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| NVENTI ON Use of pol ypeptides and proteins for the system c treatnent of
specific diseases is now well accepted in nedital practice. The role that

t hese substances play in therapy is so 5 inportant search
activities are being directed towards the synthesis &‘ﬂ‘mmﬂw ntities by
reconbi nant DNA technol ogy. Many of these pol ypeptl en ogenous

mol ecul es which are very potent and specific in elicitifg’their biological
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substances for their _inten ication is iven
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conj ugating proteins wth meric. materials are wn, i nc udi ng use of
dextrans, polyvinyf ”@‘y?’rféﬂ“?fdfﬁ’r‘fé@ thegissfislagsept these protmeicpestsisyseaneesgbybolr and
pol yam no aci Qgendé®agdharfoR SUhd: vt £0N cﬁi&ﬁﬁe%ﬂ RQéyyaP@amu%@d AbE: hEpgted to
retain their biological activities an sol u 1"ty 1n water for pa ent er al
appl i cati offs. YANSEPHETFahdit GPORRIUEH nﬁasyltsé@atawemfhyw@tc@ﬁs erboteleatdnpd cal

wor k; and ef f Qsihgndrhal datANa VST febiSin @6HInRio @t 8D ﬁﬂﬂ@opgﬁhgﬁﬁh@sl Ald @ 1S
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A great deal of work dealing with protein stabilization has been published. Various
ways of conjugating proteins with polymeric materials are known, including use of
dextrans, polyvinyl pyrrolidones, glycopeptides. polyethylene glycol and polyamino’acids.

20 The resulting conjugated polypeptides are reported to retain their biological aC(ivitie; and
solubility in water for paurenteral applications.

A pepude family which has been the focus of much clinica!l work, and efforts to
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

25 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
treatment of this disease. One form is interferon-beta-1a (trademarked and sold as
AVONEX ®, mfg. Biogen, Inc., Cambridge, MA) and hereinafter, “interferon- beta-1a" or
“[FN-beta-1a" or “IFN-B-1a" or “interferon-B-1a", used interchangeably . The other form

30 s interferon-beta-1b (trademarked and sold as BETASERON ® . Berlex. Richmond, CA).
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ilFN-beta-1 a" or "IFN-p-1 a" or "interferon-a-I a", used interchangeably .
The other form 30 is interferon-beta- |Ib (trademarked and sold as
BETASERON . Berlex. Richrmond, CA). 1IIIMIHITIL TLEE THEEETETEETETETTTI
*@00002* -2- hereinafter, "interfron-beta-Ib". Interferon beta-la is
produced in manmalian cells using the natural human gene sequence and is
gl ycosyl ated, whereas interferon beta- Ib is produced in E. coli bacteria
using a nodified human gene sequence that contains a genetically

engi neered cysteine-to-serine substitution at amno acid position 17 and is
non- 5 glycosylated. Previously, several of us have directly conpared the
relative in vitro potencies of interferon -beta- la and interferon beta |Ib
in functional assays and showed that the specific activity of
interferon-beta-la is approximately 10-fqbd greater t han t he specific

activity of i meeinifsrOfndetdbedl f'RUAKEL oL Pharm .Res
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anal ysis. Lack of % ycosyl ation was also 15 correlated with an increase in
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thermal denaturation experiments and SEC analysis. Lack of glycosylation was also

I5  correlated with an increase in aggregation and an increased sensitivity to thermal
denaturation. Enzymatic removal of the carbohydrate from interferon-beta-1a with
PNGase F caused extensive precipitation of the deglycosylated product.

These studies indicate that, despite the conservation in sequence between

interferon-beta-1a and interferon-beta-1b, they are distinct biochemical entities and

20 therefore much of what is known about interferon-beta-1b cannot be applied to interferon-
beta-1a, and vice versa.

SUMMARY OF THE INVENTION

We have exploited the advantages of glycosylated interferon-beta relative to non-
glycosylated forms. In panticular, we have developed an interferon-beta-1a composition
25 withincreased activity relative to interferon-beta-1b and that also has the salutory
properties of pegylated proteins in general with no effective loss in activity as corhpared to
interferon-beta-1a forms that are not conjugated. Thus, if modifications are made in such a
way that the products (polymer-interferon-beta 1a conjugates) retain all or most of their
biological activities, the following properties may result: altered pharmacokinetics and -

30 pharmacodynamics leading to increased half-life and alterations in tissue distribution (e.g,



interferon-beta-la fornms that are not conjugated. Thus, if nodifications
are made in such a way that the products (polyner-interferon-beta | a
conjugates) retain all or nost of their biological activities, the
followi ng properties may result: altered pharmacokinetics and 30

phar macodynam cs | eading to increased half-life and alterations in tissue
distribution (e.g, -3- ability to stay in the vasculature for | onger
periods of time), increased stability in solution, reduced imunogenicity,
protection from proteolytic digestion and subsequent abolition of

activity. Such a fornulation is a substantial advance in the pharmaceuti cal
and nedical arts and would nake a significant contribution to the
managenent of various diseases in which 5 interferon has sone utility, such
as multiple sclerosis, fibrosis, and other3.infl ammatory or autoi nmune
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is covalently bonded to a polyner i ncorporating as an integral part
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i nvention rel at@Snt@u@nPhysi ol ogically active 20 interferon -beta- |a
conposition conprising physiologically active interferon -beta- la coupled
with a pol yner conpWMesiegeus kpasylgddelef therseysgligarahicratpairg ofnearieron-betad 2 and
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of the invention is an interferon-beta- | a conposition c%nprlsingw
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the interferc, [hterferon-beta-1a is covalently bonded to a polymer incorporating as an integral part
thereof a polyalkylene glycol.
In one particular aspect, the present invention relates to a physiologically active

20 interferon-beta-1a composition comprising physiologically active interferon-beta-1a '
coupled with a polymer comprising a polyalkylene glycol moiety wherein the interferon-
beta-la and polyalkylene glycol moiety are arranged such that the physiologically active
interferon-beta-1a in the composition has an enhanced half life relative to the interferon-
beta-la alone (i.e., in an unconjugated form devoid of the polymer coupled thereto).

25 Another aspect of the invention is an interferon-beta-la composition comprising
physiologically active interferon-beta- 1a coupled with a polymer in which the interferon-
beta-1a is a fusion protein, preferably an immunoglobulin fusion. In such a complex, the
close proximity of the N-terminus (site of conjugation with polymer) and the C-terminus
(site of fusion with the Ig moiety) suggests that polymer conjugation may reduce the .

30  immunogenicity of the fusion protein.



beta-sla is a fusion protein, preferably an i munogl obulin fusion. In such
a conplex, the <close proximty of the N-term nus (site of conjugation with
polymer) and the Ctermnus (site of fusion with the I g npoiety) suggests

t hat pol ynmer conjugation may reduce the 30 i munogenicity of the fusion
protein. -4- In another aspect, the present invention relates to a
physi ol ogically active interferon-beta- Ia conposition conprising

physi ol ogically active interferon-beta-la coupled with a pol yner
conprising a polyal kyl ene glycol noiety wherein the interferon- beta-.la
and pol yal kyl ene glycol noiety are arranged such that the physiologically
active 5 interferon-beta-la in the conposi ti on has an enhanced activity
relative to interferon-beta- | b alone (i.e., in an unconjugated form

devoi d of the polynmer coupled theret 0). Another enbodi ment of the inventi on
is a conjugated intahb@iRnasphRlfe bet a-
noi ety has been nutated to provi d%ﬂe%gprn%nﬁgfﬁgwgﬁt;ﬁ)hgg{’lg%%ﬁ%%}q enhanced
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wherein the | abile coval ent bond is severe ‘H’Q?%?I‘"
hydrol ysi s and/fgesegptetfeen-pea-da mpnlyam@bﬂermua@q@ecprowﬁhar plues. Mithis¢1segivtlyon

relates to a deggedhes rpeeutical acceptabl e carrier
and a stabl e, aqueogsaf)[ymgg&g}%rb?lqpﬂt%ﬁ?gpghma eﬁg’vfg’"fﬁ s RS @ i si ng

i nt er f er on-'Bet HieBmsthst-tao a physi ol ogi cal |y conpati bl e pol yet hyl ene
gl ycol . In another o & | cgsla erfero
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conposi tions such as those Ve nay u
i ntended for dinggisestbee- l@rCOfInPiCR/FQmIUISlr&pthSMgldahﬁactxmafcefhmnibhe-la
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or other diagnostic or non-i fcatro eutic
appl i cations, §RpPletotplinsitecondieta lremiyrhegnvalently anplebiioght yhysislegiddllyy enpl oyed

as stabili Zﬁd compatible polyethylene glycol moiety by a labile covalent bond at a free amino acid group
of the interferon-beta-1a, wherein the labile covalent bond is severed in vivo by
biochemical hydrolysis and/or proteolysis.

In another aspect, the present invention relates to a dosage form comprising a
pharmaceutically acceptable carrier and a stable, aqueously soluble, interferon-beta la

20 complex comprising interferon-beta coupled to a physiologically compatible polyethylene
glycol.

In another aspect, covalently coupled interferon-beta-1a compositions such as those
described above may utilize interferon-beta-1a intended for diagnostic or in vitro
applications, wherein the interferon-beta-1a is for example a diagnostic reagent for

25 immunoassay or other diagnostic 6r non-in vivo applications. In such non-therapeutic
applications, the complexes of the invention are highly usefully employed as stabilized
compositions which may for example be formulated in compatible solvents or other

solution-based formulations to provide stable compositional forms which are of enhanced

resistance to degradation.



conposi tions which may for exanple be fornmulated in conpatible solvents or
ot her solution-based fornulations to provide stable conpositional forns
whi ch are of enhanced resistance to degi adation. -5- Modification of
interferon-beta la with a non-toxic polyner may offer certain advant ages.

I f nodifications are made in such a way that the products
(polyner-interferon- beta |la conjugates) retain all or nost of their

bi ol ogi cal activities the following properties may result: altered

phar macoki neti cs and pharmacodynam cs | eading to increased half-life 5 and
alterations in tissue distribution (e.g, ability to stay in the vascul ature
for longer periods of tine), increased stability in solution, reduced

i mrunogeni city, protection of the nodified interferon-beta Ia from

proteol ytic dlgestlon and subsequent abol+#tion of activity; increased
thermal stability | Qeflifiggtiomofiiptederet-baseta with a‘rmnnounapolymcroxﬁaymmdwrﬁda
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conpri sing subj f ositions of the
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shoul d be parti f S .an nesjs inhibitor. In
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and/or 20 rea@e‘ﬂt'a ewi ersinlpfled wst.er f eron-beta is al so contenpl ated. The

resul ting cgnj ugat eg [ a to envi ronnent al degradative
factors, including s%ﬁgr%ﬁ:b?m%ae%%lwﬁ Ethﬁéra?ra‘fegc?mpa‘é’@?%f'd%ftqeéﬁb?ﬁed@%’s@es As
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i nterferon-bet ity of the active ingredient is able to be
significantly ?oﬁ%?gfaatsdgﬁ 'a}aﬁo? SUC%FIB%FHI”{’EH?“SF%T“F alBRY 1168/ O0t0stiple using the

i nt erferon-bet a‘D‘ﬁ'&CCblomfalombntgl@_onpom tion in the specific 25 end use for

whi ch sanme is enpl [..as features, and nodifications of the
invention will be %?gmfa%"icgdtﬁcg &ﬂ‘é is p msthof REInBIRKE ARgicgeassisiedr e and

appended cl'ai nigovascularization comprising subject an effective amount of the compositions of the
invention. As a result of increasing the level and duration of the interferon in the
vasculature, the pegylated product of the invention should be particularly effective as an
angiogenesis inhibitor.
In non-therapeutic (e.g., diagnostic) applications, conjugation of diagnostic and/or
20  reagent species of interferon-beta is also contemplated. The resulting conjugated agent is
resistant to environmental degradative factors, including solvent- or solution-medialéd
degradation processes. As a result of such enhanced resistance and increased stability of
interferon-beta-1a, the stability of the active ingredient is able to be signiﬁcantly increased,
with concomitant reliability of the interferon-beta-1a containing composition in the specific
25 end use for which same is employed.
Other aspects, features, and modifications of the invention will be more fully

apparent from the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Figure I. Binding of alanine substituted interferon-beta-1a mutants to a dimeric



BRI EF: DESCRI PTI ON OF THE DRAW NGS 30 Figure 1. Binding of alanine
substituted interferon-beta-la nmutants to a dineric -6- fusion protein
conprising the extracel lular domain of the type | interferon receptor
chain, 1FNAR2JIg (I FNAR2 ectodomain fused to the human I gd constant

domai n. The binding affinities of the alanine substituted IFN nutants (Al -
E) for the IFNAR2 receptor chain were determ ned as described in Exanple 1
(subsection D). The 5 histogram presents their binding affinities in this
assay relative to wild type his-IFN-beta (%w.t.). The %w. t. values were
calculated as the (affinity of wild type his-IFN-beta)/ affinity of nutant
| FN-beta x 100. The %w. t. (0) for individual experinments (n = 3) and an
average %w.t. (x) for the experinental set are shown. Miutants A2, AB 1,
AB2, and E did not bind | FNAR2/ Fc at copcentrations 500-fol d higher than

the wt. his-1f . . * hgure 2 . Binding of al anine
substituted i nt%??g%%eﬁ;bgg?%r?sf rlﬁgjf %atmcs%hl?‘(g)r ?%rga't" \hanq Ly % ﬁ'f’gf'lfé?“orﬁcegéqr I
surface recept 8ing HijA RIBITENA RARGRdotnain fyskd 16’ the dwiptae $s@Hcanstamadsetiain.
Burkitt's | ynphoma . . tor. bi ndi. perties .o he al ani ne
substitution 15 mut g%léa?gﬁm@“tll’é%?\%graganﬁ’éts%#hpugee ﬂ%ﬁ‘“a(%l‘—tA%éP% ed, cell
surface receptBNABR redénta chais wyre deternesicasideedbédinmsanple @ (Jubseafmant Tin D) .
The hi st ogram ' i e t. bindin affiniti in.this assay
ol ati ve torwi Tarernreschd el e BlrRucd 8 eny g o v et Bfoctis
was cal cul at ed 7wt Hbe @b fti valvey wak coichloted yqrie tifSnityFdiwiie typy his@f-bahyy of

mutant IFN- b .X 100, 0% W. al_ues for,. individual experinments
and an averagglhgr?(yf)%%m%tw. 'Pw?f)l{pal-rﬁ%%’ ‘f"dr&?g@r Bepyidupkrsprrients &t = fxandar e
shown. Fi gur e aBaveAmgt fonb I &t) farahd exptriréntDketaleannbwg. Mubst kb UL AB2, and E

i nterferon- betdclat-nlO mu tR$$ The antiviral gggiyi ties of the al anine
substitution mutants w “Ef ahieperngatams PN iRld higherbandbe b 2o TER bpig EC

chal | engediow tSB(EMC virus as described in Exanple | (subsection 25 E). The
hi stogram presents their activities in this assay relative to wild type
his-1FN-beta (%wt.). The %w t. was calculated as the (concentration of

w. t. his-1FN-Bgba 2] 509Binapgjof sRAGRRLBA b0 ibrfishaita-1 AN ARLR HRQYgLOPE) X
100. The % w.t %P% f‘i(])%j{ n%lfti |l e assays and the average of the experimental
data set (x) SVETELHLIH suRgapeepter complexssdI TENARLR semplex’) gxaressed of Davdini ne

substituted i Buskit’elyaiphbmh ellsa ThSRcEPdbrditidsng #8pedidsioP he hiahigt abkiRiticACt i Vi ty
of the alapine substitution nmutants (Al _- I%} wer e
[5°  mutants (Al - E) were determined using a FACS based, cell surface receptor binding assay
as described in Example I(subsection D). The histogram presents their receptor binding
affinities in this assay relative to wild type his-IFN-beta (% w.t.). The % w. t. for each
mutant was calculated as the (affinity of wild type his-IFN-beta)/ affinity of mutant IFN-
beta x 100. The % w.t. values (O) for individual experiments and an average of the % w.t.

20 values for the experimental set (x) are shown.

Figure 3. Antiviral activities of alanine substituted interferon-beta-1a mutants
The antiviral activities of the alanine substitution mutants (Al- 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..). The % w. t. was calculated as the (concentration of w.t. his-IFN-beta [50%
cpe)/concentration of mutant IFN-beta [50% cpe] x100. The % w.t (0) for multiple assays
and the average of the experimental data set (x) are shown.
Figure 4. Antiproliferative activities of alanine substituted interferon-beta-1a -

30  mutants The antiproliferation activity of the alanine substitution mutants (Al - E) were



.+ 7- determned on Daudi Birkitt's |ynphoma cells as described in Exanple 1
(subsection E). The histogram presents their activities in this assay
relative to wild type his-1FN-beta (% w.t). The %w t. was cal cul ated as
(concentration w.t his-IFN-beta [50% growth inhibition]/ concentration of
mutant | FN-beta [50% growth inhibition] x 100. The %w.t 5 (0) for nmultiple
assays and the average of the experinental data set (x) are shown Figure 5.
Rel ative antiviral and antiproliferative activities of alanine substituted
interferon-beta-la nmutants. The relative activities of al anine substitution
mutants (Al - E) in the antiviral (x axis) and antiproliferation (y axis)
assays were conpared. The 10 average percent wild type his-IFN-beta (% w.
., X) presented in Figures 3 and 4 were used for this conparison. Those
mut ants that di = | ay a coordinate change i/n both activities would fall on
the vertical |i ﬁ‘gmﬂ?ﬁ‘ﬁ@aﬁﬁtgdﬂ‘#‘ésimomﬁsplﬂw dascohaingéxamplan(suweftain E).
activity that ’Ilh&m% RQ&: C an rojf.i tion
activity fall 9n| f?r?:fg(r%t Iy got:‘l:mﬁ?lt Wh&é?ﬂ%bsnaggggga“ve ‘ﬁé’ié[p C}]&Ege‘a(%
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di gested with endoprotei nase Lys-C and subjected to reverse phase HPLC on a
C., colum. 20_The colum was devel oped with a 0-70% gradi ent of
acetonitrile iH8ge 19 t rRélptiorodivetl and aaimholifthaive abivites of S1h 8P bubdatuted

nmoni tored at 2 nmdi fied interferon-B-1a. Panel b,
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aci d residgg ﬁ' \g’g cf%em'»@fﬁt ﬁg“)ew ral Activity of Conjugated and

Non- Conj ugage e oA Qea{us HhEP 3t PiRsperied in Fiaures o4 etearsad a or
PEGyl ated i nt deftis commeita: n*haseahumrhemacaxm@)ns EbdiRRschbAd i Ca R QL Ne X
axis were ass%g%qm i n!hagtl Vi F s using human lung carcinoma (A549)
celI's chall enge T B LR trA By é‘? faps ”&H‘ Aiselay Feflapgswn pgivirak asvigGhday

i ncubat i on wi titdisprapasionar¢ mbhectaagd i a6l %tAioR 8&ivity b sMrﬁcanttl %ffmnf‘t es were
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Figure 6. Localization of the site of pegylation by peptide mapping. Pegylated and
unmodified interferon-B-1a were subjected to peptide mapping analysis. Samples were
digested with endoproteinase Lys-C and subjected to reverse phase HPLC on a C, column.

20 The column was developed with a 0-70% gradient of acetonitrile in 0.1% trifluoroacetic
acid. The column effluent was monitored at 214 nm. Panel a, unmodified imcrfcron-b-la.
Panel b, pegylated interferon-B-1a. Arrowheads mark the elution position of the N-

terminal endoproteinase Lys peptide of interferon-8-1a containing amino acid resides 1-19.

25 Figure 7. Antiviral Activity of Conjugated and Non-Conjugaged Interferon-beta-
la.
The activity of interferon-beta-1a or PEGylated interferon-beta-1a at the
concentrations indicated on the X axis were assessed in antiviral assays using human lung
carcinoma (A549) cells challenged with encephalomy.carditis virus. Following a two

30 day incubation with virus, viable cells were stained with MTT, the plates were read at 450



PEGyl ated interferon beta- |a which offered 50% viral killing (the "50%
cytopathic effect”) (50% maxi nrum OD450) was about 11 pg/m and the 50%
cytopathic effect for PEGylated 5 interferon-beta-1 a was about 11 pg/nm.
Figure 8. Assessing stabilization of conjugates using thermal denaturation
PEGyl ated interferon-beta-la and untreated interferon-beta- la control in
20mM HEPES pH 7.5, 20nM NaCl were heated at a fixed rates of | degree/ mn.
Denaturation 10 was foll owed by nonitoring absorbance changes at 280nm (a)
unnodi fied interferon-beta- 1 a (b) PEGylated interferon-beta-1 a. Figure
9. Measurenents of interferon-beta antiviral activity in the plasma of
mce treated with interferon-beta-la or PEGyl ated interferon-beta-la. 15
Mce are injected iv with either 50,000 Units of interferon-beta-la or
50,000 Units of pegylated-interferon-betg-1a (containing the 20K PEG .
Bl 0od f rom t hesan, e the absoriahtcaitiands intcifv8 bl niQkaBiit Al BLESH R, ¥ kaiThous

axl s

times after |ntsrger8 wectlon as i ndicated on ere are at
| east 3 nice bI°GHIHT deigiont #REhoigian eror bag Pregsmantiaonelepenfeeah-twrella br ozen

until the ti rrensnlyarefdemeﬂerb,esc@a BOWhiMH &e¥erd dSs08)Y tiyviral ys
usi ng human 20 %)q?nﬁl carci noma (A549) cel Id?og g{ rgrlllg ghe“ 56% cytopathic eﬁedc‘%
encephal orryocar( um,QD430) W@y aboptel) 1 pg/mlgad the §0% icyiemhthid dffectdlorsRHGyldtan of
MIT, the pl at emierren-betarh ais 2080 1 IWmk O deternine the absorbance which is
reflective of cell viability and interferon-beta activity. Standard curves

were generated for each plate using interferon-beta-la and used to

determ ne the Figirsnt OfAsg@;lﬁéjﬁlﬁﬁ'ﬁgﬁgﬁc(ﬁ’?@ Keamﬁg{ﬂrr%egﬁ lfi‘IgﬁlbeDg]'E al from

the individual animals are shown. Fi
hi sti di ne-tagged i ﬁ@&ﬁ%@dﬁlcwvrab@eheardww@ mlpnf@d)rebcm ptrcﬂﬁittﬂﬁn. 20kbe ful |

DNA (SEQ | D NOHE
( Q 9-9, Fﬂ?d SDQMIN‘AC( §E'Qh13-’;f)cd\$ﬁ f%z ra!e %WT Qe@ﬁglau%quence

hi sti di ne-tagged | beta-la are shown
30 | eaves ¥ an‘i‘"ﬁcfmﬂ%Y%bM‘PO“ﬁ‘é’@gdb@sba(l@h@gfﬁlmﬁmnpsi) ueasdifdd ihBgerbid-6éth-di ne

tag (H s6, posiat {(bPPEGyIAred fitederon HAG- GNt € OKi Nase |inker sequence
(AspAspAspAspLys) is separate Promthe histidine tag by a spacer

(positions 10-12, SerSerd@y). The natural | FN-beta-la protein sequence
spans positi Orﬁglﬁ'wt 1 RS rehitals of$nt£ﬁ1rp‘l1l‘b%8 an lvgaaactmty mgf:p-[al;“rznalo ENTI ON

Definitions
mice treated with interferon-beta-1a or PEGylated interferon-beta-1a.

15 Mice are injected .iv with either 50,000 Units of intcrferoh-bcta-la or 50,000 Units
of pegylated-interferon-beta-1a (containing the 20K PEG). Blood from these mice is
obtained via retro-orbital bleeds at various times-after interferon injection as indicated on
the X axis. There are at least 3 mice bled at each time point, and plasma is prepared and
frozen until the time interferon-beta activity is evaluated in antiviral assays using human

20 lung carcinoma (A549) cells challenged with eﬁcephalomyocarditis virus. Viable cells
were stained with a solution of MTT, the plates were read at 450 nm, to determine the
absorbance which is reflective of cell viability and interferon-beta activity. Standard
curves were generated for each plate using interferon-beta-1a and used to determine the

amount of interferon-beta activity in each sample. Data from the individual animals are

25 shown.

Figure 10. Full DNA sequence of histidine-tagged interferon beta gene and its
protein product. The full DNA (SEQID NO: 1) and protein (SEQ ID NO: 2) sequences
of the histidine-tagged IFN-beta-1a are shown. The cleaved VCAM.-] signal sequence -

30 leaves 3 amino terminal residues (SerGlyGly) upstream of the histidine tag (Hiss. positions



As used herein, the term"covalently coupled" neans that the specified

noi eties are either directly covalently bonded to one another, or else are

indirectly covalently joined to one another through an intervening noiety

or noieties, such as a bridge, spacer, or linkage 10 noiety or noieties.
Interferon- An "interferon"” (also referred to as "IFN') is a small

speci es-specific, single chain polypeptide, produced by manmalian cells in
response to exposure to a variety of inducers such as viruses,

pol ypeptides, mtogens and the |ike. The nost preferred interferon used in

the invention is glycosylated, human, interferon-beta that is glycosyl ated
15 at residue 80 (Asn 80) and that is preferably derived via reconbi nant
DNA t echnol ogi es. ThIS preferred glycosylated interferon-beta is called

"interferon- betqié or "|IFN-beta-1a" r-2<1FN-(3- | a" or "interferon beta
la" or "interfero 4 Ige c"ltema’“"as%lll"fkeﬁieéﬁcqcﬁf'“ép@wawbﬁyxs sdfaeate fr@i tAe histidine
"interferon-bet aaglbya acsr(@bﬁtﬁbnﬁr@@-ﬂt defse nts {thereof (e.g
Exanple 1), provi such nutantsggggﬁgggﬁmgwtﬁosVﬂﬁPgﬁ” FWPQE?due 80
(Asn 80). ReconD SHP"?BS@ﬂﬂU%éﬁHéa% for producing proteins, including
interferons are known. See for exanple, U S. Patents 4,399, 216, 5,149, 636,
5,179, 017 (A§eID%& ﬁﬁ%? nd 4,470,461 (Kaufman). Preferred

interferon-béta-t & éﬁﬁgF BEIONOF THEINVENTION used in the present methods
of the inventi obefaiitonderi ved fromthe wild-type interferon beta gene
sequences of various vertebrates, preferably mamual s and are obtai ned

usi ng met hods t hat ef?sé’s‘iﬁe’lcfc"2Q’ckﬁmotadrntthQICMamanghmruch spaditledkbildiesiafe t he
art such as t hecitatdiess Jesshil |B ol g patents: U S
Patent 5,641, 656 g‘r ssugd Jun. y sr;hca &f”%ﬂr eoﬁgéed‘? %ﬁ'gﬁw'éﬁova{wwowcd to
interferon pr op‘?nB Rther é{ﬁ‘nghﬂ'ﬁ u‘r‘@v@mganomypxendxcuentsedhfaeﬁ 8fdge, dpacer, JD@:BE‘&E

5, 605, 688 1oFelmoidthor d&&ies. r econbi nant dog and horse type | i nterferons);

U S. Patent 5,231,176 (Jul. 27, 1993, DNA nol ecul e encodi ng a human

| eukocyt e i nterf er offjerteson- fn SmCFfattoentalsB@efareGT’olasqu { isRemall lsgec,és%%,ﬁ?NA

erons

sequence codin n hunan nphobl astoid intcr
CYTER 8l pha e oL RRAMRT 88 o MR Pl e 0 exposimiss vatry
1990, DNA sequ8'r|‘8%“°6i§di‘ﬁ‘?gf5f’tﬁ‘r‘seh@ﬁbmenndtsemfz@mrmdgarma)"rthncg‘% fheqt

e

4,738,931 (AprintetRronl988 a,human. i nterferqon beta gene
U.S. Patent 4mé95m543 (%é@%cﬁr?&r gégmﬁa‘ed #”’B?rb'ﬁﬁr} FRE-EF'1 Ehabi gkzﬁoqyl«s@zre and

U.S.” Patent® 4, #5gidrago sf\srlﬁahandzsat nmsmmblpmxvemraelacaxgbrﬁmnwré@m?o%xe@f
different, nat mﬁlabfkﬁéﬁe@gl%b@yl!itgcgmltegféron elais callc:dt erferons)

‘Interferon-beta-1a” or “IFN-beta-1a"

or “IFN-B-1a" or “interferon beta 1a" or “interferon-B-1a", all used interchangeably. The
term “interferon-beta-1a” is also meant to encompass mutants thereof (e.g., Example 1),

provided that such mutants are also glycosylated at residue 80 (Asn 80). Recombinant

20 DNA methods for producing proteins, including interferons are known. See for cxample
U.S. Patents 4,399 216, 5,149,636, 5,179,017 (Axel et al) and 4,470,461 (Kaufman).
Preferred interferon-beta-1a polynucleotides that may be used in the present
methods of the invention are derived from the wild-type interferon beta gene sequences of
various vertebrates, preferably mammals and are obtained using methods that are wel]-
25

known to those having ordinary skill in the art such as the methods described in the

- following U.S. Patents: U. S Patent 5,641,656 (issued Jun. 24, 1997: DNA encoding avian
type linterferon proprotein and mature avian type Iinterferon), U.S. Patent 5,605,688
(Feb. 25, 1997- recombinant dog and horse type I interferons); U.S. Patent 5,231,176 (Jul.
27, 1993, DNA molecule encoding a human leukocyte interferon); ); U.S. Patent

30 5,071,761 ( Dec. 10, 1991, DNA sequence coding for sub-sequences of human



Mitanfs of interferon-beta-la may be used in accordance with this
invention. Mitations are devel oped using conventional nethods of directed
nmut agenesi s, known to those of ordinary skill in the art. Moreover, the
invention provides for functionally 10 equivalent interferon-beta- |la

pol ynucl eoti des that encode for functionally equivalent interferon-beta-

| a pol ypeptides. A first polynucleotide encoding interferon-beta- lais
"functionally equivalent” conpared with a second pol ynucl eoti de encodi ng
interferon -beta- la if it satisfies at |east one of the follow ng
conditions: 15 (a): the "functional equivalent” is a first pol ynucleotide
that hybridizes to the second pol ynucl eotide under standard hybri di zati on
conditions and/or is degenerate to the first polynucl eotide sequence. Most
preferably, it encodes a nutant interferi@® having the activity of an

i nt erferon-bet b{HIP@Pblaétbyd inthréeronk IILMENI- mlpazl -2e68ILyENe Rilpha L B); B.5f P48t 4,970,161

pol ynucl eot i dehat Qn. ex 20 an anino acid sequence
encoded by t he. soeglgnf(}g ﬁynuc “& cfl %‘g OﬁL’é’H?ﬂfﬁf‘%]f“O(“héa%?)np 5; Ratentf er on”

i ncl udes, but 4,883t (Aprnll9t EQGStDNAtcbﬂalaQ@QtlﬁmJah $lt&ero@hRY £endSUWEP te@ds their

functi onal eq I d herejn, the term"functional equivalent"
therefore ref ;Hf(‘é’gétsg;{‘gs%p zﬁtlgﬁg\”fm“ f.’)léb%l‘"‘q rtesonfixsd gepe 296 UsS- PoteyinditI65d8i de

encodi ng tshe (Junt 2 1 WAODNAhid@ddink ubRe@iedtdd Jf Afferdh@Saluily SREE leggg‘:};“?proved
benefi ci al effgtfrtrcron the 25 mammalian recipient as the i nterferon whi ch

it is deened a Tunett onal equi val.ent. As w | be appreciated by one of

ordinary-skill in Mh@nw@btinederblibed-1 0N} be/usBOH ABbAM e W:ﬂ'irﬁ Pxe‘%ﬁ%}x
produced by E)%i\?nbl nané tecp i.ques, e.g., by expressing unc onaIIy

equi val ent pration e JeFIpRGF 5ing $paventiena mettiody @ lr%wdmmgamss knowretwof er on

-beta- la protiesas oriademl iPthe aRAMBFRVEY M GRMEAE G o INAS as by
non- naturalbly occErrl ng DNAs whi ch encorde th e[ nr&ggme ?roﬁﬁ“\ﬁeag% encoded by

the naturall ySEEEEPTTREC PN - froneclediide ibgenerdsdyr fiuflcttOhély-emvalafuucl eoti de
codi ng sequeniesieroabli@a pApépiiet. eot i des may be used to encode

interferon-beta- la. These include all, or portions of the above sequences
which are altered Ab@“‘cﬂ?@“”%‘i&’ﬂ%%‘i“f‘?jjt”igdﬁfcbffr‘fodtb?fae}raeﬂtfuxmvdoznky et]lha:tlcnénCOde t he

sane am no aC¢dI|anu@6bvdhlesédbrtdhiof}'n&cr%udpsgrg:gﬁﬂgﬁrter%é?&'?be% %:“1‘?1' E‘%ﬁgs aﬂc %nt
change. Such al tE uences are regarded as 5 equi val of ese .

sequences. Forme&k® '8“’ pRd{tieRs:j s coded for by two codons TTC or TIT,
Tyr (Y) iss coded f ) dy ilRGoRN eqhihleANGs zl’"fn?stgmnhéeo?xgg%{n E)Qorndlzgs A& or CAT.

second polynucleotide under standard hybridization conditions and/or is degenerate to the
first polynucleotide sequence. Most preferably, it encodes a mutant interferon having the
activity of an interferon-beta- 1 a;
(b) the "functional equivalent” is a first polynucleotide that codes on expression for
20 an amino acid sequence encoded by the second polynucleotide.

In summary, the term "interferon” includes, but is not limited to. the agents listed
above as well as their functional equivalents. As used herein, the term "functional
equivalent” therefore refers to an interferon-beta-1a protein or a polynucleotide encoding
the interferon-beta-1a protein that has the same or an improved beneficial effect on the

25 mammalian recipient as the interferon of which it is deemed a functional equivalent. As
will be appreciated by one of ordinary skill in the art, a functionally equivalent protein can
be produced by recombinant techniques, e.g., by expressing a "functionally equivalent
DNA Accordingly, the instant invention embraces interferon-beta-1a proteins encoded by
naturally-occurring DNAs, as well as by non-naturally-occurring DNAs which encode the

30 same protein as encoded by the naturally-occurring DNA. Due to the degeneracy of the



the other hand, Trp (W is coded for by a single codon, TGG Accordingly,

it wll be appreciated that for a given DNA sequence encoding a particul ar
interferon there will be many DNA degenerate sequences that will code for
it. These degenerate DNA sequences 10 are considered within the scope of
this invention. "fusion"- refers to a co-linear |inkage of two or nore
proteins or fragnents thereof via their individual peptide backbones

t hrough genetic expression of a polynucl eotide nolecul e encoding those
proteins. It is preferred that the proteins or fragnents thereof be from
di fferent sources. Thus, preferred fusion proteins include an
interferon-beta-la 15 protein or fragnent covalently linked to a second
noiety that is not an interferon. Specifically, an "interferon-beta-la/ Ig
fusion"” is a prg&ﬁkndcqgﬁriSLQ% an interféﬂon-beta- la nol ecul e of the

i nvention, or fragment  tner&sf P RGPy uglsotides Etapibe ussd tf enggre interferon-beta-

i munogl obul i n d¢hakhesevilidrdeiah, & ppRIohE SMhOfbolhes hi |

i mmunogl obul i n &%““&%Blﬂéﬁd mﬁfg t he interfergg%%g%gﬁgwgf8%ﬂ£ﬂ§é%bnbtnant,"
as used herein, " means "tChEt N 5eEens hat prcode thievame fmisenacie ceoidiné wislrit the

manmal i an expr esguente, &mspreﬂi&:ingl%rgmg,ﬁicnm%g;g&ggﬁgea Qﬂmgés'&%éﬁgf’%‘l‘ cul tures,

e.g., E. coli,_w ree of glycan so these expression ens are not

Il be
preferred. P% ot ee%”'ﬁ'““@%ffr'é?% SJUTGey 28 exampje. Phe &) as ededfosBosapdate, TTC or
structures that TER &ydiy) fsebedatiof ByOra ¢ BRTATEXS | el @an s, 25
"Biologically a thge " as used Rﬁ?%ughoup thgﬁggzgf?@%g?l n‘%§°%fg%-6“
characteristic ‘0f 05 b T@H{8R iraded fo5 by preingls codrmt TEGpawtdrdinglayric widl kecul e
shares suffi ci emppre@itd Bardsd Lhiven GINEQ LR uhhe odi ment s of the
present invention disclosed herein t%ﬁugg%ggpa 1 agFu%ﬁ?FgggﬁfcgﬁfﬁﬁFty as
measured in an THY VI GedRiFesequencesshatyilbéodetier it. yPiese depenante DNExeqih®@s 1
(see bel ow) 10 - Ba-comidetdaayiMRAHE LopCHTRRSILLQN, as used herein is defined as
conprising the protegins of the invention and other physiologically
conpati bl e i ngredi eft¥on TRErstA & cerbiaer liskage ofposirticnpiorihs 0PMigichis@NGEddi ent s
such as wat er, vRiReiAiSdBNEeHaL Btk rotein.. effective
anmount” of an ?gf-)nt of t.hegeipnventc.i oﬁjé?!é?{hﬁgée%%ﬁ’f*ﬁm\ml’ ?ﬂa Eﬂ?ﬂdﬂﬁ%‘gj" 5 a
result or exer f&°GHe FHipdingthess psrieinndt ip arefarted izt the prickits @ frafretntcthéeefeed.
"amino acid"- &of AR doGrcbd)iThu® fprde PERLI ol ide, or protein. There
are twenty amino. acids found in prr\a% u@g}H@?%rg%ﬁan)r@ﬁgdteﬁﬁw?r@éoé‘l,%eb‘é‘"ypepti des
and prot ei rfé Bipiein or fragment covalently linked to a second moiety that is not an interferon.

Specifically, an “interferon-beta-1a/ Ig fusion™ is a protein comprising an interferon-beta-
la molecule of the invention, or fragment thereof linked to an N-terminus of an

immunoglobulin chain wherein a portion of the N-terminus of the immunoglobulin is

_replaced with the interferon-beta- ] a.

20 “"Recombinant,” as used herein, means that a protein is derived from recombinant,
mammalian expression systems. Protein expressed in most bacterial cultures, e.g., E.
coli, will be free of glycan so these expression systems are not preferred. Protein
expressed in yeast may have a oligosaccharide structures that are different from that
expressed in mammalian cells.

25

"Biologically active,” as used throughout the specification as a characteristic of
interferon-beta la, means that a particular molecule shares sufficient amino acid
sequence homology with the embodiments of the present invention disclosed herein to
be capable of antiviral activity as measured in an in vitro antiviral assay of the type

shown in Example 1 (see below).



of which are L-isomers. The term al so includes anal ogs of the am no acids
and D- isoners of the protein am no acids and their analogs. 10 A
"derivatized" amino acid is a natural or nonnatural am no acid in which the
normal Iy occurring side chai-n or end group is nodified by chem cal

reaction. Such nodifications include, for exanple, ganmma-carboxyl ati on,

bet a- car boxyl ati on, sulfation, sulfonation, phosphorylation, am dization,
esterification, Nacetylation, carbobenzylation, tosylation, and other

nodi fications known in the art. A "derivatized 15 polypeptide” is a

pol ypepti de containing one or nore derivatized am no acids. "protein"- any
pol ymer consisting essentially of any of the 20 am no acids. Although

"pol ypeptide" is often used in reference to relatively |arge pol ypepti des,
and "peptide" is often used in retegence“%o_snall pol ypepti des, usage of
these ternms in the A tHerRIBI] SORROSIRD” pssusedibarei is defiredas camptignpthe proteims  used

herein refers tefpepivedesn anlarog;ee,j,nygolggc@?go,g%%pqué{%aq%?,_Thléqgm%sgmgt herw se
noted. "mutant" - anzlj change in the genefic teri of "an organi'sm in

particul ar any °CHER ié’“(’?a.yé’.o?‘aidéf“é@'FWUCfs%ﬁb&Eﬁm wirenh andicidtietsisarh,as protein.
alteration) in a w Afl“éfyaavPohotRtok S0LLASS he SSRGS, tﬁgt r?g’g’a%%% r?:ﬂdc@s a

W | d-type protein.- The term"nutein" i's used interc
"mutant”. 25 " wPFGelt Qifaents an induenen aarthd pagticalec eanditiog beind weawed! eot i de sequence

of an exon of a protfhife aci®'- adndAGRLAQR; LPL .otei n sequence, or
portion thereof, respectively, as it nor rm;h%;ﬁ/fie,g%fyg%é&l, A RS, & f%ndar d

hybri di zati on c8f8V@mersacidsdaynd impreirallyrpoenrsng peptidnnolybépoins asdibstantial | y

equi val ent to OofawhichSBCLLi@nRROUYhe B ,C.far both hybridization
and wash.. 30 The term"standard hyggc?@f@g iag%lotsoorqg}cta["ﬂ’r%mdsd‘ég Sed herein

i s therefore anYpfet 2ftthearglcin angoo gfidsiand theiomnadops. enconpasses a range of

hybri di zat ion condi t i QAGerivhh A€l miss 14 condi tigns.may, . for exanple,
i ncl ude hybri di zinga? wi th r.l[‘)ll aque rrgc%geclledr}iggl%l 'éajror('l?f‘%)érﬁﬁﬁ’fr%?%l‘ﬁy‘lw(ihr%‘fi done,
0. 2% Fi col | 400 Ay g vihs&Edesehpin er eddtammvipris mbdifiedvbylhé dicki@actioppbuch. 5); 1 M

NaCl ; 0. 1% sodimkum sy RhesRiat e, v L.40% dextran sulfate, and 5 100
g/ m denat ured, soni cated sal rm?]mélsg'r%aé Xyl “0"(,&1‘%?‘“ MB9hours, and
washi ng wi t h 73PNl fPaatisn. plpspbetylatnnc imidizaigon| Est&ifikaB&)-Ackylai&GDS at 65 C.

;F\s_ﬁLeSts(r::‘ ggﬁn@wb&gﬂgtﬁd&%s{m%n. a%@Bthmc%tiorllsq(%logrgxen tltxyal?'t.r.!\qclie%ilvzgx ed” th
15 polypeptide” is a polypeptide containing one or more derivatized amino acids.

“protein”- any polymer consisting essentially of any of the 20 amino acids.
Although “polypeptide” is often used in reference to relatively large polypeptides, and
“peptide” is often used in reference to small polypeptides, usage of these terms in the art
overlaps and is varied. The term “protein” as used herein refers to peptides, proteins

20 and polypeptides, unless otherwise noted.

“mutant” - any change in the genetic material of an organism, in particular any
change (i.e., deletion, substitution, addition, or alteration) in a wild-type polynucleotide
sequence or any change in a wild-type protein. The term “mutein” is used
interchangeably with “mutant”.

25 "Wi]d-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 substantially
equivalent to 0.5 X SSC to about 5 X SSC and 65 ° C for both hybridization and wash..

30 The term "standard hybridization conditions" as used herein is therefore an operational



buffer, 10% dextran sulfate and 110 jig/ M denatured, sonicated sal non
spermDNA at 55 C for 12-20 hours, and washing with 300 niM NaCl /30nmM
sodiumcitrate (2.0 Xto SSC)/1 % SDS at 55 C. See also Current Protocols
in Ml ecular Biology, John Wley & Sons, Inc. New York, Sections
6.3.1-6.3.6, (1989). "expression control sequence"- a sequence of

pol ynucl eoti des that controls and regul ates expression of genes when
operatively linked to those genes. "operatively linked"- a pol ynucl eotide
sequence (DNA, RNA) is operatively linked 15 to an expression control
sequence when the expression control sequence controls and regulates the
transcription and translation of that pol ynucl eoti de sequence. The term
"operatively linked" includes having an appggpriate start signal (e.g.,

ATG in front of ghe: Rl eotide sequence to be expressed and
nai nt ai ni ng the cor rl@é@ﬂ%ﬁ%ﬁ%@p#%ﬁéw% %%ﬁ%‘?q‘ﬁaf‘mb%?b‘?'%‘é"éi Higheyfstrirgency

pol ynucl eoti de seceaditensungefor tXampleointingd hybfiditing wRKpERS 3487 bafe (BN O
sequence and prod yvgp]%olwge ggyo]l_:e(s ‘gﬁ! a/ﬁ)eptl,de encoded by the

pol ynucl eot i de se:ﬁo nce. PP RSPa & oYL - 2% bavipssepm albugin. S eM JrieHGls a
DNA pl asni d or phdpH 7(SanioMgNaCBioNes scaTBRofhsdiik 8% SHY; ¢k Al laNS I BXPLESSI ON

of at least onRe g the  expression vector is introduced Into a host
cell. The vec'?or ﬁraag,“\gl\pgﬁ%ﬁwr?ﬁ’oﬂ“ﬂﬁ‘éd sAhpen tperm DYARGH i G for &2-2hheurc @hd .

"I'sol ated” (used wnkiREEHARISAN Na%?%&%%ﬁ%%ﬂ}aic?{).hgéggk%égs‘é@g{}pﬁpp| i ed

to nucleic acid i.e., polynucleotide sequences, pti des,
means an RNA or Dlldﬂw“p‘é‘]‘fygﬁ'm’IC@@!‘IOdémap(§¢rt6iwnpl¢)ﬁncgﬂam§ri6izmgIwmlpﬁahe@idréiﬂ,

cDNA or synthetic r i | e, virtue of its origin or
mani pul ation: (i) b"??‘ %W%@%&C{@%WWF '?#ggf?{'ld%‘“f“’%dv 5061 SADRY wetm BA At h

which it is assochat€doi i-2fettouss end @aghing Wish TSN NaCl DM BRSIm GELE (28 x@N

-14- expression v a.portion thereof); or (ii) is linked to a
nucl ei ¢ aci d“gr 0 %ée)?{% éﬁgr‘ﬂ alé'ﬁﬁf s} CutraatrPreteegls inMalecutar Wigledy, J¢hni s

| inked in nature; Woley & Sdn). I6bOREw IYOlk, 96&ibfs d.411.6B%t (g8;, By "isolated” it is
further nmeant a polynucl eotide sequence that is: '(ﬁ?arrpl ified invitro
by, for exanple, polSREFALEORIPAFSQUENSE CRiserercPOR)olyn(idléorideshizmtaatolsyand

synt hesi zed; 5 (iregJlatesexprebyidianiints PhapeREvidktOB} % L (iv) purified,
as by cl eavage andm%?ejl .separ ac}"i on. Thus, "substantia %/ pure nucleic acid"
is a nucleic acid TRUYCY HEd"r mRalynuclestige sequence (DNA, RNA) is operatively linked

15 1o an expression control sequence when the expression control sequence controls and
regulates the transcription and translation of that polynucleotide sequence. The term
“operatively linked" includes having an appropriate start signal (e.g., ATG) in front of
the polynucleotide sequence to be expressed and maintaining the correct reading frame
to permit expression of the polynucleotide sequence under the comroi of the expression

20 control sequence and production of the desired polypeptide encoded by the
polynucleotide sequence.

“expression vector'- a polynucleotide, such as a DNA plasmid or phage (among
other common examples) which allows expression of at least one gene when the
expression vector is introduced into a host cell. The vector may, or may not, be able to

25 replicate in a cell.

“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 polynucleotide
which, by virtue of its origin or manipulation: (i) is not associated with all of a

30 polynucleotide with which it is associated in nature (e.g., 1s present in a host cell as an



contiguous wth one or both of the coding sequences with which it is
normal Iy contiguous in the naturally occurring genonme of the organismfrom
which the nucleic to acid is derived. Substantially pure DNA al so incl udes
a reconbi nant DNA which is part of a hybrid gene encodi ng additional
sequences. "lsol ated" (used interchangeably with "substantially pure")-
when applied to polypeptides neans a pol ypeptide or a portion thereof
which, by virtue of its origin or nmanipulation: (i) is present in a host
cell as the expression product of a portion of an t5 expression vector; or
(it) is linked to a protein or other chem cal noiety other than that to
which it is linked in nature; or (iii) does not occur in nature. By
"isolated" it is further nmeant a protein that is : (i) chemcally

synt hesi zed; or g(i i) expressed in a host-ldell and purified away from
associ at ed pr ot eT*"RESIOMECIPRehRgBIPE therdof: erddnis liakqaab y pegtic deid bhakerhas  been
separated from ahbgical 1 2], G, .aci Wth which it naturally
occurs. 20 Preferabl ?ﬁféﬁg&ﬂ%f@gg’ﬁﬂd eh(?élhs" léﬁglgC%sf%Ba‘o{Frét‘é’o(“f)tdB"rﬁ“gUﬁg‘{’amces
such as anti bodi"é%”eoéyé'é‘?mﬁdr"rﬂtiﬂuuécsn(eprolapakyngdlmmhde:)qumi:ﬁh: R ® aHpBeed O
purify it. "het e al, "o as,used herein. i s ronoter which is
not naturally a_s_sog?g'?grcfwwltl E’bgl%aeerﬁ% CBEn Eaginn, (ﬂsga (Hlfg’f’g’fcénhﬁf”a‘?smd;
"Honol ogous®-  asiiyeeemitieandy produsedstyrabmimpporsiwptififiddnes Hyelldivadedandit y"  and
refers to 25 tgﬁ,m%g;g,yence simlarity between two pol ypepti des, nol ecul es
or between two nucleic acids. Wen a position in both of the two conpared

sequences i s occupl . fybstahinlls anre nbdsieadd” is aRLdEC a6l O hI¥R ROTHR Imddbieny t (T or
instance, if a pRSLEJLOD;I of ,the.two DNA nol ecules is occupied by
adenine, or a posi'%li; 5‘?, .’"ﬁ%?gﬁ%f’;‘P%“ﬁ‘m%‘é&%é@ whichgbisdpmesdly by a
lysine), then taEguoespabtriavsllrotaaing @enoaiedf T ABAISoAWHIRART: ROSIT i on.

The percent@ge hano 0. between t sequences is a function of the
nunber of matching gé}%h%%ﬁ?sga%%\gpﬁgﬁ’?6'ﬁ%’"—°T§95 aTReATRIN4SY DNKWewhighds Bejuences

di vi ded by the damtierd grhe mosiirts addisioad ngaqueaeksx 100 For instance, if 6 of 10

of the positions |% gﬁy\eﬁ @%ﬁlﬂn nces are n tched or are honol ogous, then the
two sequences are 8 o No ogcfﬁ@f“geéély\)\‘/énis Hostantigthyipare”)- pde DRpRlisEquences
CTGACT and CAGEPiypethidesem&ad pobpepide yr £ gordn thétofbili@, 8) vRS bf - USindr €
mat ched). 5 Ge%ﬁ)lulaYi n: Q) SQHRAr | sqn i s, made when two Sequences are aligned
o give. mmx mum NG BO) PSHEh "dFEHHL I 2iPr8op Podh e patimgt shor
i nstance, Bhe ¢erbroidnotctdiae dhestinked Bta fadrein of othMXneica] mod oufbidaddd (1970),
i mol emrent ed co Leptd,y, by conputer. prograns
mp W@ﬁi%ﬁngs lXxkedym_ natmg; or%n) Qoes got occur in nature. By "isolated" it is further

meant a protein that is : (i) chemically synthesized; or (i1) expressed in a host cell and

purified away from associated proteins. The term generally means a polypeptide that has

been separated from other proteins and nucleic acids with which it naturally occurs.

20 Preferably, the polypeptide is also separated from substances such as antibodies or gel
matrices (polyacrylamide) which are used to purify it.
“heterologous promoter”- as used herein is a promoter which is not naturally
associated with a gene or a purified nucleic acid.
“Homologous"- as used herein is synonymous with the term "identity" and refers to

25 the sequence similarity between two polypeptides, molecules or between two 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 occupied by a lysine),
then the respective molecules are homologous at that position. The percentage homology

30 between two sequences is a function of the number of matching or homologous positions



such as the Align program (DNAstar, Inc.). Honol ogous sequences share
identical or simlar amno acid residues, where simlar residues are
conservative substitutions for, or 10 "allowed point nutations" of,
correspondi ng amino acid residues in an aligned reference sequence. In
this regard, a "conservative substitution"” of a residue in a reference
sequence are those substitutions that are physically or functionally
simlar to the corresponding reference residues, e.g., that have a simlar -
si ze, shape, electric charge, chem cal properties, including the ability
to formcoval ent or hydrogen bonds, or the like. Particularly preferred 15
conservati ve substitutions are those fulfilling the criteria defined for an
"accepted point rnut ation" in Dayhoff et al., 5: Atlas of Protein Sequence
and Structure, 5; Sup 3, chapter 22: -3%4-352, Nat. Bioned. Res.

Foundat i on, V\asrff’ﬂﬁjttb!rﬁhe lmoe:qummyxdemyehctmrpobgsnwm&mtpaﬁaxaw%nce" and

"nucl eot i de SeqURBE&, if 8k er changeabl ein
"angi ogenesis" and ' nleoegls@ﬁ%rp:dgggns ih fhd neans. Fﬁ@F‘?dr%F{ﬁé‘G@glt"g%‘én@én t he

“recruitment of H@\A?"‘b?eéwcqﬁ@&sﬁ@%shordomgpw tBy(.\uzi)ai’f,cxaﬁﬂb Qgﬁmﬁﬁls%u%\xkc'és) refers

to the recruitgw fan Is at tumor site, "IF
“TENAR " " | ENARLP %"C? g)r%telg? Phard Br o 5% Fomotgey 3 tdhe topa pesiioas arp matched).

surface typeSl pﬁfteéﬁ“i’»@rt‘@mparemeqsmdc whtretwe st uaa&ds lakd A ]gnda%gﬂvé)ﬁxah%?rpdomi' n)

portion of the hgpdENARR gl one can, bi nd interferon al pha or beta
Practice of the pr esggnt ) ‘%%I S R RIPVidsdsisg. for insiaace. Ihﬁmeﬂ’af‘éHdehéﬁw se,

convent i onal te%‘ﬁhlfq/dels&df 48 4434331 ((9I7ogynpl&ﬁédteccwnbwlﬁuly Wkﬁﬁﬁﬁkébro@}ﬁnogy
m stry, and inmunol o

m crobiol ogy, ¢ tein ¢

are within the su%nglrml @?%al’?m% &D%'A%ua&‘rfmf g ?ﬂ’ﬂ‘ﬁé%“séf%‘c’&fé%ﬁ‘laicb%tlﬁﬂot he
literature. See“m‘flaopm@ﬂaml‘eex,dud‘s’thlvlaﬁdjixﬁﬂilar?r@sx@c@@}cr&nscﬁlaba@éﬁﬁﬁﬁlﬁfoxs Manyal
2nd edi tiony ( Sapdy, ggglm Fritsch_.and Maniatis, eds.), - Spring

Har bor Laboratory P R W"ﬁﬁp(?ﬁﬁ“H@am\VBIaEl‘ﬁ’ééﬁqueaﬁdﬂIa!]gfﬂ)rdﬁtrenca over,

ed), 1985; O i getemkdothithegisy nt ek atiteNubstinfiaint f@ﬁi Mue 1% 334, ent
No. 4,683,195 (N Nucl efc Acid IQ{JO ISZLé.etll on fre&éﬁ%ﬁa{&l es
o St

and S.J. H ggi ns, SL%JJSStgu“(’ﬁ)@ﬁt)am‘r?hdﬁ@ﬂy%{WSHO iAol the GoonspoBlily Harri es
‘and S.J. Higgi m@erer@d@smpesmﬁ%at?ﬁa@.ﬂstirunzﬁ‘sQE sﬁﬁl;be“@{' e khaSee( B Y,
ed). Alan R Lis Fdé}n}g ab” % m%nl | ized sc?a[nd Eaﬁgzc Ehcm{?ﬁﬁ&%@gss
1986; A Practica iy MZ%”B&& eﬂlaﬁmgn ?@ds Pehedike) Partigduly phfertedds i n
Enzynol ogy, !5 VokemestiiSubatinatiohblre (ke R1fi1Ahg the 868 )a defined for an * ‘accepted point

mutation” in Dayhoff et al., S: Atlas of Protein Sequence and Structure, S: Suppl. 3,

chapter 22: 354-352, Nat. Biomed. Res. Foundation, Washington, D.C. (1978).

The terms polynucleotide sequence” and "nucleotide sequence” are also used
" interchangeably herein.

20 angrogenesis™ and “neovascularization” means, in their broadest sense, the

recruitment of new blood vessels. In particular, angiogenesis also refers to the
recruitment of new blood vessels at a tumor site.

“IFNAR2", “IFNARI", “IFNAR1/2" refer to the proteins knows to compose the cell
surface type I interferon receptor. The extracellular portion (ectodomain) portion of the

25 IFNAR?2 chain alone can bind interferon alpha or beta.

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 the
art. Such techniques are described in the literature. See, for example, Molecular

30 Cloning: A Laboratory Manual, 2nd edition. (Sambrook, Fritsch and Maniatis, eds.),



Academ c Press, New York; Gene Transfer Vectors for Mammalian Cells (J.ri.
MIler and MP. Calos, eds.), 1987, Cold Spring Harbor Laboratory;

| nmmunochem cal 10 Methods in Cell and Ml ecul ar Bi ol ogy (Mayer and Wl ker,
eds.), Academi c Press, London, 1987; Handbook of Experinent | munol ogy,
Volumes I-1V (DM Wir and C C Blackwell, eds.), 1986, Manipul ating the
Mouse Enbryo, Cold Spring Harbor Laboratory Press, 1986. is THE

| NTERFERON- BETA I nterferon-beta-la is useful as an agent for the treatnent,
rem ssion or attenuation of a disease state, physiological condition,
synptons, or etiological factors, or for the evaluation or diagnosis
thereof. The termalso refers to interferon-beta-la that is itself part of
a fusion protein such as an i munogl obul i n-interferon-beta-1 a fusion
protein, as 20 described in co-pending apglications Seri aI Nunber s

60/ 104, 572 and ﬁﬁldmﬁnglﬁlirborf’.{b@%rﬁb}cg’s”lﬁé ﬁﬁ& dJL,PJ kil ﬂ”%ﬁ?{?ﬁlel y are

well within the now ed of persons havi ng naty s art.
found uni que si PEYEy e‘f)o Séo@Wﬁé‘Pc'&?@%ﬁmﬁmw t(Malt GaineHJ, lthde&tehayo f unctl on

of the interfes688 B8BLANIA e LNy RL]efd .fc;d flﬁ@réczi%ﬁ L{E%ﬁi algn%seaj-xg%éﬁf%rllsyner

mut agenesi s nmet hods _to_25 |ndependent gate Si
attachment ( SeeS%¥xdMdt drapycrippen asfd Transigtion (Bubdantes akd $U. (Higgatsj canglosanal ysi s

of human |n5erf@mmebpggml,ﬁcm,;&ﬁ]f Iggsﬂcfnagg '45’%520& tlﬂc ﬁ%bd es required for

activity and receptor binding e aval mpQpdze
structure of huntandEsrrmesoRRLiRses, 1986; (AsractidabGeida tsiMaleaiTi Cloding @.| OWs us

to identify, fQfemapliagu. stitu sol vent - exposed
resi dues avail abl elgfor :Kz?é e"?etrr'flz %logy38°]rug’5% 4(??‘31?1{&%"6&6?% and to

retain anmino aciddenioBrshs ddwiYork;GenaMivhesta VaetobOR e Sanfind@n €klls (1

ahd o ght reoriEAREME, EH D ”@S%ﬁoﬁﬁﬁé%ﬁ%ﬁa@?&awBpﬁﬁfwhq?:imﬁe”ct "B
E) and | ooffs (ABtttodsABEe" =Bl CDtor BTy (Diafar SRERNIEY, ol REfGHOPfCt 2 | 2

See Exanple I. HL5m al..histidine tag ("his" %&lwasmc uded for
affinity puri f| cat| on d d Xpgrimeny) f""é‘i(‘ﬁ%é»s‘éd“fﬁﬁtl {M Blegané 10 and

SEQ ID NOS: | & BRickwell tehe), mﬁw\daﬁmdladﬁguﬁQﬂo&gEﬂﬂ)r?&'&ld%ﬁgm&ﬁ
respectively) ﬂ{)@&wrgr;re ?@?sequences of these nutations are assessed in
antiviral and antipr e i on assays. A non-radioactive binding assay

was devel oped to analyze. these nmutants for their binding to the interferon
bet a 15 THE INTERFERON-BETA
Interferon-beta-1a is useful as an agent for the treatment, remission or atienuation
of a disease state, physiological condition, symptoms, or etiological factors, or for the
evaluation or diagnosis thereof. The term also refers to interferon-beta-1a that is itself part
of a fusion protein such as an immunoglobulin-interferon-beta- 1 a fusion protein, as
20 described in co-pending applications Serial Numbers 60/104,572 and 60/120,161.
Preparation of fusion proteins generally are well within the knowledge of persons having
ordinary skill in the art.
We found unique site(s) for polymer attachment that would not destroy function of
the interferon-beta-1a. In addition, we also used site-directed mutagenesis methods to
25  independently investigate site(s) for polymer attachment (See Example 1). Briefly, we
undertook a mutational analysis of human interferon-beta-1a with the aim of mapping
residues required for activity and receptor binding. The availability of the 3-D crystal
structure of human interferon-beta-1a (see above and Example 1) allows us to identify, for
alanine (or serine) substitutions, the solvent-exposed residues available for interferon beta

30 receptor interactions, and to retain amino acids involved in intramolecular bonds. A panel



surface cell receptor (IFNARI/2 cell surface receptor). In addition, an
ELI SA- based assay 10 enpl oyi ng an | FNAR2- ectodonain/lg fusion protein to
bind interferon was used to map interactions of surfaces between
interferon-beta- | a and | FNAR2 (See Exanple 1). These nutational anal yses
denonstrated that N and C termni lie in a portion of the interferon-
beta nol ecul e not inportant for receptor binding or biological function.
The nmutants are further variants of the interferon beta | a noiety of the
invention 15 that may be particularly useful inasnmuch as they display
novel properties not found in the wld type interferon-beta- |la (See
Exanple 1). W have identified three types of effects that were caused by
targeted nutagenesis. These effects may be advantageous for interferon drug
devel opment under__certain circunstances. -lhe three types of effect are as
fol lows: (a) mRi&fitss Agnion sesnpjpgmutsrionswaratiesianed wat splhded betwberhing-aali bidnt Y pe
i nterferon - betrasidubfaloraQidi : t )iy (D) t whji ch display -

1 r%th(xﬁctgc idRd AR ofﬁc h’ehé s.(érqﬂaggﬁaj% fmddﬁ?psf(ﬁp 1 véhg%h

activity in both antiviral and antiproliferati
antiprolifer at ‘gt 9Bt i G2 PEI DERD) o invqrlerdri-nal £1S¢e Eosnpld £.h respect to

antiviral activity,ag |k ed. Nis-wild:type. interferan-beta- la (e.qg.,
nutants d, D and. DE%?%%H’%@“?“&%&?B a&géﬁf‘%‘gﬁlfﬁigtf%r fanity purifagatiomof ~ cpp
and DE 1), whi EHMS1b#0 egherpréssal mutamsl(Fagiré po ald S0 @ NoS: Bgddi Mot inespifaat ar e

di sproporti onatg] dddcRuV. - ct to receptar 25 hinding, conpared to
his-wild-type int erfceérlvgr\rl‘:f-nggﬁlg-?%g_gncesrﬁépﬁ&‘ﬁﬁkguw PRFERRS fteessr oad

fscope of the pFuBbens aferpysessed bw;apdairs igjngirmpmﬂfyaiﬁdnhmbﬁwh&-mla&ﬁc bRk oyed
or conjugatio i i rferon-beta | a, though it is also

cont enpl at ed t%gét[y&a%%lotp %glﬁ agaﬁézeﬁlbelsﬁmé‘fm’ﬁgf"e‘gﬁ‘l’8‘“8'&&’%@ interfgronddtaas wel | .
Conj ugat ed i nt irfhercolhdoetar (FNARIR callfoRid icottiod! Intah@ibd MEBLISAT VB a5k, d
utility in lpOthﬂl%j \éia\g%ﬁngIﬂI as .non-in vivag -18- applications.
Additional 'y, 1t Wil be P ot CGRIYRIMIEMioR RECIiR I Riphinicrierop dtag wed tovapp
utilize any obtsertiogs oljodacenbitetdnasierfabn-dtiaan SRNFMARD Bfe BREFMEST). Piise

appropriate t use, applicatiop. By way of exanple, 1t may be
useful in sone%%%g)f‘:ﬂ:cr:lg?wstgsn%c"{‘)gg@é"\?éﬁaég‘{]I“f}d ét‘)ﬁd‘m“ﬂ be iniepopion hihe inteffaroret | onal

moi ety i npar t ibeg nd\tcdle gotasiaviannfor etk RbietiNRng O bigBkiQXind@d on, 5 or ot her
properties or characteristic o the polyner. As a further exanple, it may
| BRI R da P Tcter

be advantageous in sone applegt 2o Yhberg Lpdnaigteofibet ipventiono

render it HFeadtd mey orpancniodpudetu kabhech B8 Uiy Qbvel @p@n@mﬁuym RS
properties or Vgllaqi}y @'r;[teeljfelrosnl- cs f t{ﬁ over al conj ugated materi al .
Accordingly, the Bol yREr Y @‘dﬁ‘f IRy Dr Wehavsdentifiag threeiyeestaf nffects
that were caused by targeted mutagenesis. These effects may be advantageous for
interferon drug development under certain circumstances. The three types of effect are as
follows: (2) mutants with higher antiviral activity that of his-wild-type interferon-beta-1a
20 (e.g. mutant Cl); (b) mutants which display activity in both antiviral and antiproliferation
assays, but for which antiproliferation activity is disproportionately low with respect fo
antiviral activity, compared to his-wild-type interferon-beta-la (e.g., mutants Cl, D and
DE1): and (c) functional antagonists (e.g.. Al, B2, CD2 and DEI), which show antiviral
and antiproliferative activities that are disproportionately low with respect to receptor
25 binding, compared to his-wild-type interferon-beta-1a.
THE POLYMER MOIETY
Within the broad scope of the present invention, a single polymer molecule may be
employed for conjugation with an interferon-beta 1a, although it is also contemplated that
more than one polymer molecule can be attached as well. Conjugated interferon-beta |a

30 compositions of the invention may find utility in both in vivo as well as non-in vivo



groups, |inkages, or other constitutent structures which do not preclude
the efficacy of the 10 conjugated interferon-beta | a conposition for its

i nt ended purpose. Ot her objectives and advantages of the present invention
will be nore fully apparent fromthe ensuing disclosure and appended
clainms. Illustrative polyners that may usefully be enployed to achi eve
these desirable characteristics are described herein belowin exenplary
reaction schenes. In covalently 15 bonded peptide applications, the

pol ynmer may be functionalized and then coupled to free am no acid(s) of the
peptide(s) to formlabile bonds. The interferon-beta-la is conjugated nost
preferably via a termnal reactive group on the polyner although

conj ugations can al so be branched fromthe non-term nal reactive groups.
The polynmer with the reactive group(s) i-d48designated herein as "activated
20 pol ymer". Terpligatiqos. Ndlugnaﬂupt witl kleatdoygmiked thaa&tcsmugatxhg 6ol)@&r AaY @Qizer ot her

reactive group e activated are reacted so
t hat attachman?] r?aggr %1138 {c?es S Jhc“é?"i”%fﬂ'lc s?eﬁicgla*? PE?H“‘“T)’@I‘%F enfl 4seani no

group such as appbcatibpiBy \ezylorﬂmagvlpaupmagobe bi&ﬂllﬁpﬁ)ﬂe(ﬁ%ﬂlcﬁﬂhﬂ@c&faQH@ﬁb&xﬁ

| ysines. Free, g{ %Werg stw tabl%g tivated carbonyl groups
hydroxyl, guanidyl”, ~oxi di ze ’P‘B%Wa?aé‘e grpdadonasistates BrAs I igilps of
the interfér owrzﬁlembmmdsa;réhafacaﬂalcl; &bheholﬁa& Al SRR cXSBR, Rfapbd achment
sites. Althou ached, anywhere on the interferon-beta
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N-terninus of Ctdselmlm:kenfx eliaBitter, h@éranca varkRis PruperiYs o LR Ysi@ 7 Rlv&hl near the

C-term nus an ties. Thus the invention contenpl ates as
its nost pref g°'§" ?"%2"6“‘%[#3%2\%9@“@?)‘W‘i‘)@??ﬁ%lcwﬂ'&wﬂvr@aor@btygewm

conj ugat es of grompsaﬂxﬁlergeﬂobaha-cb:amu(dnl s):mEiuPe@Wc'ﬂ%b hat pFe@HE’J (Re FAOLcY BBthe
conj ugat eg,0 nterferon-peta-la; (iil) ﬁar-coup ed conj ugates of

pol yner conj ugar{”égsmc‘j('?[%r)fcr&%b% 3 composijiqn fonitrintendsd purpesarsitead opiettiyaeand

conj ugat es of adwahwegdsef tia-pRént invemioh Wl Bé"mereQBI?)J ﬁﬁmen@ﬁ@rﬁ'El'@lehs)(xlnford%mo?\pgm 1.0
to about 10 rml s _of F‘gldtjvat ed pol yner per nol’e of protein, dependi ng on

protein concefity 8??"6’ fenpl oyed. The final anount is a bal ance between 5

maxi m zi ng the exti#udtrad¥e fdenerQB tmha§ Rsebinlyl 82 oMy 18 w&vm&e%@ﬁﬁhﬂ‘ 1c
nodi fications ,of the. roducéc_t nd, at the sanme fine, defining chem stries

that will mai SEECHOSsS; feffybelowﬁnel’@n@!ﬁrymenogaﬂempa Fecopglerithi zi ng, i f
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the biol ogi cal a(():gC!lX( ;[glft}?e:]cpe%trx]d%(s [oofgg:u lrlbxllesborngg ained, most™preferably
The interferon-beta-1a is conjugated most preferably via a terminal reactive group

on the polymer although conjugations can also be branched from the non-terminal reactive
groups. The polymer with the reactive group(s) is designated herein as “activated

20 polymer”. The reactive group selectively reacts with free amino or other reactive groups
on the protein. The activated polymer(s) are reacted so that attachment may occur at any
available interferon-beta-1a amino group such as the alpha amino groups or the epsilon-
amino groups of lysines. Free carboxylic groups, suitably activated carbonyl groups,
hydroxyl, guanidyl, oxidized carbohydrate moieties and mercapto groups of the interferon-

25 beta-la (if available) can also be used as attachment sites.

Although the polymer may be attached anywhere on the interferon-beta 1a
molecule, the most preferred site for polymer coupling is the N-terminus of the interferon-
beta-la. Secondary site(s) are at or near the C-terminus and through sugar moieties. Thus,
the invention contemplates as its most preferred embodiments: (i) N-terminally coupled -

30 polymer conjugates of interferon-beta-1a; (ii) C-terminally coupled polymer conjugates of



100% is retained. 10 The reactions nmay take place by any suitabl e nethod
used for reacting biologically active materials with inert polyners,
preferably at about pH 5-7 if the reactive groups are on the al pha am no
group at the N-termnus. Generally the process involves preparing an _
activated polynmer (that may have at | east one term nal hydroxyl group) and
thereafter reacting the protein with the activated polyner to produce the
soluble protein suitable for 15 formul ation. The above nodification
reaction can be perfornmed by several methods, which nay involve one or
nore steps. As nentioned above, the nost preferred enbodi nents of the
invention utilize the NN termnal end of interferon-beta-1la as the |inkage
to the polynmer. Suitable nmethods are avaihable to selectively obtain an
N-term nal | y nodlitéfeesh-betd- BY: fify Qral&dh, - thod is.20 exenplified by a
reductive al kyl ation net hodt V\;n?jc%h exge!cj)??né (lg?%Pé’ncf%ﬂmuﬁaéﬁcf‘i’m%“?’"@ﬁ N-
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this selectivitigowsgs RRiRgai ned by performing 30 reactions at |low p
(generally 5-6) under conditions where a PEG al dehyde polyner is -20-

reacted wit'A i nt er T8 ©ertibes myl takeipiact he apyrseBoNGRe RS uSQinBM@acGMg?‘EEQQQTcle}’ dride.
This results, a@fvge,{awtpjg,givj-ljﬁ%%hi ANt thg “EEGi nterferon-beta- la an

anal ysis with SDS-PAGE. ~ NA PSS s PEEIPEfbthoy phht7 Hebptraseve groups are
sequenci ng/ mapp? H’g,ﬂlphéynilnoenbupattMNimirrﬁrufs_ecmnmgm@—prdc@ss i%@@@pr%a}iﬁ%% nus is
specifically tgeru-g%@golmcrt({t}guﬁg%mgﬁ%. 5 The crystal structure o
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11818). Thys, wpRLhimHat of the C- termnal end of interferon-beta- |a
shoul d al so have n[1|iér?11| 2‘“&?%2"# f 'élgélﬂ%%’oﬁéetaftfﬂnt"?‘? bagsripancd jpis peverabmerhodsi which
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As mentioned above, the most preferred embodiments of the invention utilize the N-
terminal end of interferon-beta-1a as the linkage to the polymer. Suitable methods are
available to selectively obtain an N-terminally modified interferon-beta-1a. One method is
exemplified by a reductive alkylation method which exploits differential reactivity of
different types of primary amino groups (the epsilon amino groups on the lysine versus the
amino groups on the N-terminal methionine) available for derivatization on interferon-
beta-1a. Under the appropriate selection conditions, substantially selective derivatization
of interferon-beta-1a at its N-terminus with a carbonyl gfoup containing polymer can be
25 achieved. The reaction is performed at a pH which allows one 1o take advantage of the pKa
differences between the epsilon-amino groups of the lysine residues and that of the alpha-
amino group of the N-terminal residue of interferon-beta-1a. This type of chemistry is well

known to persons with ordinary skill in the art.

We used a reaction scheme in which this selectivity is mainzained by performing

30 reactions at low pH (generally 5-6) under conditions where a PEG-aldehyde polymer is'



pol yal kyl ene gl ycol polynmer such as PEGto the Ctermnus, it would be
straightforward to to genetically engineer a site that can be used to
target the polyner noiety. For exanple, incorporation of a Cys at a site
that is at or near the Ctermnus would allow specific nodification using
a mal ei m de, vinylsul fone or hal oacetate- activated pol yal kyl ene gl ycol
(e.g., PEGQ. These derivatives can be used specifically for nodification of
t he engi neered cysteines due to the high selectively of these reagents for
Cys. Other strategies such as 15 incorporation of a histidine tag which can
be targeted (Fancy et al., (1996) Chem & Biol. 3: 551) or an additional

gl ycosyl ation site, represent other alternatives for nodifying the C
termnus of interferon-beta-la. The glycan on the interferon-beta-la is
also in a position that would allow furthgy nodification wthout altering

activity. Met ho%a!@@@xtﬂ ﬁ\fc%xtoh Bda- ?&'&3@%&% otfgodxu%crgrc%agpl?qr?%}f%n?ehZlguszicsults

nmodi fi cation are also well known an erefore |
pol yal kyl ene gl 9%%P01Ffwwlm350betedddeuetmla atdtdnylyamdntB]SDGmA@aIMALmo

sugars on inter een actlvtedthr h oxi dati on.
Fo? exanpl e, a %g‘fsgg?ﬁ&f]aﬁég? éf?a {%@ﬁ?‘g{% &Pl '?aﬁ'lrfﬁg d%ﬁ‘éV‘éﬁ’% "HERAR £ or ms
relatively st abWéOShy‘dmeneﬁ SWCMca@pesrgbtyd by)meld?ﬁﬁahmaly Wi t h al dehydes and
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25 oxi di zed ol i gosaccha a es.
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can be used to rpnnem;féecp@i a;zaxlnlyyWeﬂkexhgbmlsmmdtfﬁdnﬁebl Pl ggifosa@aingal | . See,
U S Patents 4 and 4, 179, 3 previ ou di scover ed
that thiol Ii nfe%@ggcaﬁ Y PONES & '??/S P(%ﬁ'lodh%r“i"ﬁ’équsf‘h?ff"l”fi?’éf‘é“%‘f%@?’q Pnki ng
of proteinslo | pepaicaliycugioes a sie igeaebated hangt P ip6lyAkl hbBR! Bor@kamgidA- 3 and

CD4 using a pr re enerati ng ve al dehydes on car bohydrate
noi eties with grgg?pﬁm?ﬁ%cr%lc"‘odéf %”'1" ﬁﬁﬁ A 8%%@?%@*%%%&&#@5 SRR iBugh t he

al dehydes and Badigdemnmging & mSISIfﬂlddﬂkmylgllﬂbhaortﬂh%aEélht@J acgvﬂélpgﬁalﬁlkyteh@glycol

cyst am nes. .. Chem_, 266: 1 8244-1
8249 and Chen, ?ﬁ_g‘ %@tﬂsean( T@'@ij‘j’c %%BP“)F@H@HO’ mygificationeof thy epginoeted
Therefore, we emuses due tb Farhigh kulemwpef thdse CdagevitStor Eyy\@dthed s@&z@g(?eslaﬁch as
appropriatg, for 0 | ene gl ycol mers where_a
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is attached t oSilher in adkltabnal Widob Bat B is o) tdpked3bnt Other alternatives for modifying the C-
terminus of interferon-beta-1a.
The glycan on the interferon-beta-1a is also in a position that would allow further
modification without altering activity. Methods for targeting sugars as sites for chemical
20 modification are also well known and therefore it is likely that a polyalkylene glycol
polymer can be added directly and specifically to sugars on interferon-beta-1a that have
been activatgd through oxidation. For example, a polyethyleneglycol-hydrazide can be
generated which forms relatively stable hydrazone linkages by condensation with
aldehydes and ketones. This property has been used for modification of proteins through
25 oxidized oligosaccharide linkages. See Andresz, H. et al., (1978), Makromol. Chem. 179:
301. In particular, treatment of PEG-carboxymethyl hydrazide with nitrite produces PEG-
carboxymethy! azide which is an electrophilically active group reactive toward amino
groups. This reaction can be used to prepare polyalkylene glycol-modified proteins as well.

See, U.S. Patents 4,101,380 and 4,179,337,



to hydrazi ne-containing linkers will allow for addition of a single polyner
group, the structure of the |inker can be varied so that nmultiple polyners
are added and/or that the spatial orientation of the polynmer with respect
to the interferon-beta-la i.s changed. In the practice of the present

i nvention, polyal kyl ene glycol residues of Cl-C4 al kyl polyal kyl ene

gl ycols, preferably polyethylene glycol (PEG, or poly(oxy)alkylene glycol
15 residues of such glycols are advantageously incorporated in the pol yner
systens of interest. Thus, the polynmer to which the protein is attached can
be a honopol ynmer of polyethylene glycol (PEG or is a polyoxyethyl ated
polyol, provided in all cases that the polyner is soluble in water at room
t enper at ur e. hbn-liniting exanpl es of such pol ymers include pol yal kyl ene

oxi de honopol yners ;sewo gb% 2@% I"ene glycols, 20
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humans in nono- ANAEPS Gr fhedhi PH%’QUPSPhéhfet?)maeuncs [Sles PéptiaRy; 8. Buga1 ywoul d
not necessari| Y199 JsBehCaén. mééol@ﬂﬂsﬁcgﬁﬂnh tihe bod Ler nat| ve
to pol yal kyl ene, &)ﬂqg% -lcdm hﬂ’ pol yvi nyl pdyHrgro £ ngl grggib‘s ?ﬁﬁﬁi&
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Those of ordi nafoyms&ﬁﬁl:duomwuﬁ AylienWighylooll g@&!? the fore | i st
is merely -22- jll us(%]r ati vle gﬁé t)ttl% g}Jc?lp% L §fer ] fe?lfeéfsémr?ﬁ\?f ’E“i‘?éhe

qualities descriBéd" BF Be'yplkyfege 85/6?itpéhqﬂcatsedachweup0hmr wigledmethidlaye any

particul ar mol elydtazine-veiagig inRAS wil 2l Sy e ol ecul ar wei ght
be between aboug_%SOO nd 10g0 000, ‘hore %Egé(g{'arb? asH‘eie\/Vé’i?Vr‘Feiém%th 5 and
i

40, 000. In partiEOFar! thelinksecapbe yaied0 thar mubipte ol gndsest adted PRI iHRG

protein | oss dugathborichiida ctre BI al k | ene gl ycol
derivati zation has, a nurlmer ;B %3’3&%?@8’13 ‘ZPFOY,EC B’éer’{é?/@sbc aplagipchangedy | atl on

of polyner-interf el dbe Rsastice qféhedﬁ?ﬁe'ﬁfgmfesoﬂ mowh&ylpneagiydoc&sxeﬁesbhel-@h%
i nvention, as @slsﬂle)ucaat: oM, bR fer r i es of oI yal kyl ene
@Qc pas mg&#é[g{%’g%ﬁog@?% OFP?I%(‘”‘ kYleneglycohe sanme

gl ycol deri gatl % nprovemnment o
time elicith ng "t Ues f‘”@%ﬁliy‘if"%ﬂfe advantageously incorporated in the polymer systems of

interest. Thus, the polymer to which the protein is attached can be a homopolymer of
polyethylene glycol (PEG) or is a polyoxyethylated polyol, provided in all cases that the
polymer is soluble in water at room temperature. Non-limiting examples of such polymers
include polyalkylene oxide homopolymers such as PEG or polypropylene glycols,
polyoxyethylenated glycols, copolymers thereof and block copolymers thereof, provxded
that the water solubility of the block copolymer is maintained. Examples of
polyoxyethylated polyols include, for example, polyoxyethylated glycerol,
polyoxyethylated sorbitol, polyoxyethylated glucose, or the like. Thc.glyccrOI backbone of
polyoxyethylated glycerol is the same backbone occurring naturally in, for example,
25  animals and humans in mono-, di-, and triglycerides. Therefore, this branching would not
necessarily be seen as a foreign agent in the body.
As an alternative to polyalkylene oxides, dextran, polyvinyl pyrrolidones,
polyacrylamides, polyvinyl alcohols, carbohydrate-based polymers and the like may be

used. Those of ordinary skill in the art will recognize that the foregoing list is merely



lmrunogeni ¢ response; high degrees of bioconpatibility; absence of in vivo
bi odegradati on of the polyal kyl ene glycol derivatives; and ease of
excretion by living organisnms. Mreover, in another aspect of the
invention, one can utilize interferon-beta 1 a 15 covalently bonded to the
pol ymer conponent in which the nature of the conjugation involves

cl eavabl e coval ent chem cal bonds. This allows for control in terns of the
time course over which the polyner may be cleaved fromthe interferon-beta
| a. This coval ent bond between the interferon-beta-1 a drug and the

pol ymer may be cl eaved by chemical or enzymatic reaction. The

pol yner-interferon-beta-la product retains an acceptabl e anount 20 of
activity. Concurrently, portions of polyethylene glycol are present in the
conjugating polynmer to endow the pol yner-22-nterferon-beta-la conjugate with
hi gh aqueous soillugtiative and thmdll polginengaetablhadidg tHelquilliat dReHeaRadm ktty. As a
result of thesqx%ggray%d characteristics the invention contenplates
parenteral, nasal, and oral delivery of both the active pol yner-

i nterferon-beta-1 &hepelginesncaddot hhed dngpiriguldyshIQUME W6t RRAN GReferred that
inin vivo

bi ilabilit 251 f -betg- | :
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herein are prowndé@iotoin partie!psi7R06f,000 o thdre SkertabtiaOpte RAliNg Rl REEIRES tO
be limting mj%ﬂm&eﬁﬁﬁﬁt EP t he reactions and structures which may be
utilized in the warf1RaKd8Hsof the interferon-beta-la, e.g., to achieve

sol ubility, stabil Pagilkygene g@yrd! decibvitizamuatbaRunict bfﬂdb%tig%usﬁt%&ﬁ&% @k and
oral 30 admi ni traFLon.fThe reaction of the polynmer with the

i nt er f er on- bet 2T 2HE PRA P iHer st beta rsonjpeesdp the @rartiseef He pgicntonj ugat ed
products is readedtpnCarasicieawithifd BGovdndbrdFerd@dr 8b1Ya1Diene Hadg biRAinehemes.
The activiné and stabili} of the interferon-beta-la conjugates can be
varied in sevel3iOWHrE" ° b%/‘”‘ifé‘f PRIty gl theysame; tinmeegligiting poindganicar si ze.

Sol ubi lities Ofnuhth?fbgerﬁefdsptg@é;ﬂfgh@@%}cé%fM&Jnﬁgtipi}’n)@ﬂﬁagis BEnRE Proportion
and size of the pol col 5 fragnent incorporated in the polyner

et hyl ene gl STl
conposi tion. cigf“)téf“é%“ ofi{ke RP?M“é‘tXE’“?)E‘&%’éﬁ"’E yathres ol gask REAxerqeondlyyiziok - der i ved
pol yners of vabmganidnast therapeutic applications of the present invention is
t heir general biog&%gatibilitg. The ol ymers have various water solubility
properties and ar PYerdRPROtCT APy ClAY Be BRpitopeeneranutize inprawegenils and
non-anti gens ¢ @valedlly tdaled BURPoBMRr Whhddndnb & Phich QFh&ak oARL Eofbulhifon of the
involves cleavable covalent chemical bonds. This allows for control in terms of the time
course over which the polymer may be cleaved from the interferon-beta 1a. This covalent
bond between the interferon-beta-1a drug and the polymer may be cleaved by chemical or
enzymatic reaction. The polymer-interferon-beta-1a product retains an acceptable amount
20 of activity. Concurrently, portions of polyethylene glycol are present in the conjugating
polymer to endow the polymer-interferon-beta-1a conjugate with high aqueous solubility
and prolonged blood circulation capability. As a result of these improved characteristics
the invention contemplates parenteral, nasal, and oral delivery of both the active polymer-
interferon-beta-1a species and, following hydrolytic cleavage, bioavailability of the
25 interferon-beta-la per se, in in vivo applications.
It is to be understood that the reaction schemes described herein are provided for
the purposes of illustration only and are not to be limiting with respect to the reactions and
structures which may be utilized in the modification of the interferon-beta-1a, e.g., to
achieve solubility, stabilization, and cell membrane affinity for parenteral and oral

30 administration. The reaction of the polymer with the interferon-beta la to obtain the most



interferon-beta- la noiety when conjugated under the conditions. described
herein. They have long circulation in the blood and are easily excreted
fromliving organi sns. The products of the present invention have been
found useful in sustaining the half life of therapeutic interferon-beta
la, and may for exanple be prepared for therapeutic 15 adm nistration by
dissolving in water or acceptable liquid nedium Admnistration is by
either the parenteral, aerosol, or oral route. Fine colloidal suspensions
may be prepared for parenteral admnistration to produce a depot effect,
or by the oral route while aerosol fornmulation may be liquid or dry powder
in nature. In the dry, lyophilized state or in solution formulations, the
interferon-beta- la -polyner conjugates of the present invention 20 shoul d
have good stora el %)N lgmﬁ The thermal sBability of conjugated interferon
-beta- la (Exa%f: m%i”éﬁ%ﬂf@‘icﬁ'ﬁ)méfrCMMMhamgm:dpwmﬁe}setes t hat
have a dehydratu@m:nsﬁ memesse'ﬁeacﬁw and 5@ VBt
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as descri bed henwrmevyaléehtekaﬁ‘ta%foio? oP 0% TR b G R AR P, 2L oS B S &5

pensions may be prepared for
parenteral administration to produce a depot effect, or by the oral route while aerosol
formulation may be liquid or dry powder in nature. In the dry, lyophilized state or in
solution formulations, the interferon-beta-1a -polymer conjugates of the present invention
20 should have good storage stability. The thermal stability of conjugated interferon- beta la
(Example 3) is advantageous in powder formulation processes that have a dchydratlon step.
See, e.g., PCT/US/95/06008 (“Methods and Compositions for Dry Powder of Interferons”).
The therapeutic polymer conjugates of the present invention may be utilized for the
prophylaxis or treatment of any condition or disease state for which the interferon-beta-1a
25 constituent is efficacious. In addition, the polymer-based conjugates of the present
invention may be utilized in diagnosis of constituents, conditions, or disease states in
biological systems or specimens, as well as for diagnosis purposes in non-physiological
systems.

In therapeutic usage, the present invention contemplates a method of treating an

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



Fhe anti-cell proliferative activity of interferon-beta- la is well known.
In particular, certain of the interferon-beta- | a polyner conjugates
described herein are useful for treating tunors and cancers such as

ost eogeni ¢ sarcoma, |ynphoma, acute |ynphocytic |eukem a, breast

carci noma, nel anoma and nasopharyngeal carcinoma, as well as 15 aut oi nmune
conditions such as fibrosis, lupus and nultiple sclerosis. It is further
expected that the anti-viral activity exhibited by the conjugated
proteins, in particular certain of the interferon-beta- |la nutein

conj ugat es described herein, may be used in the treatnment of viral

di seases, such as ECMinfection, influenza, and other respiratory tract
infections, rabies, and hepatitis. It is also expected that

i mmunonodul atory activities of interfero420 beta- |a exhibited by the
conj ugat ed pr ot"efhef surbdtraalnivald cdmeprieing adminiyte g tosech dnimalhe efféctiat frduint ofaf

aut oi mune and r i e such.as. fibrosis, | tiple sclerosis.
The ability ofdoﬁln!t_cer ef’%ﬁé“ﬂ%&?%ﬁﬁ'ﬁ‘fefm "o“p] 15 S rpPU, %#’5‘(5‘8 igealel s
(i.e., inhibit cenificopedississsiand Sub@ow asizuteated paticpo)ynmeneddljigsiecamjeigaems of
the invention t J t_ anagi ogenic i ses such as_diagpetic
reti nopat hy, rg@fﬁggﬁl%cg%mﬁaggnﬁugfgi , %ngfaiggﬁgﬁ%f'g‘ﬁcb‘n,%cg@g’é‘é%eal
graft rejecfi othe spredicasaditiaror giseasc oo te edbmbdi@N bgimaf dubjeerp kg baadniisiberRsi S
and GCsler- Wb : : reover, the.antiendot he i activity of
interferon has p@%@%gﬂg% PO IYFAUOP ptADY s‘ﬁ[ﬁgké}?féapﬁwcébﬁf ?&“‘Yfe’é‘ﬂé"r{ sm of

i nterferon act fiesagenssymiyereidily bedegarhine@withih the @RI It anahndotHout w@@td Vi ty by
inhibiting the

jon,or effjcac f angiggenic factors produced by
tunor 30 cell séﬂ%égﬂ%%!gg%ﬁcgrs © ffjdﬂfoﬁp%%{esg’ﬁ%’ﬁrsg%ﬁ%H%ifﬁﬁ%f' may & BRESAYuUl ar | y

sensitive to ttogateneainter2fon-polyinbr doRjugdidsQk BddcribddRieiBkh MWtetflrons from the
interferon;al p{})ﬁroigs the only docunented treatnent for this disease. It is
e

expect ed t hat tHedth the interferon-beta-la conj ugates of the

invention w || of f &he subtefipkdliddratph adtivRE 6kt Gerbn BERAT i el Wholvg! B Of

phar macoki net i %?tic%ndc l_phar codl¥na 1 CS, Ssince the conjugate is expected to

remain in the Rascal §FHe 5™ %o']mﬂfhag@r PYEPFTSAninRAES SR ORAPErFIB AT deRfflugat ed

interferons, thusaligading ahdcareresuell {siosle@hic 3tdom& fl frigsHomd EachR@yri¥cihier use

as an anti - angjE ?ch%ﬂi Se29ent. . See Exarrplﬁ 8. The polyner-interferon-beta=la

conj ugat es of The I'nVent R IRy Hareyendserlize@scaherciaemaas well B as in t he

form of pher meeeutneeldoydiaae ephadiioRSs phsandlIlife sA@6siQtINR Further expected

physi ol ogi cal I[l¥at rhunc i erivatives thereof. In such pharmaceutical and
0

tional .d 1 Sl .
medi cament 10 ‘Tor mil at I‘Qﬁ‘%‘,‘““i’ RERIAE BY the Fanssisd @rotging inpagfculagpanpiniof thet i | i zed
toget her W t h imer€r@rbdt®d I £mutein conjugates described herein, may be used in the treatment of

viral diseases, such as ECM infection. influenza, and other respiratory tract infections,
rabies, and hepatitis. It is also expected that immunomodulatory activities of interferon-
20 beta-la exhibited by the conjugated proteins described herein, may be used in the treatment
of autoimmune and inflammatory diseases, such as fibrosis. multiple sclerosis. The ability
of interferons to inhibit formation of new blood vessels (i.e.. inhibit angiogenesis and
neovascularization) enables conjugates of the invention to be used to treat angiogenic
diseases such as diabetic retinopathy, retinopathy of prematurity, macular degeneration,
25 corneal graft rejection, neovascular glaucoma, retrolental fibroplasia, rubeosis and Osler-
Webber Syndrome.
Moreover, the antiendothelial activity of interferon has been known for some time
and one potential mechanism of interferon action may be to interfere with endothelial cell
activity by inhibiting the production or efficacy of angiogenic factors prbduced by tumor

30 cells. Some vascular tumors, such as hemangiomas, are particularly sensitive to treatment



pharmaceutically acceptable carrier(s) and optionally any other therapeutic
ingredients. The <carrier(s) nmust be pharmaceutically acceptable in the
sense of being conpatible with the other ingredients of the fornulation
and not unduly deleterious to the recipient thereof. The interferon-beta-
la is provided in an amount effective to achieve the desired 15

phar macol ogi cal effect, as described above, and in a quantity appropriate
to achieve the desired daily dose. The fornul ations include those suitable
for parenteral as well as non-parenteral admnistration, and specific

adm ni stration nodalities include oral, rectal, buccal, topical, nasal,
opht hal m ¢, subcut aneous, intranuscular, intravenous, transder mal
intrathecal, 20 intra-articular, intra- arterlal sub- arachnoi d, bronchi al,

| ynphatic, vagi : intra- uterl cﬁén stratlon For mul ati ons

suitabl e for org’ mhcg%% reﬁﬁ“ﬁa\"f‘@rﬁt&’r&é{?n' Bgﬁ i3 el dospmeted tregfrecing for efds

When the i nt er f disase. bleisaxpcbted th& ttehtnlehzveich tham@erfeﬂfnm&aild &HJ g%&%ﬁé& ng a
m ni st er ed

liquid solutiog o] ti op .advant ageous|y may

orally or par en{H ern%{;&] gl O{AEESH& ‘fr}?@“‘?cﬁ‘fleg'ftﬁf‘ﬁ-ﬁs Bdeans °|f ahfl@aewkp#ew@ddl n a
l'i qui d suspen5|mnﬁmdyndna¢sl Siite Ctie c@@u@a:@@‘e@kﬁetcum@nﬁln%méuﬁ'ug Fo%” er
fornul ation, t]g?%or mf;(%@u on may be advant a%gous adm ni stere or al

rectal ly, or UmRARaA "P‘I‘l“émp‘r‘ﬂafé’FF’B? onselhis leadipgstoymarg Fffleﬁmchnﬂect ly

in the form of eéfcqmmmeraﬁ;dfosakla;dan&hﬁngnbg&&rég%t%e@m lelga may

advant ageousl y be n stered orally. Alternatively, 1t may be 30

admi ni stered nasal |y ed’ro YBFGIERERM bsta- 1o copivestss iof thatnvertiasfmaythe agoiweered N a

carrier gas, t(pcrfsraramvcl%m @e HAR OPRAICRRLE) &Qeﬂﬁblé&%r?gme&d"g‘“&h s

inspired by the lﬁ froma breathing cirtcuit conprising & Suitabl e

nebul i zer devi &?}) KISHIRLPH YAt s HisFPS | Inguahtrhaprcoutisnl a0d mjedigames of t he

present i nuent e, RAREILEH Yo BRrRis RIiRLkd ol Ly H95AGS,for B and

" may be prepar ed of the nethods nown 1 n the art o1 phar macy.
Such net hods gB %fFV‘i}“fYrPETCGH@eF‘HECTéSt)é?ﬂ Qﬁuomllmgy n@exttheramnc ingredients. The

i ngredient(s) ¢die(spacPEd Reuitdily a@cc‘ﬁ@ﬁfc 1§{hc\§\¢“sggf S r%sctolmt lzilttxb(?és RB& or nore
accessory | ngrﬁdl ents. pically formul ations g ed
uni formy and PR ”I‘Fé“tdEW Ff?@f"i‘\‘g“o“taﬁé nefcunpyly dfﬁlngrleldilteﬁtC(rs:)lpxcmulareof The

associ ation w ihhl’famh-bﬂh“lgls9@K/Tdb@fn1an§mfohrﬂ%l'f¥ctg'|: ¥d dalvoRllgdiggrrier, or
bot h, and $ if necessary shapin product 1nto 3osa e forms of the
or

desired 10 [H)ﬁ‘T%ﬁc? g{cal effect, as dcscnbed z?bove and In a quantity appropriate to achieve the
desired daily dose.

The formulations include those suitable for parenteral as well as non-parenteral
administration, and specific administration modalities include oral, rectal, buccal, topical,
nasal, ophthalmic, subcutaneous, intramuscular, intravenous, transdermal, intrathecal,

20 intra-articular, intra-arterial, sub-arachnoid, bronchial, lymphatic, vaginal, and intra-uterine
administration. Formulations suitable for oral, nasal, and parenteral administration are
preferred.

When the interferon-beta-la is utilized in a formulation comprising a liquid
solution, the formulation advantageously may be administered orally or parenterally. When

25 the interferon-beta-la is employed in a liquid suspension formulation or as a powder in a
biocompatible carrier formulation, the formulation may be advantageously administered
orally, rectally, or bronchially.

When the interferon-beta-1a is utilized directly in the form of a powdered solid, the

interferon-beta-1a may advantageously be administered orally. Altenatively, it may be

30 administered nasally or bronchially, via nebulization of the powder in a carrier gas, to form



Formul ations of the present invention suitable for oral adm nistration may
be presented as discrete units such as capsules, cachets, tablets, or
| ozenges, each containing a predeterm ned anount of the active ingredient
as a powder or granules; or a suspension in an aqueous |iquor or a
non- aqueous |iquid, such as a syrup, an elixir, an enulsion, or a 15
draught. A tablet may be nmade by conpression or nolding, optionally with
one or nore accessory ingredients. Conpressed tablets may be prepared by
conpressing in a suitable nachine, with the active conpound being in a
free-flowi ng formsuch as a powder or granules which optionally is m xed
with a binder, disintegrant, lubricant, inert diluent, 20 surface active
agent, or discharging agent. Mol ded tablets conprised of a m xture of the
powder ed pol ynmer conjugates with a suitablzs-carrier may be made by nol di ng
in a suitable AEEASEISPREIOY plithe poyddvevhivhdeindpyreaBiyling gattcherrad®d ke RumpQUNd
to

to a concentr at efnpAdiae AYSitabRHe b f a sugar, for exanple sucrose,
whi ch may al so be addgd alélay agcelgzgg?e&cﬁ‘S i ngredi ent (s). Such accessory

i ngredi ent (s) nay i AGEfeimufationscrompgsing g pblgiat e oRfuULAG oY BeipYeBent inABSH §ayf O

retard crystal | dog@dnteany 8 ugar., .and .agents to increase the solubility
of any other ingredi e}r’1t,pr{é%@ﬁagg@nétdﬁégf%ﬁv&fW@I@cﬂ‘ﬁi’?{cwb?ﬂyek@mﬂéods

n
gl ycerol or Ssor‘m%tlﬁpwn-mhmm af pransacy LS uch ble@odsOfenRANB R &deahe @cgmg}jngﬁ,gmci on
conveni ently cop@elis A agqueou reparation of the activ
conj ugat e, which 5(1e?%c?%'g‘lggln#osag?os?batﬂ8‘?1l“’5§ ﬁfﬂgt‘ﬂﬁphﬁlowﬂ{t%fonc Fanofdpscesseay pi ent
(e.g., physiol dgrediantssEypiendlyabé fotnoladions Steprephred B}amtomf}s‘marﬁ,}{m%[g?m%snsg{ 27-

ate ens

suspendi Ng agemmeS @R b i agents or other mcroparticu
which are desitgnéd ? gért%{%gé? mpﬁa S%%%UHE”‘@J‘“%F%H- Eirphotiddedsolgrcanine or

more organs. TREDO, andnbkemtif eussapyshbgnPhesenicethd Jbs&g@idﬁ@%@e Plicgul ti -dose
form Nasalpspfay.fi@sJrul ati ons conprise purified aqueous solutions of the
active 5 conjugate wth preservative agents and i sotonic agents. Such

formul ations are priemerlatiing of teljptesér chveMiod sHbRATS drd Qb ARG ?otn%ag gonpatibl e
with the nasal ,pugus,rpobranes. Fornul ations for rectal adm ni'&PT ation may
be presented as a SUPPOST Fory WHThas£arsyies seahets datiets. eF logenghs. eash comodngaut t er

hydr ogenat ed fRigdgtermmedgrowgefiht edtive aigrdfieh BdsRpoWhéGr gARhigk: oﬂ:%us@%{yomql mc
il thod to the

forul ati ons > rops are prepared by a simlar nme
%CAHU&ES ﬁgu%r gf a xpon-aquemg lquE)xd, such as)g syrup, an elixir, an emulsion, or a

15 draught.

A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a suitable
machine, with the active compound being in a free-flowing form such as a powder or
granules which optionally is mixed with a binder, disintegrant, lubricant, inen diluent,

20 surface active agent, or discharging agent. Molded tablets comprised of a mixture of the
powdered polymer conjugates with a sujtable carrier may be made by molding in a suilable
machine.
A syrup may be made by adding the active compound to a concentrated aqueous
solution of a sugar, for example sucrose, to which may also be added any accessory
25 ingredient(s). Such accessory ingredient(s) may include flavorings, suitable preservative,
agents to retard crystallization of the sugar, and agents to increase the solubility of any
other ingredient, such as a polyhydroxy alcohol, for example glycerol or sorbitol.
Formulations suitable for parenteral administration conveniently comprise a sterile
aqueous preparation of the active conjugate, which preferably is isotonic with the blood of

30 | the recipient (e.g., physiological saline solution). Such formulations may include



nasal . spray, except that the pH and isotonic factors are preferably
adjusted to match that of the eye. Topical fornulations conprise the
conjugates of the invention dissolved or suspended in one or. nore nedia,
such as mneral oil, petroleum polyhydroxy al cohols, or 15 other bases
used for topical pharmaceutical fornmulations. In addition to the
af orenenti oned ingredients, the fornulations of this invention may further
i ncl ude one or nore accessory ingredient(s) selected fromdiluents,
buffers, flavoring agents, disintegrants, surface active agents,
t hi ckeners, lubricants, preservatives (including antioxidants), and the
| i ke. 20 Accordingly, the present invention contenplates the provision of
suitable polynmers for in vitro stabilization of interferon-beta la in
solution, as a preferred illustrative appli cation of non-therapeutic
appl i cation. THESHSBIHHRGESARY hirkewinprasyear ¢1by regrapgstialaesystemcriigsae t he
thermal st abil ideyigado Rz tHeColBEnd b IbAI L ohBShR AN CH &fmoﬁmga'nﬂ.tﬁaf eron-beta
la. Enhancenent of the thermal stability characteristic of the
i nt er f er on- bet d°TH!3jio8s B8y boRiFsaEe irgmitidese danulémpedforst t he present
i nvention provides mNaég ' Walol [ ture
stability, and robust ne?§§yo?5?2§%?g%’ﬁk?‘éggghf{°§ agx?]caﬁﬁo{ug&{}‘_??@@?%{ OW ng
Exanpl es” ar € pr8URER™ith Piesaryasive ageats erdisgipric egentsi Sueb faringiationa and pesferatilyl not
be construed asduikd ol aYH bftaERHic sthd cRALLibIE Widthe rlaEal-mu%anﬁlb%%.er stood t hat
the in vivo, aninal EXPe.I‘I ments described herein may be varied, so that
ot her nodi fi cati onsFAAW2gEns/far fegial adminigfatiohmapbesiresented ss@dupposjionawish a
possi bl e. For exapRlcgmicl ficEXadR - 28- onrdi nar 11 Jin the art
coul d use ot her .neop%glrc |} gnhcassayls)?%l?mégw %gqg?[%cgélst rg%rﬁ%ﬂée{?dséhn’ac l|’°r’f34lt‘c of
primate used. ¥Hése nodifications and variations to the Exanples are to be
regarded asgo bei ng @ddin;t il of the,jinvention, MPLE
1: Structure/acti vi%ﬂtﬁlﬁaci fggn% ,Oht%ﬁﬁgsﬁeﬁ?g%? g?rgﬁieBgfdaleaas"TJ‘lisair H’ﬁlhog to the
al ani ne/ ser i ne"&glsptayt axeers thapie aHi so ssotopin ddoyss we pfeferablyepjuaed binnaitngatst t es
and functionajp.d@uains A Overview An extensive nutational analysis of
human interferon -~beta- la (I FN-beta-1a) was 10 undertaken with the ains
of mappi ng resi duesfapisguiorredatians ceroprise the yorgnghtes @€ eap inventibn disiohgd or The
2;’3'8-: abl]_lgIgt?y OfuspeiBeddnOn by bR medfal H&k W §inhi om',j g?[poleluﬁxl.\lﬁol?ﬁlglgrogyi(a {dhoRSy M
IS other bases used for topical pharmaceutical formulations.

In addition to the aforementioned ingredients, the formulations of this invention
may further include one or more accessory ingredient(s) selected from diluents, buffers,
flavoring agents, disintegrants, surface active agents, thickeners, lubricants, preservativ\es
(including antioxidants), and the like.

20 Accordingly, the present invention contemplates the provision of suitable polymers
for in vitro stabilization of interferon-beta la in solution, as a preferred illustrative |
application of non-therapeutic application. The polymers may be employed for example to
increase the thermal stability and enzymic degradation resistance of the interferon-beta la.
Enhancement of the thermal stability characteristic of the interferon-beta-la via

25 conjugation in the manner of the present invention provides a means of improving shelf
life, room temperature stability, and robustness of research reagents and kits.

The following Examples are provided to illustrate the present invention, and should
not be construed as limiting thereof. In particular, it will be understood that the in vivo,
animal experiments described herein may be varied, so that other modifications and

30 variations of the basic methodology are possible. For example, in Example 5, one of



Proc.. Natl. Acad. Sci. 94: 11813-11818) allowed us to identify for al anine
(or serine) substitutions the solvent-exposed residues available for
receptor interactions, and to retain amno acids involved in

i ntranol ecul ar bonds. A panel of 15 al anine substitution 15 nutations were
designed that replaced between 2 and 8 residues along distinct regions of
each of the helices (A, B, C, D, E) and loops (AB, CD, DE). An

am no-termnal histidine tag conprising six histidine residues was
included for affinity purification, as well as an enterokinase cl eavage
site for renoval of the am no-term nal extension. The resulting
interferons are referred to as "his tagged-interferon(lFN)-beta" or
"His-interferon-beta” or 20 "Hilo-interferon-beta" and the |ike. Various
mut ant his tagged-1FN beta expression pl®8m ds were constructed using a
wild type | FN- b¥fiay ekl inda et eanid usaother ntaprpinasays @could big eafinber Fd%ind

mut agenesi s St r@th88¥te ukdav et i duci ng .unj que, restriction enzyne
cl eavage sites ﬁﬁ’r oueﬁ(k)égf qihﬁsg%vm {ﬁéﬁof] {/%ggﬁfas’°?sé8§5$xg'ﬁm¢bﬁfé? bfergardadps
repl aci ng di st ibsing tBespird aedsoppat viednvedtiva. chosen 25 restriction sites

wi th synthetic oligonucl eotide dupl exes, which encoded the al anine (or
serine) substitution nutations. Finally, the nutant | FN genes were

subcl oned i At o EXAMPLES i Strudtinclactivitystdés ontanmz intitfefed-beteqphEHSi ON in a
human 293 ki dn o Functiopal consequences of these nutations were
assessed in ant% i}é\r/l?]rg}g%ngén%%“gn '?"p'?%ﬁap?'grg?ﬂq&‘? °§§§°§9‘§’." bindipgsitesapdact i ve | FN
bi ndi ng assay Wnstiemldbmpied t o anal yze 30 these nmutants in their binding
to the surfaceAr@ggrpggr ("I'FNAR 1/2 conpl ex") of human -29- Daudi Burkitt's
| ynphorma cells. I'n additi on, an assay to map interaction surfaces between
hi s-1 FN- bet a nmut antAn exasivENARRonabmalgey& honadintehaion SrRl 1‘3?‘?11-@::(4-'1:&"%&/ l g
fusion projei %dcg&gpﬁijt%&%aof the I.LFN receptor protein | FNAR2 extracel |l ul ar
domain fused to the  hiNgs R4% TRRARNCERTUaLITATIF forrackyityemd Frgeptor t§nding.
Creation of anThemyglabdinoof tred-B coemlsraduraof Hifah dtMebE @ (K B RNQS hiS 1 6347

strategy to g EN-bet.a I or serine) substituted nutants was
to first cre:]'%}gg'gﬁﬁb%?aﬁ%d%?ﬁ%@gl@?@ Qved\s tiHensify: fod algninteor wigring) t ype

protein but whiubtittians theeblvennéxgoied resiahids ia eAilbB10 fR ALY STBr 6 lcRRNAECArSIIb BRain

scattered acr ..ahe unique sifes were used to exchange w
type sequence?’?%}rﬂgﬁﬁfvﬁ@f?@'ﬂ)tﬁnﬁ’i)cgﬂﬁrlb@ i APt 5f ExRaningypeiuti® encode the

nut at ed cotfonsnutitionowere Kediged iberkplacadbdMbER D ahf@\be@@h&'aldr%d?sﬁﬁ&‘? %llw\lr%rb
cassette suit 8 | & e Qi &L CRY @pof, mytant genes, the |FN-beta cDNA (GenBank
2CoesSi oNn #EO(& 9(3 , E) loops (AB, CD, DE). An amino-terminal histidine
tag comprising six histidine residues was included for affinity purification, as well as an
enterokinase cleavage site for removal of the amino-terminal extension. The resulting
interferons are referred to as “his tagged-interferon(IFN)-beta” or “His-interferon-beta” or
20 “Hise-interferon-beta” and the like.

Various mutant his tagged-IFN-beta expression plasmids were constructed using a
wild type IFN-beta gene construct as a template for mutagenesis. The mutagenesis strategy
involved first introducing unique restriction enzyme cleavage sites throughout the wild
type his tagged-IFN beta gene, then replacing distinct DNA sequences between the chosen

25 restriction sites with synthetic oligonuéleotide duplexes, which encoded the alanine (or |
serine) substitution muzations. Finally, the mutant IFN genes were subcloned into a
plasmid which directed mammalian cell expression in a human 293 kidney cell line.

Functional consequences of these mutations were assessed in antiviral and
antiproliferation assays. A non-radioactive [FN binding assay was developed to analyze

30 these mutants in their binding to the surface receptor (“IFNAR1/2 complex™) of human



was anplified by PCR An initial cloning of the | FN-beta gene into plasmd
pMIB 107, a derivative of pACYCl1l84, see Rose, et. al., 1988, Nucleic Acids
Res. 16 (1) 355 ) was necessary in order to performsite-directed

nmut agenesi s of the gene in a plasmd that |acked 15 the specific
restriction sites which would be generated through the mutagenesis. The PCR
primers used to subclone the coding sequences of the human | FN-beta gene
al so allowed us to introduce an enterokinase cl eavage site upstreamand in
frame with the |IFN-beta gene (5 PCR priner

5' TTCTCCGGAGACGATGATGACAAGATGAGCTACAACTT 20 GCTTGGATTCCTACAAAGAAGC- 3" ( SEQ
| D NO 3: "BET-021", and 3' PCR pri mer

5' - GOCGCTCGAGT TATCAGT TTCGGAGGTAACCTGTAAGIC- 3' (SEQ I D NO 4:"BET-022") and

fl anki ng restripgti: ' (BspEl. “and_Xho | .useful faor c|oning
into plasmd ph%aghl%hfsg%%{@hgﬁl%%%?'egﬁ Elllcr’l"g ORI Q '%@f‘%‘?'@?‘f"é’&“%ceé?‘waﬁ
fragment A. 25 harFiftetaghwmts i fNAR2Segdevetaped tanempleycd WTANARASE fkidh cel |
adhesi on nol ec = i,anal seque d a six hjstidine tag were
i ntroduced int L()?CH% ¢ ll(n%%g 8%%%@8%?"”?? "gﬁgé‘?‘gﬁé"ﬁﬁi&ﬁﬁ giErused e ed
from pDSW247 ( hinagGH2 anBCH3EbasingyvfhupkSl@@47 is a derivative of pCEP4
(I'nviirogen rl gr whi ch the EBNA-1 gene has heen deleted,
and whi ch car rc':?'esé%%gb?&{}ﬂteg?%ﬂgfmsgémﬁctémﬁl@%é§)“"Fﬂf§§‘ﬂs upstream and in
30 frame with a sixOwissttegditegentrag [FN-B&a RGRnO(or BRNS) Jubatutd®nBraHs &s tFirst
generate the V M@.&%ette noi ety were KID 369 (5
PCR primer 5 -“A TEAF erXAE P protagrbyt whighmanisy and
KID- 421 (3' P@RypésmimiobenzGriXHEZEARGATARGATOATRAIGS PROGHFRAIS werEQ | D
NO 6) i ncor por aste(i“r(l) f I anki g(ﬁ restriction enzyne cleavage sites 5 (Not! and
BspEl) that al FoWwSd 8580sST iHYRsSequrReer fos smEtc pligaacleoride dpplencs whigh asr ni d

vector thato camcededhd MeatC¥bds. 4 §B&lo SRAK ENEEMarTFN BBl AR Pression cassette
i nterferon-beta.tg”rr:‘.e we er;ormed a three-way ligation using gel purified
HiniopFaein g

DNA fragments °'f Dt genepibeat N prtaiA (Gandandhascessiop F@PR9) PCR

fragment A (Bsplshmahfied8y®CR. CALRURMI oAb fiKATRERL %@né N J1a1d pBE B, 2
cl eaved). The ormeither JA221 or XLI

-Blue E. coli Jghé%%%gd@ﬁﬁggi S\fé\%aﬂ%?fg'fegg‘f'ngégr?N%Eﬁ?cg‘?ﬁ?ié%R%F%(l) piTked and
tested for insecessinbiy ofdeBiolpkGdrinGlie-BRdecdMkapshesis oVi%igBRSR 2 PNAmBS I TRYEy and
the t5  the specific restriction sites which would be generated through the mutagenesis.

The PCR primers used to subclone the coding sequences of the human IFN-beta
gene also allowed us to introduce an enterokinase cleavage site upstream and in frame with
the IFN-beta gene (5’ PCR primer _

S TTCTCCGGAGACGATGATGACAAGATGAGCTACAACTT

20 GCTTGGATTCCTACAAAGAAGC-3' (SEQ ID NO:3: “BET-021", and
3" PCR primer 5’-GCCGCTCGAGTTATCAGTTTCGGAGGTAACCTGTAAGTC-3'
(SEQ ID NO: 4:"BET-022") and flanking restriction enzyme sites (BspEl and Xho I)
useful for cloning into plasmid pMIB 107 sites. The resulting DNA is refererred to as PCR
fragment A.

25 An efficient signal sequence from the human vascular cell adhesion molecule-1
(VCAM-1) signal sequence and a six histidine tag were introduced into the final construct
from a second DNA fragment created from pDSW247 (fragment B). Plasmid pDSW247 is
a derivative of pCEP4 (Invitrogen, Carlsbad, CA) from which the EBNA-1 gene has been
deleted, and which carries the VCAM-1 signal sequence (VCAMss) fused upstream and in

30 frame with a six histidine tag. The PCR primers that were used to generate the VCAM:ss-



sequence of the insert was verified by DNA sequencing. The resulting
construct was called pCMx260. 2. Creation of alanine substitution nutants
of human interferon-beta in pCM&60 15 The plasm d pCM=60 was used as a
tenplate for multiple rounds of nutagenesis (U S.E. Site Drected

Mut agenesi s Kit (Boehringer-Mannhein), which introduced unique restriction
cl eavage sites into positions along the | FN-beta protein codi ng sequence
but did not change the resulting sequence of the protein. The nutagenized
pl asm ds were used to transformeither the JA221 or XLI-Blue strains of E
coli and reconbi nant col onies 20 sel ected for chl oranphenicol resistance.
Chl or anpheni col resistant colonies were further tested for the presence of
the desired unique restriction enzyne site by DNA restriction napping

anal ysis. The resulting | FN-beta plasm d30pCMx275. 8, contained the full set
of uni que resl!/hlswimﬂotngm&ymomk;e\auamslépes PORbdnbe sONA sequence of the

gene was verif kgg i (é of the nodified,
hi s-tagged inter etaégcé%&ﬁg%y&‘éggf\& ClQ\fﬁlc‘tci:r:th eEQ NG B e Kl
sequence (SEQ ‘HDKIDPC:&pnmaﬁecgowmmﬁmmcﬂTmTGm/iwdi set of al anine
substitution d in Table (below). The nanes of the
mut ant s speci %% (?(% rucﬁﬁf@o Nﬁél‘%ﬁ?o(aﬁ'ég ﬂe'é@oa[ﬁwmewgymp pleapiagecstiest he
nut at i ons vﬁerdeddeBhpEBdhaz dinavediekdision PR a@fentBDNAE (Serine)
substitutions resul.ll ion of 65 of the 165 am no acids of hunan

a
FN-beta. 30 The panelcre&‘c arﬂﬁ“é‘r‘f{ ¥citaagsaginddle YEOM-peambymugch pistagsndci ng
segnents of Dhbﬁerfﬁdn-bdnegcweea pérktﬁrnwh qu& W8Sl daliGl hsi3 g8l ﬁuﬁﬁed"b&ﬂ fﬁgﬂ&l&et I c

ol i gonucl eoti de exes \/\4} ied. the geneticC co nfo
depicted in Ta%’ ”‘ S EstopRMY 07 ﬁ‘aﬂef*%b@ cﬂqaée%’rqwmmcaqfafﬁsnélnnd Xhol
substitution mmmxanplﬁagmxds(g:eh aRIBiJEI R REVERS ﬁga%d\f;‘?zﬁ&&l{ wés%kegﬁ?{ec' with
t he apprOIBrl gte reseh{;eéﬁA%zl ynme, as indicated on the ow for

each | FN-beta &t r‘EdﬁLdr@‘“%lﬁdcoé‘l*@Wﬁ@m@tli"d@ﬂmrplcebwss yoodi ng
strand sequenpesedahetes:ha)mmséhsT@b&s@nc@Don‘A%%naJHQ%?QEEWAF ! madgﬁﬁd i 9ation

m xtures were_used to transformthe JA221 strain o

reconbi nant cSTIBHFEY Benses ey "F"(bfﬁedahﬁ‘ﬂ?ﬂmsmunnmmlBtcamémgmlrmt Whi n

resi stant col aiieegCMGR6® tested for the presence of the insertion of the
mut at i ons by %déeenl ngr for appropriate restriction enzyne sites. For two
mutants (A2 a 13IANIng YRstYtien atands/ofdrimsin indrfeGnehsitniy nGM»GwpI exes

of synt hetis c meip@@ﬂﬂ“ﬁﬂ@\@@?ﬂﬁﬁas(@m [&rﬂpl-{@k?&r%tﬁ}l;?lc Yésﬁ]h&mf%%[aéé( csxs&

conpl ement ary, \.berhang4 ends to allow themto ate
t he vect or - I'—'?\Il-e trected Mutagenesis Kit (Boehringer-Mannheim), whxch introduced unique

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

and

not change the resulting sequence of the protein. The mutagenized plasmids were used to
transform either the JA221 or XL1-Blue strains of E. coli and recombinant colonies

20 selected for chloramphenicol resistance. Chloramphenicol resistant colonies were further
tested for the presence of the desired unique restriction enzyme site by DNA restrictionl
mapping analysis. The resulting [FN-beta plasmid, pCMG275.8, contained the full set of
unique restriction enzyme cleavage sites and the DNA sequence of the gene was verified.
The full DNA sequence (SEQ ID NO: 1) of the modified, his;tagged interferon beta gene,

25 together with the protein coding sequence (SEQ IDNO: 2) ,.are given in Figure 10.

The full set of alanine substitution mutations are depicted in Table 1 (below). The
names of the mutants specify the structural regions (helices and loops) in which the
mutations were introduced. The entire panel of alanine (serine) substitutions results in
mutation of 65 of the 165 amino acids of human IFN-beta.

30 The panel of mutants was created from pCMG275.8 by replacing segments of DNA



beta backbone in a three-way ligation. The following list illustrates the
sites which were wused to clone the nutated oligonucleotides from Table 2.
The cl oning schenme (subsection B) shows the positions of these unique
sites on the interferon beta gene. -32- TABLE 1 Positions of alanine

substitution nutations of HUFNp } 10 2030 40 so | . .. 1 .. ..1 .. .1.
I 1 ... IFN1t3

MBYNL L GFL QRSSNFQCQKL LWL NGRLEYCLKDRWNFDI PEEI KQLQQFQKE Al
e A2 -
AP AA- = AP - o i e ieeeiiaiiaicaiaiiaaeaas ABL ----eocciiaiin ciiaiinaaaaan
AAA-AA - - AB2

----------------------------------- AA-A--Ay---------- AB3

"""""""" between the-unique restriction sites with synitie VHYon i ¥otide dup c?e:g:\,;(}pﬁ: Q\%l 'Y(I\)/% p

60 70 80 90 10 N T T TP
QNI FAI FR@SSSTMT?W’EAW‘R&FWWEEKMEKBCC Bdow). To create the various
__________ A- - A8lanine substitution mutant plasmids gel purified pCMG275.8 vector I(?_’céaved with the

AAA ot
Cee oo oo oo TREMORNAL restriction gnzymye, agindicated on-the list below for-each@N-beta structural
----------- > ; feston) and olfgonuctentide duplexs (cbling Wand ¥egignces aje ghownra Table 2 wer.

}-CD | oop_  11083%goaessr. Th ligaipn raipturdsmdeenised to transform the JA22 ] strain of E. coli
DFTRGALMBSL HL KM YédahibkthebidmeSsIGaNTd YRYELLRNGYRINRLTGYLRN  CD2

linresistance. Ampicillin [9sistant colonies

AR A A A el e e T T oo e AT

------------ . . Were teyled for the preseoce.of the-insertion of the mutations by-screening for appropriate
AA- e restriction enzynte-sites: For REZ ,

R RLEEET T EE T yIme sites. EXf Tvomutants (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 the vector-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



S R R CD | oop

~ helix D_i i helix E The line designated | FN-(3 shows the wild type
human I FN-3 sequence. Al anine or serine substitutions of the IFN-O
residues are shown for each of the nutants and dashes, bel ow rel evant
regions, indicate wild type sequences. The helices and |oop structures are
indicated as solid lines below the mutants. The DE | oop spans the gap
between the D and E helices. Two additional alanine substitution nutants
(H93A, HI97A and H121A) were generated and anal yzed in antiviral assays to
assess the effects of nutating these histidines, which chelate zinc in the
crustal structure dieter. Both of these nutants retained full wld type
activity in antiviral assays, suggesting-8hat zinc- nedi ated di ner
formation is notTABRFoktant for I'FN-a activity. -33- TABLE 2 Al SEQ ID
CCGGAGACGATGATGACAAGATGGECTTACGCCGCTCTTGGAGCCCTACAAGC  NO. 7
TTCTAGCAATTTTCAGTGTCAGAAGCTCCTGIGGC BET-053 A2 SEQ ID

GATCTAGCAATGCTGCCT drsitivarelriaaineGuhaitainGrttions TFNND 8 GAATACT BET- 039
SEQ I D NO 9 GCCTCAAGGACAGGATGAACTTTGACATCCCTGAGGAGATTAAGCAGCTGCA  BET- 041
ABl1 SEQ ID AATTGAATGEEAGEECTGCAGCTTGCECTGCAGACAGEATGAACTTTGACATCC NO 10

CTGAGGAGATTAAGCAECTGCA BRT- 080 AB2 SEQ | Do €
TSR Ie o SR AT 11g 1
TGCAGAGATT
=B = -_—— _._A __________________________________________
A2 eeemmme o AR-AA~-AA~————m e e e e
ABl  mmom e AAA-AA~——mmmm—mmmm—mm e
AB2 s - AA~A--A---=-===—n-
AB3 m e - AAAAR-AAA
F_______hellx A [} AB loop I
60 70 80 90 100

Bl e A e A S e

2 R e —— ARR -~ === e e

Cl e AS-=AA--S=—m=mmmmmmmm e

C2  m e A-—-A--AR-————————

CD1l  mmmm oo e AA--AAA
l helix B_, 'FCD loop
110 120 130 140 150 160

CD2 AA-A— A mm e == o

D s A-AR- A~ m e mm e mm——mmm e m e
DEl = —=——mmmmc e e e AR c e e m e
DE2 = - AB—mmm e
E e A~—-A--A--A-——=-—=—==

CD loop4| helix D ! l helix E -

The line designated IFN-§ shows the wild type human IFN-§
sequence. Alanine or serine substitutions of the IFN-P 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 H121lA)
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.



AB3 SEQ | D AATTGAATGGGAGCCT TGAATACTGCCTCAAGGACAGGATGAACTTTGACA  NO 12
BET-084 SEQ | D TCCCTGAGGAGATTGCTGCAGCTGCAGCTTTCGCTGCAGCTGA NGO 13 BET-086
Bl SEQ | D CGCCGCGTTGACCATCTATGAGATGCTCGCTAACA. TCGCTAGCATTTTCAGACAA NO 14
GATTCATCTAGCACTGECTGGAA BET-110 B2 SEQ I D
CGCCCCATTGACCATCTATGAGATGCTCCAGAE; CATCTTTGCTATTTTCGCTGCAG NO. 15
CTTCATCTAGCACTGCCTGGAA BET-112 5 d S EQID

- GGAATCGCTTCAATTGI TGCTGCACT CCTGAGCAATGI CTATCATCAGATAAACCATC NGO 16

TGAAGACAGTITCTAG BET-114 C2 SEQ I D
GGAATGAGACCATTGT TGAGAACCTCCTGCECTA. ATGTCGCTCATCAGATAGCACATC  NO 17

TGGECTGCAGITCTAG BET-092 CD1 SEQ I D
CTAGCTGCAAAACT GGCTGCAGCTGATTTCACCA NG 18 BET-094 -34- CD2 SEQ ID
CTAGAAGAAAAACT GEAGMWEAAGCAGCTACCGCTGGAAAA TGA NO 19

GCGCGCTGCACCTGAAAAGA  BET-096 SEQ I D
TATTATGCGAGGATTCTGCAT TACCT GAAGGCCAAGGAGTACTCACACTGT  NO 20 BET-106 D1 SEQ

| D CATGACATCT A kA AR AT A B TS ST AR R pracance

GCAGCCAAGGAGTACT CACAET<EE3

A2 SEQ ID GATCTAGCAATGCTGCCTGTGCTGCCCTCCTGGCTGCCTTGAATGGGAGGCTT
NO:8 GAATACT
BET-039
SEQ ID '
ggé?oql GCCTCAAGGACAGGATGAACTTTGACATCCCTGAGGAGATTAAGCAGCTGCA

ABl1 SEQ ID AATTGAATGGGAGGGCTGCAGC TTGCGCTGCAGACAGGATGAACTTTGACATCC
NO:10 CTGAGGAGATTAAGCAGCTGCA
BET-080

AB2 SEQ 1D AATTGAATGGGAGGCTTGAATACTGCCTCAAGGACAGGGCTGCATTTGCTATCCC
NO: 11 TGCAGAGATTAAGCAGCTGCA
BET-082

AB3 ggolgD AATTGAATGGGAGGCTTGAATACTGCCTCAAGGACAGGATGAACTTTGACA
BET-084
SSQI§D TCCCTGAGGAGATTGCTGCAGCTGCAGCTTTCGCTGCAGCTGA
BET-086

Bl SEQ ID CGCCGCGTTGACCATCTATGAGATGCTCGCTAACATCGCTAGCATTTTCAGACAA
NO: 14 GATTCATCTAGCACTGGCTGGAA
BET-110

B2 %EQ 1D CGCCGCATTGACCATCTATGAGATGCTCCAGAACATCTTTGCTATTTTCGCTGCAG
NO: 15 CTTCATCTAGCACTGGCTGGAA
BET-112

5

(G SEQ ID GGAATGCTTCAATTGTTGCTGCACTCCTGAGCAATGTCTATCATCAGATAAACCATC
NO:16 TGAAGACAGTTCTAG
BET-114

c2 SEQ ID GGAATGAGACCATTGTTGAGAACCTCCTGGCTAATGTCGCTCATCAGATAGCACATC
NO: 17 TGGCTGCAGTTCTAG
BET-092

CD1 SgolgD CTAGCTGCAAAACTGGCTGCAGCTGATTTCACCAGGGGAAAACT

BET-094



BET- 108 DE1 SEQ | D CATGAGCAGICTGCACCTGAAAAGATATTATGGGAGGATTCTGCATTACCTG
NO 22 AAGGCCGCTGCATACTCACACTGTGCCTGGACGAT BET- 116 DE2 SEQ I D
CATGAGCAGT CTGCACCTGAAAAGATATTATGGGAGCGATTCTGCATTACCTGA NO 23
AGGCAAAGGAGTACGCTGCATGTGCCTGGACGAT BET-118 5 El SEQ ID
CGTCAGAGCTGAAATCCTAGCAAACTTTGCATTCATTGCAAGACTTACAG NGO 24 BET-104 B.
Construction of EBNA 293 expression plasmds The wild type and nut ant
| FN- bet a genes, fused to the VCAM 1 signal sequence, his tag and
ent er oki nase cl eavage site, were gel purified as 761 base pair Not! and
BanHl 10 restriction fragnents. The purified genes were subcloned into
Not| and BanmH cleaved plasmd vector pDSW47, as depicted in the
schematic. Plasm d pDSW247 is an expression vector for transient expression
of protein in hg%ﬁnég‘?g@ -293Tk'i dney cel | s34-(I nvitrogen, Carlsbad, CA). It
contains the cytomeggf,qgviru %gﬂ%gﬁwgwmswcmmwme@um ory

ai %%g?@ .{éj aver gene expression in that system

el ements whi ch are BETHobs ed

as 15 well as selectable nmarkers for E. coli (anpicillin resistance) and
EBNA 293 cells (hygromycin resistance) as seen in the cloning strategy
schematic (bel ow). SBfeIbi ga’uemiATGMM&&cmh&MﬁﬁﬁécéﬁéK&Hg&Fmrﬂt her
JA221 or XL 1-Blue -i—‘éﬁio:&l i cells and anpicillin resistant colonies were
pi cked and tested for inserts by restriction nmap anal ysis. Maxiprep DNA
was made and tgﬁ se.%ge{lﬂce of the inserts was verified by DNA sequenci ng.
Positive 20 cl oties it ayi ACRRSTERSSAQCRGhAMIAZ g P rdREc SR ateBESS R € used
to transfect human aEBﬁtféa g%g%cﬁ?%&@“é@Ff\%‘\ca%T descri bed bel ow. -35- The

cloning strategy is presented bel ow. Schematic Representation of

over al |
G oning Strategy, a@go | EN- ( %A% ression Pl asi nids Noa Sr**WO0"
AGTCTGCACCTGAAAAGATA’I‘TATGGGAGGA'I‘T T
NO: 22 AAGGCCGCTGCATACTCACACTGTGCCTGGACGAT CTGCATTACCTG
BET-116
DE2 SEQ ID CATGAGCAGTCTGCACCTG
s AAAAGATATTATGGGAGGATTCTG
NO: 23 AGGCAAAGGAGTACGCTGCATGTGCCTGGACGAT CATTACCTGA
BET-118
5
El SEQ ID
NO:24 CGTCAGAGCTGMATCCTAGCAAAC T’I‘TGCA'I‘TCATTGCAAGACTTACAG
BET-104

B. Construction of EBNA 293 expression plasmids
The wild type and mutant IFN-beta genes, fused to the VCAM-1 signal sequence,
h_is tag and enterokinase cleavage site, were gel purified as 761 base pair NotI and BamH]
10 restriction fragments. The purified genes were subcloned into NotI and BamH]I cleaved
plasmid vector pDSW247, as depicted in the schematic. Plasmid pDSW247 is an
expression vector for transient expressipn of protein in human EBNA 293 kidney cells
(Invitrogen, Carlsbad, CA). It contains the cytomegalovirus carly gene promoter and EBV
regulatory elements which are required for high level gene expression in that system, as
15 well as selectable markers for E. colj (ampicillin resistance) and EBNA 293 cells
(hygromycin resistance) as seen in the cloning strategy schematic (below). The ligated
plasmids were 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 sequence of the inserts was verified by DNA sequencing. Positive
20 clones displaying the desired mutagenized sequences were used to transfect human EBNA

293 kidney cells as described below.



- Noll B& H tsgmaM pCMR275.(3*2 bp) GJUNI OV Barm  %xhhol Coning Vector r
(pDSWe47 pft" Ewen n EBNA29J Cds ~ 9105 bp) rnrnr,te by: E115A Weston Bbl
Nyq, pmt an~ Futaar W Assays EBNA Expression Vector 0Oau6 Cd a" ng k*-w Away
| FNAA2-Fc 3.n g Ma-proWaava Assay 5 C. Expression and Quantitation of

| FN- bet a-1 a al ani ne substitution nutants The human EBNA 293 cells
(I'nvitrogen, Carlsbad, CA Chittenden, T. (1989) J. Virol. 63: 3016-3025)
wer e mai ntai ned as subconfluent cultures in Dul becco's Mddified Eagle's
medi a supplenented with 10% fetal bovine serum 2nM gl utam ne and 2509/ m
Geneticin (Life Technol ogi es, Gaithersburg, MD). The pDSW247 expression
plasmds 10 were transiently transfected into EBNA 293 cells using the

| i pof ectam ne protocol (G bco/BRL, Life Technol ogies). Conditioned nedia
was harvested 3-4 days posttransfection,-38ell debris was renoved by
centrifugation, and tHheovsralclomiNg betegy isqoascreet beddv:on was quantitated by

ELI SA. The ELI SA assay . US] . cl on rapbit anti bodi es
(protein A -36- purifiega?g%?ﬁgﬁ%gﬁgﬁﬁggeﬁaﬁﬁﬁégﬁ”wghggggFB&ﬁﬁfw?Fgﬂ hurman
| FN-beta-la) to coat 96-well ELISA plates and a biotinylated formof the
sanme polyclonal rabbit kgoams usedwas a secondary reagent to allow

interferon detection using ept avifdi n- 1 i nke for ser adi sh  per oxi dase
(HRP: Jackson | rnnmunoResear ch, 5y ove, P

Sndi | ution series of 5
interferon-beta-1 a was used to gens

nddf,d concentration curves. The
hi s-1 FN-beta containing condi tfonel" e»t he EBNA transfectants were
diluted to obtain sanples

b

Nott + Bamiil iragment

pCMG275.8
(3462 bp)

Cloning Vector
1]
posw247 "
Express in EBNA29S Ceits — (9405 bp)
Cuarmtaie by: {w\
ELISA
Western Blot W
Funchonal Assays
EBNA Expression Vector
Dau: Cet Benng Art-veal Assay
FNARZ-Fc Bma:ng An-prokieratve Assay

5 C. Expression and Quantitation of IFN-beta-1a alanine substitution mutants
The human EBNA 293 cells (Invitrogen, Carlsbad, CA, Chittenden, T. (1989) J.
Virol. 63: 3016-3025) were maintained as subconfluent cultures in Dulbecco’s Modified
Eagle's media supplemented with 10% fetal bovine serum, 2mM glutamine and 250pg/ml
Geneticin (Life Technologies, Gaithersburg, MD). The pDSW247 expression plasmids
10 were transiently transfected into EBNA 293 cells using the lipofectamine protocol
(Gibco/BRL, Life Technologies). Conditioned media was harvested 3-4 days
postiransfection, 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



Wi th eoncentrations rangi ng between |Ong/m and 0.3ng/m in the ELISA
assay. To confirmthe concentrations of the |FN-beta in nedia determ ned
by ELI SA, western blot analysis was perfornmed. Reduced cul ture
supernatants and | FN-beta- |a standards were to subjected to SDS-PAGE on
10- 20% gr adi ent gel s (Novex, San Diego, CA) and blotted onto PDVF

menbr anes. | nmunoreactive bands were detected with a rabbit pol ycl onal
anti-1FN-beta- la antiserum (#447, Biogen. Inc., a second antiserumthat
had been raised against IFN-beta-la), followed by treatnment with

HRP- | i nked donkey anti-rabbit 1gG (Jackson I mmunoResearch). 15 D.
Assessing the Interferon-beta Mutants for Receptor Binding The receptor

bi ndi ng properties of the Interferon-beta nutants described in C were
assessed using two different binding assays. One assay neasured binding of
the interferon- PUbéftddgﬁlﬂnabMiest}ﬂd BechlsibédNo Phrte@ihimad IINARE-1 § 0&591?3 el Ng the
extracel | ul ar of th 20 n | ENAR2 receptor chain use to part of
t he constant regl on O[F rﬁﬁ%ﬂw orm ¢ENpeRRmE polxglanabsabbie ke€edsiusedahia nese

hanst er ovary (S@bﬂ)ar)c&lagcsn Mophlrﬁtbxffdr&dd@ééu@rf Qstu?g' ﬂcﬁaw@xﬁﬁ?@gdq%ger% fg it y

chr omat ogr aphy r di to the instructions t he manufacturer ~(Pier
Chem Co. Rocgfar g‘“ b%gpééﬁké‘f Resggreh, W&@Y%Bﬁhg/\dﬂuthntssresef on- beta

mitants to5| FNaRRroRMeles WiE 8SdRE flriefcahnElr SA AL a IRAR ates
wer e prepared b%t 25 coat.i.ng fl at- gettorred 96 vvec a”?';a%lgze%ozrécr%ght cgat 4 C

with 50 pl/wel o 8™ HoQRE g imedia e th F&Mﬁm@wmwﬂanﬂutbm;ob(a@@mpmg

Bi ogen, Inc.) waith ddcqd@atidns rdhgmgBEiwdch WAL 8%nd 639 N@,gééiﬁ 2ni.M MgC12,
0. 2nmM Cadl , , Pl ates were washe tvz\lnnce vﬁm}{L (S:érﬁsay r;l:VIng 0. 05%

Tween- 20, and cboflg'@k & e HrgoBRf HsAENbetade pedip Fifk!crmnnePBSSEWA Westrotibot at  r oom

tenperature. Adnblgsis ‘B/mcff@ﬂ‘r&dwﬁgmgd cu.ﬁ@ro%l:p@’flatgndprgx E{ F ' nerO 5% 30
mlk in PB§) con ain 05% Tween- 20 was ad to eac a *fScubat ed

for | hour 37Su JEe 'Bgf?ﬁt*’e‘r%?faf%?%% gepdignt gels (b’bmxe%anvmacgb Cheﬂnd\wcmlaed twice

nor e. Bi ndi ng cafo KONF médbrids € L Rda VUL ARS ured by
addi ng 50 Nvwel !Iégﬂ%lgant i nt erfe?on ab[ét ain cccr)én&) Jtl oneRg' arFebc?”é’Ol ge?a?al |y

diluted in Dul®} da-iptissrug () Biogen. Mdamqmﬁmmmpmm&a&mth 10%

fetal bovine sgtinsniFNaBSh-14)CNAIddNG eRmed: B of
i nterferon- be?]laﬂarrutf;llﬁ_[lléplo pi cal I yn?etlr?gg]c? %r‘%ﬁ‘ﬁ%?%?.ﬁ%‘%&"m fa% M%Efiown to 10

pM After was E¥8fbet a bound to the pl at es was det ected by
addi ng 15

D. Assessing the Interferon-beta Mutants for Receptor Binding
The receptor binding properties of the Interferon-beta mutants described in C were
assessed using two different binding assays. One assay measured binding of the interferon-
beta mutants to a fusion protein, IFNAR2/Tg, comprising the extracellular domain of the
20 human IFNAR?2 receptor chain fused to part of the constant region of a human IgG. -
IFNAR2-Fc was expressed in chinese hamster ovary (CHO) cells and purified by protein A
sepharose affinity chromatography according to the instructions of the manufacturer
(Pierce Chem. Co., Rockford, IL, catalog #20334). The binding of interferon-beta mutants
to FNAR2-Fc was measured in an ELISA format assay. ELISA plates were prepared by
25 coating flat-bottomed 96 well plates overnight at 4° C with 50 pl/well of mouse anti-human
IgG1 monoclonal antibody (CDG5-AAS, Biogen, Inc.) at 10 ug/ml in coating buffer
(50mM NaHCO;, 0.2mM MgCl,, 0.2mM CaCl,, pH 9.6). Plates were washed twice with
PBS containing 0.05% Tween-20, and blocked with 0.5% non-fat dry milk in PBS for 1
hour at room temperature. Afier two more washes, 50 ulof 1 pg/ml IFNAR2-Fc in 0.5%

30 milk in PBS containing 0.05% Tween-20 was added to each well and incubated for 1 hour



50 plfwell of a cocktail consisting of a 1:1000 dilution of a rabbit
polyclonal anti-interferon antibody (#447) plus horseradi sh peroxi dase
(HRP) -1 abel | ed donkey anti-rabbit |gG (Jackson I mMmmunoResearch), and
incubating for 15 mnutes at 4 C. After two washes,. 10 HRP substrate was
added, and the plate was incubated at 4 C before being read on an ELISA
pl ate reader at an absorbance of 450 nm Data were plotted as absorbance
versus the concentration of nutant interferon-beta, and the affinity for
the binding of the nutant interferon-beta to 1FNAR2-Fc was determ ned by
fitting the data to a sinple hyperbolic binding equation. Results from

t hese anal yses are shown in Figure 1, in which the binding 15 affinity for
each nut ant, deternined at | east three |ndependent experinments, is
expressed as ﬁgﬁgenta e of %hat measur&d for His6-wild-t ype
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di | utions of ianfitRad mvl)-ﬂl@st}%rﬁ%ﬁﬁﬁ'})&of;é‘ﬂgﬁ-ﬂu{)ﬁ%l% éon?%\ﬂag%Fﬁ?ﬁ)no S pM  To

each wel | é’added 100 of biotinylated mirine ant ocl onal
anti body EA 12'3f 8“B“T)’“°R§PFdf°thhé“?)ln‘é&tbé%"gifﬁtLﬁdame@S ftgr’CaAfierddd wadmal 2

M nut es atior OPIRP s W& IDSIQH ht?gtv f FAGS buffer (4
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channel fluorescence intensity (M- versus the c¢
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stai ning. Each nutant was tested t1mes I'gure 2 shows the
recept or A second receptor binding assay was used to measure the affinity with which the

interferon-beta mutants bound to Daudi cells expressing both receptor chains, [FNAR1 and
IFNAR2, which together comprise the receptor for interferon-beta. This FACS-based

20 assay used a blocking monoclonal antibod.y directed against the extracellular domain of
[FNARI, EA12 (Biogen, Inc.), to distinguish unoccupied (free) receptor from receptor to
which interferon-beta was bound. Daudi cells (20 pl at 2.5 x 107 cells/ml) were placed in
96-well V-bottom ELISA plates, and incubated for 1 hour at 4° C with various
concentrations of interferon-beta mutant (20 ul in FACS buffer; 5% FBS, 0.1% NaN; in

25 PBS). Desirable serial dilutions of interferon-beta mutants ranged from 0.5 M down to
0.5 pM. To each well was added 100 ng of biotinylated murine anti-IFNAR! monoclonal
antibody EA12 (10 pl), and the plates incubated for an additional 2 minutes at room
temperature before being washed twice with FACS buffer (4 °C). The cells were then
incubated for 30 minutes at 4 °C with 50 pl/well of  1:200 dilution of R-Phycoerythrin-

30 conjugated streptavidin (Jackson ImmunoResearch), washed twice in FACS buffer,



binding affinities for each interferon-beta nutant, determned by this

net hod, expressed as a percentage of the affinity neasured for

Hi se-wild-type interferon-beta- la in each experinent. 10 E. Assessing the
Interferon-beta Mutants for. Function The interferon-beta nmutants were al so
tested for functional activity using in vitro assays for antiviral
activity and for the ability of the interferon-beta to inhibit cell
proliferation. A mninmmof three antiviral assays, each with triplicate
data points, were 15 perforned on each nutant. H s& w ld-type interferon
-beta- la was included as a reference in every experinent. The antiviral
assays were performed by treating A549 human lung carcinoma cells (ATCC
CCL 185) overnight with 2-fold serial | utlons of mutant interferon-beta
at concentrati i n b en ful ntiviral praotection
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cells (as L%ggﬁgq by the presence of the dye) were quantified by
absor bance at nm Data were analyzed by plot:ing absorbance agai nst
the concenfration interferon-beta, nutant, and the 30 activity of each

mut ant was defi ned as .t 0 ntration at whi ch 50% of the cells were -39-
E! %ﬁms'" ﬁ’éci @f‘le(/‘f"t?f“"omu@atsﬁ°"rrﬂt"éﬂ?" expressed as a

killed. Figure 3 sShows
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in every experiment. The antiviral assays were performed by treating A549 human lung
carcinoma cells (ATCC CCL 185) ovemight with 2-fold serial dilutions of mutant
interferon-beta at concentrations that spanned the range between full antiviral protection
and no protection from viral cell killing. The following day, the cells were challenged for
20 twodays with encephalomyocarditis virus (ECMV) at a dilution that resulted in complete
cell killing in the absence of interferon. Plates were then developed with the metabolic dye
MTT (2.3-bis[2-Mcxhoxy-4-nitro-5-su]fo-phcnyl]-ZH-tctrazolium-5-carboxyanilide) (M-
5655, Sigma, St. Louis, MO). A stock solution of MTT was prepared at 5 mg/ml in PBS
and sterile filtered, and 50 pl of this solution was diluted into cell cultures (100 pl per
25 well). Following incubation at room temperature for 30 - 60 minutes, the MTT/media
solution was discarded, cells were washed with 100 ul PBS, and finally the metabolized
dye was solubilized in 100 pl 1.2N hydrochloric acid in 90% isopropano!. Viable cells (as
evidenced by the presence of the dye) were quantified by absorbance at 450 nm. Data were
analyzed by plot:ing absorbance against the concentration interferon-betaymutant, and the

30 activity of each mutant was defined as the concentration at which 50% of the cells were



knterferon-beta nutant in a final total volume of 100 pl of nedi um per
well; the interferon- beta concentrations used were chosen to span the
range from maxi mal inhibition of Daudi cell proliferation to no inhibition
(i.e. full proliferation). Duplicate experinmental points 10 were used for
each concentration of interferon-beta nutant tested, and a duplicate set of
untreated cells was included in all experinments. Cells were incubated for
two days at 37 C in 5% CQ2 incubators, after which I pC per well of
tritiated thymdine ((nmethyl-3H) thym dine, Amersharn TRK758) in 50 pl
medi um was added to each well, and incubated for a further 4h. Cells were
harvested using a LKB plate harvester, and incorporation of 15 tritiated

t hym di ne was nmeasured using a LKB beta gbate reader. Duplicate

experinental  viillede Figuer 2 smnent&gae:dmaedeat:rhﬁauﬁﬂxaﬂgx%&@d deypeldnRips o gL ‘E&Wizged
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especially when the in vitro functional activity o
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See, for exangbents fRealifRe Verdis thd Eoncltra@n of imlerfePieta S TTUGHE and the activity of
each mutant was defined as the concentration required to give 50% of the maximal
observed growth inhibition. Multiple assays for each mutant were performed Figure 4

20 shows the results expressed as a percentage of the activity found for his tagged-wild-type

interferon-beta-1a in each experiment.

F. Properties of the Interferon-Beta Mutants
Histidine tagged-wild-type interferon-beta- la was found to have activities in the
25 antiviral and antiproliferation assays that were each about 3-fold lower than the
corresponding activities found for untagged wild-type interferon-beta-1a. Because all of
the interferon-beta mutants A1-E contain the identical his tag sequence at their N-termini,
the effects of the mutations on the properties of the molecule were determined by
comparing the activities of these mutants in the antiviral, antiproliferation and binding

30 assays to the activity observed for his tagged-wild-type interferon-beta-1a. In so doing.' we



272: 20595- 20602 (1997) and Jones J.T., et al., J. Biol. Chem
273:11667-11674 (1998) The data shown in Figures 1-4 suggests three types
of effects that were caused by 10 the targeted nutagenesis. These effects
may be advant ageous for interferon drug devel opnent under certain
circunstances. The three types of effect are as follows: (a) nutants with
hi gher antiviral activity than that of wild-type interferon -beta- la (e.g.
mutant Cl); (b) mutants which display activity in both antiviral and
antiproliferation assays, but for which antiproliferation activity is

di sproportionately low with respect to antiviral 15 activity, conpared to
wld-type interferon -beta- la (e.g., mutants d, D and DE I)-, and (c)
functional antagonists (e.g., A, B2, ChOg and DEl), which show antiviral
and anti prol iafsemheihaveriaédnk YH db €5t i oportionately low with
respect to receptor bi ngférrllém !B%gﬁbvg%ggf?gg{/’\ngﬁé%'ﬁg@pﬁr?ﬁ‘%ﬁféﬁg&?ﬂﬂ&'m a. It
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the amount of2Z&dPA%Ri286@r(&ePTpemt dores 1.3, cealpacBRl Chem.! EHUGEsT N874 (1998)

i mmunogeni city ofghg i n=-and may al so reduce side-effects from
non- mechani sm based tg%r]%%rﬂngs'. rﬁﬁ.lfg%/‘i'%ﬁsés thrretypesoleffadsthamerqnousibred to be

advant agetus 'ierivedied metagsnesisnibese efftes hheteaebtiolenahiterdf it er f er on-bet a

adm ni strati @aejobsl I.ts antiviral effects, and where
antiproliferat ie\?g e fug%trg&g'ggn "rcluglﬁ&aﬁccf'o%%o%eéi‘Xp? reffecs ore ppfolipvma ed
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substituted @y atsahR ARkiviral and . antiproliferation assay are conpared
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activitigs Ofqt; il o= his.tagged-interferon-beta-la) are seen in nost
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compared to wild-type interferon-beta-1a. It can be seen that some mutants fall into more
than one class. These classes are reviewed below. While we have characterized these
20 classes of mutants with respect to those examples listed, it should be appreciated that other
mutations in these regions may result in similar, or even enhanced effects on activity: '

a) Mutant C1 possesses antiviral activity that is approximately 6-fold greater than
that of wild-type his tagged-interferon-beta-1a. This mutant and others of this type are
predicted to be useful in reducing the amount of interferon-beta that must be administered
25 1o achieve a given level of antiviral effect. Lowering the amount of administered protein is
expected to reduce the immunogenicity of the protein and may also reduce side-effects
from non-mechanism-based toxicities. Mutations in this class are predicted to be
advantageous in situations where the therapeutic benefit of interferon-beta administration

results from its antiviral effects, and where antipreliferative effects contribute to toxicity or

30  tounwanted side-effects.



Tabl e. 3 below. Mutant O shows antiviral activity that is -6-fold higher
than that of wld- type his tagged-interferon-beta-la, but its activity in
the antiproliferation assay is simlar to to that of wild-type. Miuitant C
thus has antiviral activity that is enhanced by a factor of 5.2 over its
antiproliferation activity, relative to wld-type his
tagged-interferon-beta-la. Simlarly, mutant D displays 65%of wld 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 conpared to wild type. Mitant
DE1 15 displays 26%of wld type activity in the antiviral assay but only
8.5%in the antiproliferation assay, apd thus has antiviral activity that
i s enhanced 3. 0- f(b) TheaM@iveiat$viti@td WilOlybd) BF it hRRin@§ilbkitbied maQABH €d to
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results fromits antiviral effects, and where anti proliferative effects
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t agged-i nt erferon eta-| (see Table 4
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1.8-fol d highghs m%ol}fm&on%ﬁﬁf?egativ to chl Mxpﬁé dSinterferon-beta-1a

t agged-i nterferon-Dbeta- e cognate receptor on Daudi
cel I's with &Hniefly; lﬁ?‘WQﬁaﬂaMS{?S%Qlff“olddymlagthew i Hlanntvwrhl:hsmy{t@l onlR@% bi ndi ng
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15-fold corrpare hé antiviral n activities of the
protein. Siff ag_qcpg 4-feldtoxag its antiproliferation activity compared to wild type. Mutant DEI

15 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
antiproliferation activity compared to wild-type his tagged-interferon-beta-la. When
administered at a concentration sufficient to achieve a desired level of antiviral activity,
these mutant proteins will show substantially lower levels of antiproliferative activity than

20 the wild-type protein. Mutations in this class, like those in class (a), are predicted to be
advantageous in situations where the therapeutic benefit of interferon-beta administration
results from its antiviral effects, and where antiproliferative effects contribute to toxicity or

to unwanted side-effects.

TABLE 3.
Mutant Antiviral Activity Antiproliferative (AP) | AV/AP
(AY) Activity (% wild
(% wild type) type)
Ci 571 109 5.2
D 65 19 34
DEI 26 8.5 3.0




B2, CD2 and DElI show enhancenments of binding over antiviral activity of
4.6-, 4.6- and 10 18-fold, respectively, and over antiproliferation
activity of 3.5-, 15- and 54-fold. These proteins are predicted to be
useful as functional antagonists of the activity of endogenous |FN- beta,
and possi bly of other endogenous Type | 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. 15 TABLE 4. Mutant Antiviral Antiproliferativ Cell
Bi ndi ng Binding/A Binding Activity (AV) e Activity (AP) Activity (%w) V
/AP (%w) (%w) A 200 180 2900 15 16 B2 7.1 9.2 33 4.6 3.5 CD2 150 46
690 4.6 15 DEl1 26 8.5 460 18 54 G Mitein Relationship to Three
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Structure. %: 14899 highoes than gubebseryadifop wid varkis weateiimerfepm-tiehel . B8 binds to

pol ypepti de batkbgage akedistErMalditelid GiHoR h .rnecent!ly solved the
structure for . terfer%ﬂan%*bet a- la.in itéﬁgf@"&‘ﬁ%%}éﬁ“éﬁca&%@“ Y’Kff'ty@r pusas,
M Nolte, C. B. B8 Of this mueang o the ibetd feqsgionirthus emhencsd EppGodhacly Theaoldr yst al
Structure of HumpRred iR HBYRN B 1Zerti i on.. Proc, Natl. Acad.
Sci. USA 94: ]%é%—llBlB (1’99%&)?@"Tﬁ%"dﬁea%‘{}ﬁ?gl’@@e R R R 2% a) yses
can be summari %P PhDE bgwenhangemines of ading evsctntivieal oftivitnbps. 604 6nandet a- | a (
not presentoed IBEBIR)respe@vER AAd BWL AR AL greated A reduction activity
(2 to >5 fold reducrgs(g). YT e nut at e r!r)lgg?[gﬁéggm?feﬁspbﬁsga‘fdg“fﬁg{ 335§ti tutions
gi ven in TablPEZe}s ashiredictediadp derbid 25 fapgional mitagooaists afrhé wtivay ofeadogenous

anti proliferatFoBeaGhi ¥dsti¥yIF Sk g%%g .t he | oner ha{b{’f of the
| FN-beta- |a nplecul e {Pandl a ancq] C.O%mpgtlfntécﬁfgmf‘?‘l%?wésed é’r"’"ﬁé‘?f of 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.

15 TABLE4.

Mutant Antiviral Antiproliferativ | Cell Binding Binding/A | Binding
Activity (AV) | e Activity (AP) Activity (o wt) |V /AP
(% wt) (% wt)

Al 200 180 2900 15 16

B2 7.1 9.2 33 4.6 3.5

CD2 150 46 690 4.6 15 |

DEl1 26 8.5 460 18 54

G. Mutein Relationship to Three Dimensional Structure of Interferon

“While published crystal structures for a non-glycosylated form of murine interferon
beta (T. Senda, S. Saitoh and Y. Mitsui. Refined Crystal Structure of Recombinant Murine
20 Interferon-B at 2.15 A Resolution. /. Mol. Biol. 253: 187-207 (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-c2b Revealed
by X-ray Crystallography. Structure. 4: 1453-1463 (1996)) had provided models for the



10 nolecule, where the am no and carboxy termni are positioned, had no
effect on biological activities or receptor binding. Miuitations in the A2
helix, AB, AB2 |oop and E helix are nost significant in their effect on
function and resulted in a dramatic reduction in both activity and cel
surface receptor binding. This region (A2 helix, AB& AB2 | oop and E heli x)
corresponds to the IFNAR2 15 binding site, since none of these nutants
bound I FNAR/ Fc in our assay. Wile those nutations that were inportant for

| FNAR2 bi nding al so affected cell binding, cell surface binding properties
are also influenced by residues in other regions of the nolecule (B 1
helix, C2 helix). It can be seen in the 3-D nodels (not presented here)
depicting the effects of the alanine substitution nutants that the

N-term nal, CLer I: q!a%pd-Z theaﬁ%ycd§§lated C helix regions of the

| FN-bet a- | a ROPEEUTE2HORDE! T Man iffariion betpeverhaxeiseeaHy sbvaddhagrusture for

Mitations in irhefentegilans ity dondited SAUGE m'gﬂkagguﬁﬁéne@étﬂ.‘gi&één,%. {vf’e‘iuf,cet,
reparati on an aracteri zatl on

cell surface ﬁclggtor bi ndi ng. EXAMPLE 2:

of Conj ugat ed "Nt ePLEPRRnE X BOPez s CaystabSwstraef BymanfinpEeyh-Staed.2 A
Interferon. Nesfi@oRlUPAlceRad. AL&S k&I 08, BEY 75138 AVONEX O) bul k
internediate a. 250 p.g/m in 100 r#vlb‘gég?l&%'%ﬁg‘gg%@e pH 7.2, 200 nM Nadl)

was di luted with dHe EguEIof oygnuitiongfanadyses qavbdgESuHzEd Qitlarespettie theBRAS

adj usted to SstRctielodinkdefron B SR ed. on an SP- Sepharose O FF

col um ( Phar maci a, Piscat away, . EI\ELJ%?( Pgiscﬁ nﬁlcgggﬁr%fneﬁtg‘ra%on“fBrecfalcg 4F ‘iur%“o'? 8sin.

The col um waSUHESR &P foldredicedy Brodinanadpegiop hatapoid to thesubstitutidds giSebin 75 mM

NaCl, and therglodusd s Wasq&k, i . sodi 10sphat e 6.0, 600
M NaCl. Elution fractions \ive%rgoqt éér‘ré%'}}%‘z‘g“‘?%/"rd ! erfb)llip ergl %“orCB‘e'a'Wc‘gEg)afla{iéeg At 280
nm and the dbhie¥srthal{iof ba IG¥-bétatl emblecudr(Phne! § el ts aNflasisnsaia thermpbeachdif s he

absor bance ushdi@GuRNwEXd IhPGL! ficient of 1.51 for a /m  sol ution.
5 To a | ng/nj sol ution o?%%nﬁgnipﬁ ot STORLBekosItiopey: F?‘d&%‘:{%%tr%ﬁ'%!f’%ﬁfle, 0.5

M sodi um phdSptiiss er jsr¢perbindiag. added to 50 nM sodi um cyanobor ohydri de
(Shoar vat er - Pol yrace o FibiEaR PRC % B2 ool i Bl Goshipeniies R Cein e s
i ncubat ed at °P §atanewp easultedria dromaRGeduotinmsin bakthectivity and cell surface receptor
binding. This region (A2 helix, AB& AB2 loop and E helix) corresponds to the [FNAR2
I5  binding site, since none of these mutants bound IFNAR/Fc in our assay.
While those mutations that were important for FINAR2 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 presented here)
depicting the effects of the alanine substitution mutants that the N-terminal, C-terminal and
20 the 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 écll

surface receptor binding.

EXAMPLE 2: Preparation and Characterization of Conjugated Interferon-beta-1a
25 A. Preparation of PEGylated Interferon.

Nonformulated interferon-beta-1a (scld as AVONEX ®) bulk intermediate ai 250
ug/mlin 100 mM sodium phosphate pH 7.2, 200 mM NaCl) was diluted with an equal
volume of 100 mM MES pH 5.0 and the pH was ﬁdjusted to 5.0 with HCI. The samble
was loaded onto an SP-Sepharose ® FF column (Pharmacia, Piscataway, NJ) at 6 mg

30 interferon-beta-la/ml resin. The column was washed with 5 mM sodium phosphate pH



pegyl ated interferon was purified fromreaction products by sequenti al
chromat ography 10 steps on a Superose O 6 FPLC sizing columm (Pharnaci a)
with 5 mM sodi um phosphate pH 5.5, 150 mM NaCl as the nobil e phase and
SP- Sepharose O FF. The sizing colum resulted in base |ine separation of
nodi fied and unnodi fied interferon beta (chromatograph not presented
here). The PEG interferon beta-containing elution pool fromgel filtration
was diluted 1: 1 with water and | oaded at 2 ng interferon beta /m resin
onto an SP 15 Sepharose O colum. The colum was washed with 5 nM sodi um
phosphate pH 5.5, 75 mM NaCl and then the pegylated interferon beta was
eluted fromthe colum with 5 nM sodi um phosphate pH 5.5, 800 rivl Nad .
Elution fractions were anal yzed for protein content by absorbance at 280

nm The pegyl eron concentrati®n is reported in interferon
equi val ent s aggfﬂé"&f&a{?ﬁ“& RIPHChitsas edusert with 30 mM spdainsptokymiae pHa#t0, 360 nm

20 B. Bi ochemmmlNaCh&nacdne.rattmE WeRn aﬂily?'é%ﬁi géAC%%,merf gron, E@é%paé,‘és vere

anal yzed for extent .of nodification b ce yapes st hor e)
Addi tion of a “GIRYTAHOPRIdErEsen indhs semp stmatedlfmm the alppraienting@ss of

i nterferon fr ertnéfonkdoerficit o5551<533a"}'*?h§}}\1 idneadi 'y apparent upon anal ysis.
In the pegyl at ed- s@?rrpl e there was no ~evidence of unnodified

i nterferon-beta-1 2 Hbd B'I'S"r\lﬂ‘tjﬁ@fthmysrferrm-h@a-neﬁuintmer@émawmshwsoaﬁmpresence

of additional @'PBLOG was HQ8e s verified by
MALDI  nass spmfﬁaornetryWas edEBS(é:I ?lp‘%mofy g’l%’g”ﬁ%%gl:&% k. Mdyaykesn was

eval uat ed by YEd th‘h{)‘ﬁ‘%gnd E)E@Iaidqhxdt sSmtﬁmpe:gybI&ﬁlad Huagdienapdi f i ed

i nt er f er on- bewa-added (&S nQO'?Béé%l'n 0290 MM Tris HA pH 9.0, 1
mM EDTA wer e dlgaﬁsted o T Aol lcl 53}@?”"%‘“ 6?’1?’3?1‘%%‘1%%00*}?1““ The

Achr onpbact er PEXHRbLINBFErBR Umﬁcd kamhcmnd] px’dA)ctsf oy se@redtidl M6 Saddraphy 27 C.

200 ng of 1guagdpslbes H s | e and_the c| eavage products
-45- were fractpl onatdg!d ‘on gﬁgg%g‘“eﬂ Bﬁﬁ %C'ﬂb‘”% 2uMsofivgahaphate30 nin

gradi ent frorAHS.8.450 POINaas BAobid fhasd G YnTER BUFFA ML ILAAAT 1 4
m/mn. The g Iuhlmn eLne Nt moni t ored for absorbance at 2
Results from t he ana VSIS %ﬁ“&’og RERAdifiad prdimmedgied Aptpriepdn ttehéclmredomﬂd

beon | dent | .;”};;@’E"“ﬁ‘;”""”"“ o seauenttno and s LA of "
these, only the d yedt|ld‘(‘=,\'l&}‘i"f{E ”8%?9["‘& %‘Wffet’%t?ﬁarfﬂéfﬁém ontetae SPer on (AP8)

was al teriéd I§7pht1doe @roelinhin. CBitel cOumSw £\ dRatwilly's jnbf ra om t he
map. The rrappnwg é;l%;t“?lhem refore indicate t“klllat thesolgg}gﬁnm e ﬂ%es %

e pegylated interferon beta was eluted from the column thh 5 mM

sodium phosphate pH 5.5, 800 mM NaCl. Elution fractions were analyzed for protein
content by absorbance at 280 nm. The pegylated interferon concentration is reported in
interferon equivalents as the PEG moiety did not contribute to absorbance at 280 nm.

20 B. Biochemical Characterization of PEGylated Interferon.
Samples were analyzed for extent of modification by SDS-PAGE (gel not presented here).
Addition of a single PEG resulted in a shift in the apparent mass of interferon from 20 kDa
to 55 kDa which was readily apparent upon analysis. In the pegylated sample there was no

evidence of unmodified interferon-beta- 1a nor of higher mass forms resulting from the

25 presence of additional PEG groups. The presence of a single PEG was verified by MALDI
mass spectrometry. The specificity of the pegylation reaction was evaluated by peptide
mapping. 20 pg aliquots of pegylated, and unmodified interferon-beta-la as a control, in
240 pL of 200 mM Tris HCI pH 9.0, | mM EDTA were digested with 1.5 ug of lysyl
endoproteinase from Achromobacter (Wako Bioproducts, Richmond, VA) for 3-4 hours at

30

o o« g
27°C. 200 mg of guanidine HCI] was added to each sample and the cleavage products



specifically attached to this peptide. The data further indicate that the
PEG nodification is 10 targeted at the Nterm nus of the protein since only
the Nnterminal nodification would result in the specific loss of this
pepti de. Additional evidence for this conclusion was obtained by isolating
the PEGylated N- term nal peptide fromthe endoproteinase Lys-C digest,
digesting the peptide further with cyanogen brom de (CNBr) and subjecting
this sanple to matrix-assisted | aser desorption 15 ionization post source
decay (MALDI PSD) sequence anal ysis. CNBr digestion of the N- term nal
peptide will further cleave this peptide into two fragnents, the term na
nmet hi onine (ML) containing the PEG noiety and SYNLLGFLQR (residues 2-11 in
the mature interferon beta sequence) Sgguence anal ysis identified the

unnmodi fi ed pepdni (e qlﬁy‘g.i redi cted outcone of this
treatnent. 20 The g(r)\rtgl\{ééllolrna act | vfil&mnw *ggf'g)r‘ﬁﬁ’-gﬁ é’“Pé’aQﬁPr‘pfF‘é’éOWas
tested on hur@f 4cﬁfﬁ'gm1%ar@il%dﬁ‘&\ melﬂosv a4 9.4eiinis.) Thewlumiddnbaenaexposed to

encephal onyoGaddbkd for bs MB% using the procedures involving MIT
staining outli r?ed agjov rCea ??4"'3&549 cells were pretreated for 24 hours

with interferon-bBesalts frgm dre aﬁ%ﬁﬁxm}d shidwadn Figuerd eAbr dhepRdiclea pg,qqggsq:mngooo
6, 4.39

1000, 500, 6
pg/ m) pr Por tongﬁgﬁ?”e%gle“y valétd Igcﬁté\) ‘Fﬁ%m"“‘?ﬂé?ég%a%%mﬂéﬁ Byt Neiiaminal ng
dupl i cat e dasegugnsingasd fass spao'bmbmy exid o tiese, bmyarclpapud@@me&ﬁ&@st(hm The -

bars |n Figure 7. The concentration

standard dev rroyr

of int erfero%ﬁb’et a- 'ﬁgr?c(?no% ! ¥pedesid by hadpod ‘iae?f‘ ‘Efrf"*P’léiF’é‘(PYS‘e% viral killing
(the "50% cytistpatanince frothtlmﬁ T(rﬁe%pamgumlme@@ﬂémlcm@&lamepkdmdxeng/ m and
the 50% cyt opaf; e gdt ied interferon-beta- |a was about |
Ipg/m. Tht: %@ ngyc%aﬁ ?Jgtﬁt"? %P\epd‘l & ﬂ%tdaéﬂ fagher tis2g thanthe PECrmegdifrationst y of

i nt er f er dh- bietgated a.thd K- (etrhﬂxrﬁls asmaroik sih@Unly8e M-1&rdcht tRalhcd G wRRC! fiC
activity -46; nt er feron- F%’H"fﬁla is about 10 tines greater than the

speci fic act |°§/u:ﬁtmlh PPeciicdes 8 81%: |b and therefore PEGy! at ed

i nterferon- beta MﬂdlllSndﬂibgﬂdnf:d: 1k YorldRikiBn ¥ad bb{EnddBP M oftl 112 beta- 1
b product. tergeron was al so lPrI]E | at e?:l V\,?t ] % tpgggﬁ{ gglyde

moi ety that ‘Wwas SPBUrchER ‘:F??ﬁf?‘ﬁ“ﬁ??d“ys‘ igesi éé?s“"me P%@S@“hﬁowk*onkona
NY) fol | owi reganobe bscamdc (II‘N)IB:()ﬁ@d subfteRd thiReempIOto ARG bdsEaki Al tdRiR0K PEG

e 2 e R AR e 2 TR R TS K e
and did notermimbyeptideaviafhiher clahveatis p¥itidy indd (doght a5 QR BgLiAn! a. Like the
20K adduct, mennonme (Bﬁ) containing the PEG moiety and SYNLLGFLQR (residues 2-11 in the

mature interferon beta sequence) Sequence analysis identified the unmodified peptide

SYNLLGFLQR, which was the predicted outcome of this treatment.

20 The antiviral activity of interferon-beta-1a samples was tested on human lung
carcinoma cells (A549 cells) that had been exposed to encephalomyocarditis (EMC)'vir.us using
the procedures involving MTT staining outlined above. Briefly, A549 cells were pretreated for
24 hours with interferon-beta-1a or PEG-modified interferon-beta-1a (4000, 2000, 1000, 500,
250, 125,75, 62.5, 31.25, 50, 33.3, 22.2, 14.8, 9.9, 6.6, 4.39 pg/ml) prior to challenge with

25 virus. The assay was performed using duplicate data points for each interferon-beta-1a
concentration. The standard deviations are skown as error bars in Figure 7. The concentration
of interferon-beta-1a (formulated or bulk) which offered 50% viral killing (the “50% cytopathic
effect”) (50% maximum ODyso) was about 1 | pg/ ml and the 50% cytopathic effect for PEG
modified inlerferon-beta-la was about 1 1pg/ml. Thus, PEG conjugation did not alter the _

30 antiviral activity of interferon-beta- 1a. In this assay, we routinely find that the specific activity



rnt eferon-beta-1a was indistinguishable fromthe unnodified
interferon-beta-la in the antiviral 10 assay. EXAMPLE 3: PEGyl ation
Protects Interferon-beta-la from Stress-Induced Aggregation Aggregation of
interferon beta has a deleterious effect on activity. Previously, we have
shown that gl ycosylation has a dramatic effect on stability of
interferon-beta- |a versus 15 nongl ycosylated forns of interferon beta and
inferred that glycosylation contributes to the higher specific activity of
interferon-beta- la (Runkel L. et al, Pharm Res. 15: 641-649). To

i nvestigate whether conjugation with a pol yal kyl ene glycol polynmer m ght
further stabilize interferon beta, we subjected the PEGy| ated
interferon-beta- la to thernmal stress using the follow ng protocol: 20
Thermel denat yr.ati.on p?/as carried out usfhig a CARY 3 WV-visible
spect r ophot on®t' &r PTPidR fakayt 10 inenmseaar thep thersprcifiedgtivitheffinmifeat-béteab | y
heat ed cuvet taadhierddere PEGOIadd in?@ronlberal 1AL sciiv@nh 20 nul | HEPES
pH7.5, 20nmM Nad were eqzi | i brated b;g(a !%E;@{%ﬁﬂli%ma‘bﬁ&%m'lv%'lt}e/nezf"ly én.tcr#aﬁ%" eta-
tenperature o K9l yvette hol der was then ranped from25 Cto 80 C at a
rate of 2 C m nintafcbnitRe-dena ¢ : tein fol |l owed b '
cont i nuoug m)ni..h-or&%ﬂ of 25 abs%gﬁggag?&%ggﬁ%ﬂkefﬁdépy%5’958;,}%‘Wc# t he
cooperative &HF8? gméwmh,w At Nand 8936 bR enkpekdma N Orfolldwéngted same gratotoves by
det er mi ni ng ueweribsdTPEhediidaBortl it WY L bsor bance wag, m d-way
bet ween the val ugs defi ned by l%égp%é)}(?@gg’g?g#gpg%&g%eﬁ'g"f?”ﬁ‘é’& 2gmbns” on
each side k&K E&G dfedificgieon withahel § K FEGrveas siso higiig speR6s ok ths N-te Bt dng

anal ysi s ar edidhovaher the Ehidh i I the non-P ted 30 i feron
-beta- la denatured and g’gg%é‘gvé?\ﬁg%&?ﬁ“a&%o% B“g(f E‘f%hg a?‘ﬁ‘&‘n@'i’?k%%%t 60 C,
there was - 4'PCH-Bsf-devesandiftinagghablgdtomthe afmddifed REGEFatbed- 1h i B avaal even
at 800 Ciol nasedy. i ndependent anal ysis, we extended the thermal stress
treatment to 95 C and even at this nore elevated tenperature, we saw no
evi dence for aggregation. Thus, conjugation with this polyethylene glycol

pol ymer has ExRMeLeunfrapd HeRetd Ll ffect on the stability of the
protein. Simlar 5 stapill _tzlatl o#ﬂ%&gl%ééon" l\%ﬁt?'ga %’Bgfriegcf"ii?ﬁeéﬁﬁé‘?e@ﬁ@%t a- la
contai ni ng t he 26¥8%ANIOBRS ipPE:ron BO(AMRLaFdelbreriMesaetiett efrediivitP Previously, we have

i nt erferon- Reéwar dhae kA IV, in the.plasma of mce treated with
interferon-beta-la %&r&k%dé‘gﬁ}"%?‘ gﬁ n?{irtll%él;ﬂ &P Bﬁ-g%@ﬁ'ﬁf-s’f"ﬁrf?\w&%e‘i‘&‘?ﬁl“ﬁ 6) are
i nj ect edi . VOnglyoa el farms bhinterferen betaddhineire st g5BosPRGonIBAEiSuE: 1o 1HD

::(F;'I[“e;:c ﬁlr (r)]g' ?ﬁ%g% sg%(@ﬁé){clﬁ&)y &Qrger'fé%ntﬁctgﬁa &%%lell Ete?gl g’hr;}-n?.rge?.rlg:n 6-4?-e6t48‘)- l'I%
Investigate whether conjugation with a polyalkylene glycol polymer might further stabilize
interferon beta, we subjected the PEGylated interferon-beta-1a to thermal stress using the
following protocol:

20 Thermal denaturation was carried out using a CARY 3 UV-visible spectrophotometer -
fitted with a computer controlled, thermolectrically heated cuvette holder. Solutions of'
interferon-beta-1a in 20 mM HEPES pH7.5, 20mM NaCl were equilibrated at 25°Cina | ml
cuvette. The temperature of the cuvette holder was then ramped from 25 ° C to 80 ° C at a rate
of 2 ° C/min, and the denaturation of the protein followed by continuous monitoring of

25 absorbance at 280 nm. The mid-point of the cooperative unfolding event, Tm , was obtained
from the melting curves by determining the temperature at which the measured absorbance was
mid-way between the values defined by lines extrapolated from the linear regions on each side
of the cooperative unfolding transitions.

Results from this analysis are shown in Figure 8. Whereas the non-PEGylated-

30 interferon-beta-1a denatured and aggregated with a 50% point of transition at 60 ° C, there was



PEG or an equal volunme of phosphate buffer given as a control. Blood from
these mce is obtained via retro-orbital bleeds at different tinme points
after injection (imediately, 0.25, 1, 4, 24 and 48 hours). There are at

| east 3 mice bled at each time point. Whole blood is collected into tubes
contai ni ng anti coagul ant, cells are renoved and the resulting plasm 15
frozen until the time of assay. These plasma sanples are then tested in
anti-viral assays. The plasma sanples are diluted 1:10 into serumfree
medi a and passed through a 0.2 urn syringe filter. Diluted sanples are
tested in antiviral assays. Sanples are titrated into designated wells of
a 96 well tissue culture plate containing A549 cells. Dilutions of a

standard interferon-beta-1 a (10, 6.7, 4.i 2.9, 1.3, 0.9 and 0.6 Um) and

of four plasm 2@, SRS [e. as on~eévery plate. The A549 cells are
pretreated with dil ut ed p?égge 510"so ﬁ%ﬁ’g Yiptsd intenferon gres apBG OF. Ihan diiepdragie

wi th EMC virus. @@V%ibwengewdcdm{id:ayalisnesyb@am&nl fo Lrus, .viable cells

are stained W t HedoesRlrbltleQn,, Of N%’T ég);[ﬁ 5 ng/ m "iqr'ﬁf1 E%Séé%hegta‘ethﬁd??@f’*ﬁaz?q)r 1

hour, washed with phosphate buff27'cc ihaesegtioni Thug.adnjugatinn witR tHi palfethiyene

i sopropanol .  TH&co@elymemnss e pro&add aid Keatkiclal mec:%ﬁwngbﬂni FYES Al e g.{?j”erat ed
t of 1 ? Sewlar| o

for each plate angpsed.to..25 determ ne the amoun ert BPGH:
activity in each telgh’?lgrgg%rspﬁece". W‘%}@Oé{g%q NieEsFon-beta- heeconsimingl tes2(K i SKNPEG.

different mce are graphed against the tine points in Figure 9. The sl ower
| oss of PEGyI at 93‘3(141\@151%.(1 efQn- beta- la fromcirculation as a function of
time indicates that the haf T9eat ofinteeropibesa bt andivisainglieity & (htiplshagger
than that of t hevicetmeated stithdnterTe:ohiREQN: Hat pLLol . Wereas the
control was |argel yNﬁlceﬁ(? Z’g 6gfte,r_ 4 h, a efgfcs*?ag%dﬁf’&@r&ﬁ‘t"'?%dfi on of the
PEGyl at ed product was £ LE1{6 are dnieged iagthipugtBas gl vein witheithdtisbjoad Unidse
| evel s of ati viptesferombsei 4iensa000 UARSS PEEIRI. DI after 48 h, we infer that
the half Iife gfedhe, PEYated Ut orf eroney o ek Pameacd  FARHB8MSA%d to t he
hal f life of unmodifhed? H'ErFUPEIsPhasebulfet givenAs s emnll Blogtirom Ble@nf gant
finding from t leblamedidy ravasordifPleet bdittdrdnt liSe Ofind NS,  PEGY! at ed form was | ost
during the distrj gygli]d?"éd}%hasej, as eVi'dér?E:lé eg")}nt% er injectt léf,lmmcelﬁtegl, PR9el s of
activity at time 0 an Pat Tdererromt lepr @ micettdedianetict dine pbiaBWholibib&eEist he
control inter telleard bettabes kontaikilg alicS ol i, UL | of the PEGyl ated product is
B e L fe R

largely linjte vascul at ure. el 4R gsulting plasma
Phar macoki net i gg}egﬁ;&n%ﬁa{%‘géﬁ%gﬁf%@aﬁw Pmplratre shen e GeaRIAal RsgL0col S)

(C;ggpar ZE ievea?] t udi eThaplsioagget &€ dibdd 1 POLYTEL AL erferon i):?s?c;[dafhrloggh a
J ug S d um syringe filter. Diluted sampl i ivi .
ples are tested in antiviral assays. Samples are titrated

1nto designated wells of a 96 well tissue culture plate containing A549 cells. Dilutions of a
standard interferon-beta-1a (10,6.7,4.4,2.9, 1.3,0.9 and 0.6 U/ml ) and of four plasma
samples were assayed on every plate. The A549 cells are pretreated with diluted plasma

samples for 24 hours prior to challenge with EMC virus. Following a two-day incubation

20

with virus, viable cells are stained with a solution of MTT (at 5 mg/ml in phosphate buffer)
for I hour, washed with phosphate buffer, and solubilized with 1.2 N HCl in isopropanol.

The w 45
¢ wells were read at 450 nm. Standard curves are generated for each plate and used to

25 de i i vity |
termine the amount of interferon-beta- |a activity in each test sample. The activity in the

samples from the different mice are graphed against the time points in Figure 9.

The slower loss of PEGylated interferon-beta-a from circulation as a function of

time indicates that the half life of the PEGylated sample is much longer than that of the

untreated interferon-beta-la control. Whereas the centrol was largely cleared after 4 h, a

30 significant fraction of the PEGylated product was detected after 48 h. Based on the initial



native interferon-beta la ( as non formul ated bul k internediate
interferon-beta- la in sodium phosphate, and NaCl, pH 7.2) to determ ne
their relative stability and activity in prinmates. In these studies, the
phar macoki neti cs and pharmacodynam cs of the polyner 15 interferon-beta |la
conjugate in primates is conpared to that of native interferon-beta la and
reasonabl e i nferences can be extended to humans. Ani mals and Met hods Study
Design This is a parallel group, repeat dose study to evaluate the
conparative 20 pharmacoki netics and pharmacodynam cs of conjugated and
unconjugated interferon-beta- la. Healthy primtes (preferably rhesus
nonkeys) are used for this study. Prior to dosing, all animals will be
eval uated for signs of ill health by a Lab Animal Veterinary on two
occasions within 14 days prior to test #8ticle administration; one

eval uati on nustvelef sgivify inserumand thessrrempining afterctSthp e friferahat the &ilf e bf Gk €

adm ni strati orpEgdaled ; I i ive.the.test. article.

Eval uati ons wi | I@ncllﬂuﬁglﬁhy%ﬁy{ﬁ‘b%ﬁ\yg%nkgfé %ﬁgﬁaﬁ%r{g%‘m&ﬁa’ﬁﬁ# 811§ 88% bl ood
draws for basdfiré 4&stcardhishlpsigmiftantfjndimedrdraelsiudg wanthitbegyitleaygk t 0

i nterferon- bekayl i i) he i_ghed and dy tenper.atures
will be recorded.?vx,il"’él%l fﬁ?ﬁuﬁﬁghagﬁ}r@smgﬂsglrb&t?%'mﬁg%t asaervf‘{ge‘f':g%éé’ﬁf‘ nig&t}‘ali ons.
-49- Twel vé stffleeftastiviyet ime @prdadtenifomas Jhedad itdeagninupslitcohd eeedive 1 MJ kg

of interferonif@tanlpd,s j & - i rferon-beta-1a conjugate or
non- conj ugat ed, but P 3??\'{%@&@%@%5@ggé?%ﬁ'tcgP?OQP%HIS-'B’@'EI&!’F‘&? "W ni stration

is by either Y#elaypcutaneous (SC) or intravenous (N) routes. Al animals
must be naive to interferon-beta treatment. Each 5 animal will be dosed on
two occasions; doses will be separated by four weeks. The dose volunme wll
be 1.0 nl/kg. HBfOVBLE & CGerapwraficrPhahanckaekicheid Phdrafatddidamics Matinss ti me
i nterval s,§ ol lQu QPr%?o(Eas i njection. Blood sanples for neasurenents of the
interferon induced biolodical response narker, serum neopterin, are also

drawn fol | owi ng afepirgive stidienarofongbdselywie ptdymdQnEMarbalBith ONSnfptidsndq t he
ost _dose T or " gneresi-ell s Ry bl Biirmean Surbarishsiow 1 | be
per f or ned ando@gﬁ ekabhaepped¥ah el 7.2)itgdaerafind @it eildtive sthisg afdf Rfitiy ignd
changes in beRAMEO, these studies, the pharmacokinetics and pharmacodynamics of the polymer-
I5  interferon-beta la conjugate in primates is compared to that of native interferon-beta la
and reasonable inferences can be extended to humans.
Animals and Methods
Study Design
This is a parallel group, repeat dose study to evaluate the comparative
20 pharmacokinetics and pharmacodynamics of conjugated and unconjugated interferon-beta-
la.
Healthy primates (preferably rhesus monkeys) are used for this study. Prior to
dosing, all animals will be evaluated for signs of ill heaith by a Lab Animal Veterinary on
two occasions within 14 days prior to test article administration; one evaluation must be
25 within 24 hours prior to the first test article administration. Only healthy animals will
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-1a. All animals will be weighed and body temperatures will be recorded within 24

hours prior to test article administrations.



w |l be recorded. Body weights and body tenperatures will be recorded at
regul ar intervals through 21 days post-dose. 15 Assay Mt hods Level s of
interferon beta in serumare quantitated using a cytopathic effect (CPE)

bi oassay. The CPE assay neasures |levels of interferon-nediated antiviral
activity. The level of antiviral activity in a sanple reflects the nunber
of nol ecules of active interferon contained in that sanple at the tine the
bl ood is drawn. This approach has been the 20 standard nethod to assess the
phar macoki netics of interferon beta. The CPE assay used in the current
study detects the ability of interferon beta to protect human | ung
carcinoma cells (A549, #CCL-185, ATCC, Rockville, MD) fromcytotoxicity
due to encephal onyocarditis (ENC) Vi rus. he cells are preincubated for 15

to 20 hours with sefrypns nduction and synt hesis of
i nterferon inducible protei ?mgé ?"\é\léﬁ‘gﬂﬁ‘{fﬁtg’%ﬁs RifesetedUesnsonse.

Afterwards EMC Vitpresor- Beffadiaj@(mtbmd PEGembrﬁrﬁdbd‘t@ra @njufat bmfn&%uggy& $upef ore

assessnent of cwiR stal violet stain. An
internal interfer oﬁmbgelggltug?é'ﬁd d] I’Tda”éi%‘s‘éé@ Ed¥jctibrathe subrusanaens (SC)

standard is tesPékﬂUaV@mtﬁN)emttdsyAMmmdnalsmpIbesaxmoexﬂ&lfhréﬁﬁa/uéﬂuﬂ&? S
eron

standard is gal hpat t a natural human fibroblast inter
ref erence standardgi( 8@g§é"§§rﬁ8vc’loﬁfaé‘r°ﬁ%tq°ffﬁa‘{‘1‘”E‘E%’ﬁﬁ’a‘?@ib!f four weeksnThe dase on,

Human Fi br obl ast’OIU'@)WQB:CQUQmE.&g Each assay plate also includes cell growth

-50- control wells neither jnterferon beta of any ki nd nor EMC
and virus control Cﬂ?{,}f&;ﬁ g%‘ﬁ’? e L?f@?ﬁognﬁﬁdcsﬂwtﬂa{*o%é'menntelrvfﬂéerilm\beg each

Control plates wiseicai lﬁlwg sh:hpzlcsstbamehaxﬁxdmcm (RARPI&Sn ﬁaﬁﬁ’ceé‘lbﬁ%gpiﬁﬁ oen(sj to

determ ne the effegt, e sanples on cell growt 7 at es
are stained V\nthoue? HJm "C(?Bl ‘i’8#“51‘9“%“?‘6%1'0@@&%@@“%@5&@@@3 ds are

tested in difpli cateEmdure@chdme‘hgthél@tuﬂﬁﬁﬂnb@ﬁa%}%d@éwcﬁl J%Js@r@ﬁ%n? pé’rrlo%ln]g g(g f our

data points per.; mefric mean concentration o
replicates is r e%@ér“gt)gé@ ! h?HreDo? ‘}%5 'Iob?'g’tié?f @gicitign Dpity qar¢sidepdseayations &l luani ts

(U/m. Serum geromed nat geasrs! a@ﬁem&pﬁlgﬁslopto@m){ g%fé‘?‘;‘% fg‘I"}S%S f 1) lg:) m’(r:mglt .

phar macol ogy uni, 0 rcjia avai

and Statistical llt{)égtrﬁf)o S mﬁ*ﬁﬁ"wﬁ{%@rﬁmmtwﬁwmw reqonded at @gittar ingekenlsCi t y,
UT) is used t o thrpugh@ataystpost-dpsear macoki neti c nodel s. Geonetric nean
concentratllgnsA%ﬁMpJ otted by tinme for each

Levels of interferon beta in serum are quantitated using a cytopathic effect (CPE)
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

20 standard method to assess the pharmacokinetics of interferon beta. The CPE assay used in

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 (EMQC) virus. The cells are preincubated for 15 to 20 hours with

serum samples to allow the induction and synthesis of interferon inducible proteins that

25 then mount an antiviral response. Afterwards EMC virus is added and incubated for a
further 30 hours before assessment of cytotoxicity is made using a crystal violet stain. An
internal interferon beta standard as well as PEG conjugate internal standard is tested
concurrently with samples on each assay plate. This standard is calibrated against a natural
human fibroblast interferon reference standard (WHC Second International Standard for

30 Imerferon Human Fibroblast, Gb-23-902-53). Each assay plate also includes cell growth



groups:s Since assay results are expressed in dilutions, geonetric neans are
considered nore appropriate than arithnmetic neans. Seruminterferon | evels
are adjusted for baseline values 15 and non-detectabl e serum concentrations
are set to 5 Um, which represents one-half the lower [imt of detection.
For 1V infusion data, a two conpartnent |V infusion nodel is fit to the
detectabl e serum concentrations for each subject, and the SC data are fit
to a two conpartment injection nodel. 20 The foll owi ng pharmacoki netic
paranmeters are calculated: (i) observed peak concentration, C,,,, (Unl);
(i1) area under the curve fromO to 48 hours, AUC using the trapezoi dal
rule; (iii) elimnation half-life; 25 and, fromIV infusion data (if IVis
enpl oyed): (iv) distribution haIf-Iife (h); (v) clearance (mh) (vi)
apparent vol une of {i fsl‘l but.i on, Ef) “§PnNonl i n (Scientific Consulting
Inc., Apex, NC) “¥dF Wg é"’l‘%n‘&%%‘ht”d“@ trembete of anyekind30r EMOQyimiatiiQddntrol

hal f-1ives aft ewelBComaiel cdiMahMERIC8ufRo inicSk epin, arithmetic means
by tinme are presgnte for each groupomlti,,l,'o,n,b,%&l %ngowartﬁiﬁ?%ﬂ%fﬁﬂg‘éef?’éﬂﬁd

baseline, is cattCifBR edie aso prepared g raning U effect, if aay,@f i bamhflds @ cd1Dgraw@ne-

way anal ysis ofThe@erplamca@es&&eemauz%e%ﬁlu%ﬁo%%ps C.,, ., and AUC are
| ogarithmcally transformed prior to analysis; geonetric neans are

reported. 5 EXAVPLE ¥TP @éﬁ%&ﬁf&a{d@@emmaﬂummmfon PEGF atoasplicit 8 B51RE8,

beta-la and | ntigdifgoonnebirs letics in Rhesus Monkeys
Materials and Me rllods | nt grfgrpgrnf fmgg%a; PRI 9BeniENOp &Y the f%\’were

adni ni stered t &HRESISTRB’eTke limigotdetedeign in teimdssagiailouar (day 29 by the

i ntravenous . (1V) orseslupgd,l,g@‘, escribed in the general
protocol of Exanple 5. 239%,% Ogl ?p[r?%ﬁ%c dsm ’(5’8?9%181: Jipcp! parmacaiogyusit per

route) and anoyﬁgcogqu@m@w@blp assaysved PEGyl at ed I FN beta-la (3 per
route). ON 10 Pharmacokinetic and Statistical Methods

RstripTM software (MicroMath, Inc., Salt Lake City, UT) is used to fit data to
pharmacokinetic models. Geometric mean concentrations are plotted by time for each
group. Since assay results are expressed in dilutions, geometric means are considered more
appropriate than arithmetic means. Serum interferon levels are adjusted for baseline values
and non-detectable serum concentrations are set to § U/ml, which represents one-half the
lower limit of detection.

For IV infusion data, a two compartment IV infusion model is fit to the detectable

serum concentrations for each subject, and the SC data are fit 10 a lwo compartment
tnjection model.

20 The following pharmacokinetic parameters are calculated:
(1) observed peak concentration, Cmax (U/ml);

(i) area under the curve from O to 48 hours, AUC using the trapezoidal

rule;
(i) elimination half-life:
25 and, from IV infusion data (if IV is employed):
(iv)  distribution half-life (h);
(v) clearance (ml/h)
(vi)  apparent volume of distribution, Vd (L).

WinNonlin (Scientific Consulting Inc., Apex, NC) software is used to calculate.the

30 elimination half-lives after SC and IM injection.



"day 29, the doses were repeated. The IV dose was adm nistered as a sl ow
bolus injection into a cephalic or saphenous.vein. IS The SC dose was

adm ni stered under the skin on the back after shaving the injection site.
Bl ood was collected via the fenoral vein at specified tine points and
allowed to clot. to obtain serum Serum was anal yzed for |evels of
functional drug substances using a validated antiviral CPE nethod and for
serum neopterin and beta2- mcroglobulin | evels as pharmacodynam ¢ neasures
of activity. Pharmacol ogical 20 paraneters were cal cul ated using WnNonlin
version 2.0 software (Scientific Consulting Inc., Apex, NC. The
concentration data were anal yzed by standard nodel -i ndependent net hods
(nonconpartnmental anal ysis) to obtain pharnmacokinetic paraneters. Area
under the curve (A*&) was. cal cul at ed usrﬂb the trapezoidal rule.
Statistical.analyses,'?ﬂ%?ﬂﬂ?%ﬁ"ﬁ??FﬁﬁﬁPV@“QﬁmﬁﬁﬁﬁﬂaﬁbrStmﬂdwmd#dewkation

wer e per f or med masimugn MangedBh basENee]s HRGBIANCD,, re.(Mecrasoft
Corp., Rednond \é\é%n.al Coneentration val ues reportg}%g&d\é%"oavr\? %Lllbﬁli" egmtffone'
quantitation (BLG A& WERNFLROMAArE HesinggipypacBick At AUC ardbgasihmicallye t 0
the fact that udisfoeédptor eOAMYLE! FoRaGic GRS ﬁfeggrams round of f or
truncate nugbers differently, values in sone t Ables (e.g. nmeans, standard

devi ations, “or individual values) may differ 30 slightly fromthose in

ot her tables, Examprpdsvi dggll c da r frogmstatistical -52-
anal ysis data. Neither the i nt%é%ﬂeygkglﬁlgﬁon'} glr‘ %Féﬁéﬁ‘?%ﬁ"'&ffef%ebﬁaﬂa ands
affected by t hetesferefi-bétarlenles maRadnétics imRHesk: FoHRsisOn W thin each route of

admi ni strati onv,Begy]ahedndfLN beta-1a exhibited higher 5 bioavailability
(as nmeasured by the area unider the serum concentration-time curve). In

addi tion the pegyl itestirdnFdtblata-FEGyhacl Ns&harw@pmjmgtgmgi@%gjg,glot,),iké}jst y as
conpared tg | BN da?qtﬁalaaai‘ﬁm&n ad%B pistered by the SC route. sumari ze
the phar macokinetic paranet8r &Y Thox L Bravendus V) et subedtasnowst (SEegutkeataed | FN

: cribedg ' | 16 ) o
bet a2 by fg};f@*gg ) e peheree 10 TABLE Ot 2yt B, °
Phar macoki neti ¢ Par anet er s Of 1 SWMREE P/ 65 vesEEibpted T badria (3i st roate).odn of 1
MJ kg of | FN B2y 29, thegiosePegyd apetkd FMeBV dos@whOadRRESbSY MODKEY Solus injection
into a cephalic or saphenous vein.
15 The SC dose was administered under the skin on the back after shaving the
Injection- site. Blood was collected via the femoral vein at specified time points and
allowed to clot.to obtain serum. Serum was analyzed for levels of functional drug
substances using a validated antiviral CPE method and for serum neopterin and beta2-
microglobulin levels as pharmacodynamic measures of activity.  Pharmacological
20 parameters were calculated using WinNonlin version 2.0 software (Scientific Consulting
Inc., Apex, NO). |
~ The concentration data were analyzed by standard model-independent methods
(noncompartmental analysis) to obtain pharmacokinetic parameters. Area under the curve
(AUC) was calculated using the trapezoidal rule. Statistical analyses, including arithmetic
25 mean and standard deviation, were performed using Microsoft Excel version 5.0 software
(Microsoft Corp., Redmond WA). Concentration values reported as below liniits of
quantitation (BLQ) were not used in the pharmacokinetic analysis. Due to the fact that
different computers and computer programs round off or truncate numbers differently,
values in some tables (e.g. means, standard deviations, or individual values) may differ

30 slightly from those in other tables, from individually calculated data, or from statistical



Formutation (Route of C,,,, T. AUC CL Vss Tin Admnistrate Uhr/nL
(mikg) (nLlke) on) 0.083 4453 229 543 3.2 |IFN B-la 6400 (0) (799) (38)
(x147) (1.4) (1V) (0) 0.083 34373 29 250 9.5 Pegylated 10800 (0) (3601)
(3) (30) (2.1) IFN b-la (3811) (IV) 277 5.3 4753 NA NA 10.0 IFNB-la
(175) (1.2) (3170) (2.9) (SC 1080 3.3 42283 NA N A 22.0 Pegylated (381)
(1.2) (5934) (3.4) IFNB-la (SC) 15 'n=3 Followng IV adm nistration of
the first dose, the nean ( std. dev.) peak serum concentrations (Cnhax) of
| FN beta-la and pegylated I FN beta- la were 6400 ( 0) and 20 10800 ( 3.5)
Un, respectively. The nean ( std. dev.) AUC val ues were 4453 ( 799) and
34373 ( 3601) U*h.r/nlL, respectively. Following the first SC

adm ni stration, the rrean ( std. dev.) Cmax of IFN beta-la and pegyl at ed

| FN beta-la were 277 and -53- 1088%-( 381) U nL, respectively. Mean (
std. dev.) AU@“E’QISLF@%‘* \Aﬁ‘?‘ C'4”?53“f8”3¥1'm')mkﬁﬂ’dﬂ!aﬂM%mC(daM\»ﬂ@af[dtthd bmrithese
respectively. difRfeiccser um neopterin and serum beta2m crogl obulin levels were
el evat ed afteﬁ t reat rrent with | FN-beta and pegyl ated | FN-beta, indicating
phar macol ogi ¢ ssiphe 5 products. At the high doses of test

conpounds used, thefiginVash Rudiof fRRGNGEHED ;;egﬁated IFN beta-la exhibited higher
5 bioévéilability’ (as measured by the area under the serum concentration-time curve). In
addition the pegylated [FN beta-la had a higher absolute bioavailability as compared to IFN
beta-la when administered by the SC route. We summarize the pharmacokinetic parameters
in Table 5. Administration of pegylated IFN beta-la by both IV and SC routes results in an
increase in the half-life as well as the AUC of IFN beta-la.

10 TABLES:

Mean (+ Std. Dev.) BG9418 Pharmacokinetic Parameters Following IV or SC (Dose 1) Administration of !
MU/kg of IFN b-1a or Pegylated IFN B-1a to Rhesus Monkeys?

Formulation
(Route of Cane Toax AUC CL Vss Tin
Administrati U*hr/mL (mL/kg) (mL/kg)
on) : i

0.083 4453 229 543 3.2
IFN B-la 6400 (£0) (£799) (£38) (£147) . (£1.4)
vy (£0)

0.083 34373 29 250 9.5
Pegylated 10800 (£0) (+3601) (¢3) (:30) (£2.1)
IFN- b-1a (£3811)
(Iv)

277 53 4753 N/A N/A 10.0
IFN B-1a (75) (£1.2) (£3170) (x2.9)
(SC)
1080 33 42283 N/A N/A 22.0
Pegylated (£381) (£1.2) (£5934) (£3.4)
IFN B-1a
(SO)
15
*n=3

Following IV administration of the first dose, the mean (= std. dev.) peak serum
concentrations (Cmax) of IFN beta-la and pegylated IFN beta- la were 6400 (= O) and

20 10800 (+ 3.5) U/mL, respectively. The mean (+ std. dev.) AUC values were 4453 (£ 799)
and 34373 (+ 3601) U*hr/mL, respectively. Following the first SC administration, the
mean (+ std. dev.) Cmax of IFN beta-la and pegylated IFN beta-la were 277 (= 75) and



pharmacol ogi c activity of IFN beta-la and pegylated | FN beta-la by either
route of admnistration (data now shown). EXAMPLE 7: Conparative

Eval uati on of Pegylated Interferon beta-la and 10 Interferon-beta-la
Phar macoki netics in Rats foll owi ng Various Mddes of Adm nistration The
purpose of this study was to determ ne the conparative bioavailability of
interferon beta-la and pegylated interferon beta-la by several routes of
adm nistration. Mterials and Methods: 15 W used fenmale Lewis rats (at
190 grans each) for pharnacokinetic analyses with two rats per
route/fornulation. The rats were jugul ar cannul ated and either human
interferon beta-la or 5K pegyl ated human interferon beta-la or 20K human
interferon beta- | a (in a vehicle consisting of 14 ng/m HSA in 50 nmM
sodi um phosphate, 100 nM NaCl, pH 7.2) -%&re adm ninstered intravenously,
i ntraperit oneal 1040 (26384) YAmL, casprstivein dem|(y storde 2 AU vahies aelaeiab i 3 Blopagh Was

processed severnadysti MRS QML period at O, 5 mn, 15 mn, 30mn,
75 mn, 3 hr, 24 h,( 48 |’)'I andﬂ;fzﬁeé?gﬁg protocol is presented in Table 6.

The cytopathic ef fBah s¢roRE)ecoptetm sshseruvasbetalmicospldbbn $@el M SABRVASd tafter
detect interfegpqs I8y resul.ts nerated with unnodified
20RO o8 BLalled NG ol ST et oaio et o dhe

interferon beta-la and interfero a-la
present ed i A THIPHeC!7 At the digh damees! tepegytipalindomusddeshekd @ds inB diffSresdediH fHecant

increases in tyy . .= 54- BLE 6. 20K P Gﬁ'? ed hl FN$, 1 UnPEGy] at ed
hJFN{3,a Intr 5@%’?1%%@’6%?’”’12? ”?g,pbe‘?ga % .P‘:@.'a‘e§4, 4%?‘3‘}*2 by githes; roytg ofgy.
75 min, 3, 5 hadmifistrRign (dAG nowrshody). 24, Intraperitoneal -0.5, 48, 72 h 0. 5.
15. 30. 75 mn, 3, 5h Oal 0. 15, 30. 60. 90 mn, 4, 7. 0. 15. 30, 60, 90
mn. 3, 5 24, 48, 72 h 7 h Subcutaneous 0. 30. 60. 90 min, 4. 7. 24. O,

30. 60. 90 ni NEXBMPBE 77, CoABarafize Bvaldhtidn of Pegylated Interferon beta-1a and

10 Interferon-beta-1a Pharmacokinetics in Rats following Various Modes of
Administration
The purpose of this study was to determine the comparative bioavailability of
interferon beta-1a and pegylated interferon beta-1a by several routes of administration.
Materials and Methods: L
15 We used female Lewis rats (at 190 grams each) for pharmacokinetic analyses with
two rats per route/formulation. The rats were jugular cannulated and either human
interferon beta-1a or 5K pegylated human interferon beta-1a or 20K human interferon beta-
1a (in a vehicle consisting of 14'mg/ml HSA in 50 mM sodium phosphate, 100 mM NacCl.
pH 7.2) were admininstered intravenously, intraperitoneally, orally, subcutaneously or
20 intratracheally. Blood was processed several times over a 72 hour period at O 5 min, {5
min, 30min, 75 min, 3 hr, 24 h, 48 h and 72 h. The protocol is presented in Table 6. The
Cytopathic effect (CPE) bioassay was run on the serum samples to detect interferon-beta in
the serum. The results generated with unmodified interferon beta-la and interferon beta-1la
pegylated with 20K PEG are presented in Table 7. In all cases, pegylation resulted in

25 significant increases in t 2 and AUC.



krttratracheal 0, 30, 60, 90 mn, 4, 7.24. 0, 30, 60, 90 mn, 3, 5, 7, 48,
72 h 24 h 510 -55- TABLE 7 5 Pharmacoki netic paraneters follow ng |1V, SC,
P or IT admnistration of Interferon beta- | a (IFN) and pegyl ated

| FN-beta la (IFNNPEG in Rats Fornulation C,,,,,, T,,.~~ AUC/ Dose Tta
(Route of (Um) (hr) (U hr)/(nmk ug) (hr) Admnistration) IFN (I1V, 20 ug
64000 0.25 3035 1.25 does) 1-PEG (1V, 3 ug 23970 0.08 47728 8.44 dose)

| FN (SC, 20 ug 2400 1.00 464.4 0.96 dose) UFN-PEG (SC, 3 2400 7.00 14688
11.9 u dose) IFN (IP, 20 ug 26000 1.25 4159 1.53 dose) IFN-PEG (IP, 3 ug
9700 1.25 52148 16.2 dose) IFN (IT, 15 ug 240 1.5 70.7 1.29 dose) r dose)
| FN-PEG (I T, 15 270 7.0 233.5 6.21 10 EXAMPLE 8: Anti - Angi ogeni c Effects of
Pol yner - Conjugated Interferon Beta-la: Assessnent of the ability of
PEGyl ated i njggferon-beta-la to inhibPf-endothelial cell proliferation in
vitro Human venous endothelial cells (Cell Systens, Cat. #2V0-P75) and

human der nal

20K PEGylated hiFNf,, UnPEGylated hIFNJ,,
0.5, 15, 30. 75 min, 3. 24,
Intravenous 48,72 h —— 0.5.15.30.75min, 3,5 h

[

_ 0.5, 15, 30, 75 min, 3, 24, '
Intraperitoneal min.3.23. 11 6.5.15.30. 75 min. 3. 5 h

48,72 h
Oral 0. 15, 30, 60, 90 min, 4, 7, 0. 15, 30, 60, 90 min, 3, 5,
24,48, 72h ] 7h

Subcutaneous 0. 30, 60. 90 min, 4. 7, 24, 0.3, 60. 90 min. 3. 5. 7,

48,72 h 24 h
R 0,30, 60, 90 min, 4,7, 24, 0,30, 60, 80 min, 3, 5, 7,
O L . ag72n < 24h _




m crovascul ar endothelial cells (Cell Systens, Cat. # 2M 1-C25) are

mai ntained in culture 15 wth CS-C MediumKit (Cell Systens, Cat. #
470-500). Twenty-four hours prior to the experinent, cells are trypsinized,
and resuspended in assay nedium 90% ML99 and 10% fetal bovine serum
(FBS), and are adjusted to desired cell density. Cells are then plated

onto gelatin-coated 24 or 96 well plates, either at 12,500 cells/well or
2,000 cells/well, respectively. 20 After overni ght incubation, the assay
mediumis replaced with fresh nmedium containing 20 ng/m of human

reconbi nant basic Fi broblast Gowh Factor (Becton Dickinson, Cat. #
40060) and various concentration:; of conjugated and unconj ugated
interferon-beta- |la proteins or positive %ontrol (endostatin can be used as
a positive control, -56- as could an antivody to bFGF). The final volunme is
adjusted to 0.5 mM in the 24 well plate or 0.2 m in the 96 well plate.
After seventy-tmeLEmwurs, cells are trypsi ni zed for Coulter counting, frozen
for QIQJant fI uorescense readi ng, or'labeled with [3H thym dine. The

i nhi bition gg;_s“’rgéwarawﬂﬂtfe’M‘“"\gggBC flRerdT pdorinistrmiovdf Inkederdnpers oNjRYYALED and
unconj ugat ed i ﬁ?gér Fie R -REG) i conparabl e, indicating that PEGyl ation
had not interfered with the ability of the |nterferon to function inthis
setting. This]|Famiails 0 a$&dy (eSS (e _fromam T ntre] gn—betg—eteettes, of

t he i nventi on|f{Rostcof ef f ecl gusei) endoththb al cell pr(@i,,;,(ﬁ,gngtl an h,’}/\hl ch may be
i ndi cative of [Afminisagi ogenic effectl]s 10 in vivyo. See O Rgil T.
Boehm Y. Shih %“Nzorﬂhka 6408 Vasi 04,0%V Lane, E303FIynn, J. IBBrkhead
O sen, and J LE P J_rm7\ I_Huv_taf. n_An_Ehdoaenous | nhi bitor Of
Angi ogensi s ami,scizﬁd;rrﬁ 3G bl el 8898277285 | BEVPLE 9: | B Vivo Model to
Test Anti - Ang| BY60] 20 uaNd] MeOVasc Ul anipgt T om Eff et g— o of Fgpiveated
Interferon-betdess) a A variety of nodel s have been devel oped|to test for| the
ant i - angi ogenj ¥NARE (8t i F24eovascul ariozati on ef | eedsS of t Ne gl ecul €5
descri bed her g ?;)Qnrm f _these nodél s have been described in United
States Patentls h733287d P0Mr. 31, 10685 " Met hod| U9 i nhi bi t | h§

angi ogenesi s)mga $% (Aug—473992——Met '521‘48“'n'd a pﬁ%fzrracem__t_czl
conposi tion ZJGeknr the ijnhi bition of angi ogenes| ). Ot her ‘&ssays inglude
t he shel | -1 eqdfeHolsival [|amt ol ¢ nmenprane ( CAM) [aggay of S, gyt or—amdiJ.

Fol kman; Nat U#£&el 207 307 (1982) an
IFN-PEG (IT, 15 | 270 7.0 2335 621
ug dose) ’

10 EXAMPLE 8: Anti-Angiogenic Effects of Polymer-Conjugated Interferon Beta-la:
Assessment of the ability of PEGylated interferon-beta-1a to inhibit endothelial cell
proliferation in vitro

Human venous endothelial cells (Cell Systems. Cat. #2V0-P75) and human dermal
microvascular endothelial cells (Cell Systems, Cat. # 2M[-C25) are maintained in 'culturc

15 with CS-C Medium Kit (Cell Systems, Cat. # 4Z0-500). Twenty-four hours prior to the
experiment, cells are trypsinized. and resuspended in assay medium, 90% M199 and 10%
fetal bovine serum (FBS), and are adjusted to desired cell density. Cells are then plated
onto gelatin-coated 24 or 96 well plates, either at 12,500 cells/well or 2,000 cells/well.
respectively. l

20 After overnight incubation, the assay medium is replaced with fresh medium
containing 20 ng/ml of human recombinant basic Fibroblast Growth Factor (Becton
Dickinson, Cat. # 40060) and various concentration: of conjugated and unconjugated -

interferon-beta-1a proteins or positive control (endostatin can be used as a positive control,



R Crum S. Szabo and J. Fol kman; Sci ence. 230. 1375 (1985); the nouse dorsal
air sac nethod antigi ogenesis nodel of Folkman, J. et al.; J.Exp.Md., 133,
275 (1971) and the rat corneal mcropocket assay of G nbrone, MA Jr. et
al., J. Natl. Cancer Inst. 52, 413(1974) 25 in which corneal

vascul arization is induced in adult nale rats of the ‘Sprague-Dawl ey strain
(Charles River, Japan) by inplanting 500 ng of basic FG- (bovine, R & D
Syst ens, Inc.) i npregnated in EVA (ethyl ene-vinyl acetate copol yner)
pellets in each cornea. Oxher nethods for testing PEGyl ated nuririe
interferon-beta for anti-angiogenic effects in an animal nodel include
(but are not |limted to) protocols for screening new 30 potenti al

anti cancer agents as described in the original Cancer Chenotherapy Reports,
Part -57- 3, Vol. 3, No.2, Septenber 19%2-and the supplenent In Vivo Cancer
Model s, 1976- 18382uld aiNarkibodibioibEGT). Ohe Roal v8HnGS 5djusted by MRmYin 1124 . wellgrasise of

the species bafp interferons, to assess the anti-angi ogenic
activity of pgt{yr%gﬁ]sgﬁﬁg-u%%tﬂ@gtl nterferon-beta in rodent nodel s, pol yner

conj ugat ed rodent AStef mvemf arodulpdells arbﬁppsﬁﬁfzdmﬁcoan@ caRney, &b@@l forSuch

screeing nmeth [ exe lified b to . test for the
antl-anglogenﬁgi%spﬁu $5% “5°895d¥ %ggﬁLWEPF@F ﬁcﬂg?&°6ﬁf

subcut aneods| yndqtrlplhaln:tcﬂqbrdh&msm invigo Eﬁécﬁiﬂg@rmanﬁn'c@ijd%ated intEEBMBA-bdth 8. Ar ose
spont aeously i 1%?1 % a cqrgln Gof t in a C57BU6 nouse. 10
Summary of Test™ BrOrEHUy dgicatiigy ylad t"°f @‘cffﬁbq ‘é‘r‘ﬂ‘@ﬂabé'ﬂbefiﬁ’%meousl y in
the axillary mag&umtomuauaﬁﬁﬂﬁﬂuﬂnmse The test agent (i.e, a PEGylated
interferon of the .invention @hﬁlnl stered at various doses,

subcut aneousl y ( SOMoP iR £ é‘?’sfstt Ruman jnterfgspn- byhmAEAUtes ph the | e80T 81 owi ng

tunor inpl ant aﬂf&ccrbn e'ﬁﬂl@hd)ﬂrc&n”ipfoﬁhfcrmw&dnéy%emaﬁ% o8 BHftVAnY¥idbenld diRcts Resul t's
survival tine. 15 Ani mal s:

are expressed. contr ol

Pr opagat i 3?1 QJGS‘O el ly'%&t%ﬂb"e hige B gl Bukalngi Yastos. Wi leage.dhblna be
within a 3 gm. \Baikgm Baamg@ matJhF@krmnnl(mm VAt fanEdo dggmuﬁ Rhive &S and 17
gm for fenaleg ex Is used for all test ontrol animals in

one experi nen "g’°g§8ﬂ?ﬁfléiTL@?éG§%UPc€"”§% 2ft883bl e, for aI | animals in one

experi nment.
EXAMPLE 9: In Vivo Model to Test Anti-Angiogenic and Neovascularization Effects
15 of Conjugated Interferon-beta-1a
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
been described in United States Patents 5,733,876 (Mar. 31,1998: “Method of inhibiting
angiogenesis) and 5,135,919 (Aug. 4, 1992:" Method and a pharmaceutical composition
20 for the inhibition of angiogenesis **). Other assays include the shell-less chorioallantoic
membrane (CAM) assay of S. Taylor and J. Folkman; Nature, 297, 307 (1982) and |
R.Crum. S.Szabo and J.Folkman; Science. 230. 1375 (1985); the mouse dorsal air sac
method antigiogenesis model of Folkman, J. et al.; J.Exp.Med..133, 275 (1971) and the rat
corneal micropocket assay of Gimbrone, M.A. Jr. et al., J. Natl. Cancer Inst. 52, 413(1974)
25 in which comeal vascularization is induced in adult male rats of the Sprague-Dawley
strain (Charles River, Japan) by implanting 500 ng of basic FGF (bovine, R & D Systems,
Inc.) impregnated in EVA (ethylene-vinyl acetate copolymer) pellets in each cornea.
Other methods for testing PEGylated murine interferon-beta for anti-angiogenic
effects in an animal model include (but are not limited to) protocols for screening new

30 potential anticancer agents as described in the original Cancer Chemotherapy Reports, Part



Experiment Size: Ten aninmals per test group. Tunor Transfer: 25
PROPAGATI ON: Fragnent: Prepare a 2-4 mmfragnent of a s.c. donor tunor
Time: Day 13-15 Site: Inplant the fragment s.c. in the axillary region with
a puncture in the inguinal region. 30 TESTING -58- Fragnent: Prepare a
2-4 mm fragnment of s.c. donor tunor. Tine: Day 13-15. Site: Inplant the
fragnent s.c. in the axillary region wwth a puncture in the inguinal
region. 5 Testing Schedule: Day 0: Inplant tunor. Run bacterial cultures.
Test positive control conpound in every odd-nunbred experinent. Prepare
materials. Record deaths daily. Day 1. Check cultures. D scard experinent
if contam nated. Random ze animals. Treat as instructed (on day | and on
foll owi ng days). 10 Day 2: Recheck culturg?. Di scard experinment if

[

cont am nat ed. : i Day. 2 d nitial test agent toxicity
eval uat i on. DaDi?ngr 3'&%?’? & bﬁfﬂ@&@g% sypplFmepsly Vane- Capgsin Models.1976-ARE2. day .
Day 60: End and NgHdlublitagonaxp 842600 Febri¥amgae | ungs grossly for tumor. 15

Quality Control: Schgdul e e positive control conpound (NSC 26271 (Cytoxan
at a dose of 100 rrg%fﬁ'fsfﬁ{tg?:fq%ﬂm?mi‘?{s%V@P?I‘Biﬁﬁgﬂrﬁfnﬁéfséﬂ the@pirangiegenic t he

regi men for whi edtivitg of polyiniea pughrof Ridrfeeth-Holin fodei knbdels] POlyhOWBhjugasd {omt r ol
limt for t _hga pQsi five contr ol. is 140%  The acceptabl e untreated control
medi an survival "T1 e TS APEPIBIeRs gipyeenerated. Sycly sgrasingmethods aresagraptified by geasur ed
i s nmedi an survi p@tocbli lﬂ&stw&nﬂ-aﬁgagcn@d'ﬂfﬁ&k omg}iatcd murine interferon-beta on
subcutaneously-implanted Lewis Lung Carcinoma. |
Origin of Tumor Line:
Arose spontaeously in 1951 as a carcinoma of the lung in a C57BL/6 mouse.
10 Summary of Test Procedures: A tumor fragment is implanted subcutaneously in
the axillary region of a B6D2F| mouse. The test agent (i.e; a PEGylated interferon of the
invention) is administered at various doses, subcutaneously (SC) or intraperitoneally (IP)
on multiple days following tumor implantation. The parameter measured is median
survival time. Results are expressed as a percentage of control survival time.
15 Animals:
Propagation: C57BL/6 mice.
Testing: B6D2F! mice.
Weight: Mice should be within a 3 gm weight range with a minimum weight of 18
gm for males and 17 gm for females.
20 Sex: One sex is used for all test and control animals in one experiment.
Source: One source, if feasible, for all animals in one experiment.
Experiment Size:
Ten animals per test group.
Tumor Transfer:
25 PROPAGATION:
Fragment: Prepare a 2-4 mm fx;agment of a s.c. donor tumor
Time: Day 13-15
Site: Implant the fragment s.c. in the axillary region with a puncture in the inguinal
region.

30 TESTING:



weights for Day 1 and Day 5, conpute Test/Control ratio for all test groups
with. The nean ani mal body weights for staging day and final evaluation
day are conputed. The Test/Control ratio is conputed for all test groups
with > 65 % survivors on Day 5. A 25 Test/Control ratio val ue <86%
indicates toxicity. An excessive body wei ght change difference (test m nus
control) may al so be used in evaluating toxicity. Criteria for Activity: An
initial Test/Control ratio greater than or equal to 140%is consi dered
necessary to denonstrate noderate activity. A reproducible Test/ Control
ratio value of greater than 30 or equal to 150%is considered significant
activity. -59- CLAIM5S 1. A physiologically active interferon-beta
conposition conprising a physiologically _active interferon-beta-la coupled

to a polymer conprigsing a_polyal kyl epe gl°ycol noiety, 5 wherein the

i nterferon-beta- | a"s'?%’%&bﬁ‘gl’aé %g Wga%?gjzﬂfe‘rc' denoaidae on the

i nterferon-beta-| a Tilnkdbayil$18n N-term nal end, wherein the physiologically
active interferon-Qeta-1a and the polyal kyl ene glycol noiety are arranged
such that the physi 6‘F'o{j’i’pga3f‘3‘§/fr%’f&f‘\/5ec' I hepXildany FreiggetidLapugctng g fheinguinal
physi ol ogi cal | y actdgie. i nterferon-beta conposition has an activity at | east
2- fold greater Lehativ%;éﬁ physiol ogically active interferon-beta-la, when
measured by  an 10 FRYNgiSF “%ssay. 2. The conposition of claim1, wherein

the interferon- Ueiya: | Bopls GAYR! ®dn becddde cullRby MeEs; %siayé&énﬁolba’orr@@b{ndofn a
glycan noiety of the interferon-beta-la. 3. The conposition of claiml,

wherei n the interfer cRfB&fdnumbied expegimenh Repragy Baretidls Kecord deathygibn pr ot ei n.

15 4. The conpoayiioncktk eli@iet bisoMaed@kdinddiqr bohkShifHEQD ﬁéo@@ie %ir“d?.i on
protein conprises a portion of an inununogl obulin nolecule.

physi ol ogi cal | y acti vE®} AtiBYPerderEst handerpeldavingdrydonpri sing a

physi ol ogi mal | y Dape:t i Re@hdgk ¥mosY.! Bh&sh éxiat-.r%érﬁm'aa%%ﬁrﬁfela a N-termnally
yco

coupled to a pol r conprisin pol yal kyl ene noi ety, wherein the

ne a

physi ol ogi cal | y P2t v%elgm%rzfa@géw of fratidd tes| ageptriakicibeevalbatpwl yal kyl ene gl ycol
noi ety are arrapge: Sdédiof dd-ddatiedaphysi ol ogi cal 'y active interferon-
beta-]a in the Bays[olo ically active interferon-beta conposition has equal
activity relat 48t oF gestksgrtal |y active interferon-beta |acking said

moi ety, when meBsUS0EEnlYnd@Raluate experiment. Examine lungs grossly for tumor.
15 : 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 | only. The lower Test/Control limit for the positive control is
140%. The acceptable untreated control median survival time is 19-35.6 days.

20 Evaluation:

The parameter measured is median survival time Compute mean animal body
weights for Day 1 and Day 5, compute Test/Control ratio for all test groups with. The
mean animal body weights for staging day and final evaluation day are computed. The
Test/Control ratio is computed for all test groups with > 65 % survivors on Day 5. A

25 Test/Control ratio value <86% indicates toxicity. An excessive body weight change
difference (test minus control) may also be used in evaluating toxicity.

Criteria for Activity:

An initial Test/Control ratio greater than or equal to 140% is considered necessary

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

30 orequalto 150% is considered significant activity.



antiviral assay. 6. The conposition of claim5, wherein the interferon-beta
is coupled to the polyner 25 at a site by way of a glycan noiety on the
interferon-beta. 7. The conposition of claimb5, wherein the
interferon-beta- lais an interferon beta fusion protein. S. The

conposi tion of claim7, wherein the intePferon beta fusion protein
conprises a portion of an inllllunoglobulin nolecule. 30 9. A stable,
aqueous!| _y sol ubl e, conjugated interfekétMdeta-1 a conpl ex conprising a
interferon-beta-1 a NNtermnally coupled to a pol yethyl ene glycol noiety,
wherein the intephaid nebﬂhamﬁ»ahﬁ&ﬂﬁombbmdohmoﬁhenpmhyﬂﬁhyh@hgﬂ@bgﬁa“y

noi ety by a . labile bopd, wherein the labile bond is c eavab

bi ocheni captlrﬁ/w%ﬁy@i betirg copplediogt RYYPET LMprge 4 pRlyal é'&%e‘LYF? Bpicty.
conpri §i ngy 1?@15114&1?@1%&9&&{ f)&s QE‘ lsbc%tuﬁleﬁ(w Rle§1§rRerdht a@ne B@ménﬁdekﬂéron%&ww ng
pol ymer at an N-term nal end sald nutant ‘interferon-beta, said polymer
conpr|3|nghalpmi?dbﬁyméhéﬂghyﬁﬁmthgpbwwob&mébEKW\Saﬂ@ﬁﬁeﬂéﬁm1ﬂfmdl e :
i nterferon- a.ls ol e tide r t e of an
one-of -t nehatanr DR ar Bl S GaIREh PRt MG RRPRITE SO FRERE ©f o
conposi ti eRtarc@rtié pysicogtyllyonrevontetaombdeth compdfiion Whemeictivithet lpadt prer
has a nol ecul ar wei ght of from about 5 to about 40 kilodaltons. 12. A

phar maceut!Pldarex e BEVE { o EIRE sl G Y S ST ey Pea-dh eR Acapured BidBsi t i on
of Ch@lﬁh%&h“%Ong A nmet hod of nodifying interferon-beta- |la for _
prolonging the actrvity of said interferon-beta-1 ain anin vivo or in
vitro sysLen1mhémemnnmoduaedfﬂhmrénmmnwnﬁhemnm&hudbﬂ@dnpswsmh@tgdupl|ng

said interferon-bet t t I i et t
Sheld n coupian porgner ok oes eBR B M St it Rk XA the met hod of

cl ai m 13, swher eithetcBmipbsitien besiginT Patikertia thint@fepdiLbeth0a ideh PO fei®l-betdS at a
site by way of a glycan noiety on the interferon-beta-la. 15. The method of

cl ai m 13, laHesied profgie i nterferon-beta- la is an interferon-beta- la fusion

proteyg. 40 Thairbh ggs, fbn 6F QLM 33BN MidRCor- DAL B gt | @ Fust on

protelrn conprises 1 on O an | rrrrunog ECU
comprises a pomon of an immunoglobulin molecule.

5. A physiologically active interferon-beta composition comprising a physiologically
active glycosylated interferon-beta-1a N-terminally coupled to a polymer comprising a
polyalkylene glycol moiety, wherein the physiologically active interferon-beta-1a and the
20 polyalkylene glycol moiety are arranged such that the physiologically active interferon-
beta-1a in the physiologically active interferon-beta composition has equal activity
relative to physiologically active interferon-beta lacking said moiety, when measured by an
antiviral assay.
6. The composition of claim 5, wherein the interferon-beta is couplied to the polymer
25  atasite by way of a glycan moiety on the interferon-beta.
7. The composition of claim 5, wherein the interferon-beta-1a is an interferon beta
fusion protein.
S. The composition of claim 7, wherein the interferon beta fusion protein comprises
a portion of an immunoglobulin molecule. | |
30 9. A stable. aqueously soluble, conjugated interferon-beta-1a complex comprising a
interferon-beta-1a N-terminally coupled to a polyethylene glycol moiety, wherein the
interferon-beta-1a is coupled to the polyethylene glycol moiety by a labile bond, wherein

the labile bond is cleavable by biochemical hydrolysis and/or proteolysis.



20 17: The nmethod of claim 13 or claim15, wherein the interferon-beta-la
Is a mutant interferon-beta-la, wherein said nutant interferon-beta- la is
a pol ypeptide conprising the amno acid sequence of any one of the nutant
sequences of Table 1. 18. The nethod of claim 13, wherein the polyner

conprises a polyal kyl ene gl ycol.
-60-

10. A composition comprising a mutant interferon-beta coupled to a non-naturally-

occurring polymer at an N-terminal end of said mutant interferon-beta, said polymer

comprising a polyalkylene glycol moiety, wherein said mutant interferon-beta is a

polypeptide comprising the amino acid sequence of any one of the mutant sequences of
5 Table 1.

11. An interferon-beta-1a composition according to any one of claims 1 to 10,

wherein the polymer has a molecular weight of from about 5 to about 40 kilodaltons.

12. A pharmaceutical composition comprising the interferon-beta-1a composition of
claim 11. '
10 13. A method of modifying interferon-beta-1a for prolonging the activity of said

interferon-beta-1a in an in vivo or in vitro system when introduced thereinto, the method
comprising coupling said interferon-beta-1a to a non-naturally-occurring polymer moiety
to yield a coupled polymer-interferon-beta-1a composition.
14. The method of claim 13, wherein the interferon-beta-1a is coupled to the polymer
15  atasite by way of a glycan moiety on the interferon-beta-1a.
15. The method of claim 13, wherein the interferon-beta-1a is an interferon-beta-1a
fusion protein.
16. The method of claim 15, wherein the interferon-beta-1a fusion protein comprises
a portion of an immunoglobulin molecule.
20 17. The method of claim 13 or claim 15, wherein the interferon-beta-1a is a mutant
interferon-beta-1a, wherein said mutant interferon-beta-1a is a polypeptide comprising the
amino acid sequence of any one of the mutant sequences of Table 1.

18. The method of claim 13, wherein the polymer cdmprises a polyalkylene glycol.



