WO 03/ 059950 PCT/1L02/01059 | FNAR2 MUTANTS, THEI R PRODUCTI ON AND USE FI ELD
OF THE I NVENTION 5 The present invention relates to nutant pol ypepti des of

t he beta wbhaBnsowsothe type | | FN receptor (M FNAR2) w t IrCarmbheaesh
affinity for interferon-P as conpared to the wld type protein for
prolonging the effect of IFN(3 in vivo. 1 o BACKGROUND OF THE | NVENTI ON
Interferons are classified either as the | eukocyte and fi brobl ast derived

Type | i , i [ T | 1
interfer oﬁ%i&:mTﬁﬁTg8%}fgikm@ig@1W§%pe dentities
and comon biological activities, type 15 1 interferons include interferon
al pha (IFN-a), interferon beta (IFN-(3) and interferon onega (IFN(o0),
while type Il interferon includes interferon gama (1 FNy). The IFNa, |FN(3
and | FNw genes are clustered on the short arm 25 of chrompbsone 9 (Lengyl,
1982) . TheFHLhieOF THESINYENIICOINI el i c | FNa genes, 6 non-allelic | FNw
genes and a single IFN(3 gene. Al are believed to have evolved froma

si ngl e"common 20 ancestral gene. Wthin species, |FNa genes share at | east

80% sequence identity with each other. The |FN ene shar appr oxi mat el y
50% sequentits P&t itvgnipR FE13ENED, m“?HHP?lH%eﬂt‘ﬁWéé‘ﬁg’e%ﬁhraé% Ogg% ﬁgﬁgl ogy
with | FNa | .SSmmn . ini@ for th8Rton-b & ecul ar
wei ght ran@ﬁé"é ) -9@@%%%2@1%@5%‘1%‘"5 iTgyerteion (§%\l@%@§‘§§@tzd§%m (166
am no aci dsid ape ptdtdiw,fogirolongidd thDefeclFAAPiinoivaci ds). 25 Type |
interferons are pleiotropic cytokines having activity such as host defense
against viral and parasitic infections, anti-cancer properties and as

i mmune nodul ators (Baron et al, 1994; Baron et al, 1991). Type |

i nt er fey oNBRIYKIGROUND QFSFHIS ENVENAIENN anti-proliferative activity on
normal and transfornmed cells, stinulation of cytotoxic activity in

| ynphocytes, natural killer cells and phagocytic cells, nodul ati on 30 of

cellular differentiation, stinulation of express;j ?,n %f clslgs,s Alﬂ-{C
antigens, Wordsosuosdagdivd eobyroanss IFREYF {39 Iigroblash deryad (Ee Ling
modul ation of . ari et - I P 11 Mg ons@EERA et al,
physi ol ogi ‘gﬁrlegogﬁdéiaﬁotﬁg%lf% l%oﬁlg&f ﬁ'ﬁlﬁg{? l EN;I?'P?B) are srerz::(gt ed
consti t utim@l7y. Through analysis of sequence identities and common biological activities, type

15 1 interferons include interferon alpha (IFN-o), interferon beta (IFN-B) and interferon

omega (IFNw), while type II interferon includes interferon gamma (IFNy).

The 1FNa, IFNB and IFNo genes are clustered on the short arm 25 of chromosome 9
(Lengyl, 1982). There are at least 25 non-allelic IFNo genes, 6 non-allelic IFNw® genes
and a single IFNpB gene. All are believed to have evolved from a single common
20 ancestral gene. Within species, IFNa genes share at least 80% sequence identity with
cach other. The IFNP gene shares approximately 50% sequence identity with IFNa;
and the IFN® gene shares 70% homology with IFNa (Weissman et al, 1986; Dron et
al, 1992). IFNa has a molecular weight range of 17-23 kDa (165-166 amino acids),
IFNB, about 23 kDa (166 amino acids) and IFNw, about 24 kDa (172 amino acids).

25  Type | interferons are pleiotropic cytokines having activity such as host defense
against viral and parasitic infections, anti-cancer properties and as immune modulators
(Baron et al, 1994; Baron et al, 1991). Type I interferon physiological responses
include anti-proliferative activity on normal and transformed cells, stimulation of
cylotoxic activity in lymphocytes, natural killer cells and phagocytic cells, modulation

30  of cellular differentiation, stimulation of expression of class I MHC antigens,

1



by nost human cells at low | evels with expression being up-regul ated by
addition of a variety of inducers, conprising infectious agents (viruses,
bact eri a,woysomssma and 5 protozoa), dsRNA, and cyt oki ne®CINL@BHYI L- | a,
IL-2, TNFa). The actions of Type | interferon in vivo can be nonitored

R L T T S s
al, 1996) .nokREphysioldgedl ebadisiofd, ENa&(aaawENathNdermgrseaeredldonsunmvmp

receptor conplex to induce 10 specific biologic effects
anti-vir alby AAs lwmﬁmelh anawi vl itheapieation Eemg'H% reguiated lpy P ‘?'éefebt or

| FNAR) is I [ st two
i 11 or mnt 0 Do RE e T REr g S REAR  YecHR G| e COARARE thytbpifima of8S)
1993; 3Pl giranizaes, @cth ankR98)kineFHM-PSFeE-t odiLAY TNFa)t esectohaiohType & f ound

on chronmosone 21, and their proteins_are expressed on the surface_of nost
cel I's (Tannkslegn im gpg)canTise mpgitprsd ising: thensiringaliemarkss; FEPRIFTY desi gnat ed

al pha and n I f h nd
ERAR 1 or B AR SRR ARED f P2 TR Rl EAR| (Al (AR BOPDEuEE

subunit) (Ype: gilnmh et A996)has a nol ecul ar wei ght of 100- 13() kDa, while
| FNAR2 (beta chain, (3L, IFNa/(3R) has a nol ecul ar weight of 100 kDa. In

certain cefy Ltlymﬁ&fe(rmn(@EN&AB%)Czﬁit thibugies c@hdurfacenikefromeomplex (anuu:bllct s) an
alternate 2 d)rece tor conplex has heen identified, where th NAE% subuni t
(13s) liks ewsﬁclé@éwoa@ ehfectsy SHEB 26 SAt AR ARG FUROE RN IMEIUE J1 “l%véi of 51

kDa. The 'EB@&F }Jt%g'@%alp:(r%iﬁ@ég@e ér%umﬁaléhlé@éée?tohéélxﬁ%m%emﬁb%% at Novi ck

et al, 199 3s an 3L subunits have
identical lext It\a@elfidnérarpog/lpdpttdeamsmel(rﬁolamenntomtealnlé)% Golaaweic] ef al, 1963;

cytoplasm ¢ domain t only share identity in the first 15 am no 25 acids.
The | FNARP! Sﬁﬁlblﬂ‘hﬁalal%%é The gepesecodinadfion theperginsare fnf @ng éOf’i“i-Sﬂmﬁsubunit

|s unabl g ntd B otk fibard ?}F'Peg%&g Sghgﬁ, bRl 1€ CRRE O aIS UOm)I rhel one

was transt ected Into nur l'asts, no human IFkbs except
| FNa8/1I5FNaBcapesechaabyl @eteoomginglyt deshgmatecclehlpha (amiebeat aral haveoben. refhmeduman

| FNAR2 subunlt transfected jnto ?lfn@ﬁl in the absegce of the hlﬁTﬂ

| FNARL subliNART dpnéhenalpim supyait ap r‘?df {9 the BYa GYPURt- Ao PERE Rt%l y 0. 45
nM  VWen JW ts f that A rhd1EculfRSEMCE 1h- t he
human | FNARI suL ni t lﬁwﬁﬂgf P%?q@ﬁggﬂg@%@ua be sﬁ]own ngth a_Kd of

0. 026- 0. 11¥BOHD, NdwlledRNétR%(bg:taﬁB@m BDUMEBR) hasta mpleculgogyight of 108 k¥t i mat ed

that In certain cell types (monocytic cell lines and normal bone marrow cells) an alternate

| 20 receptor complex has been identified, where the IFNAR2 subunit (Bs) is expressed as a
truncated receptor with a molecular weight of 51 kDa. The IFNAR1 and IFNAR?2 fg
and By subunits have been cloned (Novick et al, 1994; Domanski et al, 1995). The
IFNAR?2 B and BL subunits have identical extracellular and transmembrane domains;
however, in the cytoplasmic domain they only share identity in the first 15 amino

25  acids. The IFNAR2 subunit alone is able to bind IFNa/B, while the IFNAR1 subunit is
unable to bind IFNo/B. When the human IFNARI receptor subunit alone was
transfected into murine L-929 fibroblasts, no human IFNas except IFNa8/IFNaB were
able to bind to the cells (Uze et al, 1990). The human IFNAR?2 subunit, transfected into
L cells in the absence of the human IFNAR1 subunit, bind human IFNa, binding with a

30  Kd of approximately 0.45 nM. When human IFNAR?2 subunits were transfected in the
presence of the human IFNAR1 subunit, high affinity binding could be shown with a
Kd of 0.026-0.114 nM (Novick et al, 1994; Domanski et al, 1995). It is estimated that
from 500- 20,000 high affinity and 2,000-100,000 low affinity IFN binding sites exist
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from 500- 20,000 high affinity and 2,000-100,000 |low affinity |IFN binding
sites exist 2 WO 03/059950 PCT/1L02/ 01059 on nost cells. Al though the

| FNARI / 2 worsplosgesq a/ (35 or a/PL) subunits bind | FNa wi th Plirgho2fidionity,
only the a/ (3L pair appears to be a functional signaling receptor.
Transfection of the | FNARI and the | FNAR2 PL subunits into nouse L-929
cells, fohhowec!syAithoughahe BriNART A cormiex, (oifh@ueds) subuatis bingilFRe vathat e
initiates intracellular 5 protein ph sphfor | atj on, .and causes the
activat i oighralfipiy. 88 the pdi Pﬂl’ﬁﬁ%@g‘@%&ﬁ’luﬁéﬁ’“ﬁ* SYalinR e FPRAscri pt i on
factors (STAT 1, 2, and 3) (Novick et al, 1994; Domanski et ., 1995). In
a cor r espdmdisfugliex 9értherd AN AR andsthe JENGYR o PL SHeuNiENAIR MEYse %‘L?gan‘? Swas
unable to initiate. i.ml I il I - idlad S
required f‘gpow‘f(ﬁl?ﬂnl%gﬁglrgna\g{t? \}lﬁsgf? gﬁﬁeg—@ﬁfagfl Jr}glé SE%@% “\%Ie% ﬁuﬁggl nal

i nduct § on pRAEMIFHoRghdritatidd) «ad xacseatthoactiviatibn tofiantrdehNRAr nbsesi(@akll endaddi ti on

to menbrane bound cell surface forns, ol ubl e, | \R- h
i dent i fi ed k& st HMGHREPIURFRE &ﬁﬁkﬁr%mﬂﬁﬁamwc & 81 19EROR BTk et a
1995, Noy| Gho8f Iﬁla’c}?%rg%ndhmécxg&lirﬁerﬁg trii’t{sfeciigg%}-the-rhm&l@i gbkﬁ)dnﬁl\wﬁ

i sol ated from sérum an apparent nol ecul ar wei ght of 55 kDa on SDS-
PAGE, whi lugalilhao Soitiatel @ siriNARed@®néa. SFhusy theel ISR AL appanient raguired dPar

wei ght of 40-45 kDa (p40). . Transcripts far the. spoluble. p40 |F . are
pr esent at“"t%‘@“HRNA“Y(‘E)Ve&a“%TYHa rfEH’r‘Pgéés Wd‘hrm‘g?x‘f"ﬁg lgﬁ?fﬁpﬁ 089(‘”‘?1%“ ul ar

dormai 1, of anQ@ialiEN&'ﬁﬁ (RUAHAR 1 Whthdjit wo addi tional am no acids at the
carboxy termnal end. There are five potential glycosylation sites on the

sol ubl'e | ENAR '01580(:gxﬁh'n%ganemﬁ{lﬁ?JEIPQJrﬁcp‘ﬁ@NAﬁh%B%s,mas%hpﬁ@fFﬁﬂﬁms b8epi nd

| FNa2 andl'l]fi'i oin Invitro the anti-viral activity of a
m xt ure ofiddnbiNad Sp@otefuhit atikoayd serunFWNYviendt alhdo94;diavicRgpel,I19PFNs

Novi ck |, 1995). A mbi | ENAR2 it g fusi i
Shownt o NG ot A U59BT RUTNG Gridoust be yolsb e HRR isofed BBt BE b nan
| FNaB, | F%Q?géxgg{g%e&ﬁ?&“ﬁggﬂt oY UFNeR SR FROHI what kife aigbla/IBNARSUbuni t

doubl e trans 25 Type | I'FN signaling pathways have been
i dent i1§i edropPah@naasn eppaadnt MAGH]ar Yengletofa10-45 kDa 4oK). Tansssipis kor thy |

Lo IS oD Al e b Sl el B T
I FNa/ (3/ Wk Qacellular domain of the IFNAR2 subunit with two additional amino acids at the
carboxy terminal end. There are five potential glycosylation sites on the soluble
IFNAR?2 receptor. The soluble p40 IFNAR?2 has been shown to bind IFNa2 and IFNB
20 and to inhibit in vitro the anti-viral activity of a mixture of IFNa species ("leukocyte
IFN") and individual Type I IFNs (Novick et al, 1995). A recombinant IFNAR2

subunit Ig fusion protein was shown to inhibit the binding of a variety of Type I IFN
species (IFNaA, IFNaB, IFNaD, IFNB, IFNa Conl and [FNw) to Daudi cells and a/Bg
subunit double transfected COS cells.

25  Type I IFN signaling pathways have been identified (Platanias et al, 1996; Yan et al. ,
1996; Qureshi et al. , 1996; Duncan et al., 1996; Sharf et al, 1995; Yang et al, 1996).
Initial events leading to signaling are thought to occur by the binding of IFNa/B/w to
the IFNAR2 subunit, followed by the IFNAR1 subunit associating to form an
IFNAR1/2 complex (Platanias et al, 1994). The binding of IFNa/B/ to the IFNAR1/2

30 complex results in the activation of two Janus kinases (Jakl and Tyk2), which are
believed to phosphorylate specific tyrosines on the IFNAR1 and IFNAR2 subunits.
Once these subunits are phosphorylated, STAT molecules (STAT 1, 2 and 3) are



the 1 FNAR2 subunit, followed by the I FNARL subunit associating to form an
| FNARI /2 conplex (Platanias et al, 1994). The binding of IFNa/p/co to the
| FNAR1/ 2 WO dospsex results in the activation of tw Januediimnesassy Jakl

and Tyk2), which are believed to phosphoryl ate specific tyrosines on the

| FNARL and_ | ENAR2 subuni.f,s. ce 1y i r I STAT
nol ecul es p(h %’% %?ég’ g‘%&é)resg?g 1?135%??3%?63?&85%’?%%? ?rﬁggﬁtg%é%mi&gs
phosphor yliatieded whirmbleae $adatigation ofi tive ntiansdripoion afonfpleATand dresantivptioront

conpl exes followed by nuclear |ocalization of the transcription conplex
and the acPPYHE i inghicibiggadesi ¢ | FN i nduci bl e genes. A randoni zed,
doubl e- bl i nded, pl acebo-controlled, two-year nulticenter study 5

denonst r atded randamizsdt udeublenbiinged 5 i hacsbp-gRIrglleder eor yr ( MMHESEREF obfudet a)

adm ni stered intrathecall I 1) k ect | [ i bati ons
of exacer Bgf’loﬂﬁf‘l't%ﬁth i"ﬁ!ﬁlra’lrrtlgﬁnt]|npf1§m§{§$te§%ésr¥eg% K}ég"?@ﬁtﬁ"egﬁé);?@?@ uct&iq on in
exacer bat iipf.hék8y ¥IT)34 dpRtiieninsredidifiy tHéE:xababataaeiof edadertiating eeritibet a

adm nistered I T was significantly greater during the study than t.gjat of 35
control patilanptessclgnesiy 8%159- e PrHCERECOPR Sacegbation rate i AF pafieRis

phar macokinnetics . G i d : sed in
R A e e e R S T L S e
cl ear ance sofdy th&sNRai & F5adontryl paaipitd whiotrbcetived fhaceby fliatatisiel bl y9&N. | FNP | ower

t han expected for nost cytokines. Although the pharnmacodynam cs of |FNf3

has begn agResRedaddifieeasd ggﬁmaeéogﬁﬁmfc@rdfet@%ilquNiaafﬁv@%éh gstabl ished

bet ween the bioavailability I FNI' 3 and clinical 15 efficacy. In nornal
heal t hy hummmny ¢hlante¢el, 499 adfienthesk etali 8900 Salmai ¢igil.el 900). rEhe skeatance Of v)

bol us dos M U) of reconbinant deriv Nf 3 resul t [ pid

di stri but ﬁg&%pﬁalgaglyofapgf}mltﬁg@g ‘%’f%llﬂt r¥fi ﬁ%d E)é’fefr-thr? EXpéafe“ggbfgﬁ?m&?hour s
(A am et alyokide29Kthodg the phiehadbdGHinAREIUSNEIRS beén Asdéssedlisiaumars, fé M)

adm nistration of IFN(3, sSerumlevels are flat with onlﬁ{: about 15% of the

dose syst endacabirglatiomhasabses estmhiished bptvee rsleobipriannitityod! IFMERnd NG ng i v,
imor sc adm nistration % rreasure(g C j. c 5[ -all ykate
synt h aSequ]%'C,y "l B gt R Ei%gfsrf’ URPERTAdh g gndle ARAGERIS 2 P
24 hours and sé|eMdpsdl€6 MRS L @f trocdaitsidnt NEHOedei e dOMND tdselteexi a 4apddys. The
magni t ude and duration of the biologic effect was the sane rgigar dl ess of

distribution phase of 5 minutes and a terminal half-life of about 5 hours (Alam et al,

1997). Following subcutaneous (sc) or intramuscular (im) administration of IFN(,

serum levels are flat with only about 15% of the dose systemically available. The

20 pharmacodynamics of IFNP following iv, im or sc administration (as measured by
changes in 2'S/-oligoadenylate synthetase (2°, 5°-AS) activity in PBMCs) were
clevated within the first 24 hours and slowly decreased to baseline levels over the next

4 days. The magnitude and duration of the biologic effect was the same regardless of

the route of administration.

25 A multiple dose pharmacodynamic study of IFNB has been conducted in human
melanoma patients (Fierlbeck et al, 1996) with IFNp being administrated by sc route,
three times per week at 3 MIU/dose over a six-month period. The pharmacodynamic
markers, 2’, 5° -AS synthetase, ;- microglobulin, neopterin, and NK cell activation
peaked by the second injection (day 4) and dropped off by 28 days, remaining only

30  slightly elevated out to six months.

Purification and refolding of the extracellular part of human IFNAR2 (IFNAR2-EC)

expressed in Escherichia coli and its characterization with respect to its interaction



the route of adm nistration. 25 A nultiple dose pharmacodynam ¢ study of

| FN3 has been conducted in human nelanoma patients (Fierlbeck et al, 1996)
wi t h | FNPwbengroaam ni strated by sc route, three tinmes pecmeekoiasy 3

M U dose over a six-nonth period. The pharnmacodynam c narkers, 2', 5 -AS

synt het ase,. 132-_ m cr.ogl.o i neopterin K peaked
by the seddidMesea ‘?IBE 2(@%I 23 h‘ge%foarr “ega( %}h%r aﬁggcgl%ﬁ)ter\{% n’glnl;neng only
30 slightby 1g).e¥84-86 cOHlatt® BNXRIET Ras leWri fol tead st@lﬁleamiyraeflod giongn,of the
extracel | ular part “of human | FNAR2 (| FNAR2- EC) expressed in Escherichia

coli and |\Atchltimaﬂ>aet1aﬁwlmtaP@Y1tw\ﬁ>ftWWSE@%NOFBMM%Mthbé?qj@g N2 i Ab

(Pi ehl o dndeeEmet Btoec GuiyonafBity SRR MRl gy bl B MR IREpER", oo
shown to Qﬂlrﬁll__ysélatm@ntef'déhbﬂ waig tfbwiRl fortet oot 3 nM(Bthlbﬂhhd)StlﬁelhElrt 20a01).al

activity of Na2. The stoichionmetry of binding IFNa2 is 1:1, as
det er ni ned"hbyatgat Cbmptemafprrnﬁlonclﬁéﬁlv&\eﬁly éi@é§§mndfﬁ@| (AP thes Y I FAYe

det ect 3 nM
(gl gﬁl Ie?né'Hﬁmgé(H“ Elerslzil;(%g%nc{emlehof %%ﬁ&@ét% étlésf O%graté)aQ?mﬁ&‘pHﬁt n

rei erate o ex ion 1s relatively
hi gh conpargdide einfssutioytadkiseerostete fitrads towmrtdertlaasctalta)nfscorfﬁbiex fahtatidependence
of the association_kinetics sug est@q%ﬁl imted but

contri but 1o dd)‘f‘”‘éi“éﬁ‘t"‘r‘)@gt‘%ttlf’ﬁref‘%% o Ay usP l‘?@cqrg’t“ (theC%r%)pé&onf or mat i on.

The di;gsog C, t & T hvg s TERARNYs Rbb@aGeLidBighe t he
pr otongtl onla]tc\) Wh(g Ppﬁégogeé)\ym %ﬁﬁﬁK}éWg 697 The af1§| nity of 1FEN(3 to

| FNAR2 i s tiddmatiit dfm&btodlmmmemhamdtﬂahtemf 199982 to | FNAR2 (Piehler and
Schrei ber 1999B). Single nutations in the binding site of | FNAR2 al | owed

mappi ng ofsiglif hangraesnithe bhidid sig of IINZR2 andwedNpp{nei ehdiéfercancs Bchr ei ber
1999B) . For exanpl e, a nutation H78A was found to stabilize the conplex

with | FN( Dinvkeg pf Fx? andoIFN @Pichler ped Schigibsr AB99R)z EAr eXamRlgnd Mulatgn h | Fa2
more t hanr{g‘y\%:&%s df\RHnd %ts?aﬂxﬁ%eyfegg@ae@@f JiftH @ﬁNBt&ah? Br? YwéftbRCtwitie rates

f or bi ndi ereas It he di ssocl at rate constant for
| FN(3 1By aksmsitizédone cérapds wilBAF&0 3nebthaditsc fades mheation Na00A wes foursf f ect  of

Type | intericron (LEN) can be. roleaosd by, YL 2he! B Afida e foron

constant for IFNf by almost four folds.
EP1037658 discloses that the in vivo effect of Type I interferon (IFN) can be
prolonged by administering the interferon in the form of a complex with an IFN
20 binding chain of the human interferon alpha / beta receptor (IFNAR) ie. IFNAR
behaves as a carrier protein for IFN. Such a complex also improves the stability of the
IFN and enhances the potency of the IFN. The complex may be a non-covalent
complex or one in which the IFN and the IFNAR are bound by a covalent bond or a
peptide. EP1037658 also discloses that storing IFN in the form of such a complex
25  improves the storage life of the IFN and permits storage under milder conditions than

would otherwise be possible.

There exists a need for an IFNAR2 with improved affinity towards IFNJ, but not to
IFNa2, making IFNAR? a better and specific carrier for IFNB.

30



20 binding chain of the human interferon al pha / beta receptor (IFNAR) i.e.
| FNAR behaves as a carrier protein for IFN. Such a conplex al so i nproves

t he st abiwbtog/os#sa he | FN and enhances the potency of thePCFNLOZIthesconpl ex
may be a non-covalent conplex or one in which the IFN and the | FNAR are
bound by a coval ent bond or a peptide. EP1037658 al so di scl oses that
storing IFN in the formof such a conplex 25 inproves the storage life of
the FN and permts storage under nmilder conditions than would otherw se
be possible. There exists a need for an IFNAR2 with inproved affinity
towards I FNP, but not to | FNa2, making | FNAR2 a better and specific
carrier for IFNI3. 30 5 WO 03/059950 PCT/IL02/01059 5 SUMVARY OF THE

| NVENTI ON The i nvention provides an | FNAR2 mut ant pol ypepti de (M FNAR2)
nutated at amno acid residues histidine 78 and asparagi ne 100, having

hi gher affinity for i nterferon-%{‘l FN-(3) than the wild type pol ypeptide,
or an anal 8§ MIMAR YoOH THEJYY VON fusion protein or salt thereof. The

mut ati ons are substitutions of amno acids, preferable conservative am no
acids, nore preferable alanine, aspartic acid and histidine. The | FNAR2

mut ant has_about 25, preferably. 50 and nore, preferabl - fold,higher
af finity tHen!wHEIH Pg’vt‘&%é‘“p}%*%}?%."é‘ﬁﬁma pﬁb&?@?&eZﬁé%(Négghémﬁ%te%t%gt 30
pPM 15 Mor.g iRariidl Wiy ﬁﬁﬁiirﬁen‘w%klo&pﬁ’rragﬁﬁhdﬁﬁ),%vin@%@erﬂﬂfﬁﬂ& for

pol ypepti de fragment conprising the extracel lular domain. In addition the
i nvent i on ipredeiotds (EFNDRA tharc ol vgld tgpel POAREDtidat antanpenalpgpt fugstionsd t he

invention, a vector conprijisin aj. d host ..cells ¢ riSi said vector
and _r’relt“h_ocfker‘f"tbl!‘vepr aﬁemﬁteé{‘ B%F@bg‘ﬁfe?g?mgﬁ{lo%sr atp ﬁgggﬁ%"e%ntsi%%na"bg _

cul tivating;gabdrerAfe BARENGRTd SmMBGcidS Ohadel piefeBR NiMAkIGEshrROhdiPand i de
mutant. I n another aspect the invention provides the use of an | FNAR2

nut ant pol hipeime. dbe IBNARZHeutanirhas abowir28, prefesable d0cademare PerferablyulOft i ng t he

effects Offo](IFIL\II’ghé)rraeigfiﬁ"irt)f:1 Hla}é tlu!,: '\\511%1 typé BI’OYCiiI\l/ %nd a preferred of value is about 30

pM.

15 More particularly the invention provides an IFNAR2 mutant polypeptide fragment

comprising the extracellular domain.

In addition the invention provides a DNA encoding the IFNAR2 mutant polypeptide
of the invention, a vector comprising said DNA, host cells comprising said vector
and methods for producing a polypeptide mutant of the invention by cultivating said

20 host cells and isolating the produced polypeptide mutant.

In another aspect the invention provides the use of an IFNAR2 mutant polypeptide for
the manufacture of a medicament for modulating the effects of IFN, preferably IFNJ,

in vivo.

The invention also provides a pharmaceutical composition comprising a
25  therapeutically effective amount of an IFNAR2 mutant or its extracellular domain
fragment, to be administrated alone or co-administrated with IFN, more preferably
IFNB, separately or covalently bound. More specifically the invention provides
pharmaceutical compositions for augmenting the anti-viral, anti-cancer and immune
modulating properties of IFNB and for treatment autoimmune diseases, such as
30 multiple sclerosis, rheumatoid arthritis, myasthenia gravis, diabetes, ulcerative colitis

and lupus.



The invention al so provides a pharnmaceutical conposition conprising a 25
therapeutically effective amount of an | FNAR2 nutant or its extracellul ar
domai n fwege®s9sot o be adm ni strated al one or co-adm ni stecatiee/mmioh | FN,
nore preferably [I1FN(3, separately or covalently bound. Mrre specifically
the invention provides pharnmaceutical conpositions for augnenting the

anti-viral, anti-cancer and i nmune nodul ating properties of |IFNP and for

treat ment autoi nmune di seases, sych a 0 | tiple sclerosis, rh toid

ar thr 1 s, CHRETHENTS granios prondeoregody L arurRyEoE B PETa LR A RS 6 wo
03/ 059950 RLT(ilsLR/HAd OaRer, EohbAGHERERinidtABoh BVANENAR PHRYInd pslypgitideds of
treatnent of autoi mmune di seases, viral disease and cancer, conprising

adm ni st r atfitbningéntam. | FNAR2 nut ant pol ypeptide oP the invention. 5 In
addition the invention provides the use of | FNAR2 nmutant pol ypepti de,
preferably co-admnistered wwth an | FN antagoni st, for inhibition of IFN
activity in a disease which is aggravated or caused by IFN. 10 The

i nvention @l.90iRkeNd @esntioneroviesahe ukeeofl ARMRR? muttan tpopekytideppietiealdf t he
invention in a formulation to prevent |FN oligomerjzation BRI EF, DESCRI PTI ON
OF THE FI QURERint&rad withanlFN aftegoniepifer @hipidqmed K aeftgty inppdisease
concentrations.of bol N(3 wusing a constant concentration of

| FN (50 pwf‘)‘érﬁm& ‘ibﬁ’é"r"gtggioﬁg&c:sgérlgg%lﬁl\rﬁati ons of with type |FNAR2 EC (left)
and nutant | FNAR2 EC (right), with a Kd of 3 nMand 50 pMrespectively,
calcul ated in accordance with the | aw of mass action. 20 Figure 2 shows the

i i d_se f the extracel | ul in 1 FNAR2 t e t
el udiing e VgaiSY st Baness Ghast L odl NEe BD BRbB-TEE duile

(marked wig a8t £ drsklatior o bi ign bi ndi ng of IFN(3 and | FNa2
to the | Fl\ikg%ﬁ%& ﬁ%gm@%ﬁg% FieGHt §FN oRBOMeriabien

BRIEF DESCRIPTION OF THE FIGURES

15
Figure 1 (left) depicts a simulation of the concentrations of bound and free IFN(
using a constant concentration of IFN (50 pM) and increasing concentrations of with
type IFNAR2 EC (left) and mutant IFNAR2 EC (right), with a Kd of 3 nM and 50
pM respectively, calculated in accordance with the law of mass action.

20

Figure 2 shows the amino acid sequence of the extracellular domain IFNAR2
protein (not including the leader sequence) and the modified amino acid residues

(marked with an asterisk).

25  Figure 3 shows the binding of IFNf and IFNa¢2 to the IFNAR2 EC H78A/N100A
mutant. Association and disassociation of IFNf and IFNo2 to the Wild type IFNAR2
EC (upper panel), to the IFNAR2 EC H78A/N100A mutant (middle panel) and the
binding of the wild type and mutant IFNAR2 EC H78A/N100A mutant to IFNB

(Lower panel) was measured using reflectometric interference spectroscopy (RifS),



mut ant. Associ ation and di sassociation of IFNI3 and IFNa2 to the WId type
| FNAR2 EC (upper panel), to the | FNAR2 EC H78A/ N10OA nut ant (m ddl e panel)
and the wondiosgsof the wild type and nutant | FNAR2 EC H7 @&TNL@A0FLt ant t o
| FN(3 (Lower panel) was neasured using reflectonmetric interference

spect 1 05cop, (kB imnf W00 BR0PAPCUILORLOPRRR: ot SEn kNI

i mobi | i zed 10 the surtace scri I'n Piehler and Schrei ber

Y-axis = sygral= (ganormbeejer)and thdiX-aXisaxiise tsecomds).(seconds) . Fi gure 4 shows
occlusion of IFNP by IFNAR2 wild type and nmutants. A constant 5 anount of
| FNP (10 pM was mixed wth different concentrations of |FNAR2 (R2) wilcl
type and nmutants (single nmutants R2ZN100A and R2H78A, double nmutants R2

1-17$A/N | I%)ﬁoé 4 BQOW%AN&PBE arN B¢ TFNEANLAOB)pe Afidmuhats. astshdaht

antiviral at equilibriumias determned in WSH cells. In the
upper Box,anaoupl ot IENB { HepMarvtasviixad waibt differept esncemratioas oh IFNARZI(BR) of its

concentration in the abse ce of Y- ax al

i ndex) . Thi & ’b‘[%t“"péﬂ‘{}é@& yaslg %Ytﬁwﬁy]lggkc?e?WnS(eA’ho%wbﬁnﬂu%H%;ﬁ%/h | FNP
is free (agidARI0DA, RDEHPR IN19DHAIndARS 378 APRTON Ih)ERn DHEGCHRs RITLIQM tFrall HE

| NVENTI ON 15 The invention relates to a nutant of the beta chain of the

type | | FNctieitept ailibriurnameictemined mdWASH gailsadn ghei uppeekexd dgdotipidhend N100

nar eased SN ) %) e bR SEls Bpp i BRI FRAREY o

rel at g9 ali§Qnden A YAO= GaRiva@ ndsy s TAM pl6t ienbsanse Réhdast towdeteymarfe HoRN
conprising the extracellular domain (EC) of M FNAR2. The invention relates

to M FNAR2nud@yofghe HiNfl isdree fantive) ioribg aeyiralassaye, fusion protein, fragnent
thereof or salts thereof. Carriers are usually admnistered to prolong the
intra-vascular retention tine of 25 proteins having nol ecul ar wei ght bel ow
50,000 daltons (e.g. interferon). Particularly beneficial are such
carriers that bind non-covalently and permt constant rel ease of the drug.

Usi ng SUChDéE’l?ﬂiUEﬁj ]j}?%gﬁﬂprpﬁ)w GFTIQETINVEN“@EO""”V time some portion

of the fre rug aval for curative activity ut 20% and sone
anmountisof drug

The invention relates to a mutant of the beta chain of the type I IFN receptor
(IFNAR2), mutated at amino acid residues H78 and N100 (see DNA sequence of wild
type IFNAR2 in Figure 2, SEQ ID N: 1) having increased affinity to [FNf, but not to
IFNa2 (MIFNAR?2). The invention relates also to a drug carrier system to enhance
20 activity of IFN comprising the extracellular domain (EC) of MIFNAR2. The invention
relates to MIFNAR?2, or an analog, functional derivative, fusion protein, fragment

thereof or salts thereof.

Carriers are usually administered to prolong the intra-vascular retention time of
25  proteins having molecular weight below 50,000 daltons (e.g. interferon). Particularly
beneficial are such carriers that bind non-covalently and permit constant release of the
drug. Using such a carrier is desirable in order to have at any time some portion of
the free drug available for curative activity (about 20%) and some amount of drug

bound to the carrier and protected (about 80%).

30 Figure 1 (left panel) depicts a simulation of the concentration of bound and free IFNP
in the presence of different concentrations of IFNAR2 based on the law of mass action

and on a Kd of 3nM (tested by reflectometric interference spectroscopy [RifS]). This

8



bound to the carrier and protected (about 80% . 30 Figure 1 (left panel)
depicts a sinulation of the concentration of bound and free IFNP in the
pr esence Wb odiofd98r ent concentrati ons of | FNAR2 based on t ReTIIRO/@H5IMASS
action and on a Kd of 3nM (tested by reflectonetric interference

TPat | n oD oMHRAER oBieEo P RRO L0 I Vbl LR ee R out 100

Units), as%uﬁ@o%aﬁsan ghd 80 %%d(mh' gfve%mgﬁ @Bﬁc%htr&ibrﬁff TFRMEB2prbfedt Qlich such
as 12.5 nM (which is equival ent to 300 non- g écosuated | FNAR2) is

needed.  Fhiis3 nis(vrichais ehwnaRRt tnﬁf)ﬁrhlg/Kt\% @fncmeglymsdatadl NABREY ngedddni ties to
|FNf3 as a carrier 5 (see sinulation Figure 1, right panel), would be

advant ag ebhiss, sbing @an WFNARQuhitant w'rthl 15@ rfoldt dmddﬁgteir effirdiyesan|IyNEBe atcaprig@4 nM

wil | uired to et2 %.| |seU|vaIent.to /Kg). A
Tt ants of GefeelRien s, 1 noEBn B s R 6t Rt qush &
gener at edmuta]i@tlﬂ@lteh%ll:}f\&ﬁﬁ? abdat OtjlehMﬁvJ'lﬂ beefuilelt N\bet 206, (FNBUFee (WhichEQ DNO )

was 10 nodi f in two am no acid residues, residue 78 histidine and
resi due 1rs@qas/pbna@|61|eg/(<§be Figures 2, 3 and 4, SEQ ID sNO 2, 3, and 4).
This mutant | FNAR2 EC proteins turned out to be a better carrier

speci fi calAl ynitant off ik BNBAR? evithhiasreasedragiiaity tof RN (MJFNAR2) waNgégrathdl e its

af fini ty ovvar mai,ns chan finity mut ants for
| FN 3 wos T h BRI 2 g hRomi et dsarrofc TRt o SRRIPRRL S e 15
wild fy perrbaﬁﬁldqn%o aflifo BE8 WediGueabicaidne ds sm\dﬁﬂermi 988 160 idpardgher eased
affinity of this nutated sol uble receptor (Kd of the H7/8A/ NLOOA | FNAR2

rm'éI an':1 Gop MigreesshS ankdt, oSEQADNGR . 3 &n@ﬂMThlselﬁB@ghIFw EEmiPtensunbound
h
and t her aPL?quﬁé}g%Faa%éu%Fc es i ?cg II%XIr B Hklntobal AARELE Ve

activity o I%enged W' results show al so

that the [rv@l whidé 1ﬂsti‘ﬂﬁﬁﬁ52|th\8alﬁm ([ENdDdeﬂnEiNs aInchﬁlgedJ,UI Theb affinitycofdiet i ons)

obtainable with wild type | FNAR2 EC caul e acconpl.i.shed ng.l ower
concent r affuigs for IFNRArasqiohahie beco, 'ﬁl@ea"@efg’fw? ég ighet tha iﬁahgﬁthew th

mut an{ n%dftgﬁjqeatﬂlea@s Nﬁ%é%%ﬁﬁ?_} Nm%lgé:dt %1%8” @5 &eswﬂgﬁlquérgaﬂmaﬁﬁn@péfjs are

nmutated to al In o r to get 80%of IFN 3
bound (8 thisvnatatdd sdédblaredeZo(Md ofethe HEBIABY 1 GUAOLAN ABR2 flnlltmllt ~SOpM-VE#USN1O0A
| FNAR mut %%tofl \i’T protein = 3nM), enough IFNS remains unbound and therapeutically active,
as evidenced by the anti-viral protective activity of VSV challenged WISH cells
(Figure 4). The results show also that the levels of IFN occlusion (bound IFN at
20  equilibrium conditions) obtainable with wild type IFNAR2 EC could be accomplished
using lower concentrations of IFNAR mutants EC.  The best results are obtained
with mutants modified in both residues, particularly when both amino acids are
mutated to alanine, H78A/N100A IFNAR2, e.g. in order to get 80% of IFNS bound (8
pM occluded and 2 pM free IFN) about 30 fold less H78A/N100A [FNAR mutant is

25  required over the wild type IFNAR2 protein.

This result show that the double mutated IFNAR2 occludes more effectively IFNG and
administration of considerably lower amounts is required to fulfill its carrier activity

towards IFNG.

30  The advantages of using M IFNAR2 EC are that (I) it is possible to administrate lower
quantities (thus technically feasible) of the receptor as a carrier (II) because of the

stabilizing activity of the mutant it is possible to reduce the amount of IFNf3

SUBSTITUTE SHEET (RULE 26)



25 required over the wild type I FNAR2 protein. This result show that the
doubl e mutated | FNAR2 occl udes nore effectively I FNO and adm nistration of
consi der awloy3loswess anmounts is required to fulfill its carmcarnLexdins ty
towards I FN(3. 30 The advantages of using MIFNAR2 EC are that (l) it is

possible to administrate |ower . quantitie t technical ly feasihbl.e) of
t he recept‘bq’mﬁg“héle@af‘?é (aCP“S(eﬂ\’Smllget:éaﬁegé&%fS%f"%e‘gwE}eagﬁ\iv?nzt?cﬁél%c?éﬁ/cﬁ PTof the
nmutant it jnfrReSSir&t@ehiQI e GRrddie immewotiviof by H¥GhutdntSYBSLifIdIbE FRISEET
(RULE 26) WD 03/059950 PCT/|L02/01059 adm nistrated, and consequently to

reduce son&ddf Vi Hat unvwame éeflagiraeorfdigarfers ovhere it Byay dedpauircdde hemer the 1) the
| ner ease. | i 06, Ak Yic 1Y pbABICERAE ok Raif REfkitbES kOudFSmutads G V) that
in sone inflamatory (ﬁ’l’sordgrs, where it may be reqwred( o fower the |FN
concenty at¢frsive hiltagshiPepifivally wiwteds KRN, ditmot BFi2.i ons to use this mutant

as an 5 effective antagoni st specifically towards I FN(3, but not | FNa2.

M FNAR2- EC may be adm ni stered alone to stabilize and enhance the activity

of endogenous IFN(3, this is particularly useful for the treatnent of

patients hg 'FIOHRQ-E@“@ 8€ Ohifiqrdhtion WE&%‘&M??QH&F ahh¥hcEausegbile of

el evation of native I'FN, so that the 10 IFN already be circulating in
t he body forloptmui AFNAdeds mapartialagy fusefl &dr the greaiment of ymiiedls Juage or

dition. .M ENAR2- EC.wi | | . act i ficall end N t |
Cowar ds_ | BN AL Earih Yoig) ren BRARSSECeg CBuSE 6T SBHNETIERT b dit Poget her
with TN et akbagy! SeNGRuPinBBY tREb&ANMOR IS lihRh@U £Vl Eifdd: f BigHfiflg t O

IFN(3 to nodul ate the activity of |FN (3. Prefer‘ablﬁ/, M FNAR2 and | FN(3
used to l1dchehenst er conditoonMIENARZECewbhivit rraerifieadlyerutrdpgemis ¥FdPhnol ogy

required to oduce the i 0 rotein ant EC | F 2 . IFN is
Si (rqn | ar tob”[tE\&S? 38?{3@? oﬁfy@es‘gv‘%@g e*yor Bm:llkvg‘%zy WﬁNE\‘ﬁ/ Icﬁ%ﬁ%gﬁgelﬁd
product i onowkth&hwith 1HRS ?féfé}@%ri N JERB & may b¥A8RBAskfbled vdaleatp boligd Itd-NAR2

nutated 20 in H78 and N10O (MFNAR2) is used instead of the wild type
version. [FAS tonplodolatd thesacsivity sif igNaB MPrefeagidy, MEKNARZoand: SRMP axsed YO bound

conpl e a(gcor,?i ng to the invention is that | ower concentrations of the
| FNARZI)%EC %ﬁlgr“ Cel&g iCPl'gafeX are recomnbmanrt' moslecu?e%.

The technology required to produce the fusion protein of the mutant EC IFNAR2 and
IFN is similar to the technology described for wild type IFNAR/IFN complex
production which is described in detail in W09932141, wherein the IFNAR2 mutated
20 in H78 and N100 (MIFNAR2) is used instead of the wild type version.

The implications of using a MIFNAR2/ IFNB non covalently bound complex
according 1o the invention is that lower concentrations of the IFNAR2 EC are required
and may be used for a variety of therapeutic indications in which IFN by itself is

25  therapeutically active.

These indications include those in which free IFNs have shown some therapeutic
activity, such as anti-viral, anti-cancer and immune modulatory activity. It is expected
that the mutant IFNAR2/IFN complex, by virtue of its greater potency, enhanced
30 activity and/or improved pharmacokinetics (i.e. half-life), will be more efficacious in

treating viral, oncologic and autoimmune disorders.
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and may be used for a variety of therapeutic indications in which IFN by
itself is 25 therapeutically active. These indications include those in
whi ch frewoloBMsyds@ve shown some therapeutic activity, su@eTasozmvis viral,
anti-cancer and i mrune nodul atory activity. It is expected that the nutant
| FNAR2/ | FN conpl ex, by virtue of its greater potency, enhanced 30 activity
and/ or inproved pharnmacokinetics (i.e. half-life), wll be nore efficacious
in treatiwgevi idhiniskired! agi evandhauindrfammeredestor demsplexl Oenn&3/ 0BO950
PCT/ 1 LO2/ 01059 When adm ni stered in_vivo, t g%(j nterferon re tor conpl ex

W h
enhances teavapibByai Phasmasekinetisha dAYOD KPR ,ynérﬂlfﬁop?pﬁ‘ﬁr odyHani cs of
the IFN, thus. nti-ng.. a0t Le Vi Rt r e PRE [PRdUl ati ng
properti es‘mﬁﬁwpﬁe“%gﬁN&tngr%hagl“Sér]dg?errdrnggbr’rrnolﬁ]ecu?dégﬂggrprgg%liSn t he conpl exes
of thespresent invention conprise the amno acid sequence of native IFN-(3
and M FNAR2 (SEQ ID NOs: 2, 3, and 4). The tive sequence is th of a
natural l'y HEdﬁf‘Ffr% ”}?llj?rF&WS LRINESE 40 g‘gﬁeﬁ‘pgﬁéaﬁ%ﬂgggmﬁr@ m HB%CWIS&?%‘? be
readily fouiflohfalBfudnbd 6f Alive SHENYB LM RLIPX AGECWIE 19 0Ll Beargan] @hd ons - 10
are al so considered to be native sequences. The present invention also
concerns anabogsqehcd hetlmboia MtENARDCEGring Swatinalid-pgSuthaseduenaghdse i n

whi ch up to about 30, preferably up to 20 and npst referably 10. am no
acid resi die¥nmyy Cﬁgbﬂé?aéit‘lé(f?”%%‘ﬂége EPT%HBSBP%”‘{@OOCS@”%@% |an""l?l R he
proteims, {Xg8PtodBedld B2 dafivd &8lLchées 78 and 100 which results in a

decrease in the affinity of MFNAR2 for IFN-13 to the wild type | FNAR2

affinity for I1FN-(3. These anal ogs are prepared by known synthesis and/ or
by site-directed nutagenesis techniques or any other known techni gue
sui t abl e tTer gfreest iA0erhiop sisoh camakog aprleger abl the halwova MAEMNARZE BE. ani no

acids suffjcient]y dupljcative of. that qf basic /M F such as to
have subst%‘r‘fﬁ%‘?‘oﬁs éﬁ“ﬁﬁ ‘D%P“%tgc‘c"i ‘()’I“L‘:{} Pnir &0(5’% %$h8§:?era ly u@m%ea%étr%orsrﬁ‘i ned
whet her any. @ip8"1GaAlRIadiaSresiabst ARY baldeltdd8d &gt sabétitiied by AN &
stability ‘as the protein and conpl ex of the invention by neans of routine
exper i Ifenttat pansing oepreps mugptisubjnerssidng Faard sitwhishatwdfstin bilsrmkasyimnd
biologicaly affinity of MIFNAR? for IFN-p to the wild type IFNAR? affinity for IFN-B.

These analogs are prepared by known synthesis and/or by site-directed mutagenesis

techniques or any other known technique suitable therefore.

20  Any such analog preferably has a sequence of amino acids sufficiently duplicative of
that of the basic MIFNAR2 such as to have substantially similar activity thereto. Thus,
it can be determined whether any given analog has substantially the same activity
and/or stability as the protein and complex of the invention by means of routine
experimentation, comprising subjecting each such analog to binding and biological

25 activity tests. MIFNAR2 EC analogs may bind IFNB with at least 15 folds and about
50 to 100 fold higher affinity over the wild type protein wherein the affinity towards
IFNo2 is not significantly changed. The MIFNAR2 EC analogs my exhibit a Kd of
about 30 pM and lower towards IFNB. The binding tests for MIFNAR2 and IFN
interaction may involve analytical gel filtration, optical heterogeneous phase detection

30  (such as surface plasmon resonance [SPR], or reflectometric interference spectroscopy
[RifS] which resembles the widely used BIACORE technique) and fluorescent
spectroscopy  (Piehler and  Schreiber 1999A  Piheler and Schreiber 2001).
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25 activity tests. MFNAR2 EC analogs may bind IFN[3 with at |east 15 folds
and about 50 to 100 fold higher affinity over the wild type protein
wherein twemhfgsety towards I|FNa2 is not significantly eangedio®Bhe
M FNAR2 EC anal ogs nmy exhibit a Kd of about 30 pMand | ower towards | FN(3.
The binding tests for MFENAR2 and.|EN,.inter Lan i.nvol al vtical
gel filt rdfg?"gﬁ‘%“ %ﬁ}ﬁ %Oaﬁ‘plﬁ’éf’vgf‘cggcéﬂgs)H§6ddﬁgécgor%jgx%&e%hgﬁé’%%&(nghncEmgcgh’gﬁrface
pl asnon resRRANCRId SRRLenc@r cb@hs egbRIGEE iifcludd ef fRiiencer sPesisamcopy
[RIfS] which resenbles the w deTy_us_ed Bl ACORE t echni que) and fl uorescent
spect r oscopyrefiRindiigeseqaprteSaisr wibbiptian geptides 1s| plyrusleosdds whiskrcapoba) . 11
WD 03/ 059950.PCT/ | L.02/.01059 nal ogs . 1 0 ' ed in
accor dancemWi”f‘%Jf) hté*"}?fi eget® (?Fral\({/r@lrrllfjl lig'osrlf,ﬂr of fie r?ﬁté Wgéhgéta'}({:@élg E ééﬁgﬁ%gatt@di ng
t her ef ar e, hak@CbidRe &athifbd end ghidedcesprbsshadt ieadihy Focodeigbdelicrigtisegfiences
as substitution gqu,ti des or pol ynucl egtides whic¢h can Ebjﬁ) routi nel
obt ai ned HyO\GHEe COFMisiHi andr sruskyce | seenS¢we &1 el BinaRies ofiddefsin Structure,
experiment@tj an S chi ; gut ga e ein.
For o det s LT R R P e o 28 S 2
et al, Primoicplies PafpeRiest Bi.H. Bteemat B €o, SSphHrangesco VEId3agwhiseareyberkby 1978) ;
and Creighton, T.E., proteins: Structure and Molecular Properties, WH.
Fr eeman &‘C’fﬂ‘l’@éﬁdlbryafﬁ{?ir%ﬁ' (1983), which are hereby incorporated by
reference. 10 For a presentation of nucl eotide sequence substitutions, such
as coddh preferences, see Ausubel et al (1987, 1992), A 1. I-A 1.24, and
Sanbrook et al (1987, 1992), 6.3 and 6.4, at Appendices C and D. 15
Preferred changes for analogs in accordance with the present invention are
what are [kdrQWiteRatalionds alisledtidé 8equetbsiubbitutioms sudiaisedorapiefeeemas, see aci d
substitutions of those in the sequence of the proteins in the jnveption
R 484

may i ncl uddusPRHORS7ahi R Adi dsh 2024miandiSamerepkai gl (RKY ¢ ficient

simlar p i, 1.cal erties that substitution between nenbers of
the gr oup%i’l‘ﬁg%?g@el%\%ec F%O(e)ﬁbi ol ogical function of the nolecule (G antham

1974) ..]5|t is clear that insertions and del etions of amno acids may

Preferred changes for analogs in accordance with the present invention are what are
known as "conservative" substitutions. Conservative amino acid substitutions of those
inthe sequence of the proteins in the invention may include synonymous amino acids
20  within a group, which have sufficient similar physicochemical properties that
substitution between members of the group will preserve the biological function of the
molecule (Grantham, 1974). It is clear that insertions and deletions of amino acids may
also be made in the above-defined sequences without altering their function,
particularly if the insertions or deletions only involve a few amino acids, e.g., under
25 thirty, and preferably under ten, and do not remove or displace amino acids which are
critical to a functional conformation, e.g., cysteine residues (Anfinsen, 1973). Analogs
produced by such deletions and or insertions come within the purview of the present
invention. Preferably, the synonymous amino acid groups are those defined in Table I.
More preferably, the synonymous amino acid groups are those defined in Table II; and

30 most preferably the synonymous amino acid groups are those defined 5 in Table III.
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al so be made in the above-defined sequences without altering their
function, particularly if the insertions or deletions only involve a few
am no aciwe,03059590 under 25 thirty, and preferably under trem/iLexdosho not
remove or displace amno acids which are critical to a functional
conformation, e.g., cysteine residues (Anfinsen, 1973). Anal ogs produced
by such del etions and or insertions conme within the purview of the present
invention. Preferably, the synonynous am no acid groups are those defined

in Table I. I\/bre preferably, the synonynous am no acid groups are those
defined in T% e I'l1; and 30 nost preferably the synonynous am no acid
groups are Ta defl ned 5in Table I'l'l. 12 WO 03/059950 PCT/1L02/01059

TABLE | Preferred G oups of Synonynpus Amino Acids 5 Am no Acid Synonynous
Group Ser E@I‘C”CT*PQTOU@VSYAQW%@‘ﬁ HO A%igs Lys, Gu, Hs Leulie, Phe,

Tyr, Meg, Val, kgtho RE@ & B ('ﬂy Pro 1() Thr Pro, Ser, Ala, Ay, Hs,
An, Thr Ala @y O l, )Vnonﬁ‘n " UR/E Tyr, Phe, Ile, Leu, Val dy Ala,
Thr, Pro, Ser, $§ry IIe I\/E\‘Eer WGl}Ph‘én Val, Leu, Ile 15 Phe Trp, Met, Tyr,
Ile, Val, Leu, Phe Tyr T He Val, Leu, Tyr Cys Ser, Thr,
Cys H's du, Lyg G n, Thé‘%’grgLyliﬂéﬁGH G u, Lys, Asn, H's, Thr, Arg, Gn
20 Asn G n, AsplcuSer, AsnlldPhedw, M&,Val,Hiea, Arg, Lys Asp G u, Asn, Asp

Pro Gly, Ala, Thr, Pro
10 Thr Pro, Ser, Ala, Gly, His, Gln, Thr
Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, Ile, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
lle Met, Tyr, Phe, Val, Leu, Ile
15 Phe Trp, Met, Tyr, lle, Val, Leu, Phe
Tyr Trp, Met, Phe, Ile, Val, Leu, Tyr
Cys Ser, Thr, Cys
His Glu, Lys, GlIn, Thr, Arg, His
Gln Glu, Lys, Asn, His, Thr, Arg, Gln
20 Asn Gln, Asp, Ser, Asn
Lys Glu, Gln, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, Gln, His, Arg, Glu
Met Phe, lle, Val, Leu, Met
25 Trp Trp

30
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AQu Asp, Lys, Asn, Gn, Hs, Arg, Gu Mt Phe, lie, Val, Leu, Mt 25 Trp
Trp 30 13 WO 03/059950 PCT/1L02/01059 TABLE 2 5 More Preferred G oups of
Synony nmous OAsiosesAci ds  Am no Acid Synonynous Group Ser S@CT/IRoxpibés, Lys,
Arg Leu Leu, lie, Phe, Met 1O Pro Ala, Pro Thr Thr Ala Pro, Ala Val Val,
Met, Ile Gy Ay 15 1le lie, Met, Phe, Val, Leu Phe Met, Tyr, Ile, Leu,
Phe Tyr Phe, Tyr Cys Cys, Ser Hs Hs, dn, Arg 20 Gn QQu, Gn, Hs Asn
Asp, Asn Lys Lys, Arg Asp Asp, Asn GQu Ju, Gn 25 Met Met, Phe, lle,
Val, Leu Trp Trp 30

TABLE 2
5 More Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group

Ser Ser
Arg His, Lys, Arg
Leu Leu, lle, Phe, Met
10 Pro Ala, Pro
Thr Thr
Ala Pro, Ala
Val Val, Met, Ile
Gly Gly
15 lle Ile, Met, Phe, Val, Leu
Phe Met, Tyr, Ile, Leu, Phe
Tyr Phe, Tyr
Cys Cys, Ser
His His, Gln, Arg
20) Gln Glu, Gin, His
Asn Asp, Asn
Lys Lys, Arg
Asp Asp, Asn
Glu Glu, Gln
25 Met Met, Phe, lle, Val, Leu
Trp Trp

30

35
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35 14 WD 03/059950 PCT/1L02/01059 TABLE3 5 Most Preferred G oups of
Synonynous Am no Acids Amino Acid Synonynous Group Ser Ser Arg Arg Leu
Leu, lie,whaB/os®@®Pro Pro Thr Thr Ala Ala Val Val dy @cpiLdGoibse |ie,
Met, Leu Phe Phe Tyr Tyr Cys Cys, Ser H's His 20 Gn Gn Asn Asn Lys
Lys Asp Asp Gu dQu 25 Met Met, Ile, Leu Trp Met 30 Exanpl es of
production of am no acid substitutions in proteins which can be used for
obt ai ni ng anal ogs of M FNAR2 or M FNAR2 EC for use in the present invention
i ncl ude any known net hod steps, such as presented in U S. patents RE
33, 653;

TABLE 3

5  Most Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group

Ser Ser
Arg Arg .
Leu Leu, lle, Met
10 Pro Pro
Thr Thr
Ala Ala
Val Val
Gly Gly
15 lle Ile, Met, Leu
Phe Phe
Tyr Tyr
Cys Cys, Ser
His His
20 Gln Gln
Asn Asn
Lys Lys
Asp Asp
Glu Glu
25 Met Met, Ile, Leu
Trp Met

30

Examples of production of amino acid substitutions in proteins which can be used for
obtaining analogs of MIFNAR2 or MIFNAR2 EC for use in the present invention
include any known method steps, such as presented in U.S. patents RE 33,653;
4,959314; 4,588,585 and 4,737,462, to Mark et al; 5,116,943 to Koths et al; 4,965,195
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4,959, 314; 4,588,585 and 4,737,462, to Mark et al; 5,116,943 to Koths et
al; 4,965,195 15 WO 03/059950 PCT/1L02/01059 to Narmen et al; and

5,017, 69IWD®3kems0 et al, and |ysine substituted proteins pcegeotmEosds n US
patent 4,904,584 (Shaw et al). 5 The term"essentially corresponding to" is

i nt ended t hend fth m h t he. .of th
b 0 M FNARBBI RS OO HEa8! Hot T BT Do E s RS EPEIFHED BY 1 st cs

thereof e.gs phs SRRCsdd GraPRaxged binding and affinity to 1 FN3. The type
of changes whi ch ére’gen(gr all'y zonsi dered to fall within the "essentially

correspondi ng to" | anguage are those which would result from 10
conventional nutagenesis techniques of the DNA encodi ng the conplex of the
invention, resulting in a few m nor nodifications, and screening for the
desired activity in the manner disgussed above. Preferabl

" . : E 1 \g/ ttﬁle M FNAR2
porti of of cH&Me oemptsillyepirespanding [ df Mg dheUnREpRTEA analosy BitPRINGL e 55

that of th&, AALiY fhesy - e PRI MEIeARD ¥r BAFNUR S F@WRET dd hergrti or a
vari ant t@r@%} [év!\ﬁ?ecﬁa ag@gaﬂ%ﬁ%&h@ aci d sequence having at |east 70%

i dentity ttbe tlheic chatdctesistes thereafied.sibvspaeidfec amuineat hindsng hed wifivgical

activity t eqf.. More preferabl such a _sequence h I %

i dentity, ]g&rﬁl' ed¥t t@?%of)cf ﬁ‘fg_etsyv,vxgp %sgerﬁfazsefgrbsll%r%fﬁ? ?%gssl?%&% identity
to the natiye,§aAueRFRspodlinf kb resnAct he thke! WNidorwona @fsulthéroaonpl ex,
the core sequence which may be used” I's the native sequence, or a

bi ol odi)cal dopvationyle nfutzzgnesmt techeiqees of ahe aBDNAr eagedingh dree 60mplefi eh thtas an
am no acid sequence having. at |east 70%.identity theret r r.ef erably,
at |east gBYENRNESYlHAGIN %W&&hﬂoﬁgﬂcaﬁ?{ﬁ’ sﬁcyeﬁrr“é] g?%%??%{ealagg\él 95% 25

identity. Susdhmanakagsusdatbibovet ai n the biol ogical activity of the native
| FN sequence or fragnment thereof, or have antagonist activity as discussed

herein below. The term "sequence identity" as used herein neans that the
sequences are conpared as follows. The sequences are aligned using Version
9 of the Gunkeribty, ConPUFNAR 2wt of 80 ARl bbldve al Goge pesEngsrBichry , usi ng

t he def aul BLOSUMG2) .matrix (values -4.t0. 1) with a n._penal ty
of - 135(1 dhe B o 1t o 14 neitvecoeGaes ar i iSejllvole i St eRBE Lrt

variant thereof which has an amino acid sequence having at least 70% identity to the

native amino acid sequence and retains the biological activity thereof. More preferably,

such a sequence has at least 85% identity, at least 90% identity, or most preferably at

least 95% identity to the native sequence.

20
With respect to the IFN portion of the complex, the core sequence which may be used
is the native sequence, or a biologically active fragment thereof, or a variant thereof
which has an amino acid sequence having at least 70% identity thereto, more
preferably, at least 85% or at least 90% identity, and most preferably at least 95%
25 identity. Such analogs must retain the biological activity of the native IFN sequence or

fragment thereof, or have antagonist activity as discussed herein below.

The term "sequence identity" as used herein means that the sequences are compared as
follows. The sequences are aligned using Version 9 of the Genetic Computing Group's
30  GAP (global alignment program), using the default (BLOSUM62) matrix (values -4 to
+11) with a gap open penalty of -12 (for the first null of a gap) and a gap extension

penalty of -4 (per each additional consecutive null in the gap). After alignment,
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penalty of -4 (per each additional consecutive null in the gap). After
alignnment, 16 WO 03/ 059950 PCT/1L02/ 01059 percentage identity is

cal cul at ealolwg/o899pr essi ng t he nunber of matches as a percemcageo2/mbsot he
nunber of am no acids in the clained sequence. Anal ogs in accordance with
the pr eserﬁerdenmemdegnwma@hmdb@ éi@k@iiﬂ% fizchuniber Bf BREMESANS Perdtiithed he
foll ow ng procedure. Wth respect to either the MFNAR2 portion of the
conpl ex oroftirenynpiigr gbpmirgrcists in the cleompd 83queRdse DNA of the | FNAR and | FN
sequence are known to the prior art and is either found in the literature
cited in the background section of the present specification or can be

readily located by those of .ordinary skill in the art. Polypepti.des
encoded by Hi&5n I"éF(_Hgérlﬁed}””gu@'ﬁ B’éegwnﬁ?’?tlo(“) W?{S%?ecff}eﬁ%ﬁegi Je to the
conpl egent, Ofqi e Rahi 4 fINOwWRTy BRAcandewiti gldpkct & kithaetde MIFNRdEr ately
stringent conditions, as long as that pol ypeptide maintains the biological

activity ghrtideofitht remplsrguehedENgortiomofithe complex ghe D} ok theHENARaitit ai ns
L Do PR B M PR e M N e g R RER RadRTRION ot ©

activity, ( 0 A e 'scope _ resent
i nvent i on.paderosid dtbembof @RNsteicnoRsECiticafi@t 8r t4h by Badlly 2@hiedrbyamdsesabsequent
washi ng conditions, which those of ordinary skill in the art

convent i omadlingryrilbin ths s Podyneplidss incodedey” any,auphee agid, sitch asddNAepk

Pr ot l's 4.0, M) | ar. Bi ol | . 6.4
(1687 01 oA AESAREAREO AP sp P OLE RELETeA RRNA uiRgPnBRY 5 0
Mani ati s, sfringedO&ShoddrheBtanigetl eoniditins AasLlabpaathar yollpeptidt maGahids pr i ng

Harbor 20 Laboratory Press, Cold Spring Harbor, .. Wthout limtation,
exanpl es dfolagicilmsiiity o6 Hfi BatiynSequsara e ipRensase of S ¢ifhsh&AIBINS HE el ow

the cal cul ated Tm of . ' i2, and;0. 5% SDS
for 5 ni nu"t“?a'g?‘ci'n%g‘é%:%gr%ﬁ% @‘Bgﬁm?‘h?gg%og@togsse?seé.aﬁtagmgég And O 5% SDS
at 37C forar80a60 rdonsitlesd angd tbernyitin 0.tHe xsGPE afid the SPreSBB ahveBGnf or
30-60 25 m nutes. Those of ordi narg ski]l in this art un tand. t hat

n M e n M er S
st ri ndéncy SEBSeR!t FAItions s detete ffe RUDHHZ1198 Préinél‘t??eﬂ)‘fenf H}éﬂsgj{]& SHYtEHCes,
ol i gonucl %iklg‘?h(fgé qgeérd(nﬁﬂp BkiftSin 1s 42 c&@%%maﬁ% B1ex 86 9! GBI e9dd de
probes. |If m xed probes are useg, It is preferable to use tetranethyl
anmoni um chisobélde {ITNGGent ixbteaals ah ESEculse Bidlogu bsebra, Joggrssience, N.Y.,
§86.3 and 6.4 (1987, 1992), and Sambrook et al. (Sambrook, J. C., Fritsch, E. F., and
Maniatis, T. (1989) Molecular Cloning: A Laboratory Manual, Cold Spring Harbor

20 Laboratory Press, Cold Spring Harbor, NY).

Without limitation, examples of stringent conditions include washing conditions
12-20°C below the calculated Tm of the hybrid under study in, e.g., 2 x SSC and 0.5%
SDS for 5 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x SSC and 0.5% SDS
at 37°C for 30-60 minutes and then, a 0.1 x SSC and 0.5% SDS at 68°C for 30-60
25  minutes. Those of ordinary skill in this art understand that stringency conditions also
depend on the length of the DNA sequences, oligonucleotide probes (such as 10-40
bases) or mixed oligonucleotide probes. If mixed probes are used, it is preferable to use

tetramethyl ammonium chloride (TMAC) instead of SSC. See Ausubel, supra.

30 "Functional derivatives" as used herein covers derivatives which may be
prepared from the functional groups which occur as side chains on the residues
or the N- or C-terminal groups, by means known in the art, and are included in

the invention as long as they remain pharmaceutically acceptable, i.e., they do
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30 "Functional derivatives" as used herein covers derivatives which may be
prepared fromthe functional groups which occur as side chains on the

resi dues woronkmwsiN- or C-term nal groups, by nmeans known iPaTihe/d039, and
are included in the invention as long as they remai n pharmaceutically

acceptabl e i oo G 1,0 DTORIRRBET 87 1655 mpot o605 he

bi ol ogi cal Y, € correspondi rot €i the co ex as
descri bed deesritict harth ahed dwhot@onfeetoxicoproperfiéo@ecdm@sitmns canposigtii ons

containing it or the conplex made . therefore. rivatives. my have chem cal
noi et i es, (’ilhlé‘hCCH%P]e’&WB%&fﬁﬁeeDﬁfﬁv%‘H%%‘ﬁéﬁéverDé@Fm?i§3°‘ﬁ:§1‘°’6 ugkas such a
fraction NagdhlfuRaBP ondsfihl AIGGE, A6tk WheRNdrhaal s BRasdmeeut ical |y
accept abl e. For exanpl'e, "derivatives may I nclude aliphatic esters of the
car boxyl dfiolbbieal acavivpxiy regradusphameanctdes!iphiceepeblear boxyl groups by reaction
with anmmonia or wth primary or secondary am nes, N-acyl derivatives or
free amno groups of 10 the amno acid residues formed wth acyl noieties
(e.g., al kanoyl or carbocyclic ,ar%yl lgroups) or O acyl derivyatives of free
Cot

hydr oxyl drosugxameleg. derivpfittes gnay éclude liphatiy egpss| ofr b Grikasy! Pbthed with acy!
moi eties. Such I vat | y: ' f anph lyet hyl ene

gl ycol si cféIH ¢ )‘éﬁgéo,u}ggmﬁl%’ﬁgsnam;mﬁ;% é(k{] %ogﬁ?g ys’?%%fs% andqgﬁﬁ%gt he

r esi dence oifth pHmacoopkeondiry tahengspNtdoyhdedivueivendr frae bogho gloupslef 15 The
term"fused protein” refers to a pol %Eept i.de conﬁLi Si Eg an M FINARZ, or

M FNARD Ectheprmioxeid sgidyes fomgduih achemanties (et <Oy hOLRHEF Gr ot ei n,

whi ch, e. g..,N ! ; d&fﬁ j i of lthii&F se AN oM FNAR2 or
M FNAR2 Edr%fq§ﬁgoﬁ§ ﬁgg%“{aﬁgsnot %rﬁyg?%%gﬁﬁggglgysesti (ig&or(') the liKke,
e.g., 20 taronhyinasidgdsplbariied varh &yf magpientSuch eledvdtivepmafy ralsgniselude accor di ng
to the present inventi og rraey E’gls .ge a.fr%nt of FI}IARZ QL M FNAR2 EC.
The term ffPéﬁﬁﬁﬂE]_ef%‘?lé?t yep ghy ﬂf’s’@lﬂa”& TSI BE e RG! f%, a shorter
peptide thah erx?etnﬁ'tﬁé dsinlest e oRipRixO&H halpoR b Yhdrdof infboagTRIdsS May
readily be prepare lgy removing amno acids fromeither end of the 25

M FNAR3 nol ecul e and testing the resultant fragnent for its properties to
bind to

The term "fused protein” refers to a polypeptide comprising an MIFNAR?2, or
MIFNAR2 EC or a analog or fragment thereof, fused with another protein,
which, e.g., has an extended residence time in body fluids. An MIFNAR?2 or
MIFNAR2 EC may thus be fused to another protein, polypeptide or the like, e.g.,

20 an immunoglobulin or a fragment thereof.

A "fragment" according to the present invention may e.g. be a fragment of
MIFNAR2 or MIFNAR2 EC. The term fragment refers to any subset of the
molecule, that is, a shorter peptide that retains the desired biological activity.
Fragments may readily be prepared by removing amino acids from either end of the
25  MIFNAR2 molecule and testing the resultant fragment for its properties to bind to
IFN-B. Proteases can be used for removing one amino acid at a time from either the
N-terminal or the C- terminal of a polypeptide are known, and so determining
fragments, which retain the desired biological activity, involves only routine

experimentation.
30

As active fragment of an MIFNAR2, analogs and fused proteins thereof, the

present invention further covers any fragment or precursors of the polypeptide
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| FN-P. Proteases can be used for renoving one anmino acid at a tinme from
either the N-termnal or the G termnal of a polypeptide are known, and
so det er nwoioa®39960 agnent s, which retain the desired bi ol ogcaaLozmdivity,
involves only routine experinentation. 30 As active fragnent of an

M FNARZ, angl,pgp (i@nghotdds &fbIPERE §ldAS &h@é&&fﬁwﬁlﬁ‘%sso@fa@eﬁeﬂxbléc{?%@%tr' on further
covers any fragnment or precursors of the polypeptide 18 WO 03/ 059950

PCT/ | LO2/ Ot6i80es iiiiairtherktd, leeg. psugaedn phaspbaelresidiesner aggregsrst dfethewi t h

associ ated nol ecu| es or  resi thereto,. e.g.. ar. .or phosphate
oai dues . WPERLGP LR 08 s Seherts Ryl G g igFd Fiid SBEOR Bhsl dues by
thenselves“mg,Qy“gegnﬁghgntﬁﬁgnent has substantially simlar activity. 5
The term "salts" herein refers to both salts of carboxyl groups and to acid
addi ti salts of am no groups of the conplex of the invention or anal ogs
thereof. Salts of a carboxyl group may be forned by neans known in the art
and include inorganic salts, for 1() exanple, sodium calcium annnniun]

ferric or zinc salts, and t ani ses those
f or ned, foTh‘e‘ké{‘r‘rpT alfs" PETENR T ﬂ‘l‘%@é’(ﬁkﬁ‘gﬁOS%anP‘?’iyégFPé'%f‘%ig CFa(gﬂ nnslan

l'ysine, pi me{nm% uﬁmppBpﬁ@lceﬁlp@ead)ftnkeemwmn oﬁahaogsdﬂesebpm@bftzscmmymde f or
exanpl e, salts with mneral acids, such as, for exanpl e, hydrochloric acid

or sul furigoupaag, bamdrmsal bs mﬂdtlh kopyarii dhfa@rtd@d wbweagorgﬂ@iﬁ Sé‘ié%mfﬁre
acetic,acid or,6 oxa

h
subst alit i aP¥PPls: ﬁ?‘% By 61(‘:18 UHblaglgfonéé?’lut{?”C oreh Ctsrs?ﬂg an%%‘% §1)<( 038 tF‘:‘gsv\?rtlventl on

or its anahQ@sic bhfe dseihdse Pordleagtcradxaapld, \Wlttyamﬂﬁ:sum fxefrtianolamine,
|nterpreted as follows. Insofar as the MFNAR2 is concerned, the |nportant

bi ol ogi cal argiineven lysuns, piperidipg | progeineoanst Hg liks. mmbad@zbowsaﬂﬁ nAlufeAoed
affinity. Thga)%e ?s wﬂﬁ n?xrner\éfj‘ &8‘? F%h gsa!fcgr ex@P&r dn ﬁlz o r(} Vs%tth@S must

be those cHd JHEiht inter ng a ity. This

can be tesi®d Jday smwwne)rgnnrtdm@ 36haak, ﬁxmammenmnc|amdam1cb>4aho|a¢1df@agments
of the MFNAR2, or anal ogs thereof, can also, be used as_|on \g as tg
ret ai nl% hefqurictaay f sichnsalts must have substantially similar biological activity to t

complex of the invention or its analogs.

The term "biological activity" as used herein is interpreted as follows. Insofar as the
MIFNAR2 is concerned, the important biological activity is its ability to bind to IFNf
20 with increased affinity. Thus, analogs or variants, salts and functional derivatives must
be those <chosen so as to maintain this interferon-binding ability.
This can be tested by routine binding assay experiments. In addition, fragments of the
MIFNAR2, or analogs thereof, can also be used as long as they retain their interferon-
enhanced binding activity. Fragments may readily be prepared by removing amino
25 acids from either end of the interferon-binding polypeptide and testing the resultant for

interferon-binding properties.

Additionally, the polypeptide which has such interferon-binding activity, be it
30 MIFNAR2, MINFAR2 EC, an analog , functional derivative, fragment, can also
contain additional amino acid residues flanking the interferon-binding polypeptide. As
long as the resultant molecule retains the increased interferon-binding ability of the

core polypeptide, one can determine whether any such flanking residues affect the
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enhanced binding activity. Fragnents may readily be prepared by renoving
am no 25 acids fromeither end of the interferon-binding pol ypeptide and
testing twe oseabt ant for interferon-binding properties. paadidazoosl |y, the
pol ypepti de which has such interferon-binding activity, be it 30 M FNAR2,
M NFAR2 E an anal og,, ,functional .derivative,. fragment,. I .contain
addi t i onal%”zifﬁ ABd a9y rcé’élfa&ffégtl(fsl gﬁkﬁﬁgcqrﬁepelprtﬁdge’r ?‘g'r’ olrt1§- bllmgé Fﬁ’g'bﬁ)g 1?/%epti de.
As long aghatherk8&Ubl 36kt TERIxpEsthentitIniTRS tdrie" consstapsaskntiall ¢ of 'emden bi ndi ng
ability of the core polypeptide, one can determ ne whether any such

f1anki ng resirdugdo af dpasifiachsequencevmeass ol osiliteoy) flapking 195igueshedli €€ and

novel S e ST LALY ) 8 LSRR s 7 A SRR ang o

essent izl | yhiof (crmWeR nétetenpichghd eutatiapieas,f ddeti@rquendditioneanicin Hae

addi tional flanking residues can be present which do not affect the basic
and novel wR&iserEeses. ¢ of the specified sequence. 5 This term does not
conprehend substitutions, deletions or additions within the specified
sequence. VWile M FNAR2 or M FNAR2 EC have been used throughout this

mor ol y 1 he WREralFRaR e e RIFERIEC kb Sed B BRIEHR Y shiRlon' oty <
par ti cul ar fh¥ ekdmplextit doeld vel ibide d@EBIHML iR rherelyshdpletigetRaampiant thdt FNAR2

or MFNAR2 EC. Wth respect to the interferon part of the con&l ex of the
present!) i nhedFNOR T subpenitpharsl pstiedaryaiss ExtracoliWal domais mapdereh{QgeHEE in any

anal og, functi [ Vatd 5 fusion protein or fragnent is the
activity owﬁﬁﬁ®gﬁk¥gf?%¥@%N¥e ﬁéé upon for the intended utility. In nost
instances, this will be the ability to bind to a native cell surface
receptor and thereby nedi ate signal production by the receptor. Thus, any

such anal ogyiih d@pdyabi e MferfefA0pRMtof SO WothgI® BF ahé pretehit irveepdmrthagoni st
activity to be useful in the present invention for such a utilijt On the

ot her handbiologidak agtdvityt imiich st b magnt@igethay @ny %\%c@!ft@“ﬂﬂ%we&ﬁ’fﬁé&@ni st
e vl Ol PR A R A6 e LSRR P et
benefi ci al ugiif; SGtmddy in¥R@Bss, €fis WiEbcheRbitiry ©fbiade prgisertll smfantémptor For
sueh util] ;[uide?hérenby mediate signal production by the receptor. Thus, any such analog,
derivative or fragment should maintain such receptor agonist activity to be useful in
the present invention for such a utility. On the other hand, it is sometimes useful to
20 have a molecule with antagonist activity on the receptor so as to prevent the biological
activity of native interferon. Such an antagonist can also be used for prolonged
beneficial effect by means of the complex of the present invention. For such utilities in
which it is desired to eliminate an undesired effect of interferon, analogs which are still
bound by the receptor and by the IFNAR portion of the complex but which do not
25  mediate a signal and block signal generation by the native interferon on that receptor
(ic interferon antagonist), may also be considered to be biologically active for the
purpose of this invention and to be encompassed by the term interferon when used with
respect to the complexes of the present invention. Straightforward assays can
determine whether any such analog maintains such receptor agonist activity or has

30  receptor antagonist activity and would, thus, be useful for one of the utilities of the

present invention.

20



which it is desired to elimnate an undesired effect of interferon, anal ogs
which are still bound by the receptor and by the I FNAR portion of the
conpl ex bwD ostosko do not 25 nediate a signal and bl ock si gaaliLgeoiessati on by
the native interferon on that receptor (i.e interferon antagonist), may

al so be considered to be biologically active for the purpose of this

i nvention and to be enconpassed by the terminterferon when used with
respect to the conpl exes of the present invention. Straightforward assays
can determ ne whether any such anal og mai ntai ns such receptor agoni st

activity ofphggsdf ihGGEBR AsoPRIAGOBI TNAGE YNk @:ﬂ@d%ﬂ%%@FNARQSEC kg usef ul
for one of the utilities of the present invention. 20 WO 03/ 059950

PCT/ | LO2/ 0DOB9enchHmgphesemo adid eerucasesdh SEQIBNAIse 2, 8 andidrors egless @ad

encoding M FNAR? EC e.g. encoding_the ami no aci,d uences. |

SEQ DNGs: h@:‘g%“ﬁthh%e%*r Bnelgd (bﬁ% g“%‘?rég?%ﬁf%g SHek é%?ﬂ SERer or pa
vectors cagypitR@nsuchh DNAuggSIEence®kigbtic EXPiressk@kurydlicsui thakdl e pelskar yoti ¢
or eukaryotic host cells. The ability to generate |arge quantities of

het er ol ogous proteins using a reconbinant protein expression system has

|l ed to the.devel. nt o i 1.he i = and EPO
( Edi ngt on, T C9§l§;'.9yp qgeh%ensglh }é?ée @)ﬂ‘%}lé%s%;tg%q olsO g@?@ﬁ%ﬁ%ﬁa?e&%ﬂ%ﬁﬁém

prot ei ns cpmdide cgnosiat edtehange ledronthprdekaopmdt ofivarions diempgetigagenbmct eri a)
(dins, 1993), through | ower euka,r%ot es (e.qg., yeast) (Rat ngfr, 1989) to

hi gher [0 eukar yidiA cindpERPeEdingten, 19Redhe FAHOWRRRRIEISION BB JTQRERy

1993; Reff,, ) ‘ : AR rqyedphe -

i ntroduci n&cﬁgﬁm%ggﬁ%ggg?&{%?&a?lgg [f){ogit riogzprg?“él ir?llt(:ao erest '?‘h%’%&?ﬁ‘z chosen
cell type (Olinsa 199ay)sihenighoiovadrabliarfaashi@g., w@sstanRaimt,edpsl)ecd drglepi sonal

el enent) and using the host transcriptign, translatio n t rtation
machi _ne%y %%*‘W@F%E‘%‘&Sﬁgvﬂﬁiﬁc‘i Wrraaﬁwéhartf@&53§aﬁV§ﬂxe{b§3} geffh{e@?g‘lg‘)%gpus
protein (KgoMpg Qt%ms'relygfp'og?% ?f{nﬁ)et Qri%gaé@e f %tr&dﬂ@ilngrtf‘?éjﬁlfﬁ%@ uehcel &RADI nant

het er ol ogous proteins a esc (Ausubel “et al ., rrent Protocols
i n Mol Ecul pioteBi of ogryrestGneetiee Ehdsén celf itypes (in anttanaidne pr Istabbr fxshionces aNew

York, NY, 1987-1995; Sanbrook et al., Mlecular G oning: A Laboratory
VAl | Colt ST MG SRR BT aB] S B i SR, (anSARSH 3h
transportation machinery to over-express the introduced DNA sequence as a

heterologous protein (Keown, 1990).

Various protocols for the production of recombinant heterologous proteins are

20 described (Ausubel et al., Current Protocols in Molecular Biology, Greene Publications
and Wiley Interscience, New York, NY, 1987-1995; Sambrook et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor,
NY, 1989).

In addition to the expression of native gene sequences, the ability to manipulate DNA
25  at the nucleotide level has expedited the development of novel engineered sequences
which, although based on natural proteins, possess novel activities as a result of the

alteration in primary protein structure (Grazia, 1997).

Moreover, chosen sequences of DNA can be physically linked to generate transcripts
30  which develop into novel fusion proteins where once independent proteins are now
expressed as one polypeptide unit (Ibanez, 1991). The activity of such fusion proteins

can be different, e.g., more potent, than either of the individual proteins (Curtis, 1991).
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NY, 1989). In addition to the expression of native gene sequences, the
ability to mani pulate DNA 25 at the nucleotide | evel has expedited the
devel opmewD osfosqesvel engi neered sequences which, althougrcrasedios» nat ur al
proteins, possess novel activities as a result of the alteration in
primary protein structure (Gazia, 1997). Moreover, chosen sequences of DNA
can be physically linked to generate transcripts 3() which develop into

novel fusift cpradingihifsatioh et eANARL E@&@lﬂﬂﬁ:@hthupmnﬂENﬁSnz@rte deoiwed Expressed as
one pol ypeptide unit (1banez, 1991). The activi tk/ of such fu(s/ cglg rot eins
can be di fedusHen paocgss, whigheusss thenmammalipn Epinges hagmstenpyaph il Al 2%r ot ei ns
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M FNAR2 E uman roma production process,
whi ch LﬂseSntIh&ungﬂmmlnnaaUtGhme]saemammcer(Smwary9&f®| hnd @h’@)an A€ hridiogioispsed i n
interferons can be exp

EP220574. resse n a variety of ho ells 5
i ncl udi ng Bééi ¥ s M NARGo7 2. f”it‘s’i‘??@&ﬁ’e(egﬁ'fr?ﬁ befé@@f“&ﬁ‘&’“ﬁdﬂ%ﬁhoc
(Chri st of ijpjq MR R MeCNARR g er gof pry be
expressed ]{tysfshﬂl 1;%23 %_r‘eouobfLéf) cel l jvlgor secgfelg(?od;?n%f rKg/Inilzl\ll\ilf‘bin%Z E%f Pr om CHO

cells, M RmmcEﬁ)d&)rﬁAhgsequtenbesaqaynds@f Ithegtatresah growttheorswge eigoe R@PU@@he human

U R e N T T

expr esgped @Hﬁ%@ﬁ/ﬁw&m EQ, AAF bEELREssEX IRERTNN i bateB explestibh aeans 1996) .
The invention also relates to a pharnaceutical conposition conprising as

active indcedicent1®N). M FNAR2, M FNAR2 EC, M FNAR2 EC/ | FN conpl ex or

anal ogs, 15 fusion proteins, functional derivatives, fragnents thereof or
m xtures thereof or salts thereof and a pharnaceuti cal accept able carrier,
di l uent or_excipient. An enbodi rren of the pharnaceuti cal. E’gos'.ti on of

the i nventT‘t?n”lVﬁ?ztI'QPdéléO a[elﬁﬁ'értﬁac?eﬁ JrERreuticRln RS L F‘?)‘Ppré%% S6"YFN type
action, Qnsﬂa&ew SR NRRUARD, WIFRAKY BEaMEFNARD 3H/IFN CBRpRK 6:*1%34’@6; in

i mmune nodufation therapy e.g. iIn autol nmune di seases and ot her

appl i dat i dinsioofpréteingrfiiectomns! daxivatydsokagreents etheeetiot mextates the‘rm:f or salts

ggﬁ{ rr:'lag;a :.Jtél‘li?rg{). ﬁvlnyol?zlr;[nlagenustlcglf ac%gp%alglg \éa?rrgl%} Wi %orxe p?er ? An @hbodiment
of the pharmaceutical composition of the invention includes a pharmaceutical
composition for enhanced IFN type action, in the treatment of viral diseases, in anti-
cancer therapy, in immune modulation therapy e.g. in autoimmune diseases and other

20 applications of interferons and cytokines related thereto.

The pharmaceutical compositions of the invention are prepared for administration by
mixing the an, MIFNAR2, MIFNAR2 EC, MIFNAR2 EC/IFN complex or analogs,
fusion proteins, functional derivatives, fragments thereof or mixtures thereof or salts
25  thercof with physiologically acceptable stabilizers and/or excipients, and prepared in
dosage form, e.g., by lyophilization in dosage vials. The method of administration can
be via any of the accepted modes of administration for similar agents and will depend
on the condition to be treated, e.g., intravenously, intramuscularly, and
subcutaneously, by local injection or topical application, or continuously by infusion,
30  etc. The amount of active compound to be administered will depend on the route of

administration, the disease to be treated and the condition of the patient.
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m xi ng the an, M FNAR2, M FNAR2 EC, M FNAR2 EC/ | FN conpl ex or anal ogs,
fusion proteins, functional derivatives, fragnents thereof or m xtures

t her eof owogals®s®5 t hereof with physiol ogi cally accept ablPpeTareibiozer s
and/ or excipients, and prepared in dosage form e.g., by lyophilization in

dosage vi ag‘ﬁe J%n@ﬁtﬂa%fs% ﬁgl%ﬁ“f%P rﬂieatﬁﬁn%fl au%mmae bk gulaﬁ Accept ed

nodes of adm nistration simlar agents and w | depend on the
condi tion moltilpb; tﬂclea:iSSd rheurgatpidi atthetise noyssthenia rgtra‘vatnuél@bﬁteﬁr,l NﬂPUhW@d

subcut aneoysl oca nj.ection or.to ti or con nuously
by i nfusio Cré‘d)" O&'“qTWBmBH%ﬂmambrf’St&’é‘toi"\?g 3 tg%g%ﬁhceﬁg/ ‘ﬁg C&Hema?\]f)lé? &fed will
depend on tnhqwnmmvofwmﬂmrMIFmth IwE /NS @8MPlekOoPanilbgat fadioand t he

condi tion of the patl ent. 22 WD 03/059950 PCT/1L02/01059 The invention

rel ate$ t opreimsotintioenal deratatiers fragments dherpefms nixisessbereafirialisthesspf-ti pl e
sclerosis, rheumatoid arthritis, nmyasthenia gravis, diabetes, |upus and
ul cerative colitis, conprising amnistration of a theurapeutically

ef fective amount of an, M FNAR2, M FNAR2 EC, M FNAR2 EC/ | FN conpl ex or

anal ogs, g @0edhioprretek iemethod €dr tevagherndef b vizhli diease fuchgsgninslotaeruwsof or
m xtures thereof or salts thereof. The invention relates to nethod for
treat ment @fcase, mndylomaswgémwem%n@? AHYPEHh PaRIdomAi08is o 8Pt YA oa

acum nat unahr% ﬂvﬁgfcc %Qﬁﬁdtlg@'ahé QIRE QSIS ch ﬂ&xh% Iashifis@4tionCHF QNi C

infection w Vi ruses, cofrprls mnistration of a 10
t heur alp)eutth@&rh,quneiliﬁ@tﬂemeveaamuum of aan MWNWZMIMNRMRECECMIMERIZ\RZ

EC/ I FN conE)I ex or anal ogs, fusion proteins, functi |. derivatives,
fragment s CERENespmBIEX rﬁ’rxtaﬁzi’l%%S » t H8I0B oPIOfNS “f’%“oc[’ﬁEr‘ng' ativefe TAZIENT| on

relates tqy {:&f%fx%re“h%ﬁbf'&%lté)fhei/e%'f' ous types of cancer such as such as
hairy cell em a, Kaposi's sarconma rrul tiple nyelom, chronic

myel ogeno rising
ani ni st raﬁhoen'n%?ntigﬁt*ﬁfé%i%gﬁ e e P SR T

M FNAR2 EGs anﬁl\WleuEﬁxiaFMap@mr’plsexoma mmai;xhcgmyefamm ehrgniotrgelegendugnct i onal
derivati ves, fragrrents t.her eof or mxtures thereof, or salts theregof. In
the abdve lAekaigdsnemBodginFNARPhomR FNARS2EemMa ) eRIRESINE AMVENIREMLPER 20 or

anal 0gs, - 5] QfublcllPeienfUBRbLANGE HSNIFNARESMIFRARTPRES MNNARD OF

m xture
EC/IFN complex or analogs, fusion proteins, functional derivatives, fragments

thereof or mixtures thereof or salts thereof.

In the above methods the , MIFNAR2, MIFNAR2 EC, MIFNAR2 EC/IFN complex
20 or analogs, fusion proteins, functional derivatives, fragments thereof or mixtures

thereof or salts thereof may be administered together with IFN, preferably IFN-.

A "therapeutically effective amount" is such that when administered, an, MIFNARZ2,
MIFNAR2 EC, MIFNAR2 EC/IFN complex or analogs, fusion proteins, functional
25  derivalives, fragments thereof or mixtures thereof or salts thereof results in
modulation of the biological activity of IFN-B. The dosage administered, as single or
multiple doses, to an individual may vary depending upon a variety of factors,
including the route of administration, patient conditions and characteristics (sex, age,
body weight, health, size), extent of symptoms, concurrent treatments, frequency of
30 treatment and the effect desired. Adjustment and manipulation of established dosage
ranges are well within the ability of those skilled in the art, as well as in vitro and in

vivo methods of determining the activity of an, MIFNAR2, MIFNAR2 EC,
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protein on a body 5 weight "basis than will Intravenous infusion. Free |
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for nul at | £ 1E? i BHE ent
or et Lo o M oK VAENAE Rl B e RO el =
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type versi®n Suaeiorstabdizing-pyes thenwild ee epipiopriagtentor IONP gehierePy et i ts use
in IEN(3 formil ations.can ser t ] I -and tf@ﬁre obvi at e
t he necessoﬁwmgf'z‘é%olndi”g &Srlﬁu@tﬁi %r@.hﬁ 81[(1:%?%} %\%ﬁ?,tggga%g%a% i cB e
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t her eof orPhaEM#csuti¢ahSoRPPSItian ARt it 2Bt NEFNARYy MIENMERG ESha0manalaesi cal | y
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20 EC/ | FN tbanpt, edongividinahagsnventisha phpmetceitivally cmeptableratipatsi isaldoves,

fragnents t hereof X )
part of the present invention.

The present invention also concerns uses of an, MIFNAR2, MIFNAR2 EC, MIFNAR?2
20 EC/IFN complex or analogs, fusion proteins, functional derivatives, fragments thereof
or mixtures thereof or salts thereof for anti-viral, anti-cancer and immune modulation
therapy. Specifically, the mutant interferon receptor and - mutant interferon receptor
and interferon complexes of this invention are useful for anti-viral therapy in such
therapeutic indications as chronic granulomatous disease, condyloma acuminatum,
25 juvenile laryngeal papillomatosis, hepatitis A and chronic infection with hepatitis B

and C viruses.

In particular, the mutant interferon receptor and - mutant interferon receptor and
30 interferon complexes of this invention are useful for anti-cancer therapy in such
therapeutic indications as hairy cell leukemia, Kaposi's sarcoma, multiple myeloma,

chronic myelogenous leukemia, non-Hodgkins's lymphoma and melanoma.
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or mxtures thereof or salts thereof for anti-viral, anti-cancer and imune
nodul ation therapy. Specifically, the nutant interferon receptor and -

mut ant i rveroBeswen0 recept or and i nterferon conpl exes of tRCI/ILevENIY Oon ar e
useful for anti-viral therapy in such therapeutic indications as chronic
granul omat ous di sease, condyl oma acum natum 25 juvenile |aryngea

papill omatosis, hepatitis A and chronic infection with hepatitis B and C
vi ruses. I"r‘hcpanmcim:LihalrfercmheeCﬁpmamhdi ﬂmnﬁrériorﬁrfeewemcmptoamd- migreenen
interferon receptor nd 30.interf ¢9 | exes of thjs. .invention.are
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cell | eUKem(ﬂmnmg(?l%ea§SS@% i W&l&ﬂo@ilserh@%(ﬁht%[marthrﬁﬁrﬁ hghdi£LAGRNOUS

| eukem a, non- Hodgki ns's n% nel anoma. 24 WO 03/ 05995

PCT/ | LO2/ Qli&S:s, Mhes, ntheimvelcrmﬂles feeor on receptor and - mutant interferon
receptor and interferon conplexes of this invention are also useful for

i mmune nodul ation therapy, in autoi mmune diseases e.g. multiple sclerosis,

rheumatoid arthritis, nyastheni ravi s di ahetes, lupus, ulce ive
colitis et dn 2UAMIMYNSi RSP o §?51|‘sg%§° i ‘é’hlﬁgélpé?ésggé “i"ﬂ“’\%ls}%e”é% gon

i mune Sysintttqgolﬂﬁ%p§ert@vn ablRCtheNinfn@te RfenPWRaRMtibddI& hg’ﬂﬂ%f“iﬁts%{ em

creates antibodies against its own tissues. Virtually every part of the
body is sussepst Vbtuaally@valyi padtod therhede isgiusesptible.to ADamhinmunesdisorder: er f er on
receptor and - mutant interferon receptor and interferon conplexes are
al so ugeful for treating neurodegenerative di seases, preferably multiple
sclerosis. 15 The invention further relates to a pharnmaceutical conposition

conpri si NGTR muthtF W FeroMERPRE &€, - MxﬁM%teEQran%&ﬁmplm Ointedf@rOYS,

fusion proteins, functional derivatives, fragnents thereof or m xtures

t her eof orcoswllexss nteerlsmpsefultfor eatipp aenedegrneraive disapresirreferbbompltipld ng an
expreSS|on ector, in particular a lentiviral gene therapy vector
expre55|ng G wm FNAR2 M FNAR2 EC, M FNAR2 ECYIFN 20 conplex or anal ogs,
fusi on proteins, fragnents thereof. The ternms "treating" as used herein
shoul d be understood as preventing, inhibiting,

IS  The invention further relates to a pharmaceutical composition comprising an,
MIFNAR2, MIFNAR2 EC, MIFNAR2 EC/IFN complex or analogs, fusion proteins,
functional derivatives, fragments thereof or mixtures thereof or salts thereof , to a
pharmaceutical composition comprising an expression vector, in particular a lentiviral
gene therapy vector expressing an, MIFNAR2, MIFNAR2 EC, MIFNAR2 EC/IFN

20 complex or analogs, fusion proteins, fragments thereof.

The terms “treating” as used herein should be understood as preventing, inhibiting,

attenuating, ameliorating or reversing any or all symptoms or cause(s) of the disease.

25  Having now described the invention, it will be more readily understood by
reference to the following examples that are provided by way of illustration and

are not intended to be limiting of the present invention.
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attenuating, aneliorating or reversing any or all synptons or cause(s) of

the di sease. 25 Having now described the invention, it will be nore
readi |y uwoasssoed by reference to the foll ow ng exanpl es pitaLozriesypr ovi ded
by way of illustration and are not intended to be |imting of the present

i nvention. 25 WD 03/059950 PCT/1L02/ 01059 EXAMPLES 5 Exanple 1: Protein
expression and purification. | FNAR2-EC (extracellul ar domain) and | FNa was
expressed in E. coli purified by ion exchange and si ze-excl usion

chromat ogr aphy as descri bed (Piehler & Schreiber, 10 1999A). The | evels of
expression of | FNAR2-EC nutants were as high as the wild type. WId type,
gl ycosyl at ed IK/{’é}n&produced in CHO (disclosed in EP220574). Protein
concentratE Slet er mi ned from absorbance at 280 nm (Pl ehler &

Schr ei her 1999A) with 1:280 = 18,070 M1 for IFNa2, 1:280 30,050 M1 for
1FN 3 Jand 1: 280 = 26,500 M1 for |FNAR2-EC (correct ed to 1: 280 = 21,100
M1 for thgximpld V:pPppaanexpittRivhandlpuriiddidn. EC WLO2A and W4F). Protein
purity was anal yzed by SD5- PAGE under non-reduci ng conditions. Exanple 2:
Generation of I FNAR EC nutants. 20 Site-directed nutagenesis was carried
out by PCRwith the tenplate pT72CR2 Pi ehl er and, Schrei ber 3 9). and with
18- 21 nucI@&A%E&@ﬁﬁ?@‘lébhﬂﬁpﬁphgﬂqlﬂ: “WE&%ZfPé‘%PS%H’ol’Fr 494 mgitig 3 Pt delity

pol ymer ase; o( | n RgRPeY SGidpscri bed
in detail %&F‘ﬁ%ckl%%eg%%g? USM} %gﬂg@gﬁpt er p eosgfolﬁ%rﬁatll%on anél I'1 gati on,
t he nukoat ethyphasthed & veBr e u@&glbm otfﬂENARaFlﬁc I:‘mutamlsiweTms dn@hl ss. thEheil@s
sequence of the whole expressed e i.ni th i.0 rified
by DNA sdyben®ikgtypauglisesylasd é]gNg ”rcé t‘“FE%poc&‘ ‘?Sﬁ n%%s%‘%g)/ Bi ol ogy,
G eene Pulbxjole%?téoﬂ&%tl‘aﬂ sWe?ey dEQPrﬁfn@@'f?&ﬁeabsblﬁiﬁ’ngé)rak 28an1aﬂgh1419%5
Sanbr ook et al. Mol ecu Cl oning: A Laboratory Manual, Cold Spring
Har bor Labﬁmmlbmyl%gtﬁ)dmtkSﬂnQB@g 1I8507B(M 1 iy JFN&B 92803930, 050 M-1 for 1FNp

and 1:280 = 26,500 M-1 for IFNAR2-EC (corrected to 1:280 = 21,100 M-1 for the

15 tryptophan mutants of IFNAR2- EC W102A and W74F). Protein purity was analyzed

by SD5-PAGE under non-reducing conditions.

Example 2: Generation of IFNAR EC mutants.

20  Site-directed mutagenesis was carried out by PCR with the template pT72CR2
(Piehler and Schreiber 1999) and with 18-21 nucleotide primers containing the
mutated codon using high fidelity polymerases pwo (Boehringer Mannheim) and Pfu
(Stratagene) as described in detail (Albeck & Schreiber, 1999). After phosphorylation
and ligation, the mutated plasmids were used to transform E. coli TG1 cells. The

25  sequence of the whole expressed gene containing the mutation was verified by DNA
sequencing (Ausubel et al., Current Protocols in Molecular Biology, Greene
Publications and Wiley Interscience, New York, NY, 1987-1995; Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY, 1989).

30
Mutants were generated in which two amino acid residues, histidine 78 (H78) and

Asparagine 100 (N100), were mutated: A- both to alanine residue (H78A/N100A
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Mut ants were generated in which two am no acid residues, histidine 78 (H78)
and Asparagi ne 100 (N100), were nutated: A- both to al anine residue

(H78A/ N1OWa 03289990 03/ 059950 PCT/1L02/01059 nutant), B- treTalLeanin® and
aspartic acid respectively (H78A/ N1OOD) and C to alanine and histidine
respect i V%M ab(TABAG W‘d@l‘i}r@andisgﬁﬁgﬁbﬁ réspedtRRIYRABAANT G0 @NshdkE @ tal mimnal ysi s.
Al'l thernodynanm ¢ and kinetic data vvere obt ai ned from | abel -free

het er ogenenusistighasespdaivebt (FI8A/IWREOHNt er acti on bet ween | FNP2 and | FNAR2- EC
was nonitored by | () reflectonmetric interference spectroscopy (R fS) under
fl owthrough conditions as described (Pichler & Schreiber, 1999A). This
technique is simlar to Biacore and is wused to accurately neasure affinity
of binding between two proteins. IFNAR2-EC (wild-type or nutant) was

i mobi lsi zed trough i mobilized specific antibodies (as described by

Pi chl er and Schrel ber 2001) . AII neasur e nt;s wth IFNI3, IFNa2 and 15 1
FNAR2- EC ety A rag SCANG o 39 500 MM NaCl and 0.01 % Triton
XI ()0 at pH 7.4. The interaction was rreasured at 500 MM NaCl in order to
elimnate non-specific interactions with the surface, which was observed
with IFFNR at 150 nM NaCl . Association and di ssociation kinetics were
nmeasured by standard injection protocols 20 and corrected by bl ank runs.

Di ssoci at i S I C habioeBndols t he
range of Mid%%h%ﬂf&n ordgtejrklﬁgrégﬁ?ﬁ?gq{gt%ﬂeguﬁ%cre;a%lTﬁé;gtot al” range of

di ssoci at |;mmsa/vaSeamdema)mtéru¢ttqndgt\aee]1 IfMBEmeﬂllENﬁﬁ@eEC(\ﬂSemDI@rOr@ Schrei ber,
2001). vi ral act|V| | nti-viral a |vS|t¥ of

| FN( 3 \%as r&%“s‘%&%ﬂ”&s‘“f‘" r‘i“ﬁ‘f‘liSBF(EthSﬁOPCXf I%/ ﬁ% 39%{66p Qw jthroggl cepdilips a8 oy ar
st omati ti 1vii(idg (PR @Baﬂ@ﬁﬁ%ﬂ 195k calid fchiRygi Rsdimilar @)tBﬁbore ah@84) . 30 27

WD 03/ 059950 PCT/'1L02/0
used to accurately measure affinity of binding between two proteins. IFNAR2-EC

(wild-type or mutant) was immobilized trough immobilized specific antibodies (as
described by Piehler and Schreiber 2001). All measurements with IFNB, [FNo2 and
15 IFNAR2-EC were carried out in 50 mM Hepes with 500 mM NaCI and 0.01 % Triton
X100 at pH 7.4. The interaction was measured at 500 mM NaCl in order to eliminate

non-specific interactions with the surface, which was observed with IFNf at 150 mM

NaCl.

Association and dissociation kinetics were measured by standard injection protocols
20 and corrected by blank runs. Dissociation rate constants were measured at IFN
concentration in the range of 1-1000 nM in order to saturate the surface. The total
range of dissociation was used for fitting a 1:1 kinetic model (Piehler & Schreiber,

2001).

25 Example 4: Anti viral activity assay.

Anti-viral activity of IFNB was assayed as the inhibition of the cytophatic effect of

vesicular stomatitis virus (VSV) on human WISH cells (Rubinstein et al., 1981).

30

27



Exanpl e 5: Measurenent of IFN binding to nutant | FNAR2. Bi nding of the

| FN, 6 and | FNa2 to the H78A/ NLOOA nutant (exanple 2) was neasured and

conpar ed wo wslosoods | d t ype EC receptor by R fS (exanpl e 3) PCWiLO®01DiYe 5

association rate of IFN3 to the H7/8AIJN1OOA nmutant was found to be simlar

to that of the wild type (Figure 3) the disassq 'Naton rate was found to be

si gni fi caf®&s ErieMeasunement PLIEN binding fo mufantFNARIK o H78A/ NLOOA nut ant
to the WI protein of about 3 nM In

is about 30 pM vesus t he affinity
contrast to IFN(3, both the association and disassociation rate of |FNo2

to the H7BmdwiOA theitlENG, ande IENER n dthe HBRA/NI)Aamutant Xexankpe (29t was obt ai ned

wth the wild t rotein (Flgure 3): hat,..
iy Beefired R RedRdo tht Mty ec OSRE RTINS BBl HBieie | )
ti mes 5 hi gdie¢iafidiamatd STAFWIGIt6l tHeyIES A/DMA0 A snutilier R fdund o bergedarttowax dé | FNa2.

15 Exanple 6: Relative affinities of interferon towards the nutant | FNAR2.
20 The bi B Wi g Eigure Pl thesdiggssqomiiar reie Wasciognd o A d1ambicaatly fQ%dpt or EC

(example T8 chiBubfEhQRE bF NN WP £ 8 ARAROAC thulth 10 a88uT S0 NITVRu SN2 wi | d
type or nutant 1 nmobilized to the surface trough specific antibodies
(exanpl e 3ffinitpfte tre WEgseteinmg aboite @¥lf Innionires to {6, betlathe assoafafiomand es wer e
obtai ned Qy conparing t d,of .t t recept or .over. the. f the
wla ypedbesepiom ke ahie Biee g AR myGrERySs 6 PaT bE SR i B5e 5 The
Kd of 1di ndiengtefoblaiticartien et wRd kip¥ARtemX i 268! 3) UTRdse Fedihs RhédvrEhat VRS
measur ed 2%_ RI PS and was found to be about 3nM (exanple 5). The Kd of IFN, 3
1

bi ndi ng t affiniy 8y the IENARZCmutant anvtaniawas beumd ®Obe RPProKenails ctO0nt@sur ement
of Kd for, this t an n i bl i Nl was to tight to
get good 81;?8”;1 ?‘%W@é%g%@a&?égﬁi‘@ﬁﬁ%ﬁl?@%&f@ 00A EC nut ant was

found to be simlar to the wild 10 type receptor. The results in Table 4
show the relative affinities of the |FNAR EC mutants conpared to the wild

type | FNAR2 receptor EC. The nutants were the following: nmutated in one
am nojacid residue, H78A or N1OOA, and nutated in two

Example 6: Relative affinities of interferon towards the mutant IFNAR2.

20  The binding and affinities of IFINAR EC receptor and mutant receptor EC (example
2) to IFNg and IFNo2 were measured using RIfS, with IFNAR2 wild type or mutant
immobilized to the surface trough specific antibodies (example 3). After measuring
the affinities, the relative affinities were obtained by comparing the Kd of the mutant
receptor over the Kd of the wild type receptor (Table 4).
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am no aci ds H78A/ NIOOA, H78A/ N10OOD and H78A/ N1OOH, wherein the am no acid
N10O is nmutated into alanine, aspartic acid or histidine respectively
(exanpl e WP.03MbwsA5 results denonstrate that the single mpcatiLansoin | FNAR2
increase the affinity of the conplex from4.6 up to 7.3 fold, while the
doubl e nutation causes a synergistic effect, increasing the affinity of
the conplex by 26 and to above 50-fold. The best nutant in terns of
affinity was found to be the double nutant with the N10O nodified to

al ani ne, exhibiting over 50 fold increased affinity versus the wild type
version. 20 ifnar2 1FNa2 | F NN b W 1.0 1.01 H/8A 0.4 4.6 N 100A 2.0 --
- 7.31 H78AI N1OOA 0.7 >50 H78A/ NLOOD 10, 40.01 H78A/N 100H Table 4 25
29 SUBSTI TUTE SHEET (RULE 26) WD 03/059950 PCT/1L02/ 01059 Exanple 7:

Cccl usj onThé Kidrdfeiddetgof 1hfbtrﬁrdaytot1FNNMCmnﬂaniomaTmQECZapabhiehim‘ech | FNAR2
ECwId tépe and mutants EC to serve_as carriers_of was., corrpared

For "t hat | BUmBS andies Jpi 064 A y9nbf PR §lehe(te cbl NA i be 5
conprisin t

Coneent r Aty SA S e AR Wﬁé@"ﬁé@%?ﬁg‘%ﬁ‘ﬁéqﬁﬁdﬁ{ E%Ey' "
(exanpl e mbifamhvass Mohpbssitde. becauseHending iwais rtaltight gaget gdod datax fromeRIISFNAR2/ | FN

were thon ARG AES Syt GEN B ARRRET Per b fiche Sy S TRace ' °

resi dygl (ype&sde Ipﬁﬂt I PRl &ﬁlltSQEtTa‘b'lééfsH(f)wltEé\lFéléth/eVﬁﬁm@i@Qbfﬁ{eeﬂ?m@@ degree
of cell sur vival follow ng 24-hour incubation (exan]%
mutants compared to the wild type IFNAR2 receptor EC. The mutants were the

following: mutated in one amino acid residue, H78 A or N100A, and mutated in two
amino acids H78A/N100A, H78 A/N100D and H78A/N100H, wherein the amino acid
N100 is mutated into alanine, aspartic acid or histidine respectively (example 2). The
15  results demonstrate that the single mutations in [FNAR?2 increase the affinity of the
complex from 4.6 up to 7.3 fold, while the double mutation causes a synergistic
effect, increasing the affinity of the complex by 26 and to above 50-fold. The best
mutant in terms of affinity was found to be the double mutant with the N100 modified

to alanine, exhibiting over 50 fold increased affinity versus the wild type version.

20

Table 4
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The free IFNI3 present in sanples having different anount of WI or nutant

| FNAR2 EC (R2) concentration was determ ned froma survival dose curve of
antivi ralweaBiosdosy as a function of IFN(3 concentration earniedioist in the
absence of | FNAR2 (Fi gure 2 upper plot). 15 The nutants tested were the
fol I ow ng:p. & obdifd : ]—éqFﬂJAﬁfﬁfu%ﬁ; H78A or NLOOA, and
mut at ed i SAT NIC F7TSAY OOD and H78A/ N1LOOH wherein
the am no acid N100 is mJt at ed into al ani ne, aspartic acid and hi sti di ne

t | NAR2 20 H7
Eiigﬁﬁl Ievg ‘ytsfﬁ‘g ‘Yt‘?fé]:h’&%e@g ”‘QH YRt ?QPaB‘fJ“QIsl é‘fﬁ%sej%%%sr%‘"’trﬁ r?lth %?f% (Kd
of about Q{QnDMrﬁﬁﬁlecJ 0"V":'I'for RACIYSRPARY iRl AARi9)of IFNBUIe @reshavsarhpleé in the

presence of 2.5 nMof wld type I FNAR2 EC about 20% | FN(3 .is bound to the
sol ubl & r eweptromg( ac chbosied) commr@thnn afhdFINP e §bhaeMbf miiedy YOth2 VaRIN®f t he

doubl e mutant EC H/8 NlOO 50 % b 4nM 25
of H78A/ NIVHE Wit aht O'EEC 5}3'st0 “ﬁL Fll%lgz :E?“ Yound: ]?illﬁ' H%I gﬁ%g ca pQassay
denonst ratgdyal sRnitbleat rlhhﬁe SRRt (19 meaGleUdBNARBNES! ¢hanpled) ohs | FN( 3
under equilibriumconditions) and the residual antiviral activity (free

| EN( 3) obt@dn@tﬂ W IGHt ¢ells Whurepn appriotiE sl Thees WIBE &He sippt theRCHANRIAY about

30 fold Io J&on fdath

results show a'se' frﬁa({m‘%lhﬁgd’g%wé‘bgﬁ ﬁﬁ/y%g%ﬁ\ﬁu%: nt yiﬁg{ ﬁé&?ﬁggtfjle@f@
resul t#), n@rstm@.ulcaéd ¥ thbdeg@eeof cellwhivival ifaitdwiagadoacindsbatine (exampled)ed t o
al ani ne, H78A/ N10OA | FNAR2. This resulf_ shows that é}ﬁ doubl e lra)t_ﬁ@%fd

| FNAR2 occThedscentbiNg reegeat i sp1ples heKing differentamauay of nfHie8E r

consi der a | avity er
cetivity. b (2 BlorBIBYBh Sl erlernBrA TEEL S S AIRARERER, & hmibied feRery

Phar maceutdscalunReseaf IINL&sfadfirhied chirBdut in elabbents @ [FNABZ ¢higure 2
181:223-230 (1973). Ausubel et al, Current Protocols in Mlecular

Bi ol ogy, - @PeERRIOPubl i cati ons and

15

The mutants tested were the following: IFNAR2 EC mutated in one amino acid
residue, H78A or N100A, and mutated in two amino acids H78A/N100A,
H78A/N100D and H78A/N100H wherein the amino acid N100 is mutated into alanine,
aspartic acid and histidine respectively example 2). The double mutant of IFNAR2
20 H78A/NT00A (example 2) showed the highest affinity of all the generated mutants
(Kd of about 30 pM and lower, see examples 5 and 6).
Figure 4 shows that in the presence of 2.5 nM of wild type IFNAR2 EC about 20%
IFNB is bound to the soluble receptor (occluded), while in the presence of only 0.2 nM
of the double mutant EC H78A/N100A 50 % of IFNB is bound and using only 0.4nM
25  of H78A/N100A mutant EC 80 % of the IFNB is bound. The biological assay
demonstrated also, that the same extent of occluded IFNB (bound of IFNB under
equilibrium conditions) and the residual antiviral activity (free IFNf) obtainable with
wild type IFNAR2 could be accomplished using about 30 fold lower concentration of
the H78A/N100A IFNAR2 mutant EC. The results show also that the double
30  modified mutant yield the best results, particularly the one in which both amino acids
were mutated to alanine, H78A/N100A IFNAR?2.
This result shows that the double mutated IFNAR2 occlude more effectively IFNB and
therefore administration of considerably lower amounts will be required to accomplish
its carrier activity.
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230 38 32 NOBh ggﬁ?@ s BN 51 An | FNARZ ut ant

pol ypept i d&loRn IEMR129)96rﬁ9thdé@lf Iaterfarﬁnrv@dzﬁﬁt%mq Beseanghd 61i789i di ne 78 and
asparagi nel0, 1ahog BORSLAsH nidokakor nterferon (3 (IFN-(3) than the
wld type peptide, or an ana 0g, unctional derivative, fusion protein
or salt thénenhllﬂ73U Bxp AMed .BARARR 7rid0ant pol ypepti de according to claiml,

wherein t tok e titutions. 3. An I FNAR2 nutant pol ypepti de
accordlr%ngh@f)L Cm‘l' q))@'&%ll%b 2%J%tﬁhe substitutions are non-conservative. 4.

An | FNAR2 ﬁmt;anml pePg pepivl. ddbeme 20l dBUg-Glo anyone of clains 1 to 3, 15

wher ei n tr\gﬁg‘g'{s‘\ dgb%%?d(tﬂgﬁfo??%hf ﬁu&stl tuted by alanine. 5. An | FNAR2

nmut ant po yone of clains 1 to 4 wherein the
asparagi ne residue 100 is substituted by al anine, aspartic acid or
hi sti di ne.
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6. An | FNAR2 nut ant pol ypeptide according to clains 4 and 5, wherein both
20 residues 78 and 100 are substituted by alanine. 7. An | FNAR2 nut ant

pol ypept iwe caoswsei ng to claim 1l conprising the sequencePCA/IBEBD1IPD NO 2.
8. An I FNAR2 nut ant pol ypeptide according to claim 1l conprising the
sequence in SEQ ID NO 3. 25 9. An | FNAR2 nmut ant pol ypeptide according to
claim1 conprising the sequence in SEQID NGO 4. 10. An | FNAR2 nut ant

pol ypepti de according to anyone of clains 1 to 9, whereinits affinity to
| FN- (3 is about 30_pM WO 03/ 059950 PCT/1L02/01059 11. An | FNAR2 nut ant
pol ypepti de accord;ﬁ M anyone of clainms 1 to 9, wherein its affinity to
| FN-P i s about 25, preferably up to 50 and nore preferably up to 100-fold
hi gher than the affinity of the wild type I FNAR2. 12. An | FNAR2 mnut ant

pol ypepti de according to anyone of clains 1 to 9, 5 wherein the fragnment
conpri ses the extracellular domain (M FNAR2 EC). 13. An I FNAR2 nut ant

| tid d f | b d
Do RN 10T A1 PRalBVAR2 SRIGRG: PhuBrii duoParksy, Tan @R RS i o0n e
IFN is IFN-(3. |ekhudd hidiyi deFNéRanﬂJats?J}hglﬁ@ MO8 Plidvaies aﬁgmli dafrigity ofoanyone of

claims 1-14, wherein the |IFNAR nutant is PEGylated. 16. A DNA encoding a
pol ypept i de accoindirfegort-B &fiPople tafn dhei widd 1typd. pelYPIRUIRA Cdcebr #12H$-t o cl ai m

16, wherein the %&al&%ﬁ%ﬁnv% {uﬁlo%l %}@m orQﬁP{he GeSequence. 15 18. A DNA

according to cla gnal™ peptide ‘sequence is that of the

human growt h hor none. A vector, conpris accor di n nyone of
C:Jal m3%16 to 18,A “c%‘ﬁ%@ BT”Y%BQpP%]%p% !tar‘r'léo%br}gyﬁ%pflia% nlc‘fV(S’ 5 gal d DNA

ina mutations are substitutions.

3. An IFNAR2 mutant polypeptide according to claim 2, wherein the

substitutions are non-conservative.

4. An IFNAR2 mutant polypeptide according to anyone of claims 1 to 3,

15 wherein the histidine residue 78 is substituted by alanine.

S. An IFENAR2 mutant polypeptide according to anyone of claims 1 to 4
wherein the asparagine residue 100 is substituted by alanine, aspartic acid

or histidine.

6. An IFNAR2 mutant polypeptide according to claims 4 and 5, wherein both
20) residues 78 and 100 are substituted by alanine.

7. An IFNAR2 mutant polypeptide according to claim 1 comprising the
sequence in SEQ ID NO: 2.

8. An IFNAR2 mutant polypeptide according to claim 1 comprising the
sequence in SEQ ID NO: 3.

25 9. An IFNAR2 mutant polypeptide according to claim 1 comprising the
sequence in SEQ ID NO: 4.

10. An IFNAR2 mutant polypeptide according to anyone of claims 1 to 9,
wherein its affinity to IFN-B is about 30 pM.
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prokaryotic host cell. 20 20. A vector conprising a DNA according to anyone
of clains 16 to 18, capable of expressing the pol ypeptide encoded by said
DNA in a wolkanyese c  host cell. 21. A prokaryotic host celpicTanogrid® ng t he
vector according to claim19. 22. A eukaryotic cell conprising the vector

according to gl aj\g} RRARD ritanth feBgﬁeafa%orcﬁihggH%d}Bn@%f'&M&l Ritgant

pol ypeptide according to anyone inms 1 , conprising cultivating

a cell accordi ngwherenl as mffity sntFN-§aob abbutg2d, herefeFNAR uputbatit apdimgsept i de

Po anyone of o ettty bb o HOCRHT kRt GhATVTATT v AL HBANARGorGi g to°

claim 30 22 and isolating the I FNAR nutant pol ypeptide praoduced. 34 WO
03/ 059950 PCT2I LOR/IFNOER2 mutantTplyRepide ACGoRdng HRRy ong 4 ilaide chbi®ing to

anyonesof Clai”Bw%mggnﬁ§ﬂﬁgnbﬂ%oH@ﬁ%%gﬁ?ﬁHﬁEd la ‘gﬁgggggéRzgﬁD_The use

according to clarm erern t I canent turther ses 'IFN. 5 27.

The use according t laim 26, wherejin the I.LEN s |FEN-(3. 28 .The,yse
according to 'cl alg%l%ng@]@”i‘i"H R%eﬂfé% gErEnts ft{)”ath%r}e égﬁ%‘h %elsn) é% | FN

ant agoni st. 29. {Jhgy sealanbBdlind® tFN.anyone of clains 25 to 28, for

nodul ating the effects of IFN. 1t) 30. The use according to claim?29, for
enhanci ng t hgqachjVikiag® RlitahFPblysebiidd BeorsiBg a6 6@ 13gwherematht TFRGs f or
enhanci ng the anti-cancer activi %,I es of IFN}.g 32. The use according to
claim 30, for ent@hfing the i mune nodul atory therapeutic properties of

| FN. 15 33. The use accoprding to claim 30, for enhancing the i mune

modul atiory  déti Xnt IRMAR2 hini poptmidemnrerding easayoselofcelaanst doldh, mul ti pl e

scl erosi s, :
wherein the IFNAR mutant is PEGylated.
16. A DNA encoding a polypeptide according to anyone of claims 1-14.
17. A DNA according to claim 16, wherein the DNA is fused to a signal
peptide sequence.

15 18. A DNA according to claim 17, wherein the signal peptide sequence is that
of the human growth hormone.

19. A vector comprising a DNA according to anyone of claims 16 to 18,
capable of expressing the polypeptide encoded by said DNA in a
prokaryotic host cell.

20 20. A vector comprising a DNA according to anyone of claims 16 to 18,
capable of expressing the polypeptide encoded by said DNA in a eukaryotic
host cell.

21. A prokaryotic host cell comprising the vector according to claim 19.
22. A eukaryotic cell comprising the vector according to claim 20.

25 23. A method for producing an IFNAR2 mutant polypeptide according to
anyone of claims 1 to 14, comprising cultivating a cell according to claim 21
and isolating the IFNAR mutant polypeptide produced.

24. A method for producing an IFNAR2 mutant polypeptide according to
anyone of claims 1 to 14, comprising cultivating the cell according to claim

30 22 and isolating the IFNAR mutant polypeptide produced.

34



rheumatoid arthritis, myasthenia gravis, diabetes, |upus and ulcerative
colitis. 34. The use according to claim28 or 29, for inhibiting the
activity wbDoeb9s®0 35. A pharnmaceutical conposition conpPCIIIng/@E059

t herapeutically effective anount of the |IFNAR2 nutant according to anyone

of claims 1 tg IPne RB-of fhd®NANARS GMlthift ket GNP @S hikyoRAB of BARAY B @ tBENe
t herapy expression vector, expressing a therapeutically effective anpunt

of the | FNAR2 numamtfactarcedrdngdgcamgnanyone of clains 1 to 15. 25 37. A

phar maceutical conposition according to claim35 or 36, further conprising
| FN. 38. A phar nBleeuwe aabrdagmpodaiti 25 wecandhagretizamkesl furtBar, cashsrses n t he
IFN is IFN- (3. 35 WD 03/059950 PCT/|1L02/01059 39. A pharnaceuti cal

conposi tion accolrF(IN'ng to claim35 or 36, further conprising an |FN

ant agoni st. 40. A pharmaceutical conposition accordi ng to claim38, wherein
the | FRAR2 it adihe gseieacedigiogtamgy whesatny e B RdlFNsP-41. A phar naceut i cal
conposition according to clains 35 and 40, wherein the fragment of |FNAR2
mut ant conpr i28esTheheseeaccomong loudlam Foruliercin4e medishaenaltighie] €UNPIESERPOSi ti on
according to any,onl%a\gf claims 35 to 41, for augnenting the anti-viral
properties of |FN A%, naceuti cal conposition according to claim 42,

for the treatment of 10 chronic granul amatqus di sease, .condyl o

acuni natum j2dvehiq &€ QiYL a”%grtﬁ &I %ﬁﬁ’tsggiutg,‘ h %d??qql‘gm qﬁ? “Ehioni ¢
infection with hgpahitis B and C viruses. 44. A pharnmaceutical conposition
according to anyone of clains 35 to 41, for augnenting the anti-cancer

properties of,,| F I I Lok ding to claim
44, folp t he t3p'ea n%lgls't% aé?‘”d@%?‘?g’ d@@??’%}eu S%&ggpﬁgﬁgg‘?ﬂ?afg?gom, mul tiple

nyel oma, - chr A CThe use according to calim 30, for enhancing the anti-cancer activities of

IFN.

32. The use according to claim 30, for enhancing the immune modulatory

therapeutic properties of IFN.

15 33. The use accoprding to claim 30, for enhancing the immune modulatory
activities of IFN in autoimmune diseases selected from multiple sclerosis,
rheumatoid arthritis, myasthenia gravis, diabetes, lupus and ulcerative

colitis.
34. The use according to claim 28 or 29, for inhibiting the activity of IFN.

20 35. A pharmaceutical composition comprising a therapeutically effective

amount of the IFNAR2 mutant according to anyone of claims 1 to 15.

36. A pharmaceutical composition comprising a gene therapy expression
vector, expressing a therapeutically effective amount of the IFNAR2 mutant

according to anyone of claims 1 to 15.

25 37. A pharmaceutical composition according to claim 35 or 36, further

comprising IFN.

38. A pharmaceutical composition according to claim 37, wherein the IFN is

IFN-B.
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nyel ogenous | eukem a, non-Hodgkins's | ynphoma or nel anoma. 46. A

phar maceuti cal conposition according to anyone of clainms 35 to 41, for
augnent i ngotoaesdsorune nodul ati ng properties of I FN. 20 47PpcAipéaringceut i cal
conposition according to claim46, for treatnent of diseases selected from

mul tiple scl ggoshs ' oLt jvasthenhd, B ¢ 36, dipketes,
ul cerative cgl)i t’ikspg%]’ﬂ%lld%g&gl. qﬂgj.pbg,&[l%%aa?ﬁ%ceﬁtsi cal 1corrposi tion according to
claim 39, for thenmpsily th OFNaftagomistune nodul ati ng properties of IFN. 25

49. A nethod of treatnent of an autoi mmune di sease conprising amnistration

of a theurapauti AgiHaymaleliead icv@pavilamniccofdirntol FEINARZS muicagin tixol BNYeR2 i de
according to anyone of clains 1 to 15. 50. A nethod according to claim49,
wherei n the aut ointtrhendilose favaleglly Beydd from nul tipl e sclerosis,
rheumatoid arthritis, nyasthenia gravis, 30 diabetes, |upus and ulcerative
coliti$. 36 WD 08/[08695BuRGT/cPmPyIGADEFordng toaclanhdyl and 40 wherparihe of a

viral disease conprisin Lpihstration o t ty y effective
anount of an IF @“%Pgh%gFfp”e[apr{tF%prl%é?%er%?ﬁég&gﬁéfﬁ&%#é of claims 1 to

15. 52. A nethod of treatnent according to claim51, . for t t r.eat ment of
chronic 5 grénufdHEIBRSUHEA S9RROSIISHATPEIRS ‘Q&?ﬁ?ﬁ%ﬁjﬂf““ﬁj&gﬁ’fﬁeaﬁ%&r yngeal

papi | | omatosi's, | ii},%&e%ngtvighg,gggﬁegaﬁ‘w_i on with hepatitis B and C
viruses. 53. A nethod of treatnen f cancer conprising am nistration of a

t heur apeuticghl yAefﬁaorﬁgée\ﬁﬁcaq%%%%ggﬁ%aghg%hgﬁﬁg%%t ROy RERRLAGE of | U

according to a‘nyonpe clarnmns d according to claim53,
for the treat nenthrofich@adwomabls dissskenoadyloiiaposmimtuarjovemsle lanyhgéapl e

nyel oma, chroni c myel ogenous | eukem a, non- Hodgkins's | h r

mel anoma. 55. A PaPHlseAtesis.t hepatiiert OB OIS e?t@%mnﬁepﬁgﬁ%%ﬂg @9 to 54,

further :
viruses.

44. A pharmaceutical composition according to anyone of claims 35 to 41, for

augmenting the anti-cancer properties of IFN.

15 45. A pharmaceutical composition according to claim 44, for the treatment of
hairy cell leukemia, Kaposi's sarcoma, multiple myeloma, chronic

myelogenous leukemia, non-Hodgkins's lymphoma or melanoma.

46. A pharmaceutical composition according to anyone of claims 35 to 41, for

augmenting the immune modulating properties of IFN.

20 47. A pharmaceutical composition according to claim 46, for treatment of
diseases selected from multiple sclerosis, rheumatoid arthritis, myasthenia

gravis, diabetes, ulcerative colitis and lupus.

48. A pharmaceutical composition according to claim 39, for the inhibition of

immune modulating properties of IFN.

25 49. A method of treatment of an autoimmune disease comprising aministration
of a theurapeutically effective amount of an IFNAR2 mutant polypeptide

according to anyone of claims 1 to 135.

50. A method according to claim 49, wherein the autoimmune disease is
selected from multiple sclerosis, rheumatoid arthritis, myasthenia gravis,

30 diabetes, lupus and ulcerative colitis.
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15 conprising a therapeutically effective amount of IFN-(3 56. A nethod of
treatnent of a di sease caused or aggravated by IFN-(3 conprising the

i nhi bi ti owoaB/os9ysune nodul ati ng properties of I FN by admpairaLeziiosn of an
| FNAR2 nut ant pol ypeptide according to anyone of <clains 1-15. 20 57. A

met hod of tregt NRnf,e A6G YrdirtmbR & &1 VItaP Rischddr &&ﬁﬁriﬁﬁ’%@frﬁrﬁhﬂ?@ioﬁh@f a
adm nistration of an IFN-(3 antagonist. 58. The use of the | FNAR2 nut ant

pol ypepti de accothdimpeutioaliynedfeeticf asloann®f 1an {ENAR2} muarftor pelyegptidd t o
prevent |FN oligonerization. 59. The use.according to claimb58, to prevent
| FN- (3 ol i goner | ¥50194}E 1028 Y @RS Of,&ﬂﬁlﬁnfz&%?g?-nm ation conprising the | FNAR2
mut ant pol ypepti de accordin to anyone of cl aj to 14. 61. A .

formul ati on 28cofdneifod 8f HEAMSMEECong i Cﬁa‘f”ngi’nfg? &iﬁltéfﬁ‘frﬁwt@in’ﬁ}’?@gs

IFN'(BS 30 37 granulomatous disease, condyloma acuminatum, juvenile laryngeal

papillomatosis, hepatitis A or chronic infection with hepatitis B and C

viruses.

53. A method of treatment of cancer  comprising aministration of a
theurapeutically effective amount of an IFNAR2 mutant polypeptide

10 according to anyone of claims 1 to 15.

54. A method according to claim 53, for the treatment of hairy cell leukemia,
Kaposi's sarcoma, multiple myeloma, chronic myelogenous leukemia, non-

Hodgkins's lymphoma or melanoma.

55. A method of treatment according to anyone of claims 49 to 54, further

15 comprising a therapeutically effective amount of IFN-f3

56. A method of treatment of a disease caused or aggravated by IFN-B
comprising the inhibition of immune modulating properties of IFN by
administration of an IFNAR2 mutant polypeptide according to anyone of

claims 1-15.

20 57. A method of treatment according to claim 56, further comprising the

administration of an IFN- antagonist.

58. The use of the IFNAR2 mutant polypeptide according to anyone of claims 1

to 14 in a formulation to prevent IFN oligomerization.
59. The use according to claim 58, to prevent IFN-B oligomerization.

25 60. An IFN formulation comprising the IFNAR2 mutant polypeptide according

to anyone of claims 1 to 14.

61. A formulation according to claim 60, wherein the formulation comprises

IFN-B.
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