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improve its administration and bio-assimilation, is the interferons. Interferons have been
tested in a variety of clinical disease states. The use of human interferon beta, one member
of that family, is best established in the treatment of multiple sclerosis. Two forms of
recombinant interferon beta, have recently been licensed in Europe and the U.S. for
20 treatment of this disease. One form is interferon-beta-1a (trademarked, sold as AVONEX
®, mfg. Biogen, Inc., Cambridge, MA) and hereinafter, “interferon- beta-1a” or “IFN-beta-
1a” or “IFN-B-1a” or “interferon-B-1a”, used interchangeably. The other form is
interferon-beta-1b (trademarked and sold as BETASERON ®, Berlex, Richmond CA),
hereinafter, “interferon-beta-1b”. Interferon beta-1a is produced in mammalian cells using
25  the natural human gene sequence and is glycosylated, whereas interferon beta-1b is
produced in E. coli bacteria using a modified human gene sequence that contains a
genetically engineered cysteine-to-serine substitution at amino acid position 17 and is non-
glycosylated.
Previously, several of us have directly compared the relative in vitro potencies of
30 interferon-beta-1a and interferon beta 1b in functional assays and showed that the specific

activity of interferon-beta-1a is approximately 10-fold greater than the specific activity of

(S VVIVIVFS

*OINNNNT X




Previously, several of us have directly conpared the relative in vitro
potencies of 30 interferon-beta-1la and interferon beta |Ib i fdUhco®nal
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approximately 10-fold greater than the specific activity of 2 4 JUL 2006
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Pharm Res. 15: 641-649). From studies designed to identify the structural
basis for these activity differences, we identified glycosylation as the
only one of the known structural différences between the products that
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bi ol ogi calei 244 Kl Vi€ Sershhe fol lowing properties may result: altered

phar macoki neti’cs an phar macodynam cs | eading to increased half-life and
alterations in tissue distribution (e.g, ability to stay in the

vascul atu i [, time) Such a fornulation is a 25
subst Bnt i éﬁ%gﬁﬁpﬁ#ﬁ)ﬁ\@%ﬂi} ceutical and nedical arts and woul d nake a
significant  We have exploited the advantages of glycosylated interferon-beta relative to non-
glycosylated forms. In particular, we have developed an interferon-beta-1a composition
with increased activity relative to interferon-beta-1b and that also has the salutory
properties of fusion proteins in general with no effective loss in activity as compared to
20 interferon-beta-1a forms that are not fusion proteins. Thus, if modifications are made in
such a way that the products (interferon-beta la fusion proteins) retain all or most of their
biological activities, the following pfoperties may result: altered pharmacokinetics and
pharmacodynamics leading to increased half-life and alterations in tissue distribution (e.g,
ability to stay in the vasculature for longer periods of time) Such a formulation is a
25  substantial advance in the pharmaceutical and medical arts and would make a significant
contribution to the management of various diseases in which interferon has some utility,
such as mulitiple sclerosis, fibrosis, and other inflammatory or autoimmune diseases,
cancers, hepatitis and other viral diseases and diseases characterized by neovascularization.
In particular, the ability to remain for longer periods of time in the vasculature aliows the
30 interferon-beta-1a to be used to inhibit angiogenesis and potentially to cross the blood-

brain barrier.
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region consisting of the amino acid sequence of interferon beta or a portion thereof and
having a carboxy terminal region comprising at least a portion of a protein other than
20 interferon beta. The carboxy portion is preferably at least a portion of a constant region of
an immunoglobulin derived from an immunoglobulin of the class selected from IgM, IgG,
IgD, IgA, and IgE. In the most preferred fusion proteins, the constant region contains at
least the hinge, CH2 and CH3 domains.
Another embodiment of the invention is a fusion protein whose interferon beta
25  moiety (e.g., X in the formula above) has been mutated to provide for muteins with
selectively enhanced antiviral and/or antiproliferative activity or other advantageous
properties relative to non-mutated forms of interferon-beta-1a.
Yet another embodiment of the invention is an isolated DNA encoding for the
fusion proteins described above. The invention also pertains to a recombinant DNA
30 comprising an isolated DNA encoding the fusion proteins described above and an

expression control sequence, wherein the expression control sequence is operatively linked
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| FN-bé?a-1a protein sequence spans positions (Met18-Asnl 83).

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 cDNA and deduced amino acid sequence of a histidine tagged-interferon-
beta fusion (also called “his IFN-beta” or ‘“Hiss —tagged”). The full DNA and protein
sequences of the his IFN-beta-1a are shown. The cleaved VCAM-1 signal sequence leaves
20 3 amino terminal residues (SerGlyGly) upstream of the histidine tag (Hise, positions 4-9).
The enterokinase linker sequence (AspAspAspAspLys) is separate from the histidine tag
by a spacer (positions 10-12, SerSerGly). The natural IFN-beta-1a protein sequence spans
positions (Met18-Asn183).

25  Figure 2. ¢DNA and deduced amino acid sequence for an interferon-beta-1a/Fc
fusion. The full DNA and protein sequences of the human IFN-beta-1a/mouse Fc are
shown. The human IFN-beta-1a protein sequences span amino acid residues 1-166 (DNA
sequences 1-498). The enterokinase linker sequence spans amino acid residues 167-171
(DNA sequences 499-513). The murine IgG2a heavy chain protein sequence spans

30 residues 172-399 (DNA sequences 514-437).
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w. t. for each mutant was calculated as (affinity of the w.t. his-IFN-beta)/(affinity of
mutant IFN- beta) x 100. The % w.t. values (O) from multiple assays under the histogram

20  and an average of the % w.t. values for the experimental set (x) are shown.

Figure 5. Antiviral activities of alanine substituted interferon-beta mutants
The antiviral activities of the alanine substitution mutants (A1- E) were determined
on human A549 cells challenged with EMC virus as described in Example 1 (subsection
25  E). The histogram presents their activities in this assay relative to wild type his-IFN-beta
(% w.t.). The % w. t. was calculated as the inverse of the concentration of mutant IFN-
beta (50% cpe)/concentration of w.t. his-IFN-beta (50% cpe) x100. The % w.t (O) for

multiple assays and the average of the experimental data set (x) are shown.

30 Figure 6. Antiproliferative activities of alanine substituted interferon-beta
" mutants The antiproliferation activity of the alanine substitution mutants (Al - E) were

determined on Daudi Burkitt’s lymphoma cells as described in Example 1 (subsection E).
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The activity of interferon-beta-1a (used as AVONEX ®) or interferon-beta-

—

1a/murine Ig2a fusion at the concentrations indicated on the X axis were assessed in
antiviral assays using human lung carcinoma (A549) cells challenged with EMC virus.

20  Following a two day incubation with virus, viable cells were stained with MTT, the plates
were read at 450 nm, and the absorbance which is reflective of cell viability is shown on
the Y axis. The standard deviations are shown as error bars. The concentration of
interferon-beta-1a (used as AVONEX ® bulk intermediate) which offered (50%
maximum OD450) and therefore 50% viral killing (the “50% cytopathic effect”) was about

25 0.4 pM and the 50% cytopathic effect for interferon-beta-1a fusion was about 0.15 pM.

Figure 9. Measurements of interferon-beta antiviral activity in the plasma of
mice treated with interferon-beta-1a/Fc fusion or interferon-beta-1a.
Mice are injected iv with either 50,000 Units of interferon-beta-la (used as
30  AVONEX® bulk intermediate) or 50,000 Units of interferon-beta-1a/Fc fusion. Blood

from these mice is obtained via retro-orbital bleeds at various times after interferon



Figure 9. Measurenents of interferon-beta antiviral activity in the plasma
of mce treated with interferon-beta-la/Fc fusion or interfegombohg-!a.
Mce are i g 2(387iv with either 50,000 Units of interferonpbeigesmgoused
as 30 AVO\I%S??“} u"l k internmediate) or 50,000 Units of interferon-beta-Ial/Fc
fusion. Blood fromthese mce is obtained via retro-orbital bleeds at
various tinmes after interferon 2 4 JUL 2006 WO 00/23472 PCTI US99/ 24200 - 7-
injection as indicated on the X axis. There are at |east 3 mce bled at
each time point, and plasnma is prepared and frozen until the tine

| nterferon, (glz)g)agg%cii(}/eftédy% at?f: /gl aflf‘egehéx@ at BR¢t13VihicBbledSe 8)ch thed panflan@n | ung

carci noma"@i‘ S C enged wt encephal onyocarditis virus. Viable
cel | s ver gignaiipdpaved bndfrezenumiibibe oiine\mtE fetdnebat? aativiy 5 evaluataddnd at 450

nm to determ ne the absorbance which i | ectiv ) viability and
i nt er f er orNHBF3) ag§aYs Ygipghu H&FHCIEBWZQ%%P&%%%%F g%eéiés#%r each plate
using intept Aidm Bedraitid vitu@ SVidBONERS Wérk saidd werh sotutthatcfMTTight bateamount
of interferon-be 3’ activity in each sanple. Data fromthe L{z}tg@!ﬂ dual

ani mal § arvers teadmat 430 wm Rpgigiesming theralisproangs whigh pristlestiye SE6R) B3¢ he
open readi.ng fra of. di g j HWapR-19G 1
Fc (ZL5 10'}5‘@1{?@8?%?3‘1%;”@& $m%d 3‘Irilrg§§p‘?§)&tegerﬁé}g%g E%Hnéég{épfélﬁeq%sﬂ%qg%en readi ng
frane of aefafd 4N VONEIE®nd@sai idergmofe theimmaount BRitefadGhSa bttvisrithunan

| gGLFC (ZL6206). 15 DETAI LED DESCRI PT| ON All .references cited in the

Det ai | ed maghksdmple.oRatg,feom e dpgyiduplaninmals e she¥mr ef erences, unl ess
stipulated otherwise. The following terns are used herein: 1. Definitions:
20 Interferon- An "interferon"” (also referred to as "IFN') is a_ smll,

speci em- sffgikile,  FuliddPNAendiprotgioisgpiepeases thennsa aeadingfjamssales dissttcel I's in
response to .ex ure vari e | [, such as viruses,
pol ypepti oé%‘fm Efﬁ%@h@&dﬁ a?‘hehﬁr’ig%e@b%ﬁg%ﬁ(ﬁ) preferred interferon used in

the invention is glycosylated, human, interferon-beta that is glycosylated

at residue_80 (Asn 80)1 and that is prefer a°3|(§1¥ derived vtia refogbi nant DNA

25 t echnol Bgwed 1. ThilslPNAANA Ppotgingegepres i iy FREBreasing Rt &F § WSIOL) | eg

‘interfer Oﬁbt%ﬁlt&hgis?ﬁ §¢ Rman [FNbASGASTinker/Miman gt £8-(za6208). or "interferon
or or

beta 1 a" I nter on-beta-1 a" "interferon-3-1a", all used
i nterctsangeably). The term "interferon-beta-la" is also intended

DETAILED DESCRIPTION
All references cited in the Detailed Description are incorporated herein by references,
unless stipulated otherwise. The following terms are used herein:

I. Definitions:

20 Interferon- An “interferon” (also referred to as “IFN”) is a small, species-specific,
single chain polypeptide, produced by mammalian cells in response to exposure to a
variety of inducers such as viruses,.polypeptides, mitogens and the like. The most
preferred interferon used in the invention is glycosylated, human, interferon-beta that is
glycosylated at residue 80 (Asn 80) and that is preferably derived via recombinant DNA

25  technologies. This preferred glycosylated interferon beta is called ‘_‘interferon-beta-la” (or
“IEN-beta-1a” or “IFN-R-1a” or or “interferon beta 1a” or “interferon-beta-1a” or
“interferon-B-1a”, all used interchangeably). The term “interferon-beta-1a” is also intended

to encompass all mutant forms (i.e., Example 1) provided that the mutants are also

glycosylated at the Asn 80 residue.



to enconmpass all nutant forms (i.e., Exanple 1) provided that the mutants
are also glycosylated at the Asn 80 residue. 2 4 JUL 2006 WO 00/23472
PCT/ US99/ 24200 -8- Reconbi nant DNA met hods for produci ng pro2di i, 2006

i ncludi ng iy 64:350ns are known. See for exanple, U S. Patepcy/ubssoR16,
5,149,636, 5,179,017 (Axel et al) and 4,470,461 (Kaufman). Preferred

i nterferon-beta-la polynucl eotides that nay be used in the present 5

nmet hods of the invention are derived fromthe wild-type interferon beta
gene sequences of various vertebrateg preferably nmammals and are obtained

using nmethods gdighbiahe BRIA mct'ﬁB&kV‘fBr Eﬁdﬁ&ﬁgeprb@iﬂs“ﬂcl%ﬁﬂﬂéri%bfcr%hs hle in the

art such as the nethods descri bed i Patents: U. S

oW n
Pat ent 5,l6w®n6Se& fiok examaple JUR, PRents 4,999,21%169»63@%y%%%xc{ ¢t and
interfero nd mature avian type | interferon U. S. Patent

5, 605, 683{;6%?&1@{81“—‘@ %25, 1997- reconbi nant dog and hor)se type |

[ nL erfer?nS?< Mgférreﬁ’ﬂit&}féroﬁbjaﬁJl,al)?)@nildlubudesifﬂat nk98,us€Ni thepreserte encodi ng
a human | eu ocy e interferon nt .5, 071, 761 Dec. 10 91,
DNA sé&quehe O@Qﬁflth‘?gmf"%‘%“%‘%@ @%’W&@ﬁ@é‘%‘héfw‘hj%ﬁ mt?fg“ﬁ%g?% ‘Eeoﬁeﬂu?“ﬁf’se‘t}ﬁger ons
Lyl FN- al pha, J?ewatéfsyyéﬁératﬁgmmég an&JargobPﬁ{e@%l %M&&ﬁﬂm@memw 1990,

DNA sequence co I nterferon- gamm); S. Patent 15 4,738,931
(Apr. 19,knbS&3p tWhaﬂngardmangsLallhmmmm suck p§ élpmﬂtmmg?@tbel) intes. Pat ent

4, 695, 543 1987, f

4. 456, 7480 I?Wﬁ’ﬁggap atqRys U %eﬂﬁ%%fﬁ%&éer “d‘ue?é@?gﬁﬁ%‘u %’;Eg?‘g viahat ENt

gat ural Ytypé)gﬁkl{rfdrditgpﬂogtdﬁéiﬁMﬁ@ftnﬁtuﬁ]wﬁrﬁfy(paii%ntediétbﬁ)nUsS (PfatmttSeﬂﬂ’SgﬂSBn be][ a-1
may be Used in accordance w isin t d

o b ariens 15onad - setrnb fog AT YRe | Misiress U bRt a23tngs Ry °P°

ordinary 'lbb'}» IDNA légutle e%ﬂﬁ@‘é%ﬁmaﬁ h@.lk'o@'t@ HterdtoR): VU SCPateft

functi ona equi va Interferon-beta-1 a pol ynucl eoti des that encode
for funct5,071h‘l761y( EcpJ|10a19§rit DNmswecreowdbmfar gubaseguengee of nE@an A first

pol ynucl eot i enc d|n |nt La I " I nt"
conpar ed W P?f oblagg dﬂtﬁ ﬁﬁﬁﬁﬁ 8}%%2‘&#[‘% a{léﬂ& t‘)’# g?gni) i ?Wi
sat i sfi esogv. 18asbo, DA @a uéxli'b% ol i g0 iR gamia); U StBatehtinc: | onal
equi val ent is a first gol ynucl eoti de that hybri di i)econd

zes to th
pol ynifcl b3/ Lictnsy 1% 113881 aPNARABEIRINg 2dPeRn é‘H?Fé‘?fPF gﬁ‘é E5PR) ﬁrs ateitgenerat e
to the 4,695,543 (Sep. 22, 1987, human alpha-interferon Gx-1 gene and U.S. Patent 4,456,748

(Jun. 26, 1984, DNA encoding sub-sequences of different, naturally, occurring leukocyte

interferons).
Mutants of interferon-beta-1a may be used in accordance with this invention.

20  Mutations are developed using conventional methods of directed mutagenesis, known to
those of ordinary skill in the art. Moreover, the invention provides for functionally
equivalent interferon-beta-1a polynﬁcleotides that encode for functionally equivalent
interferon-beta-1a polypeptides.

A first polynucleotide encoding interferon-beta-1a is "functionally equivalent”

25  compared with a second polynucieotide encoding interferon-beta-1a if it satisfies at least
one of the following conditions:

(a): the "functional equivalent" is a first polynucleotide that hybridizes to the
second polynucleotide under standard hybridization conditions and/or is degenerate to the
first polynucleotide sequence. Most preferably, it encodes a mutant interferon having the

30 [therapeutic] activity of an interferon-beta-1a;



first polynucl eoti de sequence. Mst preferably, it encodes a nutant
interferon having the 30 [therapeutic] activity of an inter ey got ppdea- | a;
WO 00/ 2347 Rodr3dtdl 2U PCTI US99/ 24200 -9- (b) the "functi orat/usepnszed ent "
is a first polynucleotide that codes on expression for an am no acid
sequence encoded by the second pol ynucl eotide. In summary, the term
"interferon" includes, but is not. limted to, the agents |isted above as
wel | as their functional equivalents. As used herein, the term "functional
5 equivalent"” therefore refers to an ierferon-beta-la protein or a

pol ynucl eot i de(tsfigodim@ionkleguivalear'fiea first polyaucléotalephaitcedas anfeaprebsion fdrie same

or an inproved beneficial effe on the m"ral Il an recipient as the

i nterferof meeﬂ?echeﬁ‘éﬁﬁégygmfsﬁff&diﬁmue gtifs al ent. As will be

appr eci at ed byInOﬂl?nrgz{r Pt(rgg k2R YntSiebboh" inBIuBE vl & noflithHEE ] Haaknts Bétbd val ent
protein can be pro uge by reconbi nant techniques, e.g., by expressing a

"funct i onabdvy aesuell\aaltheeit fuGtionaDbgaivalentsc dvs diserblhereint the t4rms'fenstiondlvent i on

enbraces interfefon-beta- .| rotein ncoded.. | V- i ng
ee.5s sTlgE prrrare el BB R AT Bt b RV e B T2
protein agmeqRRHERE-doYa-1 1otk thatthds)theuend dériafiGmbhéAed Bereficial tffect drganer acy of
the nucl eotide codi ng sequences, other polynucl eotides nay be used to

encode i ntmanfestion resapignt as she miggieron of yhiglit iy deemsd afpRgtioppleagivalepte Agbove
sequences Lch ar r 3 Lt g1 OF e s that
encode thg\{ﬁéﬁ%pp ?ﬁqzrl\tga ggf)gg?gés/rfigﬁg S\:/kini% Eﬁﬁé%ﬁ’eyﬁ? g{é;%r%inl géﬁ%ﬁ%@%@%@f}gﬁng a
si | ent chaagedu&ddy rtimbiaantseduines .garby exprasingd "fmctienlly eqliealert of t hese
sequences, For exanple, Phe (F) is coded for. by two codons, .TTC or TTT,

Tor (¥ PNA A rOmaD) theass GRO yehugn ARG Wi fetorebgs PReIny SREReY Car

Oh the Ofng'tﬁfallp-a&gurriﬁgﬁbﬁm, 2k el 8 nf)ﬁ)fnaQYal?f-o"d'cBﬂin;@ ISI0A 9 Which@reode the
Accordingly, 1t wll be 20 appreciated that for a given DNA sequence

encodi ng sameprotein haencodedhy de aaturlyrascwiring NA. fusyo tedegenseasy chthe
sequences .f 8ddd!dolind Wuchods, biher dIfRRIARARNEE AL HRANEREERroRbEa-

consi der ed" ope s’ nvent i on. ers t
co- | i near ,|aCUH&kemilude a1k agporeibng o¥otheabowe eqpenotewhich are alferegigryehe s t her eof

via their individual, peptide backbones, nost preferably, thr.qu genetic 25
expr edsi ofukstitusiop of ¢if ?'EGP&H@%F%‘E%‘F@W&“HW ?‘Haé%‘}/dd‘red‘f'&“ﬁg‘.e It is
preferred _#]cﬁzgﬁcet, nﬁf Bf&luBind% sﬁ’l@ntfcrhﬁﬂ{é'?_@ﬁ&x ﬂa%des@gu&ees drk adpaglichifaer ent

sour ces, preferred fusion proteins include an interferon-beta- la
prot ei n oeqdivalgute of thesevsequences: FarekewipleoPhe &2 iscodedrfsirdyywe lsedons, TTC or

TTT, Tyr (Y) is coded for by TAC or TAT and His (H) is coded for by CAC or CAT. On
the other hand, Trp (W) is coded for by a single codon, TGG. Accordingly, it will be

20  appreciated that for a given DNA sequence encoding a particular interferon there will be
many DNA degenerate sequences that will code for it. These degenerate DNA sequences
are considered within the scope of this invention.

“fusion”- refers to a co-linear, covalent linkage of two or more proteins or

fragments thereof via their individual peptide backbones, most preferably through genetic

25  expression of a polynucleotide molecule encoding those proteins. It is preferred that the
proteins or fragments thereof are from different sources. Thus, preferred fusion proteins
include an interferon-beta-1a protein or fragment covalently linked to a second moiety that
is not an interferon. Specifically, an “interferon-beta/Ig fusion” is a protein comprising an
interferon beta molecule of the invention (i.e., interferon-beta-1a), or fragment thereof

30  whose N-terminus or C-terminus is linked to an N-terminus of an immunoglobulin chain

wherein a portion of the N-terminus of the immunoglobulin is replaced with the interferon



is not an interferon. Specifically, an "interferon-beta/lg fusion" is a
protein conprising an interferon beta nol ecul e of the. invedwi duL @0Be.

i nterferonvagb@set®r), or fragment thereof 30 whose N-term nmsTms9§2242Mm nus
is linked to an N-term nus of an imunogl obulin chain wherein a portion of
the N-termnus of the i munoglobulin is replaced with the interferon $4JUL
WO 00/ 23472 PCT/ US99/ 24200 -10- beta. A species of interferon-betal/lg
fusion is an "interferon-beta/Fc fusion" which is a protein conprising an
interferon beta nolecule of the inventllon (i.e., interferon-beta-1 a)

| i nked t ob&h. A@@sdiesaofpimretfemh -Hetllgfosiet &rvn ‘ﬂmnﬁemnfbﬁtaéﬁv fusmohwlcbbsiti n. A
preferred Fc, fusiogn co es an in rfer bet %toﬂ JecuLﬁ:F of .the,i\nvention

| i nked t oPEQt§IR 8@{%5‘\%‘“5)?“ r‘%ﬂ*ﬁ?‘%@ﬂ CEI&ﬂf en‘f’?‘ledl fonabe i dNai n of
the heavyhh%emeagiegﬁwﬂaﬂ o‘fhﬁ:'d&ﬁstarﬁlcﬁ)ﬁlmﬂ Bledntlﬁﬁm ok 16BUIA Apptaf@rdm"Forreans an
interferon beta protein chemcally l'inked via a mono- het er o-

f unct i onafusinml emprises an iatesferoorbgtamplecyle phthe inventon linked;ta taeffalgg}eﬁh(’flﬁ@t a

protein and.i e. fro rif bel ow.

" Reconbi namboﬁyggﬁa@ga! tﬁ%&%?rrqnmipé@ﬁx %ﬁg Réaq’&q{fnﬂlm%%lg&zler rved from
recombi nant,  AfsoEHRM@ ‘amsx@%pfo@ﬁﬁ’l meatﬁsyﬁltlﬂﬂéﬁferolﬁrbataquﬂtemmkﬂmg linkedrost
bacteri al cultures e.g coli, wll be free of can so};h

expr essi orvuaswrg@wr éFféf%(ﬁ‘#mﬂP’éﬁflé‘Fc}l"e"&le toraseapd me%&yrtegtééaom 1hte gﬁonﬁ’ﬁgﬁ have
ol i gosacchar | . expressed in
mamal i anBi’30 % ﬁ?nﬁsgﬂé’d%%ﬁ@g{) ?!%}naﬁ{ il pfr&gg]e%tggd& i?ﬁar gﬂgﬁlout t he

speci fication aRec@nﬂimmnabaemseéhemmfneaﬂﬁtham profedn Srietjeechframaecombdpantt hat a

particul ar nol ecul e shares sufficient am no,acid uence honol W th
the ertBodi Hﬁ‘ﬁ%‘gﬁ@f‘ X PRES LY SHS; %\%"m PieHrdm ’88%8“%%5’%' o ebgéofggpabl e of

antiviral agfiwillipé RS oTBRZH &fthbde e&?rdsﬁoﬂbydi&nﬁﬂk nwi prefere8 Saytedf the type
shown in Exanple 1, as described below. A ™therapeutic conmposition" as used
herein is ammm@xwasm@rm@p@ggmecmndeéﬁm@uremamretdrfémwm t8h and ot her
physi ol ogi cal | b redl ents. The therapeutic conposition may
contain ex&PF %sﬁgénn% 1§nceﬂ minerals and carriers such as protein.
“am no acid"- aBmlxsg@cfmnylaeumi 4s uséd thrqueghioindihe spezifiqaspn adkechavactgristt ef n.  There

are twenty am no aC| ds found in nat ral | ceurrin tides,, poI ypepti des
and pridt ei r‘fster gfpp-betad agmegfsithal aaPPE‘CE %#%’t“ %ﬁ? @F%‘PE?’%‘ o@fid udes
anal ogs of ¢ henAMdiblasy Hih aREnBouRAIRY 8f BE pfedént BivehebMdiseToaa Redislo and

t heir anal ogs.
be capable of antiviral activity as measured in an in vitro antiviral assay of the type

shown in Example 1, as described below.
A "therapeutic composition” as used herein is defined as comprising the proteins
20 of the invention and other physiologically compatible ingredients. The therapeutic
composition may contain excipients such as water, minerals and carriers such as
protein.
“amino acid”- a monomeric unit of a peptide, polypeptide, or protein. There are
twenty amino acids found in naturally occurring peptides, polypeptides and proteins, all
25 of which are L-isomers. The term also includes analogs of the amino acids and D-
isomers of the protein amino acids and their analogs.

A “derivatized” amino acid is a natural or nonnatural amino acid in which the
normally occurring side chain or end group (or sugar moiety in the case of interferon-
beta-1a) is modified by chemical reaction. Such modifications include, for example,

30 gamma-carboxylation, beta-carboxylation, pegylation, sulfation, sulfonation,

phosphorylation, amidization, esterification, N-acetylation, carbobenzylation,



A "derivatized" amno acid is a natural or nonnatural am no acid in which
the - normal 'y occurring side chain or end group (or sugar miiketyL %08 he
case of inhwydosen- beta-1a) is nodified by chem cal reactipor/u§is2azo0

nodi fications include, for exanple, 30 ganma-carboxyl ation,

bet a- car boxyl ati on, pegyl ation, sulfation, sulfonation, phosphorylation,

am di zation, esterification, Nacetylation, carbobenzylation, 24JUL2006 WD
00/ 23472 PCT/ US99/ 24200 -11- tosylation, and other nodifications known in
the art. A "derivatized pol ypeptide" -l a pol ypepti de contai ning one or

nore der i \@dyiaRd, 41 oier deddiEcaBibal Kafovaria the arfioX ederitetizedatolypeptideligans, if the
pol ypeptide is glycosylated. "protein"- any polyner consisting essentially
of any of pohweptiegentining prsor moraderivaiizrd 2o AsksiandOr ONGOIGNPIEN used i n

reference eﬁv{ltﬁﬂe %ﬁ%ag%,gfdég?(?ggg)qildgpse%gé%?pmdand "peptide" is often used in

reference TO sna usa these terns in the art overlaps
and is varied. Thgote@mmiygpodyeémtbnsstingsessentiell g bhanyeffehes2@ ampeopriddes,

pr ot ei ns d pol.ypepti.ges., unless .otherwi se noted. . "functional eguivalent”
b “ans " aniAgiouRe  ElyBsndt s ofon B iR Rt OOy o P, &R

physi co- chegical insRaistd BSrefterch & SRAINPOIFIPRAES bt of tHoad tewaSin@phaced by
the functional equivalent. "mutant" - any change in the ,genetl c materi al
of an or ganesags and ipearicilc The termd ipyoteina ayyasediherein refrss ta papHdess DINRINS ut i on,
addition, or alteration). in.a wld-type polynucleotide sequence or any
change i n &RP° y(?-em}%’é’ '15463? 8ihﬁfw%’g°t%%r m"nutein" is 15 used

i nt erchangeabl y vuhdionalégaitalent” ofiandintiy@ecid residve inat amimblagiddmeingr i ng

pol ynucl eoti de sequence of an exon of a , protein, 051 a é)ortligég t hereof , or
prot eidn seadndaahysige-chespicalroperassasthe spingacidirgsifye thalwas ePlacid Ry I exi st s
in vivo. " | di zation conditions"- salt and tenperature

condi ti onsf%gg)qgllrj u?é%'lthll'al ly equivalent to 0.5 X SSC to about 5 X SSC and

65 C for both Hyiutandi-zayicbangarinl theegsheticTinatetialrafian organisat.dn hyroewlal zat i on

conditions" as used herein i I herefqre an er.aty . inition and
enconpass eaé'yaf?‘?’hgr‘?éb&o‘?elﬂ%‘r F‘ﬁ%%‘fl%r'f‘d@ﬁwar ' a@‘%&?“%ﬁiﬁgﬁg‘r‘ (ﬂg}{p Fi ngency

condi ti onspygiiclebfde f¥aEHRE Or anyIEHatgein Wil @y pel pigteit. The prdduetan’t sen  buffer
(0. 2% pol ;R/i nyl pyrroi@iﬁdone, 0.)n2% Flg%ol I 40%’;@0. 2% bovi ne serum al bum n, 50

25 nmM5Tr i suspibintgrphangeadly with rmusaot™. 0. 1 % sodi um pyrophosphate; 1 % SDS);

10% "wild-type" - the naturally-occurring polynucleotide sequence of an exon of a
protein, or a portion thereof, or protein sequence, or portion thereof, respectively, as it
normally exists in vivo.

"standard hybridization conditions"- salt and temperature conditions

20 substantially equivalent to 0.5 X SSC to about 5 X SSC and 65 ° C for both
hybridization and wash. The term "standard hybridization conditions" as used herein is
therefore an operational definition and encompasses a range of hybridization conditions.
Higher stringency conditions may, for example, include hybridizing with plaque screen
buffer (0.2% polyvinylpyrrolidone, 0.2% Ficoll 400; 0.2% bovine serum albumin, 50

25 mM Tris-HCI (pH 7.5); 1 M NaCl; 0.1% sodium pyrophosphate; 1 % SDS); 10%
dextran sulfate, and 100 wg/ml denatured, sonicated salmon sperm DNA at 65 ° C for
12-20 hours, and washing with 75 mM NaCl/7.5 mM sodium citrate (0.5 x SSC)/1%
SDS at 65° C. Lower stringency conditions may, for example, include hybridizing with

plaque screen buffer, 10% dextran sulfate and 110 pg/ml denatured, sonicated salmon

30 sperm DNA at 55 ° C for 12-20 hours, and washing with 300 mM NaCl/30mM sodium



dextran sulfate, and 100 g/ denatured, sonicated sal non sperm DNA at 65 '
C for 12-20 hours, and washing with 75 mM NaCl /7.5 mM sodi t# aiVtr (0.5
X SSC) / 1% woel¥/847265 C. Lower stringency conditions may, fopceysmaigeo

i nclude hybridizing with plaque screen buffer, 10% dextran sulfate and 110
g/ M denatured, sonicated sal non 30 sperm DNA at 55 C for 12-20 hours, and
washing with 300 nM NaCl/30nmM sodi um 2 4 JUL 2006 WD 00/ 23472

PCTI US99/ 24200 -12- citrate (2.0 X SSC)/1 % SDS at 55 C. See also Current.
Protocols in Ml ecular Biology, Johnl®ley & Sons, Inc. New York, Sections

6.3. 1- 6. 3. Hrac 128N SSEPXW IS 0I5 TOSeellsosCaprentProtoclsindvelecelanf
pol ynucl eotides that controls and regul ates expressi on of genes when

oper ati vel Bidldgykédlntwilch&%orgehesNevs Odﬁéeawﬂﬁ 34146 1k 41989). 2 pol ynucl eot i de

I
Seduence when t heAPSBEORE ety 8 B Tpeo TRNFR BRI BRIIE, o (e

transcript afafyepdlehed éﬁﬂl&dsﬁinldi@eﬂﬁs Wmtopmhyﬂyl@ﬂnﬁai fodBoseggn@nce. The term
"operatively Irnked" includes having an appropriate start signal, (e.g.,

ATG ih front ofoResivsbi jmisdl-ebpolysucienide seqicpes (RNARIN AL iseaperatiyely
mai nt ai ni ng, cfg% aR E%}ﬁ'gstmojn gé]ﬁ@péegﬁbnfcé Wﬁgn tR éilﬁfersTth BRFo? S&fubteRonirHIS

pol ynucl eot'1 sequence under the control of "the expression control
sequence amdl pguldies thearansdription aué ranséatiopf yime poiydecletmdo deqhehge. Thee

pol ynucl eot i de se ex on_vect or oI Ieotl such as a
DNA pl asni §T8r Oy bvchy ﬁna’l?’ﬁg ﬁ&ﬁ%b“&%&ﬁfbm&?&% %%r)t 7‘1 aﬁm expr essi on
of at | eastoMng tEsRyMIEDHLAS sdiEncR P bE Sfpredied 8Ed MaintHnihpiHeaduead into a
host cell. The vector may, or nmay not, be able to replicate in a cell.

"I sol 4@ ed" readise dramette permaih gepepssionf the polymisiestide saanencewnder)the wnérﬁl abpl i ed
L ane o b ssinieansR torEl 50 A BEABNRE esite A b1, BIFAAEAARLARE P! | des,

means an I on of gen ynuc €0 |de,
cDNA or synkfpﬁtyneclwudwde;{mmbeotl de Whl ch by VI rtue of |ts origin or

mani pul ation: (i) IS npt associ at al o ide with

which it is assoc?’&ir%ﬁﬁ‘qnn"eﬁ'gfuPé’OE'é‘u eouqe ‘i?h’ r@‘l‘grﬁ’ ")5/?“1’1 ;P q}f‘g?l as an
expr essi on& Q&'EherQBHﬁ&%rxﬁhBEsf\pﬁEﬁﬁlflaws prréshl'oh off it lEhs@Bﬁ‘éjgénQ vhheRuCl ei ¢
acid or chemca nmoi ety ot her than that to which Is linked in

nat ure3 or tl)(elevcpr)essmeseqmls tnsroducedrintoragdiogy @11 Ble vgosas] lm}’eél‘ mFlY nptsbe ahle her

meant a po cl eotide,,sequence that is: (i) anplified 25 in vitro by, for
exanpl e, Bﬁfﬁé‘f‘a s c‘ﬁgi n reaction (PCR); (ii) chemcally synthesized;

"Isolated” (used interchangeably with “substantially pure”)- when applied to
nucleic acid i.e., polynucleotide sequences, that encode polypeptides, means an RNA or
DNA polynucleotide, portion of genomic polynucleotide, cDNA or synthetic
20 polynucleotide which, by virtue of its origin or manipulation: (i) is not associated with
all of a polynucleotide with which it is associated in nature (e.g., is present in a host cell
as an expression vector, or a portion thereof); or (ii) is linked to a nucleic acid or other
chemical moiety other than that to which it is linked in nature; or (iii) does not occur in
nature, By "isolated" it is further meant a polynucleotide sequence that is: (i) amplified
25 in vitro by, for example, polymerase chain reaction (PCRY); (ii) chemically synthesized,
(iii) recombinantly produced by cloning; or (iv) purified, as by cleavage and gel
separation.
Thus, “substantially pure nucleic acid” is a nucleic acid which is not
immediately contiguous with one or both of the coding sequences with which it is

30 normally contiguous in the naturally occurring genome of the organism from which the



(ti1) reconbinantly produced by cloning; or (iv) purified, as ﬁ cl eavage
and gel separation. Thus, "substantially pure nucleic aci d'2 4 JUk 20061 ei ¢
aci d whi chw@oegrgalyrz | medi atel y conti guous with one or both pETisey/zieel ng
sequences with which it is 30 norrmally contiguous in the naturally
occurring genone of the organismfromwhich the 2 4 JUL 2008 WD 00/ 23472
PCT/ US99/ 24200 -13- nucleic acid is derived. Substantially pure DNA al so
i ncl udes a reconmbinant DNA which is part of a hybrid gene encoding
addi ti onal sequences. "lIsol ated" (used3d nterchangeably with "substantially
pure") - V\/rmmleaq)qimd isdietioed. [Smbgtm'plly pes ]DHArEéscainduﬂgsmaqebbrdbinmt RNportion

its or.i nanl‘tpeulatlon (i) is present

t her eof which vVirtue
in a host WHFRI Séé"t‘ﬁé‘hé'gf}géggq %ﬁo‘fina%f‘O’Eﬁl $LWEIFon of an expression

vector; or (ii) "Eolhieﬂkﬁﬂed Qltéctpahgéa%'l)“wﬁﬁ “Qlﬂﬂﬁhuﬂﬁeﬁﬂr@%l whBH &iptie@tdrer than
t hat to which it 1s linked in naturé€; or (iii) does not occur in nature.

By "i sol atmdypeptidésgndans arpekypepmhrw aavoprqmttbcmoft\hbnch,|b3' virtg¢ of itsrasigicat | y
synt he5| zed; .or i) res and urified.a from
2 oc it e BN D e el R e Epress BB pep i A SRS B ont P
been separedpesisibh @836 BEGI) Eﬁl@)dméa@f&elﬂldﬁ bee clbghictd mdiéth over eanitfiat
natural ly occurs. Pr ef erably, the polypeptide is al so separated from

subst ancestostlueh iés linked propatas: o (iijedoes peftacrids natyet. BYcisplaied 'del fyheeh are
used to onot er
which 15" ripbdnt actorein i & A BHRaH0 SRhAled, &y Sfflentfl f Mdsbodt BIOTOLOH |
15 " Honol qgmf‘red-away fnmsreaksd)raated pronesnssgfhotqmmcsenally Ime'amaa paypeptidelérat i t y* and
refers toth uenc imlarity.bet .ypept | des | ecul es or
ot vl © vl eSS A T ot e e st Aot B el &isar cq

sequences Pr%fe%tﬁw@h@ﬁbw;yephbels awgepaba@@ fdin fibkiafced Ghéh HOMOBBdiesSsrpeni t (for
instance, if a position in each he two DNA nol ecul es is occupied by

adeni ne, omatalcmpb’na@rwlmnd@a’dhclbmﬂlm todupifieldt i des is 20 occupied by a
lysine), then the heteei-gi%g&w eprgrtn%k'eca%?e% 1R8n O ;{TSJP%?#%IE& rﬁ?%nzf?&% n%l on. The

per cent age honol ogy sequences 1S a tunction o e nufmer of
mat chi ng Odssodﬂﬂéﬂ){vagatgsn@asapurlﬂtﬂrmblaroamcby the two sequences divided by

t he nunber of pog t|o gonpar x. 100. For instan if. .6 of 10 of the
posi ttons in two logeus” %@eﬁgfrewela syponygyous w&ﬁﬁ%&smslde?%na%e t wo

Sé‘_la_ g‘;\‘é’_’llcesre?crrﬁoqge/ %éﬁ%@ﬁﬂe‘éﬂﬁﬂ'ﬁlty BYrwiRy thd pﬁ?ﬁéﬁﬁld@s mdiCeudR PDbwResIHpsICES
and are 50% honol ogy (3 of the 6 total posi tions
nucleic acids. When a position in both of the two compared sequences is occupied by the
same base or amino acid monomer subunit (for instance, if a position in each of the two
DNA molecules is occupied by adenine, or a position in each of two polypeptides is
20  occupied by a lysine), then the respective molecules are homologous at that position. The
percentage homology between two sequences is a function of the number of matching or
homologous positions shared by the .two sequences divided by the number of positions
compared x 100. For instance, if 6 of 10 of the positions in two sequences are matched or
are homologous, then the two sequences are 60% homologous. By way of example, the
25  DNA sequences CTGACT and CAGGTT share 50% homology (3 of the 6 total positions
are matched). Generally, a comparison is made when two sequences are aligned to give
maximum homology. Such alignment can be provided using, for instance, the method of
Needleman et al., J. Mol Biol. 48: 443-453 (1970), implemented conveniently by computer
programs such as the Align program (DNAstar, Inc.). Homologous sequences share

30 identical or similar amino acid residues, where similar residues are conservative

substitutions for, or “allowed point mutations” of, corresponding amino acid residues in an



are matched). Generally, a conparison is nmade when two sequggcsﬁda}@?
aligned to give nmaxi num honol ogy. Such alignnment can be pr éwi i ng,
for i nstanwm ooBer2net hod of Needl eman et al., J. Ml Biol . PABUSIMI20053
(1970), inplemented conveniently by conputer progranms such as the Align
program (DNAstar, Inc.). Honol ogous sequences share 30 identical or simlar
am no acid residues, where simlar residues are conservative substitutions
for, or "allowed point nutations" of, corresponding am no acid residues in
an 24JUL2006 WD 00/23472 PCT/ US99/ 2426 -14- aligned reference sequence.
In this reaygied refRrencoBa@endt Invthissegsd,id tidnearvatife sabstivstichief mesiduerieher ence

sequence are t hose substitutiops, that are pr]é C?H or . funct.ional |
simlar t&ferace wgrenes gk Psr?gsupﬁﬂ\éﬁ“e’ﬁé'ea‘ al! y%?/fgnctmpﬁ SIFUARIOANG | i | ar
si ze, shapgy, sgyt)ﬁc‘ﬁh% bFerch@y Igﬁduescg'gmdﬁl@haﬁraoéﬁﬁﬂﬁﬂﬁfe sHap€ | dictiiiOcHabge, abi ity

to formcovalent or hydrogen bond or the Tike. 5 Particularly preferred
c o nser vat |chmxrealtprbpdru¢s, orcludargthe Alodity toufbfo kovatept bhbyd:«pgeméqonds gefhedikd. f or
i on

"accept ed a i el
e quangeP paaicRR Y e cRerge bR iork yoss Rinyihe 88 shlerlaBhifidor
Res. FoundathQapte¥'psint fitaiBn” ifDAyhoffld 48)5: ATRR of Proin Péjughitcampt | de
sequence and "nucl eoti de sequence" are also used 10 interchangeably

her ei n. Tﬁérl{célPWBS "SHppl ds ehapter 22 a1 540102, Niat Biemned- gefogindatiogpWeshingtophei r
br oadest )t he recrui tment of new bl ood vessels. In particular,

"angi ogene5| s a% so'refers to the recruitnent of new blood vessels at a
tunor site. "| ANARZs “polyiNARIctide ‘Sédubkde’/aRd "mefieatidt sequbrcerant dsangseknows to
conpose the 15 cell rface type | interferon receptor. The extracel |l ul ar
porti dA ( edBtewBangeabl 58‘?"4‘} on of the IFNAR2 chain alone can bind interferon

al pha or bet aphReRgd iieBvREulhfiuiBh e aR M ankidEetsisO theth, |1h tl%’%r@é/dest‘%@hﬁ S

i ndi cated otherw se, conventional techni ques of cell biolog
culture, mhereauitmeby Qﬂ neyy blooil wessblso lwpyticuiae 6mg¢a¢ﬂu8”[am reérs()tpéhm
chem stry, and i h| n the skill of 20 the art. Such

t echni ques r%lclr%ltram% P W%Y(md VCI%S%I]S a?flgl#%? e See, for exanple, Ml ecular

Cloning: A LabIANARZY “NWRL", “EINARULY irefer to(lepioteikinotvs itd sahpaatheMani at i s,
eds.), Cold Sprin Har,bor Laboratory Press, 1989; DNA C oni ng/p Vol unes |
and 1115( D, el sexfasg &ype Idnterferpngeceptar; éaﬁaera@sﬂwlerepm %é@figmale Ortioggy t

ﬁﬁbi di zar o%m%lgﬂ@? ?Llhgescaé‘nd%%’té.r%?régphi bbefd, 2l - ): fucleie Acid
Practice of the present invention will employ, unless indicated otherwise,

conventional techniques of cell biology, cell culture, molecular biology, microbiology,
recombinant DNA, protein chemistry, and immunology, which are within the skill of

20 the art. Such techniques are described in the literature. See, for example, Molecular
Cloning: A Laboratory Manual,_ 2nd edition. (Sambrook, Fritsch and Maniatis, eds.),
Cold Spring Harbor Laboratory Press, 1989; DNA Cloning, Volumes I and II (D.N.
Glover, ed), 1985; Oligonucleotide Synthesis, (M.J. Gait, ed.), 1984; U.S. Patent No.
4,683,195 (Mullis et al.,); Nucleic Acid Hybridization (B.D. Hames and S.J. Higgins,

25 eds.), 1984; Transcription and Translation (B.D. Hames and S.J. Higgins, eds.), 1984;
Culture of Animal Cells (R.I. Freshney, ed). Alan R. Liss, Inc., 1987, Immobilized
Cells and Enzymes, IRL Press, 1986; A Practical Guide to Molecular Cloning (B.
Perbal), 1984; Methods in Enzymology, Volumes 154 and 155 (Wu et al., eds),
Academic Press, New York; Gene Transfer Vectors for Mammalian Cells (J.H.

30 Miller and M.P. Calos, eds.), 1987, Cold Spring Harbor Laboratory; Immunochemical
Methods in Cell and Molecular Biology (Mayer and Walker, eds.), Academic Press,



25 eds.), 1984; Transcription and Translation (B.D. Harries r)}d S. J.

Hi ggins, eds.), 1984; Culture of Animal Cells (R 1. Fr eshneg, é‘ﬂ) 20K an R
Li ss, Inc. wd88x47d nmobilized Cells and Enzymes, |RL PresspCTA569/24200
Practical Guide to Ml ecular Coning (B. Perbal), 1984; Methods in

Enzynol ogy, Vol unes 154 and 155 (Wi et al., eds), Academ c Press, New
York; CGene Transfer Vectors for Mammalian Cells (J.H 30 MIller and MP.
Cal os, eds.), 1987, Cold Spring Harbor Laboratory; | mmunochem cal Methods

in Cell and Ml ecul ar Biology (Mayer ald Wl ker, eds.), Academic Press, 2 4
JUL 20 WOLOAA&BI9RY; HenidbesosEgesimes Immwadeogy, VodmmesHalYodk Wir and

Experi t I Y =1V o (DM M d Bl. ], eds.),
198! Nani i ab PRk b L Mapigpfatio e ot EtBEyo, Colo SERTIIRN " oy Cc:
1986. 5 || Labsatdes Piedd) 19851 Expression of Fusion Proteins The present

invention relates to a systemfor the generation of interferon-beta-1 a
fusion proteins. In particular, the present invention relates to these

proteins a I s th r econbi mpl ecules utilized in their

pr oduc?i oniI‘?ﬁ%duﬁﬁ%’bﬁ%@@ﬁesglpﬁ%ﬁgg%é?ag‘e%%g?des of this invention may be

achi eved by a ‘eipgisynt ifiven€ibn redite0ds dysemitot thetgbreratidn offinterferoartptala f ul |

|l ength interferon-beta-1 a or truncated for of | nterferon- belia- a may
e ow). A

be pr oduc&8sieR PR T REBTHII R PrIsRRt 'PETRAR URES 18I P UBRASS 'S
gene whi C%c??ﬁ%%?DNJ@nﬁfq%hfe?Qtiﬁi&H%Hi%'ir%b&li%&i@n.l a pol ypeptide may be

desi gned on the amno acid sequence of the desired pol ypeptide.
St andar d net hodhe peoduttiemof thé palgpentides efthisanveprion gy be aclhievegdryea varisty

exanpl e, the anmino acid sequence may,b ed.t.o truc - L ransl at ed
gene’ 1R pRATSEIRgS Rep B8 Y REF aTRLs Sut RRR i SefERBEUE e BuRBESRt Lo ng
for i nter figmbrhifeerbndelBla A8y PRSRLIEdD YW nGecinttinanfDNA R2hihes sever al
smal | er oligonucl eotides coding for portions of the desired

i nt er f er oresBECPNAS (§e8/badeW). synt hesi zed and then |igated toget her.

Preferably, th Eng ) HLAat €r = - ety
wll be nmade a? @@e@&%&%g‘?ﬁp %8%}“?36‘%‘5‘@?@%??@@ I{f\ﬂpgﬁtl&akre%gyéﬁj ssg@ﬁgnt ly

| i nked t odasddem. th¢ Samobacahgeeen2y of theelesindi polypeatide Stapdandohetbedsdeay thempi cal | y
contain 5' [

S O R P R R L L
restricti QeneRRPNYEIkERGRRtI gefd. YA DN UREsHHEG cofGiningd heledtidt esqubfde di rect
capable of coding for interferon-beta-1a may be made in a single step. Alternately, several
smaller oligonucleotides coding for portions of the desired interferon-beta-la may be
synthesized and then ligated together. Preferably, the DNA sequence encoding the
20 interferon-beta-1a moiety will be made as several separate oligonucleotides which are
subsequently linked together. (See Example 2). The individual oligonucleotides typically
contain 5’ or 3’ overhangs for comblemcntarity assembly.
Once assembled, preferred genes will be characterized by sequences that are
recognized by restriction endonucleases (including unique restriction sites for direct
25  assembly into a cloning or expression vector), preferred codons taking into consideration
the host expression system to be used (preferably a mammalian cell), and a sequence
which, when transcribed, produces a stable, efficiently translated RNA. Proper assembly
may be confirmed by nucleotide sequencing, restriction mapping, and expression of a
biologically active polypeptide in a suitable host.
30 Mammalian interferon beta cDNAs may be isolated by using an appropriate

human interferon beta DNA sequence as a probe for screening a particular mammalian



25 assenbly into a cloning or expression vector), preferred codons taking
into consideration the host expression systemto be used (pzéfﬂﬂaﬂng a
mammal i an oeb b)234znd a sequence which, when transcribed, pPCESE%24200
stable, efficiently translated RNA. Proper assenbly nmay be confirmed by
nucl eoti de sequencing, restriction mapping, and expression of a

bi ol ogically active pol ypeptide in a suitable host. 30 Mammal i an interferon
beta cDNAs nmay be isolated by using an appropriate human interferon beta
DNA sequence as a probe for screeningl& particular mammalian 2 4 JUL 200
WO 00/ 2347RNPJiYruSdsy/ 24 apecidsthybeiination. Mammalian iptepfogonshstaised in the

hybri di zati on. . Manmal i i nterferon beta-used in the resent i.nvention
ol udes. PISSERSRYRBROLERNAF Y e G P R el malhe SEbs, SPYRL.

bovi ne, egWing catide BRI forbide intt@érbe bera. MaimnalibR ififéra betacad besnaineebp can
be obtained by cross species hybridization, using a single stranded cDNA
deri ved f ¢ioss $neeies byhiidiztiontusingay ngle srandedeDNAqdsived fron e hyman di zat i on

pr obe %0 ;n%)rke?j"&r?bétﬂ])g{/{ g%qﬁg%&%% h&%?ati&é@ﬁ%ﬁ%%%%e %ﬁbua?ebgmse&

Anong 1 he nethods € use 'S cloning interferon

gene sequeéabfiafamaliimcBNAntbriried SAfnong theimethéds thhtSan Batssl for solatimg am d
above. O particul ar rel evance, however, are_.the t eacﬂisngs of U. S ,%Pp%'f)ent

4, 738, 931 ¢loping interfeyon genmsequences 15 tiRse BIaEads fRundp My Y- SnEAERS SHRRARZ N

beta gene,pdl, -6?&:9&@&%&&&\4%&&@;%}&& Ee%l:lﬁh@sdoft@.sf PaRAPLEPIRO3 DN,
nol ecul es conprising the aforenentioned DNA séquences. The reconbi nant DNA

mol ecul es |9f198B) descmhing DN centaining agwiblag interieon detai g¢ge.expr essi on of the
pol ypepti des of, the inventi.on in Ros t r ansf or it .
Coauente encoathy SrRRRER bR sIRPhD SRR TR AhIRE R dohputinE e

oper at i vehfordrhétkiofled DNANseqUdices STIRTeCatbin et DA heslelds@F tisisl Mivestidar£6si on.
To provide for 15 adequate transcription of the recqonbinant constructs of

t he i nven€drghle of dygetingisxaresyipnpihe prlypertides pf he dajcaten HPSERREPERY be

i ncor por a [t o, i : . j d

pr onot er/ Eek%gerdggléi%yag%%@%g@seggﬁ&e%%gﬁ%sgdncpaoé%?gaﬁg?ﬂgé %ﬂ%&ﬁpgﬁg 8 ription

of a nucl epdratite]skiuied ne en exppediongoatrgll sgquesigt &iredch erpeessienohio pwtvale f@r onot er s
whi ch ay (E)e used to .con{jrol th%. expressi on gf t he {immwl (?bul i n-based
fusi of® pr AF5EMAE ARICEiREON B the Jecombingntcansiricls o the dnvention, asgitdple, o | v pr onot er
regi on ( Berpididr/eaRshcehsyiieite M SlefeMiblbecind@PoRed-idtokB9 recbMBinpfitoDloE,
contained in the 3' long term nal repeat of Rous sarcone virus (Yanmanoto,
et al., 19Buidedshat theprompteroxpressioRCOREPINEqUEnss i cipalde R IRy g raPsRItpEPN

(Vagner ef, glcieotihi@ §é%ufeﬁ)<%eﬁ&emom§ Ll'le%S?}Fiatedsﬁ{.terfelrJor?béa. Pomidtés %%@ma;l e

regul atory sequences
used to control the expression of the immunoglobulin-based fusion protein include, but are

20  not limited to, the SV40 early promoter region (Benoist and Chambon, 1981, Nature
290:304-310), the promoter contained in the 3’ long terminal repeat of Rous sarcoma virus
(Yamamoto, et al., 1980, Cell 22:787—797), the herpes thymidine kinase promoter (Wagner
et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:144-1445), the regulatory sequences of the
metallothionine gene (Brinster et al., 1982, Nature 296:39-42); plant expression vectors

25  comprising the nopaline synthetase promoter region (Herrera-Estrella et al., Nature
303:209-213) or the cauliflower mosaic virus 35S RNA promoter (Gardner, et al., 1981,
Nucl. Acids Res. 9:2871), and the promoter for the photosynthetic enzyme ribulose
biphosphate carboxylase (Herrera-Estrella et al., 1984, Nature 310:115-120); promoter
elements from yeast or other fungi such as the Gal 4 promoter, the ADC (alcohol

30 dehydrogenase) promoter, PGK (phosphoglycerol kinase) promoter, alkaline phophatase

promoter, and the following animal transcriptional control regions, which exhibit tissue



met al | ot hi oni ne gene (Brinster et al., 1982, Nature 296:39-42); plant
expressi on vectors 25 conprising the nopaline synthetase pral#oﬂlﬂ.r %08gi on
(Herrera- Egigglsarzet al ., Nature 303:209-213) or the caul i pé&rrosgorzagmai c
virus 35S RNA pronoter (Gardner, et al., 1981, Nucl. Acids Res. 9:287 1),
and the pronoter for the photosynthetic enzyne ribul ose biphosphate
carboxyl ase (Herrera-Estrella et al., 1984, Nature 310:115-120); pronoter
el enents fromyeast or other fungi such as the Gal 4 pronoter, the ADC
(al cohol 30 dehydrogenase) pronoter, R@& (phosphogl ycerol Kkinase) pronoter,
al kal i ne gheay aﬁ@ha\&r&ﬁﬁ)hﬁﬁzedaﬂdaﬁdgenfbahirﬁm\& R{psaee hgdnetlcompsi¢egipn | onal
control ions, which exhibit tissue 2008 WO 00/ 23472

PCT/ US99/ zfg@bos actiye I BACTRALiE Pells (SHift ﬁfaﬂ}e 18% f?eé}t%f‘ﬁ%’e%@ Rraiizeeh alyel 986,

ani mal s: | t C
ol s ( Subp RS Harlkf 3Gnfe? Dot BLACH(ES0 A0 Rikchb g 197, Mo aRey #2207
Spring Haf tﬁ)rms;dnpgenaaaMncerBloopromm%ume ammmmomauwsm celiepat ol ogy

7:425- 51 e S, or ers are acti

pancr eat: Bgahal dap9 SR ATRARET 295 BlenRRglo e ok Bareded Ss Mogliog) obul i n
gene enha@aRhSrictive Qﬂ%ingih%ld e EhrogdcBedGk hlv,e1988, Calnpied 63w IAdamesE0sschedl
et al., 1984, Cell 38:647-658; Adanes et aI., 1985 Nat ure 318: 533-538;

Al exander alatl985, Natarg 1 8:5981538 08 lewandar e al., 19874 dnl1dGails Biok Rd43e-y44hedal ovi r us
| 1 ||, 4L,521-
ear 'y pro@%yﬁ%ﬁggms%@ﬂgg%ﬁot&e 'd%H n%?rorr%glglﬁ%gﬁ%ﬁlé ﬁf al; ?g% C@HA.I:ASEI-S :

530); virus con ive 1i
testicul a530)bmeasbtmari;ﬁxafwutmmwﬁumuﬁtma&tgmemxsh {slaedey inatstiadlilar, bi8H, Cel |

O B A e S AT P BB et

r egi on WhiyghyiiSa@Rkiy ﬁvérr{Pidk&%t A1K1989, &tne§indevel. %%»2%2'& pae! I Biol.
5:1639- 1648; Hamrer Sci ence 235:53-58); l-antitrypsin

gene confqtmprouemggeon cwhtrcd hegxsn ahmhv&aathe urhbvcin(lie-nnl@u@&t@éyl%ﬁ Mio]. Gedlg 7,

Genes and Ve 161,15 171 | obi control .eionwhichis
active i nB@ef h)?%ﬁ EQ]-:AZ‘I I’EI EW&]F;% g? é‘? Sglencﬁg%g?ﬂﬁ@t O%ph 2?5{1 880 Kol 1 as
et al., 18fol telidn WhicB% &five MMk liNeERisey B ] BI8T, GeMs ang DRYEIOL: 16891 ON
which is active in oli godendrocyte cells |n the brain (Readhead et al.

1987, 15 Cell TDabetaglnbin gone crpislirpgipn yhichdp astiyein gyﬁ@%efﬁlsmogfaég?t&% which is
active i ”1§é§ehﬁfﬁé315‘§§ﬁbﬁo,(1§ﬁms,et %19,8%86'\@1}'&?8%4 r%ﬁémzl%@c’pr@lgﬂ ene

gonadot ropi ¢ 'r el easi ng hornone gene 20 control regio Is active in
t he hypot baitehtegidnvebioh isdctiae in oligp8éndr8nitecals 12 8v:bi@d PReaiBFR) et alPr A8 yot i c

(VP o kel o 03R4y 65 bl iz s P Polasdion BRRS RORR Stz a75 1)

are not  muscle (Sani, 1985, Nature 314:283-286); and gonadotropic releasing hormone gene

20 control region which is active in the hypothalamus (Mason et al., 1986, Science 234:1372-
1378). Prokaryotic expression systems such as the LAC, or beta -lactamase promoter
(Villa-Kamaroff, et al., 1978, Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731) are not
presently preferred inasmuch as the expressed interferon beta will not be glycosylated.
Nevertheless, prokaryotic expression systems that will allow glycosylation of interferon

25  beta in either prokaryotic or eukaryotic hosts are encompassed within the scope of the
invention.

The expression vectors which can be used include, but are not limited to, the
following vectors or their derivatives: human or animal viruses such as vaccinia virus,
adenovirus or retroviral based vectors; insect viruses such as baculovirus; yeast vectors;

30 bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA vectors, to name but a

few. Specifically, useful expression vectors for the preferred eukaryotic hosts include



presently preferred i nasmuch as the expressed interferon beta will not be
gl ycosyl ated. Neverthel ess, prokaryotic expression systens RuagyuniZ8 al | ow
gl ycosyl at ivpg o@dzarit erferon 25 beta in either prokaryotic orpCTses/p406 c
hosts are enconpassed within the scope of the invention. The expression
vectors which can be used include, but are not limted to, the follow ng
vectors or their derivatives: human or aninmal viruses such as vaccinia
virus, adenovirus or retroviral based vectors; insect viruses such as

bacul ovi rus; yeast vectors; 30 bacteril@8hage vectors (e.g., |anbda), and

plasmd aoé’ct&@%mngn%e)\/;ﬁ@s%&onﬁr& s quiBh cédirord SV4OYbovegdpiliardvings, usef ul
expression vectors for the preferred euykaryotic hosts incluyde 2 JUuL 10

WD 00/ 2347ztomesrlodony Burthen, within e3ebspesitic SXPFRYSIN YRGLoOBXBFIQUS ISR May ey of
sequences JEAR RYfler R b IR sPBRA {eABlCCS Hhese Gifk Qﬁﬁﬂﬁ&%ders{)éﬁateg“épttﬂer 1

wi thin ea eC| I'C expression vector, various sites el ected for
i nserti onresfndnhﬁs&ddhﬁélemqmmaceﬁs th‘EhesIEhemareewelbcr@ogmuai H))ythdmmfgﬁkdt @ad by the
restriction endonucl ease cuts them ,The -recogni zed (Py t hose

CEokiF1 i st fineeapreetate het G e s resio R et ae il 1 bl SRR Sl

vector usgflaybi réé?ﬂlémhré\&@aﬁu'c&aserﬁ%ctor NSLrtBRYEhE ch&eh DNA 'ﬁ@.@m@xﬁtdﬁﬂtéﬁdi ease
site for Insertion of the chosen DNA fragnment. Instead, the vector may be

j oi ned bytlteh@cforagtwnuomgdb)rtherfmmmrmeﬁ?‘;—m%@m@)&preSS| on vector, and the
site chosen fo nserti on, t nki ng
Site chosen | ol ISSELAN Sl Rt 2R HARIRIL: o A ORSNAL i

factors sugdoggativellikitgroan eqﬁremdmnaussquncbj ie duenmnpehby a(vmhay of
restriction enzynme, the size  of the @g gleptl how, easi | Eitﬁe“@f
a

bl ypabt | BEIRTS SRIGISCRIF JETbE Of e ey Aarigular FesRiction Rz

vector an I ghaly, @dbﬁé lzﬂ&ce of

t hese fac'(t3 o#ﬂsg%w reezg{’?gle%sgl ttﬁ% ngﬁ}l&l?yg ﬁr%tegﬁ&lgfl{?vdﬁtl on may

i nt roduce@he nhmcdnofsat vezedrland irkBrtinhisité faracgivapalNAds déteempcéb)sahglamve()ff usi on
protein usm met hod known in the art, including transformation (for
exanpl e, Bac E- dextran or cal cium phosphat e techniques),

transfection, MinekrQoRib&faht &nstridi SCthe HenGS hagbdintddtced igGthHopRIlat i on. Any
host <cell type may be utilized provided that the fusion protein

r econdb narhi¢hare éﬂ@bbﬂfﬁxp@mﬁ%é‘@%IB}PEPl‘b\é“%&j@tYJB?‘EP‘}k'E‘?‘%‘h%PP Bed into
MRNA in th ucﬁﬁ tra r%cﬂ'ﬁlaﬁgﬁi g}ﬁdgﬁ(aﬁ@hé ug @A@difft?a?%r@%ﬁﬂn@ﬁh&bﬁﬁt@ In. In

addi tion, I nant aC| constructs of the “invention may be
used to c n«mhelum)mztmfmnon, mao®geeition sinfactibs, ccl gai and elecpropetattdm gany st
cell type may be utilized provided that the fusion protein recombinant nucleic acid
sequences would be adequately transcribed into mRNA in that cell type and the cell can
20  glycosylate the protein. In addition, the recombinant nucleic acid constructs of the
invention may be used to create non-human transgenic animals capable of producing the
immunoglobulin based fusion protein. In preferred embodiments of the invention, the host
cell is a mammalian cell, such as a COS or CHO cell.
Successful incorporation of these polynucleotide constructs into a given expression
25  vector may be identified by three general approaches: (a) DNA-DNA hybridization, (b)
presence or absence of "marker" gene functions, and (c) expression of inserted sequences.
In the first approach, the presence of the interferon-beta-1a gene inserted in an expression
vector can be detected by DNA-DNA hybridization using probes comprising sequences
that are homologous to the inserted fusion protein gene. In the second approach, the
30  recombinant vector/host system can be identified and selected based upon the presence or

absence of certain "marker" gene functions (e.g., thymidine kinase activity, resistance to



I munogl obul i n based fusion protein. In preferred enbodi nents of the

I nvention, the host cell is a manmalian cell, such as a COE?erUCI-MeI | .
Successf ul waemispy ati on of these pol ynucl eoti de const ruct s PCRUSIA24300/en
expression 25 vector may be identified by three general approaches: (a)
DNA- DNA hybri di zation, (b) presence or absence of "marker" gene functions,
and (c) expression of inserted sequences. |In the first approach, the
presence of the interferon-beta-1la gene inserted in an expression vector
can be detected by DNA-DNA hybridi zat+l® using probes conprising sequences
that are hREMbXBAUSEH is0G4 Ite tramg@miagion bhaiotypepoatsion gelydormation e second
approach, the 30 reconbi nant vector/hqst system.can be identifie d
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functions Wa ) [ by er B ehddiee of thededodUL 2000 WO
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phenot ype recombinasisaontaimyg the ixsetticambe identified Hyothe abssnceelcthy magkes genehy t he

i nsertion _of foreign nes in the vector. For ex I '

pol ynuél edincgen;ia ﬂ?%‘%‘ggta@fogcg" L&om "ﬁaﬂﬁf’é‘rpfﬁg‘f’“g"’?a‘}g}r%ﬁg‘r‘ bgiedﬁégg%dq%nce of the
vector,  LeGONBIRARtSE BsteProtiulddedpi@sédISEihe récatbintant deutdri Suchchsknys tiebe
absence of the marker gene 5 function. In the third approach, reconbi nant

expr essi ohasedcfopexanple, dnthe plysiqat pifynesjonabrrepgiing ok the SeasRIPYIEt Jebigassioduct
expressed bg( t he reconbi nant vector. Such assays can be based, for

exanpl e, ST e physical or functional properties of the gene product in
bi oassay syst elewill b¢ apprédiatee thappotetlimstéckptdssipn Nettorddmbinations Wil Bmsiion

vector conhinations will, functio 0 with equal,. effici.ency .pressin
A Sdgu oA ar e X BET RN Aot fBting R FRliasbeTNT o551 N0
parti cul ar'?\%ﬂli%tﬁd%bv@ﬂ adaRRslar SXBIRA D ARoMBKDRIsSI6R WEitoedontbinatioy ity bemade

i O1Y. . on 11
by those of skill 1n the art after due consideration of the principles set

forth her enade byithdseof skitl pm theiarcpfter dun eansideratipe obthepriaciples seftfprh hergre
preferred engbodinent of the invention enpl at es fusion proteins and DNA
15 sequené’@g{z’%@?ﬂa‘ﬁﬁlgﬁﬁqmpﬁesﬁ?pﬁl‘ﬁtéi%%mf’g@&%h proteins have an ani no-terninal
regi on char actm®eipgeferréyerhbsiimeitos trahvemtion comemphiesifadien proteius-dndtNAa and
a carboxy-term nal region conprising a donmain of a protein aother than

i nt er f1ér orseguengescoging £oriemel hese RMEBTPIENSHEY A AIGFCHHBR 88 ot ein is a
protein h%‘éhﬁ&eﬁzéﬁrﬂmé ¥my 28 &gh&cﬁ SR Rorbetada anlRABoRy-terinnad

pol ypepti aving the amno acid sequence, or portion thereof, consisting
20 of t he regibmoomapiising e domaioof afproteimather thanrinterferonthstan ! a. VA preferredogsne it al
| i nker

mifgntr%jla ?or}%uél a protein is a protein having a primary amino acid sequence X-Y-Z,

wherein X is a polypeptide having the amino acid sequence, or portion thereof, consisting

20  of the amino acid sequence of human interferon beta; Y is an optional linker moiety; and Z
is a polypeptide comprising at least a portion of a polypeptide other than human interferon
beta. In one embodiment, moiety Z can be a portion of a polypeptide that contains
immunoglobulin-like domains. Examples of such other polypeptides include CD1, CD2,
CD4, and members of class I and class II major histocompatability antigens. See U.S.

25 5,565,335 (Capon et al.) for examples of such polypeptides.

Moiety Z can include, for instance, a plurality of histidine residues or, preferably,
the Fc region of an immunoglobulin, “Fc” defined herein as a fragment of an antibody
containing the C terminal domain of the heavy immunoglobulin chains.

In the most preferred fusion proteins, the interferon-beta-1a polypeptide is fused

30  viaits C-terminus to at least a portion of the Fe region of an immunoglobulin. The

interferon-beta-1a forms the amino-terminal portion, and the Fc region forms the carboxy




is a polypeptide conprising at least a portion of a pol ypeptide tgﬁg t han
human interferon beta. In one enbodi nent, noiety Z can be aZbo“ﬁi of a
pol ypept i deyg épiageont ai ns i mmunogl obul i n-11 ke donmai ns. ExaR@T/&89%$4260uch

ot her pol ypeptides include CD1, CD2, CD4, and nenbers of class | and cl ass
Il maj or histoconpatability antigens. See U S. 25 5,565,335 (Capon et al.)
for exanples of such pol ypeptides. Miety Z can include, for instance, a
plurality of histidine residues or, preferably, the Fc region of an

i mrunogl obulin, "Fc" defined herein a0a fragnent of an anti body

cont ai ni ngrhial &rﬁi@ﬁ.nhﬂﬁésecfﬁm pro@ding, te Heaayipn iinprafecdllpbmiteditocthai ns. I n the
nost preferred

usion proteins, the_ interferaon-bet zﬁiﬁlﬁ: pol.éﬁergéli de is fused
30 via it sonSlantdomaindings region ankthe §H2ndi (A3 BempiRg CdB8BM o Reen
i mmunogl obulin. T ' < ; 6 b&hstaabler@r ti on,
and the F“S%"’é‘éF%“nmg%‘?éng‘&‘?‘h&e&{:%%g%afz% Bﬁ%%&gﬁgﬂﬁ?z P |%’%9§/ 24200
-20- t er nidalingdinterokeculbndisilidebfidgss,omdghoCHR2red GHieddarering gf fnctienal
preferably limted to the constant. domain hin eqi - and CH3
domai ns. Jarvaents tsresh These grmsant ‘F%’?P%H@Y@SHC ?e?o{mrfg aﬁ?’rﬁ%&gncfﬁ 1? gséa#%eorti on
of the hi n%@fega%gi Hﬁnarg%‘d Hﬁ&ﬁh@@ri#&ﬁ s GAP afprepidte clhay aidng isottpes ol ecul ar

ridges, and the 2 a

di sul fide nd CH3 donai ns, or functional 5 equivalents

t her eof . Thskngighs IghtieMedgomd g6y, 6% eGY aed 18CG9m any manmal i an sour ce
(preferably hugan) and may _be der | f i or

i sotype, incl ggf%{ﬁblf’ﬂ_}i,n“?’{lﬁﬁacﬁgﬂlxﬁgg ‘Ea"tfril}lg}] ?gééd?wlg@élé‘fsgﬂgﬁ tiﬁg%dfl
Rgfo_nb' gaB aﬂ#ﬁaleﬁio@tkﬁegﬂ éﬂﬂieeaﬁ_t(lvﬁ?x?]at\hlecitﬂ.,aggmdﬂ?lbhdaﬂ @O?mgl ?ggbmsl\%f)e |

obt ai ne y any nmet hod known in the ar laniati s at . ecul ar
d oni rig; anabl@%a%d&gfmgféarw&ﬁépfat%i ‘golééﬁﬁflﬁél@é‘?%&gk’tb‘b‘oqbé% 1ol d
Spring HaE)Qﬁﬁcl%%}ll?aYl‘a%le]Q:'ionQp.tl\ﬁétHG& fbF @R pRetakdtioh Yof Bt WM eneb@N@s hedVidiods

for the prepar on of genes which encode the heavy or light chain
constant lighi cham ahstanmegions ofininiumoglobulinsarg Frught & cxsmpls) &y ReRinghRnson,

R et al., P |.i cati .Publ i cat,i - 7). ence
encodi ng Fh@-’mgﬁl&aﬂﬂ“’%wﬁqﬁog ch)or W@%h@‘ﬁt%ﬁ%cﬁé(‘i‘aﬁeg"é%“}?g“‘f"o| etgg? ch) t he
cDNA encogBgerbhthdi@@Wor flaghfenc@ny Botiréctlyijoined ar theePNzeerjcotingthedicavylg i nker

sequence. In further enbodinments of the invention, a reconbi na&th vect or
syst ens mayoientgegigneer may beiobeyird hnlseé(ﬁ%%‘éeslngﬁ@%‘?‘ﬂﬁoq“ﬁ?%?? 6n beta in

the corr eczgvcglﬁ?rgiar}gcJﬁ&P%é‘gL&Qr se)"st%}f%gffaé ErelMe 8 USadcbMiAate séfihédsonal Iy, it

may be dedira to 1 nc as “part the reconbi nant vector system
nucl ei ¢ achetslinpinteefepanicitain the corieet Badingdrameryith e gyrdhetisthinge regianogl obul i n
gene 1 ncl u&Afi(iidiiqt?onally, it may be desirable to include, as part of the recombinant vector system,
nucleic acids corresponding to the 3’ flanking region of an immunoglobulin gene including
20 RNA cleavage/polyadenylation sites and downstream sequences. Furthermore, it may be
desirable to engineer a signal sequence upstream of the immunoglobulin fusion protein-
encoding sequences to facilitate the- secretion of the fused molecule from a cell
transformed with the recombinant vector.
The present invention provides for dimeric fusion molecules as well
25  as monomeric or multimeric molecules comprising fusion proteins. Such multimers may
be generated by using those Fc regions, or portions thereof, of Ig molecules which are
usually multivalent such as IgM pentamers or IgA dimers. It is understood that a J chain
polypeptide may be needed to form and stabilize IgM pentamers and IgA dimers.

Alternatively, multimers of interferon-beta-1a fusion proteins may be formed using a

30  protein with an affinity for the Fc region of Ig molecules, such as Protein A. For instance,



20 RNA cl eavage/ pol yadenyl ati on sites and downstream sequences.
Furthernore, it may be desirable to engineer a signal sequéhkeUup2008 eam of
t he | munogt@bes3ame f usi on protei n- encodi ng sequences to faeciriusay/ss2ode
secretion of the fused nolecule froma cell transfornmed with the

reconbi nant vector. The present invention provides for dinmeric fusion

nol ecul es as well 25 as nononeric or nmultineric nolecul es conprising fusion
proteins. Such multiners may be generated by using those Fc regions, or
portions thereof, of Ig nolecules whieéil-are wusually nultival ent such as

| gM pent aaphwality of gertirorebeta- 1ht immsunogtbdniih dusiornt prateirs rdaychrabaund poPsapept | de
may be needed to formand stabilize IgM pentaners and | gA di ners.

Al t er nat i VERBAIOSHPEISner s of interferon-beta- 1 a fusion proteins may be

formed using aTgfeRjoRivaieRt hbaMsatul diféd thed gésséﬁ%lﬁﬁ%k@&%ﬁ&oﬂbcthg
nol ecul es, such as 'Protein A. For instance, 4 JUL 2006 WO 00/23472
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bi ndi ng Shti@s nurlibdre® X asmpd&of SERiIDaNOrt) @wieth Xeini thé géreeic dornhdd)aepaatedy
consist of 5 two tandem repeats of amno acids 1 to 166 of SEQID NOQ 2 (or
t hose encBdedinksr ragien émpietiz¥), dle ipeAkehid 1o aljeasy 8 Pertiogmban ipmiepglpbyling et y

X in the g6N&H: GohQin Moty zﬁgﬂ{e%a?@pol aléht lfbrﬂ{%%za{ %%L?e?c&n@@ﬁ&édf fo . the

repeats bound to at l'east” a portion of an inmuno n constant domain
(i ety Zpxanipleeryhemiqadly goalmgtinttdenvs-betay 1 dlgfosibes womy ichinicalédaccépable

exanpl e, by chem cal | oupl i i,nterferon-beta-1la/lg.fusions.to any

ot ol 1 FAEE Bplegiee VR e e o ey CEE T aBba R | he
group congiyebi dktieRirahhisi®d tonveRionel dibBRetechlidEe’! AREmEEVEY,ateféionbeta-1a
conventional coupli ng techniques. Alternatively, interferon-beta-la may be
cheni cal | ynaydeshemicelly poupled-{o bigie, anbthp bintinrinierferansheta Fc sanjugate thean;j ugat e
then all ' - AV di . i i

avi di n/ bi gﬁf@‘?ﬁ% %tbgé¥%ragﬁdl%§%%h% lég%%é’é{eg%‘}ﬁ@%}rbget{ng%?etgBg’-befa 2 \eé“l?susi ons
may al so eefervaibent jaylgdotigisanay dsalbacdvialzptie naplédNR)iniaopiemot (DNPXarophenol

(TNP) and the resu]t] conjugate precipitated with anti- or . | - TNP-

"M 15 1 GRROREARETND S s G oI eBie PR EE by BB PHBFTEVE bet a
receptor 1ANING Bem AbdafieriEREnjupited WRh @RWakatPof 1 Rr Rité@bMBeta tdc8@oENt s, and

fusion proteins of the inverntiron may be i'solated and purified in

accor dancéingingsite®nvent i onal condi ti ons, such as
The interferon-beta-1a proteins, fragments, and fusion proteins of the invention

may be isolated and purified in accordance with conventional conditions, such as

20  extraction, precipitation, chromatography, affinity chromatography, electrophoresis or the
like. For example, the interferon proteins and fragments may be purified by passing a
solution thereof through a column having an interferon receptor immobilized thereon (see
U.S. Pat. No. 4,725,669). The bound interferon molecule may then be eluted by treatment
with a chaotropic salt or by elution with aqueous acetic acid. The immunoglobulin fusion

25  proteins may be purified by passing a solution containing the fusion protein through a
column which contains immobilized protein A or protein G which selectively binds the Fc
portion of the fusion protein. See, for example, Reis, K. J., et al., J. Immunol. 132:3098-
3102 (1984); PCT Application, Publication No. W087/00329. The chimeric antibody may
then be eluted by treatment with a chaotropic salt or by elution with aqueous acetic acid.

30 Alternatively the interferon proteins and immunoglobulin-fusion molecules may be

purified on anti-interferon antibody columns, or on anti-immunoglobulin antibody columns



20 extraction, precipitation, chromatography, affinity chromatography,

el ectrophoresis or the like. For exanple, the interferon p2dtdUin2008nd
fragments mmyodg4purified by passing a solution thereof thpowgiseszaal umm
having an interferon receptor inmmobilized thereon (see U S. Pat. No.
4,725,669). The bound interferon nolecule may then be eluted by treatnent
with a chaotropic salt or by elution with aqueous acetic acid. The

i mmunogl obulin fusion 25 proteins may be purified by passing a sol ution
containing the fusion protein through-22- col unm which contains i mobilized

protein Adgivdi Qlttantisiy¥iire Bro’iﬁh GB& ithele¥m bmrua&ntl&lsy pﬁﬁe" lpqméndaa tit thiehe
fusion protein. See, for exanp ei s, K nmunol .
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into the gehlincMBuingo M re¢dgaizr@ bl chelled bifidiag piatinj MoteihA.  expression
pl asm d pCM=261 ( See Exar’rPI e 2). This proteln consists of the mature . hunan
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consfiiy nﬁa@nog N6§'3 d'49fortﬂa'&> ,grag c@dﬁﬂn%'aﬁid‘?@é%&%és' on of

the muri ne in to recogni ze bin ding protein,
Protein Ares[i@ﬂ@:lly@rf aﬂmssuaggedpnmtfemnsbe@ef-la ﬁslan(alenslnqwn infagurpd) and; g ihuman

interferog: -1.a ar hown:. dn SEQ.1 D : 3. and 4. f qr, cDNA and
deduced aﬁﬁwécﬂ& t@‘-‘e@%@%&é&“‘“é &%ﬂ’é%ftsvgﬂ?taé% fyjsion protein Fsed'p

t agged- mN@fgqﬁgasm,p@mlmgﬁlgg?lon (also shown in Figure 1) and; (b) in SEQ
NO 1 for the cDNA encoding the interferon-beta-la/ 1g fusion protein of

SEQ I 15 NO 2 {The pisfasreduinteripropibgtir ka prpteinsaf theinyension incdede the BeYedr on- bet a- 1
?DDF\S EISnZ]ngé a(}n,}'hg%wg‘é?@} gg%gfl‘:(gqﬁé%g’ E\'&%ﬂﬁ\ﬁga%g%y repr esmﬁgﬁ}@ﬁe SEQ
triplet cmibm;ente thecl It thiplet soddas of eitiee sjdervt thegnndin\besyveeh lhwaran inederber on
E)e(;?erglA eta Dtl\tﬂg an%e%ﬁg encgdmg a%r&glgnllmmgll{lgg %813%‘11' clortllst%gtnr%él%rq t(see?iq(lampl (see
5: SEQ ID NOS: 41 and 42). Specifically, in SEQ ID NO: 5, the DNA encoding human
20  interferon-beta-1a ends at nucleotide triplet 568-570 (AAC) and DNA encoding a human

IgG1 constant region starts at the triplet (GAC) beginning with nucleotide number 574 of
SEQ ID NO: 41. The corresponding deduced amino acid “junction” sequence is
represented in SEQ ID NO: 6 and is based on SEQ ID NO: 42. Another unique “junction”
sequence is defined that includes a linker sequence in the final DNA construct (See

25 Example 5: SEQ ID NOS: 43 and 44). This “junction” DNA and amino acid sequence are
represented in SEQ ID NO: 7 and 8, respectively, which shows the 11 triplet codons on
either side of the junction directly between the end of the interferon-beta-1a sequence
(nucleotide number 570 in SEQ ID NO: 43) and the linker sequence (nucleotides 571 to
585 in SEQ ID NO:43; GGGGS in SEQ ID NO: 8).

30 The DNA “junction” sequences can be used as DNA probes and may be the

minimum DNA needed for hybridization under standard conditions to any DNA sequence
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al so include various structural forms of 15 the primary protein which
ret ai A5 bi Hieqginasy PEeip whigh reaifebiplogigabagtivity dagetoghe prssrnge Bf wnizghleno and

carboxyl _ghfiihd cfag%)é?c@gg@}sfefsorieiaﬁrﬁ@g;ah%ﬁehﬁ.t&d HiSioR BralEif iy belTR¥pde 1N the

formof acidic or or e In neutra orm ual am no
aci d resi furesof acidic or basic salts, or may be in neutral form. Individual amino acid residues

may also be modified by oxidation or reduction. Further, the primary amino acid
structure (inciuding the N- and/or C-terminal ends) or the glycan of the interferon-beta-1a

20 may be modified (*“derivatized”) by forming covalent or aggregative conjugates with
other chemical moieties, such as glycosyl groups, polyalkylene glycol polymers such as
polyethylene glycol (PEG: see co-pending and commonly assigned application Serial
Number 60/104,491 and 60/720,237), lipids, phosphate, acetyl groups and the like, or by
creating amino acid sequence mutants.

25 Other derivatives of interferon beta/ Ig include covalent or aggregative conjugates
of interferon beta or its fragments with other proteins or polypeptides, such as by
synthesis in recombinant culture as additional N-termini, or C-termini. For example, the
conjugated peptide may be a signal (or leader) polypeptide sequence at the N-terminal
region of the protein which co-translationally or post-translationally directs transfer of the

-30  protein from its site of synthesis to its site of function inside or outside of the cell

membrane or wall (e.g., the yeast alpha -factor leader). Interferon beta receptor proteins



may al so be nodified by oxidation or reduction. Further, the primary am no
acid structure (including the N and/or C-term nal ends) ord 4 LoXpEan of
the interfey@pedxta- 1a 20 may be nodified ("derivatized") bycrasmngoo
coval ent or aggregative conjugates with other chem cal npieties, such as
gl ycosyl groups, polyal kyl ene gl ycol polyners such as polyethyl ene glycol
(PEG see co-pending and commonly assigned application Serial Nunber

60/ 104, 491 and 60/ 720, 237), |ipids, phosphate, acetyl groups and the |ike,
or by <creating am no acid sequence m2dants. 25 Ot her derivatives of

i nt er f er o &@nidrisk geptiiecs WaRdee vRIIRME pOfifiedidh &y édenW ficativnjof gateon béta
interferon beta or its fragnents with other proteins or polypeptides, such

as by syfmekibtdinefinteeferonticiaka fusignyuFle amingrAid pegyancenef dptprisran betay

Ctermni - conj Ugated._ Repihi.d _Wb]g!_, j r | eader)
pol ypepti ﬁaenFaggeoqlS%l?\}({:Heghg? t}{eﬁgpmﬁpﬁaﬁg 3@5%‘29‘5@ e pﬁcﬁ%ﬁm ch
co-trans| gdoppalal. yBio/Tephsdlogy 20451988 1) Albke Yatthr seqicacd is ighfl eantigénit fand 30
protein fromjts site of Sé thesi‘s@}o itsf Site gg Lun ti.on itr)lsi de .8r

out si d& oPTAVKIES @ PPItoDEREFS{RRE DRNqRY # spegitly monqelonaianiibody, sRablingfapiQ,

| eader ). L\élragﬁrtaefaeirl‘e P&iifealib 8P4 PresRIdAb&IMSindft pdddbin2Ehis W uRéA34i68 _
PCT/ US99/ 24200 -24- can conprise peptides added to facilitate purification
or i denti speciftcaliy clofvedritydrovneonudosal gntefakinpse athe residve/iinmediately hlopéns- | a
fusi ons). Th‘%? I no.acid sequence of interferon beta can al.so be linked to
t he pepti i ginyfﬁﬁfrt%-Asp-Asp-Asp-Asp- Lys (DYKDDDDK) (Hopp et al.,

Bi o/ Technol ogy Ogtict 3R#lods988ude ihbeferdit betd fusRAURNE6teinsorisdidlygiedlly gené c and 5
provi des an epitope reversibly bound by a specific nonoclonal antibody,

enabl ilhg fragments yhesginterigranchela seapsnces diffsr from thesesppva dk FQIRNAD: hant
pr ot ein. | qﬁp(ﬁ, | : L cal ' cosal
ent er oki ng’geo'}gt t g%?g“sdf%ﬁ@sﬁ’%ﬁ% | at 2{))3/&? gl‘?%ﬁmﬁtﬁgﬁ%g Rgx‘ﬁgﬂﬁ% nggi ring.
Q her. anabmgsvaiivicdroite acidtsabdteutoms hetby delesionnoFHosgrtianseviniclodo netsibolish

bi ol ogically active .10 fra nts.whase interferan beta seguence i ffer
from t hos éhes‘ﬁg%ﬁ P’f?t%ﬁébll%oag:a“ﬂ“y' g:?BSCBYa“ge 5'375@%108?? y%ﬁ‘?«%l‘ tive
am no aci dussHRSibh bE bhdatindlaciloPARtHRE wifhlsenil@thafeRESidéabétva am no acid
substitutions, or by deletions or insertions which do not abolish the
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phenylalanine, tryptophan and methionine. The polar neutral amino acids include

20  glycine, serine, threonine, cysteine, tyrosine, asparagine and glutamine. The positively
charged (basic) amino acids include arginine, lysine and histidine. The negatively
charged (acidic) amino acids include aspartic -acid and glutamic acid. Other conservative
substitutions can be readily known by workers of ordinary skill. For example, for the
amino acid alanine, a conservative substitution can be taken from any one of D-alanine,

25  glycine, beta-alanine, L-cysteine and D-cysteine. For lysine, a replacement can be any
one of D-lysine, arginine, D-arginine, homo-arginine, methionine, D-methionine,
ornithine, or D-ornithine. Generally, substitutions that may be expected to induce changes
in the functional properties of isolated polypeptides are those in which: (i) a polar
residue, e.g., serine or threonine, is substituted for (or by) a hydrophobic residue, e.g.,

30  leucine, isoleucine, phenylalanine, or alanine; (ii) a cysteine residue is substituted for (or

by) any other residue; (iii) a residue having an electropositive side chain, e.g., lysine,
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subst i t ut |2 digtist egiops rrchef et di&s D pndiooes (48 L2 1B} &P bet a
receptor cp2, DE1, DE2) of interferon-beta-1a. See Example 1.

20 An amino-terminal histidine tag (“his” tag) was included for affinity purification of
mammalian cell expressed mutants (SEQ ID NO: 2:Figure 1). Functional consequences
of these mutations were assessed in antiviral and antiproliferation assays. A non-
radioactive binding assay was developed to analyze these mutants for their binding to the
interferon beta surface cell receptor ( IFNAR1/2 cell surface receptor). In addition, an

25 ELISA-based assay employing an IFNAR2- ectodomain/Fe fusion protein to bind
interferon was used to map interactions of surfaces between interferon-beta-la and
IFNAR?2 (See Example 1). These mutational analyses demonstrated that N- and C- termini
lie in a portion of the interferon-beta molecule not important for receptor binding or
biological function.

30 We have identified three types of effects that were caused by targeted mutagenesis.

These effects may be advantageous for interferon drug development under certain



interactions, and to retain amno acids involved in intranolecul ar bonds. A
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expressed nutants (SEQ ID NO 2:Figure 1). Functional consequences of
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and DEl), antivira antiproli eratrveatrvrtres t at are
di spr opor timomatoglopulimandiibt interfeprdttat ka rewoetheio respeative agivitieso Thirchemiceal

hi s- wrldt e interferon-beta-1 a. reover thec be en. the

"t ert or orliidet S RURAC Bl bibicdt RS bich = S hindhes SRS Rirkiey. |
noi ety Z (igte@calatidn, doordifge Binditg aA8 coMplErGm Reprefonttie calisiihghgente{ifct ed by
any chem cal reactl on that will bind the two nol ecul es together- so Iong as

the i Fnunddesbil’iin hagenerelormoly tedeysloperyelentpindiegbsiweerbihe intederont i ve
Such as corrdt hEEElonulih RERgEs EADikat Ui e o el
bi ndi ng andhrisaliiplidesasuccinimile psters edifsatyanetes sughl as ngl ylegediésdi{socynate,
gluteraldehydes, diazobenzenes and hexamethylene diamines such as bis-(p-diazonium-
benzoyl)-ethylenediamine, bifunctional derivatives of imidoesters such as dimethyl
20  adipimidate, and bis-active fluorine compounds such as 1,5-difluoro-2,4-dinitrobenzene.
This listing is not intended to be exhaustive of the various classes of chemical coupling
agents known in the art. Many of these are commercially available such as N-
succinimidyl-3-(2-pyridyldithio) propionate (SPDP), 1-ethyl-3-(3-dimethylamino-propyl)
carbodiimide h'ydrochloride (EDC); 4-succinimidyloxycarbonyl-alpha-methyl-alpha-(2-
25  pyridyl-dithio)-toluene (SMPT: Pierce Chem. Co., Cat. # 21558G).

IV. UTILITY OF THE INVENTION
The fusion proteins of this invention can be used in therapeutic compositions
whenever interferon beta therapy is called for. These molecules have the normal
30 advantages associated with fusion proteins, particularly Ig fusions; namely an altered

pharmacokinetics and pharmacodynamics, leading to increased half life and increased
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interferon-betg-la . . . :
qn therapeutic usage, the present invention contemplates a method of treating an

animal subject having or latently susceptible to such condition(s) or disease state(s) and in

20  need of such treatment, comprising administering to such animal an effective amount of a
fusion protein of the present invention which is therapeutically effective for said condition
or disease state.  Subjects to be treated by the fusions of the present invention include
mammalian subjects and most preferably human subjects. Depending on the specific
condition or disease state to be combated, animal subjects may be administered interferon-

25  beta-la fusion proteins of the invention at any suitable therapeutically effective and safe
dosage, as may readily be determined within the skill of the art, and without undue
experimentation. Because of the species barriers of Type I interferons, it may be necessary
to generate interferon-fusion proteins as described herein with interferons from the
appropriate species.

30 The anti-cell proliferative activity of interferon-beta-1a is well known. In

particular, certain of the interferon-beta-1a fusions described herein are useful for treating
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treatment with the interferon-beta-1a fusion proteins of the invention will offer subtanual

20  pharmaceutical benefits in terms of pharmacokinetics and pharmacodynamics, since the
conjugate is expected to remain in the vasculature for a longer period of time than non-
conjugated interferons, thus leading to more efficient and effective therapy for use as an
anti-angiogenic agent. See Example 9.

The polymer-interferon-beta-1a fusions of the invention may be administered per se

25  as well as in the form of pharmaceutically acceptable esters, salts, and other
physiologically functional derivatives thereof. In such pharmaceutical and medicament
formulations, the interferon-beta-1a preferably is utilized together with one or more
pharmaceutically acceptable carrier(s) and optionally any other therapeutic ingredients.
The carrier(s) must be pharmaceutically acceptable in the sense of being compatible with

30 the other ingredients of the formulation and not unduly deleterious to the recipient thereof.

The interferon-beta-1a is provided in an amount effective to achieve the desired
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of fer subtantial 20 pharmaceutical berdits in terms of phar macoki netics
and phar mpbatycelvgics), effrich eede¢ssbedaboyeigati én a quantite eppsdpriate tocaehiere the t he
vascul ature far l.onger period of tinme than non- conjugated interferons,

t hus Ieadidﬁﬁre?idiaﬁﬁfigseeffi cient and effective therapy for use as an

anti - angi ogeni qha@&iiulations ifedsdie SuitabefoP phrfteral adivell hendphreitaral a
fusions of the invention may be adm nistered per se 25 as well as in the
form of phdministeationcand|specifie adsniaistratiensmedaities inclugde ozglgregtahduccal, topical,
physi ol.ogi_cal | L ' ' n ical and
R R T e e e s e

t oget her whttharfibslan intrPdreriap hab-amcimoid, baddchiah dgraphaiel vagmal, andinfrajuterie
optionally any other_therapeutic, ingredjents. _The carrier ,sl) .nmust be

phar mac eu@distatign Egsmulatians shitable farorals nesal, Bad pareptsrA) AEMMISALPR AC30 ¢ he

ot her ingrpc; Legf s of the fornulation and not unduly deleterious to the
reci pi ent

thereof. The interferon-beta-1 a is provided in an anpunt
effective to adWhembe itterfatembeted ads utiliped inDismulatioo grrEnyiag pEUNIAS99/ 24200

appr of acaepn o vl S velibe ERS/ART e BEbSerRTOrUY of pERRRUY Waen o,

those sui tpdingrfefin-Bas-enisamiplond ine liquirissubension femiveation oragaippwdériatai on,
and specific adm nistration nodalities include oral, rectal, buccal

topical , bipcempatible spmientarmplation, ihe faramiagas may e edyiniegsrusly adminisieredous,
t ransder maolr 1 j %[@&h&rﬁbmhﬁ ra-articular, intra-arterial, sub-arachnoid,
?l;yr‘rp a

bronchi al , t,vaginal; and intra-uterine adninistration.
For nul ati ons sWhaithe iftenferon-héta- laasatilized diteqrhy isrihefogin ci@dpomidsted avlidther e

preferred. en the jnterferon-beta-la .is util.z in.a bornulati n

P oy 151 ot rRget 1meb iR Brects ferigriniterec it (e fat BTk Fad¥ 1
admi ni st er@ghigE@iel YiadllyRa beshchiany, va ndt@Patidnhst thepvdeg irnncdititogal, @ fosn
enployed in a liquid suspension fornulation or as a powder in a

bi oconpat iagasecuadispernsion of te pewdenwhichds mepirad bt the Ratiny (o8 HRreRAINEFHEHS| v
admi ni st erc%glprising a suitable nebulizer device.
The formulations comprising the proteins of the present invention may

20  conveniently be presented in unit dosage forms and may be prepared by any of the
methods well known in the art of pharmacy. Such methods generally include the step of
bringing the active ingredient(s) intb association with a carrier which constitutes one or
more accessory ingredients. Typically, the formulations are prepared by uniformly and
intimately bringing the active ingredient(s) into association with a liquid carrier, a finely

25 divided solid carrier, or both, and then, if necessary, shaping the product into dosage forms
of the desired formulation.

Formulations of the present invention suitable for oral administration may be

presented as discrete units such as capsules, cachets, tablets, or lozenges, each containing a
predetermined amount of the active ingredient as a powder or granules; or a suspension in

30  an aqueous liquor or a non-aqueous liquid, such as a syrup, an elixir, an emulsion, or a

draught.



orally, rectally, or bronchially. Wen the interferon-beta-la is utilized
directly in-the formof a powdered solid, the 15 interferonzt;eggtmnny

advant ageougbhyosgradm ni stered orally. Alternatively, it nmayydIas99/24200

adm ni stered nasally or bronchially, via nebulization of the powder in a
carrier gas, to form a gaseous dispersion of the powler which is inspired
by the patient froma breathing circuit conprising a suitable nebulizer
device. The formnul ations conprising the proteins of the present invention
may 20 conveniently be presented in und@ dosage forns and may be prepared

by any of the AreblkedsywelmadkB9WBmbiesiibe otinblddig, BPEdHENG YvithBHelor feiré100S
generally include the step of bringing the active ingredient(s) into
associ at | GACaRparhi ingredients- Lromppssed @B%&? ey, beprepred By comBRessiBg ekl

| ngr ed! entgach HEP Rkl ackbE Eody Wl Bhls S RENNFPRERIUBY adipdpdetloy and
intimately 5 nging the acti [ ngreél ent(s) into association wth a liquid
carrier, grarutslwhigboptionalte miabd dritharbinder, disintepranty Jubsicentt inert diliaént,
necessary, shaping the prqduct into dos forns of . the.desired

For mul 3t | SHEaGEaReHGY 88571 SsFrmag sEet QPO er AT ERred 351 BLHGI ofthy

admi ni str %wereﬁ%gpﬁrggfgggggg With 2SuitibdEE LG HEY BSmBtcy R81drApa W Bitable

cachets, tablets, each containinga predéeterm ned anount of
t he acti vemachgreedi ent as a powder or granules; or a suspension in 30 an

aqueous liquor por a non-aqueous li.quid such as a ru a LLXir. an

emul sion, or a’GFHBGHY .begna%eg)ﬁlfd%‘gééhd VBS?'&%%‘?ﬁ%&fﬁ%@@?@%ﬁ% US0- A
tabl et mayohionwEe sB¥ar foreafpld QidrdE, BBVt @ay algb bo Bddedyenpiatdesie or nore
accessory ingredients. Conpressed tablets may be prepared by conpressing in

a sui t8bl dngredieni(NeSuclaceessary ingredicni(s) SiaydumedefiavaEnEs Sy tableRIES I WiVRg f or m
such as a ! t] ¥ ] j - iLhder,

di sintegra t8 ?{Ygi?clfjg‘r?a{r%g ts,ﬁn#hgﬁ (‘.f‘l‘(}lhfgheg%? ,ﬁgQ%¢t¥gégcr%%?%ewé%%lﬁ ,oq'g{rﬁ;i

di schar gi ngheaadgegrediettbsuthds b ablybydroxy alpohal efbr eXamepleglycenokorforhitek  powder ed
pol ymer conjugates with a.suitable carrier. may, be nade mol ding in a
suitable mac hiq; : uiﬂng%%a. &,orw@rq%@l W“ﬁ’ﬁtd%/tf?é‘ cl"mée“éec@&\ﬁgm@gﬁ?)g&ﬁﬁlet 0 a
concent r atgfle i3 y&haation OF el lRftveddonfugattd dhichl FEfeABRB isdtoniCH iR ehe BlBod\b¥ Ch
may al so be added ‘any accessory to |n9red|ent(s). Such accessory

i ngr ediSenttheyecipignt (h84 Dhpsidlogicad salingsolusion) Syeiefosmulatipnsmpy cludggent s to

ot g;g Cr Y3l nhing b AD a0f imtdhEnifil 98¢ms AW AIRR DaltRulaRSYSRRS Wik 40! UPI 11ty

designed to target the compound to blood components or one or more organs. The
formulations may be presented in unit-dose or multi-dose form.
Nasal spray formulations comprise purified aqueous solutions of the active

20  conjugate with preservative agents and isotonic agents. Such formulations are preferably
adjusted to a pH and isotonic state compatible with the nasal mucus membranes.

Formulations for rectal administration may be presented as a suppository with a
suitable carrier such as cocoa butter, hydrogenated fats, or hydrogenated fatty carboxylic
acid.

25 Ophthalmic formulations such as eye drops are prepared by a similar method to the
nasal spray, except that the pH and isotonic factors are preferably adjusted to match that of
the eye.

Topical formulations comprise the conjugates of the invention dissolved or
suspended in one or more media, such as mineral oil, petroleum, polyhydroxy alcohols, or

30  other bases used for topical pharmaceutical formulations.



ot her ingredient, such as a pol yhydroxy al cohol, for exanple glycerol or
sorbitol. Formulations suitable for parenteral adm nistrati o cpovepg ently
conpri se awgdewadsye aqueous preparation of the active conj ugetesoywdabah
preferably is isotonic with the blood of 15 the recipient (e.g.,

physi ol ogi cal saline solution). Such fornulations may include suspendi ng
agents and thickening agents or other mcroparticul ate systens which are
designed to target the conpound to bl ood conponents or one or nore organs.
The fornulations may be presented in3dlnit-dose or nmulti-dose form Nasal
spray fornul atinGidgitioane theorpmentioned imfedioms tkoforhiationsodf thisénvaatione 20
conjugate with preservative agents and i sotonic aglents. Such forul ati ons
are pref epapfyrthepclide ene pomareAqcessefYilagredipntes) selssted Fomsiieps PUMerh ¢ he
nasal WCHévOﬁ'ag*agaﬂﬁﬁisimE ity @%ﬁ%ﬂ@g@ﬁ;tﬂémﬂa@] b gﬁger{}?d/ve?e
presented as a sUppository wth a suitable carrier such as ctocoa butter,
hydr ogenatimduding sntioxidantsiirapd éhediked f atty carboxylic acid. 25 Qphthal mic
formul ati ons sych as eye drops.are..prepare a sinmlar_ne t.0o the
nasal Spray. ehtapingite HrabR et CORERPEEY ulipEhiah bt RlabBhutfy

adj ust ed §BteiRBPInt VIR st@bilizhth cTierfdORIVER! 1afiR sHMtiGH, 1208 pre¥oriedl illGQRrdiNE

conj ugates of the invention dissolved or suspended in one or nore nedia,
such as nénpcationgifnonyarapsutic Applisatigrnybheditsion prasting may be empdyed fr bases
used for topical . eut. f i ons. 4 . ) 1 23472
e/ usoo A8 o RO D HER  Tiithfle BRRMaer b o 12

f or mul at i posgides a friehss ofrimrdvirgysheHYifé, wodrh eempenathreceabilitg, v robuseneacefessor y
ingredient(s) selected fromdiluents, buffers, flavoring agents,

di si ntbgrigpRa&ch Eagenis Adkis; ve agents, thickeners, |ubricants, preservatives
(i ncl udi ng antTlﬁB‘foﬁ@Mr@Exaﬁ‘BﬁeStaﬁ‘@pﬂoWﬂ@d tifISERE HeMesknt inbéntidh @ hould
i nvention contenplates the provision of suitable fusion proteins for
vitro st atitlbezanstwad ef linitingrthereof -Ih pamsichlar,iiwiiodetridersioodhat ther iafviva; ed
illustrative . appl.icati.on .of non-therapeutic | i.cati The fusion
pr ot ei ns Hig LB PEHRERS 48StrBr RS mpET Vitet sp i et poisestthand 1 o
enzynat i CvaRgbadstthobastf mtihedologeirt possiblbeFer dxampled ROEx4iply 7088 of Neans of
i mproving shelf |ife, roomtenperature stability, and robustness of 10 '

reseatth rdugehtkdll Hnige Ritceuld-pse OtEK ReoRfeRy asSRYRAT enldplier sheomimahey apdkind
1T ustrat g hhgaPh&ae %eée’%@(’ﬁﬁbﬁibns afflvatitidhto the Examples are to be regarded as

being within the spirit and scope of the invention.

In

Example 1: Structure/activity studies of human interferon-beta-1a using
20 alanine/serine substitution mutations: Analysis of receptor binding sites and
functional domains
A. Overview
An extensive mutational analysis of human interferon-beta-1a (IFN-beta-1a) was
undertaken with the aims of mapping residues required for activity and receptor binding.
25  The availability of the 3-D crystal structure of human IFN-beta (Karpusas, M. et al. 1997,
Proc. Natl. Acad. Sci. 94: 11813-11818) allowed us to identify for alanine (or serine)
substitutions the solvent-exposed residues available for receptor interactions, and to retain
amino acids involved in intramolecular bonds. A panel of 15 alanine substitution
mutations were designed that replaced between 2 and 8 residues along distinct regions of
30  each of the helices (A, B, C, D, E) and loops (AB, CD, DE). An amino-terminal tag

consisting of 6 histidine residues was included for affinity purification, as well as an



not be construed as limting thereof. In particular, it wll be ungﬁéstood
that the in vivo, animal experinents described hereln may b4 7 SO

t hat ot her wodotisgati ons and variations of the basic met hosdaragyead2eo
possi bl e. For exanple, in Exanple 7, one of 15 ordinary skill in the art
coul d use other neopterin assays or could alter the nunber and kind of
primate used. These nodifications and variations to the Exanples are to be
regarded as being within the spirit and scope of the invention. Exanple 1:
Structure/activity studi es of human i f2erferon-beta-1a using 20

al ani ne/ seﬁdefml&ué)ﬁﬁketruécjwﬁcemmeam remsvalAfathe/minoaérmisaeptensioni Thé ng sites

and functional donmi ns A O/ rvi ew An._extensiye nut t|o Si of
human i nt &SPRINGADIEEERNY arg iptere Ilféf‘ y gef aljre%&sa ﬁﬁdé%& regtﬁr mﬁﬁﬁhée@?

nmappi ng rq;ﬁééqﬁgge{] %&ieﬂdftﬁ’éhlféc" ivity and receptor binding. 25 The
availability o e 3-D crystal structure of human | FN-beta (Karpusas, M

et al. 1997, PNadoudNautant Wis seggedSTiN-bewd exm:bssfl@ plagngls weird mtﬂucu@d wsing alent i fy
for al anine (or [ne) substitutions.th | vent -.ex resi dues

avai | abl e“f’é’rtYP%@i%b%}? BPRf EAnaYt 8?1?6”%%}‘3 ?‘i‘f TRWAGETESIS. %Blu?@f"&eélsl nvol ved in
i ntranol egithgly ROONE fifst RAFACIA uﬂaﬁu@fe@ﬁicﬂ@n Shi3gnd élewag@sne@uﬁraﬁgmmh\eer e
desi gned t hat replaced bet ween and 8 residues al ong distinct regi ons of
30 each ofwvildigpsles fagged-{IAY bgga gene, thenpgyplaging HisHpe QI)&B sequoncasbetwesy the

a1ini vy pueh ok SIEL Ok b e BB BE G s B B 20

-32- ent er(mi@eﬂaea)eubsm\ktﬁm megtiensc EFimlly ctht autare 18N genesf wdrb sutioned idteam nal
ext ensi on. . The ting interferaqns are.interchan ly referred to as
TN e o ol R B PR m s et el Sxripion ih Gopmah 953 Bulhey SAFiAT e i he.

Vari ous nutant h&icna0eReuEND8E teRABESHORe® Iags%graeasn WRIraE st ruct ed
using a 5 wld type |FN-beta gene construct as a tenplate for mutagenesis.

The mnut ag @nmphfermonats@gy Armmrwéglacnwc QEN bindinghssdyhyasdnvgloped @sqnalyz@ i on

enzyne cl eav sit.es thr wild t a ta gene,

t hen repl gk& $h u&an&lpil&?r Bﬁiﬂggﬁ h8r§3r LeyErRi leﬁc/% %gﬁgl"(e)sqtl}‘ fon sites
wi t h synt DeiicBekitgo ugpheaia cdis. diplddixies, axmtssmoeimdeehchbe saf28s bwedrDr
serine) substitution nutations. Finally, the nutant enes wer e

subcl ded hisnkFdN-heta puanissad JFENARZ W af dexgloped %mmplpxw 4; ARYEe 8900 in a
human 293 ki, gﬂ% {skd bf me IFNFéHE‘ﬁ{ok BRAdin AARGWRRE&HURE dbigRFudbdkatieons

WwWere assesse tIVII’a and
hinge, CH2 and CH3 domains of human IgG1.

1. Creation of an interferon beta gene as a template for mutagenesis

20 Our strategy to generate IFN-beta alanine (or serine) substituted mutants was to first
create a modified IFN-beta gene, which encoded the wild type protein but which carried
unique restriction enzyme cleavage sites scattered across the gene. The unique sites were
used to exchange wild type sequences for synthetic oligonucleotide duplexes, which
encode the mutated codons. In order to obtain an human IFN-beta-1a expression cassette

25  suitable for creation of mutant genes, the IFN-beta cDNA (GenBank accession #£00029)
was amplified by PCR. An initial cloning of the IFN-beta gene into plasmid pMIB107, a
derivative of pACYC184, see Rose, et. al., 1988, Nucleic Acids Res. 16 (1) 355 ) was
necessary in order to perform site-directed mutagenesis of the gene in a plasmid that lacked
the specific restriction sites which would be generated through the mutagenesis.

30 The PCR primers used to subclone the coding sequences of the human IFN-beta

gene also allowed us to introduce an enterokinase linker sequence upstream and in frame



antiproliferation assays. A non-radioactive |FN binding assay was devel oped
to analyze ‘these nutants in their binding to the surface r&cgpubr206

("1 FNARL/ 2 wpompizaye' ) of human Daudi Burkitt's |ynphoma cel per/usposadoh tion,
an assay to map interaction surfaces between 15 his-I1FN beta nutants and

| FNAR2 was devel oped that enployed a | FNAR2/Fc fusion protein, conprised
of the IFN receptor protein | FNAR2 extracel lular domain fused to the

hi nge, CH2 and CH3 domains of human 1gG 1. 1. Creation of an interferon
beta gene as a tenplate for nutagenesi3$-20 Qur strategy to generate

| FN- bet a aktAnhe B N-béta geied (3EPCRYbshdrt ut ed nutants was to first create a

modi fied LEN-beta ene which encoded the w p otein but which
carried arTT(ﬁ?ECq:@ MQ@G@F%%&%%@Q@E@?A%A&&EHM across the
gene. TheGWT%@A’?Té@%A‘@K&AG&@@bh@(@@fnﬁr}w ovBgTLoMe, sRquences for
synthetic oligonucl eotide dupl exes, which encode the nutated codons. In

or der to dbﬁ’émqpranerrﬁjMGQM@TTAT@A}Q’E&E@GA&%WC@WM@TQﬁ e for

s a1 R SR HET- 03T rad Dk ot RO RER e RRBREENED ol c o

pMIB 107, us%fult?fsxrélmhgvrﬁo plasRRADIEIBT07 e RasRsulfhg DNA is réR8#redvad PCR Aci ds
Res. 16 (1) 355 ) was necessary in order to performsite-directed

mut agenesfrsglmmt/’he gene in a plasmd that |acked the specific restriction

sites which WOH %{Iﬁ%rﬁ%&ﬁgﬁste lgentcgfrgﬂﬂﬂe pl)@ﬁﬁ"diumn qﬁhﬁ\f_hgggn H&Fecﬁm primers

used to subclone e €co e uences o gene al so
al | owed ugvCAM-n} 519M@ﬁ11ﬁﬂceemﬂ€armkhlﬂ&diﬁe tagrvkeze xrﬁmdumdostoumma&ammmdt in

POR pi molfomE: YO AT A A BTN Apprept ). Pl pOs W27 i ©

GCTTGGATT 9% eag@N 5'
e ce%g __ATCA%%M%A%A 'éaH@sad CA %%Hf@ﬁﬂeh th A-] g’o ; BEél'@l(r)ZZ")

and fl| ankieleted.cmdnihdch eanriesthe Ve AdYlt lesgr(asgmpn@r(&’ Q&Msa))fusedslestmanr and lnl oni ng

aomont Rt BB R fishiing Pag, TTHE PRk RNy Bicfi 76 BERELE the o ARISE

adhesi on misﬁauieeaghasée‘vi%&xe@)weseb &nabwempnmds'a SI X h| st| dine tag were
introduced into th const rrent creat ed

from pDSVWEETE %@MG%?ATSM%’B%%MﬁﬁT%GQT&er$}\‘1@tIP\PéOo’f1
(I nvi troges CpCRSHAder SR CEEABMATEATCATENGATERFGBas been

CCCCCGGA-3’: SEQ ID NO: 12) incorporating flanking restriction enzyme cleavage

sites (NotI and BspEI) that allowed excision of the fragment B DNA.
To create a plasmid vector that carried the VCAM-1 signal sequence, his tag and

20 interferon-beta gene we performed a three-way ligation using gel purified DNA fragments

from plasmid vector pMJIB107 (Not.I and Xhol cleaved), PCR fragment A (BspEI and

Xhol cleaved) and fragment B (Notl and BspEI cleaved). The ligated plasmid was used to

transform either JA221 or XL1-Blue E. coli cells and ampicillin resistant colonies were

picked and tested for inserts by restriction map analysis. Maxiprep DNA was made and the
25  sequence of the insert waé verified by DNA sequencing. The resulting construct was

called pCMG260.

2. Creation of alanine substitution mutants of human interferon-beta in pCMG260
The plasmid pCMG260 was used as a template for multiple rounds of mutagenesis
30 (U.S.E. Site Directed Mutagenesis Kit (Boehringer-Mannheim), which introduced unique

restriction cleavage sites into positions along the IFN-beta protein coding sequence but did



del eted, and which carries the VCAM 1 signal sequence (VCAMss) fused
upstreamand in frame with a six histidine tag. The PCR pr2teili t were
used to genpoad/gsathe VCAMss- 1/ histidine tag cassette noi et ycwrrseokd2bb 369
(5" PCR priner 5 15 AGCTTCCGGGGGCCATCATCATCATCATCATAGCT-3': SEQ ID NO 11)
and KID- 421 (3" PCR prinmer 5'-CCCGAGCTATGATGATGATGATGATGG CCCCCGGA- 3' 1 SEQ
ID NO 12) incorporating flanking restriction enzyne cl eavage sites (Notl
and BspEl) that allowed excision of the fragnment B DNA. To create a plasmd
vector that carried the VCAM 1 signal -3¢quence, his tag and 20

i nt er f er omdpehangg @iearesudtinpesetiodnoe df thetphstein: Way mutagedivaiplashidg wgsd uspditd f i ed
DNA fragnments. frompl|lasmd vector pMIB, 107 _(Notl and Xhol cleaved), PCR
fragment ArangiOFRieltheidhe Jhed ! Q11 alrBl siaths of Bgfrirandgeqatphinan felopics E|

¢l eaved) . Ui gt ab RSO B A1 BmphE RO kA cblofles AL brRer
XL1-Blue E. coli cells and anmpicillin resistant colonies were picked and

t est ed f ortestedsfor the fygsenessefithe désond peiqueirestrictios endyime sitedyy DN resasctiomde and

t he 25 sequence of . thewi nsert. erified. b uenci ng. e ulting
constrdot MEpIE s B ESAGre TRl pidsEfie DA77 S ESE Rt B ot e o
of human iuMiglefredtagtidacnayhe clofMge 6ites ahdehdbRNHedudodIc B2 Joas wds eétifasl. a
tenpl ate for nul%%gle rounds of nutagenesis 30 %U.S.E, Site Directed

Mut agenesi Bkl DBy seavenesof thmmadidied) histageedintgsfererorie aengniogeider visk thei ct i on

out g 2 G Bk Bisieif ik PaRs B RE AR FIEEL® B! hot Shangs tha o oe
resul ting sequérteduldkettdfi@lapinetsebstitutibhenutbtiGgans depittgal insTabits! exepagsrd to
transformeither tP%JAﬂl orfl}%g)l§ -Blue strains of E. coli and reconbi nant

col oni ¥s IMEEIeR QT G MUY PRE i STYFLuFad s58ions{beliceppndlogpg e ik the

resi stant GQh@sHs8ferdRit@dhéldt PRE entﬁ%ﬁ%ﬁ\xﬁ@of Ahnihd Fseﬂﬁ@%ﬁﬁ‘ﬁﬁutﬁ;ns thgngdgsired

uni que restriction enzyne site by restriction mappi ng anal ysis. The

resul ti ng MEAHGEeEOSN4Re &b ampiaymapids oBhumaniEN-beigt t he ful | set of uni que

et oL on e R b N R AN, e LA RIS
bet a gene,betvogatthetnigad festribon sitel &ithysparthptiobdlégonuciectidegiupiges which Qitedyi ven
DL e e ke B L A SR Pl Lo 1
L2912 B pIeboRTa), BB 1 i Rt gs G ctaskig L The
appropriate restriction enzyme, as indicated on the list below for each IFN-beta structural
region) and oligonucleotide duplexes (coding strand sequences are shown in Table 2) were
ligated together. The ligation mixtures were used to transform the JA221 strain of E. coli
20  and recombinant colonies selected for ampicillin resistance. Ampicillin resistant colonies
were tested for the presence of the insertion of the mutations by screening for appropriate
restriction enzyme sites. For two mutants (A2 and CD2), the cloning strategy entailed
using two duplexes of synthetic oligonucleotides (shown in Table 2), which carry
complementary overhanging ends to allow them to ligate to each other and with the vector-
25  IFN-beta backbone in a three-way ligation. The following list illustrates the sites which
were used to clone the mutated oligonucleotides from Table 2. The cloning scheme

(subsection B) shows the positions of these unique sites on the interferon beta gene.

A helix BspEI to Munl or BgllI to Pst I
AB loop Munl to Pstl or MunI to BsaHI
30 B helix BspHI to Bsal or BsaHI to Bsal

C helix Bsal to Xbal



mut ati on of 65 of the 165 am no acids of human | FN-beta. The panel of

mut ants was created from pCM3275.8 by repl aci ng segnents of 2 BNAUL ween

t he uni que we9bmi40ii on sites with synthetic ol igonucl eoti de pariseseso0 Whi ch
carried 15 the genetic coding information depicted in Table 2 (see bel ow).
To create the various al anine substitution nutant plasmds, gel purified
pCM=275. 8 vector (cleaved with the appropriate restriction enzyne, as
indicated on the list below for each I FN-beta structural region) and

ol i gonucl eoti de dupl exes (codi ng stramf-sequences are shown in Table 2)
were |igated Qiykoher. The | Kbaktoddsphil ot KbektoddrBl used to transformthe
JA221 strain of E..coli 20 angd reconbi pant col onies selected for anpicillin
resi stance. Amp g‘f‘i’ﬁ in resist gﬁlfﬁ@&r[g’ﬁﬁgs were tested for the presence of
the insertion @E g nutati ongspyIeEvaeni ng for appropriate restriction
enzynme sites. For two mutants (A2 and CD2), the cloning strategy entailed
usi ng two dupl &kedixof synt het PeulgpBgdillicl eoti des (shown in Table 2), which
carry conplenmentary overhanging ends to allow themto ligate to each ot her
and with the vector 25 I FN-beta backbone in a three-way |ligation. The
following list illustrates the sites which were used to clone the nutated
ol i gonucl eotides from Table 2. The cl oning schene (subsection B) shows the
positions of these unique sites on the interferon beta gene. A helix BspE

to Munl or Bglll to Pst | AB |loop Munl to Pstl or Munl to BsaH 30 B
helix BspH to Bsal or BsaH to Bsal C helix Bsal to Xbal WO 00/23472 - 35-
CD | oop Xbal to BspH or Xbal to Dralll D helix BspH to Dralll DE | oop

BspH to Pvul E helix Pvul to BstEIl 2 4 JUL 2001 PCT/ US99/ 24200
24JUL20ds WO 00/ 23472 PCT/ US99124200 -36 Table 1: Positions of al ani ne
substitution mutations of sul FN a
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The line designated IFN- -p shows the wild type human IFN-f
sequence. Alanine or serine substitutions of the IFN-f residues
are shown for each of the mutants and dashes, below relevant
regions, indicate wild type sequences. The helices and loop
structures are indicated as solid lines below the mutants. The
DE loop spans the gap between the D and E helices. Two
additional alanine substitution mutants (H93A, H97A and H121A)
were generated and analyzed in antiviral assays to assess the
effects of mutating these histidines, which chelate zinc in the
crustal structure dimer. Both of these mutants retained full
wild type activity in antiviral assays, suggesting that zinc-
mediated dimer formation is not important for IFN-f activity.



addi tional al anine substitution nutants (H93A, HI97A and H121A) were
generated and analyzed in antiviral assays to assess the efffledlb

mut ati ng t veseo/dssst | di nes, which chelate zinc in the crustacraiseuseoer e
dimer. Both of these nmutants retained full wld type activity in antiviral
assays, suggesting that zinc- nediated dinmer formation is not inportant for
| FN-a activity. 24JUL2006 WO 00/23472 PCT/US99/24200 -37 TABLE 2 : Al SEQ
| D CCGGAGACGATGATGACAAGATGGCTTACGCCCCFLTTGGAGCCCTACAAG  NO 13
CTTCTAGCAA BT E&£AGTGTCAGAAGCTCCTGIGGC BET- 053 A2 SEQ ID
GATCTAGCAATGCTGCCTGTGCTGCCCTCCTGECTGCCTTGAATGGGAGEC  NO 14 TTGAATACT

BET- 039 BEQ I15NEP 15 WWWW@&%&W&A&T@A
BET- 041 ABl SEQ1BD AATTENATCEEA TGS ERECOET FOBAGACAGGATGAACT TTGACAT
NO 16 CCCTGAGRACHFT AAGCAGCTGCA BET 080 ABZ SEQ I D

AATTGAAT GGGAGCCT TGAATACT GCCTCAAGGACAGEGCTGCATTTGCTAT - NO: 17

BET. 086 AATTOMT COOAGE T CRAMACF L M AR EAT ARG PRt o = 1 9

TCCCT GAGGAGATFGET GCAGEFEEBET TTCGCTGCAGCTGA

BET-039
SEQ ID
NO:15 GCCTCAAGGACAGGATGAACTTTGACATCCCTGAGGAGATTAAGCAGCTGCA
BET-041

ABl SEQ ID AATTGAATGGGAGGGCTGCAGCTTGCGCTGCAGACAGGATGAACTTTGACAT
NO:16 CCCTGAGGAGATTAAGCAGCTGCA
BET-080

AB2 SEQ ID AATTGAATGGGAGGCTTGAATACTGCCTCAAGGACAGGGCTGCATTTGCTAT
NO:17 CCCTGCAGAGATTAAGCAGCTGCA
BET-~082

AR3 SEQ ID AATTGAATGGGAGGCTTGAATACTGCCTCAAGGACAGGATGAACTTTGACA
NO: 18
BET-084
SEQ ID TCCCTGAGGAGATTGCTGCAGCTGCAGCTTTCGCTGCAGCTGA
NO: 19
BET-086

Bl SEQ ID CGCCGCGTTGACCATCTATGAGATGCTCGCTAACATCGCTAGCATTTTCAGA
NO: 20 CAAGATTCATCTAGCACTGGCTGGAA
BET-110

B2 SEQ ID CGCCGCATTGACCATCTATGAGATGCTCCAGAACATCTTTGCTATTTTCGCT
NO: 21 GCAGCTTCATCTAGCACTGGCTGGAA
BET-112

Ccl SEQ ID GGAATGCTTCAATTGTTGCTGCACTCCTGAGCAATGTCTATCATCAGATAAA
NO:22 CCATCTGAAGACAGTTCTAG
BET-114

c2 SEQ ID GGAATGAGACCATTGTTGAGAACCTCCTGGCTAATGTCGCTCATCAGATAGC
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Bl SEQ I D CGCCGCGT TGACCATCTATGAGATGCTCGCTAACATCGCTAGCATTTTCAGA NGO 20
CAAGATTCATCTAGCACTGGCTGGAA BET-110 B2 SEQ I D 24 JUL
CGCCGCATTCALE 0183l GAGATGCTCCAGAACATCTTTGCTATTTTCGECT  NO  2PCT/US99/24200
GCAGCTTCATCTAGCACTGGCTGGAA BET-112 O SEQ I D

GGAATGCTTCAATTGI TGCTGCACTCCTGAGCAATGICTATCATCAGATAAA  NO. 22
CCATCTGAAGACAGITCTAG BET-114 C2 SEQ ID

GGAATGAGACCATTGT TGAGAACCT CCTGGCTAATGI{¥CTCATCAGATAGC SUBSTI TUTE SHEET ( RULE
26) 2 4 JUL 24023 WO 0Q/c2BdrE2ctéchlctsne24200 - 38- NO 23 ACATCTGGCTGCAGITCTAG
BET-092 CD1 SEQ_h&, CTAGCTGCAAAACT GGCTGCAGCTGATTTCACCAGGEGEGAAAACT  NO 24
BET-094 CD2 SEQ | D CTAGAAGAAAAACT GGAGAAAGAAGCAGCTACCGCTGGAAAAGCAATGAGCG

NO 25 CGCTGCACCTGAAAAGA BET-096 SEQ I D

TATTAT GGEAGGASERCTECAT FAESTIGAARBCTARCIGABFAGRTATCACTESCCAREE BET- 106 D1 SEQ

| D CATGAGCAGRGESEACCT GAAAAGATATTATGEGECCAATTGCTGCATACCT  NO 27
GGCAGCCAAGGAGIACISACACTGTI BET-108 DE1 SEQ I D

CATGAGCAGI CTGCACCTGAAAAGATATTATGCGAGGATTCTGCATTACCT NGO 28

GAAGGOCGCTGCATACTCACACTGTGOCTGGACGAT BET- 116 DE2_SEO | D
CATGAGCABRTT CERCET GAALAEAY SBRIFEFELATRABETC A N L9 Torece
AAGGCAAAGGAGTRGEE T GCA FGFCEIBFCHHOBATA
BET-096
SEQ ID TATTATGGGAGGATTCTGCATTACCTGAAGGCCAAGGAGTACTCACACTGT
NO:26
BET-106
D1 SEQ ID CATGAGCAGTCTGCACCTGAAAAGATATTATGGGGCAATTGCTGCATACCT
NO:27 GGCAGCCAAGGAGTACTCACACTGT
BET-108
DE1l SEQ ID CATGAGCAGTCTGCACCTGAAAAGATATTATGGGAGGATTCTGCATTACCT
NO:28 GAAGGCCGCTGCATACTCACACTGTGCCTGGACGAT
BET-116
DE2 SEQ ID CATGAGCAGTCTGCACCTGAAAAGATATTATGGGAGGATTCTGCATTACCTG
NO:29 AAGGCAAAGGAGTACGCTGCATGTGCCTGGACGAT
BET-118
El SEQ ID CGTCAGAGCTGAAATCCTAGCAAACTTTGCATTCATTGCAAGACTTACAG
NO: 30
BET-104

B. Construction of EBNA 293 expression plasmids
The wild type and mutant IFN-beta genes, fused to the VCAM-1 signal sequence,
his tag and enterokinase linker sequence, were gel purified as 761 base pair NotI and
BamHI restriction fragments. The purified genes were subcloned into Notl and BamHI
10 cleaved plasmid vector pDSW247, which is a derivative of pCEP4 (Invitrogen, Carlsbad,
CA). Plasmid pDSW247 is an expression vector for transient expression of protein in
human EBNA 293 kidney cells (Invitrogen, Carlsbad, CA). It contains the

cytomegalovirus early gene promoter and EBV regulatory elements which are required for
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BET-118 EI SEQ | D CGTCAGAGCTGAAATCCTAGCAAACTTTGCATTCATTGCAAGACTTACAG NO
30 BET-104 5 B. Construction of EBNA 293 expression plasm ds 2 dulyi 2086 t ype
and nut ant wélebsiba genes, fused to the VCAM 1 signal sequerrca/usSImvR4200 ag
and ent eroki nase |inker sequence, were gel purified as 761 base pair Notl
and BanmH restriction fragnents. The purified genes were subcloned into
Not| and BamH 10 cl eaved plasm d vector pDSW47, which is a derivative of
pCEP4 (I nvitrogen, Carlsbad, CA). Pl.asm d pDSW247 is an expression vector

for tr angl eﬁﬂk&aﬁgﬁﬁéﬁr&‘&‘ﬂfm RaP bRk R w lh'ﬁ%@legt@% n%ﬁ'ﬁelg rgneyofiel | s

(Invitro 't contains t cytonegal ovirus early gene
pr onot er (am;thEHu/resesgamlca)t amrl)EBNA 1208 tellsithiygtonarcan neeuqlanceédr lﬂ@ng&dﬁﬁiﬂﬁﬁd@'E

SHEET (RULE 26 JUL [ 234 99/ 242 h | |
oxor ess! O Reiatraayara pihesdRsel pr SL! e Er Rl e areict e gst%rtsf.ve IEne
(anpi ci | |cbfbn§é§%e?é agﬁé‘d arfites bR 1835 6§ lrésﬁl&ﬂ%)igﬁzgf%ﬁlf@lsr KRk ORA The

| i gated plasm ds re used to transformeither XL 1-Blue E. coli
cel | sSandvaammdclahﬂ ithe sequdénst afithe lmrtemaeyemﬁq:cieb)pDNéesbqamﬁlmgasE@dlvmr i nserts

e ot orclanes DisPaRin2 AR diNisBa pee R e b rnces Mals R0 o AR SRR kBRA o' e

desired mogBagaRlyzelk. sequences were used to transfect human EBNA 293 ki dney
cells. The overall cloning and expression strategy is_presented in Figure
12. C. Expr essihsovenall claning indaxprassion stapgbistpgeseated imbighee Bubstit uti on

T (1on ) EXBoRARR hng D itEnSFLL A1 RRRhe AshaBmitneC | on0n

cul tupes i n DifHegn&RnEBYARDB eells (Bagireg<, Taditad SOApCRiMendad TW 1989110% f et al
bovi ne serum 2niv f?1,}ut am ne and 250pg/ M Geneticin (Life Technol ogi es,

Gai t her sB(FY; 6VBP 16 prssepuntained @Ss%%bewfbxeagqﬁlwses ipdiugbece s dMditied,
et e PR ERNERSESIAR 16 O bieal B ST o,
post t r anSGeneticioflife FethndbigidssGaiersbang) WMD) bVhe g8 WK gapiession plasinidse
hi's-1FN- lzavere transiently transfected into EBNA 293 cells using the lipofectamine protocol
15  (Gibco/BRL, Life Technologies). Conditioned media was harvested 3-4 days
posttransfection, cell debris was removed by centrifugation, and the his-IFN-beta
concentration was quantitated by ELISA.
The ELISA assay was performed using polyclonal rabbit antibodies (protein A
purified IgG, antibodies had been raised to purified human IFN-beta-1a) to coat 96-well
20  ELISA plates and a biotinylated form of the same polyclonal rabbit Ig was used as a
secondary reagent to allow interferon detection using streptavidin-linked horseradish
peroxidase (HRP: Jackson ImmunoResearch, W. Grove, PA). A dilution series of
interferon-beta-1a (as AVONEX ® sold by Biogen, Inc.) was used to generate standard
concentration curves. The his-IFN-beta containing conditioned media from the EBNA
25  transfectants were diluted to obtain samples with concentrations ranging between 10ng/ml
and 0.3ng/ml in the ELISA assay. To confirm the concentrations of the IFN-beta in media
determined by ELISA, western blot analysis was performed. Reduced culture supernatants
and IFN-beta-1a standards were subjected to SDS-PAGE on 10-20% gradient gels (Novex,
San Diego, CA) and blotted onto PDVF membranes. Immunoreactive bands were detected

30  with a rabbit polyclonal anti-IFN-beta-1a antiserum (#447, Biogen, Inc., a second
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concentration was quantitated by ELI SA. The ELI SA assay was erforned using
pol ycl onal rabbit antibodies (protein A purified IgG anti ﬂl% been
rai sed to mobd2xrtk human | FN-beta-1 a) to coat 96-well 20 BCr@&&spisaaoces and
a biotinylated formof the same polyclonal rabbit Ig was used as a
secondary reagent to allow interferon detection using streptavidin-Iinked
hor seradi sh peroxi dase (HRP: Jackson | munoResearch, W Gove, PA). A
dilution series of interferon-beta-lg. (as AVONEX (r) sold by Biogen, Inc.)

d
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obt ai n sHnkddedonkey MntseabdR NG dacksvd InamgioRgsdxech\@erGloadgAal. and 0.3ng/ m in

the ELI SA assay. To confirmthe concentrations of the IFN-beta in nedia
determ ned by ELI SA, western bl ot anal ysi s was performed. Reduced culture

super nat gnt s 0 SDS- PAGE on

10- 20% grﬁgdl e bg'}%{g&g&f@o %ﬂégo %E?ﬂtte ont o PDVF
menbranes. | nfrhaﬁarceptot bmdmtgqmbemmrcﬂ thbehmfemh b&a nwmdus descabdil in (Deleyec| onal
anti-1FN-beta-1 a anti sg@ (#447, Bio I nc. 3 cond SUBSTI TUTE SHEET
(RULE 267550555 LSiRg) W] %N@WM&S FRAYONCapre Emdﬂ%? t hat had been

rai sed agﬁ%xlﬂe?&n HED xﬁ?tgnﬂs kd'ia fusfod F;{Jr@t\éﬁld IIENARQ%'[ E@Hﬁns‘m the 'E'B!Dacellhﬂked donkey

anti-rab I gG (Jackson | munoResear ch G ove, . D. Assessing the
| nt er f er dombiatcd thdlemarsIFNAR Recepsonehaii ﬂxﬁlemg) ButRfahe mpnbregmnmi iang

Csi hg. t wBomR 1467 SRR dE N s38 e RS BRI 05 (G R e SRR
i ntenhergp Pﬁﬁélﬁ ATEpRRioSe ﬁﬂﬁnﬁyEm&%&@gceordl@%@Eﬁm&@ﬂPM @eng the

extracellu domai n of the human | receptor chain fused to part of

t he consmnufap@gﬁrdﬁleme Gherh giparRackord) Fnaralog #2023 o Tpe binding 9fn ch| nese
hanst er %6%01‘ 9_9 grkt%? ﬂ#fAIQi‘ 28 f“ta?qn a?uxlgé( uP% Oltiﬁis‘)\ t%rﬁu%?&@% o er ' nity

chr omat obnr ) acc I ng I’UC I ons manu |er ce

Chem Coplatd3aedté Brepareli by coatdirfy 04-béR0E84 D6 wallepliteniovongight at 4° QY witlhi §0 on- bet a
nmut ant s to | FNAR2- Fc was neasured in an ELI SA format a ELI SA | at es

were prepHrel %w%&eqthgummgcddwmaé gntihady ( Gpg’lse‘%Ag é}oﬁF’Q Hec-agt Cwith
nc. 1t P 1l R o (ORI OR, I ROMArR: 02 COCY, b 2tes 5"
CaC12 p etk ﬁ)shewltwtcesvnm%&cmghm@ (.00 % g ween20PB8 tﬂmhedmmmgs% 1@Bofat
Tween- 20, anqk ﬁﬁg% our a?roSOOr/n e?nr})e];a ure. After two more washes, 50 ul of 1 pg/ml
IFNAR2-Fc in 0.5% milk in PBS containing 0.05% Tween-20 was added to each well and
incubated for 1 hour at room teniperature, and the plates were then washed twice more.
20  Binding of the interferon-beta mutants to IFNAR2-Fc was measured by adding 50 ul/well
mutant interferon-beta in conditioned media, serially diluted in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemehted with 10% fetal bovine serum, and incubating for
2 hours at 4 °C. Dilutions of interferon-beta mutant typically ranged from approximately 1
uM down to 10 pM. After washing, interferon-beta bound to the plates was detected by
25 adding 50 ul/well of a cocktail consisting of a 1:1000 dilution of a rabbit polyclonal anti-
interferon antibody (#447, Biogen, Inc.) plus horseradish peroxidase (HRP)-labelled
donkey anti-rabbit IgG (Jackson ImmunoResearch), and incubating for 15 minutes at 4 °C.
After two washes, HRP substrate was added, and the plate was incubated at 4 °C before
being read on an ELISA plate reader at an absorbance of 450 nm. Data were plotted as

30  absorbance versus the concentration of mutant interferon-beta, and the affinity for the

binding of the mutant interferon-beta to IFNAR2-Fc was determined by fitting the data to a

SUBSTITUTE SHEET (RULE 26)



dry milk in PBS for 1 hour at roomtenperature. After two nore washes, 50 1
of I pg/m "IFNAR2-Fc in 0.5% m |k in PBS containing 0.05% TaweJuL2200§as
added to e@qedomdhi» and incubated for 1 hour at roomtenperptpus9yzzm t he
pl ates were then washed twi ce nore. 20 Binding of the interferon-beta
mutants to | FNAR2- Fc was neasured by adding 50 pl/well nutant
interferon-beta in conditioned nedia, serially diluted in Dul becco's
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PCT { Us9 QIQNAQQF]EAIQ (Bidgﬁh,dnhy,ge ﬁtsﬁh'glgﬁsqlbhrﬁnd:bﬁ;ge@qwm ire:a:aptfo]fzﬁsni x’ese}pfmsrom t Eese
anal yses are shown in Figure Ln . which the bindi | nit or. eac

mut ant , d’@‘{l‘éﬂﬁ‘f‘?‘i@ﬁo’}‘ﬁe‘f‘ﬁ‘iaﬁ@‘é‘&iﬂel)@gbé?lisr@m‘é?t fé xdlgzg?lgé@bd"eé pPlaceddpcent age
of that e C j 5:0¢ Wil d- ' I i a ssgeond recept or
bi i g Seazell cboin ELEGR Maler: dnRodoRlep ol B Gt pAiRe S

i nt er f er econdeatrationstcditterforouriedta mu@at@D pd &t FACSYufies si% §BB00.t 7 Makpinor

hai , | ENAR | F .which t t ' f
Cntert er GBYoDs s sorihaduninnd of nier G e bR gt ASmTER M Bt Bt i body
directed oasam Sty daBR wRitwACRAEM I G ngeMBibiinhted hthARhnti FAYAR(IBhérERMbNal NC. ) ,

to distingu unoccupied (free) receptor fromreceptor to which
i nt er f er antibatyEAdZ (quhdnd Deaplptes sickbat¢d forgh additiond 2anmgres@efaosy nl ) wer e

placed in 1 0 96-well .V:hott Ll SA. plat b t our at 4
C o o varegtatire o R ATER BreP i@ FACS g lita GF R s by hell O S
buffer; SfieubBRd fér IPmikui at B °CRBE) 50 esell afd &:26@ dlladiortsfl RHPhgeveryehrin-

I nterferon-beta nmutants ranged fromQ.5 pMdown to 0.5 pM é}l’o each wel |
was addedonogatag ssepiayidin (FarksqrelmmynaReseaieh.iWest (apyey PAgrkashet Gyice 1n

FACS buffer, resuspended in 300 pl FACS buffer containing 0.5% paraformaldehyde, and
transferred into 12x75mm polystyrene tubes (Falcon 2052). The samples were then

20  analyzed by flow cytometry on a FACScan (Becton Dickinson). Data were plotted as
mean channel fluorescence intensity (MFCI) versus the concentration of interferon-beta
mutant; binding affinities were defined as the concentration of interferon-beta mutant
giving 50% inhibition of antibody staining. Each mutant was tested multiple times. Figure
4 shows the receptor binding affinities for each interferon-beta mutant, determined by this

25 method, expressed as a percentage of the affinity measured for Hise-wild-type interferon-

beta-la in each experiment.

E. Assessing the Interferon-beta Mutants for Function
The interferon-beta mutants were also tested for functional activity using in vitro
30  assays for antiviral activity and for the ability of the interferon-beta to inhibit cell

proliferation. A minimum of three antiviral assays, each with triplicate data points, were
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anti body EA12 (10 pl), and the plates incubated for an additional 2 m nutes
at room 15 tenperature before bei ng washed twi ce with FACS 24 it 2006 C) .
The cel l's Y godsagn incubated for 30 mnutes at 4 C with 5@cpisswmiqont a
1: 200 dilution of R-Phycoerythrin- conjugated streptavidin (Jackson

| mmunoResearch, West Gove, PA), washed twice in FACS buffer, resuspended
i n 300 pl FACS buffer containing 0.5% par af or nal dehyde, and transferred
into 12x75mm pol ystyrene tubes (Fal cop_2052). The sanples were then 20
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t he met abwfencedpy theprgsence of the dye) were quantified by absorbance at 450 nm. Data
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diluted into cell gul tures (100 1 i ncugltion at room
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cel I's wepgiMRSheRutEEr HiO thgpla-RRS.typHidrichdt-betaliitn BRNAREA:GES.
Interferon-beta mutants were also assessed for function in an antiproliferation
20  assay. Human Daudi Burkitt’s lymphoma cells (ATCC # CCL 213) were seeded at 2 X 10°

cells/ml in RPMI 1620 supplemented with 10% defined fetal calf serum (Hyclone, Logan

Utah), and 2 mM L-glutamine. Each well also contained a given concentration of
interferon-beta mutant in a final total volume of 100 pl of medium per well; the interferon-
beta concentrations used were chosen to span the range from maximal inhibition of Daudi
25  cell proliferation to no inhibition (i.e. full proliferation). Duplicate experimental points
were used for each concentration of interferon-beta mutant tested, and a duplicate set of
untreated cells was included in all experiments. Cells were incubated for two days at 37 °C
in 5% CO, incubators, after which 1 pCi per well of tritiated thymidihe ((methyl~3H)
thymidine, Amersham TRK758) in 50 nl medium was added to each well, and incubated
30  for a further 4h. Cells were harvested using a LKB plate harvester, and incorporation of

tritiated thymidine was measured using a LKB beta plate reader. Duplicate experimental
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dye was solubilized in 100 | 1.2N hydrochloric acid in 90% i sopropanol .
Viable cells (as evidenced by the presence of the dye) wer@ dqubbt206 ed by
absor bance i odffd7iym Data 15 were anal yzed by plotting absechasesaeni nst
the concentration interferon-beta nutant, and the activity of each nutant
was defined as the concentration at which 50% of the cells were Kkilled.
Figure 5 shows the activity of each mutant expressed as a percentage of the
activity neasured for his tagged-wi | d; gype interferon-beta-1 a in each

experlrrent I nt erferon- WeF.e o ass d for .f tion in an
ant pr of ML eG SRR 450 he e i Saf ol RS DR NP QIR Bl
CCL 213) coBAt€ pe@iiREe Adrsud the déHeentéfionf MhtelféroiBMa r&det, stk asm@Atyest Wit h
10% defi ned fet al calf serum (Hyclone, Logan_ Ut ah) and 2 M L- gl ut am ne.

Each wel leagh wtapbwesefengdas ghwncwr@él@mmurﬁ@w give Sb%t@‘rtheeméwrwét a nut ant
inafi naolbsér%(f‘% \évglln H{E‘?mﬁé .llgl(ﬁltﬂJtle QJsa ﬁh%taﬁére J?c?rrﬂe'at %éu?%g beta

concentratt ons Wwere chnosen an e ran I'TB.X I al bition

of Daydi sBbws elelrequllekpressatiaon p‘émemﬁge dslﬁ'thbaétl\@ﬂ? foundefor hislthggedolild-gpat i on) .
Dupl i cate experinmental points  were used for each concentration of
i nt erf er dite éi"&t?ﬁﬁ‘h%{nqaégﬁﬁ?frm&rﬁ‘& a duplicate set of untreated cells was

i ncl uded g n alg., §éﬁﬁ%togrﬁmv\§n rq;gllflns%mmu{arﬁ?ﬂubat ed for two days at 37 C in

5% CQ, i néubat o per we of tritiated thym dine
((met hyl - 3H) Hlbtydmdtatgged Aﬂﬂnyﬂm&m&%&)taﬂa“&ef@mdrmdihvmaommeaaid&ﬂ to each

wel I, and i,ncgbated 30 a further 4h. Cﬁ g gE{O arv ed using a LKB
pl ate hardPE¥F#An d aRPreH ?‘tt%‘raéﬁyé ghiverg gac poew fﬁ/ w&F neasur ed
usi ngoa lKBeYRhainl Gt ERMNRA forfaﬁPJg%e@wdqu@{nke?ﬁ%@bet§W§S§hJMEa§b'EET
(RULE 26) 24JUL2006 WO 00/23472 PCT/ US99/ 24200 -43- val ues were averaged

and the shainttafedortbeta anitams Adet eontain ¢k idBatical bietag gshjuencedt tsirMetenmingount s
per m nute versus..the ncent r.ati on of erf on bet rruta and t he

ot vi ty (g STl the efoGEEn Bt nrRekien ot thE moferllE wer A SR Tod <o gi ve
50% of t h@niparhgBe acBPISies YHed AaRLs Inmme%hv@m arMpkdlifelaBomamBdindingr each
mut ant were perfornmed. Figure 6 5 shows the resul ts expressed as a

per cent agésayp tq We aglevirnohsgrved ferdhis weged-wilddyppdatepferan-beipda. In so doing, we
ot SR it oA RIS TE B AR BSORS 25 oS
found t o il@xferoactietasl 4, iagsqualitdtively aadtqluumtrtaﬂlveﬂiyld)cﬁm thepsamle iab ereaiffeons thsays
Found 1 oRheHAeaG BRHHCREeY{SERavE v FIeQPEICE of e T Hades. afhe Ghivalent
assumption for tagged or fusion constructs of other soluble cytokines is commonly held to
be true by practitioners of the technique of alanine scanning mutagenesis, especially when
20  the in vitro functional activity of the tagged or fusion construct is close to that of the wild-
type cytokine as is the case here. See, for example, Pearce K.H. Ir, et al., J. Biol. Chem.
272:20595-20602 (1997) and Jones J.T., et al., J. Biol. Chem. 273:11667-11674 (1998)
The data shown in Figures 3-6 suggests three types of effects that were caused by
the targeted mutagenesis. These effects may be advantageous for interferon drug
25  development under certain circumstances. The three types of effect are as follows: (a)
mutants with higher antiviral activity than that of wild-type interferon-beta-1a (e.g. mutant
C1); (b) mutants which display activity in both antiviral and antiproliferation assays, but
for which antiproliferation activity is disproportionately low with respect to antiviral
activity, compared to wild-type interferon-beta-1a (e.g., mutants C1, D and DE1); and (c)
30 functional antagonists (e.g., Al, B2, CD2 and DE!), which show antiviral and

antiproliferative activities that are disproportionately low with respect to receptor binding,
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the interferon-beta nutants Al -E contain the identical his tag sequence at
their NNtermni, the effects of the nutations on the propeﬂtﬁ dut he

nol ecul e wave@osizdser m ned by conparing the activities of thesa/usay24206 in
the antiviral, antiproliferation and binding assays to the activity
observed for his tagged-w ld-type interferon-beta-la. In so doing, we 15
assune that variations in the activities of nutants Al -E, conpared to his
tagged-wi I d-type interferon-beta-1 ag4are qualitatively and quantitatively

about th%?apg%d@&wnaﬁmé ihReteforl-Hias- lat hess bé@éE%tH&ttsaha!eQﬁ\ﬁaﬂt@fﬂlﬂlnﬂﬁrYl&e' n the
(0]

absence N-ter al his tag. The equivalent assunption for tagged or
f usi on cdtmmtanectass. oThctseIqlasses@tmeewcgitbolomeWhnlswccbmn@dhqyadwimdtthnse be true

by practitioners of th echni gye nin nut age | S,

ol obchal o uin i GRSt reoleh Nef F3RPY 83 rhBUERGTAT oter  usi on
const r ucimitsidils @ thebOrelztdat nfaly résng isintiiar} M&Qe@yﬁr&htétﬁefp&tg@ ddneitgase here.
See, for exanple, Pearce KH Jr, et al., J. Biol. Chem 272:20595-20602

(1997§ and JomeMuant C1 possesses antvirabjaglivitydhainis approximagely Sifobizgregtenihg) The

byt e 1 SEPBIHb T doided URATRLE ot G2 AP RGR R o Be et ST 7o

I nt er f er ofediitettoXe el iroRiRdihg thedeioudeot inteffefdn- Bt HHabMushe allr@nislRfcie t ypes
of effect are as follows: (a)  nmutants with higher antiviral activity than

that of  aehigvgricgiven levelef anivieal affeqt. Lowgringthesamountofiadminisiered Pratpimsiswhi ch
di splay ag éc\éJ]dltt%g rbdhicl M nfitido Jlé‘l'ty X S%P&ténﬂr Ma t&%rQ{fhc%%?o%ﬁ ecRUt Tor

whi ch anti eratron activ roportion ow W th respect to
ant i uor alfromandr- metlya,mmbmdemjutmew Mdtatippeini thtseta‘seamrpréxhttad kabd e. g. ,
mutants C., D and DEL); . and (c),3Q funct.ional n|s

G and BEERSRAYCR AL e ethpois RETegr o o paa UPTEeE <hat

are di spronqe ?ﬂoﬂﬂ%ﬁltﬁhrhl‘%ﬁe\é{st M@ﬁeﬁe%t BlifeffifReMectd cHttiBate 1StRtyId/TE
SHEET (RULE 26) 2 4 JUL VO 00/ 2 PCTI US99/ 24200 - 44- corrpgr ed to

wi | d- typeoumwmﬂbsldcreffeqta 1 a. It can be seen that some nmutants fall into

th .Th | i eyed b WA h
Char act ef | zed (PHEEISste SRS tiad el Bf ik SPEtpaab ey Myedtbfanp! s
listad, lahiwke lahai amhroffefRioh aksad a?é”'é&m[%r&?{n Fight gt ce&-amafugr Bipf@ed €9i ONS My

result in simlar, or even enhanced effects on activity a tant d
pOssess e gctiities i€ aantiyiral andaptipieliferationsansivisies thet differ by ﬂléﬂ Sﬁlﬂg’r gioefromhan

that of whd fsl¥RE oP vl;lgﬂggg Bgﬂ%géepﬁfléépfepo%t 1a- ?@ J%]%]e%nqy}xﬁ)@{ m@@ﬂtsc’t hers of

this type are predic I'n Teduci € anoun
i nt er f er gthokeelying! dnethe diagondd dine)d bionieste sedral mtmshslmmegmatg'r dlematicegéd  of
antivir alact?\];lgyem one Iﬁgsvz;.? rre':l&rllt ettg?heao gr%or%{mr% {g \%3 tt)?pre%% &rggéd%{nrt]er%esron-

20  beta-la, as evidenced by displacement from the diagonal. Three such mutants are shown in
the Table below. Mutant C1 shows antiviral activity that is ~6-fold higher than that of
wild-type his tagged-interferon-beta-1a, but its activity in the antiproliferation assay is
similar to that of wild-type. Mutant C1 thus has antiviral activity that is enhanced by a
factor of 5.2 over its antiproliferation activity, relative to wild-type his tagged-interferon-

25  beta-la. Similarly, mutant D displays 65% of wild type activity in the antiviral assay, but
only 20% of wild-type activity in the antiproliferation assay, and thus has antiviral activity
that is enhanced 3.4-fold over its antiproliferation activity compared to wild type. Mutant
DE1 displays 26% of wild type activity in the antiviral assay but only 8.5% in the
antiproliferation assay, and thus has antiviral activity that is enhanced 3.0-fold over its

30  antiproliferation activity compared to wild-type his tagged-interferon-beta-1a. When

administered at a concentration sufficient to achieve a desired level of antiviral activity,
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ef fects,

and where antiproliferative effects

cont ri but b8+feldihighes thap that obspryes! fonwildtupe Bis ireeed-irtexferon-beta-1a, but binds to
the cognate receptor on Daudi cells with an affinity that is 29-fold higher than wild-type.

15

20

The binding of this mutant to the IFN-beta receptor is thus enhanced approximately 15-

fold compared to the antiviral and antproliferation activities of the protein. Similarly,

mutants B2, CD2 and DE1 show enhancements of binding over antiviral activity of 4.6-,

4.6- and 18-fold, respectively, and o.ver antiproliferation activity of 3.5-, 15- and 54-fold.

These proteins are predicted to be useful as functional antagonists of the activity of

endogenous IFN-beta, and possibly of other endogenous Type I interferons, because they

have the ability to bind to and occupy the receptor, and yet generate only a small fraction

of the functional response in the target cells that would be seen with wild type IFN-beta.

Mutant Antiviral Antiproliferat- | Cell Binding/AV | Bind-
Activity ive Activity Binding ing
(AV) (% wt) | (AP) (% wt) Activity (% / AP
wt)
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Antiviral Activity Antiproliferative (AP) Mitant(AV) Activity (%wld

AV/I AP (% w I'd type)type) C 15711095.2 D65193.4 DE 1268.53. 0 4 &)JUlL20t s

Wi th anti viwgbo/aaagh antiproliferative activities that are | orcwushozeepect
to receptor binding, as conpared to wild-type his tagged-interferon-beta- |
a (see Table to below). Miutant Al displays antiviral and antiproliferative
activities that are 2.0-fold and 1.8-fold higher than that observed for

wi | d-type his tagged-interferon-beta--h&, but binds to the cognate receptor
on Daudi [REITS Wippan affinjdg/ that 1] Zpof ol d Higher than pg | d-tlype. The
binding pf this pgutant to the IFN-beta freceptor ils thus enhanced
appr oxi maBel y 154 7flol d conpp9.2d to the [@3iviral |eh6l ant prol3.5erat|i on
activi ti es—oftheproter—sSimtar-—35—+tants—R2—Eb2 a.%ngEl—show
enhancenbfD2 of WilAli ng ovef*antiviral & vity qf+8.6-, 4.6 and 18-fold,
respect i yey,—angsgver —art Hferati T Vit 3. 5-, and 54-fol d.
These pr )j‘ns af ezgpredi ctedg'?o be use:‘jﬁ@gs functlchI)naI ant;%%ni stls of the
activity of endogenous |FN-beta, and possibly of other endogenous Type |

i nterferons, because the have the ability to bind tgnand occupy the

recept or G-and Mé@ifggﬂ@i&%/‘ﬁhiﬂ it hreesRimensioniad Strycture of dntegferennct i onal
int d | ' | | FN- bet a.

Vit At ant | vi ol B PASstER ch3ial AcoliBotc a3pnGEROSY I i) B ke | FIV Dot 2

Acti vi t y Biederogibeg (TASendads vaaitoARhd YaMitsuACR efiriet\Criy$thl StRicmry oSUBSTI TUTE

SHEET (RULE 26) WD 00/ 23472 -46 24JUL PCT/ US99/ 2420 .20018029001516
5( Recombl)nant Murine Intcrferon-% at2.15 Ig ﬁesolution. fg Rlo%. gio? 2?5: 187-20

(1995)) and for human interferon alpha-2b (R. Radhakrishnan, L.J. Walter, A. Hruza, P.
Reichert, P.P Trotta, T.L. Nagabhushan and M.R. Walter. Zinc Mediated Dimer of Human
Interferon-02b Revealed by X-ray Crystallography. Structure. 4: 1453-1463 (1996)) had
provided models for the polypeptide backbone of human interferon beta, we have recently
10  solved the structure for interferon-beta-1a in its glycosylated state (M. Karpusas, M. Nolte,
C.B. Benton, W. Meier, W.N. Lipscomb, and S.E Goelz. The Crystal Structure of Human
Interferon-f at 2.2 A resolution. Proc. Natl. Acad. Sci. USA 94: 11813-11818 (1997)).

The results of our mutational analyses can be summarized with respect to the 3D-

structure of interferon-beta-1a (not presented here). Certain mutatations residues created a
15 reduction in activity (2 to >5 fold reduced). The mutated regions correspond to the substitutions
given in Tables | and 2.

Mutations that are most significant in their effect on function resulted in a dramatic
reduction in both activity and cell surface receptor binding. Mutations in this region (A2
helix, AB& AB2 loop and E helix) correspond to mutations in the IFNAR2 binding site,

20  since none of these mutants bound IFNAR/Fc in our assay.

While those mutations that were important for IFNAR?2 binding also affected cell
binding, cell surface binding properties are also influenced by residues in other regions of
the molecule (B1 helix, C2 helix). It can be seen in the 3-D models (not shown) depicting
the effects of the alanine substitution mutants that the N-terminal, C-terminal and the

25  glycosylated C helix regions of the IFN-beta-1a molecule do not lie within the receptor
binding site. Mutations in these regions did not reduce biological activity or reduce cell

surface receptor binding.
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B27. 19. 2334. 63. 5 CD2150466904. 615 DEl 268. 54601854 G Mutein Rel ationship to
Three Dinensional Structure of Interferon Wile published 2dydlal20e

st ruct ur eswiggord40n- gl ycosyl ated form of nurine interferonpdgiugeszizooSenda,
S. Saitoh and Y. Mtsui. Refined Crystal Structure of 5 Reconbi nant Miri ne
Interferon-(3 at 2.15 A Resolution. J. Mdl. Biol. 253: 187-207 (1995)) and
for human interferon al pha-2b (R Radhakrishnan, L.J. Walter, A Hruza, P.
Reichert, P.P Trotta, T.L. Nagabhushapy.and MR Walter. Zinc Mediated D ner
of Human Interferon-a2b Revealed by X-ray Crystall ography. Structure. 4:
1453-1463 (1996)) had provided nodels for the pol ypeptide backbone of
human i nEgameled Cuistruction bAPhsmidsfor [Bxptessiom ofddterferonibreta1a fusidmr

i nterferqn- ettghl in its glycosylated state (M Karpusas, M Nolte, C B.
Bent on, ¢ ,c)&}'?\f.e“Li pscomb, and S.E CGoelz. The Crystal Structure of

Human | nt erfpéﬁr{é&ﬁoﬁ)%y%/ag eAPIKRAkYILI DR anRYBessidRplasmitc@@odimg the USA 94:
11813-11818 (1997)). Thé resul'ts of our nutational anal yses can be

sunme’ i zkemam IN-beta BE¥A sequentrefug®l toghe He partion of mutineAgG2oheaygchaina (not

ted Cer t aj. t ' id ; d a 15 tion i
ettt cymen) Tueplisid WG WAL chE BxpRe 16T ERENeBs BLICRHE o e
subst i t utTh i@ gerIC4AEbAINCRabir6E whic e EB NI 1adene Mas bddatdeRtedl. MMhed plasdidi fi cant

in their effect on function resulted in a dramatic reduction in both
act i vi t ywasiuseddbt the gerstimetioreefeast expressianlivagsor wggfud forgransient priatein r egi on (A2

hel i x, AB& AB2 |.0 hel i x. [r ond to t] Lt | ENAR2
bi ndi ng ERrEssioggn %%r?@gg%%%m%? %dﬁég%elﬁzﬁghntf%g%bﬁ%s%ﬁi—’% §§enl.%f?§ure DI2\ssay.
Wi | o t hgls €998)Gehé 056 2B38a39ye lewasrgesighedito dontail khNARan basediangelbhdiesiohf ect ed

cell binding, cell surface binding propertjies are alsq influenced by
r esi duesmiolecierlefVEAN-bhsiseal sequeace i feumg and upstreara of the igisrigonibeia |t can be

seen in %%gex%epaﬂmeén? réﬂﬁ%s}gl:gﬁl%‘i;@eqﬁ'&{&% {H39und:idf O?P'Tegﬁﬁﬁeﬁ;g btfgaearﬂl jghi ne

substitu n nutants that N-termnal, C'termna
gl ycosyl sdgaend€s.hel i x regions of the IFN-beta-1 a nolecule do not lie within

e recepror bl RIS, S oMLl LOE,! 0, Des Lo RTe B popel [ oduce
SHEET; ( RHBEm@r@. Y3 BRA frﬁim&ﬂ%%&d?x@é the human IFN-beta gene, the cDNA
subclone of human IFN-beta (GenBank accession #E00029) was used as a template for
PCR using primers (5°-
GGTGGTCTCACATGAGCTACAACTTGCTTGGATTCCTACAAAGAAGC (SEQID
NO: 31: “BET-025") and 5’-
20 GCCCTCGAGTCGACCTTGTCATCATCGTCGTTTCGGAGGTAACCTGTAAG (SEQ
ID NO: 32: “BET-026") that also incorporated a restriction enzyme cleavage site (Bsal)
upstream of the first codon of the IFN-beta. The 3’ PCR primer (SEQ ID NO: 32: BET-
026) for the IFN-beta gene eliminated the IFN-beta termination codon, and incorporated
both an in frame enterokinase linker sequence (DDDDK) and a terminal restriction
25 enzyme site (Xhol), useful for subcloning into the expression vector. The Bsal site
introduced upstream of the IFN-beta coding sequence allowed us to ligate the VCAM-1
signal sequence upstream and in frame with the IFN-beta gene coding sequence. This
VCAM-1 signal sequence was also generated by PCR using primer pairs 5’-
CAAGCTTGCTAGCGGCCGCGG-3’ (SEQ ID NO: 33: “BET-023” and 5’-
30 GGTGGTCTCACATGGCTTGAGAAGCTGC-3’(SEQ ID NO: 34: “BET-024") that

contained a 5’ restriction enzyme cleavage site (Notl, for ligation onto the pDSW247 Notl
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PCT/ US99/ 24200 Exanple 2: Construction of Plasm ds for Expression of
Interferon-beta-la fusion (IFN-beta/Fc) Protein PCR technol 2ayJ Va6

enpl oyed t wegé@ae an expression plasm d encoding the 5 hupefukdddsbet a DNA
sequence fused to the Fc portion of nurine |Ig&a heavy chain nolecule. The
pl asm d vector pDSW247 (see Exanple 1) is a derivative of pCEP4
(I'nvitrogen, Carlsbad, CA), fromwhich the EBNA-I gene has been del et ed.
This plasm d was used for the construgg.i on of an expression vector useful
for trang I h» | ' I .

(i £ rociorits SREPAR! L (REREnaling Cleg et e B0 P HELEADAG R [P e
235-239) la StP@Esfragafehgné‘dietmnpiatntfai PCR vas isnhunssscvdsarlaroeelll adhelivasi on
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was assenbled from several DNA 15 fragnents tain a DNA fragnent

encod$ ngpedianieddihe Inkixinodg @24 Bagmertt veas aONOVedsindro pEA€3298 by gehpurifiddtipet a

ESGIenBank ﬁ $%i%@#%%g pﬁ@g Fused‘r{aTE!a teg%o@eﬁnm%pn nmer s
" BET- 025(9trap4@né, Ladéll ma%a@m@mmﬁm@mg Blnbd, (QPHARECABCCTGTAAG
(SEQ 1D NO 32. "BET- 026"2 that also incorporated a restriction enzyne

cl eavagedemgias efawrl)ie Ig{pdat (GenBawk aqchssign mgtlbe@é’d)@ﬂ%f ThePQ\primerpaifthe 3
PCR pri mgy_ (el RMG@&GS%‘E& WER)SEN 1 RS b5l AeBPGeMIR Baged the

| FN- bet a”term na |on COo |ncorp rame ent et oki nase

linkeg SReWEHAB, WDIRDDN) aﬁﬂd’-@'mmcm@hmmmmmcemm site (Xhol),
useful for subcloning he expression vector. The Bsal site .introduced

upst r eanfiSACHECTHER’ H§F~Q %Hpnéﬁ)své%%ﬂénlans Sob and Mot sites ajahed e Jcam 1
si gnal Ex?d]éhl Sﬁ‘e é‘a%A'\}[ ngy”TBé fUFin®!1 V\g@z& F@déxﬁ%%ﬁés@tt&&xgﬁrscﬂ "k

sequence sequence so generated usi ng
pri mer pGenBark sWﬁﬂ'@ﬂﬁg\W%% SEQing» $ilent BﬂtaanEHelﬁ:EBWlldnd 5'

30 GGTGGT CACATGGCTTGAGAA dgcr 31 &2 g D NO 34: "BET- 024") t hat
cont ai nelyP§ N5 PO I3 FXRILISH E%@ 8Heav5gasselit-e (Notl, for ligation onto
the pDSW247 Nyhé pRBEAEhEHteontdi iy (RWEARR) skndl séhlken’é@@ised to the huIFN-

beta gene with the C-terminal enterokinase linker sequence, was excised from pCMG258

by a Notl to BamHI digestion and gel purified. The Sall site was present on the original
pDSW247 plasmid, and is located immediately downstream and in frame with the IFN-
beta gene coding sequence. The plasmid vector pDSW247 was prepared as a gel purified
20  Notl + BamHI fragment (see Example 1). A 3-way ligation was performed, using the
above mentioned fragments, to assemble the final expression vector encoding the IFN-
beta-1a/IgG2a fusion. This expression plasmid was named pCMG261 and contains the
VCAM-1 signal sequence in a fusion with the gene for mature human IFN-beta,
enterokinase linker sequence and murine IgG2a Fc domain. The full DNA (SEQ ID NO:1)
25  and protein sequence (SEQ ID NO:2) of the fusion protein are shown in Figure 2.

Example 3: Production of interferon-beta-1a fusion protein in mammalian cells
The recombinant IFN-beta/Fc expression vector, pPCMG261 was transiently
tranfected into human EBNA 293 kidney cells to achieve expression of an IFN-beta-1a
30  fusion protein of the invention. This recombinant expression plasmid is transfected by the

lipofectamine protocol (catalogue # 18324-020, Life Techonologies) in EBNA 283 human
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WO 00/ 23472 PCT/ US99/ 24200 -48- cloning site) and a 3' restriction enzyne
cl eavage site (Bsal, for ligation onto the FN- beta-1 a 5 RGRMU 2P¢ent ).
The t enpl aix d034BCR was t he human vascul ar cell adhesi on portesw/=200
(VCAM 1) cDNA (CGenBank accession nunber X53051). To create the | FN-beta- |
a/ Fc fusion gene the follow ng procedures were 5 perfornmed. The mnurine

| g&Ra fragnent was renoved from pEA&R93 by gel purification of a Sall +
BanHl di gestion DNA fragnent. Pl asnsi-dgpEAG293 is a Bluescript |1 SK+
(Stratag hi nge, CH2 and
G domay S o B R e ol E) “The Por
pri mer p&aithersbirg AAD] SARETFNERCHAGTCIne &ong, SECGERR yRI, BFpsseader Eel@e Br G

cancercrh SBPEEest oA Wil o) iR Rar RN T o D RTES RO he 5

and 3'  ¢iA 203 thR. CafaRlthEday RABR I IYRFdttandine wahfediRnld c&ds, R AR
cassette differs fromthe GenBank sequence at a single base (codon V369),

cr eat png repladelavith grawsh inedia (Relheeco’ suniodified \Haglefempdismeil 6%i fstabhgmingssed from
this 1g&x2a_ Fc ,cassette. The DNA £ragment i,ni ng.the, ) 1 signal
sequence SFUEk4 "@i SRR mif8€%’i‘"b§ﬁlﬁgwf3ﬂ (ﬁﬁg%li‘boll‘%l??aﬁa\b(%%“&i nase
l'inker sSQDRMER coiaftionsE hiedrh if haivenédBaofays hieranhigtt dodc&asitibn 6f FR$t i on and
gel purified. The Sall site was present on the original pDSW47 plasmd,

and is | detatledFq wandntermingd afoleseribeddelodnd in frame with the IFN- beta gene
codi ng Seq“e”ﬁoqulﬁsn 8%?%-%eéé§§tfﬂ£ipg'§?%‘{%ﬁn g@%@&%ﬂ%ﬁﬂcaﬁaﬁ gel purified

20 Notl + BanmH "Tragnment (see anp I'gati on was perforned,
usi ngot herokabyitie cel ekpressich Sysegsmotkl aldcbeasesfonintd updietridsfealof erepresii on
vect or encoding .t h&gl FN- beta-1 a/lgQ&a fusion. This expr esgi on plasm d was

named pCYRPIBg regien Ha5 MRcUSION PRAICINEIRMPPIOPTigT £ PSR ie MEEOrS HOTHhPESYHRMY t h t he
gene for : i 1 r Gk L ne

on o Jarite RO sy e Rl g e oy PRI B B ol " s
| D NO 2) chinesehtmnistssiovaryn(((3 @) cellaBarsdromd. (19965] Miethed?in MohBible48:chBpteduct i on

of interferon a-La fusion protein in | | ell.s_ The .reconpi nant
"En bet alBoo by oud B5-4 e S e, o fal &0 RAIT EBRFERE 60 THH o
human s EBNMA3 2234%i Q{WO_S¢|g¥éi:nFr@orﬂ&§Fk§M€y BB (BRfigen ROt an 1066¢h6¢. Natil. a 30
fusion protein of the invention. This reconbi nant expression plasmd is

t r ansf ectAsad b3eit A, 93:3bf18d 02 HEY) p Oshes cukargetin enpsrsaen sysenehappouldier
Techonol ggi,eSh1e! WolfPbe el alt BBl pideseld Bk PR all 41 Ahmun. Methods,

201, 67-75 ) and Saccharomyces cerevisiae (Horwitz, A. H., 1988,, Proc. Natil. Acad. Sci.
USA, 85, 8678-8682).

20 Quantitation of the IFN-beta-1a-Fc protein expression levels in the culture

supernatants from transfected EBNA 293 cells was performed by ELISA using a protein A
purified IgG fraction of rabbit anti-IFN-beta-1a polyclonal antibodies (the antigen was
purified IFN-beta-1a, Biogen, Inc.) to coat 96-well plates. The antibody detects IFN-beta-
la standards and culture supernatants in an interferon concentration range between

25  10ng/mL and 0.3ng/mL. Biotinylated rabbit polyclonal anti-IFN-beta-1a (same antibodies
as above) and streptavidin-linked horseradish peroxidase were used to detect bound
interferons. To confirm ELISA values, western blot analysis was performed in which
reduced culture supernatants and IFN-beta-1a standards were run on 5-20% Tris-glycine
gels (Novex, San Diego, CA), transferred to PVDF membrane (Amersham Life Science,

30 Inc., Cleveland, OH) and detected with a different rabbit polyclonal serum (raised against
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2 4 JUL 2W WD 00/ 23472 PCTI US99/ 24200 -49- kidney cells ac::é)r ding to the
protocol of the manufacturer (Life Technologies, Githersb Q WDZW‘

Haw ey- Nel ssamoo/23472 Ci ccarone, V., Cebeyehu, G Jessee, J. , PEFUSO®2420P. L.
(1993) Focus 15.73) using 1-3 mcrograns plasmd DNA for a 100nm cul ture

di sh of EBNA 293 cells. On the the day follow ng |ipofectam ne
transfection of cells, the nedia is 5 replaced with growh nedi a

(Dul becco's nodified Eagle's nedium -4§% fetal bovine serum 4mM

gl ut am ngpNZRA-1Y ' ' 2 y Bfti-rdBBitIpG [Pk, MD) .
The condm?gg‘dmr)r’ecfgl}?g@%gggél\%gﬂg?{égbg@zk%%gﬂégﬂnﬁg%d t he -co%%éntrac?i on of
| FN-  bet dmihuaoReseamb, Wesicbravadtihpantibedies.i bed bel ow. Production of a

| FN- beta/ Fc fusion protein in other mammalian cell and io prokaryotic cell
expression systens could al so be perfornmed upon transfer of the protein
codi Ng 1 qGiadplé B AiRiral aLVitPSIAFN-Beta aPmaPine JRGRa Tesii piatem on vectors
for those systens. Alternative expression systens woul d include manmmal i an
cel | &xpressi dtumapduepearginemagslls @HAbweraprateaied oy 3t opispiith EN-bea-1a

e 0 mur IR LRl o apt gp 18 g S 3R Taad AR € ) ol 15

7, 335- 34R3liengd obithEhdethiaRedycomdk Witk RRYC Ve IHoslowinig 4 tvgeday iRcubaation alith 1996,
Proc. Natil. ~“Acad. Sci. USA, 93:23, 13102-13107). O her eukaryotic
expr essi ¢be Wiusy vighlewcrlls warsaingdevithyp solndampeXWdiMS ke 3-his(Metioxpideni a

pastoris di NS 199¢, . 3. : aﬁéé) 5 and
Saccharor?é}(@eg Sgg?@\?flgll)z%f {eajg%%ljuﬁgg CE.JO o&ﬁﬂ?ﬁg@%&%ﬂgﬁm N t‘ljrﬁefh%iuclg%’)agci .
USA, 185, 388y@mii64hd)2ngA0L Quapédtivalyl imphokplidrebuffexed etlime) andrdetqureittai n
expression levels in_the culture supernatants fromtyansfected EBNA 293
cel | s wasPgsoseopydl4nNE Thempssay wes Ia;rf@r'a?i Pﬂn&trllﬂlff‘ﬁef‘{a?d?ql’&étf‘?rre&& h“@% of
rabbi t a'&PﬁéchE%h&ﬁt a-la polyclonal antibodies (the antigen was purified
1FN-beta-la, Biogen, Inc.) to coat 96-well plates. The anti body detects
| FN-bet a- 1 alsFrgudas the standacideviationsarp shonin anerson barsaThe 30%r dysensthic

pol yol ondftechipt ERERear s tetruined W rapsiiigulei B i, Tl iy SoBhailc 70T

_'strentsavieﬂiemb}mdet!a%m{eagmhw@@f&middabeomr;mused to detect bound
interferons. To confirm ELI SA val ues, western bl ot anal ysis was perfornmed

in which reduced culture supernatants and | FN-beta-1a standards were run

on 5-20%glris-gkygin | S . e L PVDF
menbr aneol%xﬂﬁg’tl g%’a@? |&¥' %‘q@é‘l %@(ﬁ%ﬁﬁﬁt'ﬁgf ;PHL e%%@%ﬁe;w&éﬁﬁg? %‘gt ed with
a di f f er gpG1R&iFisionpPrateinonal serum (rai sed agai nst

A, Construction of Human Interferon beta-1a/human IgG1 Fe Fusion

20  Protein
PCR technology was employed to create an expression plasmid encoding the
human IFN beta DNA sequence fused to the Fc portion (hinge, CH2 and CH3 domains) of
the human IgG1 heavy chain molecule.
EBNA construct: The plasmid vector pCH269 is a derivative of pCEP4 (Invitrogen,
25  Carlsbad, CA) from which the EBNA-1 gene has been deleted. The plasmid was used for
the construction of an expression vector useful for transient protein expression in EBNA
293 human kidney cells (Invitrogen, Carlsbad, CA; Shen E.S, et.al 1995, Gene 156, 235-
239).
The fusion protein expression cassette was assembled from three DNA fragments:

30  aNot I/ Sal I fragment encoding the VCAM-1 signal sequence in frame and fused to the
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SUBSTI TUTE SHEET (RULE 26) WD 00/23472 2 4 JUL 2000 PCT/ US99/ 24200, 50-

| FN-bet a-1a), followed by horseradi sh peroxi dase |inked-donkel Wht %% abbi t
| 9G (Jacksqyy gdg¥anoResearch, West Grove, PA) antibodies. Epaipisssz00
Antiviral actirvity of IFN-beta-la/nmurine Ig&a fusion protein 5 Human | ung
carcinoma cells (A549) were pretreated for 24 hours with IFN-beta-la or

| FN- beta-nurine Ig&a (61, 41, 27, 18, 12, 8.2, 5.5, 3.7, 2.5, 1.6 pg/nlL)
prior to challenge with encephal onyogarditis virus (EMCV). Follow ng a

t wo- day Isggy%ggg@gm(g}n@we%tsh% @*35 PrifGhért eSIdinShB i, BHbAnd

solution ™o bi s(2-
ni t r o- 5- STH$ dpinainy lof hihan BGlazand & Not 5 fragmbted IHN Al exprasséon vestlar pPiEX68zi ne

thosul fate, at 10 333pg/ d 2ng/ i, ' i phosph
b fer od cal | H0yo ARG dbaLl BiemaisTreodng by matu ke AN RHL SR s
per f or mi‘qp Eéa!ngégaghggér%g'ts AR AFRAU e %eJeQﬁer@ﬁﬁBe b MCRCeARRATHR PCH N

Figure 8 n devi ati1ons are shown as error bars. Thé 50%
cyt opat hitempkid wat plaonidipcMG25&i(ste Example@atbore) wikidh tucades thomeaswenat el y 0. 4

pM The %.cytopathic 15.effect far | FN- beta- ,he | gRa .found to be
615 ot oAk olimal Yeinenc? it ik uh Fssit e B Bova ek R i B

- beta-| a/ hHfBme dnd@lseldGo MedntRolihMeQinkeseqléts! TWeldeRbf ICRbrim@brs widrer f er on
beta-1a/ human 1 gGl Fc Fusion 20 Protein PCR technol (%%Was er{:g‘{gg{/lgp to

](c:r eaéI e amsesPrsssst ofiprphers ¥ 'd A RO AG{eCCRGAGCOENTH QI Ok nce
sed t ' hi '
hoavy chaSHRI NEERZ) AR ABRCoRT COR OB T AACHIGIRABICIE

deri vat i vi2: FEQ@EERO:(38NVintro@@ed an addndCavid slvagde froA) Gfto Qratpbsidbn 162 HENA- 1

gene has been deleted. The plasm d was used for the construction of an
expr essi oragmesst srealledhyman BN betarsliodnt protei n expression in EBNA 293

human ki dney I ' »_Carl sbad, CA; Shen E. S., et.al 1995, Cene
156, 235- 239)0%%864%?%%&8{?3? ei n expressi on cassette was assenbled from

t hr ee DNAAGCIQGITAGCGECEGOGGACTCALCTIGGCHDORM' ( SBQADI NQ: 3%e awCAM 1 si gnal
sequence 4 A Fc8AL dMEECA A CGCCGTTTCGGAGGTAACATGTAAGTCTG-3;

15 SEQ ID NO: 40) ) also introduced the G162 to C162 amino acid substitution and changed
the enterokinase linker sequence (DDDDK) to a GGGGS linker sequence in frame and
fused 3’ to the human IFN beta gene. This fragment is called human IFN beta-C162/G4S.
Both sets of primers contain a 5’ Not I site to enable ligation into pCH269, and a 3’ Sal I
cleavage site to enable ligation with the Sal I/ Not I fragment of human IgG1.

20 The human IgG1 fragment which encodes the hinge, CH2 and CH3 domains of
human IgG1 was prepared by restriction enzyme (Sal I/ Not I) digestion of plasmid
pEAG409, a derivative of plasmid SAB144 (described in U.S. Patent 5,547,853). The
fragment was excised and gel purified. The EBNA expression vector plasmid pCH269 was
digested with Not I and gel purified.

25 Two human IFN beta-human IgG1 Fc fusion constructs were generated by two
three-way ligations. One construct, called ZL6206 contains the G4S linker; the other
construct, called ZL.5107, is a direct fusion. The full DNA and protein sequences of the
open reading frames of the direct fusion (see Figure 10) are shown in SEQ ID NO: 41 and
SEQ ID NO: 42, respectively. The full DNA and protein sequences of the open reading

30 frames of the linker fusion (see Figure 11) are shown in SEQ ID NO: 43 and SEQ ID NO:

44, respectively.
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SUBSTI TUTE SHEET (RULE 26) 24JUL20 WO 00/ 23472 PCTI US99/ 24200 -51-
sequence encodi ng human | FN beta, a Sal 1/Not | fragnment endodiJdy 206

hi nge, CH2weywlnidse3 donmmins of human 1gG 1, and a Not | fr agumeoseoni206BNA
expression vector pCH269. Two distinct Not I/Sal | fragnents encoding the
mat ure VCAM 1 signal sequence in franme and fused to the human | FN beta
gene were nade by PCR technol ogy. The PCR 5 tenplate was plasm d pCMz258
(see Exanple 2 above) which encodes t4pe mature VCAM 1 signal sequence in
frame anggoisslrh&: the human | FN beta gene, which itself is in frame and
fused to the enterokinase |inker sequence Two sets of PCR priners were
used. One set Adfunmnlll?blrlxta(ﬁumam@ﬂ T BECEPEASIEOIRICL Bas (SEQ | D

36)) 1 bt PRI SR P Rt Eﬁ%ﬁ%ﬁ%ﬂ@ SRealShpen jed 55 T 0©
f ragment hirgai BN BétalhufRA 1+ 6 NF@% mas éﬂﬂﬁoﬁl‘%ﬁﬁﬂﬂldmmv “ﬁ@ltN&tq and
GCCTAGCEECCECEECeT 39) and -

AGCTT 3" (SE
TACAc:GT@ﬂemﬁ@tmmmw@@nvﬂ@cm@mmgaﬁemﬁmmsswweeﬁq ID NO 40) )
al so introduced .th e C.162 ami no_ acid substi tu d changed the
ot or ok RASHE BT A rbel e Ml m Ak e et Bl " e
and fusgAD3beth la@ﬂx&l]hﬂﬁﬁﬂué Rbkikednn g e folibhied by SAOITERle ttaﬁs&i}itlbﬁd human

| FN' bet a- C162/ Both sets of priners contain a 5 Not Site to enable

ligatio nterrﬁtr@tlwmﬂ‘seolyer&esrelse[ders&ri from pCMVbeseplasmis] ¢ eEeﬁ‘rér}V EORAIGAR] on Wi t h
the Sal t t which
engodgs %chfdﬁg‘é& Iab %@Hgﬁ%?gg‘zgﬁ%ﬁﬁt}n@n&w@ I\{I/\’/ggsélre éllé)ar e nby e

rest 10 ct amplifcaripnmin (réizslfecltdd CHO de)ls.fli gestion of plasmd pEAG409, a

derivative of plaspg d, SAB 144 (descri ed iin U, Pat 547, 85 .The
fragment was Bxci sEEPductiopa hBé}“Ff'P@H P?ﬂé)eﬁgmhgmpggéﬂgf d’r‘) insnig
pCH269 V‘ﬁﬁnaﬂirﬁﬂﬁne&%lwth Not and gel purified. 25 Two hunman IFN

bet a- human 1gG 1 Fc fusion constructs were generated by two three-way

| i gat i ongranGiaet wensgaction vf hioedr BN Fdté FoSon oonsaivoss inthEBBE Bicaldler ; t he ot her

t t, d ZL5107, i ion. The full .and tei :
cequences of - THEecBRBRRUENThEaAmAE Lok P RTEFEOE PR TORICRAOR gur o 10)
are $0Wiefeliranbiehtlyiriidfectdd RRFhunREBRANG3 Kdney @EPRCAchIEFE ¥xpré§iford o | DNA

and protein sequences of the open readi n%
an IFN-beta-1a fusion protein of the invention. These recombinant expression plasmids

were transfected by the lipofectamine protocol (catalogue#18324-020, Life Technologies)

in EBNA 293 human kidney cells according to the protocol described in Example 3 above.

Stable transfection of human IFN beta-1a/human IgG1 Fc fusion construct (no linker) into
20 dhfr- CHO cells:

The recombinant IFN-beta/human IgG1 Fc (with no linker) dhfr containing
expression vector described above was stably transfected into dhfr- CHO cells to achieve
expression of an IFN-beta-1a fusion protein of the invention. This recombinant expression
plasmid was transfected by electroporation and selection of positive clones was

25  accomplished according the following protocol:

Plasmid DNA (20 mcg) digested with Bgl II was precipitated, resuspended in 800
mcl of HEPES buffer and added to 10x10’ CHO cells/ml. Following electroporation, cells
were cultured in DMEM complete media for 2 days. Cells were then split into 20-40 10
cm dishes with complete DMEM/dialyzed 10% FBS and cultured for 5 days before

30  moving the cells into selection media with escalating (50-200 ng/ml) concentrations of

MTX in DMEM for two weeks. At the end of two weeks, single colonies of cells were
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30 frames of the linker fusion (see Figure 11) are shown in §E‘Rﬂ'l ?BEIO 43
and SEQ ID NO 44, respectively. SUBSTI TUTE SHEET (RULE 26; 2 2006
WO 00/ 2347 3y beld3¥m09/ 24200 -52 CHO construct: A human | FN betzaissorenod gG
Fc fusion CHO stable expression construct was nmade which was conprised of
the human I FN beta directly linked to human 1g@ Fc. The human |FN
beta-human 1gG 1 Fc fragnent was cut fromplasmd ZL5107 with Not | and 5
gel purified; it was ligated into thesfhot | site of pEAG347 (an expression

vect or @Q%@a Qﬁdﬂ&f&)ﬁ&é&eg‘;p%&gf@aéryvea%ﬁé@m EibRed MR tedi@l B aalﬁloimt ers

[derived Trom pAD2beta plasm a unique Notl cloning site, followed by
SV40 | at assaysanscription term nation and pol yA signals [derived from
pCWhbet a pl asg’é:g]v. PEAG347 contains a pUCL9-derived plasm d backbone and a
pSv2dhfr - deri ki r for MIX selection and 10 anplification in

transfected Chi aolilviral actiBity BF (e ¥6dibP Profiind WaPderdritlifd @BICPE A8Ay-dsa/ human
lg@ Fc fusion protein in mammalian cells Transient transfection of human
| FN bét a désssibedirclranpled: Basadian tEaRAMG/mgspesificpetvite ebikp iinferferon-beta-

| FN- bet a/,human |.aG Fc expressian..veet,ors descrj bove 1 re

tr anet enth Yanpa drestinate SHRh Aok SERE, (AT PP niiRAr
expressi @ie@érondetal Fednely G 1 Fcffisibe Pravéif wailthefinkdtavdsrH00ru/idand tHeese
reconbi nant expression plasmds were transfected by the |ipofectam ne

pr ot ocol agtdvityawiskaws 2linkerouasgbi U/pils Eberastiniip ob §rHQ expregsed bamap derieraam

ki dney cell s, ﬂﬁ@ﬂr ' . ri bed in Exanple 3 above.
St abl e t?’lz:iéﬁs ec |8ﬁh§? ﬁﬁ&ﬁ%&?’%ﬁqﬁﬁggpyﬁﬁmn | g@ Fc fusion construct (no
i nkap) into 20 dhfr- CHO cells: The reconbinant | FN-beta/human 1gG 1 Fc
(with no Iinker%. hfr containin expyressj on vector ,descri bed above was

e

stably t EaABlebedleasuEemagt of intepieran-betarly antiira) activhy inbeipiasms ofmice
| IV Det avrehtdl wHRIRRIRES-Bod- B add Rtd iR RAk 1a/iihring FEGHPHARY pidkéih ©55! On

pl asmi d was transfected by el ectroporation an ection of positive clones
was 25 acconpMisé@5HBtorale imjecténa. . dhrbogh thg tail vein eoth SEOCSWRit dNA (20 ncg)

O et o e Bt A5 BB B Pel B ok o 1«
15  An equal volume of phosphate buffer is given as a control.
Blood is sampled through retro-orbital bleeds at different time points (immediately,
0.25, 1, 4, 24 and 48 hours) after interferon beta injection. There are at least 3 mice per
time point. Whole blood is collected into tubes containing anticoagulant, cells are removed
and the resulting plasma frozen until time of assay. The plasma samples are diluted 1:10
20  into serum free assay media and passed through a 0.2 um syringe filter.
The diluted samples are then titrated into designated wells of a 96 well tissue
culture plate containing A549 cells. A standard Interferon-beta-1a (10, 6.7, 4.4, 2.9, 1.3,
0.9 and 0.6 U/ml AVONEX) and 4 samples were run on every plate. The cells are
pretreated with samples for 24 hours prior to challenge with EMC virus. Following a two-
25  day incubation with virus, viable cells are stained with a solution of MTT (at 5 mg/ml in
phosphate buffer) for 1 hour, washed with phosphate buffer, and solubilized with 1.2 N
HCl in isopropanol. The wells were read at 450 nm. Standard curves are generated for
each plate and used to determine the amount of interferon-beta-1a activity in each sample.
The activity in the samples from the different mice are graphed against the time points in

30  Figure9.
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were cultured in DVEM conplete nedia for 2 days. Cells were then split into
20-40 10 cmdishes with conplete DVEM di al yzed 10% FBS and gyl Juir ¢o86f or S
days bef or ¢yo¥b/23%9Mi Ng the cells into selection nmedia w th epcpissg/zagoo
(50-200 ng/ M) concentrations of MIX in DVEM for two weeks. At the end of
two weeks, single colonies of cells were SUBSTI TUTE SHEET (RULE 26) 2 4 JUL
2006 WD 00/ 23472 PCT/ US99/ 24200 -53- sel ected and expanded. Supernatants
derived from22 CHO clones were testegqin antiviral assays. Activity: The

anti-viral actdyi : [.on At ot e ag W ays as
3 desert bed | rHpias? bosh OP TR oBE a0 W3t ALEHSH BCH hRuGhbr ARB°YE
interfer @::i&i%&sahat)lthahslf amagtu%ﬂsm ﬁrﬂetrmfnqﬁesiaynuchhmmtﬁanithey obthet he

transiently (EBNA) expresse uman i nterferaon-peta-1la/human | gGl F¢ fusion
prot ei n whmRdifigd interfrron-BEtas L pemnugl nfs sgeRpdihighly a’csmfwa@%%@%qae Mid¥er was

190 1 o YAl E IIE B e i3t RO RACIL U, Wi BB phalel & 0 &/ human

i nter ]fcser @n'rdgﬁxtea-b:yahasiaﬂilair highflamisi (svfi3 atc;d’vit}lnat;thelﬁ)lamsﬁ&mbtﬂutm ttmepdinteaThel wit h
i nt erferon-het.a- and interferon-beta-la ripe . Jg®&a fusion protein Mce
(C57/ B 16ptdp C‘i‘tﬁﬂ@éﬂ’é’é}k? the COPHPE‘&Eﬂ‘r&f%b‘FgHP’_ the disthutian 8 Ebee'@giﬁm%_ of

i nt er f er gRebEl fsiln rét&ﬂ'ii‘?az\éérly Bmit0@ tdnk ascRfatiBt er f eron-beta-1 a-nurine

| g&a fusion protein. 15 An equal volune of phosphate buffer is given as a
control. Blood is sanpled through retro-orbital bleeds at different tine
points (i diately, 0.25 4. 24 and 48 hours fter. interferon beta
PN ecti ofNaRiplf £° Shmpgrafise Rhasmigcaindies and B abo g & el <

col | ggt ed i nt @dmihegive tidadsiird\ondnttes datiih@fferoncid 5a Riidn@dayee and the
resulting plasma frozen until tine of assay, Theﬁfl asma sanpl es are diluted

1: 10 20 ifederoprbgtn Far(aenew foxpulnted bulls derpied e AVRINER 1P intayfeponshstaqlaiimge
filter. il ut. { ti i I . . f 96
e T SRR A A A e

| nt er f er @Bti¥B! ia-ptingatds] An thesé studied,, the pRarmhcdkinetis And pharfhabodyhainicd OEeX) and

4 sanples were run gon every plate. The cells are pretreated w th sanples
for 24 hdoupgerepibsta-a fesion IngHiRAIGS if FOmRRIeq 19 that ofngtive HieHFraneg Lasnd ay
%“Crr;??nt ! ?%s%éb’ib Mirdrtifoes ¥hitbd Extbifdelito ARafmi @i ned with a solution of MIT (at
Animals and Methods
Study Design
This is a parallel group, repeat dose study to evaluate the comparative
pharmacokinetics and pharmacodynamics of interferon-beta-1a fusion protein and
20  nonfusion interferon-beta-1a.
Healthy primates (preferably rhesus monkeys) are used for this study. Prior to
dosing, all animals will be evaluated for signs of ill health by a Lab Animal Veterinary on
two occasions within 14 days prior to test article administration; one evaluation must be
within 24 hours prior to the first test article administration. Only healthy animals will
25  receive the test article. Evaluations will include a general physical examination and pre-
dose blood draws for baseline clinical pathology and baseline antibody level to interferon-
beta-la. All animals will be weighed and body temperatures will be recorded within 24
hours prior to test 'arcicle administrations. |
Twelve subjects are enrolled and assigned to groups of three to receive 1 MU/kg of

30 interferon-beta-1a as either a fused or a non-fused, but otherwise identical interferon-beta-

la. Administration is by either the subcutaneous (SC) or intravenous (IV) routes. Six
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phosphate buffer) for i hour, washed with phosphate buffer, and sq i1ized
wth 1.2 N HJ in isopropanol. The wells were read at 450 i 4mdVist ard
curves arewgsogzaed for each plate and used to determ ne PORUSHMMRE0 Of
interferon-beta-la activity in each sanple. The activity in the sanples
fromthe different mce are graphed against the tine points in 30 Figure
9. SUBSTI TUTE SHEET (RULE 26) 24JUL20 WO 00/23472 PCT/ US99/ 24200 -54- The
slower | oss of interferon-beta-1 a fuggon fromcirculation as a function of

time indiggat Qﬁg%a'f?\?lllt 18€eileft driidie b9 ind feru%bscaﬂfea&ﬁakﬁda AL 8 hale MUCh

| onger than t unnodified interferon-beta-1a control. A second
hi ghly siagimdls wé:lhrecénvncthsngnf:ledmtb¢18Ceru|td>(3/tmmﬁatAll/mmaISimmslt be odive he

fusion prot st duri the hase, evi ced by
the. < nt MimtrTe T PERTi o Bk R reoeed B PGSR 2ol BT e o
The dat ggp ﬂﬂb@ﬁ?%drh@éeks Ul'\lhddiﬁ‘setvbl%nfcomlrl‘iﬂlommké eron-beta-1 a, the
distribution of the interferon- beta-1 a fu3|onﬂ§rote|n IS Iargely limted

to thé vascul dloedis m&r@hmmm%ﬁﬁw 2020 H83E R &S, ds 1. an

Phar nacodyn S rrat e t o_Conmnads at r nduc

Tner T o dg BT 74 o BRLE R AR kO, BloSHsfie Bt BorGRORERRS M ' oo
bul k i nt eheRekrfirén Mﬁmxnélb 1calf‘réﬁfoh§d’ﬁarldéets§ruin fedpterin] @ s e, 2 48,
phosphate 200 mM NaCl , pH 2) to determne their relative stablllty and

activity R2n9%rlioged3ss S04 hoqrh&gl@“smmﬁm@mt&aﬁ@n phended®Ri neti cs and

phar macodynami ljmm%
conpared to t r%i@lu%boﬁ;]cﬁrm %ee{uf]&gér bogﬁggfl %&Tﬂg&d{iﬂ'?})g&wt@ggéé ona [ nf erences
can he exhiandednd d hbumpssdose Ao srrgissofamdcdkm Dadly cagasitle dbearivapionsiwil bes a

par al | el oup, . repe ose study, to evaluyate the conparative
P BT he A e L TP gt i of I ool Wk chanees ip heaioror of i n
and 20 %nf&%eéaﬁdédntwdfy%agmp%cﬂb&@ teiﬂ%a}atdws Wil w&&ﬁdécpateragmbl y rhesus

nonkeys) are used for this Study. Prior to dosing, all aninals will be
eval uat ednttosalsghrpugh @1 dayd pdseddseh by a Lab Aninmal Veterinary on two
occasi ons Ww@'& é4 days prior to test article adm nistration; one

eval uat i O £8% within 24 hours prior to the first test article

adm nisst r at i or.evéRloY iM@8drbA¥et@ i §8Rhis avd hhanBibatddBGRiVLcytbsathie skfe@r(CPE) ©
Eval uations will _include a general physical exam nation and pre-
bioassay. The CPE assay measures levels of interferon-mediated antiviral activity. The
level of antiviral activity in a sample reflects the number of molecules of active interferon
contained in that sample at the time the blood is drawn. This approach has been the
standard method to assess the pharmacokinetics of interferon beta. The CPE assay used in
20  the current study detects the ability of interferon beta to protect human lung carcinoma
cells (A549, #CCL-185, ATCC, Rockville, MD) from cytotoxicity due to
encephalomyocarditis (EMC) virus. The cells are preincubated for 15 to 20 hours with
serum samples to allow the induction and synthesis of interferon inducible proteins that
then mount an antiviral response. Afterwards EMC virus is added and incubated for a
25 further 30 hours before assessment of cytotoxicity is made using a crystal violet stain. An
internal interferon beta standard as well as an interferon-beta-Ig internal standard is tested
concurrently with samples on each assay plate. This standard is calibrated against a natural
human fibroblast interferon reference standard (WHO Second International Standard for
Interferon, Human Fibroblast, Gb-23-902-53). Each assay plate also includes cell growth

30 control wells containing neither interferon beta of any kind nor EMC, and virus control

wells contain cells and EMC but no interferon beta. Control plates containing the standard
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dose bl ood draws for baseline clinical pathol ogy and baseline anti body
level to interferon- beta-1 a. Al animals will be wei ghed 2&ddlo

t enper at ur ggo we/is47Pe recorded within 24 hours prior to tesPcauUsHNL00

adm ni strations. Twel ve subjects are enrolled and assigned to groups of
three to receive 1 MJkg of 30 interferon-beta-la as either a fused or a
non-fused, but otherw se identical interferon-beta- la. Admnistration is
by either the subcutaneous (SC) or inggavenous (1V) routes. Six SUBSTI TUTE
SHEET (R ; - heegni mals will
receive H légts %gélf %é‘léghé%\{%%ﬂﬁ @Qﬁc%ﬁi&(t@%ﬂ;ﬁ? ?}éﬁ}?%@g}lﬁdﬁgﬁéﬁer 6 mal e

ani mal s \gréwthr Shesevdatee ste stainddodichdmy thehedifionrofwires.(3/treat nent) . Al |l

animals nust he naive, to.interferon-beta treatnent.. Each. aninmal will be
dosed on two g@ﬂ’&i‘iscﬁlﬁg ?taaé%fa%aw?sltedae dugg‘ﬁ’é‘? 9% E‘g’%kﬂf “F’Bﬂ‘?pq\ﬁgtglf‘és.ayfmgéesdose
vol une Wiyhéldilﬂg fdurQathl ddits per BhPRD The gomettid EarRdRESmEikh BEtHeFolieSt i NG at

0, 0.083 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, 12, 24, 48, 72, and 96 hours

f ol | oWi ngeMixetes isrepertddoTheRimibdf desensiondn this assanisuiOamita(Y)/el. the interferon

i nduced bi ol ogi cal response rker..serum.neo BN, .ar s t .24,
450079, o6, el sSERRENRSS BT pEHerin SEATERERRh B b eyt P RoRley il
Eval uat i qgﬁlg(wﬁirﬁwcimmpamlum apgiys.0od i nclude clinical observations perforned
30 to mnutes and 1 hour post-dose for signs of toxicitiy. Daily cageside

obser vat iRhagmegakinetie ang Siarighicad Meshpdsgener al  appear ance, signs of toxicity,
di sconfort, a C i A i ba, I f NA | s and
body tenper at %érgwgﬁﬁgé&r@@%? eagﬁ’alflwf%%;lh'rgcrc @ﬁt@v%flggﬁﬁrﬁgﬁgﬁb 1 days
post -1d0S @haksakinbid Modes.1Gebmugicsnah contearbessrrdplozted by siarelfor each
gquantitated using a cytopathic effecilt'gdi(,CF?E?1 bi oassay. The CPE assay
measur es FVPel USSP IEFHEAFNERRETHSH BAIRNONY iBPYNCIHE (RGANE §re cPpEderFdy o) of

antivir alm&ﬁ%h%ﬂ{)g%fzg.gg}la% a?i?lﬁg%t?csrg@n%{s?%ﬁnﬁ [eerPiIBP RY e fard R B%ed R b&ELACL I Ve

interferon c In e at the tinme the blodd is drawn. This
appr oach vahes bsknont-feeatbde sano aracdndrcitions ae setss Stiml phbicheepsésentstones of

interferqgn ta. The.CPE assay used in 20 the current study detects the
ability g‘@ﬁﬁ?@’?‘ﬁcépgﬁtg@gcﬁ%‘xprot ect human lung carcinoma ~cells (A549,
#CCL-15185, ATCEor Rogdfudibh Bata MIwd dodipasiviiedt PX irffirdivn giédelti® fit to the detectable
encephal onyocarditis (EMC) virus. The cells are preincubated for 15 to 20

hour s wi tserunseqngpnizaiops & each subjesty and he $d dataiaphiiiad tSA@POMPITBICHY

i nt erferqr%eétyodnul%&)él.e proteins that

The following pharmacokinetic parameters are calculated:
(i) observed peak concentration, Cpgx (U/ml);
20 (ii)  area under the curve from 0 to 48 hours, AUC using the trapezoidal
rule;
(ili)  elimination half-life;
and, from IV infusion data (if IV is employed):
(iv)  distribution half-life (h);
25 (v) clearance (ml/h)
(vi)  apparent volume of distribution, Vd (L).
WinNonlin (Version 1.0, Scientific Consulting Inc., Apex, NC) software is used to
calculate the elimination half-lives after SC and IM injection.
For neopterin, arithmetic means by time are presented for each group. Emax, the

30 maximum change from baseline, is calculated. Cpax, AUC and Epax are submitted to a
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then nmount an antiviral response. Afterwards EMC virus is added and

I ncubated for a 25 further 30 hours before assessnent of cy thudﬁy S
made usi ngwi gusgial violet stain. An internal interferon bPerassimpabard as
well as an interferon-beta-l1g internal standard is tested concurrently

wi th sanples on each assay plate. This standard is calibrated against a
natural human fibroblast interferon reference standard (V\HO Second
International Standard for |Interferasy-Human Fi brobl ast, Gb-23-902-53).
Each assajpeRl :ﬁmﬁjs q)f'v'aﬁhxwé%c&ﬁbére%gw o%gscep,gxraah AW b Cont ai ni ng
neither interfero eta of any kinhd nor E virus control wells

cont ai n degdrghmivdllFEMandfarmesopriantte afadysas) gbemat.rlcmﬂlﬁ ale rpparteds cont ai ni ng t he
standard SUBSTI TUTE SHEET (RULE 26) 24JUL210Q WD 00/23472 PCT/ US99/ 24200
-56- and sanples are also prepared to determ ne the effect, if any, of the

sanpl es Oix:fRple 8: WiRtiMAthgidgRARE M SFIntéTervnBéieda\Fusivaut the addition of
virus. Sanples and standards are tested in dl£.]|lcate on each of two

repl i Gat eAssessment| ofithe abiligy of an inferferon-betad admisianstojahibitengiothelimheell
geonetric rrfge fong,en ratlon of the four 5 replicates is reported. The
limt of EMEERHIRM ¥ %is assay is 10 units (U/n. Serum concentrations

of neopterin FMemsley@ions 8edbtidlial bellsqCeNiSyaemp@atMAQVORIS) uid humats détehal
commerci ally avail abl e assays. Pharmacoki netic and Statistical Methods

Rst ri pTMmisfavaseuar qudetbglialtaells (Gell Systems, Gagyh 2M -C25) s maintaiged|in guliyre dat a
to 1o pﬂ%ﬁ%@%'ﬂ@&lh&sﬁgggkg Ssg%%ﬁéaﬁ' & JBR50H O EGEH]- %dr;l{bglr fFortbQht €d by

time for each group ay results are éexpressed tions,
geoneto i mxpmmentacﬂlscmasnydamzdd amd resuapgrdepin adsey triedinnard0%h MEII9candel¥s .
Seruminterferon |evel e adjusted for val ues .and

mon- Gt acEihPeviBes e BSn P hascloge e caf gonity B sn alad <

one- hal foxwgvﬂaa%sa&a Mgt 01066 %ne;gﬁthp NeitheP af @8, 50 cbI/well @R X0Rcel /vl

conpart nent I nfusi on nodel fit to the detectable serum
concentra‘ca’;gmsva‘ly)r each subj ect and the SC data are fit to a two
conpartnment i ectlon The foll OWI har macoki net i. araneters are
cal cul at ed: § ToB¥&EP lﬁwﬁtl%ntggrﬂsf’% uw CEPAY p e)rEL i@‘ E}F‘Th) MR | nder

the cyyr Vecofnfaﬁhﬂhé) 400 ngfnih of Mamaf Uecoifibin@nt basié "RReBRd @rowitFector (Becton
Dickinson, Cat. # 40060) and various concentrations of fusion and non-fusion interferon-
beta-1la proteins or positive control (endostatin can be used as a positive control, as could
an antibody to bFGF). The final volume is adjusted to 0.5 ml in the 24 well plate or 0.2 ml
in the 96 well plate.
20 After seventy-two hours, cells are trypsinized for Coulter counting, frozen for
CyQuant fluorescense reading, or labeled with [3H] thymidine.

This in vitro assay tests the human interferon-beta molecules of the invention for
effects on endothelial cell proliferation which may be indicative of anti-angiogenic effects
in vivo. See O’Reilly, M.S., T. Boehm, Y. Shing, N. Fukal, G. Vasios, W, Lane, E. Flynn,

25 ], Birkhead, B. Olsen, and J. Folkman. (1997). Endostatin: An Endogenous Inhibitor of
Angiogensis and Tumor Growth. Cell 88, 277-285.

Example 9: In Vivo Model to Test Anti-Angiogenic and Neovascularization Effects of

Interferon-beta-1a/ Ig fusion
30 A variety of models have been developed to test for the anti-angiogenic and anti-

neovascularization effects of the molecules described herein. Some of these models have
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(iiti) elimnation half-life; and, fromlV infusion data (if IVis
enployed): 25 (iv) distribution half-life (h); (v) clearande (NUM(W)
apparent veloworsgfz distribution, vd (L). WnNonlin (Versi onPATAOSIBIR@Nt i ficC
Consulting Inc., Apex, NC) software is used to calculate the elimnation
hal f-1ives after SC and IMinjection. For neopterin, arithnmetic neans by
tinme are presented for each group. Ens, the 30 nmaxi num change from
baseline, is calculated. Cm, AUC andggEmax are submitted to a SUBSTI TUTE

SHEET ( Rbf: RBKnUPPORAMTAicd Parhle 20 sTRGTISIHO| D42 OMletolor VA

anal ysi s of variance to conpare dosing groups. Cmax and AUC are
| ogar i t hagiegehgsit)raad Sf136/988 (Ang.cf, 1992:AMdthad and aplampeeduticalsampositien

reported anpl e. 8: _Ant.i - Angi Lc Effect f a-l.a F 5
PSR ot TS e R R RS S S S RS S
endot hel jahbesklC éaAIM)OJskz’f fasImldrranautmuﬁuﬁrwtmnm sondpigghadl cells
(Cell Systens, - P75) "and human der nal m crovascul ar endot hel i al

cel | &5 (RIGrumy §Sanlo ar@aItFouanzmSC@z:sy 230e 1340 (P8 ehg mepse dprsakar sagj t h CS- C

Medi um Ki t ro t he
1o experV’ﬁ@% ané%’ﬁgenegg% d?g(%)fs}:?n zeg JS %‘ ?@yé%dﬁg §b§1 pJnkiQﬁ u?n 90%
ML99 andcckhgal ﬁ&b@bcﬁaoyssmpoﬁermﬁrbﬁd:mn JaredalarJeNarﬂJ MkeﬂntDSQGHIB(E&?4¢eI |

density. Cells are then plated onto gelatin-coated 24 or 96 well plates,
ei t her ~ ain wiickoorea |vesgulgsizption ivinduesdda pult gale rats qféhep%afﬁsuﬁe%w e}f t er

over ni gh{, i t 15

cont ai ot SEABECRREL Riyer et Boolhfibk 3ho R REBLACRGE Yhdvhd KB'D Srelen

( Bect®n Inbi)dhipregaimed GﬁEVAﬁ(eA@&ﬁ@)vi@ndcemreicopkslymer)cpeﬂetsam emh&om‘eaf usi on and

non-fusion interferon- heta-| E{gmei r@t%ﬁﬁo& t ve cont.rol e dostatin can
T

be used as a PHSF Methods &fiteing infereron SIARS 195471PBeig eliegiins i na
vol ume i g, AliridPBde1tife1fdeX bl ark Rot MGt todpkdioddidfo? séeefing né poteﬂtlilhe 96 wel |

plate. anticancer agents as described in the original Cancer Chemotherapy Reports, Part 3, Vol.
3, No.2, September 1972 and the supplement In Vivo Cancer Models, 1976-1982, NIH
15  Publication No. 84-2635, February 1984. Because of the species barriers of Type I
interferons, to assess the anti-angiogenic activity of interferon-beta fusions in rodent
models, rodent interferon-beta/:Ig fusion preparations are generated. Such screening
methods are exemplified by a protocol to test for the anti-angiogenic effects of murine
interferon-beta/Ig fusions on subcutaneously-implanted Lewis Lung Carcinoma.
20 Origin of Tumor Line:
Arose spontaneously in 1951 as a carcinoma of the lung in a C57BL/6 mouse.
Summary of Test Procedures: A tumor fragment is implanted subcutaneously in the
axillary region of a B6D2F1 mouse. The test agent (i.e, a fusion protein of the invention)
is administcréd at various doses, subcutaneously (SC) or intraperitoneally (IP) on multiple
25 days following tumor implantation. The parameter measured is median survival time.
Results are expressed as a percentage of control survival time.
Animals:
Propagation: C57BL/6 mice.
Testing: B6D2F1 mice.
30 Weight: Mice should be within a 3 gm weight range with a minimum weight of 18

gm for males and 17 gm for females.
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20 After seventy-two hours, cells are trypsinized for Coulter counting,
frozen for -CyQuant fluorescense reading, or |abeled with [38W# ¢V i ne.
This in vitw@osssay tests the human interferon-beta nol ecul egrafsed/eoo
invention for effects on endothelial cell proliferation which my be

i ndi cative of anti-angiogenic effects in vivo. See OReilly, MS., T.
Boehm Y. Shing, N Fukal, G Vasios, W Lane, E. Flynn, 25 J. Birkhead, B.
A sen, and J. FoI kman (1997). Endostapin: An Endogenous | nhi bitor of

Angi ogensi s ang, L, Vivo Model to
Test Anti -Ang| ogenl c ané%%@ég{gu%ségﬁ%ﬁzé%g@ﬁag?ggg%&e?lﬁ?égpf eron-beta-1a/
l'g fusion 30 ASounce: Eng sofrcemififdasibleafor alenimale uedmepagertimentest for the

anti -angi ogeni ¢ and anti- neovascul arization effects of the nol ecul es

descri bed her i¥perisaent §i7e:t hese nodel s have SUBSTI TUTE SHEET (RULE 26) 24
UL WO 00/ 23472 LIS 8- been described in United States Patents
5,733,876 ( Mar Té%dmfgv?egééeo@ﬂud of inhibiting angiogenesis) and 5,135,919
(Aug. 54, 1992:Tubr fvansfexd a pharmaceutical conposition for the inhibition

of angi ogenesi assays include the shell-less chorioallantoic
menbr ane (CAM%Q%‘%?%&S\I Tayl or and J. Fol kman; Nature, 297, 307 (1982)

and 5 R Crum Ragakto Féthrda Bl iiPiagniit 808 §.c. dotdr tuhdofS (1985) ; the nmouse
dorsal air sac nethod anti gi ogenesi s nodel of Folkman, J. et al.
J. Exp. Med. , 133Ting7Pgy1Pz1y and the rat corneal mcropocket assay of

?opg(raglnevascul%ff z[g{ptlﬁt}fd frzlzgr%el'}lgé.a. 1Pg€a%§{l%1jygééignr§ét s%igtglﬁ ﬁé%? 13{%&}3@ W ey

strai (Charl eggighver, Japan) by inplanting 500 ng of basic FG- (bovine, R
& D Systens, to Inc.) inpregnated in EVA (ethylene-vinyl acetate

copol yner) pel TBYEING: each cornea. Other nethods for testing

i nterferon-bet u hps) - i I f s in an ani mal nodel

i ncl ude (but a%b%%%t F%cﬁl ed?{tg?‘ﬂ%ﬁag@%@%@%ﬁ?&?m%&é@é& ng new potenti al

anti cancer agehing: ®myda8sksti bed in the original Cancer Chenotherapy Reports,

Part 3, Vol. 3, No.2 Septenber 1972 and the supplement |In Vivo. Canc
Vodel 5. 1976- 19153 I T IRIRGTE 61 BB To@HB Wi B g e inEABEL s
of thg speci eseppriers of Type | interferons, to assess the

anti-angi ogenic activity of interferon-beta fusions in rodent nodels,
rodent i nterf eFestingdichedulg: f usi on pr eparations are generated. Such
screeni ng 915%['@ gl?rfpg?:rﬁ t%{)%l?)gpmﬁ g cter}/al cuﬁﬁr%g.ocpést pos&l\%S tc:oxl;tl(')orl c;orrlr?;)ound in

anti -angl o

every odd-numbered experiment. Prepare materials. Record deaths daily.

Day 1: Check cultures. Discard experiment if contaminated. Randomize animals.
20 Treat as instructed (on day 1 and on following days).

Day 2: Recheck cultures. Discard experiment if contaminated.

Day 5: Weigh Day 2 and day of initial test agent toxicity evaluation.

Day 14: Control early-death day.

Day 48: Control no-take day.
25 Day 60: End and evaluate experiment. Examine lungs grossly for tumor.

Quality Control:

Schedule the positive control compound (NSC 26271 (Cytoxan at a dose of 100
mg/kg/injection)) in every odd-numbered experiment, the regimen for which is
intraperitoneal on Day 1 only. The lower Test/Control limit for the positive control is

30  140%. The acceptable untreated control median survival time is 19-35.6 days.

Evaluation:
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interferon-beta/lg fusions on subcutaneously-inplanted Lewi s Lung
Carci noma. 20 Origin of Tunor Line: Arose spontaneously in 192% dl‘iLd“
carci noma afobéres4bing in a C57BL/ 6 nouse. Sunmary of Test Peaasdys@se A
tumor fragnent is inplanted subcutaneously in the axillary region of a
B6D2Fi nouse. The test agent (i.e, a fusion protein of the invention) 1is
adm ni stered at various doses, subcutaneously (SC) or intraperitoneally
(IP) on multiple 25 days following tuggr inplantation. The paraneter
measured i s [ j I : : cent age of
control survF@%Ip%ﬁn?réﬂe&%g%a?!rlrrgﬁéﬁc%ﬁggg%?%ﬁ?%@%&?mgggﬁn@%gs i ng:
B6D2F1 mi oeigl3dfondayhit and\DayeS, chompuet Pest/@ontnolratio Brgihtese goiups withgelhwi t h a

m ni nrum wei ght of 18 mfor.males and 17 .gmfor femal es. SUBST| TUTE SHEET
(RULE 26) minaeima bosy SRatiior Sating danarbis s Sugionisy Hen@maded Wesed for
all test %gt/@@xm;dl‘?it_i@i@'caﬁbﬁteﬂ PorOiMGeOEPEIPs WRH > 65 %’wr‘;ﬁrbrs%@)ﬂr ge, if

feasible, for all animals in one experinent. Experinent Size:” Ten aninals

per tést Jresu@ontrd ratlionalueT«&6ve inslicates PROPIGARD ExEessiFe hoteweighRhepge e a 2-4
mm fragnent_..of a s.c..donor tunmor . Time: 13-15 Site: Inplant the
fragnent g.lf(ffre?“ﬁ (feﬁfam SICP%W)&]F’@&?@H b\?}iuf?‘ng'yeﬁ’ﬁﬁ‘&P'ﬂﬁ ©X%Y he inguinal 10
regi on. TESTI Nfpiterfafos ARBVity:Pr epare a 2-4 mm fragnent of s.c. donor tunor.
Time: Day 13-15. Site: Inplant the fragnment s.c. in the axillary region

wi th a punct urdn inijial festiGaptioheatio grepterdhanoer. equal to 140% is considered necessary

to demonstrate moderate activity. A reproducible Test/Control ratio value of greater than

10  orequal to 150% is considered significant activity.
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Testing Schedule: Day 0: Inplant tunor. Run bacterial cultures. Test
positive control conpound in every odd-nunbered experinent. Rre
materials. Record deaths daily. Day 1: Check cultures. Di scar@‘egggmmt
if contam nated. Random ze aninals. 2giTreat as instructed (on day 1 and
on follow ng days). Day 2: Recheck cultures. Discard experinent if

cont am @EI\WIS Day 5. Weigh Day 2 and day of initial test agent toxicity
eval uattomn.  Day 14: Control early-death day. Day 48: Control no-take day.
25 Day 60: End and eval uate experinment. Exam ne |lungs grossly for tunor.
Qual ity Contt.ol :A Bolypeptide cohmprigiagi ti ve control conpound (NSC 26271 (Cytoxan
at a dose of 100 [ kg/injecti On%iLFi n every odd-nunbered experinent, the
regi men for whi ¢he pEINOAGH: SeduEnCE @ :N'Bd}fTBQé hiheggipyandrhe | ower Test/ Contr ol

limt for the posiihéed/ erLOMHI @3 GSmad table untreated control
medi an survival thRE e gad days. 3%’?‘3‘??%@%& UBSTI TUTE SHEET (RULE

26) 2 4 JUL 2Nl WD 00/ 23472 PCT/ US99/ 24200 -60- The paranmeter neasured is
medidan sur viZal TherpolyDspide &f alaionl, avliensih theqayypepiidiis gl fcosylbay atarmmdinbay 5,
corrputecT(Fﬁlt&l%:gntrol. atio for all test groups with . The nean ani mal body

wei ght 2107 '8 A0 Uy AN t i nal eval uation day are conputed. The
g girng y y mp

Test/Control ratio is conputed for all test groups with > 65 % survivors on

Day 5. A 5 Test /Therpotypeptidd dfalaitl Ler SaP2,ivitr&atRSinirdXiogidbulin AoRKE RIS Ve
body wei ght change difference (test mnus control) may al so be. used in
eval uat§l#§ toxicity. Criteria for Activity: An initial Test/Control ratio
greater than or equal to 140%is considered necessary to denonstrate

10 or ‘equal to 1aSCPEERIRIGY ofe SPORTTIE et e PhdRads SRR e

(RUOE 2®m2isdUt d0ivatisd

5. The polypeptide of claim 4, wherein the derivative comprises a polyalkylglycol

polymer.

6.  The polypeptide of claim 5, wherein the polyalkylglycol polymer is coupled to the

N-terminus of the amino acid sequence.

15 7. A polypeptide comprising:
an amino acid sequence selected from the group consisting of the mutant
sequences of Table 1 herein; and

a hinge, CH2 and CH3 domain of an immunoglobulin.

8. The polypeptide of claim 7, wherein the polypeptide is glycosylated at an amino

20 acid in the amino acid sequence.

9. The polypeptide of claim 7 or claim 8, wherein the immunoglobulin is of the IgG

class.

10.  The polypeptide of any one of claims 7 to 9, wherein the polypeptide further

comprises a derivative.

25 1. The polypeptide of claim 10, wherein the derivative comprises a polyalkylglycol

polymer.



CLAIM5 1. A polypeptide conprising: the am no acid sequence of |FN-(3 of
Table 1 herein; and a hinge, CH2 and CH3 donain of an inmunog? dRQJULI 2006 5 2.
The pol ypeptide of claim1l, wherein the polypeptide is glycosylated at an
amno acid in the amno acid sequencegy3. The pol ypeptide of claim1 or
claim2, wherein the i munoglobulin is of the 1gG class. 4. The pol ypeptide

of any one of,clai s 1 to.3 erejn.the pol ypeptide further . 10 conpri ses
a derivati veiz'S.ﬂ{ﬁPeo IHOSP%%%H & ﬁff’ vhergt ,I}/(\T\Jf?@?yéglﬁcqllP@lWi“&%ﬂpi@ to
conpr i sthe Natepminalok HeginyigohbcidReduehigs,. 6. The pol ypeptide of claim5,
wherein the pol yal kyl gl ycol polyner is coupled to the N-termnus of the

am no acid sequence. 15 7. A pol ypeptide conprising: an am no acid seguence
selected fromthe group consisting of the mutant sequences of Table 1
herein; and a hinge, CH2 and CH3 domain of an inmunoglobulin. 8. The

pol ypeptide of claim 7, wherein the pol ypeptide is glycosylated at an am no
20 acid in the amno acid sequence. 9. The polypeptide of claim7 or claim
8, wherein the imunoglobulin is of the 1gG class. 10. The pol ypepti de of
any one of clainms 7 to 9, wherein the polypeptide further conprises a
derivative. 25 11. The pol ypeptide of claim 10, wherein the derivative
conpri ses a pol yal kyl gl ycol polynmer. 2 4 JUL 2006 -62 12. The pol ypepti de
of claim 11, wherein the polyal kyl gl ycol polyner is coupled to the

N-term nus of the am no acid sequence.



