi Il be admini stl¥®# at a dose approximately paralleling that or greater

than enployed in t heqady Nnbiindlof fe DBt RALASE A be! fgﬁﬁfm@dqﬁﬁ?h&}n‘a&uﬁép
effective amount of the |L-4 nutein is preferably adm nistered. An

"ef fective anourspmpesitions bywelhkinvmimethndaifes e@r, RsmingionisiPhymesauticak Saenicaby t he
severity of wpr qadyOkatiC hGOR nkbBblated b ettt bRl Bihuble infihiodst TH ! | De
apparent to thoglzl of satdlﬁfl i%r},dtnhe'ﬁg?t t#lat t he' %ﬁ#?@?tive aﬂ%‘ﬁélst of IL-4
mutein will depeheimapaytieal cemposition pithe hé myteinemayebe fopmulatedsio a vetinty of forms,

adni ni stration SEARFHY Gl gbllBobbinda Sy ometRBRBR' bl roe prdherd' i i

PCT/ US97/ 09286 @iepend upasyihe pastiquian indlicationdicing treaterband (willib¢ appargetrte one afiskillder um
hal f-1ife of thegcanposition, and the general health of the patient. The
IL-4 nutein is preferably adm nistered in a conposition including a

phar maceut i ckl |y accEhs Hof anutein pharmaceugiiah compasition aedy| ke adminipterad lomllyaby i er "

whom 1 1 i o adm AgrLARveRARy, A AT, REDh NG ralirn @5 or BB EH P
known in the ar tor inénypethéreaccepiableidnnpBSThe prsfardd ode of administration will depend
upon the particular indication being treated and will be apparent to one of skill in the art.
The pharmaceutical camposition of the IL-4 mutein may .-_lé_é_administered in conjunction
20  with other therapéutic agents. These agents may be inci;g;;porated as part of tﬁe same
pharmaceutical composition or may be administered se;ﬁf#tely from the IL-4 mutein,
either concurrently or in accordance with any other accépzt—_able treatment schedule. In
addition, the IL-4 mutgin pharmaceutical composition maybe used as an adjunct to other
therapies. | :
25 Accordingly, this invention provides compositio;jg-ﬁ and methods for treating

immune disorders, cancers or tumors, abnormatl cell growth';j;_br for immunomodulation in

any suitable animal, preferably a mammal, most preferably. wman. As previously noted

in the Background section, IL-4 has many effects. Some o’f these are stimulation of T cell
proliferation, T-helper cell differentiation, induction of human B-cell activation and
30  proliferation, and lymphokine-directed immunoglobulin class switching. Effects on the

lymphoid system include increasing the expression of MHCclass 1I antigen (Noelle, R., et
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The 1L-4 nuteins of the present invention can be fornulated into

phar maceuti cal conpositions by well known nethods. See, e.g., Rem ngton's
Pharmacautical Science by 10 E. W Martin, hereby incorporated by
reference, describes suitable formul ations. The pharnmaceutical conposition
of the IL-4wosvetmé may be fornulated in a variety of for n®CHUSETWH g

liquid, gel, |yophilized, or any other suitable form The preferred form
wi || depend upon the particular indication being treated and will be
apparent to one of skill in the art. 15 The IL-4 nutein

phar maceut i cal alc dnquesdd: Expressiony obla Avtigirs en esisg Breellst p, Noy Rale fudd Cell
|
| ntravenously, gl gl ?ﬂb?%%# dlfbtlft :g lbﬁﬁgﬁﬁd éﬁa}ﬁﬂtﬂéﬂfgmrdﬂ

subcutaneously or 1 n am rre
admi ni st rat i onalyiMéleailap eStsictuns oof Htmalpéymml@wtarkem@r dont Imuﬂyehh@ut @Ht ed and .

Il b f
of the t oa makssi 5 Tt SloBlS, G B\ 2 SR SRR ORRDS O
t her apeut i cs agiemune réspmse Stijavisted The celiesecetedE gond bladk Th1 pmgtessish. t‘mws sane
phar maceut | Cal oS TR A HIch B %l Bien iR W TieBh ST BRI Bkof T O (e 114

mutei n, either®onct I N accordance 3ccept abl e
treat rrent schedul eAlsorcomdniplmledns use ¢fcdhd DNA. s&mbxmempchlmgrtm:m mgtains 6fXhi90si t i on

may be used as, an.adi ct e oth 2! A her C i.ngly, this
i nvention pr OV’P}%‘Q% fbprepnappls 3°’|!Fét%o‘é|§’e¥38¥ applications; °g°"ﬁﬁ'ﬁ%£?§ "b“ﬂ%‘%r ders,
cancers or t untm’aﬁnen&lﬁhbmﬂiseassl ih \\grch\I\L-M is expediedrto prowide anreffiustiet thempy dee any

sui tabl e an tef erabl ef.erahl y n... r.eyi ously
noted in the n%ﬁcﬁfof%ﬂﬁlﬁm?gm?mgn“ 'VL ? eﬁa?"#ﬁ’ﬁi/fself ?E%t(w’ggﬁ‘ﬂ'"% e are
stinul ation ofDiﬁbmsI Melfius (IDDM)a Rhamatold Aahrtizr(RAR | SysteinicllapenEiythienatosus

I nducti on of cel |l .acti.vati an and, 30 roljferation_. and

| yphoki ne- di rGLER AW et SR P GraReuesty mHifn5PoRs LBt DeBHoAEaty nohoi ¢
system i ncl ud&iehﬂﬂhx@,aﬁdoﬁgixst [Be caiX lypharhg menté IyvBobikstis Jedkem hogHadgkMeel | e,
R, et 19

PCT/ US97/ 0928 QP“"“‘*‘r ﬁ%!?%’a%"é?i’“@&ﬂ’é’g‘% Ab5FRseSy thit preapiperyiss Fespepsive 49 g %8 cel | s:
a New Rol eif orinfckank hgefids esisitivé-@dL drmediitd mifif, refpdns€ 149- 53 (1984), and CD 23
on B cells (Kikuta

Receptor for |mmun I %?EH“P{ °%LST4I mﬁ‘?‘"%%#“%éenfs%ga% ?"r"gfrﬂ’é 9 'gﬂ q’fﬁ’%? '? %Z,-t i
(Thl) and typaxgam(tIhRe taagee areavcﬂozle@ wvitrot dae ib vivbrgawexefagﬁmmoloﬁa adl at ed
Th2 cells Secrc%&xgmpfiteﬂ % léds;r 01:'L Pe%n%sp%tegtrl]ally-[l)erapeutnc genes to defined
cell populations are known. See, e.g., Mulfigan, "The Basic Science Of Gene Therapy”,
20  Science, 260: 926-31 (1993). These methods include:
1) Direct gene transfer. See, e.g., Wolff et al,, "Direct Gene transfer Into Mouse
Muscle In Vivo", Science, 247:1465-68 (1990);
2) Liposome-mediated DNA transfer. See, -e.g., Caplen at al,
"Liposome-mediated CFTR Gene Transfer To The Nasal Epithelium Of Patients With
25  Cystic Fibrosis", Nature Med. 3: 39-46 (1995); Crystal, ’:'Thé Gene As A Drug", Nature
Med. 1:15-17 (1995); Gao and Huang, "A Novel Catio
Efficient Transfection Of Mammalian Cells”,
179:280-85 (1991);

3) Retrovirus-mediated DNA transfer. See, e.g., Kay et al.,, "In Vivo Gene

iposome Reagent For

30 Therapy Of Hemophilia B: Sustained Partial Correction In F.___act_or IX-Deficient Dogs”,

20



any Thl-inplicated disease is anenable to treatnment by IL-4 or anal ogs
thereof. Al so contenplated is use of the DNA sequences encoding the IL4

nmut eins of this invention in gene therapy applications. CGene therapy
applications contenpl ated include treatment of t hose di seas | hIL-4
i s expected twoﬁ?’é'y)i‘ﬁe an effective therapy due 10 to its mhﬁomﬁl atory
activity, e.g., Miltiple Sclerosis (MS), Insulin-dependent D abetes

Mel litus (I DDM Rheunmatoid Arthritis (RA), System c Lupus Eryt henmat osus

O sonse. " cont act SaemseddiFn b SEiaty urds 3 e Bons iy e 386808113 V™

| ynphobl astic | eglogpy a2, non- Hodgki ns | ynphons, cancer ost eoarthritis and
di seases that are otherw se respon5| ve.to IL-4 or i nf ec%“dous agent s

sensitive to IL-4- medDdhby Vingrmsdisted Oy, transtey. Such DHéI“i“'\"Esy“ el“ﬂ"'“ﬂ"‘ﬁ\ﬁ?sel ns

usi ng gene ther agyembay AIAOVrd-$ BRed ARiof) Heipes viRB& Threfefibly tRrpedsimislex
Both in vitro and in vivQ gene therapé’Fq thodol o&;l es are contenp at ed

Several nethods Pespd veeises @ Rapgvisuses (prsierphly, "defes vgpemrt%@ﬁ@g"& RIrvgiisned
cel | popul ati onspges vm&mmégﬁ fer@bl@ -adenblabdobigted virus ThiSedBaioss, AfdsCpreferably Cene
Ther apy"”, 20 Sci ence, 260: 926- 31 (1993). These net hods |nclude 1

Direct gene trandAdi2 based veciors), SCWlEstAl'eBJ “él "The Ugy QEBNA M mses AnMeptass Fornt o
Mouse Muscle In n 2 brad$6 ( ; 0 534 ed
DNA transfer. eegmégéﬁ %@ §3§1884 %@&9{ Ung%sdor%:ly‘h Jrgreg?%}}t?e%?ﬁ Gene
Transfer To The N&@faﬁmﬂ)h@fﬁew mﬁmoe,raaé Uémdssmﬂstﬂﬁfe@é 139841, dncprporated iherein
Nature Med. 3, é‘%@r&g&%) Crystal, "The Gene As A Drug", Nature Med.
1:15-17 (1995); 0 and Huang, "A Novel Cationic Li posone Reagent For

Ef ficient Transfecti dihcchoitmofienartisnlaCedcios systep) for ensterrivg dhshgene ofptsresiCuitim |
179: 280-85 (1991 t r N et
al., "In Vivo %11 C%OB(Q ‘f]amltg o éﬁee I ‘Eméﬁ;s?{a"l %aggg ch';. gmigetK@e“
Correction In Fapepoatipn(- fﬂéionzh G#wV@d)g'sﬂors 3eve beely\@x@nsively7studied and used in a

Sci ence,  256: 805 ThBSS thespl spiticeil Wese §RAGHE 3 Asperty iR 1 JRBERGC).
vi ruses incl ude mﬁedmdmg ogflssln pgdikdneretibyimusesdiave therpomesitial f@aamemem or s)
herpes viruses (pref e{aRlymlehBRSine aBRhEde %ht' &) have a broad host range, can infect

quiescent or terminally differentiated cells, such as neurons or hepatocytes, 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 e)égrachromosomally, the risk of
20 insertional mutagenesis is greatly reduced. Ali ef al., supra, p. 373.
Adeno-associated viruses exhibit similar advantagés as adenoviral-based vectors.
However, AAVs exhibit site-specific integration on human chromosome 19. Afi et al,
supra, p. 377.
In a preferred embodiment, the IL-4 mutein-encoding DNA of this invention is
25 used in gene therapy for autoimmune diseases such as MS, IDDM, and RA, infectious
diseases such as Lyme Disease and Leprosy, cancers, suc}il__.-as non-Hodgkins lymphoma
and ALL, cartiledgenous disorders such as osteoarthritis, and psoriatic conditions, such as
psoriasis. i
According to this embodiment, gene therapy with DNA encoding the IL-4 muteins
30 of this invention is provided to a patient in need thereof, concurrent with, or immediately

after diagnosis.
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5 based vectors), and parvoviruses (preferably "defective" or
non- aut ononous parvovi rus based vectors, nore preferably adeno-associ at ed
virus based vectors, nost preferably AAV-2 based vectors). See, e.g., Ali
et al, "The Use O DNA Viruses As Vectors For Cene Therapy", Cene Therapy,
1: 367-84 (19@4murdei ted States Patent 4,797,368, incor por RGLHUPE, by
reference, and United States Patent 5, 139, 941, incorporated herein 10 by
ref erence. 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 thﬂusq:p@eéhtclekhdvpmpgclcﬁtheaelccmbhdmugwthem-bmtembofnbxst ors
have been extenS|ver studi ed gnd_us o] e he

appl i cations, [EWEnR PEYD ?a"rng grgéjnea?’g’ ?“ﬁéngh{[?‘ﬁ'(ﬁ“ffﬁg %tﬁsg’?l‘%‘"
non-di vi di ng cqiphmatel mateaighshitabte gene thepy vesascohtaningtihet qnotbmrlDNAImdydre

oncogeni city. Adenovir e .adv t hat .t he ve a bro d host
range, can infB¥ "h?ﬁc f"ngy hig %'F‘?ﬂd F%ﬁ%ﬁ“g}“&%{"{gﬁ’é ‘%@ﬁ push 3 yedor o5
neurons or BepatREe See, 384 Okppa al., seprack 784 |hungw ot cagege SR . InGainction. g.

Ali et al., enovj ruses do not ap ear 0 int e.into the
host genone. Bg'[c‘g‘ﬂye“mg?“ BQ SRR YRR SRR P‘f"gﬁ?‘e’lg#“’&zﬁmg

i nsertional numgmmﬁuesseg;asaedcabeﬁadam:amupretp m supra, p. 373.
Adeno- associ at ed vi_ruses, ex

d | -b d
oo e aver v ngeerpet s e My B el R g E YRR SHATRE e

chromosome 19. sef\fdrthE tThéde exantplts b forlthe phrpbse dffilludtrition bty md ale b berent , t he
| L-4 nutein-encoding DNA of this ipvention js 25 used in gene therapy for

aut oi mune '8i seXskEY %§E|d‘|'?“'&§“1?/8°°f’r' InyeRHOIR any MANNEL | s di seases such as

Lyne Di sease and Leprosy, cancers, such as non-Hodgki ns |ynphoma and ALL,

cartil edgenous disorders such as ost eo%Bt hritis, and psoriatic conditions,

such as psoriasis. According to this e ’UHPFPent gene therapy with DNA

encodi ng the | Gederdilyt €i NS 30 of this invention is provided to a patient
c

in need thereof, concurrent  with, or imnidl ately after. diagngsis. 21 WO
97/ 47744 The amino acid sequence of mature human IL-4 used.in this studyis shov/ Us97/ 09236

This approagh béaéwesAashoadidagtoviith silBrBelsSicldel ¥ calf seletiivelagbMiistd d1€inkicatdd NUL €i ns
of this invention to prevent undesired autoi nmune sti mJFatl on. The skilled

artisan wil| inboldtype:

His Lys Cys Asp Ile Thr Leu Gln Glu Ile Ile Lys Thr Leu Asn

1 5 10 15
Ser Leu Thr Glu Gln Lys Thr Leu Cys Thr Glu Leu Thr Val Thr

20 25 30
Asp Ile Phe Ala ARla Ser Lys Asn Thr Thr Glu Lys Glu Thxr Phe

25 35 40 45

Cys Arg Ala Ala Thr Val Leu Arg Gln Phe Tyr Ser His His Glu
50 55 60

30 Lys Asp Thr Arg Cys Leu Gly Ala Thr Ala Gln Gln Phe His Arg
65 70 5

His Lys Gln Leu Ile Arg Phe Leu Lys Arg Leu Asp Arg Asn Leu

80 85 90
35
Trp Gly Leu Ala Gly Leu Asn Ser Cys Pro Val Lys Glu Ala Asn
95 100 105
Gln Ser Thr Leu Glu Asn Phe Leu Glu Arg Leu Lys Thr Ile Met
40 110 115 120
Arg Glu Lys Tyr Ser Lys Cys Ser Ser {SEQ ID NO:1)
125
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appreci ate that any suitable gene therapy vector containing IL-4 mutein DNA
may be used in accordance with this enbodi nent. The techni ques for
constructing such a vector 5 are known. See, e.g., Ohno el al., supra, p.
784; Chang el al., . 522. Introduction of the IL-4 nmutein

DNA- cont ai ni ng 6%??6’ to the target site may be acconplished RT3 R¥8n
techniques, e.g., as described in Chno et al., supra, p. 784. In order t hat

this invention may heulehistese expetesedtin e Bacul dvirus @sie%ﬁﬂi&%@ﬂﬁh@g%n&he
forth. These exan&?es afe for the purpaose of illustration only, d are not

to be 10 constF'@edtcddn piolaeicalassays thattefipeied fitierat i repentosiusags. a‘w im@gﬂer
sed in
Thie study 1o ohagussE T SBGE sl EA6Ry B LRUNCE HUNEC I -b ety oo 1

cell selective awnamtls"'éctﬂl prolifertiorassaynfob pdsitivie & activisy. LGEnpoyfidsAB# bale Thr

1520 Ser Lt e Sty Rindtbs LH el Froiterapion. o have & redugec bty induee T
_?_ﬁ P e 28 secretion, e A8l hél&:tl?@ﬂf&hgorﬁtﬁmﬁ%mkﬁthﬁﬁﬁ b Imls%\%nhé’r? Gu
r Phe

Q/s Arg Ala Al al‘dvmspvaﬁcall&hwag ughilicehyeimendothelial Iﬂﬁl@ (HWEE)M&Qused to assess
Phe His Arg 65 activity througg(%he aIIt\émaéaB-él-lrgéep@r ?IL%&/ ?t%e T HL?A:\'ISC%E;gnregA)\InaLSU n| |Gen

Arg Phe Leu Lys Arg Exepdép. PrdlluCGéh dfShniths. Muteins were gencrated 1te-d1r§%ted
90 35 Trp Gy Leu Ala Gy Leu Asn Ser.  Cys Pro Val Lys Gu Al

100 10 mutagenesis)using primess comigining godonsg conpspandmglie the@esiredmputation Ly's
The 1) e Vet ‘ng sspatially as deseribed by K174, Roberts 1D, and Zakox%réw "Repifapd sicisat 5o
site-specific mutagenesis without phenotypic selection” (1987), Methods Enzymol 154:
367-382. Briefly, humaﬁ IL-4 cDNA containing the restrigcitlon enzyme sites Bam HI and
Xba I was subcloned into the M13 phage vector M13 mp19 (New England Biolabs,
I5  Beverly, MA) using the same sites. Wild-type IL-4 cDNA was obtained using
- Polymerase Chain Reaction (“PCR”) from a cDNA pool generated from mRNA isolated
from human peripheral blood lymphocytes induced 24 hours with phorbol 12-myristate
13-acetate (10 ng/ml). The PCR primers used were, for the 5' end of the IL-4 open
reading frame,
26
5'-CGC GGA TCC ATG GGT CTC ACC TCC-3' (SEQ ID NO:22);

and for the 3' end of the [L-4 open reading frame,
25 5'-CGC TCT AGA CTA GCT CGA ACA CTT TGA. AT-3' (SEQ ID NO:23).

Restriction enzyme sites BamHI (5'-end) and Xb_dl_ '(3'-end) were incorporated into
each oligonucleotide and are indicated by italics. The -PC-_R! conditions used were 1
minute at 94°C, 1 minute at 58.7°C, and 1 minute at_' 72°¢ for 25 cycles. The correct IL-4
30 cDNA sequence so obtained was confirmed by scqhen;in_g'uSing the Sequenase®

sequencing kit (Amersham Life Sciences, Arlington Helghts, IL} as described by the
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WO 97/ 47744

PCT/ US97/ 09286 Muteins were expressed in a baculovirus system purified to
honogenei ty, and eval uated in biological assays that reflected different

| L-4 receptor usage. Two assays were used to test for selective agoni st
activity, | WasT4iddced HUVEC | L-6 secretion assay, and 1[ ePFT/US? g’raf
proliferation assay for positive IL-4 activity. Conpounds that have 5 t he

abi lity to infitgachrdr. erhéu-wn%ma@g 1k SandIRYA PEIINA) waibeaskaaRi ity to

i nduce IL-6 secretion, are ective |IL-4 agonists and cone within

t he scope of trahs@nnm@lmE @nh SWBI?‘ GJ%%%@N-RE‘&MWNWMGM CiAg anithIbidn

dot hel i al h..
oo nate | L PVEcenbdiiney ShR 00 i A BB RSl it UM bkt o
1. Producti orconfairing ES m&leohwsémmlogeuﬁogmmplamdj-mmm 5'tte ki codari(Sdargérted .

nmut agenesi s using pripers contaj ni.ng codons correspondi ng t he de5|red
nut ati on essdff W&Yagwsﬁ’smm&‘g?sﬁgﬁ ipFornerAts the desired RB%’@F%%“‘&D*‘S‘H iepay ik our RA,

"Rapid and ef C
selection" (1 rg%%bﬁ ﬁn%ﬁn?\%ﬁig%%m%ﬁs@%%%m é%&leg%rgch&%%ﬂél{h% cDNA
cont ai ni ng t@emﬁspnmcnsmbeﬂweﬁzyrre sites BamH and Xba | was subcl oned
into the ML3 phage vector ML3 npl 9 (New Engl and Bi ol abs, 15 Beverly, MA)
using the sane sites. WIld-type IL-4 cDNA was obtai ned usi ng Pol ynerase
Chai n Reacti on2(iPCR") crrazxnenecac Divreporsa granextat ed from nisled isssbataed from

human per jgpheighp bl 00d cbyARABRGY ARG TEERECRANRRTIOUr S W t N(RROIRb. 25)

12- rryrlstate cet at P]pgsgk%l rs used the 5'
end of the IL %%pen rg;a’é ng H'}QATG%SE% 'H(Egi Ewéd% &ﬁ%rs _
TCC-3' (SEQ 120 22) STARGREBY T?Wgr?me‘?ﬂf"ﬁ t he IL 4 ofER 1PN frarre,
25 5'-CGC MeHAGA CFW%GACW%TGWW 3' (SEQ |952ND ¥8328
Restriction erizybe sit CTABSACHA TGATGATAER eAddTXTal (3' - end)sEQEIeNd 1290r por at ed
i nto each1ol igenrc| eot icisnsanckaarentcasicaatmelrinr i tal i cs. (dre BCRooandi ti ons

used were 1 miByke at Mhoichdda Téaﬁhﬂ&esﬂmﬁﬂ‘ [err]C ad & mbie at

72[err] C for 23.gycles Gc-mﬁc;&&{ sequen&% s% ggt ned was
confirmed by sequenC| n u5| nase BET sequenC| n rrersham
Li fe Sci ences A'H i ngt %ﬁ gcz\'rleﬁ sSRPRRY bed by t hE g

CTAAAGACGA TCATGTGGGA GAAATATT (SEQ ID NO:34)

20 Yi24a: ATCATGAGAG AGAAAGCATC AAAGTGTT (SEQ ID NO:35)

¥124Q: ATCATGAGAG AGAAACAATC AAAGTGTT (SEQ ID NO:36)

¥Y124R: ATCATGAGAG AGAAACGATC AMARGTGTT (SEQ ID NO:37)

¥124S: ATCATGAGAG AGAAATCATC AAAGTGTT {SEQ ID NO:38)

Y124T: ATCATGAGAG AGARAACATC AAAGTGTT (SEQ ID NO:39)

25  Y124A/S125A:CGATCATGAG AGAGAARGCT GCTAAGTGTT CGA (SEQ ID NO:40)

T13D: CAGGAGATCA TCARAGAITT GRACAGCC (SEQ ID NO:41)

R121T/E122F/Y124Q:GCTAARGACG ATCATGACCT TCAARCAGTC AAAG(SEQ ID NO:42)

Regions of mutated nucleotides are underlined. Primers were phosphorylated

30  using T4 polynucleotide kinése (New England Biolabs, Beverly, MA) using the
manufacturer's protocol. After annealing of the primer to the U-DNA tcmplate and
extension with T7 DNA polymerase (Bio-Rad Laboratories, Hercules, CA), cells of the E.
coli strain DH50.™ (GibcoBRL, Gaithersburg, MD) were transformed with 5 pl of
reaction mixture and plated in LB medium containing 0.7% agar. After incubation at

35  37°C, plaques were expanded by picking a single plaque and transferring to 2 mls of LB
media and grown overnight at 37°C. Single strand DNA was isolated using an M13
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WO 97/ 47744 PCT/ US97/ 09286
manuf acturer. Uracil-containing single strand DNA (U DNA) was obtai ned by
transformng the E. coli strain CJ236 (Bio-Rad Laboratories, Hercules, CA)
with IL-4 cDNA-containing M3 npl9. Site-directed nutagenesig utili zed in
general pri rre?’go%ﬁ?"él ning 15 nucl eoti des honol ogous to the f‘éTfB?gf”?sU DNA
5" to the codon(s) targetted 5 for nutagnesis, nucleotides that

i ncor por at e thpuﬁl&mmxekht @ﬁg@ﬁlncaMa@WoﬂdmA)lpemhnﬁﬂ:tM;ﬁ&bb&%d&ﬁﬂﬁé ogous
to the tenmplate U-DNA 3' of the |last al nucl eot:i de. The specific
primers used wEPHaingRghedesired mutationyg E%A aeurapinghs singiestranded DNA

(SEG 1D Na 25) "*%‘EW W

(SEQ I D NG 25) “HisTE: thEbedenase® seqidndih stk o Heights, L) seq

| D NO. 26) R121Per manufactiTeta AGAGEA TOARGEINEIN SRLATRSlicative Form DNA ( SEQ | D

NG 27) RI21H: TCATGCA TATT, . . X

NO. 28) R121F< : “msP%@@%@%ﬁfW sequence was ’”‘i@gg‘“ﬂ%"m

NG 29) 15 R12HKand Xba I, GHdBOGES 0 The plashnd\ @stdeHRASTRI™ ] (GibcoBRL (SEQ I D
: SE

NO: 30) RI21N: AAAGACGA TCATGAACGA GAAATATT
NO 31) Ri21p; Gaither Adtex rebsianingatseoranisamt bagulovirus DNA (herea(’tsEQ | D

NG 33) Riotvy el ARSI e e bl i dblrpPastBac™) containfp R slin
NO: 34) 20 Y124BNA to the E ABITAFEADNIOBZ A MGHEABRIASHEE rg, MD) as described SEQ | D
NO 35) Y12 TGA AGAAACAATC GIGTT . SEQ I D

NO 36% lejg the ""““ﬁ’?&'ﬁ‘@ tera frugiperda (Sf) 9%@#3851"5)‘“6

NO 37) Y124S: Bac-to-BaGSTKe0BRE, Gafdrsblary] S (
NO: 38) Y124T: ac-to- ATCATGAGAG AGAAAE%%TW $ expression system ﬁlﬁ%éeg

NO 39) 25 Y1296 inqubsiionsesqumred ape ScRueixml wnmw&‘ﬁvwﬂe h‘ansfect(:dSEQ I D

NG 42 Rizor TS AT AR L N Bieapm ot ST
Nho 42)horRe?| ons Thé supernataativasihatvested dlbl;x?s ?;Gt]ﬁh‘sfdgtémdl\l:d b¥et mf?e?ﬁegmB Il tg)l-%og)sml
ever 'y, vy *ueiie SR0RE o BelRIdR coscs s gt PbeRpRE- Saifisihmen Dy Peme

primer to the Ham&etﬁ@ﬁp ﬁi&oﬁﬂﬂs@ff&mme% esmﬁ%mb% f@éfon%?' o- Rad
Labor atori es, Hercul es, g cells of the E. coli strain

(G bcoBRL, Gai taériegAlic at N8P o fer KominyesinaSprvll@RG- 5[Be¢en]ﬂfu$ﬁfusmg a GSA
rotor (Dupont Instrument Co., Willmington, DE) and assay___e_‘,d for virus titre (typically,
>1X108 plaque forming units/m! was obtained). For proteih’ production, 2-3X106 79
20 cells/xhl in 500 mls of SFS00 IT media (GibcoBRL, Gait_hefsburg, MD) were infected at a
multiplicity of infection between 4-10 and the supernatant was harvested 60-72 hrs post-
infection by centrifugation at 5000 rpm for 10 minutes ina Sorvall@ RC-5B centrifuge
using a GSA rotor (Dupont Instrument Co., Willmington, DE) and filtered through a
sterile 0.2 uM filter unit. o
25 Example 2. Purification of muteins. Anti—hun_l'a__rfl}glL-4 monoclonal antibodies
C400.1 and C400.17 were generated using standard -protdéé}s from mice using
recombinant human IL-4 (Genzyme Diagnostics, Cambﬁdéé, MA) as immunogen, were
produced as ascites fluid, purified, and coupled to CNBrQéé{ivated Sepharose (Pharmacia,
Uppsala, Sweden) as per manufacturer’s protocol. Sf9 c_eﬁi;shpernatants generated from
30 infection of §f 9 cells by recombinant baculovirus contai_':r.ni_'ﬁfg-the respective IL-4 mutein

were loaded onto a 1 m} column of IL-4 affinity matfix,' washed with 100 mM NaHCO3,
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reaction mxture and plated in LB nmedium containing 0.7% agar. After

I ncubation at 35 37C, plagques were expanded by picking a single plaque and
transferring to 2 ms of LB nedia and grown overnight at 37C. Single strand
DNA was isolated using an M3 24 WO 97/ 47744

PCT/ US97/ 09973141 i cation kit (Q agen, Inc., Chatswort h, PCAYS93apRse

manuf acturer's protocol, and clones containing the desired nutation were

identified byogpapRae], pl &4 SvashddShith WheAD dGRbvilNAy, YAl Bt Mt IeQuUaRRS e[ err]
sequencing kit (Amersham Life Sciences, Arlington Heights, IL) per

manuf act ur er velumesobl¥mM Glycine;pHaith Rrirtions werecolissteddmsilicanized vi 5

correspondi ng_to Dl Nl t oL I ect. i e S
o0l atod s opiinfe B lhE Bt B o] RSBk oRlin TA) RS AGHIEBE folle
pFast Ba[ er r ] phast Chiofmaigtaph{casing & Dyhaiax®-300A. C icbmnsRainirOnstagnent Co.,
reconbi ni nant_ _bacul ovi rus DNA hereaftféureferred to as Bacnmi d) was

gener at ed%yW‘?@ﬁhM}M}gaBﬁQ . adhent p %Pﬂ@iﬁ]( °f AeWABE BUHCEBINA to the
E. coli st rah&t%%@ﬁ%ﬁfﬂuoﬁo@c@ﬁ%ﬁ@}vﬁgﬂioﬁn %%% Yitdated ) SBS-PARRL hhded Dy 10 -

t he manuf acturer. teins were expressed I n optera frugiperda (Sf) 9
cel | s usi ng nheciBeentaininpdiactiaps wersHRophilizad forstozdger apd réddSpenderiin stefileus

i ] L1 _j ncubat i d.at 28 C.
Brlet iy, o nPrpyePulend Ss i aregt JIVER o TEAEE VAR R et 5y
recombi nant Besered by SDBPAGE (RieT tthiny, ehdwafRlantit@@i by amidoscd anMis  The

supernat ant was harvested 60 hours post-transfection, and used to infect a
100- 200 riP 1%accuraey (ypically >30%b[ err] Sf9 cells/m in Gace's nedia

G bcoBRL, Gaithe . eﬁﬁ?-n Ehpy. nat ant s
\(/vere har vest ed 48%8‘“&%33' p'\i??{? e@%&’ﬁ%wgér? F |a'ug%?%%er%§ﬁ§8%g§%m for
10 mi nut es i ifregh Bood/ frbin naftndiBonas tud purified by cendrifagddion using FicoflPagoe® Plus
| nst runent W LI m ngto and, assayed..f virus titre. I cally,
>1X10[err] pl %}&&Ea“f‘%;{‘}ﬂsﬁ&’ SWF@ ﬁﬁse‘a}ég)'~8%‘¥°§?ff-}3§8§’?’ }#‘T—'b‘?c"B’r’(#"@Y Hgb%’/g'b‘ﬁct i on,
2-3X10[ err] SeBaldOw. ?Qﬁinlv.&éi?ﬁh'-of;—ﬂmﬁﬁﬂnﬁh&ﬂ@fA'SE&QlﬁighiﬁfﬁIﬁQi-aﬁtaéﬁih‘b_g BiEingle

Gai t hersburg, MD) were infected at a multiplicity of infection between 4-10
and the Siperamincaid wplscapany’s Jinehe bl 3234 (1992). “Theiprafied periphgral blood

centrifugati Riard Seurhthdd I \ = HR:
centrifuge ugébﬁgﬁ‘é&%%l{sot or&%hpo%p?%ﬁmﬁr}égtp %m%ﬁ%g}@?gﬁ@ 1% and
filtered thr chgmical €0.081. Leui§, MO),darviedted byl ¢ceatrifugation, aBd washed in REMAAGI 2.

e
NP R TR T S N
incubated with varying amounts of IL-4 or mutein in RPMI 1640 media containing 10%
20 fetal bovine serum, 10 mM HEPES, pH 7.5, 2 mM L-glutamine, 100 units/ml penicillin
G, and 100 pg/ml streptomycin sulphate in 96 well plates for 72 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).
25 Example 4. HUVEC IL-6 secretion assay. Human umbilical vein endothelial

cells (HUVEC) were obtained from Clonetics® Corp. (San. Dnego, CA), and maintained as
per supplier's protocols. Cells (passage 3 to 6) were-harvcsféé‘i:_y incubation with
Trypsin/EDTA, washed, and plated at subconfluent densities‘iri 48-well plates in EGM®
media (Clonetics® Corp., San Diego, CA) containing bovine brain extract (BBE;

30  Clonetics® Corp., San Diego, CA). At confluency (3-4 days at 37°C), the media was
removed and replaced with EGM® media without BBE. 24 hours later, varying
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reconbi nant human |IL-4 (Genzyne Di agnostics, Canbridge, MA) as imunogen,
were produced as ascites fluid, purified, and coupled to CNBr-activated
Sephar ose (Pharmaci a, Uppsal a, Sweden) as per manufacturer's protocol. Sf9
cell supernatants generated from30 infection of Sf9 cells g I nant
bacul ovi rus cSREE# 1“hg the respective IL-4 nutein were Ioade on?ma 1nm
colum of IL-4 affinity matrix, washed wth 100 mM NaHCQO3, 25

97/ 47744 concentratxons of IL-4 or mutein was added to the cells in fresh EGMWBHEE@ 500
mM NaCl, pH 8.3, washed with water to renove salt, and eluted with 8 colum

vol umes of 10GHRWel ipdnepbategpiadditional 4 basi §H@W§Wb§ﬂsﬁﬂl andthej | i coni zed
vial's contai n'aaﬂceﬂu&.%%ﬁﬂ%wa&y&d u%§h9maﬁ\4ﬂ§ 194 gn;,?éry:her

purified by reverse ase chronatograp using a nanax err 300[ err]
Clerr] colum 14mm1|cncdpnﬁxr potagomist @ssays, 'z‘arymﬂ\odm:mtraum ofunutéin avede diidedto a

gradient of Buffer A to B ; e ntr| 0.1%
trifluoroacet i€ ﬁ?:‘}tﬁ?me%%f‘l gk‘g‘fp&@%ﬁ@ﬁf’%? e§§m§8§a§ﬂ%§ pllaéff?cf techy,
cont-ai ni ng f r gGhbRkteYRhE, Chaaiily, VA)REEE Sdatedva DR/ md Asti-h@BASTROORIRAG | N
steril e phosphate- buffered saline for assays. Mitein so purified was

typically 3 E @pg#lél&-&hﬁﬁqgmswmﬂt%ﬁasmmwmwemm at4°%. d*}mnaarl& dmasl
T el pruPdloRBhihe BRI, CllbrBEMATE bty S dfraed i buptielP T
bl ood fr om noraudlinciibated with thd cpatcd plaegaftey washes, sedonday antibods rabbit anti-human
descri bed B RLbBAD {Eatfefabpratencssolls San iamiou A CRves DIFLR | 3P0 dition

i nterl eukin-4 Jytadéy. Whglpreaérce lafsoimambwqau&m-swba&asrzﬁleetea5smgmk£mxeacI d
replacenent”, Enbo J. 117 3237-44 (1992). The purified peripheral blood

mononucl ear ¢ mﬂoa)hms%cqlmbd idankey apirabbitdg P4 blackson ImmuneRegeanth Laboratories,

phyt ohenmaggl ut| |

centrifugati on nd. 5& eg%gﬁ 0%45(})%%‘?%9?@5 &%ﬁeﬁ@%&%ur g,

5 X 10[err] aqsigma(aﬁni[catéﬂol 1. Welis, MPHBa¥NaB10sgr NSO E). i Atsoibancedvasirdad avar yi ng
anounts of 1L-4 or mytei NwRPM. 1640 nedi f et

bovi ne sentim 409 TASIESE makaainegc pigrRplete aafra(%@ Qﬁﬁg‘”ﬁ’ﬁl %aneﬂgﬁf‘ﬂ‘i’l lin
G and 100 [ergAgp/mM streptonycin sulphate in 96 well plates for 72 hrs at

37[err]C, pulsed with 1 [err]C 3Hthym dine (DuPont NEN err], Boston,
M) /wel | for 6 hrs ExsmpleSt Activitiespf Mufeinac Tahl¢ 1 pumerizes theupsulis pfithe

TopCount [err] S6iatil habi@RsfR WBlcRbod BR6KARE ) PR B tredie collBhd B8R tatT) -

produces a 50% maximal response measured in the concentration picomoles/liter.

20  Activity is a function of both potency (EC,,) and maximal response (R,,,,). Cell-selective
muteins exhibited differential activity of either a relative reduction in R,,, and/or a
relative reduction in potency (increase in EC,,) in the HUVEC assay vs. the T cell assay.
“Rmax, Yowt” is the maximal response measured relative to wild-type IL-4. By definition,
wild-type IL-4 gives 100% response. All muteins were acti_vie in the T cell proliferation

25 assay. Muteins R121D, R121E, R121P, and R121TIEI22F/:_Y 124Q) were more potent
than wild-type IL-4 in this assay, although mutein R121T/E122F/Y124Q had a reduced
maximal response . Muteins Y124Q, Y124R, and Y124A/SIZSA had 2-3-fold increased
ECsq values than wild-type, as well as a reduced maximal response However, they
appear to retain a significant proportion of IL-4 activity on T__ =cells. Muteins R121E,

30 Y124Q and R121T/E122F/Y124Q had no measurable activi_tj in the HUVEC assay,

making them clearly T cell-selective, and thus selective for the IL-4 receptor expressed on
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endot hel i al
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Exanple 4. HUVEC | L-6 secretion assay. Human unbili cal
cells (HUVEC) were obtained from d onetics[err] Corp.
and mai ntai ned as per supplier's protocols.
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kPRl A0 Dbl AT FIABRORS 4

usi ng al kaI i ne Tomm'eﬁsdp;gﬁ&o d.DUI @L\H 55 T
I _m*ru%oResear ch E Rt or eSS e eSO Emt%“d ¥£ O35 ;g?%»m
diluted 1:2000, piedeveroped—tsi-hoBNRR( nké'“’!} ta AT R LY R ."’L“e:: s
MO, Cat #N2770 or | t 15 405 usi ng
Vmax[ err] kineti WMQ’P?)H-:I “4t e readpr P8l ecil arl%®evi ¢ }p Nénllog Park,
CA). Exanple 5. MBi2Mities of Mitki ri§0 Tablle 1109umm1r| zed t he [res®t s of
the muteins in t hRIZI® assays desfrilbdd abqve. 40ECIeyr], pM ils theé
effective concen{Ra2i®n that producessa 50% mepoomal -y esponse feasuped 1IN
the concentrati ofgpp@onol es/TTter] A8pACt T I ty100S a funcig on b@pn
potency (EC[err] g ' mrfg'g X. )souen-seTm:tlv TOgi NS |
exhibited differ Rllzﬂ'r actTvity tiloellcl G tTver Tedgpt o TS RTeER |
and/or a relative ?jﬁ tet+or—+—po ) gt caﬁ')ﬁ = q\’féd’l) Y th,% HAMNEC
assay vs. the T ¢ S-S
121N 150 100 35 50
RI121P 100 100. 650 45
R121T 150 100 20 75
RI2IW 150 100 80 35
Y124A 150 50 65 50
Y124Q 250 15 o 200 25
Y124R 750 30 < 250 25
Y1248 425 15 350 20
Y124T 300 15 350 35
Yl24A18125A 600 60 200 30
RI121T/E122F/Y124Q 15 13 - 0

HUVEC assays. Figs. 2A

on by the T cell-selective

Example 6. Biological response of IL-4 muteins i

and B are a series of dose-response plots of HUVEC 1L-6 s
agonists relative to wild-type. IL-4 was included as an interi_}a‘lécontrol on each plate used

15  to assay mutein activity; a representative curve is shown. Flg4A is the dose-response
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"Rmax, %" is the maxi mal response neasured relative to wild-type IL-4. By
definition, wild-type IL-4 gives 100% response. Al muteins were active in
the T cell proliferation 25 assay. Miteins R121D,  R121E, R121P, and

R121T/ E122F/ Y124Q were nore potent than wild-type IL-4 in thj

al t hough mut eiYO RI414 E122F/ Y124Q had a reduced maxi nal respS%ygtg’%%gi ns
Y124Q Y124R, and Y124A/ S125A had 2-3-fold increased ECferr] val ues than

wi I d-type, as Vighe @SR R IESEHES dildRyde TRL4. TSBRANS Fig. SBWEHE the doREMsPRRABEG ves O
retain a significant proportion of 1L-4 activi tﬁuon' T cell-s. Miuteins R121E,

30 Y124Q and fRRIZIPEYIZQWIZAR KRAA(S139¢0 and R IR 13/EI2RFAY 12 Q; respepldvelyVEC
assay, making t Q¢ T C - t 1S tr t he
L3, enapt oy SO RRIONT, SRUIBEhER oYl Wi 1L

PCT/ US97/ 09286 résponses.s MutdinsFI23 Er Y124 Ryd R1ZITEB 22K K 124 Qslemonstiate nb activity

o ROP L SR o in Uiy e s 12 B Sy 8. otigh Wik DateL AGorss aatiit 1o is *
subunit. The mgsfawae PelatRly et potentt thAAR-SHOM.-$fiah el YreliR tieh® MBS agSSAY,

but their ECJerr] values are increased béetween 50-150-fol d, and have
reduced 5  nmaxPhusldespitsgheisactivitytheyistil demonstrateiprefereitial getivatian ofithe Feell IL-4
cells. Al though these two proteins do not appear to be absolutely T

cel | -sel ective,™ e°§' are preferential for their activation of the T cell
| L-4 receptor over tExampld/E@iological Pespeise of IU-ahteihs inM P E célbasedyish Figs. 4A
preferential activity on T cells vs. endqothelial cells 10 1Jerr] T cell
proliferati®h and¥Psbow dosgrespanseeyryss ol gpll-selective agonist muteipging ] pMm

Rmax, %t ECQ ‘;i-gﬁrksmﬁ%e asiggﬁkgxf ik friddnlatonRsl dbhor? L4 was 6nclude& 20an intetlngb

100 21A

20 6 ol each plate used to assay muteir] @fivity; a representati e curve is shown. Fig.

g 551 21E 1%is the dose—resp(gt%e curve for R121];6L8eg'ﬁf2ﬂg|-type IL-4. Similarly, Fig. &-?g%:l F
88 400the dose-resporisd ciilvéd for R121P, Y124Q, Y124R, Y1340S125A,and 100

4 5 100

75 R121N 15 RIRZ:% %}EKI 22F/Y124Qyespectively, ver%isggild—type IL-4. Aégo\(l)ities have been
normalized relative to the IL-4 control responses. Muteins R121E, R121P, and
R121T/E122F/Y124Q are more potent than wild-type IL-4, although
R121T/E122F/Y124Q is only a partial agonist in this assay. Although not as potent as
wild-type IL-4 in this assay, muteins Y124Q, Y124R, am_i Y124A/S125A are still

20 effective- partial agonists (Ryyax values 60-70% of wild-type). In Fig. 6, activity is relative
to the IL-4 response seen in the same plate for each mutein. Of particular note are
muteins R121E and Y124Q, which show significant activity in the T cell assay yet no
apparent activity in the HUVEC assay. Each of these mutems is a clear T cell-selective
agonist. |

25 Example 8. Antagonism of HUVEC IL-4-indu

IL-6 secretion by T cell
selective muteins. T cell-selective IL-4 muteins RIZIE(O) and Y124Q (V), and the
L4 antagonist R121D/Y 124D (O) (fig. 7), were titrated against a constant concentration
of 100 pM IL-4. The IL-4 antagonist R121D/Y124D antégonizes IL-4 with a K] of ~1.5
nM under these conditions. HUVEC do not express'._IL—-?_:i_{y, but do express the IL-4

30 receptor y-like subunit. The substituted residues of R12lE and Y124Q are in the D-helix
of I1.-4 and thus only affect interactions of IL-4 with IL-‘;Z_R-& (functional interaction) and
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R121P 100 100 650 45 R121T
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25 Y124R  WO97/47T744 750 30 ' 250 PCTUSIINN2BG5 v124S
425 15 350 20 Y124T 300

15 3 . . . .

200 e bllﬁlsfkwll"i@g’ﬁ?@% éﬁggﬂr&pﬁteracfgn), but do noP&fet tge ablhty of theS80

0 Exanpl e 6. niiteihowi bmd torlbstRons dhos, the T delm;leetlmgomstslwm‘ﬁ amkﬁyMQ,IBygs 2A
and B are a serie se-respon 0 EC s etlon by the T
o | sol ecti JauER e SURE A T R eyt it o 2Ky 65 SGUSwIRBOR BRRgtbiag an

i nternal contgk@latieh oﬁaﬁh-m dceptosBudiPon érdoMeRa Xelld) haklableds Lontf ewn,-&

representative curve is shown. Fig. 4Ais the dose-response 28
07/ 47744 5 induced Tesponses on these endothelial cells (K] ~0.8-1 nM under these porlitisggy. /S}g:nga

curve for

dose-res ponsg’ﬂ'l g&r@gelé E%ﬁl%ém%héfém %g}ﬂk%%?ﬁ/%lﬁs of cfﬁ g&&%sly
R121T/ E122F/ ‘ptadiced 84 pﬁ endoteliyl, celledwing Téelldifestpd thetaps mtﬁ@hnd\mﬁtﬁﬁ@ have
been normalized relative to the IL-4 contrgl responses. Miteins RL21E,

Y124Q and R121T/ dxamplesPs Biolagitshtespense of L4 mytcinR124D; The fi.4 reipy
Mitei ns R121h ghp ( é%gﬁﬁ sUbSRUEE wiB QMK aséb}thfn’aéh a?g&&‘alﬁeh afté s¥§retd3{n {3 fbhi s

assay, are relativ | ess potent to I'L-4 t ey are 1n the 1
T cel |l as®ay.T dilad Pﬂé‘éﬁcwarﬁéiqferang to\ﬁlgsy SAtahéyBsdﬂtdllssthmfmsﬂr-d(@) and

Peeponse of . ICAD/@DEF ReRine IR0 e HEUEE PlspT iR o e T8 Show

dose- r espons esgay! RES DPéxhibiiRd dn EEL,|of SEORENIiak@ af RO NV Allie HAULEEYI RlatiVe @ wild-
representative assay using cells froma normal donor. I[L-4 was included as

an internal dwpRiLct. ¥masinartivsiinths HIZWEC nepay €EGuy~ MiRai T Q) {These rpsuliy
representat | cﬁm%ﬂ%t{a?e ihﬁtstﬁpﬁ}ﬂ‘@r @sﬂ?_mgf‘o%%glzl% o‘f‘ﬂ@ﬁaﬂ Q-«P%ﬁ?\sﬁ'gfe\'& 4 O RI2IE

versus wild-t ar e 0ose-r esponse curves
for R121Pys Y]p’z‘d@n mm;seleaﬁmmyam celingariHacks Eﬁﬁaﬂﬁa'&heﬁﬁlviﬂ 2d4.Q

respectively ’-enx tixslua? ct‘a’ﬂsI 9\1&1&)& tLe mutempﬁ ﬂle its ia%am laagomst in rilhe T cell assay, it is
more potent than wild-type 1L-4. However, like mutein R121E, R121D exhibits no
activity in the HUVEC assay, demosntrating that it is a clear T cell-selective agonist.
Example 10. Biological activity of IL-4 mutein T13D/R121E. The IL-4 mutein
20 T13D/RI21E (Thr-13 substituted with Asp together with Arg-121 substituted with Glu)
was generated as described and assayed in the 1° T cell and HUVEC assays. Specifically
with reference to Figures 9A-B, in the T cell assay (Panel A), TI3D/R121E (A) exhibited
an EC50 of ~100 pM, about 2-3-fold better than IL-4 (O) or R121E (A), and an Rmax
value of 100% relative to IL-4. In HUVEC antagonist assays (Panel B), TI3D/R121E
25  (A) was ~27-fold more potent an antagonist of IL-4 activity than RI21E (), exhibiting
an IC,, of ~2.2 nM vs. ~60 nM, respectively. The substimtipﬁ of Thr-13 to Asp increases
the potency of the TI3D/R121E relative to R121E (both as an agonist in the T cell assay,
and as an antagonist in the HUVEC assay), while the substifu_t_ion Arg-121 to Glu confers
T cell-selective activity to TI3D/R121E (full agonist in the T cell assay, IL-4 antagonist
30  in the HUVEC assay).
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normal i zed relative to the I1L-4 control responses. Miteins R121E, R121P,
and R121T/ E122F/ Y124Q are nore potent than wild-type IL-4, although

R121T/ E122F/ Y124Q is only a partial agonist in this assay. Al though not as
potent as wild-type IL-4 in this assay, nuteins Y124Q VY124R _an

Y124A Sl 25A aM@ BT 20 effective partial agonists (Rmax Wﬁ‘ﬁ@g"’%?‘m% of
wld-type). In Fig. 6, activity is relative to the IL-4 response seen in
the same plate for ey Chlainifor lithé AUl 3ieds Seftift e paifiolih hbadnd
Y124Q, whi ch show signiticant agﬁ'{n ty +n theeT céF_I aslsay yet E%Zapparent
activity in the HUvERItmaagynowdgns afonkeysd Mapacadesivularis, Ghaglee Rivel Primate

cel | -sel ective i 2 - IF t a00n] f :

| L-4-i nduced IL- ?‘g’el?:érsg{nf gdﬁs%w?gggﬁésﬁ"@gﬁ%e n@?@%g{ﬁiz%d c'f‘gwggé‘i“‘é'é ve

| L-4 nut ei ns RARihfald & hdysadthdidaIY (n\nvirormaentdlly cbhtrolled Pdoagsdn bpdn sk tagas Y
124D (O (fig. 7), were titrated agai nst a _constant concentration of 100 pM

|L-4. The I1-4 jded foed twicc dgily and water,adkibitym, diach puimalgsifasted fof er 1] of -
1.5 .nM under t haA | 3—\[‘&( xpress | L-2Rerr], but do
express the IL%bi’ﬁg(é r%gggf@?mf/ |§§tgﬁb{;ﬁhﬁ The substituted residues of
R 2| E and Y124Q ar eFdrieadhintudp ahimbalscro ansthetized withtah irstrapisqularfifijection of

ot eract i ons of ) kidnyhblhudokie LG 0 RE! TR0 Shoe RS rgh g 20 VO

the [err]-likeshghiedahd clédiRed NithAT0% dléuhbi-Bitaling sol@bACILI-D).-4 s2lebtivigBRikt or
affect the ability of these nuteins to bind to IL;4§! err]. Thus, the T
1

cel | - sel ectq vevehifd(0s2% hpman serurp alpumi, HSA) s injerted no the bagks of { o

selectively in LW I L 18@%!& 1.t hau [

activation of %,ﬁ{gﬁ?"g% ?’}’{"Pﬁ“kéfﬁ%‘gﬁ%‘]é‘ﬁggu lun| olﬁ%'rrll@gt E‘gﬁl‘g‘{%@g[{%ﬁe are

abl e t o conpet sphiated-byat least 10 omeid raged vbdhandindelible aarlendBishelbialsy sahpls
(K[err] -0.8-1 nMunder .these conditions)..Such antagopi smb :

Cel |- st act i vesF EHARGH RS iy RIS JARRY ol H BRPRL B8 PR otigE ey,
produced | L-4 Rzeahs Bikia hitdger: SBibSsistitd dHiailed 0] 4, Biah& 04 BE JoliGhjedion t h sai d
nmut ei ns. Exanpl es 9. Bi ol ogi cal res&gnse of IL-4 nutein RI21D. The |L-4

nmut ei n R121D (Arg- Thesystemirrespgasedo Wi-fHLak sejectivsaggaistoryehigledsassessedinthed and

and 85, dara s DRl mdler TeolEot AMn GG SRRRIY LALLM iy

(Fig.8A) and t helHhhdpart) évey f@Brormeatiys daysin 8 haluifie 0£0.1 mikg aydosage! 000, 2.5,
hi bi t ed 0 - 100 d I f.260% el ati t ANE
Cype | Lod. 1t 1ol Fhaeliereriing na Hasis sty oot et yioleils ol Ao,

These resul ts peripheral blood sample is obtained from cach animal prior to the first injection of vehicle

20  orIL-4 and at the beginning of each day of the study, and aliquots analyzed for complete
blood celi counts and differentials, and flow cytometry analysis of peripheral blood
mononuclear cell surface markers. The remainder of the blood sample is centrifuged and
plasma aliquots stored at -70° C for subsequent analysis of chemokine levels.

Frozen sections are prepared and allowed to e_t_.]ui_li_l;g:ate to room temperature, air

25 dried and fixed in acetone at 4 C for 5 minutes. Slides are '_ﬁansfened to 10 mM PBS with
0.1% BSA for 5 minutes. VCAM-1 is localized with %t__he use of C313.3, a monoclonal
antibody to human VCAM-1. An irrelevant, isotype-;na_tcﬁéd immunoglobulin at the
appropriate concentration is used as a negative contréi-. Eﬁfdogenous biotin is blocked
using the Vector Biotin bloc_king?kit {(Vector Laboratg;;ie_s,"'-_Eléurlingame, CA). Sections are

30  incubated 1.5 hr at room temperature ina humid chamber W1th the indicated antisera
diluted in PBS with 0.1% BSA and 1% normal rabbit serum. After three washes with
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denonstrate that the single substitution of Arg-121 of human I1L4 with Asp
yields a 15 protein that has selective activity on T cells, and | acks any
apparent activity on endothelial cells. Al though tthe mutein R121D is a
partial agonist in the T cell assay, it is nore potent than wild-type |IL-4.
However, |iweomniéd n R12| E, R121D exhibits no activity inPCRASHGIES assay,
denosntrating that it is a clear T cell-selective agonist. Exanple 10.

Bi ol ogi cal A il gy 2 ' T h8eokdindto Bl :
T13D/ R121E %%\‘%%58{%’% %t?ﬂ‘f g‘c’fm\?\nh{lff eké’?ﬁ%@?ﬁ‘e‘@%ﬁ%"% ! 12143%%& i t ut ed
with Gu) wadiregionsrand 8¢ antbalyconjngateldetentedesysingubatingthe $ligled in3-aeinb-9%nd HUVEC

. Speci fi I ith ref - I -B, Jn.the T cel
(Panet a) < PHbtassietydart pEoffi G B yapion, seftichs Ssyssbishur
2-3-fold betghgoushIfih 6. Bvackidte bafferRhdshad il Etilled wath dnBRomiBXinMiee Oof 100%
relative to IL-4. 1n HUVEC ant agoni st assays (Panel B), T13D/R121E 25 (A)

was - 27- fol dAQBAMEIINT (Lesner daborateriess Pitisburgh, PA)act i vity than RI21E (A),
exhibiting an | [ - " t el L tution -
o Thr e 13 fo assHebiinef are Socred WY 68 indebhdlbl pber S i d Wi mdnifer BRSO

(both as an sgienbettvesn( ardke3+T designkd tosassegs tha mtersity anwelbasdistribwioniof t he HUVEC
assay), while . the igbst ltuti oﬁgb@r%-&l&& to Au confers T cell-selective
activity to SEBPER]DYEOVREFYSIERYOR, 1} eXprgssiondg| P absent.r fapy stamipg,ph g oni st
30 in the H\ECSRFAkkel; 349 faint SRy 6r5Vé4h vessels; 2+ moderate intensity staining of

PCT/ US97/ 09286 Exanpl e 11. Eval uation of the [L-4 selective agonist in the
pat hol ogle mowest vesselist 3-nintensesiaining pHmest iyesskley Blopf/nessels axgddantified insseridthar | es

R ver Primate [ ., . i ghi n r oxi,mat . to 6 kg are
ST sod 1 o SeptdBSlalrba eHIBh WucBRR Paerol R BloRS TR it vt

envi r onment abiRkoplattetCappihera,r@os i n open nmesh cages 5 and provided food
twce daily and water ,ad libitum Each animal is fasted for approxi matel yl 2
aszx ¥ Peg

hr prior to the fAPRXSISR “ﬁhrfgttﬁwm’h%a%hleglf‘ﬁw'%‘?ﬂtﬂﬂ lagleb coppbsartiet i zed
with an intramipaed &rhepmiﬁgéaogao@aﬂﬁe& mlraesemﬁ%@sélia%w dgalybsiBaRE, 10

nmg/ kg) . The upper back area each animal is sheared and Cleaned with a
70% al cohdl - Biagpefting Adiontawpoly)). |Lieulocyte| differentialsars spaluatgd on fiffQuidostaigedhi cl e

(0208 hue 5Byl 8 e B RISAB b lgapcs o
sites are segdirtgpecdladagcoaded east 10 cm and marked with an indelible marker.
Tissue biopsy s anﬂxa‘??sis of peripheral blood mononuclear cell (PBMC)_ surface markers is
performed in the following manner. A 4 ml sample of heparinized blood is diluted in
20 Hanks Balanced Salt Solution (HBSS, without Mg++or CaH).and layered onto 4 ml of
Percoll (1.070 gm/ml density). The tubes are centrifuged at 1800 rpm (Beckman GS-6R)
for 20 minutes at 24 C. The lymphocyte containing layer is aépirated and centrifuged at
1100 rpm for 10 minutes. The resultant cell pellet is resuqu@gd in 6 ml of phosphate
buffered saline (PBS) containing 0.1% Azide and 5% goat serum Aliquots of 1 ml are
25 utilized for cell surface marker analysis as described below.
Antibodies against CD2, CD4, CD8, CD11b,.CD16, CD25, CDA49 and HLA-DR
(R&D Systems, Minneapolis, MN) are utilized for analysis b&jﬂow cytometry. Twenty ul
aliquots of marker antibodies are incubated with 1 ml a)iquet__s:‘_{;_)f cell suspension in the
dark for 60 minutes at 4 C, and samples centrifuged (1000 rpm, 10 min at 4 C). The
30  pellets are washed three times with 1 ml of PBS containing 01% azide and 5% goat
serum, followed by FACs analysis. -
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are obtained using a 6mm punch bi opsy tool and sanples are placed in OCT
and snap frozen in liquid nitrogen. Biopsies are obtained at 0, 4, 8 and 24
hrs post injection. 15 The system c response to IL-4, IL-4 selective
agoni st or vehicle is assessed in the follow ng manner. Tesgcﬁbéd', R S
adni ni st er ed Q¥ MT¥neous! y twice daily (approximately 10- 15CHP ADart) over
four consecutive days in a volunme of 0.1 nm/kg at dosages of 0, 2.5, 25 or
250 ug/ kg resul ti NPlairia sanipiésabiatiil kdristo@eh sthdydare analipd Srde Ve MR by

respectively. A peripheral, bl ood sanple is obtained fromeach aninal _prior
to the first SPRCHEEIdRALPTE ¥ri9élvé¢?lZgB°W“F?z-?<4‘mf§HH’?£¢“ﬂﬁg‘]) gregenAd Wg‘ﬁéf) each
day of the StUWell?afBPitﬁ:'xtl-ﬂi@iﬁf&%'hymmi"th&?%h%&ﬁiIi%SB%gll £$/dosepunt s and

differentials, and ow cytonetry anal ysis of peripheral ood nononucl ear

cel | surface wetne2@(washbufferielNonispecifit binding isitesaue blacke avith2% BRArin PB§ed and
pl asma al i quo st.or at, -70 r bsequent.. sis _af noki ne

| evel s. Fr BZethQé‘i)ﬁngg‘? plgtes ‘Bf’@ﬁ&g&fsdgmmg‘ﬁ %\tl‘\’gg-’ntalld%m F‘f‘ffﬁgﬁ'ge {fxgeq. oom
temperature, Qlith whsh beffdrSdattell (neael 115Mma ¢ a0PRS sa&,;?l@ (50 69 in dupHtaieifses.
Slides are transferred to 10 M PBS with 0.1% BSA ¥or 5 mnutes. VCAM1 is

| ocal i zed wi t hddedcfollawedpy ipgubgtion fog | hpatdd (o rintesare washed fows tmeseaRd §8AM 1. An
irrelevant, i - | 1 o] oJ3N ha tion
o used as a ALFFoERIGAERLbTIIRAR P diidlor ISR LT P RGP
Vect or Bi ot i nfdur timles, syéptavidivgetoxidatesdonjugate (108ug/mid {Dakopattsp Carpieria384) isons
are 30 incuba 1 hr at roomt rature i m d chanber wi.th the

i ndi cat ed '8nt Pé‘gaé"@j?ﬁelﬂaéﬁ mﬁ@é‘e@?@ 061"2%%&73}“%%%%%%@” € serum
Af ter three WaaREJndH O uIThromogdntbétratd @67 mg/mi orthophenylenediamine dichloride

PCT/ US97/ 09286 PBS, the slides are stained with the. Vector ABC Elite Kit

accordi ng to (Rekepatts Garpinieriai €AY isiadded. T plates aeerineubaled 2By oy Srrainyies and ed
by i ncubating ' [: | 6912 I ' jofle
CAEC subst r at Sigiion Rifplihect G SO e M I DR S R B ot
acet at e buf f eFCSWRHHtzdrd 1eadiatiod nindd anELISA maderBtandards dre10 5dogditutions of

AQUA- MOUNT (Lener  Labqr.ataries I ttsburgh, ) v, SPEeGI re scored by .
t wo indepéﬁdeﬁ?‘:"%’é‘éﬁ‘t\%fgg’liflﬁ‘”&’%‘ﬁ‘&%‘i@ ln&pfﬂlegéﬁ‘y?”ﬁ@' Wﬁ@&?‘%&‘%en 0
and 3+, desi g@geets MCISH 6Sieehtiiohstt SOpa/Ay, as wel | as distribution of
stai ning. The scoring system for VCAM 1 expression is: 0 absent or faint

staining of occasi Bxtmpled3sEreatmentiof mpltinte solerosiy with ILcd selestive agapists; 2+
T oL S 1 e g o S oS s i
a well-accepted research tool. Initial testing of the IL-4 selective agonist for multiple
20  sclerosis (MS) is conducted in a marmoset model using recdrﬁbinant human IL-4 selective
agonist protein. These studies are conducted to examine the éffcct of prophylactic and
therapeutic treatment on disease induction and severity for both the acute symptomology
as well as chronic relapsing-remitting disease. )
Experimental autoimmune encephalomyelitis (EAE) ;i__sﬂ a CD4+ T ceil-mediated
25  autoimmune, inflammatory disease of the central nervous system Induction of EAE is
induced in marmosets (C. jacchus) weighing 300 to 400 gmby immunization with 200
mg of fresh-frozen postmortem human brain white matter hb:ﬁOgenate (BH) emulsified
with complete Freund’s adjuvant (CFA) containing 3 rpg/m_l_z of killed Mycobacterium
tuberculosis as described in Massacesi et al., Ann. Nelirol., 375 19 (1995). On the day of
30 immunization and again 2 days later, 1010 inactivated Bordeé?la pertussis organisms

are diluted in 10 ml of saline solution and administered intravenously.
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sections stained for von WIIlebrands Factor (polyclonal rabbit anti-human
VAF; Dakopl atts, Carpinteria, CA). Analysis of erythrocyte count,

hemat ocri t, Ieukocyte count and platelet counts are perfornmed on

hepari ni zed bl ood sanples with a Serono 9000 Bl ood Anal yzer (Baker 15

Di agnost i csWO9M4Mtown, PA). Leukocyte differentials are OGN

D ff-Quick stained blood snmears where a total of two hundred cells are
counted and the PEAEGIURESedSy GRfdAl &Rl pattblRRaMGeria POLsIRIEdiARA AofinpS Of

peri pheral bl ood nononucl ear “cell (PBMC) surface nmarkers 1s performed in

t he fol | ow ngystemmisemploded tonecord thel sevasity hfaq)mmkﬂ:m@b HFwounal sewologicad i n 20
Hanks Bal anced,.Sal t utlon HBSS t hoyt Ca++) and | ayered onto
4 m of Perc Pﬁi %Sl 10' ‘é’é’ﬁ’sﬂ%’%\% gatt% % 81 ?‘g‘eﬁentrl fuged at 1800
rpm (Beckmanp &Spéals/&@iofpa&snm sehoPy108d, oP¥rainsterh¥9ndrinip Rfidif gaddhadynong | ayer
is aspirated and centri ed at 1100 rpmfor 10 mi nutes. The resultant cell
pel | et i s5reblindness 3 parm or hemiplegds; Hirquadsiplesi®s ed sal i ne (PBS) contai ning

0. 1% Azi de and 5% I cell
surface marker anwg‘zé."g% gg?‘r’%%%@ beg;lf B J§§§a§§g§+‘r¥§%‘ﬁ%?{ CchH4,
CD8, CD11b, . charddicriz€Bitty, asGidlasdatel irhindad e didtédlcSynd GiMS (Sbwareaqud] Bmin, M) are
utilized for S| y Qw cytonetry. Twenty ul aliquots of. marker

ant i bodi es a?@?@dﬁ%ﬁd t”ﬁ“ﬁexh‘? qaé’tmvﬁ ﬁleé "E’ﬁgl?éﬁ%fr’(?ﬁ‘t‘?rn t he dark

for 60 m nut Fﬁ) gtlssidn 6F digeask HRNES M atalié siR6ted &nOQPmkarrhte&ﬁumdDNMR4 Q.
The 30 pellet's are washed three tines with | nl of PBS containing O 1%

azi de and05%Cemgenic E008] syste. opasatingat & figld stergtlyof 615 Besla; a repgivernoil mity

PCT/ US97/ 09 d f
Tovel s of eBs iR 1SR SRR s (e TR L BiofRaVEg | 1 OF
Dﬁ nmar k) ha (rj e pﬂl@aieqdemes dre bfiplolyédvetidhordalabps timesdfieithdc30 hnd 60 miSorl#0 and 8¢ C and
t hen washed i n PBS,

7.9 . 05% Twee wash buffer le
bi ndi ng si t eSSAEUBH Bt‘%ap‘wef sgg%eggﬁ q‘f‘na\gléé’ess““\"fﬁ‘ﬂ’em %eq‘éeﬁ‘aest‘ 3{'
i ncubat ed f o§ni&iBulsd deMyeis 486 m37 C. Plates are rinsed three tines W|th vvash

buffer, and diluted (neat, 1:5 and 1:10) test smge (50 ul) in duplicate
i's added,!5f ol | oweNagyoscisanpancsthetized with ketamine hyd |°P¢%M§14§P@1W\'§h%hed f our

ties, and Q. Lyeh 1k ML 58 phAPhigrithd s oSG P &%

m nutes at 3 es are
are aligned perpendicular to the direction of the static magnetic field. Animals are

scanned before immunization and then daily from day 9 after immunization. Prior to
scanning each day, animals are checked for signs of neurological impairment.

20 Animals are sacrificed at different times after immunization. The CNS is removed
and fixed in 10% formatin. Paraffin sections of brain and spinal cord are prepared and
stained with hemaibxylin and eosin, Each coronal brain section or horizontal spinal cord
section is analyzed for histopathological findings of inﬂammquon and demyelination
according to an arbitrary scale: inflammation; O=no inﬂammﬁtion present, +=rare

25  perivascular cuffs/average whole section; ++ = moderate nungbers of perivascular
cuffs/section; may have meningeal inflammation; +++ = widespread perivascular cuffing
and parenchymal infiltration by inflammatory cells. Demyeliﬁ;ition score; 0=no
demyelination present; += rare foci of demyelination; ++ = xfnbdemte demyelination;
+++ = extensive demyelination with large confluent lesions.

30 For pretreatment studies on acute disease pathology, test drug is administered

subcutaneously at a dosage range between 1 and 500 ug/kg -fdffdwing a dosing regimen of
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four times, streptavidin-peroxidase conjugate (100 ug/m ) (Dakopatts,
Carpinteria, CA) is 10 added and the plates are incubated for 30 m nutes
at 37 C. The plates are washed three tinmes, and 100 ul chronogen substrate

(0.67 ng/ M orthophenyl enedi am ne di chl oride (Dakopatts, Carpinter.i CA
i s added. TheWHIS‘ZE'Eé‘ are incubated at 25 C for 6 mnutes and%rﬁbg?@g%ﬁ[ion
Is termnated with 50 ul/well of 3 M H2S04 sol ution in wash buffer plus 2%

FCS. Pl ates arpadifiafitradon 2P day o 1MhdiniSekation éﬁ@ééﬁ?ﬁoxﬁbmwlﬁxrs&s,farssase- 5 log
dilutions of 15 reconbi nant MCP-1 frgm.log. ng/nm to | pg/m (50 ul/well).
The ELI SA conssyanims. Fo thempeatiojpervention in existing dispase, testtigle isAdministerad| e 12
Treatment of nyhti | | - BYLK ﬂ%ﬂ% . gf an
ani mal nodel as aﬁt%{reggsﬁgth%:&? %@%%%Q@oﬁgsggﬁ%g?‘ﬁ ty %tﬁ%%g%&sj&l%lsnga

wel | - accept ed reginearof tdeatnient peniday tall treatmhdnn perofeck beerlthe cbusse o saverabmenths)i st
for multiple 20 sclerosi nduct ed .i n_a, par noset nodel using

(M) is c |
r econbi nant3 human IE"&‘@%?\‘-}C TW@“%&?FQ““WWM“"Fhese studies are

conduct ed to exam ngneuigtofd drffiritis GRAPS ARARYIAGKE mndfhaldpP iiROEE i Whitd GRSHEN!
on di sease induction and severity for both the acute synptonol ogy as well

as chroni c r el actigatiog-of eesident angd infilsatingsyndvig) eelisvanses destructiinmfgartilage and

encephal onyelitis Rl I S.a Ch4 cell - medi d 25, a i ne

i nfl amrat ory d‘?oé‘ggé‘gﬁes%s? gmé’esn r!eﬂ-gs ﬂéé’@%l?g' é’?&’?‘gﬁ rﬁ@ﬁﬁqrﬁ%@lg}ﬂe&lﬁllg

i nduced in rrarafemE t(t6play aesl8 itbthe naingdnai@ of @2 chfonftdinflghimbtory @idtiohzat i on
with 200 ng of fresh-frozen postnortem human brain white natter honobgenate
(BH) enul si§ied wi tHAéonfyced i BBAlmice using typs Hicoflagenys dessribed-Ayfgostensd/ m - of
killed Mycobactera ; j [ binlYB&a i : .
Neurol ., 37: 51%ﬁﬂfgﬂ§§§w%‘1&wﬁg§%?ga%ﬂg%%5lém%‘ﬁwgt I'on ang sa@é%ﬁsindggéﬁ

| ater, 1010 inucmmmmmed&ieménpdﬁnjmnmm:gmiofﬂwteiiwituilomle;d in 10 m
of saline soluti noand agirﬁi %@{tle(rﬁed li nt rgve(pogy%q %3 " . VWD 97t/ 477t44 1

PCT/ US97/ 092865 RO contaiiing 100 ug o colagen,, Qn'day 41, ahimaly are ejvep a intrapenitoneal
standar di zed skdosienfhjcesion 6ftypell esiligery €00 ug) dissolved ir piospiavchuffered 8hline! i ni cal
di sease: O=nornal_ neurol ogical findings; 1-lethargy, anorexia, weight |oss;
2=at axi a, &hd EBDer par apar esi s/ nonoparesi s, sensory | oss, or brainstem

syndrome incl udi ng gaggmea! 1A performbd by \dRSing &e_n{a@erﬁalaﬁ? i o
hem pl egi a; 4=quadri pl egia. Magnetic resonance 1naging (M) has been shown
to be a usef ul appgumpieq;ﬁ arthritis in the peripheral joints and scores for arthritis severity are

assigned. Mice are considered to have arthritis when signiﬁcant changes in redness

and/or swelling is noted in the digits or in other parts of a minimum of 2 paws.

20 Clinical severity of arthritis is scored on a scale of 0-2 fol each paw according to
changes in redness and swelling (0 = no change, 0.5 = significant, 1.0 = moderate, 1.5 =
marked and 2.0 = severe maximal swelling and redness. Scéﬁng is assessed by at least
two blinded observers. _

At the end of the study, some of the animals are sacnﬁced and paw and joint

25 tissue is obtained for pathological and histopathology examination. The tissue is .
processed for immunohistochemical staining (frozen sectlons) or fixed and embedded in
paraffin, sectioned and stained with H&E for analysis of cellular infiltration.

Evaluation of a murine analog of the IL-4 selectiv_é-él;_g:onist of the present
invention in the CIA model is performed with the use of amunne equivalent protein

30 molecule. One of ordinary skill in the art is capable of comparmg the murine IL-4

structure with the human IL-4 structure, generating paral]cl kliurinc IL-4 muteins, and
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characterize early as well as late inmune nedi ated | esions of M5 (Stewart
et al., Brain, 114:1069 (1991). MRl is used to evaluate aninmals after

i mruni zation to nonitor progression of disease over tinme. MRl data is
coll ected on a Picker International NVR 10 Cryogeni ¢ ' 2000" system
operating awoa7#17¢4 d strength of 0.15 Tesla; a receiver cAOVUPVINHN
aperture of 15 cmto obtain the imges. Miltislice spin-echo and

i nver si on-recav.er ul se sequences,a | oyed. .Echo-del ays. ti of

i Uher 90 arTIAEE fay Hesrork SANSRERS nBled of MapOEfn AT el MRl lBR 01 o

I n the inverfiegBxpreGhigitherIENRRAIEIRT S URQ./y-0K: Jubkifi( in W riingCinaloghii t¢00 N5,
15 Mar nosets are anesthetized wth ketam ne:hydrochl ori de and pl aced
in the scanntgntysed fog human Het myeiny with T cellsand BUNE(. - Animglsaspdosediene daiat t he
i nner cant hi __ s @bk \ - direction of the
static rragnelfrlmé t‘? fhglbgé‘&%rﬂa{'r’a lg}agrggsg%@%%@?qgggﬂolpgaldm% g‘tq%norﬁﬁééﬁ t hen

dai ly fram deggwéeenamtea daynmonceaweakfor the idomtioroofshasmdyn@0-€ days). dagimabrareral s
are checked for,signs of neurological..i jroment. .20 Ani are
anor 1 ced oot pitlagmee of rreonpars et dRebie sonidmeinebereeen d 4 0E 20G
fixed in 10%d/qg malin. Paraffin sections of brain and spinal cord are

prepared and stained with hematoxylin and eosin. Each coronal brain section
or horizontal spikamplodé Teeatment of insylin dgpendentgliabytex mellitus{IRBMY o
findings of inflanmpl %&n@&%&ﬁ%%éﬂé%ét&}@oﬁ?&loécﬂ'igkgl&e&eﬁ{‘mﬁbw](nary scal e:
inflammation; O=no I nflammtion present, + =Tare 2 perivascular

cuf f s/ aver agkunidislard ardmial modelstof human disedse. Nowdbesesdiabieti@@OD pmivelasy

cuf f s/ section;,. have ni ngeal .infla tion; +++_.= w despread, .
v mocul e HIEFER [ AT ataes B DN A Pt Rp T Qv alemt B L PSR SRt o | o
Denyel i nat Offecting® TODM-OR: SFORARArY BEilLIR the RHSS @phble of conpafify e flurib 1L-4

denyel i nation; ++ = noderate denyel i nation; +++ = extensive denyelination
with | arge ceprusewith thedugien IL4etructure, genemating paradict murinelie4 swiginseandon acut e

di sease path < I Al -k osage
range. bet vech il 3y et Halkdth T n S AL AR, findto U

97/ 4774415  lines expressing either IL-4Ra/IL-2Ry or IL-4Ra/y-like subunit in a mannBGhaldgous'109286 1
adm ni stration per .day to,1 adm.nistration K. prJjor. . he onset of
i Sease synpUBHES FuRerRR A dres vk Declarel o VS ckfebis ¥pbaed. ¢ et
article i s aG@phrkimféifd wiiPOHBitNEHuRchtioé miresofSveneR G videlafeeN cell and 500
ug/ kg followm ng an extended dosing reginmen of 1 treatnent per day to |

treatment pettimylationo it timing efghis saresponsiuenessis npigplated to insulitis and persists
until the onset of diabetes which occurs at 24 wks of age.

20 Evaluation of the IL-4 selective agonist in NOD mice is conducted similar to
studies reported by Rapoport et al., J. Exp Med; 178; p. 87 (1-.__9_-93). NOD mice are
injected with test material at approximately 3 wks of age follgyving a dosing regimen of
once daily treatment or once a week treatment over the courseof 12 weeks until the micc

are 15 wks old. A control group of animals will receive n'eatment with a inert protein

25  equivalent.
Mice will we tested for glycosuria using Tes-Tape an ='g__i:i_:agnc;se,d_ for diabetes as
determined by being glycosuria for at least two consecutivé; weeks At the end of 52 wks,
animals are sacrificed to obtain various organs and tissue for pathology evaluation.
Tissue from the pancreas, submandibular salivary glands and kldney from each mouse is
30 fixed and embedded in paraffin, sectioned and stained. Aldehy fuchsin staining of

pancreas sections is used to examine the extent to which msuhtlcmﬁlh'ates have reduced
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5 Exanmpl e 13. Treatnment of rheumatoid arthritis Rheumatoid
arthritis (RA) is a debilitating inflammtory di sease in which chronic
activation of resident and infiltrating synovial cells causes destruction

of cartilage and bone and |leads to fibrosis and |oss of fun ﬁﬁs%oki nes
rel eased fronQ8M# %t ed T cells are thought to play a role ?LﬁJr}th_ge-’
mai nt enance of the chronic inflamatory reaction. 10 RA is induced

in DBA/ 1 nice theinag of gR@ulated Baella SpleriSleditrgtel B dottited) 6P FASSca andlyses
Arthritis & Rheumatism 39:797 (1996)., Collagen induced arthritis (ClA)
i nduced by i nrisgaPtg i lc% aghi-SD%And abti(Ch8 mabs ipascites s describrd by&iprisst al-ne

tail with 100 Pimﬂﬁncﬁ%k-?.g‘%f@% ining 100 ug of collagen. On day 21,
animal s are given a I ntriaperitoneal booster injection of type Il collagen

(100 ug) di ssol ved Otherpmbsdinents off tHefimveatiorswill eeoriGappafeBSp.onéefskilb mphe  of
ClA is perforned £examning the mce visyally for, ar,ance ,of
arthrithe o e TRAMHPRfoothss fow o Aisgaiidus dos ety FRETEIPEFMI a7 o
assi-gned. M ceaylgéithde Tdefl Qb@Ath© a¥i Riyand fddiéddiendothélRNcall 42l dting ABRitys Banges |
redness and/or swelling is noted in the digits or in other parts of a

mi ni mum of 2 pheteby thpse muteins congg Within e spisis apd soppeef the innentions The cansentand on

scale of 0-2 f . ' | . 4009 (0
o change, 0. Sxpe G BANo AR RIRTneBn SHARDES g el N SRR, BN RSNG|
maxi mal swel | ilggrélogbus athiadric réeptor Systenss, iSmatcaid [IHY and relaraidytdkines (M.g. nded
observers. At the_end of the study, sone of the animals are sacrificed and
paw and j ol%ht b5 ThPaa éL'ilg)’Hﬁﬁéjti‘%ﬁffc’f’BP" adiptstfergr ¥al  and hi st opat hol ogy
exam nation. The tissue is processed for imunohi stochem cal staining

(frozen sections) or fixed and enbedded in ﬁaraffi n, sectioned and stai ned
with H&E for analysis of cellular infiSRQUENGES Eval uation of a murine

anal og of the |L-4 SeledeiineedBalode Oloehid MiES 8N apbfiigBh) O P10 the CIA

nodel is performed 'w a Mmurine equiva protein 30
mol ecul e. One of orSEQH NOski hIL-4 (ankiheadid)t i s capabl e of conparing the

murine IL-4 structuyre wWith the human IL-4 structure, generating parallel
murine |L-%¥ nutei nS:E%%N%Em?LVMW@?*MﬂDNA

PCT/ US97/ 09286 nakigkgh ANNOISCRBAA! dmid 4¢Rf BBRAF based on responses in in
vitro assays utilizing cell lines expressing either Il,-4Rerr]/IL-2Ry or

| L4R[ err]/[err]-1i IGEQGUEDNM: #: RIZID (aminecacidaplaNAyous to

SEQ ID NO: 5: R121E (amino acid, cDNA) |
SEQ ID NO: 6: R121F (amino acid, cDNA)

20 SEQ ID NO: 7: R121H (amino acid, cDNA)
SEQ ID NO: 8: R121] (amino acid, cDNA)
SEQ ID NO: 9: R121K (amino acid, cDNA)
SEQ ID NO: 10: R121N (amino acid, DNA)
SEQ ID NO: 11: R121P (amino acid, cDNA)

25 SEQ ID NO: 12: R121T (amino acid, cDNA)
SEQ ID NO: 13: R121W (amino acid, cDNA)
SEQ ID NO: 14: Y124 A (amino acid, cDNA)
SEQ ID NO: 15: Y124Q (amino acid, cDNA)
SEQ ID NO: 16: Y124R (amino acid, cDNA)

30 SEQ ID NO: 17: Y1218 (amino acid, cDNA)
SEQ ID NO: 18: R121T (amino acid, cDNA)

is

=]

Q
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that used for human IL-4 nmuteins with T cells and HUVEC. Aninmals are dosed
one day prior to the booster adm nistration of collagen and kept on a
dosing regi men ranging 5 bet ween once a day to once a week for the
duration of the study (40+ days). Aninmals are dosed with a range of
~concentratiWOSTMIT4 -4 sel ective agoni st ranging between PEFISIHW¥y/ kg.
Exanpl e 14. Treatnent of insulin dependent diabetes nellitus (1DDM There

i's sone evidence Sgggﬁq«lﬂ .rﬁﬁyﬂgll &%&ﬁ%&m‘)’%ﬁ venent in IDDMin 10

|
humans and ani nal el's of “human ese diabetic (NOD) mice are
utilized to exam SEQUDN@{I0: TRID/RAPL 1 B(amirnio avéd, cDNA)equi val ent of |L-4

sel ecti ve agoni st _j reatj.n f. ordinary ill in the art is
capabl e of corrparﬁ#\@ I{)H‘Z&r#[}r Rﬁé%%%ﬁﬁ&‘aww%cﬁﬁékhumn | L-4
structure, gener agEQIDAROLD 8 PORPHAR:, TL44 nuteins, and neking any
necessary adjustnents based on responses in in vitro assays utilizing cell

15 |inesSexpr essPRQ IBINGE23: B PCRRfimer [L+4- 2R[err] or IL-4Rerr]/[err]-like
subunit in a rranngﬁggpgﬁ(g%_meﬁggtp#&?%fﬂm uman | L-4 nuteins with T .

cell s and HUVEC. mce (approxinately 7 wks) exhibit a
proliferative unr SBQADMOEIE MutdgenesistRrimnedfor®12TDcel | stinul ation. The

timng of this unrespﬁb;\gg)ess is not. . related to insulitis and persists
until the onset ofERi : Whitagenesisdginer for RIZ1EK s of age. 20

Eval uation of thegkb1fh NO! 2L MulszeRGR Prither fdt RY¥SPFM Ce i s conducted simlar
to studies reported by Rapoport et al., J. Exp Med; 178; p. 87 (1993). NOD

m ce are 12nj ect edSERHP N@s28: Mutagenesis Ryimey iy BRIl Hat el y 3 wks of age

foll owing a dosin BNy nce dajl r nt or once a week treatnent
over the course o55@5&@@&f‘&ﬂ?ﬁm?sﬁ?’ﬁ%i"’jf‘?ﬁ5 wks ol d. A control group
of animals w || rgEQIDNOT HRMERIHendMst Finter fRERIRIRr ot ein 25 equivalent. Mce

will we tested for 8I cosuria using_ Tes-Tape and di agnosed for diabetes as
det ermi ned by bei AFRGPRIBstl MutagspesigPrimes &r RIZNconsecut i ve weeks. At the

end of 52 wks, ankgplip OIS Mtddeh&hiPringereiis@iipvari ous organs and tissue
for pathol ogy evaluation. Tissue fromthe pancreas, submandi bul ar salivary

gl ands ard ki dney SEQJR NQcHs: Magsnésés BmerffonRd@1End enbedded in paraffin,
ised to exanino. ¢ RECARISRE S SN mebR bR T 1 ot o have r educed 36
WO 97/ 47744 SEQ ID NO: 35: Mutagenesis Primer for Y124A ' PCT/ US97/ 09286
SEQ ID NO: 36: Mutagenesis Primer for Y124Q
SEQ ID NO: 37: Mutagenesis Primer for Y124R
20 SEQ ID NO: 38: Mutagenesis Primer for Y1248
SEQ ID NO: 39: Mutagenesis Primer for Y124T
SEQ ID NO: 40: Mutagenesis Primer for Y124A/S125A
SEQ ID NO: 41: Mutagenesis Primer for T13D
SEQ ID NO: 42: Mutagenesis Primer for RlZlT/EIZZF/Y124Q
25  Note: for the T13D/R121E mutein, the primers SEQ ID N()s':"._2'6 and 41 are used.
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the mass of granulated [err] cells. Splenic | eukocytes are counted by
FACScan anal yses using anti-Thy-1 .2, anti-CD4 and anti-CD8 nabs in ascites
as described by Zipris et al., J. Imunol 146; p. 3763 (1991). O her

enbodi ments of the invention will becone apparent to one of HP+7/J9£h6t he 5
art. This i nwavYél44 eaches how to obtain nuteins not speci

descri bed herein but which have T cell activating ability and reduced

endot hel ial cell activating ability, and thereby those nuteins come within
the spirit and scope of the invent 'sQ &Ex pcept and experi ment al
approach descri bed herein should be e to other cytokines utilizing
het er ol ogous mul tdmemmf,mnm;oaysterrs in particular |1L-2 and rel ated
cytokines (e.g., 10 IL-7, IL-9 and IL- 15), IL-10,-interferon [err], and
interferon [err]. SEQ.(!EN@ESJWTSW#’MW @'e Jeffieyclandek Boberont ai ned wi t hi n
this application: SEQU)DTISEE OF INVENTION: T °HY5‘V%!E‘?’H5"'“Z\‘.'5“3°"'S“ SEQ ID NO 2:
hiL-4 (am no acid, cD J 1A (amino acid, cDNA) SEQ I D NO
4: R121D (am no acid, phyerTorp Eigtg,lﬁ,a{,,am@gpﬁgiw cDNA) SEQ ID
NO 6: R121F (ami no acid, (BDBmEEQQmMo:gmLm SEQ ID NO 7: R121H (am no acid,
cDNA) SEQ ID NO 8: R1211 GiMoWesthaen cDNA) SEQ I D NO 9: R121K (anino
acid, cDNA) SEQ ID NO 10: ﬁ%m no aci d DNA) SEQ ID NO 11: R121P

(am no acid, cDNA) 25 o C?, At | T (am no acid, cDNA) SEQ
ID NO 13: Ri121 W(am( %gg{,éé La%gdl D NG 14: Y124A (am no acid,
cDNA) SEQ I D NO 15: Y124Qa) aMEpUMDPE: D.&JRNA,);...SEQM@&Q: 16: Y124R (am no
acid, cDNA) 30 SEQB) DchMpUTER: 1BM P2 dofopdtibleri N0 aci d, cDNA) SEQ | D NO
18: R121T (amino acid, c QPERATING SYSTEM: PC-DOS v. 630

( SOFTWARE: Word for Windows 6.0
(vi) CURRENT APPLICATION DATA: not available
(vii) PRIOR APPLICATION DATA:

(A) APPLICATION NUMBER: 08/663, 156

(B) FILING DATE: 14-JUN-1996 :
(viiij) ATTORNEY/AGENT INFORMATION:

{A) NAME: Huw R. Jones

{B) REGISTRATION NUMBER: 33, 916

{C) REFERENCE/DOCKET NUMBER: 5013P}
(ix) TELECOMMUNICATION INFORMATION:

(A) TELEPHONE NUMBER: (203)812-2317

(B) TELEFAX:(203) 812-5492

{(2) INFORMATION FOR SEQ ID NO: 1:

{3) SEQUENCE CHARACTERISTICS:
{n) LENGTH: 129%
(B) TYPE: amino acid
(c) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
(A) DESCRIPTION: human Interleukin 4 protein

{iii) HYPOTHBETICAL: 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 10 . 15

Ser Leu Thr Glu Gln Lys Thr Leu Cys Thr Glu Leu ‘I‘hr Val Thr
20 25 ; 30

Asp Ile Phe Ala Ala Ser Lys Asn Thr Thr Glu I.ys Glu Thr Phe
s 40 N 45

Cys Arg Ala Ala Thr Val Leu Arg Gla Phe Tyr Ser H:.s His Glu
50 S5 60

Lys Asp Thr Arg Cys Leu Gly Ala Thr Ala Gln Gln Phe His Arg
65 70 75

39



WO 97/ 47744

PCT/ US97/ 09286 SEQ I D NO. 19: Y124A/ S125A (amino acid, cDNA) SEQ ID NO 20:
T13D/ R121E (anmino acid, cDNA) SEQ ID NO 21: R121T/E122F/ Y124Q (ami no aci d,
cDNA) SEQID NO 22: 5° PCR Primer, I1L-45 SEQ ID NO. 23: 3' PCR
Primer, |Lwb®BHQ4#D NO 24: Mitagenesis Primer for R121AP§§6’§9E5‘]% 25:

Mut agenesi s Priner for R121D SEQ ID NO 26: Miutagenesis Prinmer for RL21E
SEQ I D NO 27: Mutagenesis Prinmer for R121F 10 SEQ I D NO. 28:

Miut agenesis Primer for R121H SEQ ID NO 29: Mitagenesis Primer for R1211
SEQ I D NO 30: EhutayShiedes TPy RRePbe deu 19 AR BEWOAFIDANOASIB}eu it agenesi s
Prinmer for R12IN SEQ I D NO®%32: Mitagenes®$ Primer for Ri%21P 15 SEQ
D NOL 33! Mit agongshs, Bil BB 1b0heRbel bSER LR DY sidtmdilagenesi s Pri mer
for R121W SEQ | 1 35: Mgkagenesi s Prinmgge for Y124A SE@d D NO 36: .
Mut agenesi s Primer for Y124Q SEQ ID NO 37: Mitagenesis Primer for Y124R 20
SEQ | D NO 38: sMiisex)&he $pw OPy Pprp Phe Gru $IW ATy SROLYDTMOXIgGHet \jt agenesi s
Primer for Y124T SEQ | D NO**%0: Mt agenest¥ Priner for YA/ S125A SEQ I D
NO 41: Mt age ' ' D NO 42: Mutagenesis Prinmer for
R1217T/ E122F/ Ylgg%l‘gg‘%m %‘Eé&f%ﬁﬁ%ﬁ?ﬁ% R121E nutein the priners SEQ I D
NOs: 26 and 41 are used, 38 WO 97/ 47744

PCT/ US97/ 09286 (SEQUENSRRHATIIN Mok 689 IGERERAL | NFORMATI ON: (i) APPLI CANTS:
Shanefelt, Arnen; Giéve,mﬁww&?mﬁobert

(B) TYPE: nucleic acid
(c) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: CDNA
{n) DESCRIPTION: human IL-4 protein

{iii) HYPOTHETICAL: no
{iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

ATG GGT CTC ACC TCC GAA 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 90
Ala Cys Ala Gly Asn Phe Val RHis Gly His Lys Cys Asp Ile Thr
20 2s 3o

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
) 3s 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 . 55 60

AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Val
65 70 15

CTC CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG 270
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 920

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 318
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 100 105

TTC CTG AAA CGGE CTC GAC AGGE AAC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp 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

40



(i1) TITLE OF INVENTION: T-cell Selective Interleukin-4 Agonists (iii)
NUMBER OF SEQUENCES: 42 (iv) CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Bayer
Cor poration, Pharmaceutical Division (B) STREET: 400 Morgan Lane (C) CITY:
West Haven (D) STATE: CT (E) COUNTRY: United States of Amer kg?wg@ogggp
06516- 4175 (WOSMIPMTER READABLE FORM (A) MEDI UM TYPE: Diskétte, 3.5 inch,
1.44 Mo storage (B) COWUTER | BM PC conpatible (C OPERATI NG SYSTEM
PC-DOS v. 6.30 (D) SOFTWARE: Word for Wndows 6.0 (vi) CURRENT APPLI CATI ON
DATA; not available (vii) PRI QR APPLI CATI ON DATA: (A) APPLI CATI ON NUVBER:
08/ 663, 756 (B) FILING DATE: 1¥#2JUN-1996 (viiYf ATTORNEY/ AGENT | NFORMATI ON:
(A) NAVE: HUW R Jppos(Bh ReGRTRATACNNUNBERA 33, 83 6rak Gea RREERENCEL DOCKET
NUMBER: 5013PI (e delldicCGldyl iduGAEl fHM 11lFeitNAE | IR Lye Ay Tdak BIEIONE NUVBER:
(203) 812-2317 (B) TELEFAX: (m03) 812-5492 (QAp | NFORVATISON FOR SEQ | D
NO 1: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 129 (B) TYPE:
amino acid (C ﬂfﬁ SS: single (D) TOPOLOGY: linear (ii) *%f2
MOLECULE TYPE: pr%?efﬁ g§) DESCRI PTI ON:  human I nterl eukin-4 protein
(iii) HYPOTHETI CAL: no |

{2) INFORMATION FOR SEQ ID NO: 3: )

{i) SEQUENCE CHARACTERISTICS:
{RA) LENGTH: 462
(B) TYPE: nucleic acid
(c) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA ,
() DESCRIPTION: hIL-4/R121A

{iii) HYPOTHETICAL: no
{iv) ANTI-SENSE: no
{xi}) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

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

GCA TGT GCC GGC ARC TTT GTC CAC GGA CAC AAG TGC GAT ATC ACC 90
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 2S 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Glu Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 40 _ 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GACC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Val
65 70 75

. CPC CGG@ CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG 270
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 8s 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln 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 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

4



(1v) ANTI - SENSE: no (xi) SEQUENCE DESCRI PTION: SEQ ID NO. 1: H's Lys Cys
Asp Ile Thr Leu dn Qu Ile Ile Lys Thr Leu Asn 1 5

10 15 Ser Leu Thr Gu A@n Lys Thr Leu Cys Thr G u Leu Thr
Val Thr 20 25 30 Asp Ile Phe Ala Al a Ser
Lys Asn Thrwdlwsma Lys G u Thr Phe 35 4BCT/USYT9286

45 cys Arg Ala Ala Thr Val Lou Arg A n Phe Tyr Ser Hs Hs Qu 50

55 60 Lys Asp Thr Arg Cys Leu Ay Ala Thr Ala A n A n Phe
H's Arg 65 70 75 39 WO 97/ 47744

PCT/ US97/ 09286 H's Lys G n Leu Ile Arg Phe Leu Lys Arg Leu Asp Arg Asn Leu
80 TTC TTGGERA AGG CTA ARG ACG ATC ATGOELTTPAG AYMTATSTPAME J y KHEBU Asn Ser
Cys Pro Val Lys™YFUaAfiy ReniQslys The Tie Met Ala Gl gty Ser lye 105
Adn Ser Thr Leu G u Asn Phe Leu u Arg Leu Lys Thr Ile MEY 110

115 Tar Tce AOradr g A u Lys Tyr Ser Lys Cys Ser Ser 125aé2)

| NFORVATI ON FOReySEE9x| $2xN@d 2: (i) SEQUENCE CHARACTERI STI CS: (A)
LENGTH:. 462 (B) TYFE: nucleic acid (O STRANDEDNESS: single (D)

TOPOLOGY: | i i TYPE. A DESCRI PTI ON:  h I L-4
(0 R U 601 (4 unan

protein (iii) CE CHARACTERISTICS:

(A} LENGTH: 462
(B) TYPE: nucleiec acid
{c} STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
{A) DESCRIPTION: hIL-4/R121D

{1ii) HYPOTHETICAL: no
{(iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

ATG GGT CTC ACC TCC GAA 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
ki 5 10 15

GCA TGT GCC GGC AAC TTT GTC CAC GGA CAC ARG TGC GAT ATC ACC g0
Ala Cys Ala Gly Asn Phe Val Ris Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Sexr Leu Thr Glu Gin Lys
35 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC - 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

ARG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu 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 Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 . 920

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
@ly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 100 108

TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu

110 115 120
AAT TCC TGT CCT GTG ARG 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 ARG ACG ATC ATG GAC GAG ARA TAT TCA AAC - 450
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(iv) ANTI-SENSE: no (xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: ATG GGT CTC
ACC TCC GAA CTG CTT CCC CCT CTG TTC TTC CTG CTA 45 Met Ay Leu Thr
Ser G n Leu Leu Pro Pro Leu Phe Phe Leu Leu 1 5

10 15 GCA TGI GCC GGC AAC TTT GTC CACGGA%M,I@C GAT
ATC ACC WO 9744 a Cys Ala Ay Asn Phe Val His Gy Hs Lys Cys Asp Ile
Thr 20 25 30 TTA CAG GAG ATC ATC AAA ACT
TTG AAC AGC CTC ACA GAG CAG AAG 135 Leu @n du lle Ile Lys Thr Leu
Asn Ser Leu Thr Qu Gn 3 40 : 45 ACT
CTG TGC ACC GAG TG kﬁt“gg‘%g?g BRCRTE i R F0STBE *F ¥° 180 Thr Leu
Cys Thr A u Leu Thr Val Thr Asp Ile Phe Ala Ala Ser 50 55
60 AAG AAC ACA ACTe1AE8 AdGTEAA ACC TTC TGC AGG GCT GCG ACT GIG 462 225
Lys Asn Thr Thr GFyp BsxsS€ @BndThr Phe Cys Arg Ala Ala Thr Val 65

70 75T8TC CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC
TGC CTG 2 Leu rHs Hs Qu Lys Asp Thr Arg Cys
Leu -80 @ lﬁ%&:%ﬁufé}e cﬁﬁﬁﬁfﬂi@o GGI GCG ACT GCA CAG CAG TTC
CAC AGG CAC AAG CAG CTG AT@)CGA renerd: 462315 Ay Ala Thr Ala G n A n Phe H s
Arg Hs Lys Gn Leu Il e Ard¢el95 TYPE: nucleic acid 100 105
TTC CTG AAA CGG CTC GAC AGIPIAAC STRANDEDRESEEiWIRG GCG GGC TTG 360
Phe Leu Lys Arg Leu As(g ﬁ%@@@fb{%"ﬁ’ 1é083%) oy Ala Gy Leu 110

115 . GRS HRG1AA GCC AAC CAG AGT ACG
TTG GAA AAC 4061 s nederEeyaLPee Val Lys GI u Ala Asn A n Ser Thr Leu
A u Asn 40 WD 97/ 47(4/4 ANTI-SENSE: no

PCT/ US97/ 09286 125 (xi) SEQUENCE DESMTION: SEQ ID NOD: 5: 135

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

GCA TGT GCC GGC AAC TTT GTC CAC GGA CAC AAG TGC GAT ATC ACC 80
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 40 45

ACT CTIG TGC ACC GAG TTIG ACC GTA ACA GAC ATC TIT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

ARG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Vval
65 70 75

CTC CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG 270
Leu Arg Gln Phe Tyxr Ser His His Glu Lys Asp Thr Arg Cys lLeu
80 8s o 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC ARG CAG -CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
85 100 _ 105

TTC CTG ARA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TIG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 115 o 120

AAT TCC TGT CCT GTG ARG GAA GCC AAC CAG AGT ACG TTG GAA AAC 4905
Asn Ser Cys Pro Val Lys Glu Ala Asn 6ln Ser Thr Leu Glu Asn
125 130 _ 135

TTC TTG GAA AGG CTA AAG ACG ATC ATG GAA GAG AAA TAT TCA AAG 450

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

145 150 TGT TCG AGC TAG .
462 Cys Ser Ser End 153 (2) | NFORMATI ON FOR SEQ | D NO B:Qégii
SEQUENCE CWARABTHERI STI CS: (A LENGTH: 462 (B) TYPE: PG Scid (O

STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (A
DESCRI PTI ON:  hl L-4/R121A (iii) HYPOTHETI CAL: no (iv) ANTI-SENSE: no (xi)
SEQUENCE DESCRI PTION: SEQ ID NO 3: ATG GGI' CTC ACC TCC GAA CTG CTT CCC CCT

CTG TTC TTC CTG CTT@\G AGC TAG 45 g/Et Gy Leu Thr Ser Glg Leu Leu Pro Pro Lig

Phe Phe Leu E{eag%zer

GCA TGT GCC & $557°8rc cAC GBA CAC AAG TGC GAT ATC ACC 90 Ala
Cys Ala Ay Asn Phe Val Hs Ay H's Lys Cys Asp Ile Thr 20

25 (2} ISPRYATAOICACR SPIGIATRC: ATC AAA ACT TTG AAC AGC CTC ACA GAG
CAG AAG 135 eu FERURYCH FRRACTFRESTPE: Thr Leu Asn Ser Leu Thr Gu dn
Lys 35 0 mueleic acig 45 ACT CTG TGC ACC GAG TTG ACC
GTA ACA GAC ATC TTT GCT T EDNESS : giﬁﬁleThr Leu Cys Thr A u Leu Thr Val
Thr Asp Ile Phe Al a Al adger 5@opoLogY: linear 55 60 AAG
AAC ACA ACT GAG AAGIGAAMABOULETTCFECCEPMGG CCT GCG ACT GIG 225 Lys Asn
Thr Thr G u Lys G u Thr Whe CPESCRERFINf:qhli-&/RIBAF Val 65 70
75 CTC OGG CAG TTC AR A¥EoPRII@AT BeAG AAG GAC ACT CGC TGC CTG 270
Leu Arg G n Phe Tyr 3pr shhusudd Seschibrio SaPoli. &9 Os Leu

i
x

ATG GGT CTC ACC TCC GAA CTG CTT CCC CCT CTG TTC TTC CTG CTA 45

Met Gly Leu Thr Ser Glm Leu Leu Prco Pro Leu Phe Phe Leu Leu

1 5 10 1s

GCA 'I’G’l‘ GCC GGC AAC TIT GTC CAC GGA CAC AAG ’I‘GC'-.G_AT ATC ACC 90
ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AARA ACT TTG AAC AGC CTC ACA-GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Val
65 70 75

CTC CGG CAG TTC TAC AGC CAC CAT GAG ARG GAC ACT CGC TGC CTG 270
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 100 : 105

TTC CTG AAA CGG CTC GAC AGG AAC CTC TGE GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 1158 120

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

125 130 138
TTC TTG GAA AGG CTA AAG ACG ATC ATG TTT GAG AAA TA‘lf-TCA ARG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Phe Glu Lys Tyr Ser Lys

140 145 ' 150

TGT TCG AGC TAG 462
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80 85 . 90 GGT GCG ACT GCA CAG CAG TTC CAC

AGG CAC AAG CAG CTG ATC CA 315 Gy Ala Thr Ala A n dn Phe Hs Arg
Hs Lys Gn Leu Ile Arg 95 100 - 105 TTC
CTG AAA CGG CTC GAC AGS AAC CTC TGG GGC CTG GCG G&C TTG Pcrmsy?)ﬁgzs?he Leu
Lys Arg Leu A¥@9747H4Asn Leu Trp Ay Leu Ala Gy Leu 110 115
120 AAT TCC TGT CCT GIG AAG GAA GCC AAC CAG AGT ACG TTG GAA AAC 405
Asn Ser Cys Pro Val Lys Qu Ala Asn G n ser Thr Leu Au Asn 125

130 WO 97/ 47744

135 :
PCT/ US97/ 09286 TT¢ T iﬁ% GG CTA AAG ACG ATC ATG GCT GAG AAA TAT TCA AAG
450 Phe Leu G u Arg Leu Lys Thr Ile Met Ala Qu Lys Tyr Ser Lys 140

145 (2} 15CGNAGEHATEOL FORSERJ AG NO: 7:

462 Cys Ser Ser End 183 (2 SEQUENCRIFMMWW SEQ ID NO 4: (i)

SEQUENCE CHARACTERI STI CS: LE 62,(B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) e géé% Ggid 1) MOLECULE TYPE: cDNA (A)
DESCRI PTI ON:  hl L-4/ R121D ((bi [ ) no (iv) ANTI-SENSE: no (xi)
SEQUENCE DESCRI PTI ON: ciSEQMbﬁcbﬁ réeE: ADS GGT CTC ACC TCC GAA CTG CTT CCC CCT
CTG TTC TTC CTG CTA (a5 MoesaRIpTIDR:UhIRa/RE2aH G n Leu Leu Pro Pro Leu

{iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

ATG GGT CTC ACC TCC GAA CTG CTT CCC CCT CTG TTC TTC CTG CTA 45
Met Gly Leu Thr Ser Glm Leu Leu Pro Pro Leu Phe Phe Leu lLeu
1 S5 10 15

GCA TGT GCC GGC AAC TTIT GTC CAC GGA CAC AAG TGC GAT ATC ACC 90
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
.35 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TIT GCT GCC TCC 180
Thr Leu Cys Thx Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
S0 ' 55 60

ARG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thxr Val
65 70 75

CTC CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG 270
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
85 100 105

TTC CTG AARA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp Arxrg Asn Leu Trp Gly Leu Ala Gly Leu
120 115 o 120

AAT TCC TGT CCT GTG AAG GAR 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 CAC GAG AAA TAT TCA ARG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met His Glu Lys Tyr Ser Lys
140 148 i 150

TGT TCG AGC TAG ; 462

Cys Ser Ser End
153
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1 5 10 15 GCA TGI' GCC GGC

AAC TTT GIC CAC GGA CAC AAG TGC GAT ATC ACC 90 Ala Cys Ala Gy Asn
Phe Val Hs Ay H's Lys Cys Asp Ile Thr 20 25
30 TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu A n G wobwatde Lys Thr Leu Asn Ser Leu Thr Gu A@n Lygrtggy'mm%
40 45 ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT C&CT
GCC TCC 180 Thr Leu Cys Thr GQu Leu Thr Val Thr Asp Ile Phe Ala Al a
Ser 50 55 60 AAG AAC ACA ACT GAG AAG GAA
ACC TTC TGC AGG GCT GCG ACT GIG 225 Lys Asn Thr Thr Qu Lys Gu Thr
Phe Cys Arg Al aoN a Thgori@kroRSror seg 1 No: 8: 70 75 CTC
CGG CAG TTC TAC AGC(£IAC Chdouiie AdkadrékishfcE: CGC TGC CTG 270 Leu Arg
G@n Phe Tyr Ser H's H's @u Lyendmip 46Rr Arg Cys Leu 80 85
90 GGI' GCG ACT GCA CAG &G TTCYERCWEECARdAAG CAG CTG ATC CGA 315
dy Ala Thr Ala @dn dn eHI%TRW ¥ By9'Gn Leu lle Arg 95
100 9o C GAC AGG AAC CTC TGG GGC CTG GCG-
GCC TTG 360 Phe Legy Lys ﬁ&@ubﬂ@qﬁ&,ﬁ,.&f/ﬂzfﬁn Leu Trp Gy Leu Ala Ay
Leu 110 (iii) HYPOTHETICAL: no 120 AAT TCC TGT CCT GIG AAG GAA
GCC AAC CAG AGT ACGHiNTG a8ByySEMGE: no 405 Asn Ser Cys Pro Val Lys Qu Ala
Asn G n Ser Thr Leu &y RSYENED PESCRIPTION: SEQ ID NO: $3( 135 TTC
TTG GAA AGG CTAMGAQE ATGATGAHE G T ACAMR o 450,42 WO
97/ 47744 Met Gly Leu Thr Ser Gln Leu Leu Pro Pro Leu Phe Phe Leu Leu PCT/ 46897/ 09286
Phe Leu Gu Arg. Leu Lys Thrslle Met Asp Gag Lys Tyr Ser lLgs 140
145 150 TGT TCG AGC TAG
462 GCA TGT GCC GGC AAC TTT GTC CAC GGA CAC AAG TGC GAT ATC ACC 20
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30
TTA CAG GAG ATC ATC ARA RCT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 40 : 45
ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 50
ARG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Val
65 70 75
CTC CGG CAG TTC TAC AGC CAC CAT GAG ARG GAC ACT CGC TGC CTG 270
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 90
GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln neu Ile Arg
85 100 : 105
TTC CTG ARA CGG CTC GAC AGG AARC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leun Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 115 ' 120
AAT TCC TGT CCT GTG AAG GAA GCC ARC 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 AGGC CTA ARG ACG ATC ATG ATA GAG AAR TAT.TCA AAG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Ile Glu Lys Tyr: Ser Lys
140 145 o 150
TGT TCG AGC TAG 462
Cys Ser Ser End :
153

46



Cys Ser

CHARACTERI STI CS:
STRANDEDNESS:

End 153 (2)
(A LENGTH. 462 (B) TYPE: nucleic acid (O

single (D) TOPOLOGY: linear (ii)-MOLECULE TYPE:

| NFORVATI ON FOR SEQ ID NO. 5: (i)

SEQUENCE
cDNA (A)

DESCRI PTION: hl L-4/ R121E (iii) HYPOTHETI CAL: no (iv) ANTI- )
SEQUENCE DESCRIOPTHE# SEQ ID NO 5: ATG GGT CTC ACC TCC w'ﬁ@s&ﬁ@’@c

CTG TTC TTC CTG CTA
Leu Leu 1 10
GCC GEC AAC TTT GIC CAC GGA CAC AAG TGC GAT ATC AcC

GIyAsnPthVaI HlsGI Hi s Lys sAspIIeThr 20
%@é}, ACT TTG AAC AGC CTC ACA GAG
&q@mI ﬁzLys Thr Leu Asn Ser Leu Thr

Phe Phe
GCA TST
Cys Al a
25

CAG AAG
Lys 35
GTA ACA
Thr Asp
AAC ACA
Asn Thr
70

TGC CTG
Leu 80
CAC AGG

105

CAC AAG
Hs Arg H's Lys

135 Leu G(},

45 N@t Gy Leu Thr Ser An Leu Leu Pro Pro Leu

15
90 Al a

Au dn

40(r) TYPE: nucleic acid45 ACT CTG TGC ACC GAG TTG ACC

225

GAC ATC TTT GCT GOB) TCC STRANDEDNESY 8 @isife Leu Cys Thr G u Leu Thr Val
Il e Phe Ala Al a, SeP’SO TOPOLOGY: linear

ACT GAG AAG é#{ piiesice ACT GTG
Thr Gu Lys Gw_‘i‘j’hrm{?mm&& 5‘2‘?3} K A(’H;%r Val
o CTz

60 AAG
Lys

AT eendEAGo T TC TAC AGC CMC CAT GAG AAG GAC ACT CGC
270 Legi)ArspoGinge Bhsnafgmoxﬁessd%m nbits GI u Lys Asp Thr Arg Cys
CT GCA CAG CAG TTC

C GMCTGCTT

et %U erxl r Ser (B.g Leu Leu PYD

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

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TIT GCT GCC TCC
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

ARG ARC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Val
65 70 o 75

CTC CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 90

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

TTC CTG ARA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TTG
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 118 120

AAT TCC TGT CCT GTG AAG GRA GCC AAC CAG AGT ACG TTG GAA AAC
Asn Ser Cys Pro Val Lys Glu Ala Asn Gln Ser Thr Leu Glu Asn
125 130 '1';- 135

TTC TTG GAA AGG CTA AAG ACG- ATC ATG AAR GAG M'J.L”.'I‘AT TCA AAG
Phe Leu Glu Arg Leu Lys Thr Ile Met Lys Glu Lys Tyr Ser Lys
140 145 150

TGT TCG AGC TAG

Cys Sexr Ser End
153

47
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315

360

405

450

462
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TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GXC CTG CG G&C TTG 360 Phe
Leu Lys Arg Leu Asp Arg Asn Leu Trp Ay Leu Ala Ay Leu 110

115 120 AAT TCC TGT CCT GIG AAG GAA GCC AAC CAG AGT ACG
TTG GAA AAC 405 Asn Ser Cys Pro Val Lys Gu Ala Asn A n Ser Thr Leu
A u Asn 12W0 9747744 130 135 TTC RORASKWBEC CTA
AAG ACG ATC ATG GAA GAG AAA TAT TCA AAG 450 Phe Leu G u Arg Leu Lys
Thr Ile Mt Gu Gu Lys Tyr Ser Lys 140 145

150 43 WO 97/ 47744

PCT/ US97/ 09286 (GT TOFOABIIINER SEQ ID NO: 10:

462 Cys Ser Ser End{t153 (SEPU“CE CHARACFERRSTIEN FOR SEQ ID NO 6: (i)

SEQUENCE CHARACTERI STI ) ) (A "E“GTﬁE STk 462 (B) TYPE: nucleic acid (O
STRANDEDNESS: single (Dyg T Fu g%r (ii) 'MOLECULE TYPE: cDNA (A)
DESCRI PTI ON: hl L-4/ R121kpy(i i i hﬁ{@ﬂ-ﬁn > no (iv) ANTI-SENSE: no (xi)
SEQUENCE DESCRI PTI Qi) Sktpec@.eNEYreES el G GGT CTC ACC TCC GAA CTG CTT CCC CCT
CTG TTC TTC CTG CTA (n) nsscwmmy yhiLe¢/RTIN Ser G n Leu Leu Pro Pro Leu-
Phe Phe Leu Leu 1 m“ HYPOTHETICAL: 10 15

GCA TGT GCC GGC AAG “E{,ﬁ%ﬁ;%@c §AT ATC ACC 90 Al a
CysAIaGIyAsnPhe I S S sAsp I'e Thr 20

ATG GGT C’&DACC TCC GAA CTG CTT CCC CCT CTG TTC TTC CTG CTA 45
Met Gly lLeu Thr Ser Gln Leu Leu Pro Pro Leu Phe FPhe Leu Leu
1 5 10 15

GCA TGT GCC GGC AAC TTT GTC CAC GGA CAC ARG TGC GAT ATC ACC 90
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG ARG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
S0 55 60

ARG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu 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 Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu :
80 85 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC ARG CAG CTG ATC CGA 3158
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 100 105

TTC CTG ARA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCQ GGC TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Al_a' 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
128 130 . 1358

TTC TTG GAA AGG CTA AAG ACG ATC ATG AAC GAG AAA TAT: TCR ARG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Asn Glu Lys Tyr Ser Lys
140 145 T 150

TGT TCG AGC TAG N 462

Cys Ser Ser End
153
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TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135 Leu
Gn Au lle Ile Lys Thr Leu Asn Ser Leu Thr AQu G n Lys 35

40 45 ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT C&CT
GCC TCC 180 Thr Leu Cys Thr G u Leu Thr Val Thr Aspyk@ 5’47‘%23%1 a Ala
Sef 50 WO 9747744 55 | 60 AAG AAC ACA GAG AAG GAA
ACC TTC TGC AGG GCT GCG ACT GTG 225 Lys Asn Thr Thr Qu Lys Gu Thr
Phe Cys Arg Ala Ala Thr VaI 70 75 CIC
CGG CAG TTC TAC AGC CAC AAG GAC ACT CCC TGC CTG - 270 Leu Arg
A n Phe Tyr Ser H2% H| z% s Leu 80 85
90 GGI GCG ACT GCA CA CAG,J Qﬁ@?ﬁmsgAC G CAG CTG ATC CGA 315
Ay Ala Thr Ala G n A n Ph@ H s vegr hikQeid/sci@ n Leu Ile Arg 95
100 105 TFC CTGTROMENESS :CGH@s®\C AGG AAC CTC TGG GGC CTG
GCG GGC TTG 360 Ph@ | eu w&lmw Asp Arg Asn Leu Trp Ay Leu Ala
Gy Leu 110 O ensponnn: hIL.s /mh‘;zo AAT TCC TGT CCT GTG
AAG -GAA GCC AAC CAG Aﬁg_lf\déy% Tt AR 05 Asn Ser Cys Pro Val Lys
Gu Ala Asn A n Ser Thiv)latrrfisksds hol25 130
135 TTC TTG GAA AGG Ciéi) ANEouG: bEECrRAEON: TdeoCGhaGar A :TAT TCA AAG 450
Phe Leu G u Arg Leu Lys Thr Ile Met Phe Qu ¥s Tyr Ser Lys 140
145 N T S e e @
462 44 D 97/ 417 Y : vzo Leu Phe Fhe Leu Leu
PCT/ US97/ 09286 Cys Ser Ser End 153 (2) I NFORMATI ON FOR §EQ ID NO 7:
(1) SEQUENCE GH\RAEECEISEd |MaE:TTT GTC CAC GGA CAC AAG TGC GAT ATC ACC 90
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30
TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 13s
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 10 45
ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TIT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 . 55 60
AAG AAC ACA ACT GAG AAG GAA ACC TIC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Val
85 70 75
CTC CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG 270
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 a5 90
GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln 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 Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 118 ' 120
RAT 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 GAR AGG CTA AAG ACG ATC ATG CCA GAG ARA TAT TCA ARG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Pro Glu Lys Tyr Ser Lys
140 145 150
TGT TCG AGC TAG 462
Cys Ser Ser End
153
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(A LENGTH, 462 (B) TYPE: nucleic acid (O STRANDEDNESS: si ngl e
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (A) DESCRI PTI ON:

hi L-4/R121H (iii) HYPOTHETI CAL: no (iv) ANTI-SENSE: no (xi) SEQUENCE

DESCRI PTION: SEQ ID NO 7: ATG GGT CTC ACC TCC GAA CTG CTT CCC CCT CTG TTC
TTC CTG CTAwo9m1a7144 45 Met Gy Leu Thr Ser G n Leu Leu PESTASYNEE phe Phe
Leu Leu 1 5 10 15 GCA TGT
GCC GGC AAC TTT GIC CAC GGA CAC AAG TGC GAT ATC ACC 90 Ala Cys Al a
Gy Asn Phe Val Hs Ay H's Lys Cys Asp Ile Thr 20 25

30 TTA CAG GAG /ezTC AT aerdRridal rdrl SeM- N8 G52 CTC ACA GAG CAG AAG 135
Leu An Au lle Ile fg1ys Thirgteite ARKRaADRRI$GEs.Thr Qu A n Lys 35

40 45 AQT CTE8C A2C GAG TTG ACC GTA ACA GAC ATC TTT
GCT GCC TCC 180 THN Leu s mppfeigagid eu Thr Val Thr Asp Ile Phe Ala
Ala Ser 50 E?Eif single 60 AAG AAC ACA ACT GAG AAG
GAA ACC TTC TGC AGG g‘%&ﬁ Laimear 925 Lys Asn Thr Thr Qu Lys Qu
Thr Phe Cys Arg Al a A r VabE&EIpTION hIL-4/R121T 70 75
CTC CGG CAG TTC TAC A0 GieotabTrdmdGndAG GAC ACT CGC TGC CTG 270 Leu
Arg @ n Phe Tyr Ser fivs MFi3-SENgE:| Asp Thr Arg Cys Leu 80

85 (xg) EXSYERSBPEACRIPEION: CBG 129 THPC CAC AGG CAC AAG CAG CTG

ATC CGA il 8o e fiﬁw@&m%& EAPNS. Eﬁgﬁshﬁfmws ub Len e
Ar g 95 Met Gly Leu pSer Gln Leu Leu Pro Pro Ph C GAC
AGG AAC CTC TG GCC CTG CCGs GEC TTG 10 3 Phe Leu Lys Arg Leu Asp Arg
Asn Leu Trp Ay Leu Ala Ay Leu 110 115

120 AAT TCC TGTS@RCICTEICS SFCGRMGARITRIC MMCS@ACACATE TECEATTEAHRR AAC 90 405
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr :

20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
as 40 45

AC“.I‘ CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr vVal Thr Asp Ile Phe Ala Ala Ser
50 55 60

AAG ARC ACA ACT GAG ARG GAR ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu 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 Gln Phe Tyr Ser His His Glu Lys asp Thr Arg Cys Leu
80 85 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arxrg His Lys 6ln Leu Ile Arg
85 100 108

TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 115 o 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 Sexr Thr Leéu Glu Asn
125 130 ) 135

TTC TTG GAR AGG CTA AAG ACC ATC ATG ACT GAG AAA TA‘[_’ TCA AAG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Thr Glu Lys Tyr Ser Lys
140 145 150

TGT TCG AGC TAG : 4162

Cys Ser Ser End
153
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Asn Ser Cys Pro Val Lys Qu Ala Asn G n Ser Thr Leu A u Asn 125
130 135 TTC TTG GAA AGG CTA AAG ACG ATC ATG CAC GAG AAA
TAT TCA AAG 450 Phe Leu Gu Arg Leu Lys Thr Ile Met Hs Qu Lys Tyr

Ser Lys 140 145 150 TGT T%&ﬁgym

462 Cys Ser SWPIMMMI53 45 WD 97/ 47744 _

PCT/ US97/ 09286 ( 2) | NFORVATI ON FOR SEQ ID NO' 8: (i) SEQUENCE
CHARACTER! STI CS: (A LENGTH. 462 (B) TYPE: nucleic acid (C)
STRANDEDNESS: si ngl e (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (A)

DESCRI PTI ON:  hl L- 4/ R121l &W Tl o (iv) ANTI-SENSE: no (xi)
SEQUENCE DESCRI PTI ON: Mm{;&; ACC TCC GAA CTG CTT CCC CCT
CTG TTC TTC CTG CTA t Lédeyu:Lgsp Thr Ser G n Leu Leu Pro Pro Leu

Phe Phe Leu Leu 1 {m) 5TYPE: nucleic acid 10 15

GCA TGI' GCC GGC AAC TTT GTC(‘QAC Gsmwmesim@ GAT ATC ACC 90

AIaQ/sAIaGIyAsnPhe IS, 8%%ys Asp Ile Thr 20
25 . "IiA I,,QQETTGAACAGCCTCACAGAG

CAG AAG 135 Leu Q1@i)Gmb+}ﬁwidA€: k¥yS Thr Leu Asn Ser Leu Thr Gu Gn
Lys 35 “A0) ANTI-SENSE: no 45 ACT CTG TGC ACC GAG TTG ACC

GITA ACA GAC ATC TTT GCTxQCCSEQUENCE DESCRIPEMN: SEQ ID NO: 13:

ATG GGT CTC ACC TCC GAA CTG CTT CCC CCT CTG TTC TTC CIG 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 ARG TGC GAT ATC ACC 20
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 138
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TIT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

ARG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTC 225
Lys Asn Thr Thr Glu Lys Glu 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 Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 88 g0

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Axrg
95 100 105

TTC CTG ARA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leun '
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 Thx Leu Glu Asn
125 130 138

TTC TTG GAA AGG CTA AAG ACG ATC ATG TGG GAG AAA TAT TCA AAG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Trp Glu Lys Tyr Ser Lys
140 ' 14§ ) 150

TGT TCG AGC TAG 462

Cys Ser Ser End
153
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Thr Leu Cys Thr GQu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser 50
55 60 AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG
ACT GIG 225 Lys Asn Thr Thr A u Lys Au Thr Phe Cys Arg Ala Ala Thr
Val 65 70 75 CTC CGG CAG#%%AGC CAC
CAT GAG AAWVEFBTMET CCC TGC CTG 270 Leu Arg dn Phef is His
G u Lys Asp Thr Arg Cys Leu 80 85. 90 GGT
GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CCA 315 dy Ala
Thr Ala @ n dn Phe Hs Arg His Lys Gn Leu Ile Arg 95 100
105 TTC CTG AAA CT GGC CTG GCG GEC TTG 360
Phe Leu Lys Arg E(Caf Aﬁgn ﬁé@cﬁgﬁﬁggﬁg{ic&eu Ala Gy Leu 110
115 0 /M,T @ex GIG AAG GAA GCC ARC CAG AGT ACG
TTG GAA AAC 405 Asn (&er Cysp@mm!/alc dgi@ G u Ala Asn A n Ser Thr Leu
A u Asn 125 (C) 130 STRANDEDNESS: single 135 TTC TTG GAA AGG CTA AAG
ACG ATC ATG ATA GAG TA‘?’ T Tﬁg@‘ linesrs) phe Leu G u Arg Leu Lys Thr
Ile Met Ile Gu Lys %Emfys:{'sp IPTION: hIL-4/v124a 14D 150
TCT TOG AGC TAG [111) BYFOTEFPICAL. 1o frazn 462 Oys
Ser Ser End 153 46 (ND F14 gBivéd: no
PCT/ US97/ 09286 (2) (inNqu'mﬂém'rSEQ 8ED 1Or0:934:( i ) SEQUENCE
CHARACTERI STI CS: éc (!‘_AECNCGTH 462 Tc\:/TPlgTG ril_gccl'rgcl gmacc:rlmd (O .
STRANDEDNESS: SI 3 @u Thr Igz%) eu Leu Pro Pro Leu Phe Phe Leu Leu

1s

GCA TGT GCC GGC AAC TTT GTC CAC GGA CAC AAG TGC GAT ATC ACC 90
Ala Cys Ala Gly Asn Phe Val His Gly His Lys ch Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AMG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
3s 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC PTCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 22s
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Vval
65 70 75

CTC CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG 270
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 20

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC ARG CAG CTG ATC CGA 318
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 100 108

TTC CTG ARA CGG CTC GAC AGG AAC CTC TGG GGBC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu: Ala Gly Leu
110 115 120

AAT TCC TGT CCT GTG ARG 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 GAR AGG CTA AAG ACG ATC ATG GCA GAG AAA GCA TCA ARG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Ala Glu Lys Ala Ser Lys
140 145 150

TGT TCG AGC TAG _ 462

Cys Ser Ser End
153

52



(ii) MOLECULE TYPE: cDNA (A) DESCRI PTI ON: hl L- 4/ R121K (iii)

HYPOTHETI CAL: no (iv) ANTI-SENSE: no (xi) SEQUENCE DESCRI PTION. SEQ ID
NO 9: ATG GGTI CTC ACC TCC GAA CTG CTT CCC CCT CTG TTC TTC CTG CTA

45 Met Gy Leu Thr Ser G n Leu Leu Pro Pro Leu Phe Phe Leu p@&ghyder

5 WO 97/47744 15 GCA TGI GCC GCC AAC TTT GT C CAC
GGA CAC AAG TGC GAT ATC ACC 90AIaQ/sAIaGIyAsnPheVaI Hs Ay
His Lys Cys Asp Ile Thr 20 25 - 30 TTA CAG
GAG ATC ATC AAA ACT TTG AAC ACGC CTC ACA GAG CAG AAG 135 Leu G n Qu

Ile Ile Lys Thr Leyw,As ‘Q;;p‘{ ys 35 40
45 ACT CTG TGC ACC éAG[{ sq.g,TTT GCT GCC TCC 180

Thr Leu Cys Thr G u Leu Thr afal Thenchspedzl € Phe Ala Ala Ser 50
55 60 AAG MAC ACHERCHhu€la® AALd GAA ACC TTC TGC AGG GCT GCG
ACT GIG 225 Lys Asn Tl‘ﬁ’ Thr STBAYPEP: %gSG’EI“SFHr Phe Cys Arg Ala Ala Thr
Val 65 ‘7r’0 ;g:g;;m nea¥5 CTC CGG CAG TTC TAC AGC CAC
CAT GAG AAG GAC ACT cact (CRuiat, ) Lﬂu.,AmQG n Phe Tyr Ser His Hs
A u Lys Asp Thr Arg Cysiisu ﬁ@ms'r:cm. no 90 GGT
GCG ACT GCA CAG CAG TTCGiQACMTBES: #AG CAG CTG ATC CGA 315 dy Ala
Thr Ala A n dn Phe Hi si*hr QWCE}?S@IHT!PEU SEQ @D Aoy 155 100
105 TTC CTG AAA C@ C G 360
Phe Leu Lys Arg Lehgtqq Ao o b BPidd %ﬁ% S‘; Geilaly e
115 AAT TG TGl CCT GAA GCC AAC {sAG AGT ACG TTG
GAA AAC 405 Asn Ser Cys Pro Val Lys Glu Ala Asn An Ser Thr Leu Qu
Asn 125 GCA TGT §CPOGEC AAC TIT GTC CAC GGAIQE ARECICFTBTAEAR MCSG CTA #MAG ACG
ATC ATG AAA GAG AARATHP %AGIKAE“ Phe Val/ ¥i§ ‘F’We“iEe’tYs@ﬁ ’ﬁpgnl‘fe"ﬂ“Lys Thr 1le
Met Lys GQu Lys Tyr Ser Lys

TTA CAG GAG ATC ATC ARA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135

Leu Gln Glu Ile Ile Lys Thr Leu Asn Sex Leu Thr Glu Gln Lys
35 40 45

ACT CTG TGC ACC GAG TTA ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

ARG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr val
65 70 75

CIC CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG 270
Leéu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 as 20

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC ARG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu lle Arg
9s - 100 105

TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp Axg Asn lLeu Txp 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 CAA TCA AAG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Arg Glu Lys Gln Ser Lys
140 145 150

TGT TCG AGC TAG 462

Cys Ser Ser End
153
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140 145 150 TGI TCG APC TAG

462 Cys Ser Ser End 153 47 . WD 97/47744

PCT/ US97/ 09286 (2) | NFORVATI ON FOR SEQ I D NO 10: (i ) SEQUENCE
CHARACTERI STICS: (A LENGTH:. 462 (B) TYPE: nucl el c %&:,l,‘%@“
STRANDEDNGyG 97aT1m4| € (D) TOPOLOGY: linear (ii) cDNA (A)
DESCRI PTI ON:  hl L-4/R121N (iii) HYPOTHETI CAL: no (|v) AI\FI'I-SENSE no (xi)
SEQUENCE DESCRI PTION: SEQ I D NO 10: ATG GGI' CTC ACC TCC GAA CTG CTIT CCC
CCT CTG TTC TTC CIG CTA 45 Met Gy Leu Thr Ser Gn Leu Leu Pro Pro
Leu Phe Phe Leu ul 10

15 GCA TGT GCC é& ARG T A DAk ahAG TGC GAT ATC ACC 90
Ala Cys Ala Ay Asn Phe Vi Hi se@bm:Hiss Lys Cys Asp Ile Thr 20

25 30 TT CAG TZRE AdaekT&18AA ACT TTG AAC AGC CTC ACA GAG
CAG AAG 135 Leu G n‘cGI u |STRANDERNEBS:ssipgie | ey Asn Ser Leu Thr Au GQn
Lys 35 Robeagnl linear 45 ACT CTG TGC ACC GAG TTG ACC
GTA ACA GAC ATC TTT &t ESCRIPT mBQL'ﬂb&lzkgu Cys Thr G u Leu Thr Val
Thr Asp Il e Phe Al a fid) SewrdrfieETican: no 60 AAG
AAC ACA ACT GAG AAG GAA ABEX-FRBETGEE AGG GCT GCG ACT GIG 225 Lys Asn
Thr Thr G u Lys G u T3 MFEURSQR DESQRIDYIGN:ABRQ JhNON/Af:

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 1o 1s

GCA TGT GCC GGC AAC TTT GTC CAC GGA CAC AAG TGC GAT ATC ACC 90
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp lle Thr
20 25 ) 30

TTA CAG GAG ATC ATC AAA ACT TTG ARC AGC CTC ACA GAG CAG AANG 135
Leu Gln Glu Ile Ile Lys Thx Leu Asn Ser Leu Thr Glu Gln Lys
35 410 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thx Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu 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 Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
@ly Ala Thr Ala Gin Gln Phe His Arg His Lys Gln Leu Ile Axg
95 100 108

TTC CTG ARA CGG CTC GAC AGG AAC CTC TGG GGC CTG G6CA3 GGC TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 115 . | 120

AAT TCC TGT CCT GTG ARG 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
125 120 o 135

TTC TTG GAA AGG CTA AAG ACG ATC ATG AGA GAG AAA CGATCA AAG 4150
Phe Leu Glu Arg lLeu Lys Thr Ile Met Arg Glu Lys Arg Sexr Lys
140 145 : 150

TGT TCG AGC TAG : 462

Cys Ser Ser End
153
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65 70 75 CTC CGG CAG TTC TAC AGC CAC CAT

GAG AAG GAC ACT CGC TGC CTG 270 Leu Arg @ n Phe Tyr Ser Hs Hs GQu
Lys Asp Thr Arg Cys Leu 80 - 85 ... 90 GGTI GCG
ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 3;&,%9910% Thr
Ala An Gn MWeIHTM4Arg Hs Lys An Leu Ile Arg 95 00

105 TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GC CTG (CG G TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Ay Leu Ala Gy Leu 110

115 120 AAT TCC TGT CCT GIG AAG GAA GCC AAC CAG AGT ACG TTG
GAA AAC 405 n Se a Ala Asn A n Ser Thr Leu Qu
_Asn 125 & hi?%’é:%ﬁ:ﬁﬁiﬁiéég TTC TTG GAA AGG CTA AAG ACG
"ATC ATG AAC GAG AAA TAT TCA(AG wreneru:4562 Phe Leu Qu Arg Leu Lys Thr lIle
Met Asn G u Lys Tyr Ser Lys(#40 TYPE: nucleic acida 145 150 TGT
TCG AGC TAG © STRANDEDNESS : single 462 Cys Ser
Ser End 153 48 WO 97/ 47744  TOPOLOGY: linear

PCT/ US97/ 09286 ( 2) 1R OE SR 1D N, k1 (i) SEQUENCE
CHARACTERI STICS: (A)  (sifiNGlebrugeient, Bhe  TYPE: nucleic acid (C)

STRANDEDNESS: single (Div) asfOR@N§GYno |inear (ii). MOLECULE TYPE: cDA (A)
DESCRI PTI ON:  hl L- 4/ RL2 1Rt | $EOPENQR EFFEFTIONL SE@JD (§Oy)17: ANTI - SENSE: no

ATG GGT CTC ACC TCC CAA CTG CIT 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 90
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
3s 40 45

- ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC i80
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

ARG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGE GCT GCG ACT GTG 228
Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala Ala Thr Vval
65 70 75

CTC CGG CAG TTC TAC AGC CAC CAT GAGQ AAG GAC ACT CGC TGC CTIG 270
Leu Arg Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
BO 85 920

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CﬂG €TG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 © 100 ' 105

TTC CTG ARA CGG CTC GAC AGG AAC CTC TGG GEC CTG GCG GGC TTC 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 115 T 120

ART TCC TGT CCT GTG ARG 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 Am AGA GAG MA TCA TCA AAG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Axrg Glu Lys Ser Ser Lys
140 .. 148 o 150

TGT TCG AGC TAG . . 462

Cys Ser Ser End
153

55



(xi) SEQUENCE DESCRIPTION, SEQ ID NO 11: ATG GGI CTC ACC TCC CAA CTG CTT
CCC CCT CTG TTC TTC CTG CTA 45 Met Gly Leu Thr Ser An Leu Leu Pro
Pro Leu Phe Phe Leu Leu 1 5 10

15 GCATGTGCCGGCAACTTTGTCCACGGACACAAGTGCGATATCACC 90
Ala Cys Al awdomatmam Phe Val His Gy Hs Lys Cys Asp || e THCIHp97109286

25 30 TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG
CAG AAG 135 Leu Gn GQu lle lle Lys Thr Leu Asn Ser Leu Thr Qu Gn
Lys 35 45 ACT CTG TGC ACC GAG TTG ACC
GITA ACA GAC ATC T, JAr Leu Cys Thr Gu Leu Thr Val
Thr Asp Ile Phe A g Az @mﬁ:"cﬁ’;ﬁﬁnzhs 55 60 AAG
AAC ACA ACT GAG AAG GAA AC;G)TTC LENETAGs2 GCT GCG ACT GIG 225 Lys Asn
Thr Thr G u Lys G u Thr Ph&) Cys Weg: Abstedd aciBhr Val 65 70
75 CTC CGG CAG TTC TAC AGdctAC Wﬂ@e@sm@ ACT CGC TGC CTG 270
Leu Arg G n Phe Tyr Sg i L@E %‘D’Thr Arg Cys Leu 80

85 t u%gﬁﬁ JTC CAC AGG CAC AAG CAG CTG -
ATC CGA 315 Geyap %ﬁbﬁ, e Hs Arg Hs Lys Gn Leu lle
Arg 95 (iv)100rrI-SENSE: no 105 TTC CTG AAA CGG CTC GAC
AGG AAC CTC TGG GGC CT@KI?SQWWGRIPTION B0 1PHe: EB:u Lye Arg Leu Asp Arg

Asn Leu Trp Ay Leu AIa

120 AT 18 1o off G g];égég'gg oy LV
Asn Ser Cys Pro \a Lys u Leu q5‘125

130 135 TTC TTG GAA AGG CTA AAG ACG ATC ATG CCA GAG AAA
TAT TCA AAG GCA TGB(BCPHAGC LAG TOT (FTArQC ool CAQ PATITC [dre AVBIACEr 0 G weoLys Tyr
Ser Lys 140 Ala Cys Ala Glyhen Phe Val His Gly H;s Lys 3§ Iq;gplq'(;@' AGC TAG

462 Cys Ser Ser End 153 20

TTA CAG GAG ATC ATC AARA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys
35 40 45

ACT CT@ TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr asp Ile Phe Ala Ala Ser
50 5§ 60

AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu 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 Gln Phe Tyr Ser Hia His Glu Lys Asp Thr Arg Cys Leu
80 85 20

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGhA 315
Gly Ala Thr Ala Gln Gln 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 350
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
110 115 120

AAT TCC TGT CCT GTG AAG GAR GCC AAC CAG AGT ACG TTG GA;\ 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 AMA ACA TCA ARG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Arg Glu Lys Thr Ser Lys
140 145 : 150

TGT TCG AGC TAG 462

Cys Ser Ser End
153

56



49 WO 97/ 47744

PCT/ US97/ 09286 (2) | NFORVATI ON FOR SEQ I D NO 12: (i) SEQUENCE
CHARACTERI STI CS: (A LENGTH: 462 (B) TYPE: nucleic acid (O
STRANDEDNESS: singl e (D) TOPOLOGY: |inear (ii) MOLECULE E&@Eéy’% (A
DESCRI PTI ON: W@ BZ4IM41 21T (iii) HYPOTHETI CAL: no (iv) ANTI-S ; Xi)
SEQUENCE DESCRI PTION: SEQ ID NO 12: ATG GGI' CTC ACC TCC GAA CTG CTT CCC
CCT CTG TTC TTC CTIG CTA 45 Met Gy Leu Thr Ser G n Leu Leu Pro Pro
Leu Phe Phe Leu Leu 1 5 10

15 GCA TGI GCC CT. forlog TGC GAT ATC ACC - 90
Ala Cys Ala d y%ﬁhqiﬁgf%@oﬁsﬁaMgéﬁs Asp Ile Thr 20

25 30 TTA GAG GAENdTRC 42C AAA ACT TTG AAC AGC CTC ACA GAG
CAG AAG 135 Leu G n @ u | |®PE] suddgic Fd Leu Asn Ser Leu Thr Qu A n
Lys 35 40 (© STRANDEDNESS: simgle\CT CTG TGC ACC GAG TTG ACC
GTA ACA GAC ATC TTT chi%;gg’;ﬁg&ﬁ‘%r Leu Cys Thr Gu Leu Thr Val
Thr Asp Ile Phe Ala Al a Ser; DESCRIPTION: IL-4/¥124R/S125a 60 AAG
AAC ACA ACT GAG AAG GAAiAGC middendficaiAGio GCT GCG ACT GIG 225 Lys Asn
Thr Thr A u Lys G u ThriwhewCyseMgeg o8 a Al a Thr Val 65 70
75 CTC CGG CAG TTC TACNEC RBAVENCR PRESRIPTANN: SRCIAET: &8C TGC CTG 270

Lou g Gn Phe Tyfo,Sgh Heudd e Bk Db e Ao Pic U AR

85 Met y 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 : 90
Ala Cys Ala Gly Asn Phe Val His Gly His Lys Cys Asp Ile Thr
20 25 30

TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser lLeu Thr Glu Gln Lys
35 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr Glu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

AAG ARC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GTG 225
Lys Asn Thr Thr Glu Lys Glu 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 Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 8s 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 100 105

TTC CTG AAR CGE CTC GAC AGG ARC CTC TGG GGC CTG GCG GGC TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu
1l0 115 . 120

AATTCCTGTCCTGTGAAGGAAGCCAACCAGAGTACG_TTGGAAAAC 405
Asn Ser Cys Pro Val Lys Glu Ala Asn Gln Ser Thr Leu Glu Asn
125 130 138

TTC TTG GAA AGG CTA AAG ACG ATC ATGC AGA GAGC AMA GCT GCT ARG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Arg Glu Lys Ala Ala Lys
140 145 150

TGT TCG AGC TAG 462

Cys Ser Ser End
153

57



GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CA
Ala Thr Ala A n G@n Phe Hs Arg Hs Lys Gn Leu Ile Arg 95
105 TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG

100

GEC TTG
Leu 110
GCC AAC

Asn A n Ser Thr
TTG GAA AGG CTA AAG ACG ATC ATG ACT GAG AAA TAT TCA AAG
Il e Met Thr

WO 97/47744

AQu Arg Leu Lys Thr

145

3150

115

462 Cys Ser Ser End 153 50,
PCT/ US97/ 09286 ( 2)

CHARACTERI STI CS:
STRANDEDNESS:

(A)

singl e

CAG AGI ACG TTG GAA AAC
Leu Au Asn 125

315 dy

360 Phe Leu Lys Arg Leu Asp Arg Asn Leu Tr Ala Ay
120 AAT TCC T AAG GAA
405 Asn Ser Cys Pro Val Lys Qu Ala
130 135 TTC
450 Phe Leu
Gu Lys Tgr Ser Lys 140
ISTICS:
| NFOYATI CNpEOBu&EQ laBld\NO  13: (i) SEQUENCE
LENGTH: : sI@2E: nucleic acid (O
‘D’TCPQWW |1h%9&F (ii) MOLECULE TYPE: cDNA (A)
ANTI - SENSE: no (xi)

DESCRI PTI ON: hl L- 4/R12i

SEQUENCE DESCRI PTI ON: @E(Q

CCT CTG TTC TTC CTG Chév
Leu Phe Phe Leu Leu 1(x1)

15

ATG
Met
1

GCA
Ala

TTA
Leu

ACT
Thr

Lys

CTC
‘Leu

GGT
Gly

TTC
Phe

Asn

TC
he

TGT
Cys

GGT
Gly

TGT
Cys

CAG
Gln

CTG
Leu

ANC
Asn

Arg

GCG
Ala

Leu

TCC
Serx

TTG
Leu

TCG
Ser

CTC
Leu

GCC
Ala

GAG
Glu

T6C
Cys

ACA
Thr

CAG
Gln

ACT
Thr

Lys

TGT
Cys

GAA
Glu

AGC
Ser
153

T B 4 A0 s

TCC GAA CTG CTT CCC

anrz-sefse:Md Gy Leu Thr Ser G n Leu Leu Pro Pro
SEQUENCE DESCRIPTION: SEQ ID NO: 20:

ACC
Thr

GGC
Gly

ATC
Ile

ACC
Thr

Thr

Phe

GCA
Ala

Arg

ccT
Pro

AGG
Axg

TAG
End

TCC CAA
Ser Gln
s

AAC TTT
Asn Phe
20

ATC AAA
Ile Lys
35

GAG TIG
Glu Leu
50

GAG AAG
Glu Lys
65

TAC AGC
Tyr Ser
80

CAG CAG
Gln Gln
95

CTC GAC
Leu Asp
110

GTG AAG
val Lys
125

CTA AAG
Leu Lys
140

CTG CTT CCC
Leu Leu Pro

GTC CAC GGA
Val His Gly

GAT TTG AAC
Asp Leu Asn

ACC GTA ACA
Thr val Thr

GAA ACC TTC
Glu Thr Phe

CAC
His

CAT GAG
His Glu

TTC CAC AGG
Phe His Arg

AGG AAC CTC
Arg Asn Leu

GAA GCC AAC
Glu Ala Asn

ACG
Thr

ATC ATG
Ile Met

10

CCT CTG TTC TTC CTIG

Pro
10

Leu Phe Phe

Leu

CAC AAG TGC GAT ATC

Hig
25

AGC
Serx
40

GAC
Asp
55

TGC

Cys
70

ARG

Lys
85

CAC
His
100

TGG
Trp
115

CAG
Gln
130

.GRA

Glu
145

58

Lys Cys Asp

CTC ACA GAG
Leu Thr Glu

ATC TTT GCT
Ile Phe Ala

AGG GCT GCG
Arg Ala Ala

GAC ACT CGC
Asp Thr Arg

AAG CAG CTG
Lys Gln Leu

GGC CTG GCG
Gly Leu Ala

AGT ACG TTG
Sexr Thr Leu

GAG AAA TAT
Glu Lys Tyr

Ile

CAG
Gln

Gee
Ala

ACT
Thr

TGC
Cys

ATC
Ile

GGC
Gly

GAA
Glu

TCA
Ser

CTA
Leu
15

ACC
Thr

30

AAG
Lys
45

TCC
Ser
60

val
75

Leu
90

CGA

Arg
108

Leu
120

AAC
Asn
135

ARG
Lys
150

45

20

135

180

228

270

318

360

405

450

462



GCA TGI GCC GGC AAC TTT GIC CAC GGA CAC AAG TGC GAT ATC ACC 90 Al a
Cys Ala Ay Asn Phe Val Hs Ay H's Lys Cys Asp Ile Thr 20

25 30 TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG
CAG AAG 135 Leu @n du lle Ile Lys Thr Leu Asn Ser Lﬁ&ﬁg

Lys 35 WO 97/47744 40 45 ACT CTG TGC Al l& TTG ACC
GTA ACA GAC ATC TTT GCT GCC TCC 190 Thr Leu Cys Thr @ u Leu Thr Val
Thr Asp Ile Phe Ala Ala Ser 50 55 60 AAG
AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG CGCT GCG ACT GTG 225 Lys Asn

Thr Thr Qu Lys Glte Thr m&g Val 70
75 CTC CGG CAG TTC?ACA f‘ ACTCGCTGC CTG 270

Leu Arg G n Phe Tyr Ser Hi s (ki s Guenchysadssp Thr Arg Cys Leu 80

85 90 GGI @G ACTEBEAwEGEc @& TTC CAC AGG CAC AAG CAG CTG
ATC CGA 315 Ay Al a TH?) :mw:ﬂ:e;ﬂes Arg His Lys An Leu lle
Arg 95 " E 05 TTC CTG AAA CGG CTC GAC AGG
AAC, CTC TGG GGC CTG GOG™ é&: gx.an. Dzscxuggzguphﬁnlﬁﬂlzwﬁhﬂrgvh‘i& Asp Arg Asn
Leu Trp Ay Leu Ala 4 yuikeu dvkdruericas: no 120 AAT
TCC TGT CCT GIG AAG GAALGECCAWICSERNG AdsT ACG TTG GAA AAC 405 Asn Ser
Cys Pro Val Lys du Al atxAkn SEQUENGECPESTREPTION) SER IDA¥H 2025 130

135 TTC TTG GAA AGG CTA AAG §EJG TGG GAC% TA Tgé '%A«G 450
car A 45
Phe Leu Gu Arg Leﬁ ﬂﬁ izcﬁ%c Ny yriiaso W preChnel st 1D
15
462 Cys Ser Ser End 153 PCT/ uso7/ 09286
GCA TCT 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 ACT TTG AAC AGC CTC ACA GAG CTAG AAG 135
Leu Gln Glu Ile Ile Lys Thr Leu Asn Ser Leu Thr Glu Gln Lys '
3% 40 45

ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC TTT GCT GCC TCC 180
Thr Leu Cys Thr €lu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser
50 55 60

AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCGC ACT QTG 225
Lys Asn Thr Thr Glu Lys Glu 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 Gln Phe Tyr Ser His His Glu Lys Asp Thr Arg Cys Leu
80 85 90

GGT GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA 315
Gly Ala Thr Ala Gln Gln Phe His Arg His Lys Gln Leu Ile Arg
95 100 105

TTC CTG AAa CGG CTC GAC AGG AAC CTC TGG GGC CTE GCG GGC TIG 360
Phe Leu Lys Arg Leu Asp 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 408
Asn Ser Cys Pro Val Lys Glu Ala Asn Gln Ser Thr Leu Glu Asn
125 130 135

TTC TTG GAA AGG CTA ARG ACG ATC ATG ACC TIC AAA CAG TCA ARG 450
Phe Leu Glu Arg Leu Lys Thr Ile Met Thr Phe Lys Gln Ser Lys
140 145 150

TGT TCG AGC TAG 462

Cys Ser Ser End
183

59



il

WO 97/ 47744 (2)
CHARACTER! STI CS:
STRANDEDNESS:

| NFORVATI ON FOR SEQ I D NGO 14: (i)

DESCRI PTI ON:  hl L- 4/ Y124A (iii) HYPOTHETI CAL: no (ivV)

SEQUENCE De@@R4PRsON. SEQ | D NO 14: ATG GGI CTC ACC TCC

CCT CTG TTC TTC CTG CTA 45 Met Ay Leu Thr Ser
Leu Phe Phe Leu Leu 1 5 '

15 GCATGTGCCGGCAACTTTGTCCACGGACACAACTGCGATATCACC
AIaQ/sAIaGIyA)\snPheVaI Hi s EHIS Lys Cys Asp Ile Thr 20

25

CAG AAG

Lys 35

GIA ACA GAC ATC TTT GCT GCﬁ SXBANDEDNESS: sigdd0 Thr

Thr Asp Ile Phe Ala Al a 3B} 5@’0‘4007""‘" 55

AAC ACA ACT GAG AAG (AN %q%k ACT GTG

Thr Thr Au Lys Qu EE 3“ Val 65

75 CTC CGG CAG TTC Tg GAG AAG GAC ACT CGC TGC CTG

Leu Arg @ n Phe Tyr rsawmdﬂm&rmmsammon Arg Cys Leu 80

85 CGCGGA‘BEACEGGEIGAAGTC@CA CAG CAG HC CAC AGG CAC AAG CAG CTG
ATC CRA Gn dn Phe Hs Arg Hs Lys Gn Leu lle
Arg 95

AAC CTC TGG aac crG &

mF%iBa
135 f&® Ap ﬁb

ARACTERI Sﬂ(‘é 50

(B) TYPE: nuclexc acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: lincar
(ii) MOLECULE TYPE: cDNA
(A) DESCRIPTION: 3 PCR Primer, IL-4
{3ii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ IDNO: 23:
CGCTCTAGAC TAGCTCGAAC ACTTTGAAT 29

(2) INFORMATION FOR SEQ IDNO: 24:
() SEQUENCE CHARACTERISTICS:
(A) LENGTH:28
{B) TYPE: nucleicacid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i}) MOLECULE TYPE: ¢cDNA
(A) DESCRIPTION: Mutagenesis Primer, IL- 4IR121A
(iii) HYPOTHETICAL: no :
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION; SEQ.1D NO: 24
CTAAAGACGA TCATGGCTGA GAAATATT 28

(2) INFORMATION FOR SEQ ID NO: 25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:30
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: cDNA Lo
(A) DESCRIPTION: Mutagenes»s Primer, lL—lelZlD
(iii) HYPOTHBETICAL: no
(iv) ANTI-SENSE: no
(xi)- SEQUENCE DESCRIPTION: SEQ ID'NO: 25:
GCTAAAGACG ATCATGGACG AGAAATATTC 30

{2) INFORMATION FOR SEQ 1D NO; 26;
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 30
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single

60

SEQUENCE
(A LENGTH. 462 (B) TYPE: nucleic acid (O

single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (A)

Rkt

A n Leu Leu Pro Pro

JTC AAA ACT TTG AAC AGC CTC ACA GAG
ys Thr Leu Asn Ser Gu d@n
TYPE: nuclmc acid’ 45 ACT CTG TGC ACC GAG TTG ACC

Leu Cys Thr A u Leu Thr Val-

225 Lys Asn-

(2) N %@‘FORSEQ IBNG: 25 105 TTC CTG AAA CGG CTC GAC AGG



Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Ay Leu Ala Gy Leu 110

115 _ 120 AAT TCC TGT CCT GIG AAG GAA GCC AAC CAG AGT ACG
TTG GAA AAC 405 Asn Ser Cys Pro Val Lys Au Ala Asn G n Ser Thr Leu
A u Asn 125 130 135 TTC TTga%g ﬁ@ﬁt

AAG ACG ATC AYBIMTIGAG AAA GGC TCA AAG 450 Phe Leu i eu Lys
Thr Ile Met Ala Qu Lys Ala Ser Lys 140 145

150 TGT TCG AGC TAG 462
Cys Ser Ser End 153 52 PCT/ U897/ 09_286 WO 97/ 47744 (2) | NFORVATI ON

FOR SEQ ID NO 15: (i) 'RKCTERI STICS: (A LENGTH. 462 (B)
TYPE: nucleic acid (Q ] =S .M g gm(ep}bumz'EODO_OGY l'inear (ii)
MOLECULE TYPE: cDNA ( Agii Hypoh Y124 Q (111) HYPOTHETI CAL: no

RaaRE.
(iv) ANTI-SENSE: no (X(n))A‘SEQiﬁISEEoDESCRI PTIO\I SEQ ID NO 15: ATG GGT CTC

(')MO

ACC TCC CAA CTG CTT COZi) GEQUENPE PEYQN: SEQIDND;R6: 45 Met dy Leu Thr

Ser Adn Leu Leu PrQ?TPf“bG’L‘@J‘TﬁﬁBGW AGAAATATTC,L .30 5

10 - @ %Wm C TTT GIC CAC GGA CAC AAG TGC GAT
ATC ACC 90 A @ﬂaﬁgcyal Hls Ay Hs Lys Oys Asp Ile

Thr 20 25 (A) LENGTH: 28

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{i}) MOLECULE TYPE: cDNA
(A) DESCRIPTION: Mutagenesis Primer, IL-4/RI2IF
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:
CTAAAGACGA TCATGTTTGA GAAATATT 28

{2) INFORMATION FOR SEQ ID NO: 28:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH:28
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: ¢cDNA
(A) DESCRIPTION: Mutagenesis Primer, IL-4/R121H
{ili) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:
CTAAAGACGA TCATGCACGA GAAATATT 28

(2) INFORMATION FOR SEQ ID NO: 29:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{A) DESCRIPTION: Mutagenesis Primer, IL-4/R1211
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ 1D NO: 29:
CTAAAGACGA TCATGATAGA GAAATATT 28

(2) INFORMATION FOR SEQ ID NO: 30:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(A) DESCRIPTION: Mutagenesis Primer, 1L-4/R121K
(ili) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ 1D NO: 30:

61



TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135 Leu
Gn Au lle Ile Lys Thr Leu Ann Ser Leu Thr AQu G n Lys 35

40 45 ACT CTG TGC ACC GAG TTG ACC, GTA ACA GAC ATC TTT CCT
GCC TCC 180 Thr Leu Cys Thr GQu Leu Thr Val Thr Asp Ile Phe Ala Al a
Ser 50 WO 57/47744 55 | 60 AAG AAC ACRCHESTERES AaG aAA
ACC TTC TGC AGG CGCT GCG ACT GIG 225 Lys Asn Thr Thr du Lys A u Thr
Phe Cys Arg Ala Ala Thr Val 65 70 75 CIC
CGG CAG TTC TAC AGC CAC CAT GAG AAG GAC ACT CGC TGC CTG 270 Leu Arg

A n Phe Tyr Ser CHASAGAGGACICATGAMAGACAAREATIAr g Cys R&u 80 85
90 GGTGCGACTQ%A CAC AAG CAG CTG ATC CGA 315
Gy Ala Thr Ala ﬁ%@%&@@%@ sﬁ,dsys Gn Leu Ile Arg 95

100 CGG CTC GAC AGG AAC CTC TGG GGC CTG GCG
GCC TTG 360 Phe Leuaj_yswxr Mdiegtid Asp Arg Asn Leu Trp Ay Leu Ala Gy
Leu 110 TRANDEDNESS single 120 AAT TCC TGI CCT GIG AAG GAA

GCC AAC CAG AGT ACG &rgm +} :gcg;:'“’u% Asn Ser Cys Pro Val Lys Gu Ala -
Asn G n Ser Thr Leu ). 135 TTC
TTG GAA AGG CTA AAG KR ARERRR PR o, 450 Phe Leu

Au Arg Leu Lys Thr J)emmsm@oc; u Lys dn Ser Lys 140 145

150 TGT TCG AGC TAG (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 462
Cys Ser Ser End CTA8AGACGA REATONACOAGAMATATT | NFORRATI ON FOR SEQ I D NO  16:

(1) SEQUENCE LRSI RlorTFoxsEQ 1D No: 32:
(i SEQUENCE CHARACTERISTICS;
{A) LENGTH: 30
(B) TYPE: nucleic acid
(C) STRANDEDNESS:; single
{D) TOPOLOGY: linear
(i{) MOLECULE TYPE: cDNA
(A) DESCRIPTION: Mutagenesis Primer, IL-4/R121P
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
{xi} SEQUENCE DESCRIPTION: SEQ ID NO: 32:
GCTAAAGACG ATCATGCCAG AGAAATATTC 30

(2) INFORMATION FOR SEQ IDNO: 33:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: lincar
(ii) MOLECULE TYPE: cDNA
{A) DESCRIPTION: Mutagenesis Primer, lL-4/R|2|T
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33:
CTAAAGACGA TCATGACTGA GAAATATT 28

(2) INFORMATION FOR SEQ ID NO: 34:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:28
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(A} DESCRIPTION: Mutagenesis Primer, iL-AIRlZlW
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no’
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:
CTAAAGACGA TCATGTGGGA GAAATATT 28

(2) INFORMATION FOR SEQ 1D NO: 35:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28
(B) TYPE: nucleic acid
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(A LENGTH: 462 (B) TYPE: nucleic acid (O STRANDEDNESS: si ngl e
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (A) DESCRI PTI ON:

| L-4/Y124R (iii) HYPOTHETI CAL: no (iv) ANTI-SENSE: no (xi) SEQUENCE

DESCRI PTION: SEQ I D NO 16: ATG GGI' CTC ACC TCC CAA CTG CTTp&fgsdfedast TG TTC
TTC CTG CTA WO9MM4734 \et Gy Leu Thr Ser Gn Leu Leu Pro Pro Leu Phe Phe
Leu Leu 1 5 - 15 GCA TGT
GCCGGCAACTTTGTCCACGGACACAAGTGCGATATCACC 90 Ala Cys Al a
Gy Asn Phe vVal Hs Gy H's Lys As Thr 25

30 TTA CAG GAG ATC ATC AAA E&"CTC ACA GAG CAG AAG 135
LeanGIuIIeIIeLqu,mL gg;ﬁq.g eu Thr Gu An Lys 35

40 CT @jy Gniﬁﬁlm MtigenkslPrimérQL-GT4ACA GAC ATC TTT GCT
GCC TCC 180 Thr Leu) m}licgw Leu Thr Val Thr Asp Ile Phe Ala Al a
Ser 50 - n 60  AAG AAC ACA ACT GAG AAG GAA
ACC TTC TGC AGG GCf. %@"@i? @i&ﬁé’&?ﬁ’:}‘%@#?&%ﬁn TRr Thr Gu Lys Gu Thr
Phe.Cys Arg Al a AIa 75 CIC
CGG CAG TTC TAC AGY GivEokMATIONEORSEQIENG: 36CT CGC TCC CTG 270 Leu Arg
G n Phe Tyr Ser Hi s Hi $i) GSEQUENSE SMARACHERISTCS: Cys Leu 80 85
90 GGT GCG ACT GCA CAG CAG (RYCLENBHNBG CAC AAG CAG CTG ATC CGA 315 dy
Ala Thr Ala Gn @n Phe H s®\v Q¥ werikaddy p Leu Ile Arg 95

100 105 TT el GAC AGG AAC CTC TGG GCC CTG GCG
GCC TTG 360 Phe L motzcdiOrveedpsP Arg Asn Leu Trp Gy Lou Ala Ay
Leu 110 115 (A) DESCRIPTION: Mutagenksi(risie IL-/€24G GT CCT GIG AAG GAA

GCC AAC CAG AGT ACG TT@GHCGAYPORAETICAL:n0 405
{iv) ANTI-SENSE: no

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:
ATCATGAGAG AGAAACAATC AAAGTGTT 28

(2) INFORMATION FOR SEQ ID NO: 37:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH:28
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(A) DESCRIPTION: Mutagenesis Primer, IL-4/Y124R
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:
ATCATGAGAG AGAAACGATC AAAGTGTT . 28

(2) INFORMATION FOR SEQ ID NO: 38:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:28
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D)} TOPOLOGY: lincar
(iiy MOLECULE TYPE: cDNA
{A) DESCRIPTION: Mutagenesis Primer, lL-4/Y 1248
(ii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38:
ATCATGAGAG AGAAATCATC AAAGTGTT 28

{2) INFORMATION FOR SEQ ID NO: 39:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(i{y MOLECULE TYPE: cDNA
(A) DESCRIPTION: Mutagenesis Primer, lL—4N 124T
(iti) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
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Asn Ser Cys Pro Val Lys u Ala Ann G n Ser Thr Leu A u Asn 125

130 135 TTC TTG GAA AGG CTA AAG ACG ATC ATG AGA GAG AAA CGA
TCA AAG 450 Phe Leu Gu Arg Leu Lys Thr Ile Met Arg Qu Lys Arg Ser Lys
140 145 150 TGT TCG AGC TAG

462 Cys Serw@evumed 153 54 D 97/ 47744 PCT/US97/09286

PCT/ US97/ 09286 (2) | NFORMATI ON FOR SEQ ID NO 17: (i) SEQUENCE
CHARACTERI STICS: (A LENGTH. 462 (B) TYPE: nucI eic acid (O
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (A)

DESCRI PTI ON: | L-4/ lewséggpgz @@%ﬂ% 'DNFbi“tu v), ANTI - SENSE: no (xi)
SEQUENCE DESCRI PHIEACUAE A GGT CTC A®C TCC CAA CTG CTT CCC
CCT CTG TTC TTC ETGMAHONFOR%IWOQY Leu Thr Ser G n Leu Leu Pro Pro

Leu Phe Phe Leu 1G) SEQUENCE CHARACTBRISTICS: 10

15 GCA TGI GCC GGEC AAC TTIGEIENGREIGA CAC AAG TGC GAT ATC ACC 90
Ala Cys Ala Gy Asn Phe V&) HYEE:o» ic”i%wléés Cys Asp Ile Thr 20

25 30 TT ) < AAA ACT TTG AAC AGC CTC ACA GAG
CAG AAG 135 Le%.i)q/l&. Mfys Thr Leu Asn Ser Leu Thr Gu Gn
Lys 35 40n) m-:scmmou Mutagenesis BrimertnGddeisiish ACC GAG TTG ACC

GTA ACA GAC ATC TTT Gy HEPTHEDICAL: no 180
(iv) ANTI-SENSE: no _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40:
CGATCATGAG AGAGAAAGCT GCTAAGTGTT CGA 33

(2) INFORMATION FOR SEQ IDNO: 4i:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:28
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: ¢cDNA
(A) DESCRIPTION: Mutagenesis Primer, IL-4/T13D: T13D substitution
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41:
CAGGAGATCA TCAAAGATTT GAACAGCC 28

(2) INFORMATION FOR SEQ ID NO: 42:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: cDNA
{(A) DESCRIPTION: Mutagenesis Primer, IL-4IRI2IT/EIZZF/Y 124Q
(iii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no )
{xf) SEQUENCE DESCRIPTION: SEQ iD NO: 42:
GCTAAAGACG ATCATGACCT TCAAACAGTC AAAG 3q
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Thr Leu Cys Thr GQu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser 50

55
ACT GIG
Val 65

60 AAG AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG CCT GCG

225 Lys Asn Thr Thr GQu Lys Qu Thr Phe Cys Arg Ala Ala Thr

70 75 CTC CGG CAG JhfuushAimaficC CAC

CAT GAG AAG SADIAMTIM CCC TGC CTG 270 Leu Arg A n Phe Tyr Ser H's Hi's
G u Lys Asp Thr Arg Cys Leu 80 85 90 GGT
GCG ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CA 315 dy A a
Thr Ala G@n An Phe Hs Arg Hs Lye Gn Leu Ile Arg 95 100
105 TTC CTG AAA CGG CTC GAC AGG AAC CTC TERim&C CTG GCG GGC TTG 360
Phe Leu Lys Arg Leyefgih:A'9 Asn Leu Trp Ay Leu Ala Ay Leu 110

115 120 AAT TCC TGT CCT GIG AAG GAA GCC AAC CAG AGT ACG TTG
GAA AAC 405 Asn Ser Cys Pro Val Lys Qu Ala Asn G n Ser Thr Leu Gu
Asn 125 A huma]\QQA mutein numbered in accor&a?ée mﬁvﬁﬁp@ﬂeﬁ;% e Fli AAG ACG
ATC ATG AGA GAG AAA TCA TCA AAG 450 Leu Gu Leu Lys Thr Ile
Met Arg G u LysS Sectiwting ;_oynglmhm)havmg reduced endotheha! cgugctxvatmg activity. 150 TGT
TCG AGC TAG 462 Cys Ser

Ser End 153 55
PCT/ US97/ 09286 ( 2)2. The hishprORamateinofdptmIadherdd tiorurfh@:-expispd resid QE QUBNOE

CHARACTERI STI CS:
STRANDEDNESS:

sin

10

15

20

25

30

W 97/ 47744

'ﬁi ?f[gf#d W&% 'ﬁ?’med wf[eﬂ%? ‘he%{lﬁk ﬁm@:ﬁf x:(;us(::g' cell

prollferatmn, and causes reduced IL-6 secrenon from HUVECs, relative to wnld-type
IL-4.

3. The human IL-4 mutein of claim 2 wherein position 121 is substituted relative to

wild-type.

4. The human IL-4 mutein of claim 3 wherein said position is substituted with

alanine.

S. The human IL-4 mutein of claim 3 wherein said position is substituted with

aspartic acid.

6. The human 1L-4 mutein of claim 3 wherein said position is substituted with

glutamic acid.

7. The human IL-4 mutein of claim 3 wherein said position is substituted with

phenylalanine.

8. The human IL-4 muteih of claim 3 wherein said position is substituted with

histidine.

9. The human IL-4 mutein of claim 3 wherein said position is substituted with

isoleucine.
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(ii) MOLECULE TYPE: cDNA (A) DESCRI PTI ON: | L-4/Y124T (iii)

HYPOTHETI CAL: no (iv) ANTI-SENSE: no (xi) SEQUENCE DESCRI PTION. SEQ ID
NO 18: ATG GGT CTC ACC TCC CAA CTG CTT CCC CCT CTG TTC TTC CTG CTA

45 Met Gy Leu Thr Ser Gn Leu Leu Pro Pro Leu Phe Phe Leu L

5 WO 974TI4 10 15 GCA TGT GCC &ﬁ‘"ﬁ%&’]"ﬁ‘?‘r GTC CAC
GGA CAC AAG TGC GAT ATC ACC 90 Ala Cys Ala Gy Ann Phe Val Hs dy
Hs Lys Cys Asp Ile Thr 20 25 . 30 TTA CAG
GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG CAG AAG 135 Leu G n Qu
Ile Il e Lys Thr 10.8he heman3brd rhngein $Folai@i3uwiGhein saidpogtion is substituted with lysine. 40

45 ACT CTG TGC ACC GAG TTG ACC GTA ACA GAC ATC. TTT GCT GCC TCC 180
Thr Leu Cys Thr GQu Leu Thr Val Thr Asp Ile Phe Ala Ala Ser 50

55 11. The hiiflanARG niviéin AlDlaiACTwhereia sAidBosiidh id\GiBstiidied Willie AGG GCT GCG
ACT GGT 225 .Lé/s Asn Thr Thr Gu Lys Qu Thr Phe Cys Arg Ala Ala Thr
Val 65 asparagine. 79 75 CTC CGG CAG TTC TAC AGC
CAC CAT GAG AAG GAC ACT CGC TGC CTG 270 Leu Arg A n Phe Tyr Ser Hi's
Hs Gu Lys Asp r s, Leu 80. . N e DD , 90
GGT GCG ACT GCAI% @Kg?‘%é '@@A&E“E&d’hﬁﬁ&‘&&@% i §ybstitgtd with 315 Ay

Ala Thr Ala G npolise. Phe Hs Arg Hs Lys G n Leu Ile Arg 95

100 105 TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG G&C CTG
GCG GC TTG 360 Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gy Leu Ala
Gy Leu 110 13. The human IL-4 rhité@in of claim 3 wherein said posiflots ddtindteowitksT CCT GTG
AAG GAA GCC AAC,CAG AGT ACG TTG GAA AAC 405 Asn Ser Cys Pro Val
Lys Gu Al a'Asn¥°A"%r Thr Leu G u Asn 125 . 130

135 TTC TTG GAA AGG CTA AAG ACG ATC ATG AGA GAG AAA ACA TCA AAG 450
Phe Leu Gu Ar gli_.%e L‘%ﬁaﬁm nlulxtgn h/le c&aixﬁrii%hgeyn s%%ésl)ogt?gn i? senrbsthg/tgd with

tryptophan.

15  15. The human IL-4 mutein of claim 2 wherein position 124 is substituted relative to
wild-type.

16. The human IL-4 mutein of claim 15 wherein said position is substituted with

alanine.
20 _
17. The human JL-4 mutein of claim 15 wherein said position is substituted with
glutamine,
18, The human IL-4 mutein of claim 15 wherein said position is substituted with
25  arginine. o

19. The human IL-4 mutein of claim 15 wherein said position: xs substituted with

serine.

30  20. The human IL-4 mutein of claim 15 wherein said position ?ié";-substituted with

threonine.




140 145 150 TGT TCG AGC TAG
462 Cys Ser Ser End 153 56 WO 97/ 47744

PCT/ US97/ 09286 ( 2) | NEORMATI ON FOR SEQ ID NO 19: (i)  SEQUENCE
CHARACTERI STI CS: (A LENGTH 462 (B)  ~ TYPE: nuc ef ¢ acigdfs,
STRANDEDNESS: WOI9#4T%4 (D)  TOPOLOGY: |inear (ii) MOLECULE SUK (A

DESCRI PTI ON: | L-4/ Y124A S125A (iii) HYPOTHETI CAL: no (iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 19: ATG GGTI.CTC ACC TCC CAA CTG CTT

CCC CCT CTG TTC CIG CTA . 45 Met (ﬁ?ly, Ley . Thr_Ser A n Leu,Leu Pro
Pro Leu Phe Phe LeAl- [Fh¢humanIL-4 mutein of claim 2 wherein positions 124 and 125 arg ppbstituted

15 GCA TGI GCC GCCgelautVe td wild- CAC GGA CAC AAG TGC GAT ATC ACC 90

Ala Cys Ala @y Asn Phe Val Hs Ay -H s Lys Cys Asp Ile Thr 20
25 30 TTA CAG GAG ATC ATC AAA ACT TTG AAC AGC CTC ACA GAG

CAG AAG 135, mmzﬁaa 1G4 WhukdirPoflclafin bvam&aﬁb C?_osﬁfoﬁs BRrande25akbr Gu An
Lys 35 CTG TGC ACC GAG TTG ACC

GTA ACA GAC ATG TWWG&W 180 Thr Leu Cys Thr G u Leu Thr Val
Thr Asp Ile Phe Ala Ala Ser 50 55 60 AAG
AAC ACA ACT GAG AAG GAA ACC TTC TGC AGG GCT GCG ACT GIG 225 Lys Asn
Thr Thr Gu Lys G23- Thehuua leg smusinof glaim 2 whergigpositigns 121, 122 and 124 are

substituted selative to wild-type.

10 24. The human IL-4 mutein of claim 23 wherein position 121 is substituted with
threonine, 122 is substituted with phenylalanine, and 124 is substituted with

glutamine,

25. The human IL-4 mutein of claim 1 wherein said mutein comprises in addition at

15  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 [L-4Ra receptor with
at least greater affinity than native JL-4.

26. The human IL-4 mutein of claim 25 wherein position 13 is substituted with
20  aspartic acid and position 121 is substituted with glutamic acid.

27. A pharmaceutical composition comprising an effective amount of a human IL-4
mutein numbered in accordance with wild-type IL-4 having T cell activating activity
but having reduced endothelial cell activating activity in combination with a

25 pharmaceutically acceptable carrier.

28. A polynucieotide molecule encoding the human IL-4 mutein of claim 1 and

degenerate variants thereof,

30 29. A host cell transformed with the polynucleotide of claim 28.
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65 70 75 CTC CGG CAG TTC TAC AGC CAC CAT

GAG AAG GAC ACT CGC TGC CTG 270 Leu Arg @ n Phe Tyr Ser Hs Hs GQu
Lys Asp Thr Arg Cys Leu 80 95 90 GGI' GCG
ACT GCA CAG CAG TTC CAC AGG CAC AAG CAG CTG ATC CGA /%%5"“%8%/ Al a Thr
Ala Gn G wemd7M4s Arg His Lys Gn Leu Ile Arg 95 PCT/USI 100
105 TTC CTG AAA CGG CTC GAC AGG AAC CTC TGG GEC CTG GCG G&C TTG 360
Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Ay Leu AIa Gy Leu 110

115 120 AAT TCC TGT CCT GIG AAE GAA GCC AAC CAG AGT ACG

TTG GAA AAC  30. A veptys comprising thegplynpsigotidesf cl_ayg 2¢directipgtheexprogyiorofar Thr Leu

du Asn 125 AGG CTA

I tein h T cell activati tivity b tlﬂa%ﬁ elhficed LA
G ACG Are ATCMIER et mutein balsh T ol activaing activity but Hayiig fehtced Gf"ﬁe"%rg Leu Lys
Thr 11 e Met Ar geelilactiviating attivityathg vesjer bmgcapable of enablmg transfectiunW a target

150 TGT TCG AGG, 1 subseauent . L4 g
Cys Ser Ser End @g’“m SubsEquent I8y Saon PS5 d e Ji - tein coded for oo\ mT! ON

FOR SEQ I D N© wPo(Mnycleot!dSEQUENCE CHARACTERI STI CS:  (A) LENGTH 462 (B)
TYPE: nucleic acid (O STRANDEDNESS; single (D) TOPOLOGY: linear (i)
MOLECULE TYPE: cDNA (A) . DESCRI PTION: |1 L-4/T13D/ R121E (iii) HYPOTHETI CAL:
no 31. A method of selecting a human IL-4 mutein numbered in accordance with wild-

type IL-4 having T cell activating activity but having reduc'éd endothelial cell
activating activity, comprising mutating the surface-cxposed residues of the D helix of
10 said wild-type IL-4 whereby the resulting mutein causes T cell proliferation, and

causes reduced IL-6 secretion from HUVECS, relative to wild-type.

32. A method of treating a patient afflicted with an IL-4 treatable condition by
administering a therapeutically effective amount of a human IL~4 mutein numbered in
15  accordance with wild-type IL-4 having T cell activating activity but having reduced

endothelial cell activating activity.

33. The method of claim 32 wherein said I1L-4 treatable condition is an autoimmunc

disorder.
20
34. The method of claim 33 wherein said autoimmune condition is Multiple
Sclerosis.
35. The method of claim 33 wherein said autoimmune condition is Rheumatoid
25 Arthritis.

36. The method of claim 33 wherein said autoimmune conditién is Insulin Dependent
Diabetes Melitus.

30  37. The method of claim 33 wherein said autoimmune conditidn is Systemic Lupus

Erythematosus.

———
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(iv) ANTI-SENSE: no (xi) SEQUENCE DESCRI PTION: SEQ ID NO 20: ATG GGT CTC

ACC TCC CAA CTG CTT CCC CCT CTG TTC TTC CTG CTA 45 I\/Et dy Leu Thr
Ser An Leu Leu Pro Pro Leu Phe Phe Leu Leu 1 -

10 1SGCATGTGCCGGCAACTTTGTCCACGGAF€.EU

ATC ACC w097l‘lQU4AIaQ/sAIaGIyAsn Phe Val Hs Gy H's W Ile
Thr 20 25 30 TTA CAG GAG ATC ATC AAA GAT
TTG AAC AGC CTC ACA GAG CAG AAG 135LeanGuIIeIIeLysAspLeu
Asn Ser Leu Thr Gu Gn Lys 35 45 ACT
CTG TGC ACC GAG T3%; Themethipd ofcim@Rvharein WTL@@'W&!BOP@EOH isan infectiql®0 Thr Leu
Q/sThrGuLeuc#geg@ Thr Asp Ile Phe Ala Ala Ser 50 55
60 AAG AAC ACA A G AAG GAA ACC TTC TGC AGG GCT GCG ACT GTIG 225

Lys Asn Thr Thr A u Lys Gu Thr Phe Cys Arg Ala Ala Thr Val 65

fec cro o7 T o AR RRLEPREE T g O
Leu 80 90 GOT GOG ACT GOA -CAG CAG TTG

CAC AGG CAC AAG E@tﬁrﬂﬁuﬁ&r ofg%@‘m 32 wherein sasi& ﬁ, ﬂrgaﬁaﬁf%o cﬁlrmn'% Q’Thq-polagzg'd Phe Hi s

Arg Hs Lys dn 105
TTC CTG AAA CCG (HiteasshC AGG AAC CTC TGG GCC CTG GCS GGC TTG 360 Phe
Leu Lys Arg Leu Asp Arg Asn Leu Trp Ay Leu Ala Gy Leu 110

115 120 AAT TCC TGT CCT GIG AAG GAA GCC AAC CAG AGT ACG
TTG GAA AAC 41. ThOmethedofShim @) whéreio saihThi-pudarized diskase ivRsorifSisn Ser Thr Leu
A u Asn 125 130 135 TTC TTG GAA AGG CTA
AAG ACG ATC AT GAA GAG AAA TAT TCA AAG 450 Phe Leu Gu Arg Leu Lys
Thr 1le Met G u G2 Thymethyd of obim BY 9/heérdif) said IL-4 treatable conditionlisi®cancer.

150 TGT TCG AGC TAG 462

Cys Ser Ser End
43. The method of claim 42 wherein said cancer is selected from the group consisting

of acute lymphoblastic Jeukemia, and non-Hodgkins Lymphoma.

15 '
44. The method of claim 32 wherein said IL-4 treatable condition is a cartilagenous
disorder.

45, The method of claim 44 wherein said cartilagenous disorder is osteoarthritis.
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TCC CAA

[

153 58 WO 97/ 47744 lposmopr,
PCT/ US97/ 09286 (2) - INFORMATI ON FOR SEQ ID NO 21: (i) W‘
CHARACTER! STI CS: (A) “LENGTH: 462 (B) . TYPE: nucleic acid (C
STRANDEDNESS: si ngl e (D TOPOLOGY: linear (ii) MOLECULE THEERNCDNA (A)
'DESCRI PTI ON: hI 21T/ E122F/ Y124Q (iii) HYPOTHETI CAL: no ( Qi

ANTI - SENSE: no ¢ & SEQUENCECHR OPERT¥ ORGANIRETION) 1 . ATG &P CTC ACC

Adn Lewy
10

ATC AC{
Thr 20

,CM @@EA@ @Q@Cmﬁm et Uk e PATENP COBbERA oMk $REATY (924
T

[5C A it GuldingaEmbeeAC AW OQT/ATA4

P o gl S e Bl e

TTG. AAQ
Asn Sel

e

PCT/USITIO9ES] (h?ﬂesignat s A &l AEab S, B é’%lgﬁa

) CH, CN, CU, CZ,DB.DKEEES

CTG T@Mﬂﬁrﬂ&mﬂiﬁgm GTA AQKy®BRCEABEHTTT m GO, JPOKE, KG KP, KR, &, [KhLK,[LBLLS,

Cys-Thi
60 AAG
Lys Ash
70

A u Leu Thr Val Thr Asp Ile Phe Al a %&ﬁvﬁo e e e Rr 1.
O)GrbiefdlcT GAG AAG GAA ACC TTC TGC A k ﬁdﬁé‘.r&‘r BE, OF DRIR BS,
Throsm,vse U Lysti@esquptcine CyUsAr g Al FRIGB, GRa iE, TalU, Bi6, NL, PT, SE).

08/788230 - 7524 3pmnddE BRETTC YPAC AGC CAC CAT GAG AAG GAC ACT CGC

TGC CTEG 270 Leu Arg G n Phe Tyr Ser|pblisthedi s G u Lys Asp Thr Arg Cys

Leu

(71) Applicant: BAYER CORPORATION fUS/US]; One Mellon Without international search report and to be republished
Center, 500 Grant Sueet, Pittsburgh, PA 15219-2507 (US). upon receipt of that report.

(72) Inventors: SHANAFEL Armen B.; 25 Benham Hill Place,
Hamden, CT 06514 (US) GREVE Jeffrey; 18 Prospect
Court, Woodbridge, CT 06525 (US). GUNDEL, Robert;
115 Brando. Coun. Walnut Creek, CA 94595 (US).

(74) Agents: GREENMAN Jet‘frey, M. et al.; Bayer Corporation,
400 Morgan’ Lane, West Haven, CT 06516-4175 (US).

(54) Title: T-CELL SELECTIVE INTERLEUKIN-4 AGONISTS

(57) Abstract

14

The i g wild-type T oell-selective
invention: - is :
directed to human IL-4 T “"4\
muteins  numbered | in. ¢
accordance with wxld—lype T
11-4  having T—cell
activating  activity, . but’ . i
having reduced endothelml : :
cell activating activity. ‘In -

panwular the invention

is related to human JL4 @ e , -

muteins  wherein - ithe Ui

surface-exposed  sesidues - : e

of the D helix of - the 3'9“" signal signal no sighal
wild-type IL-4 are mutated ' (T Oe") (EC) (T Oe") (EC)
whereby  the rcsulnng___ _ ) )
mutein  causes Tcell .- "
proliferation, and causes’ - wtiL-4 T call-selective
reduced IL-6 secretion. = iL.-4 agonist
from HUVECs, relative :

to wild-type IL-4. This

invention realizes a less toxic IL-4 mutant that allows greater thempumc use of this interlevkin. Further, the invention is directed to TL-4
muteins having single, doiible and. triple mutations represented by the designators R121A, R121D, R121E, RI2IF, R121H, R121I, R12IK,
RI2IN, R12IP, R12IT, RI121W: Y124A, Y124Q, Y124R, Y124S, Y124T; Y124A/S125A, T13D/R121E; and R121T/E122F/Y 1240Q, when
numbered in accordance with wild-type IL-4 (His=1). The invention also includes polynncleoudes codmg for the muteins of the invention,
vectors containing the polynucleoudes transformed host cells, | pharmaceutical compositions comprising the muteins, and therapeutic
methods of treatment, T




80 85 90 GGI' GCG ACT GCA CAG CAG TTC CAC
AGG CAC AAG CAG CTG ATC CA 315 Gy Ala Thr Ala A n dn Phe Hs Arg
Hs Lys Gn Leu Ile Arg 95 100 105 TTC CTG
AAA CGG CTC GAC AGG AAC CTC TGG GEC CTG GCG G&C TTG 3%%@37/&9% Lys
Arg Leu Asp AV@%4H44 eu Trp Ay Leu Ala Gy Leu 110 15

120 AAT TCC TGT CCT GIG AAG GAA GCC AAC CAG AGT ACG TTG GAA AAC 405
Asn Ser Cys Pro Val Lys Qu Ala Asn G n Ser Thr Leu A u Asn 125

130 135 TTC TTG GAA AGG CTA AAG ACG ATC ATG ACC TTC AAA CAG
TCA AAG 450 Phe Leu A u Arg Leu LYEQ®PHN™H | e Met Thr Phe Lys A n Ser
Lys 140 145 150 TGT TCG AGC TAG

462 Cys Ser Ser End 153 59 WRaA4 47744

PCT/ US97/ 09286 (ij)s |IJ§IEG3M§\'IH5Q\IIEQ:§'rS_E®ebDGNOGﬁ2néIJ)leSEgENQELeu Asn
CHARACTERI STI CS:1 (A) LENGTH 23 nucl el ¢gaci TRAN ESS:
single (D) TOPOLOGY:linear (ii) MOLECULE TYPE: cDNA (A DESCRI PTI O\I 5 PCR
Primer, 1L-4 (iii) HYPOTHETICAL no(lv) ANTI - SENSE: no(X|%

DESCRI PTI ON:  SEG§Hhlsty Thp G é%'r@veAg,g he VAL Thr 24

(2) | NFORMATI ON FOR SEQ I D NO 293: 30
Helix B—

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 55 60
HelixC—
Lys Asp Thr Arg Cys Leu Gly Ala Thr Ala Gln Gln Phe His Arg
65 70 15

His Lys Gln Leu Ile Arg Phe Leu Lys Arg Leu Asp Arg Asn Leu
80 85 90

Trp Gly Leu Ala Gly Leu Asn Ser Cys Pro Val Lys Glu Ala Asn

95 100 105
Helix D —

Gln Ser Thr Leu Glu Asn Phe Leu Glu Arg Leu Lys Thr lle Met
110 115 120

Arg Glu Lys Tyr Ser Lys Cys Ser Ser
125

Figure 1
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(1) SEQUENCE CHARACTERI STICS: (A) LENGITH: 29
STRANDEDNESS: single (D) TOPOLOGY: linear (il
DESCRI PTION: 3" PCR Pri mer,
(xi) SEQJENCE\?E A
29 (2) | NFORVA

LENGTH: 28 (B) TYPE:

linear (ii) MOLECULE TYPE: cDNA (A) DESCRI PTI

| L- 4/ R121A (iii) HYPOTHETICAL: no (iv) ANTI-SENSE: no (xi) SEQUENCE
DESCRI PTION: SEQ I D NO. 24: CTAAAGACGA TCATGGCTGA GAAATATT
(i) SEQUENCE CHARACTER! STI CS:

(2) INFORVATION FOR SEQ I D NO 25:

LENGTH. 30 (B) TYPE:

L4 (iii) HYPOTHETI CAL: no (iv) ANTI - SENSE:
PTION: SEQ ID NO 23: CGCTCTAGAC TAGCTCGAAC ACTTTGAAT
8k SEQ ID NO 24: (i) SEQUENCE CHARACTERIPST/USS/0995)

nucl eic acid (C) STRANDEDNESS:

nucleic acid (C) STRANDEDNESS:

nucleic acid (C)

(B) TYPE:
cDNA (A)

) MOLECULE TYPE:
no

single (D) TOPOLOGY:
ON: Mut ageaesi s Pri ner,

28
( (A)
single (D) TOPOLOGY:

linear (ii) MOLECULE TYPE: cDNA (A) DESCRI PTI ON: Mitagenesis Priner,

| L- 4/ R121D (iii) HYPOTHETI CAL:
DESCRI PTI ON: SEQ | D NO. 25:

wild-type

/ IL-4\

no (iv) ANTI-SENSE: -no (xi) SEQUENCE

T :d__;ell-selective
IL-4 agonist

RV
. )
IL-4Ro] fIL-2Ry vike . YF X
subunit «
signal signal : signal no signal
(T cell) (EC) (T cell) (Eg) a
wt IL-4 T cell-selective
IL-4 agonist
Figure 2
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GCTAAAGACG ATCATGGACG AGAAATATTC 30 (2) | NFORVATI ON FOR SEQ I D
NO 26: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 30 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single 60 WD 97/ 47744

PCT/ US97/ 09286_( D) _TOPOLOGY: |inear (ii) MOLECULE TYPE: c

DESCR! PTI ON: Mé%%j‘éﬁ‘gspi s Primer, |L-4/RL21E (iii) HYPOTHEW%%’ )
ANTI - SENSE: no (xi) SEQUENCE DESCRI PTION: SEQ I D.NQ 26: GCTAAAGACG
ATCATGGAAG AGAAATATTC 30 (2) | NFORMATI ON FOR SEQ I D NO. 27:
(1) SEQUENCE CHARACTERISTICS: (&) LENGTH 28 (B) TYPE: nucleic acid (O
STRANDEDNESS: single (D) Tqge ' ‘ v - - cDNA (A

DESCRI PTI ON:  Mut agenesi s Pr| no (iv)
ANTI - SENSE: no (xi) SEQJI%I AGACGA
TCATGTTTGA GAAATATT - SEQ | D NO
28: (i) SEQUENCE CHARACT& 3¢ cleic acid
i . -
L]
© 60
= 50
o
£ 40
‘é‘ 30
20
& 10
0

10® 10 10 10° 10° 10° 107

Concentration, M

Figure 3A
8
B
3]
&
o
£
:
R
L -uui “u.ull A ‘M‘d_]:

10° 10% 10" 10* 108 10* 10’
Concentration, M

Figure 3B
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(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (A
DESCRI PTI ON:  Mut agenesis Priner, |L-4/R121H (iii) HYPOTHETI CAL: no (iV)
ANTI - SENSE: no (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 28: CTAAAGACGA
TCATGCACGA GAAATATT 28 (2) | NFORMATI ON FOR,Sfido l,,B . 29:
(i) SEQUENCEWQYHAMIERI STICS: (A) LENGTH: 28 (B) TYPE: nucleic acl
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (A)
DESCRI PTI ON: Mut agenesis Primer, |L4/R1211 (iii) HYPOTHETI CAL: no (iV)
ANTI - SENSE: no (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 29 CTAAAGACGA
TCATGATAGA GAAATATT 8 7.0 MFOR™SER | D NO 30:
(i) SEQUENCE CHARACTERI STI Cé A) LENGTH. 28 nucI ei¢ acid (O
STRANDEDNESS: si ngl e (D) g OGY: |inear (if L ECULE TYPE:-| cDNA (A
DESCRI PTI ON:  Mut agenesi s 2rigeeg, |L-4/R121K iy HYBOTHETI CAL: no (ivV)
ANTI - SENSE: no (xi) SEQU CE7d:§SCRI PTI ON: £ ; ;

60 -
350+
40 -
30
20
10}
10® 10% 10" 10 10° 10° 10

Concentration, M

%maxdmal IL-6 s

Figure 4A

100
90
80
70
60
50
40 i
30 - -
20}
10} .
0 .
10® 10% 10 10 10° 10* 107
Concentration, M

Figure 4B

Yamaximal IL-6 secretion
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WD 97/ 47744
PCT/ US97/ 09286 CTAAAGACGA TCATGAAAGA GAAATATT 28 (2)
| NFORMATI ON FOR SEQ ID NO 31: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 28

(B) TYPE: nucl%wp (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: ¢ A) DESCRI PTION: Mutagenesis Priner, |L-ZCRUSITPRAG | )
HYPOTHETI CAL: no (iv) ANTI-SENSE: no (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO
31: CTAAAGACGA TCATGAACGA GAAATATT 28 (2) | NFORVATI ON FOR
SEQ I D NO 32: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 30 (B) TYPE: nucic
acid (C) STRANDEDNESS: si nglpo(P PO ririrrerafrimir ok LE TYPE: cDNA
(A) DESCRI PTI ON: Mut agenesi 39 imer, 1L-4/R121P (il | CAL: no (iv)
ANTI - SENSE: no (xi) SEQJEIg:E "DESCRI PTI ON: SEQ | D N@» \32: GCTAAAGACG
ATCATGCCAG AGAAATATTC - 80 30 (2) | NFORMATION FQRISHQ | D NO. 33:
(i) SEQUENCE CHARACTERI STECSza{A) LENGTH: -28 (B) -\ Nt

STRANDEDNESS: single (D) ﬁ Y: linear (ii)

b ~J
}

50
40k
30}
20
10}
oL

10% 10" 10 10° 10° 10°

Concentration, M

%raaximul IL

Figure 4C

% axirmul IL-6 secretion

10" 10" 10" 10° 10° 107
Concentration, M

Figure 4D
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(A)_DESCRI PTI ON: Mut agenesi s Priner, |L-4/R121T (iii) HYPOTHETI CAL: no (ivV)
ANTI - SENSE: no (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 33: CTAAAGACGA
TCATGACTGA GAAATATT 28 (2) | NFORMATI ON FOR SEQ I D NO 34:
(i) SEQUENCE CHARACTERI STICS: (A) LENGTH 28 (B) TYPE: nucl Elccl‘ ]’ C)
STRANDEDNESS: W& %14F#4 (D) TOPOLOGY: linear (ii) MOLECULE TYPE M%
DESCRI PTI ON: Mut agenesis Priner, |L-4/RL121IW (iii) HYPOTHETI CAL: no (iV)
ANTI - SENSE: no (xi) SEQUENCE DESCRI PTION: SEQ I D NO 34: CTAAAGACCGA

TCATGTGGGA GAAATATT 28 (2) | NFO?I\/ATI ON FOR SEQ | D NO. 35:
(i) SEQUENCE CHARACTERI sncﬁzo A e NG b2 S e1=t ed-ainC aci d 62
WOO7/ 47744 - 2
PCT/ US97/ 09286 (C) STRAN DISIB . single (D) TOPOLERY; |jflear-(ii) MOLECULE
TYPE: cDNA (A) DESCRI PTI @N: oilit agenesis Priner, AL-4/F24A (1fii)
HYPOTHETI CAL: no (iv) ANH- E: no (xi) SEQENCE DESCR! PTI éﬂ\l SEQ I D NO
35: ATCATGAGAG AGAAAGCATE AARETGTT 28 N :
% 60} ¢ -
\.O R
= S50 : ' N
= 40
§ 30[ A
201 . ~
BE 101 2 ' i
ol- i

10° 100 10" 10® 10°  10°
Concentration, M

Figure 4E

Y aximul IL-6 secretion

10° 102 10" 10° 100 10°
Concentration, M

Figure 4F
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(2) | NFORMATION FOR SEQ ID NO 36: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH. 28 (B) TYPE: nucleic acid (C) STRANDEDNESS. single (D) TOPOLOGY:

linear (ii) MOLECULE TYPE: cDNA (A) DESCRI PTI ON: Miutagenesis Priner,

| L- 4/ Y124Q (iii) HYPOTHETI CAL: no (iv) ANTI-SENSE: no (xi) SEQEMass

DESCRI PTI ON: WEOTHNO 36: ATCATCAGAG AGAAACAATC AAAGIGIT

28 (2) | NFORMATION FOR SEQ ID NO 37: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: 28 (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPCOLOGY:

liner (ii) MOLECULE TYPE: cDNA (A) DESCRI PTI ON: Mit agenesis Priner,

| L-4/Y124R (iii) HYPOTHETI %L: no (iv) ANTI-SENSE: no (xi) SEQUENCE

DESCRI PTI ON:  SEQ | D NO 371: \TCATGAC AGNAACGATC ™ AAAT .

28 (2) | NFORMATI ON FOR SEAOPP NO 38: (i) SEQUENCR.CHANEICR STICS: (A

LENGTH: 28 (B) TYPE: nugg eBolacid (C) STRANDEDNE-g) D) TOPOLOGY:

linear (ii) MOLECULE TYE: ggDNA (A) DESCRI PTI ON: id Prinmer, IL4/Y
0

124S (iii) HYPOTHETI CAL & n9 1 v) ANTI-SENSE: no

iferal

%m aximal prol
co8858388

10 10" 10" 10" 10° 10®
Concentration, M

Figure 5A

pomi
Py
<

8

%maximal proliferation
co88883388

10 10 10" 1w0° 100 10°

Concentration, M _

Figure 5B
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 38: ATCATGAGAG AGAAATCATC AAAGTGIT

28 (2) | NFORMATION FOR SEQ ID NO 39: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 28 (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:

l'inear (i) N%%E YPE: cDNA (A) DESCRI PTI ON: Mt agenesis Priner,
| L-4/Y124T (iil HETI CAL: no (iv) ANTI-SENSE: no 63

PCT/ US97/ 09286 (xi) SEQUENCE DESCRI PTION: SEQ | D NO 39: ATCATGAGAG
AGAAAACATC AAAGTGIT 28 (2) | NFORMATI ON FOR SEQ I D NO 40:

(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 33 (B) TYPE nucl el c acid (O
STRANDEDNESS: single (D) TORE = =

DESCRI PTI ON:  Mut agenesi s Pri PO l-IETI CAL: no
(iv) ANTI-SENSE: no (xi) SEQUHR 1 40:.4 CGATCATGAG
AGAGAAAGCT GCTAAGTGIT CGE 8oL 33 (2) FOR SEQ ID NO 41:
(1) SEQUENCE CHARACTERI S‘E{ C%O (A) LENGTH. 28
60|
50+
40 +
30}
20
10
0 .

10% 10% 10" 10" B 10° 10°
Concentration, M

| NFOR A

%maximal prolife

Figure 6A

2

38

50
40
30
20
10

%maximal proliferation

10° 10" 10" 10 100 fo°
Concentration, M "

Figure 6B
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: cDNA (A) DESCRI PTI ON: Mut agenesis Priner, |L-4/T13D: T13D
substitution (iii) HYPOTHETI CAL: no (iv) ANTI-SENSE: no (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO 41: CAGGAGATCA TCAAAGATTT -GAACAGCC 2

28 (2) | NFORVMWRNOMTHER SEQ | D NO. 42: (i) SEQUENCE CHARACTER SHYHE284)
LENGTH. 34 (B) TYPE: nucleic acid (C) STRANDEDNESS. single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: cDNA (A) DESCRI PTI ON: Miutagenesis Priner,

| L-4/ R1217/ E122F/ Y124Q (iii) HYPOTHETI CAL: no (| v) ANTI -SENSE: no (xi)
SEQUENCE DESCRI PTI ON: SEQ | D Méegerds - - : AAACAGTC AAAG
34 64 WO 97/ 47744 100k =

PCT/ US97/ 09286 Clains W clgifm 1. A human |L-4 mnutein/nunbefed in
accordance with wld-typd§| i ti At i Vi
havi ng reduced endot heli

mutein of claiml whereifgtp@e @ D helix of
said wild-type IL-4 are Et@ causes T cell
proliferation, and causeg red relative to
wild-type 10 |IL-4. ,_“;*5
g 40
R 30
g 20
®
10
0

10° 10" 10" 10 10°  10°
Concentration, M

Figure 6C

100

80
70

50
30

20
10

%raaximal proliferation

10° 100 10" 10°° 100 10°
Concentration, M

Figure 6D
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3. The human IL-4 mutein of claim2 wherein position 121 is substituted
relative to wld-type. 15 4. The human IL-4 nutein of claim3 wherein said
position is substituted with alanine. 5. The human IL-4 nmutein of claim3
wherein said a@ gh%ls substituted with aspartic acid. 20 6. The hunan
|L-4 mutein of wherein said position is substituted WML c
acid. 7. The human IL-4 nmutein of claim3 wherein said position is
substituted with 25 phenylal anine. 8. The human IL-4 nutein of claim3
wherein said position is substltuted with hi st|d| ne. 30 9. The human | L4
mutein of claim3 wherein f@d ; Dt -V BT ) SOl euci ne. 65
WO 97/ 47744

PCT/ US97/ 09286 10. The hureéd
is substituted with |ysifd.ggl

+L-4 nmutein of claim3
1. The human | L-4 nutei

said position is substit
of claim3 wherein said
IL-4 nutein of claim3

B

66

Wi t h asparagine. 5 12../1
T on |s substltuted W A

mutein of claim3

I L-4 nutein
13. The human

ith 10

t hreoni ne. 14. The hunmand 1504
15 15. The human I_

substituted with trypto
uﬂ@tTtuted relative to

wherein position 124 is
IL-4 rmutein of claim 15 ‘®h@0din said position is subfstituted with alanine.

£ 20
8310

0

1012 .
Concentration, M

10° 10" 10 10° 10°

Figure 6E

%maximal proliferation

s - o)
ML W, o Y.

0" 100 100
Concentration, M

Figure 6F

10° 10"
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20 17. The human IL-4 nmutein of claim 15 wherein said position is
substituted with glutamne. 18. The human IL-4 nutein of claim15 wherein
said position is substituted with 25 arginine. 19. The human |IL4 mutein of
cl ai m 15 wher e%ﬁﬁ%&posi tion is substituted with serine. 30 20. The
human IL-4 mut€n of ‘¢laim15 wherein said position is substiRGHE74REN,
t hreoni ne. 66 WO 97/ 47744 -
PCT/ US97/ 09286 21. The human I L-4 nmutein of claim2.wherein positions 124

BT T V&0 T grroey g L -4 nutein of
claim 21 wherein both po#4d frons Q4 Wit h
5 121, 122
‘ n | L-4
mutein of claim 23 wherein posit¥ R Tg& Substituted with thjeoni ne, 122
is substituted with &en & gl ut ami ne.
25. The human | L-4 nzx el said nutein conpr4ses in
addition at 15 Ieasg one am X.ion in the bindi pg surface of
either the A- or G a@pha &8¢ ype I L-4 whereby said nmutein
binds to the IL-4R e&r] reg \greater affinity than native
IL-4. 26. The human L-4 gutein of claim25 RrRI N position 1B is
substituted with 20 waspart|ic acid and position \ , i S substitpted with
glutamic acid. 27. A@pharngceutical conposition cWIRrising an pffective
amount of a human |1 s4 m#gi n nunbered in accordan®\with wil dltype 1L-4
having T cell activ&ing adqtivity but having reduce®gndot helipl cell
activating activity in cegitination with a 25 pharnagg\ti calWy| accept abl e
carrier. 28. A polynucl eotilde nol ecul e encodi ng the h\\Qgr | L- 4 nut ei n of
claiml and 0 :

\VV U

substi t ut ed

Iy NPT | R |

FESPTI |

~ : , _
10 w0 10" 10® q0P g7

Concentration, M

Figure 7
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degenerate variants th
pol ynucl eoti de of cl ai
PCT/ US97/ 09286 30. A v
directing the expr j
activity but hHYfF??Z‘%
vector being capable o
subsequent in vivo exp
sai d pol ynucl eotide. 3
in accordance with w |
havi ng reduced endgﬁﬂp
t he surface-exposed Te
wher eby t he resulti'rg’g’n
reduced |IL-6 secreti
treating a patie
adm nistering a g%
nunbered in 15 °
activity but havEng7ge
met hod of clai m¥2 wh
di sorder. 20 34.°GThg,
is Miltiple Sclelpsis.
condition is Rhegpaégi
gon t

sai d aut oi nmune
i m 33
4

af f
ei8fp
cord

The net hod of ckg
Er yt hemat osus. 6&

R 30
20

10

ereof. 30 29. A host cell transformed with the

m 28. 67 WO 97/ 47744

ector conprising the pol ynucl eotide of claim28

on of a human IL-4 nutein having T cell activating
duced endothelial cell activating acti KGIUSH/ALSs

f enabling transfection of a target organi sm and
ression of said human |IL-4 nut.ein coded for by 5
1. A nethod of selecting a human IL-4 nutein nunbered
-t ype S\VAMGaIe Oy oty vty but
|jﬁ&§ell activating activiy, cyoprisigmg nutfpting
5i duds of the D helix of 30 said\uJd-typeeH. -4
Tut ei n causes T cel

prol fferation®¥and causefs
“from HUVECs, relative t¢g wild-type.

7
-4 a aC

32. A hod of
icted with an IL-4 tregtable condition by
eutically effective ampfint of a human I L-4 ngtein
nce with wild-type ILg4 having T cell activgting
uced endothelial cellfactivating activity. 33. The
ein said IL-4 treatall e condition is an autdi nmune
thod of claim 33 wherfei n sai d®aut oi mmune cordition
35. The nethod of cl ai m 38 wher eNg._sai d autgi nmune
d 25 Arthritis. 36. fThgZnet hod of cl arnsg 33 wherein
Ton is Insulin Depengefit D abetes Melitus\ 39 37.
wherein said aut oi fne condition is Systé

iflc Lupus

o IL-4
® Ri121D .

Ao b b hastal

10°'° 10°
Concentration, M

b2l

108

A RN

1012 1o

FIGURE 8A
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WO 97/ 47744

PCT/ US97/ 09286 38. The nethod of claim32 wherein said |IL-4 treatable
condition is an infectious disease. 39. The nethod of claim 38 wherein said
i nfectious dis%ﬁﬁ drraglye Disease. 5 40. The nethod of claim 32 wherein
said IL-4 treatable condition is a Thl -polarized disease. 41 od

of claim 40 wherein said Thl-polarized disease is Psoriasis. 10 42. The

met hod of claim32 wherein said IL-4 treatable condition is a cancer. 43.
The net hod of claim42 wherein said cancer is selected fromthe group
7 ma. 15

consi sting of acute |yhph S e a;
44. The net hod of g wherein said IL-4treatable condition iq4 a
cartil agenous diso?ggr. . The net hod of c)al ereiggsgtﬁp .
cartil agenous disorggr_is osteoarthritis. ® R121D

80 |
70
60 |-
50
40 |
30 |

% maximal IL-6 secretion

20
10

10 10”10 10" 10" 1g° 1ot 107
Concentration, M

FIGURE 8B
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WO 97/47744

7% maximal proliferation
s & 8 3

8

1027 10" 1010 o0
Concentration, M

Figure 9A
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120
110
100

\D
o

80
70

50

30

20
10

% maximal IL-6 secretion
E
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10" 101 107 10’8 107
Concentration, M

Figure 9B
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