WO 02/ 074806 PCT/ DKO2/ 00128 1 NEW | NTERFERON BETA- LI KE MOLECULES FI ELD OF
THE I NVENTION 5 The present invention relates to newinterferon (3 (IFNB)
nol ecul esworeetohsds of preparing such nol ecul es and t he uPeTAK®M®CI2S

nol ecules in therapy, in particular forythe treatnment of nultiple
sclerosis, viral infections or cancer. 10 BACKGROUND OF THE | NVENTI ON

Interfe L C I cterized by antiviral,
antiprofﬁﬁiPgiﬁgggﬁgﬁ%ﬁg&#ﬁ%ﬁ@ﬁhﬂﬁﬁ%ﬁ@ﬁ§ga0tivities. These activities form
a basis for the clinical benefits that have been observed in a nunber of
di seases, including hepatitis, various cancers and nultiple 15 sclerosis.
The interferons are divided into the type | and type Il classes. |FNB

bel ongsFIRLD 0F TEEANYBNTIONe | interferons, which also includes
interferons a, ti and co, whereas |nterferon y is the only known nmenber of
the distinct type Il class. Human IFNB is a regul atory pol ypeptide with a

nmol ecul F:P@s ISt Fﬁ%éi”

be pr od%ee %EET%\;S% tl&gf |t891t@ elﬁ%o n QF%?@%UCF}%P algl(?)iﬂ? a%ﬁl(}% as ésa

r esponsmoledules bad therikeof sueh ntle@itg3ds tl’fem;iypmqialﬂﬁcrulhl fot thgitreatment obinnlipld 0 a
mul tinmeric cell surface receptor, and productive receptor binding results
in a caideews.oiral MiscHoBs PigaaFTevent s | eadi ng to the expression of | FNB

i nduci bl e genes which in turn produces effects which can be classified as
antiviral, antiproliferative and i nmunonodul atory. The am no acid sequence
of hunaBACKER GERND OFcTHBANMENIAONjuchi , Gene 10:11-15, 25 1980, and in EP
83069, EP 41313 and US 4686191. Crystal structures have been reported for
human and murine I FNB, respectively (Proc. Natl. Acad. Sci. USA

94: 1181gnddBd: aré%ﬁﬁortaﬁt ci¥Bkinedtitibactef28d BP 4ntiRral aﬁﬁgﬂlferﬂfkf‘ey andlave been
reviewed I n Cell Life Sci. 54:1203-1206, 1998. Relatively few

pr ot ei ninemynomeedudatoryzactivitics Thiesd ﬂﬂ&ltha\ﬁarrrbebmsr @pdret@mlcz(amwﬁ&‘:tha‘ztmave 30 WO

9848018, US 5545 23 US 4914033, EP 2 0 S 4588585 us 233, Stewart
et al, PERRDHHY ﬁﬁ% %g cas ﬁién g&ﬂ‘?_fég:"é{“"éﬁ f§§§ngf5n(’)lﬁ}% Bi ol .
Chem 24ferodte. Thb4nteRBrond Q@thﬁ@@ﬁﬁo thEXﬁfeanilHbe@Iﬁ clabdB. H’Nﬁ%@b&%'tb $hhas
been reported (US 4966843, US 5376567 and US 5795779). WO 02/ 074806

PCT/ DKOGAST 28pe Dinterferons, which also includes interferons o, T and ®, whereas interferon y is

the only known member of the distinct type II class.
Human IFNB is a regulatory polypeptide with a molecular weight of 22 kDa consisting
of 166 amino acid residues. It can be produced by most cells in the body, in particular
20 fibroblasts, in response to viral infection or exposure to other biologics. It binds to a multimeric
cell surface receptor, and productive receptor binding results in a cascade of intracellular events
leading to the expression of IFNB inducible genes which in turn produces effects which can be
classified as antiviral, antiproliferative and immunomodulatory.
The amino acid sequence of human IFNB was reported by Taniguchi, Gene 10:11-15,
25 1980, and in EP 83069, EP 41313 and US 4686191.
Crystal structures have been reported for human and murine IFNB, respectively
(Proc. Natl. Acad. Sci. USA 94:11813-11818, 1997. J. Mol. Biol. 253:187-207, 1995). They
have been reviewed in Cell Mol. Life Sci. 54:1203-1206, 1998.
Relatively few protein-engineered variants of IFNB have been reported (WO 9525170,
30 WO 9848018, US 5545723, US 4914033, EP 260350, US 4588585, US 4769233, Stewart et al,
DNA Vol 6 no2 1987 pp. 119-128, Runkel et al, 1998, Jour. Biol. Chem. 273, No. 14, pp. 8003-
8008). |
A Expression of IFNB in CHO cells has been reported (U S 4966843, US 5376567 and US
5795779).



Redlich et al, Proc. Natl. Acad. Sci., USA, Vol. 88, pp. 4040-4044, 1991
di scl ose inmunoreactivity of antibodi es against synthetic peptides

corr espormaong/ot4asopept i de stretches of reconbi nant human PENBKMOM28he
mutation C17S. I FNB nolecules with a pagticular glycosylation pattern and
met hods for their 5 preparation have been reported (EP 287075 and EP

529300). Vari,o ref ergnc di,sc e i § ion i,d by

pol yner conj Bﬁgﬁ‘fho% a@ﬁo«bl loéﬁ?‘ilﬁ%bnﬁggol{/l?ﬁg%’%éﬁ%'@gﬁigﬁgtfmﬁéﬁ ve | FNB
or a ClismvasreadivityFat@bodiaiaghRSisynitRRe bémilict Eotredgd: tdfsepHdddibiches 6P
593868, US 4917888 and WO 99/ 55377). US 4,904,584 discloses PEGyl ated

| ysi ne thspbinagt WyhgipBiNE wéth thewmatasion GI7S| east one | ysi ne resi due has been
10 deleted o | 4 . ' Ld. residue. [ 67291

di scl oses a %@%@%&S@Q&g?s%@g% %ﬁ@%ﬂgl 5’8@%’? Ielgﬁﬁémmtaﬁg b’%&c’ds ertglglﬁ at | east
one am pepastitn hes et reported CEPLOTEASand EP 3p8eded and the protein is
contacted with PEG under conditions, sufficient to achieve conjugation to

L hle prot ei n. ViNboworeisees disslosoweditiopiagy ehnodyneatideyabmeropies %gg h
el ongi g@,§§@1a{s§69§%PFﬁafﬁ&a& éf&%fséﬁ}xhym_av&l%%aga@etggr%@alg%&s. ue has

been su "tu a non-essential am no aci ocated in a
speci f i sgported)(Eh22108hESPGBIGTHEPBO386F; N 491588& and W@ H9/AS3TNUBRDME 840f a

pol ypept.j de bel ing.to the growth harnmone superfam|ly. . WO 00/ 23114
di scl os~e§%ﬁ?§£@ﬁa@§wSM$£%%&wprlmwgm Aersiygne lysigg feskide TprRgen
fusiipn BEElegloP fepldtRl Qs dthed 'aﬁm@ﬂd’&c‘?@ré@idﬁ@.tm9737ﬁlQﬂé&ds@gﬁgr&le%%isy| at ed

pol ypeptide variant wth”reduced allergenicity, which as conpared to a

cor r espoomugaingarpeoteinowitly BEQL mwhereR0atd easp onecsasina tacideresi ducorethagiteinanal

gl ycosyl,atign site. US 5,6 218 092.di oses nogdj.ficatlon of ranul ocyte

Qol ony” L8edRad fiepreiai S ForieciedRi I BRRE R HoReRt SR R ™ o {nt r oduce
at | eagdniRfioadsl e 20R1n. 20O 0O/IBI8 AHRCIO NI PERAate@ TR fdlfeptiddt | ve

pol ypeptide. IFNB is mnentioned as one exanpl'e anong many pol ypepti des that
al | egedbslonging kethegnvwthdwrmeonosuperfgmily gvhéreintaaybigine segidutdings bedresiisbsiitwed

5,218, 09 25 Commercial prepar.ations of | ENB.are sol d.under the n

Dot Toor BRp AT aL b fing ReRPBh AL PRReSin 4 e ath SRt Or R PEhwRiliu BTG
producef m&itivged BCOREIxARMDIE ﬁ&?@hd@sﬂbﬁgin@ astha gradeth Slotr@enefupbitanily.

N-term nal nethionine residue and the C17S nutation and AvonexTM and

Rebi f ( r WQ 8088114 diselasesralxqordlaisd and pegylatodh[TOWB | WO,0(/3HEA disciases BiNIiuced
Sl o7 oo S8k, WIOTR) Mok h o R0 o BEMERLRIET T L 0C7

and nor earfat mithtrsducedallergeniaity mMiach ascohipaeeditorn cprrespondiad papat pelsisepaidet | me
as conpared with placebo-treated patients. Furthernore, the accunul ation
rat 0 oforapLEses et lepst ong additjonad @?xcﬂ@amn sitg1 USan2 B8092 digggases mydifaeation 2606
PCT/ DKngaﬂl%Eﬁe c§10ny stimulating factor (G-CSF) and other polypeptides so as to introduce at:

least one additional carbohydrate chain as compared to the native polypeptide. IFNB is -

mentioned as one example among many polypeptides that allegedly can be modified according
to the technology described in US 5,218,092.

25 Commercial preparations of IFNB are sold under the names Betaseron® (also termed
interferon B1b, which is non-glycosylated, produced using recombinant bacterial cells, has a
deletion of the N-terminal methionine residue and the C17S mutation), and Avonex™ and
Rebif® (also termed interferon 1a, which is glycosylated, produced using recombinant
mammalian cells) for treatment of patients with multiple sclerosis, have shown to be effective

30  inreducing the exacerbation rate, and more patients remain exacerbation-free for prolonged
periods of time as compared with placebo-treated patients. Furthermore, the accumulation rate

of disability is reduced (Neurol. 51:682-689, 1998).



Comparison of interferon (31 a and R 1b with respect to structure and
function has been presented in Pharmaceut. Res. 15:641-649, 1998. IFNB is
the firstwohenageuti c i nterventi on shown to delay the pro@gCcagsoenons
multiple sclerosis, a relapsing then pyogressive inflanmmtory degenerative
di sease of the central nervous 5 syste Its nechani smof action, however,
remains largely unclear. It appears that |FNB has inhibitory effects on the
proliferati oﬁomaoamwmfdpﬂeéfgroariﬁ agpd Pol withrespsel tasiraeturemand tgtion has bequEng
may nody] ' ki duction towards an

anti-i nﬁeg%%lr?r%({%&}B&%éghgtﬁ;%e&éﬁﬁ%@?ﬁéﬁ?FNB can reduce T-cell migration by
i nhi biting tENBG4 theifiryt thdrapeucie idtetvattionshowattalitlap (et pragessionldfansitiple
activities are likely to act in concert to _account for the mechanismof to
| FNB i nS%EO%lNékﬁelﬂp.Slns @@@zogs@}veﬂga@pmatw degroeragne diseaggo Cﬁétririé’éﬁ’o%r
the tre t £0S, ; I e ' ' Si a,

ol e, St dtsThe BSAEANTEANE hoRRN, bl INECT HRIGE, 1L PGS B IAMB RS 2.t
car ci noimhjbitoey effenteon thecprolifemkion of Bokocyhs and @ahtigen pegentationaFuwrihensoreyi r al

hepatit] her pes enital Ls, .herpes zoster, herpetic keratitis, herpes
St npl ex FVB My TeuHe e P HLe of GY tGhs FORRCHO (R A ARSHP LAY i rovi r us
vari Ouspﬁé_rﬂ?yp%f FiRelyS TRNE @ $amicaTecihigfatioR®yUaRibRing G 4@ Aty oP‘Tlﬁ‘d%ﬁrrﬁéﬂiQnS

of I FNB, 1ncluding i'njection site reactions, "fever, chills, nyalgias,
ar t hr al gietedlopmtahsesoThese activities ke likglypo @otsin (cGhéent. to Bhenuapton thernechagisgod- 893,

1997). ddj jd - 409 Lents devel op neutralizing antibodies to
|FN¥(|#§N§MW&]€H& gégﬁmﬁgpg-ns:ses—s?l, 1999). It has been shown
t hat devel opreaiditedn, IFNB nddy traiskd 8dritBé RentRBAY JTQRicBSar6lRed, Base Sell & cinoma,

bi ol ogi cal response to | FNB, and causes a trend towards decreased

t r eat meeervishk dsisplaginegliosha, agge myERNd lepkemipgo@itiplewayelogia, Hodgkinndissas es wi | |

likely ,al so_impede t er.apeut i Lt f i 0, ' '
treat neh’iea%fcaré:ﬁ)g}a’ Eﬂeg RLEs FraTlrﬁr(}:lfg ¥on rsrlTl'r%jtaf% P {3 H@&%"&@%@%ﬁ%@%ﬁf’me@e&en
t he magpéditatls, Rfpes zoRere hérpetiSkothtitls, BerpeediinpldxNar4lreackphbilstis, titoinegaesiggs at i on

with 25 frequent injection, the risk of developing neutral]zing antibodies
i npédi nBneUsROniFe 8¢ BHDoviFNs ¥ paensisidestfeststarepgssoqaipd wathdhe wee qfsumeti al f or

obt ai ni .2 Ot d o P ne ) h ed
ther apeReP ARy IF B, AP Sk G WidRaol i cher kit FRSAR, il L B
nol ecul ether BETikOKRY OO {Clid) Flodrgsoatics) 09 SB348PBIR 99N ugat es conpri sing a
non- pol ypepti de nojety. attached to an | FNB pqQ

.30 e ] ypeptide which have been
modi fi ed by fHaddiiRne pridie aheptists dguslep Pwa&@n&tapa{%ﬁm IgNP\é@‘tf Bret
non- pol Xpepk e 84 ¥ as%@@sfn??gﬁg Rbeh sgaxy&@éyhaaoﬁﬂwn@bfms-The
nol ecul es ve I nproved propertiés, such as inproved half-life and/or
r edoe edneutmdicingvintiyodies decreasesrthd bivlagicahrespdiod te FNRB and dawsgap frsnd towardnt

L FNB P Qe 2d trosinaat cHeet (el 507064 29428908). Neutralizing antibodies will likely
also impede the therapeutic utility of IFNB in connection with treatment of other diseases
(Immunol. Immuther. 39:263-268, 1994). '

Given the magnitude of side effects with current IFNB products, their association with

25  frequent injection, the risk of developing neutralizing antibodies impeding the desired -
therapeutic effect of IFNB, and the potential for obtaining more optimal therapeutic IFNB
levels with concomitant enhanced therapeutic effect, there is clearly a need for improved IFNB-
like molecules.

PCT/DK00/00471 discloses novel IFNB conjugates comprising a non-polypeptide

30  moiety attached to an IFNB polypeptide which have been modified by introduction and/or
deletion of attachment sites for a non-polypeptide moiety such as PEG and of glycosylation
sites. The molecules have improved properties, such as improved half-life and/or reduced

reactivity with neutralizing antibodies raised against current IFNB products.



4 BRI EF DI SCLOSURE OF THE | NVENTI ON Thi s application discloses inproved

| FNBnol ecul es having desired properties. Accordingly, in a first aspect

t he i nvenwDon/or4sb@t es a gl ycosyl ated variant of a parent PETITHB00128

pol ypeptide conprising at | east one in yivo glycosylation site, wherein an
am no acid residue of said parent polyp 4eptl de | ocated close to said
glycosylation site has been nodified to obtain a variant pol ypeptide

havi ng” BREFEREHLGPYREYF JHBHINYENIHaar ed to the gl ycosyl ation of the
parent | FNB pol ypeptide. In a further aspect the invention relates to a
met hod of increasing in vivo glycosylation of a 1o parent |IFNB nol ecul e
that colhisiapgifcation iselosesimpréved IFNBngleonkes hibeihp desisidtpeopendiésch met hod

conprises i) substituting an am oaC|dre|due occ i.n aflrs 03|t|on
locat ed ¢l osASEBIPEY: 1A st we@mi}%ww%%rs tesia &y Y. I/?évga

mol ecul g g&y?ep?ﬁe %Bﬁhpﬁgihg Gt ?eagt%ne 'i;!?ﬁw' gﬁfc&)@mfo%ﬁe ewl"i’er&ﬁrah%ﬂ{mé B

nol ecul e, nmeasuri ng the degree of "gl ycosylation of the variant
rel at i veesidoe ofmnd pdrentipelypeptide locatediBlorploseid gyensylativm sitelpstheemmedifiaddsi on

[ I | at. d di t
necosSa R a3 aHE g RGBS §o it Caser b Lo SO mPeEey hons e bosviationas
W th a fbip ﬁgntmgolggé lideesi due and/or to substitute an am no'acid residue

| ocated in a second position close to the glycosylation site with a
second anilme fartlied amgifhgem@nuon reéqi@%tpuarrget @@pfg I)ea%ngmwmglwwlqmmﬁa

I I eC
peoi 1ty repRiENB AP A RoRaE af FRoht 8%y B Rg oo BRI, 1) &
furthercaspget the inventi on relates to an |nterferon (3 pol ypepti-de having

an amno 25 acid sequence which differs fromthat of wld-type human
i nterferom 0 wsthptituiingan amine aid residuq pepenyinhs {iFst pesimocgiediciose tortle in

17 Seoronicpn 1o SYRSIPIAR Ehae AU AR FRERA 5O ©
D110F+ F111N+ késidib;to Glotuedh vafiant IRUB vledile, 13T, WO 02/ 074806
PCT/lSDKOZI ?i())128

measuring the degree of glycosylation of the variant relative to that of the parent
IFNB molecule as obtained from expression in a glycosylating host cell under
comparable conditions,
iii)  if necessary repeating step i) to substitute the second amino acid residue with a third
amino acid residue and/or to substitute an amino ‘acid residue located in a second
20 . position close to the glycosylation site with a second amino acid residue and
repeating step ii) of either the parent molecule or the variant molecule resulting
from step i) , steps i)-iii) being repeated until an increased in vivo glycosylation is
obtained.
In a further aspect the invention relates to an interferon 8 polypeptide having an amino
25 acid sequence which differs from that of wild-type human interferon § with the amino acid
sequence shown in SEQ ID NO 2 and comprising one of the following sets of mutations:
D110F; |
C17S+D110F;
C17S+Q49N+Q51T;
30 CI17S+F11IN+R113T;
C17S+Q49N+Q51T+F111IN+R113T;
D110F+F111N+R113T;
C17S+D110F+ F111IN+ R113T;



5 Cl7S+Q49N+ B1T+D110F+ FI 11N+ Rl 13T; Cl7S+K19R, Cl17S+K33R; Cl17S+K45R;
s Cl7S+K19R+K33R+K45R; or Cl7S+K19R+K33R+KAS5R+QA9N+ B1T+Dl 10F+ F111N+
R113T, opoDioeaishey conpri sing one or nore pol ynmers, eg on@CarDKm0e12REG
nol ecul es. In a specific aspect the invention relates to an interferon R
pol ypeptide having the amno acid sequénce: 1o MSYNLLGFLQ RSSNFQSQKL
LWQLNGRLEY CLKDRWNFDI PEEI KQLONF . TKEDAALTIY EMLQNI FAI F RQDSSSTGAN

ETI VENL IARNSYEeNKIQKT DA RER FR KRR RiTEK1 MSSL HLKRYYGRI L HYLKAKEYSH

CAWTI VR@I7s+k%E_YFI NRL TGYLRN, optionally conprising one or nore polynmners,
eg one or nore PEG nol ecul es. 15 I n anot her specific aspect the invention
rel at es @19SaK3BRi erferon f3 pol ypeptide having the am no acid sequence:
MBYNLLGELQ RSSNFQSQRL LWQLNGRLEY CLRDRWNFDI PEEI RQLONF  TKEDAALTI Y

EM.QNI FA{IFSREASRSTGAN ETI VENLLAN VYHQ NHLKT ~ VLEEKLEKEF NTTGKLMSSL

HLKRW%th%%Kﬁy%%J YRVEl 20 LRNFYFINRL TGYLRN, optionally

conpri sing one or nore ynmers, eg one or nore PEG nolecules. In a further
aspect tHESi-KIBR+K3BR+KHAR Q49N+ 5 TyDadF-aFétl N-aRilast, of an interferon

| ti ' ' id whi ch d] f t hat of
1 Gy SRR o e B SR TICS AE B G Manae 1P BRI Shown i n SEQ 1D

NO 2 and compp b $hagrOapeitht B ention feRidsQYhA thtS¥dren gg)oﬁfegﬁﬁ@ﬁhﬁ&n ¢ Shino
Cl7S+D1 | OP: TS+OIONFBIT,  CL7SHFI1INFRLL3T, S+OIONECD  1T+F

111N+R158i8;seqidné©F+F111N+R113T; C 17 S+D 11 OF+ FI 111N+ R 13T;
cL7 %3@%4N§Y§ii5¥3b135§ﬁbjsﬂﬁ ERV(SEIIIGRLEY CLKDRMNEFDI PEEIKQLQNF
TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI
LRNFYFINRL TGYLRN,
optionally comprising one or more polymers, eg one or more PEG molecules.
15 In another specific aspect the invention relates to an interferon B polypeptide having the
amino acid sequence:
MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CLRDRMNEFDI PEEIRQLQNF
TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI
20 LRNFYFINRL TGYLRN,
optionally comprising one or more polymers, eg one or more PEG molecules.

In a further aspect the invention relates to a glycosylated variant of an interferon 3
polypeptide having an amino acid sequence which differs from that of wild-type human
interferon  with the amino acid sequence shown in SEQ ID NO 2 and comprising one of the

25 following sets of mutations:
D110F;
C17S+D110F,;
C17S+Q49N+Q51T;
C17S+F111N+R113T;
30 C17S+Q49N+Q51T+F11IN+R113T;
D110F+ F111N+ R113T;
C17S+D110F+ F111N+R113T;
C17S8+Q49N+ Q51T+D110F+ F11IN+ R113T;



WO 02/ 074806 PCT/ DKO2/ 00128 6 Cl7S+K19R, Cl17S+K33R;, C 17S+K45R;

CLl7S+Kl 9R+K33R+K45R; or s Cl17S+Kl 9R+K33R+KA5R+QA9N+ B1T+DlI | OF+ FI 11N+
R 13T, wptoeonsbéy conprising one or nore polynmers, eg ORETMKMOIESPEG

nol ecules. In a specific aspect the i nvgnti on relates to a glycosyl ated
variant of an interferon R pol ypeptide having the am no aci d sequence:
MBYNLLGFLO RSSNFQSQKL LWQLNGRLEY CLKDRWNFDI PEEI KQLONF i o0 TKEDAALTIY
EMLONI F&LESHEESSSTGWN ETI VENLLAN VYHQ NHLKT — VLEEKLEKEF NTTGKLMSSL
HLKRYYGBIll]-,S% KEYSH CAWIl VRVEI LRNFYFI NRL TGYLRN, optionally conprising
one or nore polyners, eg one or nore PEG nol ecul es. In another specific
aspect CheStKuEution relates to a glycosylated variant of an interferon 15

(3 poly i i am no aci d sequence: MSYNLLGFLQ RSSNFQSQRL

LV\Q_NG?EE%&%%% Q&% RELONF  TKEDAALTI Y EMLQNI FAI F RQDSSSTGWN

ETI VENL EANS MY -DH AR 4&@%@ W_ﬂ'ﬁ(}dﬁﬁq I%WT{@ L HYLKAKEYSH
TGYL

CAW VRVEI  LRNFYFI NRL optionally conprisifAg one or nore
pol ymer eptiaaglly nanpnsmg pBe MEGOrAiENEseg dng o midre PEGrmbleculas pects the

invention rel ates neans and msth ds for pr i a varian ol ypepti de
of " the | mvent bbeci i PneR s RURHEBET Hes Lo ERRCR T theRbT ECRHEB or
encodi n °1§f§%ﬁ‘dg%‘y @Eé gﬁmgsdcwesleé,f&ge_net hods for preparing the polypeptide.

In fina ts t Invention relates to a therapeutic conposition

conpr i sSMEYNLLGFLARSHFFQIQKINEWQMSARLEY, CLEDRMNFPS PEEISALANE he

inventimf r Lo t , j i i her a or
For 1 het RERAAE TG EVrOSIE naRske T el E N B Gl R’ eSS o o
OF THE DRAMKIEK BoNTTGREMSST HMERYSGR I AY T KARBY RN cgWmivROaEY | at i on
variants of hlFNB (as described in Exanples 7 and 8). Lane 1, wt hlFNB,

| ane 2, LREAININRS: ﬂNWLRNB | ane 3, [ Q48F, Q49N QSlT] hi FNB, |ane 4, [Q48V,
QIIN, %ﬁt&%lfgm(\:lo%}pnsmg one oir%revl\!ol%ers egbne o]rrr]rllolie (I}I%CMQS.OZ/ 074806

PCT/ DKO

In another specific aspect the invention relates to a glycosylated variant of an interferon
15 P polypeptide having the amino acid sequence:
MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CLRDRMNEFDI PEEIRQLQNF
TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI
LRNFYFINRL TGYLRN,
20  optionally comprising one or more polymers, eg one or more PEG molecules.

In still further aspects the invention relates to means and methods for preparing a variant
polypeptide of the invention, including nucleotide sequences and expression vectors encoding
the polypeptide as well as methods for preparing the polypeptide.

In final aspects the invention relates to a therapeutic composition comprising a variant of

25  the invention, to a composition of the invention for use in therapy, to the use of a composition

in therapy or for the manufacture of a medicament for treatment of diseases.
DESCRIPTION OF THE DRAWINGS

30  Fig. 1is a Western blot of optimised glycosylation variants of hIFNB (as described in
Examples 7 and 8) . Lane 1, wt hIFNB, lane 2, [Q49N, Q51TThIFNB, lane 3, [Q48F, Q49N,
QS1TIhIFNB, lane 4, [Q48V, Q49N, Q51TThIFNB, lane 5, [Q48W, Q49N, Q51TThIFNB, lane



6, Marker, lane 7, [F111N, R113T]hlIFNB, |ane 8, [D110F, F111N, R113T] hl FNB,
and lane 9 [D 11 OV, F 111 IN, R 13T] hlIFNB . DETAI LED DI SCLOSURE OF THE
| NVENTI ONvOS2ioma8bée present application a nunber of refer @caaxoane2sef erred
to. They are all intended to be incor p,Prat ed herein by reference. Parts of
co- pendi ng PCT/ DKOO 00471 are essential  for fully describing the present
i nventi on and have_ been incorgorat ed into the present description, These

parts aPeMarkgr.daicels (B 1N, &R 1181 EENBelang SAB1ORAT 10d% AL 13 T{hINB) anidlane 9
under st ormpart of the present invention to the

ext ent W&&?léiﬁpgﬁleﬁgg%pti de variants described in PCT/DKOO/ 00471,
may be used as parent | FNB pol ypeptides for the nodifications described
herein. Al so, novel inventive concepts based on the conjugates or

pol y pepDETAIL BPIRISSTESVRE A THEGN G HONr ¢ di scl osed [ n the present
application. 15 Definitions In the context of the present application and
i nvention (and, when relevant, to the invention according to

PCT/ DKO e 4vekgnttapplitatiohawiuntheel ef sefiréncensreapiptrygd tol They ererall'iotendedyatbe” (or

i nt erchangeabl y. "conj ugajed pol ypeptide") is intended 20 to indicate a
het er oggwewgat%dlﬁpr?lﬁé)ysrsﬁg%waf conposite or chinmeric) nolecule forned by
the covalen | . e

non- pol ypept ?%@g (?r%?{g?‘ g?gqfqr"ﬁgq%deezorgzzg%ﬁﬁ%ﬁﬁggﬁ%%&&n%g%?e%?@{ he

pol ypepinvestianahdtiaze hean- ipodrpprpediivke thopresent dessription. (Ehesalpartserd pndmatedbent | y

Lnother aPBn Lot DE0ORPLT AR fetptert Sl e PadR b hotihe pRat
spacer, jRentidd¥6aBCe TRt ThM, &8, He poB/pRbtiRSvarahRUefRibRY RPOTEMLOMOGM, Ragsent
in the Eol ypeptide. Preferably, 'thé conjugate is soluble at relevant

concent batsedras paredt oV pelypersides far thesmpdificatians desnyibied herginc Alsof hevels such as

bl ood. Exanpl es of  conjugat.ed pol ypeptides of, the .i nvent, i

ol yoosy PER e SRR R Bt B bl R Acia iR R ATk R oS Pgye

pol ypepajsgggedmayh@ﬁemggp@mt_g@n_t he polypeptide part of the conjugate. 30
The term "non-pol ypeptide noiety"” is intended to indicate a nolecul e that

i s lrapable of conjugating to an attachnment group of a pol ypeptide of the

i nventi £ mltl_;.ro%t erred exanples of such nol ecul e i nclude pol yner nol ecul es,
sugar noieti es, lipophilic conpounds, or organic derivatizing agents. Wen
used i nid the compkitthopresent apylicgdreamisindanioni(hel] when edlavant, ty\DeARvéidB06

PCT/ DKO2/ 00128 8 . .
according to PCT/DK00/00471) the following definitions apply:

The term “conjugate” (or interchangeably “conjugated polypeptide”) is intended

20  to indicate a heterogeneous (in the sense of composite or chimeric) molecule formed by the
covalent attachment of one or more polypeptide(s) to one or more non-polypeptide moieties.
The term covalent attachment means that the polypeptide and the non-polypeptide moiety are
either directly covalently joined to one another, or else are indirectly covalently joined to one
another through an intervening moiety or moieties, such as a bridge, spacer, or linkage moiety

25  or moieties using an attachment group present in the polypeptide. Preferably, the conjugate is
soluble at relevant concentrations and conditions, i.e. soluble in physiological fluids such as
blood. Examples of conjugated polypeptides of the invention include glycosylated and/or
PEGylated polypeptides. The term “non-conjugated polypeptide” may be used about the
polypeptide part of the conjugate.

30 The term “non-polypeptide moiety” is intended to indicate a molecule that is
capable of conjugating to an attachment group of a polypeptide of the invention. Preferred
examples of such molecule include polymer molecules, sugar inoieties, lipophilic compounds,

or organic derivatizing agents. When used in the context of a conjugate as described herein it



wi |l be understood that the non-pol ypeptide noiety is linked to the
pol ypeptide part of the conjugate through an attachnent group of the
pol ypept iwe.02dhs06 er m " pol yner nol ecul e” is defined as a moraxeof28r ned by
covalent linkage of two or nore nonomegs, wherein none of the nononers is
an amno acid residue, 5 except where The polyner is human al bum n or
anot her abundant plasma protein. The term’” E_ol may be, used

4

mer "
" nt er chaBaBRdESPahiEEe neRPPIYEPTsERoiRE is Gaked o thnBolyReNfide Sart phihended t o
cover c I in.vwitro glycosylation, i.e. a
synt het ?‘5:‘98%%‘%%65@?%%&%%@%@%WY‘?@“&%} mal ?yyi nv)cl)l ving covalently

| i nki ng a car boh{He &trm *polyaar nsoledude’an defiedcls memdlegre fipmed by lkevaledty pept i de,
optional.ly using a cross-I|inking agent. bohydrate i o npl ecul es. attached

by in vllv%ag@o;%%w BOFORODTES HTHA ngpe o ¢ S P O ApH e i

descy | b@&epbgh&w}ﬁe% E61K B albnd?E bLATbIRS aﬂ%&%ﬁﬁ?srﬁ@bﬁwﬁ.-m%{’t wher e

t he nunber” of non- ypepti de noieties, such mer” nmol ecul e(s) or
sugar ntpayined may hdused odprehatgeably withdbe teml ‘polymtir saalewhledy hytermfier ence to

" - pol tid ety i ned,i ' .0t h ] d
ner o1 n_ ERERART Buedyer Eartanicad PIGHIS Grachefl o5 R ke JrsBientte Ror sited”Such
as 15 pelybFlativh pREbHEéEH 190 bRy TRYGing Tovalentlygnke®h bABSIR draté thol @l
"attachmént "group” is intended to indicate an amno acid residue group of

t he pol {opapatiadementgaenreofche pelypentidg, epsionaldy ninge sress-hoking eegscparbaydigipet v .

a1 dbnnbicigtenaffone® Bt B a8 icye ey r CRRL OB B bR e, >

group. GYbRY) HOtefeRsd BHeASMARTY sughOMBR NEXétpewheleitematb&arhoxy! i ¢ acid
group (e.g. that of the CGtermnal am no _acid residue or of an aspartic

aci d or polypentidainoietissdsuck g5 nelyyuer molacale(s) on sugay arodefics it Bsiwpriughisips,

mer capt . gt el ne resj. -t ] C-aci es
(o o pRustblhattfied ovirdSictinos BB BABER A Rbic” QBN S dnpgRb T
guani di othetvEs@usedihglein shalldrzoleterdree go oid &)moremdngolypeptid maietied) gakthadse
noieties.,  For in vivo N-glycosylation, the term"attachnent group” is used
in &h 2Bolymebmetasticty AT SugRy mogtics,dn dhg ©@NUEdtea i no aci d resi dues

constituting an iglefORkh Al cfiybis ibithidn fAiSAE YA BHEnd bl restabie Grof:
wherein X is any amno acid reSidue except proline, X' any am no actd
r esi dueof thapolypyptite capable of cdypling enthie celbvand nofi-palydepidefnesietyl Foriisstandef farent
from proline, Nis asparagi ne and g/T/C is ejther serine, threonjne or
cyst ei nBOLYPIcfi pairylas BEC fontieatiqnyg Eedendy uy#&%ﬁ%&?@%ﬂ}%ﬁ-mﬂ@om ne).
Al t houg I ag e i : i i i ne
I R e S
at t ac hmesrboxgdicraoid dreumnGhy. ehee df thel @ samiidad amidvescidrasidoe ac oflarr spartinasidefr t he

MR DT O PN e SO
COMPI | S bAGki AR BIRIkioUERUBsilRk (REPIROTYRTYPEPHOLS oFRpE L. 1Rl of88E VIO

02/ 074806 PCT/ DKO
Thr or OH-Lys), guanidine (e.g. Arg), Imidazole (e.g. His), and oxidized carbohydrate moieties.

For in vivo N-glycosylation, the term “attachment group” is used in an

25 - unconventional way to indicate the amino acid residues constituting an N-glycosylation site
(with the sequence N-X’-S/T/C-X"’, wherein X’ is any amino acid residue except proline, X’
any amino acid residue that may or may not be identical to X’ and preferably is different from
proline, N is asparagine and S/T/C is either serine, threonine or cysteine, preferably serine or
threonine, and most preferably threonine). Although the asparagine residue of the N-

30  glycosylation site is the one to which the sugar moiety is attached during glycosylation, such
attachment cannot be achieved unless the other amino acid residues of the N-glycosylation site
is present. Accordingly, when the non-polypeptide moiety is an N-linked sugar moiety, the term

“amino acid residue comprising an attachment group for the non-polypeptide moiety” as used



9 in connection with alterations of the am no acid sequence of the parent
pol ypeptide is to be understood as am no acid residues constituting an

N- gl ycosywatoeomsgéte i s/are to be altered in such a nann@CTiiR/oeiz8her a
functional N-glycosylation site is intrgduced into the amno acid sequence
or renoved from said sequence. For an "0 glycosylation site" the attachnent

group is 5 the OH group. of seri.ne aqr, threoni reS|du ferm"one
di £ 1 or e Rueomegtiongyifty alfcsations o thecmiBe Aokl SC@IARRR: ORISR BT 85? fsdo be

mut at i 09&d&§g6@5§iﬁ%ﬁ? 19 ey Ct)ﬂgtl_tl%ﬁ‘% %ﬂfl@ @) oo 1hfi G ﬁf&q@%rebce iRt $ENt

apart fro e specl am no acl erence. For 1 nstance, in addition
to the smmhmmndiabelthamrfmmionhldﬁ-gbfcommml sited$ thtrodeéaduia® th@wpmosacub an

attachnent group for the nan-pol |de iet t he 1.LENB i 0, ppl ypepti de may
Conpr 1 SSAEHEO! SemeYed B RS sPa b et ot Oralyeaeliton S b AR Rrb Bhbs b
remoy al the @ ¥1H RPind 6t fhrédHcdeqgue. The term at | east one" as used about
a non-pol ypeptide noiety, an amno acid residue, a substitution, etc is

i ntended to neanTbateror“onpdifferave’” prfdiffers fram’s Siltsﬁdnamm@wmswh mepxﬁw‘ are

used inte han in..ln ent o) n
and at ooHiEG B gted Bl for P BRAGporRihd Rk B Bing DAL
defi nedarhmotditﬁi Bff@ieﬁbél HontiraBaok if RRiod wiite pethoal gnd/omdaireBudtiog off aﬁmﬂ) on the

| UPAC nonencl ature (1 UPAC Nomencl at ure and Synbol i smfor Anmino Acids and
Pept i degm(l Fesiffugs eompiiting an eitachmantgronp fordhg norEpelypeptidpimyiefzthe IFNGR 9- 37

( 19? %@gﬁé Q%r rﬂlytc?) rp?lgér Hef Hb%@%%%th‘apargg{)t *ﬁmecﬁoqﬁggdﬂctlo&%/oée%%gls ) -

CAis s erm " am no acl resi due"

i's i nt eofledh bminosbid edstlvag "almﬂaﬁnzat laast dne’%nﬁeteabnmnaabﬂ@dlypepﬁ&wnge@up
conS|st|ng of al ani ne (Alg or A, cystei ng (Cys or Q)), artlc acid (Asp
&1 B acICeridue @ YD, ejoHe fpaded tF mean P%%OTdFlmif) glefEfne (Qy or

G) h' @%Eﬂh&?’ "%uﬁ’srn on”'afé)l!ls%mt&%or év?blsﬁhe}e)n lysine (Lys or Kj,

| euci ne eu or , I oni ne asparagi ne (Asn or N), proline
(Pro or P), glut ﬁrrihle@rc{s@mnpphca@on, anooracidenafuies gnd atoR) namesgeign€A( S&, Ci, S) ,

Lyr 61 nb OB g Mol SRateqand s ddtoed by shePlagy DRGutink BrShuhiv @b esehan no

aci d poghidhoRshaEdsh 'tﬁeLHfUPQ![@ nbBend AP BN GR A PAthRYMRd s%%oﬁglﬂ%lc ates

position #17 occupied by a cysteine residue in the am no “"acid sequence
shown i AnBEQAKIds Ml Pyptides tiSsidhedanes, etont hamestditec. ;s yor.el Béoahergi, dd® 937

iti h I d : i.ng of d
Fesi duch RAHeBRBra AN fetarecriin g Piolk: Aol 4ena e aeREE Ehoun i n
SEQ I D NRZed toMh @8l CB & ¢S eﬂme%&%?“aﬁn@%bﬁtrbﬂﬂuﬁqs Rieddeg t@ﬁﬁfﬁa&@n%mh@s' due
occupying position 1. Miultiple substitutions are indicated wth a "+",

e. 920 R7adi BERiTe Soneined imthegroucasisting ef:;alanne (Akaior ) coysprines(@lys ar C),
substitutign of

2 'cubst FeE AR os TSl AR ForaP B BB b P B ID B 68 ™

histidine (His or H), isoleucine (Ile or I), lysine (Lys or K), leucine (Leu or L), methionine (Met

or M), asparagine (Asn or N), proline (Pro or P), glutamine (Gln or Q), arginine (Arg or R),
serine (Ser or S), threonine (Thr or T), valine (Val or V), tryptophan (Trp or W), and tyrosine

25 (TyrorY) residﬁes. The terminology used for identifying amino acid positions/substitutions is
illustrated as follows: C17 (indicates position #17 occupied by a cysteine residue in the amino
acid sequence shown in SEQ ID NO 2). C17S (indicates that the cysteine residue of position 17
has been replaced with a serine). The numbering of amino acid residues made herein is made
relative to the amino acid sequence shown in SEQ ID NO 2. “M1del” is used about a deletion

30  of the methionine residue occupying position 1. Multiple substitutions are indicated with a “+”,
e.g. R7IN+D73T/S means an amino acid sequence which comprises a substitution of the

arginine residue in position 71 with an asparagine and a substitution of the aspartic acid residue



10 in position 73 with a threonine or serine residue, preferably a
threonine residue. T/S as used about a given substitution herein neans
ei t her a woor/0sspesi due, preferably a T residue. The ter mPCAKoeobi28e
sequence” is intended to indicate a congecutive stretch of two or nore
nucl eoti de nol ecul es. The nucl eoti de sequence may be of genom c, cDNA, RNA

5 sem synthetic, synthetic¢ origi,n, or,an onbi nati ons thereo The term
"I FNB pPORESTPISEquith 8 dhreorpg g Sgepge Rsudye; %efezéﬁsée PO e S %&S_@#. e.
to indi gahe a&iih QURstRti Y AR PidaHESitir b IT G feksieiug PrbfbrBRPT2Q8MR. am no aci d
sequences to allow alignnent of the sequences, e.g. usi'ng the CLUSTALW

program An | FNBThe trrevfnwcleatidd seqienceBisantentdddeto indigate h icomseciiveREAfvh of

famli i on 4. b b f i tabl t
br ogr anPl Erats elietde RPRER oAt it afin P Sishipiss DR on o
al ., 5 198¢dmis{AthSioAbynffeticiRio® iof ny BemBiaAEddsitidrbdf. of progressive nultiple

sequence al1 gnnent thr,ouI%h sequence wei ghting, position-specific gap,
penal ti es and weilgbtermatlFNR prpisinciequense fandy” inaseikinfissonyamhiona mepgw, 4680) .

"Cell",,"hast, cell". ~cel e’ . and." | toar

i nter chlfaton1 lacé ‘3? %8‘%%?@0%12%1) Qﬁ%ﬁgﬁtﬁs@&gﬁﬁ{l@lﬁ@oféﬁéﬁﬁ ad%gg aglﬁi S S%SJ ota'(l:}ow
i ncl udealpFREen Bl the SEdicnte, é.?omi@mmwmuwlbm'gn@. Aof TFAB &dqhience family is

"Transformation" and "transfectjon" are used interchan%eably to refer to
the pro@wilablege.g; frem dar Rl A faraliosn versign dd), jor mayyhe prgaged byriice of a peitadle ¢ o
t he . cov j Qi pi i

enzyhat Pepiied RoBlabah of CR AT AT R £ o SAMHSBRT e IR &,
anot her alsueb4 1 CBUSTAE Woimpovingnhd sensitiofty ofiprogesgsies apdtipla seqoendealifsomestd .

For exanpl e, the nucl eqgtide seguence_encodi ng.a presequence Qr ,secretory
| eader EOugHeegRAnFe werﬂ%@a&tmsg%nrﬁ@ewésgmsﬂ@%eﬁﬁ gavef n&%&%ﬁﬂ&@m it
i's exprgggigq{egéar&l RheRFOUERM. t hat participates in the secretion of the

e:

pol ypept i a pronoter or enhancer is operably linked to a coding sequence
if it affects tHE€AAfwstrdefit;i‘oeall tihe't siel “well gelhure’ ara us¢dbintarctanpéablii geisi t e

i's operab | i nked t 5 cqdin equence if it is. ition so.as. to
(2t t St pushérians Brilods oty 15 BsBRE Broeeny reckfink ik sOvh of Syfn
nucl eot hflg e GPRACRSMBSIIInt “RERTe0R” 6RMUsb@HBEnABEDLY b feh? (¢ AR PrédesP
secr et or | .eader, contiguous and in readi ng phase.” Linking is acconplished

by |i gaofiofroduciepP0Nehingme cell.estriction sites. If such sites do not exist,

then synthetic oljgonucl.eoti.de.ad ors or lLi.nkers, are used, .|

conj unction with @Eﬁrﬁfa‘lgﬁﬁﬁf(@cﬁﬁf ﬁdgtﬁ?f Ca@ierﬁé?‘ﬂl&éﬁ“jﬁ%"‘rﬁ@f‘i%%ﬁﬁ"ﬁ?%t roduce”
IS pri nBdgubicek, Byemead of enAyRadticHigatibn britheivisy, irfd cifightatiog relativeto oaei d

resi due, but may al so nean insertion of an additional amno acid residue.
The 24 er arotherspeli,/drat the ngrmatdhngtipniod thareadences eanhe petdosned: For evamle.the ani no

201 d 1 O3], 445 e Rfonk SRR Vol 0L T BN BT TLRIPR JOARE, lnked 0.

nucleotide sequence for a polypeptide if it is expressed as a preprotein that participates in the
secretion of the polypeptide: a promoter or enhancer is operably linked to a coding sequence if
it affects the transcription of the sequence; a ribosome binding site is operably linked to a

25 coding sequence if it is positioned so as to facilitate translation. Generally, “operably linked”
means that the nucleotide sequences being linked are contiguous and, in the case of a secretory
leader, contiguous and in reading phase. Linking is accomplished by ligation at convenient
restriction sites. If such sites do not exist, then synthetic oligonucleotide adaptors or linkers are
used, in conjunction with standard recombinant DNA methods.

30 The term “introduce” is primarily intended to mean substitution of an existing
amino acid residue, but may also mean insertion of an additional amino acid residue. The term

“remove” is primarily intended to mean substitution of the amino acid residue to be removed by



11 another am no acid residue, but nmay al so nean del etion (w thout
substitution) of the amno acid residue to be renoved. The term

"I mMmunogewpnaRydso@s used in connection with a given subst 20c0®K®R/00128t ended
to indicate the ability of the substanﬁ’i to induce a response fromthe

i mune system 5 The immune response y be a cell or antibody nedi ated
response (see, .e.g., Roitt: Essential | nol ogy (8th Editio Bl ackwel | )
for 1 ur EaeEher dErpcfkid s, bhACHHIER gehon( H@@@E?tng)ﬁgywoa@nm acid
det er m pedh BY, tsfnRfve@ny suitable nethod known in the art, e.g. in vivo or
invitro, e.g. using the in vitro inmunogenicity test outlined in the

Mat eri al s and MefThettsm *$motunogenbaty’as uiddentconmactipe shithegivemanhstgassiisi t y" as

used abput a.given epti or .io conj.ugate is intended to indicate that
he conpidee Ruindialeyt Bt ting pusnieltlisdi fusdopsFn e nmeviies

r esponsehs Bafude fe‘s’ﬁ&{s@ﬂﬁ? beRl R b Qnti&i&%@n&ﬁatw} OHRE (B8, REMBESsedtialRebi f
or Avonex, or a variant of wld-type human | FNB such as Betaseron, as

det er mi Wentuneldgy (8"doditiem, & hekveed firtfiusher definision oé iremenegenicitylvade herein to

|| ilable | ENB_.prad A d Rebif),

e houtniodiy ks e Tmist o Rk ar by, B BRI AR ooy B e PP ok

| FNB pobyisib, &es. @@ih%; 18 intireo RA@EHGden{GXs ta DAL i B MAidBaddMethoasduced
e

antibody reactivit .g. reactivity towards antibodi es present in serum
f r om pasectipn belowy Ehe teamyireducedbimmprrdsshicity\es pee abewt £)given polyneptidedt i on of

redyced | ogeni.city., . T. r " f ' [ ivo.half-life" j ed in
1 o Mhor PTRARE TG Aty indiud Balthe RO IPbolhBeotlat BrisRie W epdoBF T ' O
t he pol ppepiha@netespeie digmt Erefederice hadleste, Gaehcdy veisdtypechumaaelFNEe.al Roif eth  50%
of the biological activity of the pal e%'{iqde or conj ugate,ig still present
in the DI aF yrariast gawilddypalrean IENE § Btageran.asEtFrpiped togdere

pol ypept i - taat e 0 . AT 1 rnative
o dor oriiiferiilc pARMAR. Syen 0l o hférofid IdTomtBualy p ORI ANIEL 0,

det er m pr@ducts (iee. Betagerbh kevinex whd Blebif)) b shbulidive updérgioepdto theameitheo jeugat e

nol ecul gs irculate int pl asma .or bl opdstream prior to hei cl.eared.
Det &F ni fﬁ‘FFddFO%ﬁt aﬁﬂwé?ﬁl?w R epeptide gm&?f@ﬁp & @ mﬂrgmﬁ@n hﬁg@@hﬁ ni ng
functi Oféﬁ{lcédrhn‘(ib&g{ Rz@éﬁﬁ# (E? ARCiRAoWRER ah gl & pre@ht il sehih frotd fdfiehs
usual |y a good 1 ndication of the magnitude of functional in vivo half-life.
Al t er natreated with comnteocisldFNR pratificts)ii§ en indidatice of pilaeaddmmainogeni€isy. |
"circulating al f-Ilife"., "serum cl.earance".. ."plas cl earance" ..and

Gl ear ance WEPF triny Eationl 3F yE BEIGTER TPy ings N BRA GRS LapR R

sel ect eghichGmastd %iwé@hmcﬁd_sﬁdmw 6f th BoRpeptiie dr CRI0SAD SRk Y suth ok BRSRhOT

bi nding activity. 30 Functional in vivo half-life and serumhalf-life may
be et eatriiriell 50% odte binlogie! ectivity lwbthe notmentideon deajugete iastill presensin tescussed

i h ' and _Met hods. i her.ei paf . | i
conj ugabay ottt Srelf s i (Y LS b e of e SlingPfe Ao Fof ot
reti cul gensidhhellic)] As¥s hitsbat{VBESH etekhiditRyin& ek oo HaliVefe, “sefunbfalghigei f i c

or unspecific ) _ . ) ) )
may be determined, i.e. the time in which 50% of the polypeptide or conjugate molecules

circulate in the plasma or bloodstream prior to being cleared. Determination of serum half-life
25  is often more simple than determining functional iz vivo half-life and the magnitude of serum
half-life is usually a good indication of the magnitude of functional irn vivo half-life. Alternative
terms to serum half-life include “plasma half-life”, “circulating half-life”, “serum clearance”,
“plasma clearance” and “clearance half-life”. The functionality to be retained is normally
selected from antiviral, antiproliferative, immunomodulatory or receptor binding activity.
30  Functional in vivo half-life and serum half-life may be determined by any suitable method
known in the art as further discussed in the Materials and Methods section hereinafter.
The polypeptide or conjugate is normally cleared by the action of one or more of

the reticuloendothelial systems (RES), kidney, spleen or liver, or by specific or unspecific



WO 02/ 074806 PCT/ DKO2/ 00128 12 proteolysis. C earance taking place by the
ki dneys may al so be referred to as "renal clearance"” and is e.qg.

acconpl i swed2ioy48gé onerul ar filtration, tubul ar excretion @CTIDKMI08X28
elimnation. Normally, clearance depez1 s on physical characteristics of

t he pol ypeptide or conjugate, includi nol ecul ar wei ght, size (dianeter)

(relative to the cut-off for gloneruylar filtration), 5 charge, synmetry,
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to be an 1np cut-off-value for renal clearance. Re renal

cl ear andNermally, bleamatatépestiech plyysany clamadtiaisties aSthapplypentidean comsgatbl i shed in
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"o ab e PicbifinegfeCitatveteth s Lirowbten) e e e ARe s kT R BBtPBe. or
pol ypepthfge, GPRindad! ShabOrididityhttRAEd @@Horgae@yenam, britPthle PRREnRUIcKlElYr | N
urine colléected fromthe patient. Reduced renal clearance is determ ned

rel at i vesceptorster hemreisimoAdhelgeuianweighi efghreldTddPa/isepnsidecdio benn important

conj ugat ed correspondi.ng wi |l d-type pol ypeptide or a comrercial |FNB product
under 8@%?%18?i&58%i° PERES 15 The term "increased” as used about the

functional in viredhicdfredd tRaRhcSRRY BE Bathlishbd b ahpsuiabld dssayl agi gat e t hat
the relevant half-life of the conjugate or polypeptide is statistically

si gni i esehlished inorienasedy. Tapiellysdhe rnaheleargicess detearinetley sniaisigrg asuch as
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functional in vivo half-life and/or increased serumhalf-life" is to be
under st elgarangee is determingd slgtivsra the ¢Rsregponding rem-¢angestedmobmeptideer the non-

Prefera J . | Enhl I | east two
of t hesgéﬁ%%ag%gébﬁewgg‘%ﬂ@_%meﬁﬁ%%%gﬁm Cl %@ﬁg%%@? E)(%:(Ehedgl@éﬁ % uncti onal

i n vi voctrapdrable tenditi@duced i nmunogenicity and increased 'serumhal f-1ife or
increased functigpal in.vivo half-1ife and 25 incyease um hal f-1ife.
Most> pref erabl y, ﬁ?@gﬁ?ﬁﬁ?&?@ﬁ@rus @P%’éﬁﬁ %‘Ed flamwagff%’fg{é%@é?m herllé‘ term
“under GITRALEIL SndiONE Hak BRSelePint WaRTifE BPiKE cORBSME of o Iperfifdle & didiichllRt her

t han absol ute) properties of a nolecule of the Tnven d

I oh "and a referénce
mol ecul sighificantht ipmbestdtrelativeliodhateoftalraferdnioe moddcslea smichms ap entopnivigatetie t wo

inder 1 HadsERERRat HH IRE A e pbithe: ShwironfeaA Sris BmaR #E5 R Cng,
when reBemadbn) 4sliRiePAIRItYBE Bnpafibi@écshditibas, t er m “exhi biting | FNB

activity" is intended to indicate that the polypeptide or conjugate has
one20or nore of thbetamcirednged mmnmgen@ltw@gr inerqssed ﬁl@m@ﬁlmmg -lifk ype

and/or increased serum half-life” is to be understood as covering any one, two or all of these
properties. Preferably, a conjugate or polypeptide as described herein has at least two of these
properties, i.e. reduced immunogenicity and increased functional in vivo half-life, reduced '
immunogenicity and increased serum half-life or increased functional in vivo half-life and
25  increased serum half-life. Most preferably, the conjugate or polypeptide has all properties.
The term “under comparable conditions™ as used about measuring of relative
(rather than absolute) properties of a molecule of the invention and a reference molecule is
intended to indicate that the relevant property of the two molecules is assayed using the same
assay (i.e. the assay is performed under the same conditions including the same internal
30  standard), and, when relevant, the same type of animals.
The term “exhibiting IFNB activity” is intended to indicate that the polypeptide
or conjugate has one or more of the functions of native IFNB, in particular hurﬁan wildtype

IFNB with the amino acid sequence shown in SEQ ID NO 2 (which is the mature sequence)



| FNB wi th the am no acid sequence shown in SEQ ID NO 2 (which is the mature
sequence) WD 02/074806 PCT/ DKO2/00128 13 optionally expressed in a

gl ycosyl aworog/ohssé cell or any of the commercial ly avail alpiCa/nKoRiB0128
products. Such functions include capabil,ity to bind to an interferon
receptor that is capable of binding I PRB and initiating intracellular
signalling fromthe receptor, in particular a type | interferon receptor
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present invention or, when relevant, the_ inventjon according to
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par éht Thetaamp olENR pelygept \}ENBa‘fﬂ“'anﬁ &nd “pra1apheolypeptide ) pre prmpcdy Bsed |

one or rent pol ypept ide, normally in 1,
2,3, 4, H%Eﬁﬁ%ﬂﬂ%&ﬁggpo%@%mé%fmeq@&tllgﬁor 15 25 am no acid residues.

Exanpl es of wil df[hymmmpamnt THNUB’ isrintendtel t hedigadé thesptriiaiemplaculedd be Avonex or
ari.ant i Bet se o Al ternatll\#el?%fo

Rebi f. An ex l e of a pa.r B{I

par ent HRRES DI HEHRREO e CEBR: LETAR B STt B b e SR ERO g

hybri d Pe*rﬁmb@o@mw@?&erab@%e@af&nammeéloﬁgmltﬁam Bédlﬂéﬁ%hﬂ? watleh as
interferon a, optionally contalnlng one or nore additional subStitutions

i nt eoduthegarant BNB endyyhsrofdnynorigi bech agyerietyat b ragmaliaacuigin (eegy 280 0EAL ai n

fr om t nerEE G AR AT oqleHad. Hemafent A B i OBk ATk d Ster o
as a pafRinif®hoid Satjuelee §Ho%n in SEQ ID NO 2 or a variant thereof. In the context of a parent

IFNB polypeptide, a “variant” isa polypeptide, which differs in one or more amino acid

residues from a parent polypeptide, normally in 1, 2,3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14 or 15
25  amino acid residues. Examples of wild-type human IFNB include the polypeptide part of
Avonex or Rebif. An example of a parent IFNB variant is Betasefon. Alternatively, the parent
IFNB polypeptide may comprise an amino acid sequence, which is a hybrid molecule between
IFNB and another homologous polypeptide,‘ such as interferon a, optionally containing one or
more additional substitutions introduced into the hybrid molecule. Such a hybrid molecule may
30  contain an amino acid sequence, which differs in more than 10 amino acid residues from the
amino acid sequence shown in SEQ ID NO 2. In order to be useful as a parent polypeptide the
hybrid molecule exhibits IFNB activity (e.g. as determined in the secondary assay described in

the Materials and Methods section herein). Other examples of variants of wild-type human



hybrid nol ecul e exhibits IFNB activity (e.g. as determned in the secondary
assay described in the Materials and Methods section herein). O her

exanpl es wbD ear4semt s of wi |l d-type human WO 02/ 074806 PCT/ PKOAKIQL2RS 14

| FNB that may serve as parent | FNB nnlﬁ%ules in the present invention are
the variants described in PCT/DKOO 00471 having introduced and/or renoved
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i nvent i gflerf@b@iRptbOcchsBhy@iasyIFAAR- \wadiIBNAReE. a parent | FNB pol ypepti de
conprising at |east one in vivo glycosylation site, wherein an amno acid

resi due of said parent pol ypeptide |ocated close to said glycosylation site
has bee i 5 | . i i pol ypepti de having an increased

gl ycosyPgWg&ﬁéés‘?%éérl%g?gE tﬂ(}e?‘ﬁl\e@% %gsyl ation of the parent polypeptide.
25 The term"variant' 'is used to denote that am no acid residues of the
parent pol ypeptide have been changed. The gl ycosyl ated variant may al so be
ter hed %ﬁ”f”ﬁﬁl@”@d’f‘f?ﬁ@%@b’%’@gﬁ‘ﬁﬁ’ﬁ sing a non-pol ypeptide noiety being a
sugar noi ety attached to the polypeptide part of the conjugate). Nornmally,
the in vivo glycosylation site is an N-glycosylation site, but also an O-
30 gl yctidwb strpasingliytbeen foundribat igfyicasdaticansat medienagiycokplatiomsitquriead ANB
invention, In the present, context the term"increased.glycosyl.ation" i

| nt endetpolasuleancad orep ABad e Bre oo nliin 653 Eeri sk fepied Elosp ot es
nor mal | g1y98§ﬁgltﬁ_ﬁ<1ﬁa,sw@etﬁ&ri§i§%%ﬁﬂu@éd sitet hORERAIY-06cubgid §fe) utilization of

gl ycosylration site(s). The increased glycosylation ma¥ be )
20 Accordingly, in one aspect the present invention relates to a glycosylated variant of a

parent IFNB polypeptide comprising at least one in vivo glycosylation site, wherein an amino
acid residue of said parent polypeptide located close to said glycosylation site has been
modified to obtain a variant polypeptide having an increased glycosylation as compared to the
glycosylation of the parent polypeptide. '

25 The term “variant” is used to denote that amino acid residues of the parent polypeptide
have been changed. The glycosylated variant may also be termed an IFNB conjugate
(comprising a non-polypeptide moiety being a sugar moiety attached to the polypeptide part of
the conjugate).

Normally, the in vivo glycosylation site is an N-glycosylation site, but also an O-

30  glycosylation site is contemplated as relevant for the present invention.

In the present'co'ntext the term “increased glycosylation” is intended to indicate
increased levels of attached carbohydrate molecules, normally obtained as a consequence of

increased (or better) utilization of glycosylation site(s). The increased glycosylation may be



WO 02/ 074806 PCT/ DK0O2/00128 15 determ ned by any suitable nmethod known in
the art for analyzing attached carbohydrate structures. One conveni ent
assay forwoakerssdci ng attached carbohydrate structures isPCh@dKedhod
described in Exanple 7 and 8 herei naft?? An am no acid residue "l ocated
close to" a glycosylation site is usualty located in 5 position -4, -3, -2,
-1, +1, +2, +3 or +4 relative to the amno_acid residu
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ie h r ny pol ypeptide

exh|qfn efe?qb%@?%g%@ tn% IIOH{:}E’)hgﬁ/%?%gl%h ﬁéés \f{ﬁg‘%\ég%e ?Ea:crgg@/ §t| on site, in

parti cuI ar anhé\hrgﬂnyscaommhadlﬁeamcﬁn ik ﬁomﬁtmnytaadnbmtpaasxg mme mbtytpam belagmade gi ven

20 in the section herei nabove entitled "Definitio s faérray i.nclude a

wi | dt ypwith prypothieramigo ackl geidug Ve Tise tpah 1 lrrfé%aﬁ? iop.of the [P

pol ype afed¥@ r geR H&P&h FNB
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as 2-7 bﬁdeZerﬁngédy‘tgotsml ad erorsypeas. expérimeyity G@s by atbistitution tod tlrmxynme acid

B P Bk e s

by N80 ﬁ&ﬁtﬂ%%%@&sﬂ!ﬂo%tdf%ﬁﬁﬁﬁﬂgbﬂ\ﬁt' s an exarml e of a natural ly
occurring gl sylration site. \Wien the parent |FNB pol ypepti de conprises at

| east one i nhmmdmmédthﬁ-pgtepttﬁw golypeptidsito be mewlifibdsintaecardanse sfidrthbpes¢rdcat ed
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PCT/ DKGgE8Miation @fte in pRMicHIAAhENOSlyédiglationy Sied. lsaﬂalﬁépweﬂﬂ Plypeptifs i OBHeh 00471

wherei n t he non- ypeptlde noi ety 1s a sugar. noi ety
20  in the section erelnabove entitled “Definitions” and may include a wildtype IFNB e.g. wt

human IFNB, or a non-naturally occurring IFNB polypeptide, e.g. a variant or fragment of wt
human IFNB.
The parent IFNB polypeptide may comprise more than one glycosylation site, e.g. 2-10,
such as 2-7 or 2-5 glycosylation sites. The glycosylation site may be a naturally-occurring
25  glycosylation site or an introduced glycosylation site, preferably an N-glycosylation site. The
N-glycosylation site defined by N80 and T82 of wildtype human IFNB is an example of a
naturally occurring glycosylation site.
When the parent IFNB polypeptide comprises at least one introduced N-glycosylation
site, said site is preferably located in a position which is equivalent to or being any of those
30  described in the section entitled “Conjugate of the invention according to PCT/DK00/00471” or
“Conjugate of the invention according to PCT/DK00/00471 wherein the non-polypeptide

moiety is a sugar moiety”.



WO 02/ 074806 PCT/ DKO2/00128 16 An "equi valent position” is intended to
indicate a position in the am no acid sequence of a given |FNB

pol ypept inwe,02mhisehr i s honol ogous (i.e. correspondi ng i n p@STmMKM/oNNSei t her
primary or tertiary structure) to the rgl evant position in the amno acid
sequence shown in SEQ ID NO 2. The "equival ent position” is conveniently

determ ned on the basis of an, alignnment %fE 5 nenbers of the | ENB prot eitn
sequence f anffyeq@vejentpositigny F’?én“ﬁP‘é%ftﬁrﬁl YT ROVIOR 11 fhg gmino geid sequgpce o
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nat ur al pehafkfes @6E Weldhf thaty €103, Mutlelt A¢illeR8$earBsP1:46TB-MEKD) of Bomi pibligide,

the parent |FNB polypeptide conprises an introduced glycosylation site in a
posi ti ofligsguntsal ent to at | east one of the following positions 2, 49, 51

or 1 of th 1.Nn I NB. \ ] i
ceqilnce. shofHt T Sean o RER e BuShy NE TR oOR, W b LR AERE
S2N+NATéfe ordRordRiNiddodd £1Scodativh shies] i sifel's) 1stdve Bitdadlit & by msasaifi vel y)

and/ or conprises_a %Iél)é/cos lation site in a cor rg pondi ng posifion of that
of the SoshigHan(s) msTised tuthe scqtioneqtitied Hyomnpericrabthe yention peeptdingtor di ng t o
the inv } r . : s . de t ri ses
an ar roc oA o0 QOEER P 0 AUERIPRE AL nl 0T g £ BRIES el (FbarRl

gl ycosyIRNB polyperitile iedgivedrraan pokinnbo FFNB it esmaligialsg compdseshaturgjlyposi ti on
1, 48, 50, 79 cir 110 .of 25 SEQ |D 2, the substitution being with an

ani B alFYITIEFIACRsYIRHPR Rits & nesitiea fromthat occupying the rel evant
position in F&em%c%[‘fhe%féﬁ?ﬁf?@gﬁgﬂeﬂi&% eOf giving rise to an

i ncreased glycosylation"at the rel évant glycosylation site as conpared to

t he par anintroBNBd gholoyyletien site. inRipositiop equilvaleat toyat ldast cneof thtahBewinigt h one

nbodi nent . of .th t tion.the 30 jant i d f
parent PERESRSG: Shetqrd L of s anana god s alwh A ok FABids muprpdo
def i nedsddvereSHOW iid YEQAD ROU Mabefted!ty tAE aR@iowtidADGES I 10fNSEQ, | D NO

2, the variant further conpri si n<1:; a substitution of the am no acid residue
| ocat edQHINHRSEH S RQALNAESPES) arifdh INGR113T/S, respectively) and/or comprises a

glycosylation site in a corresponding position of that of the wt human IFNB sequence defined

by N80+T82. The variant according to the invention prepared from such parent IFNB
polypeptide further comprises an amino acid substitution in a position located close to the N-
glycosylation site, e.g. in a position corresponding to or being position 1, 48, 50, 79 or 110 of
25 SEQ ID NO 2, the substitution being with an amino acid residue which is different from that
occupying the relevant position in the parent polypeptide and capable of giving rise to an
increased glycosylation at the relevant glycosylation site as compared to the parent IFNB
polypeptide.
More specifically, in accordance with one embodiment of the present invention the
30  variant is prepared from a parent IFNB polypeptide comprising an introduced glycosylatibn site
defined by a substitution equivalent to or being Q49N+Q51T/S of SEQ ID NO 2, the variant
further comprising a substitution of the amino acid residue located in an equivalent position to

or being K45, Q46, L47, Q48, F50, or K52 of SEQ ID NO 2, the substitution being made to an



or being K45, 46, L47, 48, F50, or K52 of SEQ ID NO 2, the substitution
bei ng made to an WD 02/ 074806 PCT/ DKO2/00128 17 am no acid residue which
gi ves ri swotoe/o74s06 eased gl ycosyl ation at said i ntroduced @cCyragggioat28on
site as conpared to that of the parent 1 FNB pol ypeptide. Preferably, the
amno acid residue to be substituted i's |ocated in a position equival ent
to or being Q48. In another enpbodinment the variant is prepared froma

8 . . .
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defi ned i j i - het ] I D
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pol ypepti de. Preferably, e amno acid residue to be substituted is
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conpr | st restie el an SRR Ritob o of pERG ERD R ER, BROL IS 15136
equi val g4 bpSPO IDATOR, tHbshbtirdod Beifd maEsdd 43 AMand acidiesidhad wiidh gfves tiser

conprising a substitution of the amno acid 15 residue |ocated I'n an
equi val trincrgassid glyresylation atisaidrigtrodiped glygosylativn sits@s cmparedto thatoidhe sEent | D

e e e

conpar eghdmﬂ&lhadopﬁ,eiﬁ piparent | FNB pol ypeptide. Preferably, the am no
acid residue to be substituted is located in a position{ﬁigui valent to or

bei ng Q9. 2B Yo agethergrahadipen dapvariaahis Proparsdsiromn gtparest apbygeptidsm a

par ent ) . i . : .
ot  nec BoPifih BEFRDlER TR S oAbl bPIERA TR BN 1o
t he var QanN+ES3T/Berf SEQD NO Aghavaidns fiirthet canpriding & eutatitution af thet amtias elde

| ocated in an equival ent, position to or being M, Y3 or L5 of SE NO 2,
t hels sutssidue ma@H ipan fglikeleRd nositign taay %ﬂ%&f*ﬂ Q4% .Qégel% iKsér% & Dé‘? Of E@@ to
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aci d r eglydesyldtion laesad betoductdeglycasylatiomsitalas congapaaistdp tthap of dgupaveat BNBt o or
being M., By use_of tp.//www. cbhs. dt u. dk/ ser.vi.ces/.Si gnal,P/) it..has been
ver | i cbolypEitdE PretesgbE s aid il residie o he SbeUEER 1318880 haskitipbn 1 o
SEQ I D MRivalédt t6or BinPWA0f Or correct signal peptide cleavage). 30 In yet
anot her enbodi nent the variant is prepared froma parent | FNB pol ypeptide
conpti si ng almget anethéryendwmdimentilee vripobis\prenaresiirem agatent BN pplypeptpstssi t i on

equi val go%pr&s?ngoe{n gﬁ"oggced glycosylation site defined by a substitution equivalent to or being

S2N-+N4T/S of SEQ ID NO 2, the variant further comprising a substitution of the amino acid
residue located in an equivalent position to or being M1, Y3 or L5 of SEQ ID NO 2, the

substitution being made to an amino acid residue which gives rise to increased glycosylation at
25  said introduced glycosylation site as compared to that of the parent IFNB polypeptide.
Preferably, the amino acid residue to be substituted is located in a position equivalent to or

being M1. By use of http://www.cbs.dtu.dk/services/SignalP/) it has been verified that all

amino acid substitutions are allowed in position 1 of SEQ ID NO 2 (i.e. allows for correct
signal peptide cleavage).

30 In yet another embodiment the variant is prepared from a parent IFNB polypeptide
comprising a naturally occurring glycosylation site located in a position equivalent to or being
N80 and T82 of SEQ ID NO 2, the variant further comprising a substitution of the amino acid
residue located in an equivalent position to or being S76, T77, E78, W79, E81 or 183 of SEQ ID



N8O and T82 of SEQ ID NO 2, the variant further conprising a substitution
of the amno acid residue |located in an equivalent position to or being
S76, T77,wB03/07486@, E81 or 183 of SEQ I D WO 02/ 074806 PCTPDEKOI0QO28 18 NO
2, the substitution being made to an a(rjfi no acid residue which gives rise to
i ncreased glycosylation at said intro &ced gl ycosyl ation site as conpared
to that _of the parent |FNB polypeptide. Preferably, .the am no acid residue
to be shS32ithesentifuionbemegannde o an gpana wﬁreméawgéq yesTisede mSEsasg wro. 5
For ins latldd%t YA AR anRGE QY 9 BitibA shDhSc MNP o GRIRE iRGHrdlt rinedst one
of the %@Fﬁ%’v@r?g‘ Sets of urrut%??dggszl %zstsF,VC,WY " 649N+@1%%IS; D11 OF,V,Y
+ F 11 polypeptiddTPSlenilly nhe amimnesiduesidge tonioh edbstedteded bocated int @pesiteonan no aci d

sequence shqwn in SEQ 2. 10 1t will be understood that glycosylation
from gl ﬁ%‘H¥§F‘§ttP85§%‘P$Q@Mroduced in other positions than those

speci fi cal | y rpRRkiaARe therReMet dcBording 1D ths agm éda%geg:ambﬁdomomyfomwﬁge
exposed am no acid reésidue as defined in PCT/DKOO 00471) may be nodified
anal ogosesh 9f motatiohtat has been descri bed above. Furthernore, it is presently
preferr he NB pol ypeptide to be nodified 15 according to
this asg)g&”’h\ggv’ r+eQB$1&%§1%5+4§r ee cysteine residue, e.g. fromthe cysteine
resi duepihoeated FIIPERINBYE 17 of SEQ ID NO 2. Preferably, when the parent
pol ypeptide is derived from wt human | FNB the parent conprises

non- cys eidimeations heing dndicatedicthlive ththsesiing amd sqquencephopwndn SRR Ngrﬁ C17S,
relative t @ Cl ' i ! th
gt mont ¢ KaTIHE oA AEREICA AN el TR ol frrddlootTh o8R0 70

Wi th t hpssiasdsahin osPdpesifisalyt meatiaiedabeve (elg. adaipesiti@nsbcapied byrangsuréieb no
acid residue, conprising an attaéhnentg%(})ugoior a second_non- pol ypepti de

moi et y. exRased gaingrack repifae a3 dafingd it RY TANHIYP047d hiips de adabeda2rBeY e i s

as descy} I i entitled "Conjugate of the invention according
to PCT/ E@%&E%&%Cﬁ%ﬁ%ﬁggte of the invention according to

PCT/ DKOQ' 004 Fitrthdrmioes, fix it peeseraly-ppefeympé Hait the panint IRNB polypaptidedo be niddafiedhas
lysine as a ' [

25 attachnent group”, "Conjugate of the invention agcording to
PLTHDKOBI 00 T BPeF (ee @ﬁ-aﬁﬂwétﬁ{rﬁeg@lﬁtﬁ &8y TR R CXsie f8§}§9%i ne

resid Ue'lloc:ﬁféﬁ in ﬁ@ag%(?%gﬁ &t OEQ BN DV PRIy AGRA b B_Qrgntt So1fHeptif S AR94Y fom

wherein the nonh- peptide noiety binds"to an acid group”, and thus the
par ent wiERBmpo [§NR pthe garentconipgrispoh ppe-pysteire paino astd msidoajnpmitiondd, degstbei bed

T R B S AT RS s RS 5110

In yet another embodiment the parent IFNB polypeptide to be modified in accordance

20  with this aspect comprises at least one introduced and/or removed amino acid residue
comprising an attachment group for a second non-polypeptide moiety. For instance, the
introduced and/or removed amino acid residue is as described in the section entitled “Conjugate
of the invention according to PCT/DK00/00471”, “Conjugate of the invention according to
PCT/DK00/00471 wherein the non-polypeptide moiety is a molecule that has lysine as an

25  attachment group”, “Conjugate of the invention according to PCT/DK00/00471 wherein the
non-polypeptide moiety binds to a cysteine residue”, or “Conjugate of the invention according
to PCT/DK00/00471 wherein the non-polypeptide moiety binds to an acid group”, and thus the
parent IFNB polypeptide is the polypeptide part of a conjugate as described in any of these
sections.

30 The amino acid residue comprising an attachment group for a non-polypeptide moiety
is, e.g., a lysine residue. In a specific embodiment the parent IFNB polypeptide comprises at
least one substitution of an amino acid residue located in an equivalent position to or being

K19, K33, K45 and K123, the lysine residue preferably being substituted with an R residue.



is, e.g., alysine residue. In a specific enbodi ment the parent |IFNB

pol ypeptide conprises at |east one substitution of an am no acid residue

| ocat ed iwOan/oem0é val ent position to or being K19, K33, RECI/D0d/o0KRR3, the
| ysi ne residue preferably being substi? ted with an R residue. WD 02/ 074806
PCT/ DKO2/ 00128 19 More specifically, e parent | FNB pol ypepti de may
conprise one_of the follow ng sets of nutations (indicated rg)llat iive to SEQ

ID NO 2): C Mptsepegifcesly, the parentiKiNB nolypeptide pay q@ppese nepfdhestpliquingssets 1. 5
T

33_-78+§1§%%3WET#‘1%61%§W§%%§133E: C17 S +K 19 RtK 3 3 RtK 4 5

S2N+NATECIS-SHMORI KGRI QPNNREDIT+K123R,  S2N+NAT+C

17S+K19R+K33R+K45R+ N+ +K123R;

82N+N4T§8§7§2hé%<%é@ E53T+F111N+R113T+K123R or 1o

S2NHNA TR RHTRRIRIASISRY: L EPRI FSHLN ISR, 3T+K123R. When the parent

| FNB pol ypeptide conprises the mitati on 49N+Qb1T/S, the variant according

t o thi sCAgpEst ORI RdH SRHQAM QS5 1dohp INeRI I Ksl?BBt i t uti on Q48F, V, W Y.
When th I I t i I the nutations F111N+R113T/ S,
the var g%ﬁéﬁ%ﬁ@@%ﬂ%‘&%gﬂ%mégsﬁe substitution DL1OF,V,Y. 15 It
Wi I besaNERETHOPTR-IBIR-MUBR-IKS RAQ AN BB INBKpetR;pept i de and thus the

variant conprises an introduced and/or renoved am no acid residue

conpr i sSAYTHATHET GRS RS INGES TSEE bR B3 TpBi 19 3R pet de noi ety, the
i t ok | t } ted to th
secafa N BERLELAT IS SR BRI BT I AT RABIRER P Coved

attachment gwaiep thelfrgers §ENBholRipad yiaises thermitetion Q49NsQaI T3, thicfvagingnt
froma sugar nmoiety, 20 and is normally a polyner, such as PEG _The section
ent i t | edccording dhippaprct meeterablydyrther comprigssjtheydnbatitytion QASF X, Bni'; Yhen the
describ ! . . i heties
ah on oBre N B L et e
var i ant furtheccomnstisegthegubdtitsti@sPebiF,VIYh a further aspect the invention

relates to an interferon R pol ypepti de havin n amni no 5 aci d_sequence

whi &h di f  er 4 villgemn %fﬁtoefl%fwéﬁﬁgﬁewfmﬁmﬁ%gfpﬁaﬁ%@ﬁ@%‘ﬁw%m no acid

sequenc i hSit : : 1 s of
quenceyg i%%tl%cﬁ:%ég%a%r 2 RDFLACHTRG asl %gsg%ec%gfpn%ﬁ% kb QWO gRRlp

mut at i ons: 1 O C1/StQ4
for a second non-polypeptide moiety, the variant is preferably not only glycosylated, but also

conjugated to the second non-polypeptide moiety via at least one introduced and/or removed
attachment group. The second non-polypeptide moiety is usually different from a sugar moiety,
20  and is normally a polymer, such as PEG. The section entitled “Non-polypeptide moiety of a
conjugate of the invention” describes suitable polymers and other types of non-polypeptide
moieties which can be used as second non-polypeptide moieties for conjugation of the variants
according to this aspect.
In a further aspect the invention relates to an interferon 3 polypeptide having an amino
25  acid sequence which differs from that of wild-type human interferon  with the amino acid
sequence shown in SEQ ID NO 2 and comprising one of the following sets of mutations:
D110F;
C17S+D110F;
C17S+Q49N+Q51T;
30 C17S+F111IN+R113T;
C17S+Q49N+Q51T+F111IN+R113T;
D110F+ F11IN+R113T;
C17S+D110F+ F111N+ R113T;



30 C17S+F111N+RI 13T; Cl7S+tQA9N+QBLIT+FI 11N+R113T; DI 10F+ F111N+ R113T;
Cl7s+Dl 10F+ F111N+ Rl 13T; WO 02/ 074806 PCT/ DKO02/ 00128 20 Cl17S+Q49N+
B1T+Dl 1WB92R1BatN+ R113T; Cl7S+K19R;, Cl7S+K33R;, Cl7S+K#ER/DK02/00128
C1l7S+K19R+K33R+K45R; or Cl7S+K19R+K33R+tKAS5R+QA9N+ (B1T+Dl 10F+ FI 11N+
R113T, optionally conprising one or e polyners, eg one or nore PEG
nol ecul es. Each of these sets of nutations is considered an individual

enbo€i AErR49Nin@S kByDbEOR Bl dj REI3T;0f a claim 10 In a specific aspect the

inve@”gj{k .ates to an interferon (3 polypeptide having the amno acid
sequehce: NLLGFLQ RSSNFQSCKL LWQLNGRLEY CLKDRMNFDI PEEI KQLQNF
TKEDARLSHRBIRYL QNI FAI F RQDSSSTGMWN ETI VENLLAN VYHQ NHLKT  VLEEKLEKEF
NTTAKLMSSL HLKRYYGRI L HYLKAKEYSH CAWT| VRVEI 15 LRNFYFI NRL TGYLRN,
opti@ﬁ'éﬁ KAXRsnpri sing one or nore pol ymers, eg one or nore PEG nol ecul es.

t the invention relates to an interferon (3
poI ype élﬁlg Eavﬁ%ﬁ%ﬁw%gm no aci d sequence: MSYNLLG-LQ RSSNFQSQ?L(
LV\Q.NG%EMRE&MWEGSR?EEM@H+DHOPKEDAANTIMEWLQVI FAI F RQDSSSTGWN
ETI VENL . NHLKT VLEEKLFKEF NTTGKLMSSL RYYGRI L HYLKAKEYSH
ly cqn morf@%fmwaﬁﬁne@r?&m%%ﬁﬂi PlgWFe or more pol ymers,

eg Oﬁé‘chQ{ftﬁ@ae @atEgﬁlﬁpJﬁ%ﬁyiseo%nsm&eaaﬁsﬁdiﬂaﬁa@mqina@l@tanamy v kegjen (3
pol ypeptide further conprises a nol ecule, in 25 particular a I 2kDa or

20k Def P8@m.eg. nono- PEG 20kDa. V\hen the interferon beta nolecule is

PEGyI ated it usuall npris 1-5 pol ene, coI EG | ecul es. In
¥ furt her Ph, M #ﬂ“{? 18??@?%& E%ql ﬂ%l iE;?‘S&g’% WP8cul es,
SUChac"i‘ésfquegc cor 3 PEG nol ecul es. In a further errbodl rrent each PEG nol ecul e

has a nolecul ar wei ght of about 5 kDa (kilo Dalton) to 100 kDa. In a
MSYNLLGFLQ RSSNFQSQKL LWQLNGRLEY CLKDRMNFDI PEEIKQLQNF

TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI
15 LRNFYFINRL TGYLRN,
optionally comprising one or more polymers, eg one or more PEG molecules.
In another specific aspect the invention relates to an interferon 3 polypeptide having the
amino acid sequence:
MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CLRDRMNEFDI PEEIRQLQNF
20 TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI
LRNFYFINRL TGYLRN,
optionally comprising one or more polymers, eg one or more PEG molecules.
In a further embodiment the interferon f polypeptide further comprises a PEG molecule, in
25  particular a 12kDa or 20kDa PEG, eg. mono-PEG 20kDa. When the interferon beta molecule is
PEGylated it usually comprises 1-5 polyethylene glycol (PEG) molecules. In a further embodiment the
interferon molecule comprises 1-5 PEG molecules, such as 1, 2 or 3 PEG molecules. In a further
embodiment each PEG molecule has a molecular weight of about 5 kDa (kilo Dalton) to 100 kDa. In a
further embodiment each PEG molecule has a molecular weight of about 10 kDa to 40 kDa. In a
30  further embodiment each PEG molecule has a molecular weight of about 12 kDa. In a further
embodiment each PEG molecule has a molecular weight of about 20 kDa. Preferably the interferon
molecule comprises 1-3 PEG molecules each having a molecular weight of about 12 kDa, or 1 PEG

molecule having a molecular weight of about 20 kDa. Suitable PEG molecules are available from



further enbodi ment each PEG nol ecul e has a nol ecul ar wei ght of about 10 kDa
to 40 kDa. In a 30 further enbodi nent each PEG nol ecul e has a nol ecul ar

wei ght ofwalwour480€ kDa. In a further enbodi nent each PEGPeoIDEmloe12Ras a
nol ecul ar wei ght of about 20 kDa. Preferably the interferon nolecule
conprises 1-3 PEG nol ecul es each havi n? a nol ecul ar, weight of about 12

kDa, or 1 PEG nol ecul e havinhg a nol ecul ar_ wei_ ght_ of out Da. Suitahle
PEG ol SherwatenPlymess I%P@ Eﬁg% e @@/@%ﬁh%ﬂ%@ﬁ/ %R@%%ﬂ@égpéf%@ﬁméer
Pol yner Peye s _ 5 3 - PEG,
o) oy ot EGE AP ECRIEALAREG.SNE muthd IR, FEPBE, el Bed FPRCH DS TR0t e
5, 880, 26%5y)cartonyl-asyyNadibahytyimide- REQi(USrHIR2yG14).de- PEG (US 5, 122, 614). In a
still further . ct the jnventi.on relates t t hod of increasing.in

Vivo gl yedBgrsifliiiersspi: gttt ritetha pelef clberRane sumy PEEEHAfianD a1
one N Yf ¥ParGhtEREVPApPAdS tHa€ cotdprisel at BRIt bad irpaw%iye@ssjldﬁ)on%ua%&yti ng an

am no acid residue ‘occupying a first position |ocatéd close to the in vivo
gl ycosymathodgomiptisesof t he parent | FNB pol ypeptide with a second ami no acid

by RS Bps 2 25k DB BPIYRSRLS Bced o eTBEPUK Bd fouttee o
poly pep%liyd@sy@a‘iioﬁ@ité-bﬂﬂﬁ PafARTIRNB HEBpesitlel wittta Gopa® st dcidirebidaé tcmbliuceunder

conparable conditions, iii) if necessary repeating step i) to substitute
t he secameriantilmyBaehwpepidds. due with a third amino acid residue and/or to

SubSE M e U AR ATl ESH AYE L ARG Srtnk Dafd FARL HORA AR Bl PSNAS 10

t he gl ycosyl aton am no acrd residue and r I'ng step
i) of polipeptideaeopamed tfropotitizeRiondes aglycobatiay hantelp alndpe@ineablesul ti ng
fromstep |), steps i)-iii) being repeated until an increased in vivo

gl ycosyP‘&Xdi“éﬂﬁlSi s obtained. The parent polypeptide may conprise a
e o g. 1 poftdebdsaly PipduRE Reh B gt GRS, KR Qe A Sk PO
r esi dueahimaicetfesilos end/or ta sgbytitwis ph atimmacid tesidus located.in aaegond positios elose
oS8 Bep Sy SE ST S e b S 35S s PSP BB D, g an
o 0, SSRGS, W et Rl Sy 0o T, e [t
the 25stepd i)-om) beipgsrepeated untiltantinaeased BOEGFglyc@yrGeDid Grtained.
The parent polypeptide may comprise a naturally-occurring or a non-naturally occurring
glycosylation site, and is e.g. a parent polypeptides as defined herein above.
20 The amino acid residue located close to a glycosylation site is, e.g., any of those identified in
the present section.
In a further aspect the invention relates to a glycosylated variant of an interferon 3
polypeptide having an amino acid sequence which differs from that of wild-type human
interferon § with the amind acid sequence shown in SEQ ID NO 2 and comprising one of the
25 following sets of mutations:
D110F;
C17S+D110F;
C17S+Q49N+Q51T;
C17S+F111N+R113T;
30 C17S+Q49N+Q51T-+F11IN+R113T;
D110F+ F11IN+R113T;
C17S+D110F+ F111N+ R113T;

C17S+Q49N+ Q51T+D110F+ F111N+ R113T;



Cl7S+QAON+BLIT; CL7S+F11IN+R113T; 30 C1l7S+QUAIN+QBIT+F11IN+R113T; DI 10F+
F111N+ Rl 13T; C17S+D110F+ F111N+ R 13T; Cl7S+Q49N+ B1T+D110F+ F111N+ R
13T; WO ORO00Z4A3366 PCT/ DKO2/ 00128 22 C 17S+K19R, Cl17S+K3PRI/DKI2HBRKASR;
C17S+Kl 9R+K33R+K45R;, or 5 C17S+K19R+K3 §+K45R+Q49N+ @1T+D 10F+ F111N+
R113T, optionally conprising one or e polyners, eg one or nore PEG

nol ecul es. Each of these sets of nutations is considered an individual
enbodi n@rﬁﬁ*‘%hﬂ{;my be the subject of a claim In a specific aspect the
inventi pR~éekades to a glycosylated variant of an interferon J3 io

pol ypeptide havi’ng the anino acid sequence: MSYNLLGFLQ RSSNFQSQKL
LVWOQLNGRCEYSHEKAIRVNFDI. PEEI KQLQNF  TKEDAALTI Y EMLONI FAI F RQDSSSTGWN

ETI VENL T EKLEKEF NTTCGKLMSSL HLKRYYCGRI L HYLKAKEYSH

CAWTI VR@%*%@F%K‘}{ /RN, 15 optional |y conprising one or nore

pol yy“»‘?@ﬂ@ﬁ(@l@ﬂ@%f(‘%ﬁﬁ@m esvh-as110/m rnakheg saeci fic aspect the

i nvention relates to a glycosylated variant of an intéerferon R polypeptide

havi ng optéonally somprisidg oneoemors, palBels, €gRInG oRSBINFEEQRNOIEWIENGRLEY CLRDRVNFDI

VL EEKL ERI SFFHERORI ST TPt e R AR R Syt onte s

opti onabfycleipri sing one or nore polyners, eg one or nore PEG nol ecul es.
I n one enbodi ment, the interferon nolecule is glycosylated and PEGyI at ed.
In a furtherIn @siecifionspect thehipvéntioaréletesto aglyeesylated warightelanintetierdn 5 In a

|y er SRed Teat ot Shysosl abad Lt e feron (3 pol yoept de comprises fone
i nter f epmYNDLEFHQERSSNFQSQKL LWQLNGRLEY CLKDRMNFEDI PEEIKQLQNF

TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT

VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI

LRNFYFINRL TGYLRN,

15  optionally comprising one or more polymers, eg one or more PEG molecules.

In another specific aspect the invention relates to a glycosylated variant of an interferon
B polypeptide having the amino acid sequence:
MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CLRDRMNFDI PEEIRQLQNF
TKEDAALTTY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT

20 VLEEKLEKEF NTTGKILMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI

LRNFYFINRL TGYLRN,

optionally comprising one or more polymers, eg one or more PEG molecules.

In one embodiment, the interféron molecule is glycosylated and PEGylated. In a further
embodiment, the interferon molecule is glycosylated.

25 In a further embodiment the glycosylated interferon 3 polypeptide comprises one to five
sugar moieties, such as one to three sugar moieties. When the interferon molecule is
glycosylated it is preferably N-glycosylated. When the interferon molecule is glycosylated it
usually comprises 1-5 sugar moieties, such as 1-3 sugar moieties. In a further embodiment, the
interferon molecule is N-glycosylated, and comprises 1-5 sugar moieties, such as 1-3 sugar

30 moieties. In a further embodiment, the interferon molecule is N-glycosylated, and comprises 3

sugar moieties. According to the specific aspects above, the interferon f polypeptide has three

sugar moieties, that is in position N49, N80, and N111.



gl ycosylated it is preferably N-glycosylated. Wen the interferon nol ecul e
is glycosylated it wusually conprises 1-5 sugar noieties, such as 1-3 sugar
noi et i es.wb2a74806 t her enbodi ment, the interferon nol eculP€TIDK02/00128

N-gl ycosyl ated, and conprises 1-5 sugar, noi eties, such as 1-3 sugar 30

noi eties. In a further enbodi nent, the Znterferon molecule is

N-gl ycosyl ated, and conprises 3 sugar npieties. According to the specific
aspects abovk a fuber embedimentthrelysogyapd intrsfarens B pRbpepti hefrﬁﬁﬁé’ﬂﬁ@%a t hat

:c El’lt EEPﬁgﬁﬁ%@nﬂ@mgﬁplﬁ\%gg aggg%g:)%?rlchl%ﬂn% er 074%0?‘8&){;5% ypep BLBI’ t2ﬁe:' "

conpr i sigerferocledbles PECylated ipaduallg eb@priges! 12K PelyethyRAk @g/cEﬁ@ECQQ mono- PEG
20kDa. When the interferon nolecule is PEGylated it usuallé corrprlses 1-5
t

pol yet hipokasiles| p adirthempbodimpens the interferon moleerle Rempesisdad RERimelsenles,
interfe I L. %u'ﬁﬁ G
nol e%:ul gel'g:ﬂ a%"?, g&%?F g};@[}%@%& |I€fren a BE@Q ??%C(}:l %%Gjﬁné&gle]ryﬁec u(flegm‘gE
wei ght wtighbofidbobt ﬁkma(llmild Dalwﬂ)tt@ )0 kDa.JAQ flffher elmboduﬁenttcbﬂrPHﬁfImﬂemﬁmt
each PEG nol ecul e § a. ol ecul ar wej ght _.of about 10 kDa to %’ In a

further @r?dBﬂIeﬁ‘ﬂﬁ‘tW I‘Pf@@m Yot l&“ﬁﬁ?‘@?ﬁﬁle odiwresh eacy out 12 f
A
kDR | DBl aeh il %%ht%?%’bxf’i@km B ifthelfbAUHENEG I REGHRORBILC O

interferon no e conprises 1-
mol ecul ks aaaohcﬁan/wmgh'eoﬁabbet:lﬂ ldpa. \Beefgrablyothe asenfi¢ron ndtdom]e mmphsE’EGSrﬁﬂ(éc ul e

havi ng a | ecul ar, wei ght of about, 20 ordi e ecific
aspétts™q Yles e3 h&%’&rﬁ’?"ﬁ@f“&'f“‘”@ﬁﬁﬂfpml A@@@Pﬁﬁ% ](%Pﬁléllgfpeptl de
cont ai Ngyofkclal elgRRoFEHSuID ROH! £scordies &Y #lk Bfedifit adpb@s aRRE! fl LpAGRR&! S
above, in a particular enbodinent, the interferon (3 pol ypeptide contains

one 20 hﬁbod?ﬁ@rmﬂieanmtferons‘phpmlapﬂpadPE@ltamb écul 2eDaPEGavaietuabd. é\ckomimg to
Shearwat er Polynmers, 15 Inc. and _Enzan,_ . Inc. _and nay %@ el ec ed frogn

SS- PEG, thrispeqoitespsets @b, Peaparfiptes esphodimepeiae degrieiop
ey S8 Pk e B0 Soitibic G RIIGRICR AR fliYls Bonf a5 srsPEG

(US 5,1 gl'ycosy variant s accor ing to this aspect are

exp nsels Skd. art]r&k:ExIﬂt)n{ﬂlamI drgdhmﬁy be seyécyﬁm&)ih SSHPEGSRC-REG: Ia,ldqhwé-ﬂ’@(h bhBEG-SPA,
mammal i an_host ce uc n th 20.sectio

entitl e@PEéﬁﬁM I%P E‘g Eé!) Y?f" fﬁﬁﬁﬁﬁgogﬁ@ 9%‘?’?3’;9?1‘11’0% tY¥athg to
this asmg&ho r@@ all of the IFNB expression level (1Unl)
of the paren I'ypept i de I—Iovvever when the increase in

gl ycosyl at i oﬁhmghyamsrywedoyar&utssicmrdmgdn tli§ aspectzare nxprassbdlrecembﬂmaﬂy ocat ed

I t I t I
oy b SEeBiaERE IR Y pamy S S b rRCY DS HETa TS <
| MPEEVegkcAsn ERMRAF€bubBng 108 sughr BRtyar ent | FNB pol ypeptide. It will be

understood that the variants according to this aspect nornally has any of
t he Preferably, the variant according to this aspect has retained most or all of the IFNB

expression level (IU/ml) of the parent IFNB polypeptide. However, when the increase in
glycosylation obtained by substitution of an amino acid residue located close to a glycosylation
site is very high a decrease in expression level may be accéptable as long as the overall

25  performance of the variant is improved as compared to that of the parent IFNB polypeptide.

It will be understood that the variants according to this aspect normally has any of the
improved properties that are described for conjugates according to PCT/DK00/00471, e.g. any
of the improved properties described further above in the section entitled “Conjugate of the
invention according to PCT/DK00/00471”.

30

Variants with specific amino acid substitutions



i nproved properties that are described for conjugates according to

PCT/ DKOO' 00471, e.g. any of the inproved properties described further
above i n wba2eesvé on entitled "Conjugate of the inventioRCamxmadrrg to
PCT/ DKOO/ 00471". 30 Variants with speci f4i c am no acid substitutions WO

02/ 074806 PCT/ DKO2/00128 24 In a furthzer enbodi nent of the present

i nvention the variant is one which conprises the nutation L98P relative to
a par enin 3 frgheppmbediment ofihe present imvention the-viagiaw! 1k gRehickBMRISSS the he ani no
aci d sequel i . i 01 i t he
ol y - R IRB Lkl b e M Gtk i p R HEXARATRE itk B34 B

mut at i ofte aidsc acil sdqiencashowal in SR dér 1. Trsvanianteiay céthpritel LI8€ asfthemmly h
starts with "Conjugate of tHe, i nventi.on accordi to PCT/ D(O‘(J)‘%gigﬂl: o Or
the sectIUAioBreY B EomR7Te adfltional iafipRs, S 4oany ofi e BRYAHRS BFeerioadbin a0y 0f; ance
the yar hank A8 HeRIRthSfid ewhich kaws Agth oo AR AR abdd: AR5 |
11IN+R113 T C 17S+QAIN+QBL T+L98P+F [ 1 1N+ 13T 10 Further specific
gl ycosyP&TAIK0a0D4HL. s of thersectiomentitled iV anarituiaish inpsedsed glyepsydptiont.doraci d
substitutions,(rel.ated to SEQO |.D 2): CA7StOAIN+QBL T+F | 1 IN+R 13T S
2N+ N4 T-+EISEACEHS VT ARG fRasECOMmpFL e%\gﬁﬁ‘f’lﬂ‘@ﬁ‘%ﬂ ANFE53T+F | 11IN+R 13T 15

Fur t her QapReQ51¢+0byeashatRd1yRri ants of the invention i ncl ude the
fol |l ow Egﬂam’ no acid substitutions (related to SEQ I D NO 2):

S2N+NATECT S BUAGFRTH I NS FLKINS BRI 132N+ NAT+C  17S+K19R+QB1IN+ES3T+F |
11IN+R113 T+K12 S2NENAT+C17S+K19R+KA5R+ (61 3T+F . + 3R 20
Thed® vari an% gégﬁrgpf(’@%f g%’IC?VY%%&;Y%n Fseo t %lgel\%g%o%%}u%%tn}{%é%ﬁ %lgét%%l éﬁegl %ﬁ%&et Y,

such assishsafkvAB(related t6 SEBE® NI 2)i | | be understood that the variants
according to this as_Eect normal ly has any of the inproved properties that

are des€d7Be@4MNTQebhiHIddNaeR1A3Eor di ng to PCT/ DKOO/ 00471, e.g. any of the
i nprove I I j 1% further above in the section entitled

" Conj ugg @+§]@??Eg?§-gdl§ﬁge]% I'on according to PCIT/DKOO 00471". Variants

whi ch afeNfiNdTeC1ps-eQeIMSEIITHF 11 Nt-Rét3 Bspect the invention relates to a

vari ant | FNB_pol ypept.i.de, which js fusjon, protein ) )
15 Fgrthg{'%pgciﬁc glycosy(fateci Vanaants of the ingent}on include the following amino acid

substitutions (related to SEQ ID NO 2):
S2N+N4T+C17S+K19R+Q51N+ES3T+K123R
S2N+N4T+C17S+K19R+Q5IN+ES3T+F111N+R1 1 3T+K123R
S2N+N4T+C17 S-i-Kl OR+K45R+Q5IN+ES3T+F111N+R113T+K123R

20  These variants are typically conjugated to a second non-polypeptide moiety, such as a polymer,
e.g. PEG.

It will be understood that the variants according to this aspect normally has any of the
improved properties that are described for conjugates according to PCT/DK00/00471, e.g. any
of the improved properties described further above in the section entitled “Conjugate of the

25  invention according to PCT/DK00/00471”.

Variants which are fusion proteins

In a further aspect the invention relates to a variant IFNB polypeptide which is a fusion protein
30  comprising a) an IFNB polypeptide and b) a human serum albumin polypeptide (HSA). The

variant IFNB polypeptide is, e.g., the polypeptide part of conjugate as described in

PCT/DKO00/00471 or a glycosylated variant according to the present invention.



30 conprising a) an | FNB pol ypepti de and b) a human serum al bum n

pol ypeptide (HSA). The variant |FNB polypeptide is, e.g., the pol ypeptide
part of cwojoagatses as descri bed in PCT/ DKO0O/ 00471 or a gl ycagdKoawesvari ant
according to the present invention. WD_,Q2/ 074806 PCT/ DK02/ 00128 25 The HSA
is, e.g., W human serum al bumin or a ffragnent or variant thereof, e.g. any
of the hurran serum al bum n fragnments disclosed in WO 97/ 24445. Fu5| onto
humen s@he koA BuHEnv SUmaR SSURGIRHTHEY aifraemonber vasieoigherpes, 98/ amoefdhend Ep
413 622, gm ;]H_gn
fusion pr%;?lgisér{%y th |reg§tcﬁg)}??s%§%e orﬂgi nﬁ;g‘l \%lbgﬂgﬁ ee%ungfglp -
e.g. asaldoﬂedoﬂbedijO/B/Qﬂ%m%HS@OOmgdEE413 b2ked to the C-termnal end

of the | FNB ide or,to.the N-term nal end, optionally via a Linker
peptide. It REe TR ppfybarists PALS RuRibIan & ?Rﬁ"ﬁ% Jesier rotat Fhap
serum ahfi’éﬂﬁy"lnﬁk"ed 8r Hﬁ‘lEédasﬂé a Hﬁkerfﬂeﬁﬂ&@ @tg 5&‘@1&&8&&1@%@3/24@4@ rHSQAZ %fa@*'ﬂe

i ncr eased ability of the resul'ting fusion protein.

under st tokedtth dle CHerminaliead 0§ thed EdBdpaigpeptide br t the Ue@tmmolr ¢mll, bgtlohnakly sime of

t he roved t% operties that are described for conjugates according to
PCT/ DKO %. g. any of the inproved properties described further
above i R i B&lt&ﬁﬁlfate@ AhA Fhdibd §Chn IENH p&?ﬁ@tﬁ% td B@nan f¥@RLlRMIAGE ¥ &idd of O

PCT/ DKOO/ 00471". 15 Parts of the disclosure of tﬁct/dkOOI 00471 Conj ugate of
t he i nv&agment thQI@Q'frrdWﬂlg in an peTAlDiKCOYasBlstabiity of the reselting feséan mptetrhe

i nvention ac rel at Q i i.ng

| FNB" activit ﬂ&’ g"&%%lsfg{ﬂ&tg#\?a% %a %org g %hjn Slli’g‘g‘%%:‘%gﬁ hajé thi)’)\fh*

coval enfrhprodéd propaties that @8 desoNBed Gr\cpghtdeaccoRngtd F@T/mad)/mqu@g Qm?f
which differs fromthat. of wi|ldtype human, IFNB in at | east one introduced
and at pfetéz§t1mme¢ BIAPORgS é?ﬁcﬁbe(& of ghovg it thesepfansangifed nConjugaie ahidat  gr oup
for sai ﬂx taht’icﬁ{[ &Iallrpggﬂ hpty. 25 By renovi ng and/ or introducing
am no aci reS| ues tonpri SI ng an attachrrent group for the non-pol ypeptide
noiety it is possible to specifically adapt the pol ypeptide so as to nake
the nol ecul e nore susceptible to conjugation to the non-pol ypepti de noiety
of éhoice, to optinmze the conjugation pattern (e.g. to ensure an opti nal
distrib eties on the surface of the | FNB

nol ecul leiﬁgtﬁgf edr]e Oﬁﬁgzgswd@/@tﬁ?\%el y. shield epitopes and 30 other
surface parts of the poI ypepti de without significantly inpairing the
functio thereo i nst a i ion of attachnent groups, the
| FNB po%ﬁ’fi@ﬁ?ﬁed’é }165’"1’?6’33?86“5 ’"5?%%@%5(9@%@ ed in the content of the

specific amno acid residues to which the rel evant non-pol ypeptide

20 A first aspect of the invention according to PCT/DK00/00471 relates to a conjugate exhibiting
IFNB activity and comprising at least one first non-polypeptide moiety covalently attached to
an IFNB polypeptide, the amino acid sequence of which differs from that of wildtype human
IFNB in at least one introduced and at least one removed amino acid residue comprising an
attachment group for said first non-polypeptide moiety.

25 By removing and/or introducing amino acid residues comprising an attachment group
for the non-polypeptidé moiety it is possible to specifically adapt the polypeptide so as to make
the molecule more susceptible to conjugation to the non-polypeptide moiety of choice, to
optimize the conjugation pattern (e.g. to ensure an optimal distribution of non-polypeptide
moieties on the surface of the IFNB molecule and thereby, e.g., effectively shield epitopes and

30  other surface parts of the polypeptide without significantly impairing the function thereof). For
instance, by introduction of attachment groups, the IFNB polypeptide is boosted or otherwise
altered in the content of the specific amino acid residues to which the relevant non-polypeptide

moiety binds, whereby a more efficient, specific and/or extensive conjugation is achieved. By



noi ety binds, whereby a nore efficient, specific and/or extensive
conjugation is achieved. By WO 02/ 074806 PCT/ DKO2/00128 26 renoval of one
or nore awbDaelmspé groups it is possible to avoid conjugatPCamKoe/0bt2e non-
pol ypeptide noiety in parts of the pol ﬁ%epti de in which such conjugation is
di sadvant ageous, e.g. to an am no acid residue |ocated at or near a
functional site of the pol ypeptide (since _conjugation at such a site may

resul t FENQYehet prparinate gfta SPUPHIES RRSpibls oy veid copmiepéiotheems
conj uga - . ' Bt i

advant aBosHERids S BREh bEt ECHERLRPARRRET UM lfbidiBh is dbedBaBlns,
at t achmegt togenoanpino acidretdud locasdatcr medrer fogetivalisite afdhg pdspéptide (sinceuch
groups. It wi ]l be understood that the am no aci i dye. conpri si an
a1t abhesugtga g P e T SN e e gice A NBraci g eAvEReor
I ntr 9due&gu%dt§ dwoﬁ%ﬁge@ﬁcéﬁigr 2 i), Blhel Gt MY HE 8dRhtdeB&us to remove an
non- pol ypépti de noi ety and, in nost iInstances, on the basis of the

conj ugatfitahmentgioup lacated elasskydo afether atiothmens gravipein ordes tmaveigh bétyprogpuéoe
noiety is .ﬁ%ﬁol yer nol ecul e, such as a polyethylene glycol or

pol yal k§PUREASRQFSFPWEY nol ecul e, amino acid resi dues capable of

functioni ng @syillbeaindastvtdthat PPMRinTRAYdResiGR] @ikl MMatlabenet @udup fora
consisting of lysine, «cysteine, aspartic acid, glutamc acid and arginine.

When t heompalypeitidsemeirtyecithsr étbg remoredargairodigedios ealgcteden tiepaghakiie group

IS in.,Viv | ycosyl ati,.on_si.t.e,. pr.eferabl I tion Si .
e by ePatlte' S B AGREN LR st el B RRE stinll, QR HXBETYE R Blhuphdch
i nt r odugrehddrib ®e @ked. Fermyrdcd, hdgh tHnonFPdByptijeepidtds d polpaeansiease, soch h
the invention described in _PCT/DKOO/ 00471, the position of the |IFNB

pol ypepes yrolyethileneslycel arpolypliedenpeniderieriyed molesilsgaming acil tegigies capablp e

posi tionei | f ENB.: | de, and
nor e prgfe er a‘%rﬁéfésg%lu%‘fag%ﬁ%t %ﬁa%hgge géé‘?%gfrgg@%éegﬁﬁgtcmﬁﬁé@&%b@ %eén 25%
of its sydieing hpantieagidsgtatamioadid endaigintmd Whpnahenabpylypeptiele nivasty 308 wdar i t S
side chain exposed to the solvent. Such positions _haye been identified on
t he hasM91ely therptiapneisgowris g0 gty elyeey) iopsite ue ARl NG9Sy 8o §te- o
descri bed i nyjhg Q ' o : i bd i ly,
the position to B‘g&rm hﬂ?? eg It?&?g&ﬁ{ﬁ@ﬁ&%ﬁtﬁihﬁﬁ%ﬂ@g&ﬁ%@%ﬁ%&l%/rfs?(:)"g} of
an | FNBrgmumed ifrons thg IENBepdiypeptige invecerdaprecvith thalihwentivimdeseobed inon t o be

nodi fie e,. which in_o re.. rs of. the fam.ly.other than
The par SrdkaBBorEs metsfita By EntpdRectul I Fedotinet cosmu Pupily tored

rel evangg gfifoaghment group (when such amino acid residue is to be

i ntroduced) or which in the {)ar ent IFNB, but not in one or nore other
mermBers of t Abe osifiemisipyeferablydoeaied etdhbsurface afithedFHBi polypeptidruendaiope i si ng
'; Qﬁn\r/gld?%?er}%bﬁto%glﬁ)ri]%]}; aramm aggn Elddue t%gt}}laes‘ JAREY th%%lz(%“/g & i'tsdsli'ge et é)xp%ged

to the solvent, preferably more than 50% of its side chain exposed to the solvent. Such positions

have been identified on the basis of an analysis of a 3D structure of the human IFNB molecule
as described in the Methods section herein.

25 Alternatively or additionally, the position to be modified is identified on the basis of an
analysis of an IFNB protein sequence family. More specifically, the position to be modified can
be one, which in one or more members of the family other than the parent IFNB, is occupied by
an amino acid residue comprising the relevant attachment group (when such amino acid residue
is to be introduced) or which in the parent IFNB, but not in one or more other members of the

30  family, is occupied by an amino acid residue comprising the relevant attachment group (when
such amino acid residue is to be removed).

In order to determine an optimal distribution of attachment groups, the distance between

amino acid residues located at the surface of the IFNB molecule is calculated on the basis of a



In order to determ ne an optimal distribution of attachnent groups, the

di stance between amno acid residues |ocated at the surface of the | FNB
nol ecul e WO ocal480é at ed on the basis of a WO 02/ 074806 PCTPDEOK0QOI28 27 3D
structure of the IFNB pol ypeptide. Mre_specifically, the distance between
the CB's of the amno acid residues c ﬁprisi ng such attachnment groups, or
t he di stance between the functional gro%%ééNZ for lysine, CG for aspartic

aci d, CBDfstrctytaniihs FNER palyrstideoMogy siegifivally, dee distancakptweendheBB3s oSt her

am no acgjd resd 0 | [ se
3or ot iR R RISl A SRR OOPHR (A BB BRHuncdbraR oo
conj ugagup{NEHer liysivie TG dor fpatic deidgCDofoPeIltdil0atidD8G for eysieind) of andland

di stances I s preferably mpre than 8 A,. in articular nore than 1. OA in
order tBeLRP of @A residyg spmprising an plivpmesheropp A dsterpined. Icasse

| FNB. po . . . ; .
pCT/ Doty 95001 G Pl lnAaRpOrLaRh 1P Ao RUEChABB SEOREITAE, o of
| FNB hamvemtiqureetediiy ty POSEDKI00/004 8t  anpoéfaid distances/is prdfemblyunére thanf8 Ahin
am no aci d residue co L Si such.. group. /A still further.generally
appl i caBttEculpgrorhan KA HheRdFs omyo Ir?‘ﬁl%eﬁﬁﬁeﬁfgﬁ?quﬁém?]?gﬁ? “shield, and

thereby destr@yhethoRl HEMWIBRBIJoRRIchN A FarfOr LRINJRE RS BREntidh dcbEdRA 18Nt
| FNB, by conjugation to a non-pol ypeptide noiety. Epitopes of human | FNB

may be POEMEN/eeH 7 attaslonatt gtdiprdedatedsat keoweeptor-inding site oBIFAE hasown as

epi t ope 1N see, e.g. Ro noli et .al...J. Biol. Ch 1999..

350(E) - BEEPE B E6ioy i e KPR dnc e pf e g¥nc esid D COREROBE YR e
et al.grofghi n | munol | nmunopat hol, 1997, 85(3):229-35, Saint-Reny JM
Toxi col ogy, 1997, 119(1):77-81, and Lane DP and Stephen CW Curr Opin

| mrunol , 1994 stifl fxfher@rnearally appdicable mhprga¢hsior snadifying andANS prsetide igpay

l'ibrary_expressing.r am ol j tides.o 0. ] 0 ' | dues.

| 0L an e orRah ety BRHBT o S ARSIt fiftor Br@R IR B PRt BNBRNES,

| Munope@gugatibatd HRodpolybbiftideansibiyy Bpindirg @Shanen IFKNB ialitedddyified by use of

I mmunobl otting. By sequencing the DNA of the purified reactive phages, the
seqifencaethpds krovgl indBp ant alspeknosm eepiepemappias o318 Sneerggl edlali BRLi on of

t he seq e S Gt t LY EbY, | can
be- i dont TRHeH S SRR LR, Mool S0 i K00S4 YERY, Vo fl S

t Eer ebyald g:lindﬁ?mhfdl aﬁﬂmmglbaﬂi\olpwgt?tl @569:@%—?&; SainteRahy TML &“sxia?logp,i 1963 L hat

t hen can be sel ect as_a target regigon for introductio ai t achnent
group f 1)1’9(”5%7'%5&1‘&15‘969&@3@%?%68& ’ %%%%bw}m&t ?ég}z’eggzgzzég’gle P ope,
such as dar ' fexred | Jogwaa YR RY
conpri s‘.ntﬁgﬁ%i h%ﬂ&g‘%%‘ts)ﬁ%lu% glﬁgg ng?épg%%gﬁﬁel ,eﬁ%fﬁﬁﬁlﬁl%g%pﬁggﬁég% ety
accer di agd tesidube IgGhaetibddies frhes spéchfpdantiserRGTW DK b e IFINB Acgerifieddlyy, in

one enbpdi nent, .t.he conjugate of 30 the invention accordi 0 .

PCT/ DOBEBprecikittiat S e ot dbe oS uES hE B soquoncing
the DNA of the purified reactive phages, the sequence of the oligopeptide can be determined
followed by localization of the sequence on the 3D-structure of the IFNB. Alternatively,
epitopes can be identified according to the method described in US 5,041,376. The thereby

25  identified region on the structure constitutes an epitope that then can be selected as a target
region for introduction of an attachment group for the non-polypeptide moiety. Preferably, at
least one epitope, such as two, three or four epitopes of human recombinant IFNB (optionally
comprising the C17S mutation) are shielded by a non-polypeptide moiety according to the
invention described in PCT/DK00/00471. Accordingly, in one embodiment, the conjugate of

30 the invention according to PCT/DK00/00471 has at least one shielded epitope as compared to
wild type human IFNB, optionally comprising the C17S mutation, including any commercially
available IFNB. Preferably, the conjugate of the invention according to PCT/DK00/00471
comprises a polypeptide that is modified so as to shield the epitope located in the vicinity of



wild type human | FNB, optionally conprising the C17S nutation, including
any commercially available IFNB. Preferably, the conjugate of the

i nvent i onrwaageordiag t o PCT/ DKOO 00471 conprises a pol ypepCirdxoiat2si s
nodi fied so as to shield the epitope | gated inthe vicinity of WO

02/ 074806 PCT/ DKO2/00128 28 am no acig resi due Q49 and/or F111. This may

be done by introdyction of ap attachnment groyp . for a nop-pol ypepti de

moi ety #RE aﬁldﬁs%la’t‘? QA° %%/a{a%hﬁi- ﬁ%{%w%f‘c et 16?0%10?181}0 ﬁr%i Q‘étrﬁrﬂ?i’ aci d
resi du 1 I L. ; 1 LR -1 i t . ratds .
Cequency » Bph A Reb R KoRBMIENE o PhontobiiL OO cni of Mo iR A1l ¥oid, |
(CA' s imsidassindhie plimeryrseduen8a ohwithimcabbircl G imthe tattiayisoqenae)of @9andpsd i n

the fol Low tjons. .| f | _af, tt achment Ah
ol evant Tl fie T8 ditiaiis e Srer Y AU B SV aeeu iR osi ¢ i on
as def i RRgdalRUe ateTlchéffcl i HeoBoWwmbisbétiond. Wi th a different amino acid

resi due that does not conprise an attachnent group for the non-pol ypeptide
noi ety in gesss ofrempyall of apapstachment graupdibe reloyrnd fmie agid el AOMPHBNH, an

am no acid residue conprising.such [ IS, Jnkr . i.fJjon,
ot ef or atHEy SB A aeFAET AP O FHE o fRRE WRaled bRERGHL SUch B B fiffele

posi ti osminbhgidar¥siahe Mdfiek nof cabpraehivitclaiay pfoup\er thabbe-pblyberstitej mgiatyi on
and present in the |FNB polypeptide is dependent on the effect desired to
be achi®a¥gstp. conj ugati on. The effect 15 to be obtained is, e.g.,
dependent ongt : ! ' ti90, : ldent it f the
non-?d;)ol ypep'?Iln eg%gﬁé#§&u‘?ﬁg Ogggnggfchgienﬁ%%&l g’%%y pep? %ﬁgqﬁstl)(?%ﬁoe %dféfgi S%ﬁg | e or
possi bl grotpis iaroduigdtisto tite pdsetionoprefeaily g subdtieutivntdfelye ahimoladidiresidanj ugat ed
or where conjugation should be avoided, etc.). For instance, i f reduced
|hmrgg‘gi?PBYIP§'?‘F‘§1%jﬁ%§uiqned%_t£e nunber (anfl | ocation of”);ﬂ attachnent groups
shoul e s Snle BSroat y

obt ai ned 20 \ éeéni’l_ag gregqtrz)_r hgroporftérgﬁﬁso?}atlﬁlggiﬁ}:ﬁ% %Igfype%%dilgg&?{sﬁ?h%el ded.
Ef f ect | IRNB polgpelitidg infepepdéns pashe ¢ffechdesimead kobaandhieyed by whangitiva. The effectunber

of attachnent .groups ayail able fo j ti LS | th f. 1-.10
R SN ERIMITAS
Funct Oﬂ‘l@lnoh@olygﬁgtﬂ%&e& 18 dudntler F n&ﬁﬁ@ﬁ?@iﬂfde%iéﬁb@ deRtBtd brafosuiBledht of

t he conj ugat t he nunber of attac or og‘gs needed for "providing
i ncr easexjugate tolthé polypergiddewherd theyrshowlg belsenjnpited of whergspyjligativh shpeld be

ovent | BRGSO Aol roretnare e G ER gL, o7
kDa, i nathRhhkstBrafpstsholidaetsufiitidiido sheldpastioed] &itopBSTRAGE na@sdlytibtdnéd

Laemm i, U K, ~Nature Vol 227&%{970), p680-85. | ENB has a nol ecul ar wei ght
of abouvheroa geater araportinarafiths ENEpelypersidglis drilded. Sfective shigldiggof epitanss

obt ai n 1ts rﬁ%ﬁ%&l@ £c%(1;|ev%ﬁ f\ﬁl%}l ‘theTt}aican nﬂ@lﬁmbo%’attgc}gnent BFouBg deliﬂgfé for conjugation is in

the range of 1-10 attachment groups, in particular in the range of 2-8, such as 3-7.

Functional in vivo half-life is i.a. dependent on the molecular weight of the conjugate
and the number of attachment groups needed for providing increased half-life thus depends on
25 the molecular weight of the non-polypeptide moiety in question. In one embodiment, the
conjugate of the invention according to PCT/DK00/00471 has a molecular weight of at least 67
kDa, in particular at least 70 kDa as measured by SDS-PAGE according to Laemmli, UK.,
Nature Vol 227 (1970), p680-85. IFNB has a molecular weight of about 20 kDa, and therefore
additional about 50kDa is required to obtain the desired effect. This may be, e.g., be provided
30 byS5, 10, 12, or 20kDa PEG molecules or as otherwise described herein.
In order to avoid too much disruption of the structure and function of the parent human
IFNB molecule the total number of amino acid residues to be altered in accordance with the

invention according to PCT/DKOO/OO471 (as compared to the amino acid sequence shown in



30 by 5, 10, 12, or 20kDa PEG nol ecul es or as otherw se described herein.
In order to avoid too nuch disruption of the structure and function of the
par ent huwear2/o0748MB nol ecul e the total nunber of am no aci ecrasodwerst o be
altered in accordance with the invent i29n according to PCT/DKOO 00471 (as
conpared to the am no acid sequence shoWwn in WO 02/ 074806 PCT/ DKO2/ 00128

ol ypertFadDot HueTkidoes Ao 3 Ectianbethe SN BrooeP IS SIBPERA 8" ari no
aci d r eghdleRid sgeafférfcg,ewﬁ@h afffe'flﬂng-w BABTCRI] RERWES o TR Qirhido ueqd?seqééfﬁ_@das

in 1-8 or in 2-8"amno acid residues, e.g. In 1-5o0r in 2-5 amno” aci
r esi dueshofvmomSB@RIAMNMN2, such ds seltl onoe2-Saovino acid 8B(gues) eNOIR 1-5Tirus 2-hanimal | y

the |1 FNB. 0 tifde conprises an am no.agi n that djffe rom
the am fiid BREE BRAE aR T e P n R MO D TRl Biimelly 8 BENRG Ty
10, 41, pdigpeptide cothpAsesha adThdBcid Séfheh&SthaiUB Fers FnefiRaabhy acill beprhey e

nunbers represent either the total nunber of introduced or the_ total

nunber SfovmamPLEHIRMNGS iméi H 35 45T, GuésS: Qohdriilsihd 3akt ax t nemmerpcidgiesidpest or

t he rel gvant, ,nan- _pal tide et , I [.of hn uced and
re rmvedﬁ %ﬁqr %béy%@? 81E)Orveey ﬁ"ﬁh &% 7B %ﬁﬁ%ﬁ?%ﬁfri\eg{ogag & '%&é?%%%ﬂg&ﬁmf % & {(1:18 trﬁ‘};tgg ate of
the i nveRhb@of 286G Fcdiantdnd acifPedsidICOhOPdside b atthpieaf ouE torithatelvbnt dodast
about 50% of all conjugatabl e attachnent groups, such as at | east about 80%
and predlzpeptidy maiety ot the tomal guambgsolintodiced gnd epmyed gaineacad rgsidues

non- pol J: i . Accordingly, in a preferred enbodi nent the
conf(ﬁga%/(gﬁ@iglﬁse&?ﬁ’g%%ﬁ on according to 15 PCT/DKOO 00471 conprises, e.g.,
1- 10 non- pol ip@ptomagare bftheasvendow Becasdizg & RCT/HIB00/004 1 doisjpufatal that 4the

i nvention according.to PCT/DKOO 00471 has one or npre of t fo] | ow ng

i npr ovel$ass B 0Yeet ilh@t%%#%%t@ﬁla@ﬁn&%mr sishas dblseite @Hgﬁ/ uced

I MMUNOgenEL] QRYERA {H’é@ﬂt \ de Abpex or  Rebif)
or to %Egeg%ﬂrl%ﬁ?%g g. a&ﬁ% u%?%gggygﬁe east AZOEII:I(I;? lg%gﬁ %@ at” | east 50%
and nor Ac&@dipebf ar apdefera] dndbmdiméett the donjugemsddhd nmettionrsatordmgdovo hal f-1ife

d/ | hal f-11f d to. wild- h | FNB . 0.
avorox BRTRERIF00S oatoaiened-dnl RutBER e My st RIS G Hbut  al § o1 ng
anti bodi es f TR PALIENGShE (RRBAGSh H&c&ﬂliﬂ% fodioyeK oouman1 hENGhd @ nfore ggﬁiefz 5or

Avonex) or wth Bétaseron, e.g. a reducti [ [

ion of neutralisation of

| east 2&¥pwingimpaevadfprapertiex(sietcsoiied andersomparablsl opnditioas): | east 75% as
ot vity of ReGBAAIGERsPNARGe SRAREr o e SPa e o VB EORI DR 71 may
not be Rebhib)idrad Betabshohuis. dreductidd oEat lesst @59 Yudiistapled§t %098 fand Aieased
20 preferébly at least 75%;
Increased functional in vivo half-life and/or increased serum half-life as compared to
wild-type human IFNB (e.g. Avonex or Rebif) or to Betaseron;
Reduced or no reaction with neutralizing antibodies from patients treated with wildtype
human IFNB (e.g. Rebif or Avonex) or with Betaseron, e.g. a reduction of neutralisation of at
25 least 25%, such as of at least 50%, and preferably of at least 75% as compared to the wildtype
human IFNB.
The magnitude of the antiviral activity of a conjugate of the invention according to
PCT/DK00/00471 may not be cﬁtical, and thus be reduced (e.g. by up to 75%) or increased
(e.g. by at least 5%) or equal to that of wild-type human IFNB ((e.g. Avonex or Rebif) or to
30  Betaseron as determined under comparable conditions.
Furthermore, the degree of antiviral activity as compared to antiproliferative activity of
a conjugate of the invention according to PCT/DK00/00471 may vary, and thus be higher,
lower or equal to that of wildtype human IFNB.



(e.g. by at least 5% or equal to that of wild-type human IFNB ((e.g.
Avonex or Rebif) or to 30 Betaseron as determ ned under conparabl e

condi t i orwoO 0Br4s8ber nore, the degree of antiviral activityPa3/nxmpered to
antiproliferative activity of a conjuggte of the invention according to
PCT/ DKOO' 00471 may vary, and thus be hi'gher, |ower or equal to that of
w | dtype human | FNB. WO 02/ 074806 PCT/ DK02/ 00128 30 Conjugate of the

i nvention accordi ng to PCT/UKOO/ 00471, wherein the non-pol ypeptide noiety

is a mtﬁﬁﬁg&eto?ﬁ{e SN SO AR 1B PCEYDROYIBIAI, IheMD 18 nBnRloBhebifIndeRect
of the invehtion according to PCT/ DKOO 00471 the first non 5 pol ypepti de

nmoi ety [asmblgsilpthatdas bysaetoachmiachmpnogupand t hus the | FNB pol ypeptide is
one that copprises an amng.acid sequence t j hat of

ot ype. hundbe pRgreR R Of wh S VenRE bR fuk BB B0 HERRHE | croved
lysine paIsh&pide bty Rat RRINRQAS aR altydheRint S@up,m@idekys thRYFNIB pdRpeptideibone

binding to a lysine residue, e.g. the s-amno_group_ thereof, such as a

pol ymer thebsarpises am aminsosid saquenpedags differs Spathitcofgaldtypa umand Fdeiator a
boh te mj L Ot i f

ent on it e e bt it SR Pl AR o RS MRRENE .

parti cuhictpmay 38 ehedf thosé bingik tEEG site resitive leley HRNearfitiod@oupMbsteot, such as
preferably, the polyner nolecule is PEG and the activated nol ecule to be

used f o pelynjengmwi¢cote, allipogiglippoupNrCeomREdy deti wéikipg-aBE, or rrEbSpiateREEYSCM

nPEG- BTC.fro earwat er | ymers, 1 ng,,. PEG from Enz «h NG . ..

U7 oty ab et bR B ol Al i3 i Sp B el &lfugation to o
oxycar bpslyhePmpiddnld Garpaicyiaia GemtEéd drlmebs REG 06 pélyalkhipnswkidy., Mbey
conjugation to a lysine residue_the non-pol ypeptide noiety has a nol ecul ar
wei ght prefegtutthepolymer apleguleds PRGand|the eptivateamenieslnio berused oricapiagetion

accordi 0, tljﬁ? } 1 C g

pol ypep{gi%dste'?](‘:i&lgfq\;E {e)ré r’oérané%ﬁ’gf 0 ’%ﬁngh%’%%_e ; EN&P?E}% eI %J;nlé\lsh S gater

r enovedPblysierie Incg SCIRIEG f®ucBnam, Inch treeyinted thHBG andestibedind3S 5,880,088 tarcul ar
1-4 or 1-3 renoved 20 |ysine residues. The |ysine rﬁsi due(s) to be iermved,

pr efer apryParpny bosatedietiboximidediTe (HY 5. 22 i Aorgibysor ermuiastion & afysieeo,
K33, K4és'3d'§§ the rgzlgp?oel fAde KbPBy nid a ﬁﬁlecﬁ%g%eig@@ﬂahogpﬂ 10',%-% gr Z(Efgl?a.l ysine

resi due(s) may ced wth any other amno acid resi IS
preferably rBpdmcatbddyment odtlg invendionracerding taRCHEOKOFDMIA the amimdeacid o gi ve

rise to the |east uctural difference. |n parti.cul ar e | ypepti de
bart ey DR epIy R e Riftes B3 Bt of hufh Wil TN BB e o, s
and/ or Kol Bdba s dbE RBcH API-8 &R IiAREa8Es, ATYarfEAT1-4 3P DG eAfolEd
residue, preféerably arginine or glutamne. For instance, the |FNB
pol yPpeplyistbe resdutes. Bife lysivo rgsidyatsp toohe temovied peefeiably tyceplagéments s selected
PCT/ DKOQ. 00471 conpri.ses i i j i t 14Ut |
sel ect e olfnrgrﬁ?]g{qqg %Bgéflftm (ﬁ'&ﬁ%??ﬁ4§ﬁ(ﬁ, K93,nk[1185,%0%, RY ??, Kfz‘é, k%al?, and
K136. The lysine residue(s) may be replaced with any other amino acid residue, but is
preferably replaced by an arginine or a glutamine residue in order to give rise to the least
structural difference. In particular, the polypeptide part may be one, wherein K19, K45, K52
25  and/or K123, preferably K19, K45 and/or K123 has/have been replaced with another any other
amino acid residue, preferably arginine or glutamine. For instance, the IFNB polypeptide part
of a conjugate of the invention according to PCT/DK00/00471 comprises a combination of
amino acid substitutions selected from the following list:
K19R+K45R+K123R;
30 KI19Q+K45R+K123R;
K19R+K45Q+K123R;
K19R+K45R+K123Q;

K19Q+K45Q+K123R;



K19R+K45R+K123R, 30 K19Q+K45R+K123R  KI19R+K45Q+K123R  K19R+K45R+K123Q
KI 9Q+K45Q+K123R. WD 02/ 074806 PCT/ DK02/ 00128 31 KL9R+K45Q+K123Q
K19Q+KA5RWKD2874806 K1O9Q+rKA5QrK123Q  KASR+K123R 5 KA5QrKPRIMK02K4BO+K123Q
KASR+K123Q KI19R+K123R  KI9Q+K123R i,0 K19R+K123Q K19Q+K123Q
KLI9R+KA5R,  KL9Q+KA5R, K19R+K45Q or f’g KL9Q+K45Q In addition or

al terna %6%8 g&g mno acid substitutions nentioned in the above |i st
t he pol kﬁéﬁ? f5 3 y conprise at | east one substitution selected from
the gr 0K@9§¢K§5RLK”93 of K33R, K33Q Kb2R, K52Q K99R, K99Q KI105R, K105Q
K108R, K108Q KI115R 1 15Q K134R, K134Q K136R, and K136Q, e.g. at |east
one of KABQFBHPQwWKAZ3Qubstitutions: 20 K52R+K134R;, K99R+K136R;

K33R+K1g%§§%ﬁ%. K52R+K108R+K134R; K99R+K115R+K136R; 25
K19R+K3 ¢! 23R, K 19R+K45R+K52R+K 123 R, K19R+K33R+K45R+K52R+K123R;

or 5 K45Q+K123R;
K45Q+K123Q;
K45R+K123Q;
K19R+K123R;
K19Q+K123R;
10 KI19R+K123Q;
K19Q+K123Q;
K19R+K45R;
K19Q-+K45R;
K19R+K45Q; or
15 K19Q+K45Q.

In addition or alternatively to the amino acid substitutions mentioned in the above list
the polypeptide part may comprise at least one substitution selected from the group consisting
of K33R, K33Q, K52R, K52Q, K99R, K99Q, K105R, K105Q, K108R, K108Q, K115R,
K115Q, K134R, K134Q, K136R, and K136Q), e.g. at least one of the following substitutions:

20 K52R+K134R;
K99R+K136R;
K33R+K105R+K136R;
K52R+K108R+K134R;
K99R+K115R+K136R;
25 K19R+K33R+K45R+K123R;
K19R+K45R+K52R+K123R;
K19R+K33R+K45R+K52R+K123R; or
K19R+K45R+K52R+K99R+K123R.
In a further embodiment of the invention according to PCT/DK00/00471 the amino acid
30  sequence of the IFNB polypeptide differs from that shown in SEQ ID NO 2 in that a lysine
residue has been introduced by substitution of at least one amino acid residue occupying a
position that in the parent IFNB molecule is occupied by a surface exposed amino acid residue,

preferably an amino acid residue having at least 25%, such as at least 50% of its side chain



K19R+K45R+K52R+K99R+K123R. I n a further enbodi nent of the invention
according to PCT/DKOO 00471 the amno acid 30 sequence of the | FNB

pol ypept iwe odiof4se6 s from that shown in SEQ I D NO 2 in thatcCa/Dgmiones

resi due has been introduced by substi t%hi on of at | east one am no acid
resi due occupying a position that in tHe parent |FNB ol ecule is occupied

by a surface exposed am no acid residue, preferably an am no acid residue
havi ng aqusechtq o suface Rrefesablys the amino awEbsesifiug fosbesy étﬂ@tedﬂﬁsel@t@zﬁmﬂ%

PCT/ DKO2/ 0 d h fsa f

resi duegpé1 gssls@gt ZF%% P%ORsfe %I?Uﬁdl r6§6 @?ﬁ Lejo?g@é dgnm | ng’ o?k’l\m F8,
L9, R11E2&1¥30, E,’BE RQE,Q\/B@NW D30, PYY, 421483, L@26Q4E§ﬂ49 138, Q64£2%5, ¥80, L32,
R35, MB6, N37 PAl1, E42, E43, L47 %118 49, T58, %4 N65, F67, A68,
R71 QrA685¥EL, @7’5137%;%75 678, GRBANSGE8 1, IS3aE8EAH0, A8, NAB /9203, ¥8%,  Hos,

w1y L1300 ipAE 0% g, Kom @ B0l Rijs O Bhte S ER L gt

R147, VR434, GIOR1EA,9230YHI5], E]BISB;BS;IHSI&O RU#59R 1471 6248 YA B8, RRIBSY Hidd N166
of SEQ e I n ence of the | FNB

pol ypeph%(éN%J]i gﬁ)ég Wﬁr%g? %%5 éﬁrgé °§§§@eﬂ%§1&#om in SEQIDNO 2 in
that a lysi nwrsgfe@'éfsbl Hame R0 hddd géq%ﬁ&cbfalpé/IFNB)Faypéﬁddtelaaff&@ﬁoﬁhhet | east
one anmino acid résidue occupyi ng a position selected fromthe grou

consi st ammocﬁmd\izbguﬁ&e shown B SEQIDANOR26 thaR2 1ysi@sidB8 has b@ﬁ,lntt‘mmce by, L47,
48, Q49 7 2, D73, S75,.678, N80, E85,..N36, A 2, H93,
180 “FaibrfiRpacot 4 lepg otiqpnine s 3tpidie s RB S PORANP SIS A om TRErOY 5
R159, Gé&?slsﬁag oRKNGSFS qygarmrmsm s RpA20, R3G| WS G9Bd, rEqm LJme agnso%m A68

COI’ISIS'[II’I? of N4, Rl 1, ‘&6, R37, 48, $ "R71, D73,
A89, YIR71+QZ, 43, $75, @@.&3‘18%@&@ NMM9 2,71‘193?,@180 W11_1515R1I1I35811§n51@£2

575, "o, 2RI AR R TS AR E RS BTN RIS ik dreiility, 2
Q49- ands&éctécﬂﬁomnh@%mgtéaﬂml i dfIN4, IRi1S, @ﬂ@cmzmem Qho, thH DT3esTS, W80, ESS,
accordi ng to PCT/DKOO/ 00471, the IFNB_E égg tide corrprl ses a substitution

to I§si 911’19%%9301:1%%11&%}@@86&/@1 835, NA§8iand SH62i andimaesti n 1- 15,
h 2-8

or "o opsTafly scredied BRh B B AUl rrenftl?g?‘b REP, TR NB0OESS, ¥R 2

PCT/ DKCEIDI}4{71113IDB16adﬂdniiliﬁghﬂdnﬁ>etcpreﬂ‘e%I}oQ49bﬁdFFNB pol ypeptide part of a

conj ugat e d ff t t d d.at | t I d
yel et esi dibscedriaeayith 155 Groos re;?%ﬁ%w%Bw%cP%Q?%@%ﬁahﬁéob?o%ﬂif 25
25 I ntr %Liﬁﬁ%e}l)(}{%ﬁ ﬁdé (éoi,[l“ Hn\v_a a S{.IB M’[ (J tgqy ?1 O%E%?Hlorl‘@ g{ thE QGO\J

r
residues to 0 |ntro uced preferably are selected fromt%ose
descoi b&dpartnaﬂduanmk%emh wele8 ooir5, and preferablymat least two positions, such as 2-8 or

2-5 positions. .

In a further embodiment of the invention according to PCT/DK00/0047 1‘ the amino acid
sequence of the IFNB polypeptide part of a conjugate differs in at least one removed and at
least one introduced lysine residue, such as 1-5 or 2-5 removed lysine residues and 1-5 or 2-5

25  introduced lysine residues. It will be understood that the lysine residues to be removed and
~ introduced preferably are selected from those described in the present section.

In accordance with this embodiment of the invention according to PCT/DK00/00471,
the total number of conjugatable lysine residues is preferably in the range of 1-10, such as 2-8
or 3-7.

30 For instance, the IFNB polypeptide part of the conjugate acco.rding to this embodiment
of the invention according to PCT/DK00/00471 may comprise at least one of the following
substitutions: R11K, Q48K, Q49K, R71K, S75K, N8OK, E85K, A89K, H93K, F111K, R113K,
L116K and Y155K; more preferably R11K, Q49K, R71K, S75K, N80OK, E85K, A89K, HI3K,



In accordance with this enbodi nent of the invention according to

PCT/ DKOO/ 00471, the total number of conjugatable |ysine residues is

pr ef er ablwoim/ot4ses r ange of 1-10, such as 2-8 or 3-7. 30 Poea/nDKrwernse, the
| FNB pol ypeptide part of the conj ugaten’éccor ding to this enbodi rent of the
i nvention accordi ng to PCT/ DKOO/ 00471 y conprise at |east one of the
follow ng substitutions: RL 1K, 48K, QAUA9K, R71K, S75K, N8OK, E85K, A89K,
HO3K, FF11KK, RU13K3Kk1 16K rnd i 14K, im@mbinationavifh aifleashensofitha subsimtens: R7 1K,

ri1sk, | LA RR AR O R e RIERIR TR, kR Sy di Damiar

substi t KtlBtmﬁQ anKIﬁBﬁ@/@&ﬁRr@nWQRﬁ@catK@ﬁfBé@uﬁl@m KA @Hisiue, fErSiAbI,
K115R/ Q K123KR/ K134R/ (%é, and K136R/' Q wherein R/ Qindicates substitution
to an Ra@RraSI@q é@reu?@efe blys thedBNB polypeptideeqraprises peast prepiiba fl y)wnfl&e | FNB

oL DB JESGL P 0% gkl Ao T e i 1<

55K | napd i 55K iapafpitdler J49K]1 K1 B]riﬂhmd/o:NS@(BK inrcombidaking wiithrsubstitition of at
substi t t|on of 19 K52_and/ or 23 pref rably to
an R or e&st@n,e I@BeK‘*gﬁgé% f@ﬁf@ &Vli‘l’\lﬁ? Bcﬂrfﬂgﬁ‘?sg%‘@ &t
| east o tﬁdébc%ht}}rlé 9116 on with
at Ieasgﬁgn% 3}%@% e su Fét%?iéagns rrefrg?i; %d#ggﬂﬁgg%g%ﬁ@@lrlgléoééfgm(?@%f | ysi ne

i 0 resi demebinFoon with bhleest, ont béthe EBstivationy epntideedabpve orpemeeal bhie Lfsalel owi ng
substituti Y+Z+K R+K. 12 R Y+ +K 12 3 R
VeI | Rt Ror instin the TENE poRpeptig e erRReei & g i ubstifitons!

Y+Z+KI 9%4@91@@331{+KQZRK| OR+KA5Q+K123 Q  Y+Z+K 19 QK4 5 R+K 12 3 Q
Y+Z+K 19 Q+K4d 5 QK 3°Q Y+Z+KA5R+K123R 20 Y+Z+K45Q+K123R;

Y+Z+ K45®#IZ5E’KS®Q+K\453#K4338=K123 Q  Y+Z+KI 9R+Kl 23R, Y+Z+Kl 9Q+K123R 25
Y+Z+KI 9B+ KL 230R 1K 45Q+K 123R;

Y+ZA+K19R+K45R+K123Q;

15 Y+Z+K19Q+K45Q+K123R;
Y+Z+K19R+K45Q+K123Q;
Y+Z+K19Q+K45R+K123Q;
Y+ZA+K19Q+K45Q+K123Q;
Y+Z+K45R+K123R;

20  Y+Z+K45Q+K123R;
Y+Z+K45Q+K123Q;
Y+Z+K45R+K123Q;
Y+Z+K19R+K123R;
Y+Z+K19Q+K123R;

25 Y+Z+K19R+K123Q;
Y+Z+K19Q+K123Q;
Y+Z+K19R+K45R;
Y+Z+K19Q+K45R;
Y+Z+K19R+K45Q; or

30 Y+Z+K19Q+K45Q, wherein Y is selected from the group of Q49K, F111K, N80K,
Q49K+F111K, Q49K+N8OK, F111K+N80K and Q49K+F111K~+N8OK and Z is absent or
comprises at least one substitution selected from the group consisting of K33R, K33Q, K52R,
K52Q, K99R, K99Q, K105R, K105Q, K108R, K108Q, K115R, K115Q, K134R, K134Q,



Y+Z+KI 9Q+K123Q  Y+Z+KI 9R+K45R;  Y+Z+KI 9Q+K45R;  Y+Z+KI 9R+K45Q or 30
Y+Z+KI 9Q+K45Q, wherein Y is selected fromthe group of (49K, F111K, N8OK,
QA9K+F11IWP0 QHLINSOK, F111K+N8OK and Q49K+FlI 11K+N8OK and PZTIDK0l08E2Rt Or
conprises at | east one substitution sel,gcted fromthe group consisting of
K33R, K33Q K52R, K52Q K99R, K99Q K%§5R, K105Q K108R, K108Q KI 15R, Ki

Br et e abiJORHE K- Bor7Bl: ek SBrARLYTSaE0s frompes Bik I wpgSEPIaGRR
Y+Z+KI Qﬁgﬁ@ﬁlﬁar?garmgml \’t@l?]e\(eiﬁ'\da& PAYGe TR EbERAYEarFRANI Ng. More

specifically, according to I's enbodi nent of the invention according to
PCT/ DKOQO' 004W¥br¢ syeciffelby pobordigtto thés empodiorept oisbe tnrventadn adeerding toowi ng

substitygi : |, OR+tK45R+F 111 K+K123R, K19RxK4 OK+E 111. K+K123R;
1o Reia B IR RG e T RS v pdefad g FBROK I SROUSTONRE SO Ens] o
K19R+ QARKIKIR SR+ FIRHRBRIZKHF 111 K+K123R,  K45Q+F | 11 K+K123 Q _
KA5R+QA9K+K123R; or KAS5R+Q49K+F 111 K+K123R. 15 Especially for expression
in a noK19RyBASR+QEPRYF Hid&tkel?éR;as E. coli the |FNB pol ypepti de may

cont ai ny,] i [ 0K or C17S+N8OK, optionally in conbination with
one or ﬁé?@+§??§%@%ﬁ Q KB2R/ Q or K123R/Q The substitution N8OK is
of partKeoRaK45RAFIHSI, when the | FNB pol ypeptide is expressed in a

non- gl ycosgl at i n? host cell, since N80 constitutes part of an inherent
gl ycosyKAPRERAERT@IYE AU | FNB and conjugation at such site 20 may ninick

nat yr al < I . Furthernore, it is preferred that the conjugate
accclll)(gr di ﬁgbgoatﬁ%ﬂﬁfkggip%’ct of the invention according to PCT/DKOO 00471

conpr i SE$9R+QUesasF1 1IMDFK123%, non- pol ypepti de noieties, such as 2- 8
noi eties. 25 Conjugate of the invention according to PCT/ DDKOO/ 00471
wher ei an‘ﬁ@'FﬁH‘Ué)“L

Vé&jti de noiety

K45R+Q49K+K123R; or
K45R+Q49K+F111K+K123R.

—

15 Especially for expression in a non-glycosylating host such as E. coli the IFNB
polypeptide may contain the substitution N80OK or C17S+N80K, optionally in combination with
one or more of K19R/Q; K45R/Q; K52R/Q or K123R/Q. The substitution N80K is of particular
interest, when the IFNB polypeptide is expressed in a non-glycosylating host cell, since N§0O
constitutes part of an inherent glycosylation site of human IFNB and conjugation at such site

20 may mimick natural glycosylation.

Furthermore, it is preferred that the conjugate according to this aspect of the invention
according to PCT/DK00/00471 comprises at least two first non-polypeptide moieties, such as 2-

8 moieties.

25 Comjugate of the invention according to PCI/DK00/00471 wherein the non-polypeptide moiety

binds to a cysteine residue
In a still further aspect, the invention according to PCT/DK00/00471 relates a conjugate

exhibiting IFNB activity and comprising at least one first non-polypeptide conjugated to at least
one cysteine residue of an IFNB polypeptide, the amino acid sequence of which differs from

30 that of wildtype human IFNB in that at least one cysteine residue has been introduced,
prefererably by substitution, into a position that in the parent IFNB molecule is occupied by an
amino acid residue that is exposed to the surface of the molecule, preferably one that has at |

least 25%, such as at least 50% of its side chain exposed to the surface. For instance, the amino



binds to a cysteine residue In a still further aspect, the invention
according to PCT/DKOO 00471 relates a conjugate exhibiting IFNB activity
and conprweimng74sve | east one first non-pol ypepti de conj ugatred/mKn2av12Beast
one cysteine residue of an | FNB pol ypeg%i de, the am no acid sequence of
which differs from30 that of wildtype fuman IFNB in that at |east one

cysteine resi ue has b t roduced prefererably sub t|t into a
posi t i ofcifl fest qeﬁsf ?ﬁﬁ %‘ﬁt ¢ EQRP ﬁB‘llsé%WIgé’%E@ Bé §3¥ &%gﬁ.@e
resi duewiag ok 5 HXRLRCB41 0F§§‘Q6§UN89%70f83t B85 @é@%ﬁw@@é? Sr@g' H9@”e t hat

has at |east 25% such as at |'eaSt 50% of its sidé chain expd
sur f aceT10QA10RSE Hi3c &.106,Ad1 thMQOWIlﬂZ/ROMBGBZPG]I/Z&KDB’(DBHZ& HB®), éh*lSd

o, QBII0A B, A3, Yiss SnfiRsE BEREUEINO% s, Fov, 183, Ess,  hes,
A89, 5 N9O, Yggddifi%ﬁally"gﬂaltem%leif 1hé Qbstindt b is bidd&rablbbrfornhdPd) a podidibn R124,

6127 R128, L130, HI31, H140, 112 R147, V148, E149, R152, Y155, and F156
of SEQ p@unieddy athmetineios ﬁqmeyremduca Foeinstanpey shish pasiteonsis selested frporthe group
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two or noré introduced cysteine 20 residues. In this connection pr esent
in wl dtnyb%%hurran | FNB may be renoved, pref erably by substitution, in

particul ar subst.i t.utign rhodi t.Wo_or, nore
yst e ne-r esisemestine ol oas - Bfinfresils AiRlspaleed TATHIFNE paifertise’
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cysteine residues are introduced, such as 2-6 or 2-4 cysteine residues. Preferably, the [FNB
polypeptide part of the conjugate according to this embodiment of the invention according to
PCT/DK00/00471 comprises the mutation L47C, Q48C, Q49C, D110C, F111C or R113C, in

25  particular only one of these mutations, optionally in combination with the mutation C17S. Also,
the IFNB polypeptide may compﬁse the substitution C17S+N80C.

While the first non-polypeptide moiety according to this aspect of the invention
according to PCT/DK00/00471 may be any molecule which, when using the given conjugation
method has cysteine as an attachment group (such as a carbohydrate moiety, a lipophilic group

30  oran organic derivatizing agent), it is preferred that the non-polypeptide moiety is a polymer
molecule. The polymer molecule may be any of the molecules mentioned in the section entitled
“Conjugation to a polymer molecule”, but is preferably selected from the group consisting of

linear or branched polyethylene glycol or polyalkylene oxide. Most preferably, the polymer
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25 N158,R159, G162, Y163 and R165 has been substituted with an aspartic acid residue or a

glutamic acid residue.
More preferably, the position is selected from the group consisting of N4, L5, F§, L9,

R11, S12,F15, Ql6, Q18, K19, W22, Q23, G26, R27, Y30, M36, Q46, Q48, Q49, A68, R71,
S75, T82, A89, N90, Y92, H93, N96, H97, K108, F111,L116, L120, K123, R124, G127,

30 R128,1130,H131,K134, A135, H140, Y155, N158, R159, G162, Y163 and R165, such as
from the group consisting of N4, L5, F8, S12, F15, Q16, K19, W22, Q23, R27, Y30, M36, Q46,
Q48, Q49, R71, S75,T82, A89, Y92, H93, K108, F111, L116, K123, R124, G127, H131,
K134, A135, Y155 and R165, still more preferably from the group consisting of N4, LS, Fg,



glutam c acid residue. More preferably, the position is selected fromthe
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pol ymer nol ecul e or an or. ganl c deri vat i zi n&ﬁsgent havi ng an acid group as
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con u9a5reg1r'u§e 5 & Qa{angne fesfiue. While the first non-polypeptide moiety can be any non-

polypeptide moiety with such property, it is presently preferred that the non-polypeptide moiety
is a polymer molecule or an organic derivatizing agent having an acid group as an attachment
group, in particular a polymer molecule such as PEG, and the conjugate is prepared, e.g., as

25 described by Sakane and Pardridge, Pharmceutical Research, Vol. 14, No. 8, 1997, pp 1085-
1091. Normally, for conjugation to an acid group the non-polypeptide moiety has a molecular

weight of about 5 or 10 kDa.

Conjugate of the invention according to PCT/DK00/00471 comprising a second non-
30  polypeptide moiety
In addition to a first non-polypeptide moiety (as described in the preceding sections), the
conjugate of the invention according to PCT/DK00/00471 may comprise a second non-

polypeptide moiety of a different type as compared to the first non-polypeptide moiety.



25 descri bed by Sakane and Pardridge, Pharnteutical Research, Vol. 14, No.
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one sugar noiety covalently attached to an | FNB pol ypeptide, the amno acid
20  polymer molecule such as PEG having lysine as an attachment group, and the second non-

polypeptide moiety is an N-linked sugar moiety.

More specifically, the conjugate of the invention according to PCT/DK00/00471 may be
one exhibiting IFNB activity and comprising at least one polymer molecule, preferably PEG,
and at least one sugar moiety covalently attached to an IFNB polypeptide, the amino acid

25 sequence of which differs from that of wild-type human IFNB in
a) at least one introduced and/or at least one removed amino acid residue comprising an
attachment group for the polymer molecule; and
b) at least one introduced and/or at least one removed in vivo glycosylation site, in particular an
N-glycosylation site.

30 In a specific embodiment, the IFNB polypeptide comprises one of the following sets of
mutations:
K19R+K45R+Q49N+Q51T+F111N+R113T+K123R;
K19R-+K45R+Q49N+Q51T+F111N+R113T; or
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N-r esi demjudatsaiibiting BNB abihest &a dompsiaing an IFNB polypeptide, the amino acid
sequence of which differs from that of wild-type human IFNB in that a glycosylation site has
been introduced or removed.

20 For instance, an in vivo glycosylation site is introduced into a position of the parent
IFNB molecule occupied by an amino acid residue exposed to the surface of the molecule,
preferably with more than 25% of the side chain exposed to the solvent, in particular more than
50% exposed to the solvent (these positions are identified in the Methods section herein). The
N-glycosylation site is introduced in such a way that the N-residue of said site is located in said

25  position. Analogously, an O-glycosylation site is introduced so that the S or T residue making
up such site is located in said position. Furthermore, in order to ensure efficient glycosyiation it
is preferred that the in vivo glycosylation site, in particular the N residue of the N-glycosylation
site or the S or T residue of the O-glycosylation site, is located within the first 141 amino acid
residues of the IFNB polypeptide, more preferably within the first 116 amino acid residues. Still

30  more preferably, the in vivo glycosylation siteA is introduced into a position wherein only one

mutation is required to create the site (i.e. where any other amino acid residues required for

creating a functional glycosylation site is already present in the molecule).



25 position. Anal ogously, an O-glycosylation site is introduced so that the
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L120N+LE20830FE 1 (B2 H,NEHOTDEE/199S/K1 K3 ASN4 DS E)STT, E ool V1 SASDE 1 006t PY NS, 1295/ T,

O T DY R T IR, G Bl S SRS RIS T

RL52N+FL 516315 11¥T 0O NOINETE/ 2K/ T, I HBONAT1 220 TRADIINTR 633 S3T, IRLBANY1255/T,
Gl62N+L164S/ T, and Y163N+R165S/ T. Substitutions that |lead to i ntroduction

of an aBéI?‘iNbﬁhZﬁqu}%Bﬁlll&?$/$nRé2&1‘é+Ia1t3036'bﬁlﬁpNﬁglé!%%@s SHANTLABH s f ace
o, the kMBI sy by 00, e e ST S drsQisingpsed Lo the
F15N+C1ASAON+A142S/T, V148N+150S/T, R152N+F154S8/T, Y155N+11578/T, L160S/T,

20 RI159N+T161S, R159N, G162N+L164S/T, and Y163N+R165S/T.

Substitutions that lead to introduction of an additional N-glycosylation site at
positions exposed at the surface of the IFNB molecule having more than 50% of the side chain
exposed to the surface include:

L6S/T, LSN+G7S/T, FSN+Q10S/T, LON+R11S/T, S12N+N14S/T, F15N+C17S/T, -

25 Q16N+Q18S/T, KI9N+L21S/T, W22N+L24S/T, Q23N-+H25S/T, G26N+L28S/T,
R27N+E29S/T, Y30N+L32S/T, K33N+R35S/T, R35N+N37S/T, M36N+F38S/T, D39S/T,
D39N+P41S/T, E42N+144S/T, Q46N+Q48S/T, Q48N+F50S/T, Q49N+Q518/T,
Q51IN+ES3S/T, K52N+D54S/T, L57TN+I59S/T, R7IN+D73S/T, D73N, D73N+S75T,
S75N+T778S, S75N, S7T6N+G78S/T, ESIN+I83S/T, T82N+V84S/T, E§SN+L87S/T,

30 A8IN+VI1S/T, Y92S/T, Y92N+Q94S/T, HI3N+I195S/T, T100N+L102S/T, E103N+K1058/T,
E104N-+L106S/T, E107N+E109S/T, K108N+D110S/T, D110N+T112S, D110N,
F111N+R113S/T, R113N+K115S/T, L116N, L116N+S118T, K123N+Y125S/T,



25 QL6N+QL8S/ T, KION+L21S/ T, W22N+L24S/ T, Q@3N+H25S/ T, G6N+L28S/ T,
R27N+E29S/ T, Y30N+L32S/ T, K33N+R35S/ T, R35N+N37S/ T, MB6N+F38S/ T, D39S/ T,
D39N+P41SVOD,0284@b6-| 44S/ T, QUA6N+QA8S/ T, UBN+F50S/ T, UAIN+@ETIKD2/00128
QBIN+ES3S/ T, K52N+D54S/ T, L57N+I59S/ T, ,R7IN+D73S/ T, D73N, D73N+S75T,
S7TSNH+T77S, S75N, S76N+G78S/ T, ES8IN+I 83§ T, T82N+V84S/ T, E85N+L87S/ T, 3o

B o AR A AP D RS KRR B P owemaiistias,

DL1ON, &AL NAREARS s/ RlhANFEAES Fs/E 116N, L116N+S118T, K123N+Y125S/ T, WO
02/ 074806 PCT/DK02/ 00128 ~ 41 RI24NFY126S/ T, GL27N+l 1295/ T, HI31N+L133S/T,

K134 N+ Kl 36S/ Amoag M&@tﬁﬁﬁﬂé merEiBFdin the 4B0vel listQ gi0Fe arerpd efenrsbiat hopShe .

Anong bst | ns ne t he above |IS t ho are eferred
et Chabdedite nd il dione s Bl Cacimhif g Eaa st &8 RERRLARR 8! |
r esi fuess Nieldhil Sathabcidvend@ieshe 5 116 N-terminal amino acid residues.
Substitutions that lead to introduction of an N glycosylation site by only

one ami no acPebstiguiess thatitead to infreflegtion of esNrglyrasylation sie by pnlyps Rmimy and
STSN. LB i YIRRLE. RSk Ty, BON UM RIEAN (RIS apd LIasT

Among t it ronis’ pr ecté

consi st DNYONSL UGN, E13RN, RINOND&XHT T60STF. Zmnoﬁgai&e 2 &0btithtRBSE '}lireferﬁ:d\fﬁaﬁ‘pé T,
L98S/ T, DI 10N and LI 16N nor e Er eferably fromthe rou consi_sti ng of
L6S/ T, saieteg from Brssiouspanisting gt ¢S/TDR11UND3E§/T1@%2 37NN drf$S

292&?‘” PReYsATLEE A0 L0 apd RF L0 R %ﬂ%&%@% I?ﬂé??iﬁ of LT
IB’(C)Z[I' }l lei\gD? %@gzg?d?]r&]lg‘lsz%ﬁ LICBYSHT, D HOPE E11 16N ahé &1B 7V eatdi roost pmfextell)lgisallggﬁg ﬁ'om
S2N+N4 TS griwnalﬁv%ofs IF§§/I 55 gﬁ ﬁﬁﬁﬁgf‘? #ﬁ%&ﬂ%\%ﬂgﬁfm@é 8T/ S,
KION+L21T/ S, %A@g@& pﬁ%émh%&ﬂ @1@&&% E&%Id] tota%?s'\&gé&@ of ée iR

KASN+LAT7T/ S, ABNFF50T/ Qb INFED
R7 1N+ D7&Eb@ing 6 RCT/DKIN/ 00875 it clE1es h&l@iﬂh@pfthasaucﬁymgmﬁsﬁ@uom3N+195T/ S,

20, P11 RN 00 R TR R or st B et 1 N SR SERGE TR 101 1 ow n

substi tKfl91QJPE21T/§2¥ZFMIH2’§?/|§+8}2éNvFLﬂ@NS@ﬂ\I@EZﬁ%11')@@!13350’1% IRekD73T, in
particul ar or F11IA#R 13T or R7IN+D73T. For instance, the | FNB

pol ype pKﬂﬁN*’b@?ﬁb’S; QEEN-+QAST/ST QBN+F HNT/ByRAYN QS ET/6f QSUNSESITIBi ons
QIO+ Qb TN RIGIING D73N, S75N, ST6N+GTST/S, LSST/S, YO2T/S, NO3N+OSTS,

L98T/S, E103N-+K105T/S, E104N+L106T/S, E107N+E109T/S, K108N+D110T/S, D110N,
20  F11IN+R113T/S, or L116N, more preferably at least one of the following substitutions:
S2N+N4T, LON+R11T, 4ON+Q51T or F111N+R113T or R7IN+D73T, in particular
49N+Q51T or F111N+R113T or R7IN+D73T. For instance, the IFNB polypeptide comprises
one of the following sets of substitutions :
Q49N+Q51T+F111N+R113T;
25 Q49N+Q51T+R7IN+D73T+ F111N+R113T;
SIN+NAT+F111N+R113T ;
S2N+N4T+Q49N+Q51T
S2N+N4T-+Q49N+Q51T+F111N+R113T ;
S2N+N4T+LIN+R11T+Q49N+Q51T ;
30  S2N+N4T-+LON+R11T+F111N+R113T; '
S2N+N4T+LIN+R11T+Q49N+Q51T+F11IN+R113T ;
LON+R11T+Q49N+Q51T;
LON+R11T+Q49N+Q51T+F111IN+R113T ; or




25 QUIN+QB1T+R7IN+D73T+ F111N+ R113T ; S2N+NAT+ FI 11N+R113T ;
SONFNAT+QAONFQBLT ;  S2N+NAT+QUONFQBAIT+F1I1IN+R 13T, S2N+NAT+LON+R
1T+Q4ON+QBOT2/03B0G2N+NAT+LON+RL1T+F111N+R113T ; PCT/DK02/00128
S2N+NAT+LON+RIIT+QION+QBIT+FI11IN+RI13T ,,, LON+R 1 T+Q4ON+GB1 T,
LON#+RL1T+QAONFQBIT+F111N+RL13T : or WO 32/ 074806 PCT/ DK02/ 00128 42

LON+R11_T+F | 11 T Lt will be understood that in order to i ntroduce a
functi oﬁgﬁml %Réil?ﬁ@&é"yﬁ ation site the amno acid residue in between
the N-residug \%ﬂ%etlﬂﬁeéfo-gdrtﬁe?th%‘ﬂefﬁ) lﬁtrt)&we%rﬁméﬁ&m ﬁw&a Q?eos DR6ABH the t he

ami no acid residue in between w | hat occupying the Tel evant posi tion
i n the 8minviaval wsidde sebpiwneeths lhbmalduun asEﬂ;leIS.'ﬁTN@lQue iFdiffarers thncproling the

SRR S R e S

i nvent i QRiRCARd gisqﬁaade@hoﬁﬁ;‘n'{ %@Qb@@ébl FoRihsead, a ﬂle?)oﬁ_y}p@ﬁﬂl& domptisi the
gl ycosyl ation site. However, in order to obt ai n fficient shielding of

epi t opesubstixions QéﬂNt*Q&%mOISYé?@é S8fis theeogiioniie bpBieppeptide it is often 1o

desirable th ri VO

gl ycosyl at i oi’i‘&h{@%ﬁ%géﬁ iR A ® “%gée Oqglhlgkg@{}goagg?rd{hg&% sites, such as
2, 3, 4PC3/DROO00F/1i May bMﬁalﬁ|a%ﬁ%$@irﬁht&§ly6¢§yﬁ1on-ﬁhbl51{ow&1&r ih bAgRr t:wd»btﬂﬁpt i de
may conprise one additional glycosylation site, or conpri se two, three,

four, fpisientphiclduaefepippasiresentarythe sedareiof the Rﬂéergw sRiidetif is9fient es,
f fth
DL 5" B LR b S e G RS IR b1 e

gl ycosyRatinonvosdly@sylatidm Sitdsnghich gk geisYy Ba6 b0 ilsvive glyvegyldtinssitbe dhus,¢h®ved
fromthe IFNB pol y eptide. For in a,nc any of the above |listed
subst i t B Relypepti m%%@rase@mei |EBW°§Y1F%°%§¢ Blemay RPPIERE Wi Hhrep,

substit l; d-type
PN, e SRR "%ﬁgﬂ@%‘?ﬁ%’agﬁ". R e e ot

N80, e. gne mmomfsubétﬂu%issitesdn}ubdunmyl\dﬁﬁw @d¥elists20 when a first

non- oI eptide tld.ei ...on haV| one

ALt Aehment alefﬁ #BavE.oP 4f1iEon 9,25 eRBOT NG b%m’i g eRRleton S EISPE | cast
one of gi?[@ t109\¥%t8Im ;HQ%B&HE&HWMM 1 éT#&mé%lncb Nny of the
S12N+N1477/ S, FlSN+Cl7 QL6N+QL8T/ S, KION+L21T Q3N+H25T/'S,

G26N+L283V8, Ilsﬁﬁﬁubﬁm to introduce a glycosylation site may be combined Wlth a substitution

to remove the natural N-glycosylation site of human wild-type IFNB. For instance, the IFNB
polypeptide may comprise a substitution of N80, e.g. one of the substitutions N8OK/C/D/E,

20  when a first non-polypeptide polypeptide is one having one of K, C, D, E as an attachment
group. For instance, the IFNB polypeptide may comprise at least one of the following
substitutions: S2N-+N4T/S, LON+R11T/S, R11N, S12N+N14T/S, F15N+C17S/T,
Q16N+Q18T/S, KIIN+L21T/S, Q23N+H25T/S, G26N+L28T/S, R27TN+E29T/S,
L28N+Y30T/S, D39T/S, K45N+L47T/S, Q46N+Q48T/S, Q48N+F50T/S, Q4IN+QS51T/S,

25 QS5SIN+ES3T/S, R7IN+D73T/S, Q72N, D73N, S75N, S7T6N+G78T/S, L88T/S, Y92T/S,
NO3N+I95T/S, LOST/S, E103N+K105T/S, E104N+L106T/S, E107N+E109T/S,
K108N+D110T/S, D110N, F111N+R113T/S, or L116N in combination with N8OK/C/D/E.
More specifically, the IFNB polypeptide may comprise the substitution: Q49N+Q51T or
F11IN+R113T or R7IN+D73T, in particular Q49N+Q51T+F111N+R113T or

30 Q49N+Q51T+R7IN+D73T+ F111N+ R113T, in combination with N8OK/C/D/E.

Any of the glycosylated variants disclosed in the present section having introduced

and/or removed at least one glycosylation site, such as the variant comprising the substitutions
Q48N+F50T/S, Q48N+F50T/S+F1 1IN+R113T/S, Q49N+Q51T/S, F111N+R113T/S, or



L28N+Y30T/ S, D39T/S, KASN+LA7T/S, QUA6N+Q48T/ S, QUBN+F50T/ S, QUAIN+QBLT/ S, 25
QIN+ES3T/ S, R7AIN+D73T/ S, Q72N, D73N, S75N, S76N+G78T/S, L88T/S, Y92T/ S,
NO3N+I 95TW8,02402806 S, EL103N+KI O6T/ S, E104N+L106T/ S, EL107N+BTODK0S/00128
K108N+D110T/S, D110N, F111N+R113T/S, or,,L116N in conbination with

NBOK/ C/D/E. More specifically, the | |:|\A[|§ pol ypepti de may conprise the

T S T R M M T
conbi napgen oMy othBHIFdH deptidnofdy . [Hae 18 %?éé’e! b e&g&gg odthay tH RElQe€d 1 N

t
the present section having Introduced and renoved at |east one
gl ycosybnusenf atlatlenens gedupa siredty presentimt the BB ipsiypgptidecr stthetmient giovps may

QUABN+F50T/ QAGNHFS0.T/ STEL1IN+R113T/ 9 T/ F11IN+R113T/ S, ,or WO
521 074505 BT RO EOL o TR B AU TR RS- i gy e e
conj yigat ezl 3t 9, 3 PGl AR |gﬁﬁilg_b @re Hidfiibléfor BEfegatiin. @Rfer@blyein a conjugate of
non- pol ypeptide noiety. For this purﬁose t he conjugation may be achi eved

by USﬁ inyensien mqrdiggﬁ@B@T@K@%W rebEpin thﬁth} pplwmtmloymﬁwsdé{%rl
ot PR A Pt A DAE DA 0o RIS P

otal™o , In particu

at t achnemis thatolp SotaliBolavidid vkt ddded by theu@atgobypepide€ineletyplsyin tHerafgecafifodgat e
of the invention_ according.to PCT/DKOO 00471 wherein the | FNB pol ypepti de
conpr i s#QkPaon ngrticsdas pbeutiZBkRa arad) ke nunber and nol ecul ar wei ght of the

non- bol ypept | ' i 3 (g .

wel St Saod by HRLE, Sy PRRR v S orh iRl BolHeBikbRle myty, 1,

i n part viaw Issinabitachni2ft &ibap,cnd e bbPmordysina r¢gsidutes ofithemparenhpolgpeptids yaat ed
vari ant, may be conjuygated to non- pol ypepti de ety vja a.lysine

at t achnBHie R§FB RO de-gﬁywq?féheeswgﬁuﬁgn WEHiREd oM SARIOBAERET pol ypept i de
may hay, : { : ; i | in the
section g%lplﬁ?a[!%gﬁﬂﬁﬁ‘c{%ﬁ?gg%%heﬁin%ni n}i’/&elir;:ﬁpgﬁp ée%ﬁ érzﬁt% Legﬁlﬁé)&nh?po ;pepti de
nmoi ety lysine aseh ettatheenh golphas pattigslantheagbstiutains ACIPReAI45+HEUR3R. i n
particular the substi.tutions KIOR+tKASR+K123R.. 15 Al ternatively or

Dadit | oALPTPHIvely Py SiOTAUY] AT R/B-6 00 heRR FEUILEE. o8 B SBPERY of the
subst i t WiyseRSioARMEehOARE ih Bai8 8édion Sfalgaibuldr Thd@bbiteHbRR 71 REA MRS LI UbADN
R71K. Accordingly, one specific conjugate of the invention according to
PCT/ DKOesbnjugatsrad theimivettionaepeidggdo R CTYPKOBOOH Bk is dneFxiEch odmppasssiade

R B BN OB R o mefiRing e bisBoRs Sad 173 5 5 1R & RUIATse

conj ugakedr HOK B5G+ KIS RodnQ4RY h-ayad ol ypeptR A8 TPAKI ORH K45RI+qOIP3RgAt € i s
f avour abl Y produced in CHO cells and PEGy| ated subsequent to purification
usi Ay eRgIKSgtheroniugped PEXEGqTreglyecsylatsd pabreptideparhpEsgidemjugisEs BTC from

Shear Wa%a%urably produced in CHO cells and PEGylated subsequent to purification using e.g. SS-
PEG, NPC-PEG, aldehyd-PEG, mPEG-SPA, mPEG-SCM, mPEG-BTC from Shearwater
Polymers, Inc, SC-PEG from Enzon, Inc., tresylated mPEG as described in US 5,880,255, or
oxycarbonyl-oxy-N-dicarboxyimide-PEG (US 5,122,614).

25 Alternatively, to PEGylation via a lysine group, the glycosylated conjugate according to
this embodiment of the invention according to PCT/DK00/00471 may be PEGylated via a
cysteine group as described in the section entitled “Conjugate of the invention according to
PCT/DK00/00471, wherein the non-polypeptide moiety is a molecule that has cysteine as an
attachment group” (for this purpose the IFNB polypeptide may, e.g. comprising at least one of

30  the mutations N80C, R71C and C17S), via an acid group as described in the section entitled
“Conjugation of the invention according to PCT/DK00/00471 wherein the non-polypeptide

moiety binds to an acid group”, or via any other suitable group.



Pol ymers, Inc, SC PEG from Enzon, Inc., tresylated nPEG as described in US

5, 880, 255, or oxycarbonyl - oxy- N-di car boxyi m de- PEG (US 5, 122, 614). 25

Al t er nat iwelog/074806 PEGyl ati on via a |ysi ne group, the glycesymoedorsn) ugat e
according to this enbodi nent of the inyention according to PCT/DKOO 00471

may be PEGyI ated via a cysteine group as described in the section entitled

" Conj ug of the inyention according t 00471, wherein the

non- pol gﬁfqoﬂlé‘gﬁ‘ﬁfé%lize ’%Veﬁt’%ﬂge(ﬁlﬁgf%gpﬁéﬂg&‘?éi ne as an attachnent
group” (for k&R RAREidtdeubdNBRR) YREET Al d8 afiB¥ ackt Igs1dﬁ&rﬁéfﬂp§1'siﬁ% At | east
one of 30 the nutations N80OC, R71C and Cl7S), via an acid group a

descri betlaqhmetnhgog;e dori tbanempolypentide’ by ety od ahoion (asflesdided invanytafdine mt;msoh ng

oroupr . SBvRAahsCOTHERS of RE RHES e o DRI Bed b BedBrEs ©aa
Qt hes C%Blyﬁ@ﬁlcﬁﬁaaﬁfoﬁﬁtﬁcdnﬂ)g@f&m@ﬁc@ﬁﬁﬁw stistiREbh OO B ed lexhpRdslht | on

to the introduction and/or renoval of am no acid residues conprising an

at t achnevhstigitiont pay of the residnepdViy pe b, N oroV Kilye.6f onstusineare phthedeldewinged i n

any of the i j-4gaa i g
o0 s SRR SC7s OMEAD VPE SELORNBR R RAIE A AGeRidl

cont ai NM1K tshﬁrpaﬁwuse& hﬁtﬂﬂekmﬁen the [FEB @bf}@éptﬁieaﬁrﬁkpies!ssd withauthsteld, wtHien of

any of the residues, N80 or_V101, e.g. one or_nore of the

foI | ow. Adtagswibere ﬁt@t%tﬁsto betesovwe?@emmmmawwbwqusmdep@tlﬁ%twaf M :

(g d{@%&lwtl on MLK is of particular interest when the | FNB
poI ypept| pressed with a tag, e.g. a His- 1l4tag, where such tag is

to be renoved by DAP (di am nopeptidase) subsequent to purification io

and/ or an uatlon. Non-l tlde D| et ,of onj uate of the invention
and t he~98s D LSRR B O E BN gauon acgordingtaer above
t he nonP@qt K@i%bgﬂ noi ety of the conj ugate of the present 15 i nvention
and of rh—@—r‘e invention according to PCT/DKOO 00471 is preferably sel ected

fromthe gr cAlspndloertsd ﬁn'ihngahﬁveahqatdryptdypepuﬂenwh@y ofithkicpujplitt bfthepmgsenind, a

2aont . o e et sl R bRl T B 8N etin R 1 10

pol ypeplifi o@ﬁtltmfgfofta%lﬁﬁéﬁ HelRbGe, 4 1tpo@,ﬁﬂtcl &Htp@ﬁnd AAUERInbiBRYBPURPI0E A Y

and/ or “increased functional in vivo half-| nd/ or i ncreased serum
hal f -1 i pivo giyvesylatfionpepd amgra@queuwatmng bgent d’d} @if‘gthcse aganyts ey sonfetidesiralbllet o

or - wor o e S e RIBB R S Bl bR D e LRGNl

rml ecul encAdiledfunbigitial VRS Nalf-lite @d/drie@biskd %r&hqmﬁ-lﬁ’edﬂﬁs a@p@t yt to
an organic derivating agent and a sugar noi ety to_a |lipophi roup and
a paéf ynie swnivgetgimeay ke eonjugatedde pplygaei %H?ﬁ qfgon-polypeptide mmety, but may also be

conjugated to two or more different types of non-polypeptide moieties, e.g. to a polymer
molecule and a sugar moiety, to a lipophilic group and a sugar moiety, to an organic derivating
agent and a sugar moiety, to a lipophilic group and a polymer molecule, etc. The conjugation to
two or more different non-polypeptide moieties may be done simultaneous or sequentially. The
25  choice of non-polypeptide moiety/ies, e.g. depends on the effect desired to be achieved by the
conjugation. For instance, sugar moieties have been found particularly useful for reducing
immunogenicity, whereas polymer molecules such as PEG are of particular use for increasing
functional in vivo half-life and/or serum half-life. Using a polymer molecule as a first non-
polypeptide moiety and a sugar moiety as a second non-polypeptide moiey may result in

30  reduced immunogenicity and increased functional iz vivo or serum half-life.

Methods of preparing a conjugate of the present invention and of the invention according to
PCT/DK00/00471




two or nore different non-pol ypeptide noieties may be done sinultaneous or
sequentially. The 25 choice of non-polypeptide noiety/ies, e.g. depends on
t he ef f ecwodesi4sed t o be achi eved by the conjugation. ForCTmKoemnees sugar
noi eti es have been found particularly eful for reducing inmunogenicity,
wher eas pol ymer nol ecul es such as PEG are of particular use for increasing
functional in vivo half-life and/or serumhalf-life. Using a, polyner
mol ecul e as H the fallovwiag seqhions, feominertionde adiportrkic sonapyme” nBioBiugatian & & econd
non- pol i .8 Ve (P G i Ci d increased
functi oﬁ@?&%}ng@}e\g@ ®or dsﬂ,{%;/u%%ﬁﬁlgh%%%&obg‘?t\% sdc()) rg%g{r%i &Hfg&émggnj ugat e of
t he pr edeaivatizing apdrit® torgnghtioh td keecifiotgpes afmoagobipdptide moietiBAF/ARKBDEQORRL WO
02/ 074806 PCT/ DK02/00128 45 In the_foll ow.ng section g;)n ugation to a
i pophi PIEREDMIER Poctone 375 SRR 16 PESCHnYsHLon 45 PELAF % VeRkPugat on t o
a sugar . (il to IROIDKAM09R (O ksbitbedheRigani ¢ derivatizing agent”
conjugation to specific types of non-pol ypeptide noieties is described. The
contents of these sections are relevant for the present invention as well
as the ipnv,ent .on 5 laccgrldi ng t o PCT/ DKOO 00471 (as described herein).
Conj ugatPEHSEE 40 1% ‘BRI C™E8Hfound For conj ugation to a Iipophilic
conmpound t hep§QdohRivatich R ng&tgmw&ano@u@ %d@ﬂowfn@%lyp@ﬁti@&%@ﬁ%ﬁﬁbﬁﬁ nt

-ter

groups: the N-termnal or m nal of the pol ypeptide, t ydroxy io

e
groups Bmctioreaseatiaglmensigiounssihg deterginal omGriemtinatyf the prdypeptids, Mo ByrdsoRy of

Lys, the SH of or, the carboxyl group.of As d Th

pgl ypepioyes %g%ﬂm %%ﬁ*dluf’%g?foﬁfo %’rh@f/ &2 n%gﬁugaiﬁé’&%%sgﬁﬁupo?%er,
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20
Conjugation to a polymer molecule

The polymer molecule to be coupled to the polypeptide may be any suitable potymer
molecule, such as a natural or synthetic homo-polymer or heteropolymer, typically with a
molecular weight in the range of 300-100,000 Da, such as 300-20,000 Da, more preferably in the

25  range of 500-10,000 Da, even more preferably in the range of 500-5000 Da.

Examples of homo-polymers include a polyol (i.e. poly-OH), a polyamine (i.e. poly-NHy)
and a polycarboxylic acid (i.e. poly-COOH). A hetero-polymer is a polymer, which comprises one
or more different coupling groups, such as, e.g., a hydroxyl group and an amine group.

Examples of suitable polymer molecules include polymer molecules selected from the

30  group consisting of polyalkylene oxide (PAO), including polyalkylene glycol (PAG), such as
polyethylene glycol (PEG) and polypropylene glycol (PPG), branched PEGs, poly-vinyl alcohol
(PVA), poly-carboxylate, poly-(vinylpyrolidone), polyethylene-co-maleic acid anhydride,
polystyrene-co-malic acid anhydride, dextran including carboxymethyl-dextran, or any other
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oxycar bapylhe eu¥ctdi HorPS LPXY, NpdePEESidehyd-PEG, mPEG-SPA, mPEG-SCM, mPEG-
BTC, SC-PEG, tresylated mPEG (US 5,880,255), or oxycarbonyl-oxy-N-dicarboxyimide-PEG
(US 5,122,614). |
25 To effect covalent attachment of the polymer molecule(s) to the polypeptide, the

hydroxyl end groups of the polymer molecule must be provided in activated form, i.e. with
reactive functional groups (examples of which include primary amino groups, hydrazide (HZ),
thiol, succinate (SUC), succinimidyl succinate (SS), succinimidyl succinamide (SSA),
succinimidyl proprionate (SPA), succinimidyl carboxymethylate (SCM), benzotriazole

30  carbonate (BTC), N-hydroxysuccinimide (NHS), aldehyde, nitrophenylcarbonate (NPC), and
tresylate (TRES)). Suitably activated polymer molecules are commercially available, e.g. from
Shearwater Polymers, Inc., Huntsville, AL, USA of PolyMasc, UK. Alternatively, the polymer

molecules can be activated by conventional methods known in the art, e.g. as disclosed in WO



(US 5,122,614). 25 To effect covalent attachment of the pol yner nol ecul e(s)
to the polypeptide, the hydroxyl end groups of the polyner nolecul e nust
be provi dwo /7406 i vated form i.e. with reactive functi @calDKmouRs
(exanpl es of which include primary am n9 groups, hydrazide (HZ), thiol,
succinate (SUC), succinimdyl succinate (SS), succinin dyl succi nam' de

SSA
(S| BUNSTA ishebis SSuTlss BbATate P of Sy Br D) ST RIS e RHE
al dehydgrgsegh fﬂ&ﬁ@&ﬂﬂe%é&%@éh’?th@@%@ma@c?@olﬂn’ie@ss%@tl%f RER00 Ca%lbg@m y

activated pol ymer nolecul es are conmerci al aval | e.g. from
Shear wa(l%;mctﬁzmaym B;ocbmupat;blbiﬁntymnrs foe Rem_arcw&d phanﬁlmeym@@; Polykthylene

ot hods OB HETYE e ercomiRed Bl bagoeh S B s Gog g PR
PCT/ PK%@%%%ml&&e &Q/fé ? 1iRPRAH S mmbe(% gOSPAGIEV 8 STh -PEGE 8B AQr
branched pol éner nol ecul es fTor use in the 8 esent invention are descri bed

in the BhGaP SeN-DREr SC-RE(E. SG-FEEG, andlS EQ: anddYeR-REG) Bl ICoRRGi zed

G yool ROV FrHto She e R AR BT TR PRy PROLLDY-E6,
exanpl egndNALCPES pdrRicbriticbe®PBGk YilthIas PEGLNHS ahd) thok@disclvaeddn USIBe82,482Gad

NHS- PEG SPA- PEG, SSPA- PEG SBA- PEG SS-PEG SSA-PEG SC PEG  SG PEG
and scwgéeéﬁ S which refprpacesatg incqrpeptepbereinpae %@p@@ redbe - PEG,

£ e P Tl B fyibeatlofs foChm bkt iy 201 HfEE E’S%?ﬁaﬁg%ﬁ%ﬂ%ﬁ%q@%%%of ho
}Nh: I(:h rﬁf(ﬁdsﬂbﬁi@}ﬂl aif?direcheﬁﬁstﬁmm E,étZ:;E’V&IUS Qﬂi?éﬁng@(Qﬁﬁﬂﬁ(Dﬂgﬂbﬂlﬁmﬂ@S EPh]? : 0
0 oW n U | call Oons | NCOr paor a (0] user u
0ol yor 400 Bo WS O05 300 315 PEBLOU o Rofi S 5100680V 002 16335, WO

2 ae ogRo4l(R W 34A0 58 STPRDL RS, Wi 40270 10 0Pt B OB OIEE Yio

04/ 147585/1m49W05757331)90V\WC9@5/B8Qﬂ(Y,,WW96m088,0W0 OB &2, B2 0Y/41¥€2, WO/ 11924,
o8] Fsa R IR S NG 2 Sl oA, W a7 ey K3 So0Tes SR Taeb o8 s 466.

WO 95/ 99@5@58 EP4%§%0§0§70 M?ﬁd@%@@é/ﬂ%@ﬁi@%@%12\@195.&11@112}3 EP 921
131, US 5, WG 98/ 05363, 'EP 809 996, US 5,629, 384, \WD'96/ 41813, WD

96/ 07675;73@625 EW@?%/@‘QASS ER 889 896, 1@73,6225’8‘60309%3415@3 W B86/08670, USP 510

ol ypepti (0SS R G0 I 05 068 TR R RO SE SRR R B8 ot any
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Har 24 s and ZBh¢ gpokueatien ef the pelypensidayndihe activated polymer molecules is conducted by

use of any conventional method, e.g. as described in the following references (which also describe
suitable methods for activation of polymer molecules): Harris and Zalipsky, eds., Poly(ethylene
glycol) Chemistry and Biological Applications, AZC, Washington; R.F. Taylor, (1991), "Protein
immobilisation. Fundamental and applications", Marcel Dekker, N.Y.; S.S. Wong, (1992),

25 "Chemistry of Protein Conjugation and Crosslinking", CRC Press, Boca Raton; G.T. Hermanson
et al., (1993), "Immobilized Affinity Ligand Techniques", Academic Press, N.Y.). The skilled
person will be aware that the activation method and/or conjugation chemistry to be used depends
on the attachment group(s) of the IFNB polypeptide as well as the functional groups of the
polymer (e.g. being amino, hydroxyl, carboxyl, aldehyde or sulfydryl). The PEGylation may be

30  directed towards conjugation to all available attachment groups on the polypeptide (i.e. such
attachment groups that are exposed at the surface of the polypeptide) or may be directed
towards specific attachment groups, e.g. the N-terminal amino group (US 5,985,265).
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PCT/DK00/00471 to couple the polymer molecules to the polypeptide through a linker. Suitable

linkers are well known to the skilled person. A preferred example is cyanuric chloride
(Abuchowski et al., (1977), J. Biol. Chem., 252, 3578-3581; US 4,179,337; Shafer et al., (1986), J.
25 Polym. Sci. Polym. Chem. Ed., 24, 375-378.

Subsequent to the conjugation residual activated polymer molecules are blocked
according to methods known in the art, e.g. by addition of primary amine to the reaction
mixture, and the resulting inactivated polymer molecules removed by a suitable method.

Covalent in vitro coupling of a carbohydrate moiety to amino acid residues of IFNB

30  may be used to modify or increase the number or profile of carbohydrate substituents.
Depending on the coupling mode used, the carbohydrate(s) may be attached to a) arginine and
histidine (Lundblad and Noyes, Chemical Reagents for Protein Modification, CRC Press Inc.

Boca Raton, FI), b) free carboxyl groups (e.g. of the C-terminal amino acid residue, asparagine
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when using a nucleotide sequence encoding a polypeptide described herein in gene therapy. In

one embodiment the host cell is a mammalian cell, such as an CHO cell, BHK or HEK cell, e.g.
HEK?293, or an insect cell, such as an SF9 cell, or a yeast cell, e.g. Saccharomyces cerevisiae,
Pichia pastoris or any other suitable glycosylating host, e.g. as described further below.

25  Optionally, sugar moieties attached to the IFNB polypeptide by in vivo glycosylation are further
modified by use of glycosyltransferases, e.g. using the glycoAdvance™ technology marketed
by Neose, Horsham, PA, USA. Thereby, it is possible to, e.g., increase the sialyation of the
glycosylated IFNB polypeptide following expression and iz vivo glycosylation by CHO cells.

30  Coupling to an organic derivatizing agent
Covalent modification of the IFNB polypeptide may be performed by reacting (an)
attachment group(s) of the polypeptide with an organic derivatizing agent. Suitable derivatizing

agents and methods are well known in the art. For example, cysteinyl residues most commonly
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asparaginyl and glutaminyl residues by reaction with ammonium ions.

25  Methods of preparing an IFNB polypeptide of the invention (or as described in
PCT/DK00/00471)
The polypeptide of the present invention or described in PCT/DK00/00471, optionally

in glycosylated form, may be produced by any suitable method known in the art. Such methods
include constructing a nucleotide sequence encoding the polypeptide and expressing the

30  sequence in a suitable transformed or transfected host. However, polypeptides of the invention
may be produced, albeit less efficiently, by chemical synthesis or a combination of chemical

synthesis or a combination of chemical synthesis and recombinant DNA technology.
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It should of course be understood that not all vectors and expression control sequences
function equally well to express the nucleotide sequence encoding a polypeptide variant
described herein. Neither will all hosts function equally well with the same expression system.
However, one of skill in the art may make a selection among these vectors, expression control

25 sequences and hosts without undue experimentation. For example, in selecting a vector, the
host must be considered because the vector must replicate in it or be able to integrate into the
chromosome. The vector’s copy number, the ability to control that copy number, and the
expression of any other proteins encoded by the vector, such as antibiotic markers, should also
be considered. In selecting an expression control sequence, a variety of factors should also be

30  considered. These include, for example, the relative strength of the sequence, its controllability,
and its compatibility with the nucleotide sequence encoding the polypeptide, particularly as
regards potential secondary structures. Hosts should be selected by consideration of their

compatibility with the chosen vector, the toxicity of the pfqduct coded for by the nucleotide
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derivatives thereof, the POT1 vector (US 4,931,373), the pJSO37 vector described in (Okkels,
Ann. New York Acad. Sci. 782, 202-207, 1996) and pPICZ A, B or C (Invitrogen). Useful

vectors for insect cells include pVL941, pBG311 (Cate et al., “Isolation of the Bovine and

25  Human Genes for Mullerian Inhibiting Substance And Expression of the Human Gene In
Animal Cells”, Cell, 45, pp. 685-98 (1986), pBluebac 4.5 and pMelbac (both available from
Invitrogen).

Other vectors for use in this invention include those that allow the nucleotide sequence
encoding the polypeptide variant to be amplified in copy number. Such amplifiable vectors are

30  well known in the art. They include, for example, vectors able to be amplified by DHFR
amplification (see, e.g., Kaufman, U.S. Pat. No. 4,470,461, Kaufman and Sharp, "Construction
Of A Modular Dihydrofolate Reductase cDNA Gene: Analysis Of Signals Utilized For
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Such useful expression control sequences include the expression control sequences associated

with structural genes of the foregoing expression vectors as well as any sequence known to
control the expression of genes of prokaryotic or eukaryotic cells or their viruses, and various
combinations thereof.

25 Examples of suitable control sequences for directing transcription in mammalian cells
include the early and late promoters of SV40 and adenovirus, e.g. the adenovirus 2 major late
promoter, the MT-1 (metallothionein gene) promoter, the human cytomegalovirus immediate-
early gene promoter (CMV), the human elongation factor 1o (EF-1a) promoter, the Drosophila
minimal heat shock protein 70 promoter, the Rous Sarcoma Virus (RSV) promoter, the human

30  ubiquitin C (UbC) promoter, the human growth hormone terminator, SV40 or adenovirus Elb
region poly;adenylation signals and the Kozak consensus sequence (Kozak, M. J Mol Biol 1987
Aug 20;196(4):947-50).
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The nucleotide sequence of the invention encoding an IFNB polypeptide, whether
prepared by site-directed mutagenesis, synthesis or other methods, may or may not also include
a nucleotide sequence that encode a signal peptide. The signal peptide is present when the
polypeptide is to be secreted from the cells in which it is expressed. Such signal peptide, if
25  present, should be one recognized by the cell chosen for expression of the polypeptide. The
signal peptide may be homologous (e.g. be that normally associated with human IFNB) or
heterologous (i.e. originating from another source than human IFNB) to the polypeptide or may
be homologous or heterologous to the host cell, i.e. be a signal peptide normally expressed from
the host cell or one which is not normally expressed from the host cell. Accordingly, the signal
30  peptide may be prokaryotic, e.g. derived from a bacterium such as E. coli, or eukaryotic, e.g.
derived from a mammalian, or insect or yeast cell.
The presence or absence of a signal peptide will, e.g., depend on the expression host cell

used for the production of the polypeptide, the protein to be expressed (whether it is an
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as well as transgenic animals or plants. Examples of bacterial host cells include grampositive
bacteria such as strains of Bacillus, e.g. B. brevis or B. subtilis, Pseudomonas or Streptomyces,
or gramnegative bacteria, such as strains of E. coli. The introduction of a vector into a bacterial

25 host cell may, for instance, be effected by protoplast transformation (see, e.g., Chang and
Cohen, 1979, Molecular General Genetics 168: 111-115), using competent cells (see, e.g.,
Young and Spizizin, 1961, Journal of Bacteriology 81: 823-829, or Dubnau and Davidoff—
Abelson, 1971, Journal of Molecular Biology 56: 209-221), electroporation (see, e.g.,
Shigekawa and Dower, 1988, Biotechniques 6: 742-751), or conjugation (see, e.g., Koehler and

30  Thorne, 1987, Journal of Bacteriology 169: 5771-5278).

Examples of suitable filamentous fungal host cells include strains of Aspergillus, e.g. A.
oryzae, A. niger, or A. nidulans, Fusarium or Trichoderma. Fungal cells may be transformed by

a process involving protoplast formation, transformation of the protoplasts, and regeneration of



fungi (including yeasts), plant, insect, manmal, or other appropriate
animal cells or cell lines, as well as transgenic animals or plants.
Exanpl es wh obacsses i al host cells include granpositive ba®CamK200R as
strains of Bacillus, e.g. B. brevis or % subtilis, Pseudonobnas or
Streptonyces, or grammegative bacteri 2% such as strains of E. coli. The
introduction of a vector into a bacterial 25 host cell may, for instance,
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lines, (e.g. CHO-K1; ATCC CCL-61), Green Monkey cell lines (COS) (e.g. COS 1 (ATCC
CRL-1650), COS 7 (ATCC CRL-1651)); mouse cells (e.g. NS/O), Baby Hamster Kidney
(BHK) cell lines (e.g. ATCC CRL-1632 or ATCC CCL-10), and human cells (e.g. HEK 293

25 (ATCC CRL-1573)), as well as plant cells in tissue culture. Additional suitable cell lines are

known in the art and available from public depositories such as the American Type Culture
Collection, Rockville, Maryland. Also, the mammalian cell, such as a CHO cell, may be
modified to express sialyltransferase, e.g. 1,6-sialyltransferase, e.g. as described in US
5,047,335, in order to provide improved glycosylation of the IFNB polypeptide.

30 Methods for introducing exogeneous DNA into mammalian host cells include calcium
phosphate-mediated transfection, electroporation, DEAE-dextran mediated transfection,
liposome-mediated transfection, viral vectors and the transfection methods described by Life

Technologies Ltd, Paisley, UK using Lipofectamin 2000 and Roche Diagnostics Corporation,



20 perfornmed as described by Invitrogen. Exanples of suitable manmalian
host cells include Chinese hanster ovary (CHO cell lines, (e.g. CHOKI;
ATCC CCL-wb)02/0@8een Monkey cell lines (COS) (e.g. COS 1 ( ATTCOKZBL28650) ,
COS 7 (ATCC CRL-1651)); mouse cells (e. %CLNS/O) Baby Hanster Kidney (BHK)
cell lines (e.g. ATCC CRL-1632 or ATCC 10), and human cells (e.g. HEK
293 25 ](qQ;I'CC CRL-1573)), _as well as plant _cells_in tissue culture.
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precipitation.
The polypeptides may be purified by a variety of procedures known in the art including,
but not limited to, chromatography (e.g., ion exchange, affinity, hydrophobic,

25  chromatofocusing, and size exclusion), electrophoretic procedures (e.g., preparative isoelectric
focusing), differential solubility (e.g., ammonium sulfate precipitation), SDS-PAGE, or
extraction (see, e.g., Protein Purification, J.-C. Janson and Lars Ryden, editors, VCH
Publishers, New York, 1989). Specific methods for purifying polypeptides exhibiting IFNB
activity are disclosed in US 4,289,689, US 4,359,389, US 4,172,071, US 4,551,271, US

30 5,244,655, US 4,485,017, US 4,257,938 and US 4,541,952. A specific purification method is
based on immunoaffinity purification (see, e.g., Okamura et al., "Human Fibroblastoid
Interferon: Immunosorbent Column Chromatography And N-Terminal Amino Acid Sequence”,

Biochem., 19, pp. 3831-35 (1980)). Also, hydroxyapatite chromatography may be used.



The resulting pol ypeptide may be recovered by nethods known in the art. For
exanple, 20 the polypeptide may be recovered fromthe nutrient nmedi um by
convent i owelo2preedures including, but not limted to, cecrmKgat28on,
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depends, inter alia, upon the disease, the dose, the admnistration .
20 The IFNB molecules of the invention can be used “as is” and/or in a salt form thereof.

Sui,table salts include, but are not limited to, salts with alkali metals or alkaline earth metals,
such as sodium, potassium, lithium, calcium and magnesium, as well as e.g. zinc salts. These
salts or complexes may by present as a crystalline and/or amorphous structure.
The molecule of the invention is preferably administered in a composition further
25  including a pharmaceutically acceptable carrier or excipient. “Pharmaceutically acceptable”
means a carrier or excipient that does not cause any untoward effects in patients to whom it is
administered. Such pharmaceutically acceptable carriers and excipients are well known in the
art.
The molecule of the invention can be formulated into pharmaceutical compositions by
30  well-known methods. Suitable formulations are described in US 5,183,746, Remington’s
Pharmaceutical Sciences by E.W.Martin, 18 edition, A. R. Gennaro, Ed., Mack Publishing

Company [1990]; Pharmaceutical Formulation Development of Peptides and Proteins, S.
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ot her therapeutic agents, the serumhalf-life of the conpositions, and the
general hwelolo74sb6 t he patient. 20 The | FNB nol ecul es of t RETIDKo00iI286n can
be used "as is" and/or in a salt formtphereof. Suitable salts include, but
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Thi s observation has inportant inplications not only in the productl on of

| FN® podfiFaiR pelzpeptides whembamirated itpspharmaceutical products.

Accordingly, in a further aspect the invention relates to a pharmaceutical composition

comprising a glycosylated IFNB polypeptide that comprises the substitution C17S (relative to
SEQ ID NO 2), the composition comprising a reduced amount of stabilizer as compared to the
amount required to prepare a pharmaceutical composition comprising a glycosylated IFNB
25  polypeptide comprising C17 but otherwise having the same amino acid sequence. For instance,
the amount of stabilizer may be reduced by at least 50%, such as by at least 75% or an even
higher percentage.
Of particular interest is a pharmaceutical composition comprising an IFNB polypeptide that
comprises the substitution C178 (relative to SEQ ID NO 2), the composition being substantially
30 free from a stabilizer.
The IFNB polypeptide according to this aspect may be any glycosylated IFNB free from
a free cysteine, and may, e.g., by any of the parent IFNB molecules, the polypeptide part of a

conjugate (glycosylated and optionally conjugated to a second non-polypeptide moiety), or a



conplicated), but also with respect to the need of using stabilizers
mnimzing the aggregation 20 of | FNB pol ypepti des when fornulated into
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20 physiological saline solution.

In case of parenterals, they are prepared for storage as lyophilized formulations or
aqueous solutions by mixing, as appropriate, the polypeptide having the desired degree of
purity with one or more pharmaceutically acceptable carriers, excipients or stabilizers typically
employed in the art (all of which are termed "excipients"), for example buffering agents,

25  stabilizing agents, preservatives, isotonifiers, non-ionic detergents, antioxidants and/or other
miscellaneous additives.
Buffering agents help to maintain the pH in the range which approximates physiological
conditions. They are typically present at a concentration ranging from about 2 mM to about 50
mM Suitable buffering agents for use with the present invention include both organic and

30 inorganic acids and salts thereof such as citrate buffers (e.g., monosodium citrate-disodium
citrate mixture, citric acid-trisodium citrate mixture, citric acid-monosodium citrate mixture,
etc.), succinate buffers (e.g., succinic acid-monosodium succinate mixture, succinic acid-

sodium hydroxide mixture, succinic acid-disodium succinate mixture, etc.), tartrate buffers



sui t abl e pharmaceutically acceptable diluents such as sterile water for
injection or sterile 20 physiological saline solution. In case of
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m cr obi eycleirenutidl andBepeatadol ypi cal | y added in anmounts of about 0.2% 1%
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of the other ingredients.
Stabilizers refer to a broad category of excipients which can range in function from a bulking
agent to an additive which solubilizes the therapeutic agent or helps to prevent denaturation or
25  adherence to the container wall. Typical stabilizers can be polyhydric sugar alcohols
(enumerated above); amino acids such as arginine, lysine, glycine, glutamine, asparagine,
histidine, alanine, omithine, L-leucine, 2-phenylalanine, glutamic acid, threonine, etc., organic
sugars ‘or sugar alcohols, such as lactose, trehalose, stachyose, mannitol, sorbitol, xylitol, ribitol,
myoinisitol, galactitol, glycerol and the like, including cyclitols such as inositol; polyethylene
30  glycol; amino acid polymers; sulfur-containing reducing agents, such as urea, glutathione,
thioctic acid, sodium thioglycolate, thioglycerol, a-monothioglycerol and sodium thiosulfate;
low molecular weight polypeptides (i.e. <10 residues); proteins such as human serum albumin,

bovine serum albumin, gelatin or immunoglobulins; hydrophilic polymers such as
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entrapped in mcrocapsul es prepared, for exanple, by
supra.

Parenteral formulations to be used for in vivo administration must be sterile. This is

readily accomplished, for example, by filtration through sterile filtration membranes.

25 Sustained release preparations
Suitable examples of sustained-release preparations include semi-permeable matrices of
solid hydrophobic polymers containing the molecule of the invention, the matrices having a
suitable form such as a film or microcapsules. Examples of sustained-release matrices include
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate) or poly(vinylalcohol)),
30  polylactides, copolymers of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-
vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the ProLease®
technology or Lupron Depot® (injectable microspheres composed of lactic acid-glycolic acid

copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such
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and regulation of “osnotic pressure uman seru mn ranging in
coneent 9 aGemnally; bufifé. rioltuntidsCofifopnmil mM to 50 mM are suitable for this purpose. Examples

of sugars which can be utilized are lactose, maltose, mannitol, sorbitol, trehalose, and xylose,

usually in amounts ranging from 1% to 10% by weight of the formulation.
The nebulizer formulation may also contain a surfactant to reduce or prevent surface
induced aggregation of the protein caused by atomization of the solution in forming the aerosol.
25 Various conventional surfactants can be employed, such as polyoxyethylene fatty acid esters
and alcohols, and polyoxyethylene sorbitan fatty acid esters. Amounts generally range between
0.001% and 4% by weight of the formulation. An especially preferred surfactant for purposes of
this invention is polyoxyethylene sorbitan monooleate. 4
Specific formulations and methods of generating suitable dispersions of liquid particles
30  of the invention are described in WO 9420069, US 5915378, US 5960792, US 5957124, US
5934272, US 5915378, US 5855564, US 5826570, and US 5522385 which are hereby

incorporated by reference.
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chi or of ’'uofocar bon, a y rochl or of | uor ocar bon, hydr of | uorocarbon, or a
hy deoc atrisdeate and soya lecithin. Oleic acid may also be useful as a surfactant This mixture is then

loaded into the delivery device. An example of a commercially available metered dose inhaler
suitable for use in the present invention is the Ventolin metered dose inhaler, manufactured by
Glaxo Inc., Research Triangle Park, N.C.
Such formulations for powder inhalers will comprise a finely divided dry powder
25  containing the IFNB molecule and may also include a bulking agent, such as lactose, sorbitol,
sucrose, or mannitol in amounts which facilitate dispersal of the powder from the device, e.g.,
50% to 90% by weight of the formulation. The particles of the powder shall have aerodynamic
properties in the lung corresponding to particles with a density of about 1 g/cm® having a
median diameter less than 10 micrometers, preferably between 0.5 and 5 micrometers, most
30  preferably of between 1.5 and 3.5 micrometers.
An example of a powder inhaler suitable for use in accordance with the teachings herein

is the Spinhaler powder inhaler, manufactured by Fisons Corp., Bedford, Mass.
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Hayward,” California.” The pharmaceutical conposition of the invention and
t he20 nvadministered sepaditely fitom the IFNB molecule of the invention, either concurrently or in
accordance with any other acceptable treatment schedule. In addition, the molecule or
pharmaceutical composition of the invention may be used as an adjunct to other therapies.
Accordingly, this invention provides compositions and methods for treating most types
of viral infections, cancers or tumors or tumour angiogenesis, Chrohn’s disease, ulcerative
25  colitis, Guillain-Barré syndrome, glioma, idiopathic pulmonary fibrosis, abnormal cell growth,
or for immunomodulation in any suitable animal, preferably mammal, and in particular human.
For example, the molecule or composition of the invention or the invention according to
PCT/DK00/00471 may be used in the treatment of osteosarcoma, basal cell carcinoma, ovarian
carcinoma, cervical dysplasia, cervical carcinoma, laryngeal papillomatosis, mycosis fungoides,
30 glioma, acute myeloid leukemia, multiple myeloma, Hodgkin's disease, melanoma, breast
carcinoma, non-small cell lung cancer, malignant melanoma (adjuvant, late stage, as well as

prophylactic), carcinoid tumour, B-cell lymphoma, T-cell lymphoma, follicular lymphoma,

Kaposi’s sarcoma, chronic myelogenous leukaemia, renal cell carcinoma, recurrent superfiecial
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VBMCP, Béithdent wBMCROY. Hi Q/, or for renal carcinoma nonot herapy or in

conbi nation _w th _Vinbl astine, roxrldlne or uour aci | IL- 10. In
particul ar tHe2 EG&P@%& ﬁ{%%rﬁeaﬁ‘ﬁ BPHP‘F?@ ‘i IP%ﬁW?éVn@élau’é’ﬁd for the
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conbi negmbidthTRe mammal is preferably a human being. The mammals to be treated may suffer from

any of the diseases listed above for which interferon B is a useful treatment. In particular, this
aspect of the invention is of interest for the treatment of multiple sclerosis (any of the types

25  listed above), hepatitis or cancer. Furthermore, the invention relates to a method of making a
pharmaceutical product for use in treatment of mammals having circulating antibodies against
interferon P 1a, such as Avonex™ or Rebif®, or 1b, such as Betaseron®, wherein a variant of
the present invention which has reduced reaction or no reaction with such circulation antibodies
(e.g. the reaction is reduced by at least 25%, such as by at least 50%, and preferably by at least

30 75% such as about 100% (i.e. no reaction) is formulated into an injectable or otherwise suitable
formulation as further described above. The term “circulating antibodies” is intended to indicate

antibodies, in particular neutralizing antibodies, formed in a mammal in response to having



treatment with IL-10). In a further aspect the invention relates to a

nmet hod of treating a mammal having circulating antibodies against |FNB | a,
such as AvorenTsber Rebif(r), or |Ib, such as 20 Bet aser on@Cx/DKsRioat28 et hod
conprises adm nistering a variant of t%g i nventi on which has a reduced or
no reaction with said anti bodi es. The npound is adm nistered in an
effective anount. The manmal is preferably a human being. The mammals to
be treabesy traaiedsvifl eny ¢ftherroramercitllytayailahle Proparpties ﬁ%‘(‘%feBP@?ef%i ch
interfekggnéx is a useful treatnent. In particular, this aspect of the
invention is’of interest for the treatnent of multiple sclerosis (any of
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“circulating antibodies” is intended to indicate antibodies, in particular
neut r al felatespfoarphatnatientical compesitiomusefuldomsuich ngatmesponse to havi ng WO

02/ 074806 PCT/DKO2/00128..67 been tireated wth any. of the rcial

avall abl o | FRSSSPRIsEI R is e ARG ProbRleSEalne R ik R R Tirknhf e
aspect {nRentichviartleh®thek HlydppBcationd Iphticalagfit haEBé bhatedesp ) bR M nuclkotiged of
treatment with a pharnmaceutical conposition with at |east sonme of the

t her apesagoerdel spcoring pelyarptids asdeysaibed istheseqtionpbee eptitlgd p¥arians wathi f er i ng
from ?”?ﬁﬁ%’efasé gy &l Sﬁ%ﬁ%%ﬁ%aﬁﬁ%ﬁ%%&‘ﬁ% ABHE il Sub diGRIAR! & ‘Wa{iLaﬁt’é'B)
conpristng a ISt er Ng a conposi tI'on conprising a variant of €

i nvent i @hichser thsiohgabieBiR?. Thr\lywsyleteicefthe polypepides isatlveschéevpd dating thgi cal
effects as, conpared. to treatnent with current comrercial | FNB prgdéjcts.
In & stfeurseqfithe aenedbprapy, ienalior gynsesiomnot the pusleetidesequenpe ithe Bumpe pdy-

conposi tion Hapd erra%&%g@fé&ﬁoﬁg St bted llgzhfdestpeaﬁﬁgﬁt%fﬂi[o%% 8fleds8s #SPnieh 1R

nucl eoti de sequence Ing a po eptide variant o rnvention in
gene t hpslgpaptidpid éxpatied nsprovideparcticctiseatherapy dumty itseantiviralrictvies te. g ovitsbe a

nucl eoti de seqguepce, encodi ng a pol ypeptide as s¢ribed in the section
Above. efierisradolying hredtase o pher kB Lo ang Pydulprx by or it RGERE v t b
speci T §saftbdi@a ges?Hﬁ’s%é foUFNBGY infREtionépbRB kénsitia!t6 TFRB! FirtRiAbre, the
proteins”. The glycosylation of the pol ypéeptides is thus achieved during

t he2d5 cajugate of palymeptide ef thia dreeption inag be akedein thx peatmenionf chfonihiaflanslat@yi de

sequence | nthe, huren body. cehe Lhetapy appllcatl ans, SQNIEIl aligd Jng! ude
therapy in connection with the treatment of any MS type is contemplated. Similarly, this
invention contemplates gene therapy applications for immunomodulation, as well as in the
treatment of those diseases in which IFNB is expected to provide an effective therapy due to its
25  antiproliferative activity, e.g., tumors and cancers, or other conditions characterized by
undesired cell proliferation, such as restenosis. A further description of such gene therapy is
provided in WO 95/25170.
Local delivery of IFNB using gene therapy may provide the therapeutic agent to the
target area while avoiding potential toxicity problems associated with non-specific

30  administration.

Both in vitro and in vivo gene therapy methodologies are contemplated.



pol ypeptide is expected to provide an effective therapy due to its
antiviral activity, e.g., viral diseases, including hepatitis such as
hepatiti swG,02andoparticul arly HPV, or other infectious dipsgasgg/ovhat are
responsive to I FNB or infectious agent 8senS|t|ve to I FNB. Furthernore, the
20 conjugate or polypeptide of the invention maybe used in the treatnent of

chroni c i nfl ammat.or eI i atl n adi cul aneur opat of severe
necroti si ng ﬁYeéﬂéB?v} O‘S erﬂf‘% 0&5{%%‘@ %F‘f‘i'@?‘éﬂfygqnﬁsp@dﬂ’ﬁ&ﬁ‘f?“gh with the
treat m?&}gﬂ&tﬂﬁ@hé\ﬁlﬂp eFdr%mwtrﬁewnaé &4, ¢.81 NidIBgdnY +ThdBasic Sa&?d%t(bmene

contenpl a ene therapy applications for i munonodul ation, as well as in
the tr &hempyi f, Scfencdy 366, np. 9268 &£1993) \iieshrmiethgs u@llei@pect ed to provide an

e R AR, ST Bl I

prolsfe[»ﬁisbmnvwhs@&lde@ave%osués -68 (fogoy:her descri ptlon of such gene
therapy is &ow ded in WD 95/25170. Local_ delivery of |FNB usi ng gene
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transferri n?&?ot entl ally therapeutic genes to defined i(_;lel I popul ati ons are
known. Huang; ‘eh NeveldeatiogicgLipogame Repgsnt Fordifipgat Tranglectipaeofor

Ceng, TRELARYian fserﬁl%che%flsﬁlo sR%% Oe%grim ;98@%& 6'@§§ giag:hods incl ude:

Diréect gene trans |sc , ""Direct Gene
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Cationic L| pMlﬁemtedZBNﬁEﬁans&reSmhmbms‘ﬁmses owludé adqv@vivamal i an

rot v (TR AT AR FrSedoreaibm pheypes viBRes GrsTiyaBly o aimple wirus baspd,

vivo Geosct&la)% raﬁwal%vﬂd@s!@ahbﬁet@ gB‘de?éb‘éfR@P Gﬂﬁbrpﬁft&ﬂcﬁ‘ﬁo GlrbPbastd Factor
| X- Defi ci ent” Dogs", Science, 117-19 (1993); Anderson, "Human Cene

Ther apyVCCt@@J mﬂmeprefwbly gbng@asor.@( uys ‘basqiyEctary, meoshprefesetd Am&thaa%f er.
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vectors), es (pre era herpes sinplex virus base ors)

and par mwapyl,se@p (meﬂmam Usd@?@mwand US 5)039,941 ononous  par vow r us based
vectors, nore preferably adeno-associated virus based vectors,
prefera bl y AAbe mvgpiienis Turther described in the following examples. The examples should not,

in any manner, be understood as limiting the generality of the present specification and claims.

MATERIALS AND METHODS

25  The present section is relevant for the parts of the disclosure relating to PCT/DK00/00471 as

well as the disclosure relating to the present invention.

Materials

HeLa cells — (available from American Type Culture Collection (ATCC)
30 ISRE-Luc (Stratagene, La Jolla USA)

pCDNA 3.1/hygro (Invitrogen, Carlsbad USA)

pGL3 basic vector (Promega)

Human genomic DNA (CloneTech, USA)



vectors). See, e.g., Ali et al., "The Use O DNA Viruses as Vectors for
Gene Therapy", Gene Therapy, 1, pp. 367-84 (1994); US 4,797,368, and US
5, 139, 941w020/0T48e6 i nvention is further described in the fecroxmgoesanpl es.
The exanpl es should not, in any manner,, be understood as limting the
generality of the present specificati off%and clai ms. MATERI ALS AND METHODS

25 The present section is relevant for the parts of the disclosure relating
to PCT/ 5&@@0&¢mma@ulhvépq s Yodified Bagle Media @MEMa: 1 Hg fetal hayineseasnt

i nventi . | & | Siq- Ll ab Anerican Type Culture
Col | ect ?%%ll%ﬁérg&kn%@%TF%é@o%ﬁé ‘f/gt (rjga}g age%egl,’ bﬁgﬁl ofl a USA) pCDNA 3.1/ hygro
(I'nvitrogen, Carlsbad USA) pG.3 basic vector (Pronega) Human genom c DNA
(d oneTech, USA) WO 02/074806 PCT/ DK02/00128 69 DVEM nedi um Dul becco's
Modi fi eASE¥§l e Media (DVEM), 10%fetal bovine serum (available fromLife
Techpol ggi8s.AVASsayOREARagen, Denmark) Assays 5 Interferon Assay Qutline
It has previousliy been published that IFNB interacts with and activates

| nt er f eftdns pygyeusly bees ppblished tat BEYR intetacts witoaslegtivates Interfaremiypepti on is

activated at pr er s cqnt ai ni an ILnterferon, Stinul ated Response

Bl ement FCPRREOn el elsGenssade Eehsgriniands o B1ede BTEe &S PRI er on
r ecept Olifteifol SAmiat@ 1R bspOhsCRleRIRNISRE). 6k ARR poSHBIE & Scré&@i®r bgophdes bEIC) |
placed in io0o HeLa cells. Prinmary Assay HelLa célls are co-transfected with

| SRE- Luinterfrdop Gopptos by usg 9f en ASRIE touled ieiferasd ispedgr gene (ISREeue)nlaged in

sel chti %'n I n 1 M nmedi a contai ni ng Hygronmycin B. Cell clones are screened
for 1915 CBEIC? rase activity in the presence or absence of | FNB. Those

cl ones showi ng the highest ratio of stinulated to unstinulated |uciferase
activity are used in further assays. To screen nuteins, 15,000 cells/well
are seef@marndsgywel | culture plates and incubated overnight in DVEM

di a. i I h
vl 1 o i HaEa PRI e BLoTHIEOEE naR 18R R pCRIR 2 RA0 g P (RHARfneh Pl IO
37C in erehtéd GGRelaktion%A TVIEDS plediacohtaiiing HygtosicimBeCélPalokey ste Biroanilduce,

G oni ngen_ The Net her |l ands is subsequently added to _each well. Plates are
S eallédg&l%felfaﬁ‘?ﬁ‘i’ﬁiéf% anthe H’F@s)%{?ﬁ @&bg?pcs%lij‘é@@%ﬁmose clones showing the highest ratio

of stimulated to unstimulated luciferase activity are used in further assays.

To screen muteins, 15,000 cells/well are seeded in 96 well culture plates and incubated
overnight in DMEM media. The next day muteins as well as a known standard are added to the
cells in various concentrations. The plates are incubated for 6 hours at 37°C in a 5% CO; air

20  atmosphere LucLite substrate (Packard‘ Bioscience, Groningen The Netherlands ) is
subsequently added to each well. Plates are sealed and luminescence measured on a TopCount
luminometer (Packard) in SPC (single photon counting) mode. Each individual plate contains
wells incubated with IFNB as a stimulated control and other wells containing normal media as
an unstimulated control. The ratio between stimulated and unstimulated luciferase activity

25  serves as an internal standard for both mutein activity and experiment-to-experiment variation.

Secondary Assay
Currently, there are 18 non-allelic interferon o génes and one‘ IFNB gene. These
proteins exhibit overlapping activities and thus it is critical to ensure that muteins retain the
30  selectivity and specificity of IFNB.
The B-R1 gene is activated by IFNB but not by other interferons. The transciption of -
R1 thus serves as a second marker of IFNB activation and is used to ensure that muteins retain

IFNB activity. A 300 bp promoter fragment of B-R1 shown to drive interferon sensitive



| um noneter (Packard) in SPC (single photon counting) node. Each individual
plate contains wells incubated with IFNB as a stinulated control and other
wel | s cormwaimiomgoegior mal nedia as an unstinul ated contr ol PCTIKmadiI20

bet ween stinul ated and unsti nul at ed Iu&iof erase activity 25 serves as an
internal standard for both nutein actiVvity and experinent-to-experinment
variation. Secondar {\éAssay Current Izv)1 there are 18 non-allelic interferon

a genes traprgripfien (Ramp M et 22D JB6r TAlel284822B% bl Vaielated byiltR fem; Rmanes

and thug it .i ithcal r . ' [ 30nsel ectivity
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ot her i Rl @6diREA0Eend Reistd MESdyR sirhitar@b tHePrinhilry biudg derribesd abwealnsecond
mar ker of I FNB activation and is used to ensure that nuteins retain | FNB

act i vi t gstroayt®en defis,phoreselting BrRbiusiferase geerns bppngeseibedrtp vhow @ faldr on
sensitiye WO 02/.0748 / DKO2/ 00128 0 transcription (Rani. MR et al
(199%) rﬁﬁ%ﬁ‘é‘%t‘g[%@&%[‘%%l oy @dﬁﬁ?}eﬁ Off’%ﬁn hurrag genonmi ¢ DNA and
inserted into the pG.3 basic vector (Pronega). The resulting f3-

Rl:luciferase gene is used in assays simlar to the prinmary assay descri bed
above. ERISAstsapocytoma cells, the resulting (3-Rl:luciferase gene has been

d i bed to,.show 250 fol i.gh itivity to |ENB than.to interf
2 CRan et alte gheampgnon PR S S ARRELE R etk R o o "
quant i t ahRendiésdySPBYS BRnfeABAEL s oRtos &) WekCBrunswidK ORI 58Y). (RBLit B wivedlog al

Laboratories, New Brunsw ck, NJ, USA). The kit is based on io an ELISA
wi t ho o am EL v withonere chomial morse- antiakiiN-P adiieasligsdor epiehing angl datertign 08 BtN-Grinof

IFN-(3 [n test s l,es.. The .detectin ntibady is conjugated to biotin.
Tests stﬁ%ﬁagg’ﬁeénﬁﬁ?g%tﬁmg O‘i?'dr?xfﬂm% e%!tqglfl ﬁ‘ﬂiard are added in 0.1 nL in

concentrat i ofstf £AB1dOa EeorSihitk HupalTENGS thslarPhrdle88ed RIECRALRD W th
catching anti body. 'The plates are incubated at RT for 1 hr. Sanples and

st andar comestrationsifrech 10:0R5tngdhL o inderotitef pletes, (irconked \pittlacai_dﬁag altih@_dhéﬂld n
he kit butfer, and incubated i h U b oL 21, 4ot ect g, AQth200y 11

str %ﬁt avi di nTRopRekAM iRl X iHdageoulfp Bhd BRS¢ EwAR BRbibtatdd Bbtectig
i ncubated for 1"hr at RT. The reaction is visualised by addition of 0.1 nL

Tet r anetitjiods iz Ddimk f¢rTVB) at Rilb S ftes mpothetivahsbestrepfvidipiharsemdishperpridassat ed
for 15 mnutes.in.the rk at,.RT .an he.re ion is 20 stopped by addition
of stop%@”ﬁ%> ﬁﬁadﬁ‘ﬁlél (gﬁgﬁ‘r %gguqage%rttgﬁghﬁ?tﬁmm usi ng an ELI SA reader.
Recept or bi ngho a8 visiali sl idaitionl 7ol INAL CRipakiethylbengidind (TMB)epitrade or

conjugate of the invention can be . . Lo
chromogen. The plates are incubated for 15 minutes in the dark at RT and the reaction is

20  stopped by addition of stop solution. The absorbanse is read at 450nm using an ELISA reader.

Receptor binding assay
The receptor binding capability of a polypeptide or conjugate of the invention can be
determined using the assay described in WO 95/25170 entitled “Analysis Of IFN-B(Phe;o;) For
25 Receptor Binding”’(which is based on Daudi or A549 cells). Soluble domains of IFNAR1 and
IFNAR?2 can be obtained essentially as described by Arduini et al, Protein Science, 1999, vol. 8,
1867-1877 or as described in Example 9 herein.
Alternatively, the receptor binding capability is determined using a crosslinking agent
such as disuccinimidyl suberate (DSS) available from Pierce, Rockford, IL, USA as follows:
30 The polypeptide or conjugate is incubated with soluble IFNAR-2 receptor in the
presence or absence of DSS in accordance with the manufacturer’s instructions. Samples are

- separated by SDS-PAGE, and a western blot using anti-IFNB or anti-IFNAR?2 antibodies is



determ ned using the assay described in WO 95/25170 entitled "Analysis O

| FN-J3( Phei oi) For 25 Receptor Binding"(which is based on Daudi or A549
cell s). Sabukloetsdeonmai ns of | FNARI and | FNAR2 can be obt ai med/mageont28al |y as
described by Arduini et al, Protein Sciﬁnce, 1999, vol. 8, 1867-1877 or as
described in Exanple 9 herein. Alternatively, the receptor binding

capability is_determ ned usjng.a | i nki n ent  such as. di succi.ni m dyl
suber at EGYE(OB@S‘BI d?_rFS&BFeeO#I' %‘Hgtﬁ?r@ﬁé\?ﬁ %@E?@%&%%Pﬂgat@slﬁc%tm‘f IBFelr?ﬁﬁé’p %30 The
pol ypep&eﬂp%n v GPHCHAEL £ the nldlbRtBE oMdebhtsPAddirH ANARpRséReePDYs. i n the

presence or absence of DSS In accordance with the manufacturer’'s
i nstruct i ons FuSherploes, asaressliskipg assag using a oSl orandjugatees therinvésition apdi ng

anti-1ENB or anti-IF i,bodi i,S, VWO 02/ 07 CT/ DKO2/ 0012 71

per  or gl PepREIE e BF L A OFR RS PRl BT RE i ltinaine

r ecept ofyifift B B&ldoRRectiDn iARRBENHubEhENhhiTENEE S viftisidify Mbdr@E WhiBffedh e Of
receptor and FNB i1 n the presence of DSS. Furthernore,” a crosslinking
assay UHINAR-2 quoipipeistfonireddMagenjangh bk, Jofirnahef Intevfendn and Gytdkibe Riasqasghept or
subuni tf ié{l\%l | FNAR-2) can establish Interferon receptor 1 binding
5 abili %/ % i & nnection it has been published that |IFNAR-1 binds only
after ap, ; LT k iSesf or med (Mbgensen et al .,

Sour nat Tl Bk rg%éﬁk%toﬁ%ﬁ@gs%gchef 19: 1069- 1098, 1999). In vitro
i mmunogeni ci Rgduced iramohogenicityfoflamonjugate on polypeericRé thecioderitiomindgemiined y  of

a conjugate qr | ypeptjde of the jnvention |.s.determned io u of an
2L 8 o e R o R e P AUEER TSPl REDE GhGgHe & RV PBIBept | de
rel ati V@jkiQe fo & RIFGERACH01EBLIE G bfepRfatibh. e rafel@Be mbRuletr Préparfionnd ecul e or
preparation is normally a reconbi nant human | FNB preparation such as

Avonex, ndRelally agecoBdtinan human &F NB amertabadion seduasph vienek, Rehibor Betag@ras, epar at i on
pr oduced a net hod ui v t to t.he hese praducts,are de. The
B S it o<y Bt AR peseeipf afficrd BrF Beliod gl aH § 48%Gke o
these r@eQhbMam ark iNAePTIRPBLESA fdfhod T§6askd bR BRI i fiom batiaeedag@redht o be
reduced when the conjugate or pol ypeptide of the invention has a

st at§ st oneaifithess irepantinamh IFNB wesparatiops ide impane grni¢itysis ponrsidaied oderedusednce

| I ; _ et g ‘s b
voe or apLnBBRALRD P RohHSE TR IROR kol MR e OUIGGEE st © ™
pr oduct i therasdny thaakiegResenmsiecdl®ot fraparsteacr i bed by 20 Ross et al. J.

din Invest. 95, 1974-78, 1995. In the antiviral neutralisation bittrggégay

reduced i nmufBeiben methyd pédeprmaining imgpmegenisibhis byse AL sra Fomamfieya t he

| nvent | gty BiNBaL L Sl SR rciGORRE SahA) B MankRBu! ALEILRE fal Bty

Furt hernore, Irochem ng asSay a l[ess I nmunogeni'c
conpugaRessies ak X @i Brvesto9fi19d4478, pRASL Bnthe hoiiyitab nenttadisstéon lerassayt retlhaed

immunogenicity results in reduced inhibition of a conjugate of the invention by patient sera

compared to a wt IFNB reference molecule. Furthermore, in the biochemical IFN binding assay
a less immunogenic conjugate is expected to bind to patient IgG to a lesser extent than
reference IFNB molecules.

25 For the neutralisation assay, the reference and conjugate molecules are added in a
concentration that produces approximately 80% virus protection in the antiviral neutralisation

bioassay. The IFNB proteins are mixed with patient sera in various dilutions (starting at 1:20).

Antiviral activity A
30 The antiviral bioassay is performed using A549 cells (CCL 185, American tissue culture
collection) and Encephalomyocarditis (EMC) virus (VR-129B, American tissue culture

collection).



reference | FNB nol ecul es. 25 For the neutralisation assay, the reference
and conjugate nolecules are added in a concentration that produces

appr oxi mewelog/0839 vi rus protection in the antiviral neutr 2CToao02om28

bi oassay. The IFNB proteins are m xed with patient sera in various
dilutions (starting at 1:20). AntivirdP activity 30 The antiviral bioassay
is performed using A549 cells (CCL 185, Anerican tissue culture

col | ecti on) %Thecdlscepimiedindawdl tissse CENEE platesia a(CoReebBaton #iE;00an ti ssue
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i s neasUed fraggel gultnres w26 hossay. 0.01 ml WST-1 (WST-1 cel|l proliferation

agent, Roche,l agnhosti .0 GrbH nphei r is. added to 0.1 nL
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cl eavagssigg the ST AL 4588010101 th B WS TWEW IT-heelliph1EBRKGH bgdnt, Risdhy iggRBaGes in
viable cells results in the formation of formazan that is quantiftied by
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| nt er f i L. | , al i si
e AR PRa 08 1 SR (BP9 W ARoOEMg) | o1 10

assay. &hydrdgendaves fiNBable eellse@dsylitih et formiitidor afffotnianan iise i @uantifiedbyar e used.
Sera are added _ either in a fixed concentration (dilution 1:20-1:500 (pt
sera) omesyriggtheabspabapssAtdal "8kra)) or 20 in five-fold serial dilutions -
of sera starting at 1/20 (pt sera) or 600 ng/nL (animal sera). IFNB is
added either in five fold-dilutions starting at 25.000 UL or in a fixed
concent Nettirdiivafién af dddivity b bterfaron Stimokiedd Respenve FiémB0 (TSBEFNssapdi um + 10%
FCS. The ser i ncubat ed for hr.. t 37C with I FN:-(3 anpl es are
Chen t1anef 61RO negTasmeE SEiegsaRantiIF S@rap?ra@e@yae&rﬂsggrﬁlﬁmiag@%rﬁﬁ% 25
transf egiQflyWidah. | SRE-Luc grown from 24 hrs before (15,000 cells/well) in

DVEM nedi a. ~ The :
Sera from IFNB treated patients or from immunised animals are used. Sera are added

either in a fixed concentration (dilution 1:20-1:500 (pt sera) or 20-600 ng/mL (animal sera)) or
20  in five-fold serial dilutions of sera starting at 1/20 (pt sera) or 600 ng/mL (animal sera). IFNB is
added either in five fold-dilutions starting at 25.000 IU/mL or in a fixed concentration (0.1-10
IU/mL) in a total volume of 80ul DMEM medium + 10% FCS. The sera are incubated for 1 hr.
at 37°C with IFN-p.
The samples are then transferred to 96 well tissue culture plates containing HeLa cells
25  transfected with ISRE-Luc grown from 24 hrs before (15,000 cells/well) in DMEM media. The
cultures are incubated for 6 hours at 37°C in a 5% CO, air atmosphere. LucLite substrate
(Packard Bioscience, Groningen, The Netherlands) is subsequently added to each well. Plates
are sealed and luminescence measured on a TopCount luminometer (Packard) in SPC (single
photon counting) mode.
30 When IFNB samples are titrated in the presence of a fixed amount of serum, the
neutralising effect was defined as fold inhibition (FI) quantified as EC50(w. serum)/EC50 (w/o

serum). The reduction of antibody neutralisation of IFNB variant proteins is defined as



cultures are incubated for 6 hours at 37Cin a 5% CO2 air atnosphere.
LucLite substrate (Packard Bi osci ence, G oningen, The Netherlands) is
subsequenwby2adges to each well. Plates are sealed and | icirmageenre
measured on a TopCount | um noneter (Pagéard) in SPC (single photon
counting) node. 30 Wien | FNB sanples ar'é titrated in the presence of a
fixed amount of serum the neutralising effect was defined as fold

i nhi bition (FlI) quanti Flesfiaas EC50(w. serum)/EC50 (W o serun). The
reduction of antipody neutralisatiogxqbonyB variant proteins is defined as
WD 02/ 074806 PCT/MDKO2/00128 73 Fl‘varrant (1 - ) x 100% FI w 5

Bi ol ogi cal half-life nBasyrenment of a PEG - | FNB conjugate or gl ycosyl at ed
| FNB variants Measurenent of biological half-life can be carried out in a
nunber of ways described in the literature. One nethod is described by

Munaf o . | _-of ur -193),
who. selleltied! PRICRE PRasPLRDR o AIrR SIPNB Ik or MePAROITRE BfhBS) . s
and i nt r anusMehaureracmi ofibidlogital dialfdife c&NB: catfeditne in apuchbeect easalesdribed NB
serum congentrations after j.v, Lnistrati has de jt .. .i rt to
cval at oG O abpb e ingd PR St Rop R UERL PENPEREH EBARI ot e
t hat | iti}?ogssqgalsus g9§’7-Q@3BwaVoh%e@ HEBEINA hRvRRth ABted deburh B4RIsRITTFRREE: Ser um

hal f after”i.v. admnistration naking It possible to neasure by
e. g. ansubchi@teonstahd dntomusgulahalnpnistration oSlENELNi ng assay. 15 Di fferent

phar macodynam c ers (e erum neupt er.i n d. beta2 m crogl obulin

ave ol so” bolhe EOULAGHAEH B SE RS na B EL oy AapaaHhg e,
equal | YitRirfanP® dvaRte BiSlogieal fddioRsdd 1o TPNBarkafhétt Odbweler &fib B6ritempiaRd ehat
experinments may al so be carried out in suitable aninmal species, e, g. rats.

Assays the cagjvgates ofidbepreseaighvention wild beve prplongeibsesumthal{difegalsa/affefi.v.
tiproljferati. d 20 j duyl at ff j ine.g.
Annal s iR pRRhs ot RS TREURS s B ETTAR n@Rod SOR BBl 1 T (e

pri mar yscadwhirpesseaidary screeni ng assays described herein to evaluate the
bi ol ogi cal efficacy of the conjugate in conparison to wild type | FNB.

Findi |y an aPRiffepntmbgenacedymamis magkers (rensaiun napteriavand beg misroglabulithnune
A P ) ;
cony ngp /BT icks stdf{cR R Te SREAT00 AR (H 2R PhosE uthl iR e Ye Bed

i Muni zetévaluaw prblonged biologicahyffddt.ITides expetnentteiynasebé cirtisd owt inlbwiebie
m m cking the mpjority of the inflamatory and neurol ogi c features of
nul t i pl @umal species, e.g. rats.

Assays to assess the biological effects of IFNB such as antiviral, antiproliferative and

20  immunomodulatory effects (as described in e.g. Annals of Neurology 1995 vol 37 No 1 p 7-15)
can be used together with the primary and secondary screening assays described herein to
evaluate the biological efficacy of the conjugate in comparison to wild type IFNB.

Finally an animal model such as the commonly used experimental autoimmune
encephalomyelitis (EAE) model can be used to establish efficacy of a conjugate or polypeptide

25 of the invention. In the EAE model immunization with myelin or myelin derived proteins elicits
a disease mimicking the majority of the inflammatory and neurologic features of multiple
sclerosis in humans. EAE has been used in mice, rats, rabbits, and marmosets (Cannella et al.
PNAS, 95, 10100-5, 1998, Zaprianova et al. Morfologiia, 112, 25-8, 1997, Hassouna et al.
J.Urology, 130, 806-10, 1983, Genain & Hauser J. Mol. Med. 75, 187-97,1997). Other models

30  include Theiler's murine encephalomyelitis virus (TMEV) model (Murray et al. J.Neurosci. 18,
7306-14, 1998). will be used to establish efficacy of the IFNB conjugate.

Accessible Surface Area (ASA)




sclerosis in humans. EAE has been used in mce, rats, rabbits, and

mar nosets (Cannella et al. PNAS, 95, 10100-5, 1998, Zaprianova et al.
Mor f ol 0giw@,0201@8p6 25- 8, 1997, Hassouna et al. J.Urol ogy, PC3MKB061280,
1983, Genain & Hauser J. Mol. Med. 75, ,187-97,1997). O her nodels 30
include Theiler's nurine encephal onyel itis virus (TMEV) nodel (Mirray et
al. J.Neurosci. 18, 7306-14, 1998}% w ll be used to establjsh efficacy of
the | FNB conjThgaemputerprogrnyhecess (B.dess and FaMBighgrdnd. M?lé#zﬂeéé 379-400

Vol . B of 9 A0 i3 (s RBEU 205 PUBRTAMAAREASE. b b Binhlif e defigiier o, .
Un| ver skiirfgcearea (AS) dfdamdnwtml itbms ac thessuttuee. Thisrmhethed gpially ASA)a prbba-he
of 1. 4pSigh ol R meIelEs e ACSEPINGSuthor ATES () 9hsrea ford by BB AL by
the 96['&{]338% PribPf MiARRuldoh all V\t/d?ertrﬁblécﬂ% il a@ltﬂ&liaﬁ)%'éwatd&\ﬁst RE rdRbRAU! es

and al rogen atons are renoved fromthe coor ate set, as are ot her
at oms niiondfhe ectrdinateeded tas dre whertatoms netaiirectlyrtdlaseditot the protginofyiternativer e

& aph g &8 AVIAnErr soinptiit ALY v 5 GO BREA SIATEG Yrgih ) MPL R o
htt p: //54 b%s es:ﬂabs RdRichiey Sv-alahisar HRWH WiieRasy d:ome7//ehiftdmbl CABI OS

(1998) 8.) using the option io Accessibility to calculate the

accessi bbldehbﬁﬂgabéﬂearer% (R Rodriguazresof. |C@%BIHOSNSR9&)‘ JE |5aér58&éuﬁmg the @ptigat i onal
ASA of the si IVI sion of the sumof the ASA
of the éffﬁ’?ﬁlbﬂﬁyf ﬁ%qlagga%eﬁgfﬁs@fe[n;ﬁufgc@ F%presentl ng the ASA of the

side chain atons 15 of that residue type in an extended ALA-Xx-ALA

tripeptide. See Hubbard, Canpbell & Thornton (1991)
J. Mol . BEtactions AS¥yobside claam thi s exanple the CA atomis regar ded as a part

f th d .aSi t.
The. fol & ow ndtt agristiieo e SR8 AMEBhilin ahotifd bl BRGGHRL e Reh TR o°-
Al a 69. 23 AA3f thdaen(a tEéSsMQchaﬁSmthQ&aﬁiél@preMnngﬂ% ABAAT theGyde @@intAoA2 G n

140.58 A2 Gu 134.61 A2 dy 32.2812 Hi s 147.001
15  of that residue type in an extended ALA-X-ALA tripeptide. See Hubba;rd Campbell & Thornton

(1991) J.Mol.Bi01.220,507-530. For this example the CA atom is regarded as a part of the side

chain of Glycine residues but not for the remaining residues. The following table indicates the

100% ASA standard for the side chain:

Ala 69.23 A?
Arg  200.35A?
Asn  106.25A®
Asp  102.06 A®
Cys 96.69 A2
Gln  140.58 A?
Glu  134.61 A®
Gly 32.28 A?
His  147.00 A?
Ile  137.91A%
Leu  140.76 A®
Lys 162504
Met  156.08 A* -
Phe ©  163.90 A®



Ile 137.9112 Leu 140.7612 Lys 162.5012 Met 156.08 A2 Phe 163.9012 WO
02/ 074806 PCT/ DK02/00128 75 Pro 119.65 A2 Ser 78.16 A2 Thr 101.67 A2
Trp 210. 890A2/074By¢ 176. 61 A2 Val 114.14 A2 Determ ni ng sicCrag@eapssed
am no acid residues The three-di nensiomgl crystal structure of human | FNB
at 2.2 Aresolution (Karpusas et al. Proc. Nat. Acad. Sci. USA (1997)
94. 1181%;01181{319'@589/& | able fromthe Protein Data Bank 5 (PDB) (Bernstein
et.al. J. Mol. B (1977) 112 pp. 535) and electronically available via
The ReSearch ™16 Aboratory for Structural Bioinformatics PDB at
http:// . pdb..orgk,under accession code 1AUlL. This crystal structure
cont ai n% 'We?fe‘ﬁdent nol ecul es of human |IFNB in this exanple the A
nol ecul q«gjs Usffigg A20 Surface exposure: Using the Watlf program as
described above the_follow ng residues were found to have zero surface
accessi byt i t y1T6o61 Aheir side chain atons (for Ay the accessibility of the
CAatoinE U@gpf &7, N14, Cl7, L21,144, A55, A56, T58,159, M2, L63, L98,
L122, Y135, 11 ‘L 33, Al42, W43, V146, 1150, N153, 1157, L160, T161, and
L164. 15 Fractional surface exposure For further analysis it was necessary
to renodel the side chains of residues R71, R113, K115, LI 16, M 17 due
SN HR ST Qs e ARINO; aslf! 1gsIguefone usi ng Model er 98, MSI | NC.

‘ psurfate expasad afe
the. romodel 186 ARG Sai o R Ao iRy PRE s SRR akafiRe 4T, "

excl udi pp Ptde Nk, |AJal eSti 20S AU B297) 90 188 Y- 11 8k aedldble frbia thoPlotth Dytd Baikdues
havi ng nore than 25% of their side chain osed to the surface: S2, M4,

L5, o, (1195) @emste gt alrLMoloBipl (1877)HE, pows35) and plectppicallygvailaployia B

Goa. nobs i Bl ol e Bbiofm R OB i el (32

HI3, accession code 1AU1. This crystal structure contain two independent molecules of human

IFNB in this example the A molecule is used.

10 Surface exposure:

Using the Whatlf program as described above the following residues were found to have
zero surface accessibility for their side chain atoms (for Gly the accessibility of the CA atom is
used): G7,N14, C17,1L21, 144, A55, A56, T58, 159, M62, L63, 1.98, 1122, Y125, 1129, L133,
Al142, W143,V146,1150,N153,1157,L160, T161, and L164.

15 Fractional surface exposure

For further analysis it was necessary to remodel the side chains of residues R71, R113,

K115, 1116, M117 due to steric clashes. The remodelling was done using Modeler 98, MSI
INC. Performing fractional ASA calculations using the Access computer program on the
remodelled IFNB molecule (only including the amino acid residues and excluding the N-linked

20 ° sugar moiety) resulted in the following residues having more than 25% of their side chain
exposed to the surféce: S2, N4, L5, F8, L9, R11, S12, F15, Q16 Q18, K19, W22, Q23, G26,
R27,1.28, E29, Y30, L32, K33, R35, M36, N37, D39, E42, K45, Q46, 147, Q48, Q49, Q51,
K52, Q64, A68,R71, Q72, D73, S75, S76, G78, N80, E81, T82, E85, N86, A89, Y92, HI3,
NO96, H97, K99, T100, E103, E104, K105, E107, K108, E109, D110, F111, R113, G114, K115,

25 L116,S119,L120, H121, K123, R124, G127, R128, L130, H131, K134, A135, K136, E137,
Y138, S139, H140, V148, R152, Y155, N158, G162, Y163, R165, and N166, and the

following residues have more than 50% of their side chain exposed to the surface: N4, LS, F8,



N96, HO7, K99, T100, E103, E104, K105, E107, K108, E109, D110, F111, R113,
Gl14, K115, 25 L116, S119, L120, H121, K123, R124, G127, R128, L130, H131,
K134, Al13%0 0k03Bp6 E137, Y138, 5139, H140, V148, R152, Y1PEI/Nk0280126162,
Y163, R165, and N166, and the follow ng resi dues have nore than 50% of
their side chain exposed to the surface: N, L5, F8, WD 02/074806

e DR ik et s Bl g R BB Lo R DR %,

E85, N86325 92 I%‘ﬂZD7B*9§75 K9, NEB0Bs 1, FRO3ESS, Ng¥ A8B1092, HOH)&ooDELGh, Hidd,1,
L116, KI Gil27, R131 Ki34, 'E137, V148 VY155 ' Ri65. and N166. 5

EXAMPLEE104; lﬂk)anléﬂ@% D130, PO, D6/ FtA7 R 26661 2k PR Lk 1k fr134sY 118, ¥d88et t e
for expkggii 0@1\@1&6' FNB i n manmal i an and i nsect cells The DNA sequence,
GenBank i hunber M28622 (shown in SEQ ID NO 1), o0 enconpassing a
fullsl ength cDNA encoding human IFNB with its native signal peptide, was
nodified in order to facilitate high expression in mammalian cells. First

t he ATGEXAGYIPLEJ o FxampletleadtPGEED G474 according to the Kozak consensus
sequence (Kozak, M JMdl Biol 1987 Aug 20;196(4):947-50), such that there
is a perfect match to the consensus sequence upstream of the ATG start
codon. Beeigndf yn bipeessttiaiassenk firepration ef WUVE i tnkikalias and distered/loy 15

maki ng a bias_in_the codon usage tovvards t freque used

hi ghly expr edBe®NA seauansse fgabank, ‘i“g’erg&dgpgiﬁsh?ﬁ’ légfted;@ﬁaﬂ)t he
seqygnc [ i on
o rar s Enct s L b oL oﬁﬁ%‘%@‘a%%%ﬂ%% AN it P OUYEE pERRRAGaL
nmodi f i catodifieddh otdee tdfAilBaie highoxpleation jn mPminmdias celby: Fircebe gi€tistan coddnhat

t5he gez‘e cou[ﬁi be ’ E%Et hesj.sed: % Pr oFpr légf @M 7 Mol Biol 1987
TCGCCCT CZ‘@Tz @.947@35&%&9&%& there is a 8_?rfect match to the consensus se%uence upstream
5' ACAACCT TCCTGCAGAGGAGT TCGAACTTCCAGTGCCAGAAGCTCCT 25

GT GGCAGa1BaAXSEs 31t codBRISsFpdly thesodons of the native human IFNB was modified by

%Wﬁ%gﬁéﬁ% %%&%E%%%%n highly expressed
human genes. Subsequently, certain nucleotides in the sequence were substituted with others in
order to introduce recognition sites for DNA restriction endonucleases (this allows for easier
modification of the DNA sequence later). Primers were designed such that the gene could be
synthesised:

20  CBProFprl:
5’GGCTAGCGTTTAAACTTAAGCTTCGCCACCATGACCAACAAGTGCCTGCTCCAGA
TCGCCCTGCTCCTGT-3’,

CBProFpr2: 4
5’ACAACCTGCTCGGCTTCCTGCAGAGGAGTTCGAACTTCCAGTGCCAGAAGCTCCT

25  GTGGCAGCTGAACGG-3’,

CBProFpr3:
5’GAACTTCGACATCCCCGAGGAAATCAAGCAGCTGCAGCAGTTCCAGAAGGAGGA
CGCCGCTCTGACCATC-3°,

CBProFprd

0 5 TTCCGCCAGGACTCCAGCTCCACCGGTTGGAACGAGACCATCGTGGAGAACCTGC
TGGCCAACGTGTACC-3’,

CBProF, ‘prs



30 5' TTCCECCAGGACT CCAGCT CCACCGGT TGGAACGAGACCATCGTGGAGAACCTGC
TGGCCAACGTGTACC- 3', CBProFpr5 WO 02/ 074806 PCT/ DKO2/ 00128 77

5" AGGAGAABO TSBABAAGCAGGACT TCACCCGCGEECAAGCTGATGAGCTCCCTGC  PCT/DK02/00128
ACCTGAAGCGCTACTA-3', CBProFpr6

5' GGAGTACAGCCACT GCGCCTGGACCAT CGTACGCGT GGAGATCCTGCGCAACTTC 5

CACCACA R T AR A ARG oA A R EEARSS e SRAA BEF CATGAGCTCCCTGE

TCATGAAGTAGHACAGE GCERBTAERT | 0 10
5' AGGOGCAGT GGCTGTACTCCT TGGOCTTCAGGTAGT GCAGGATGCGGCCATAGTA

GCGCTTCABBIragaG- 3' , CBProFprl 1 5

CT w&@@@ﬁ%@%@%@&%&gﬁﬁﬁcCTGCGCAACTTC

CACGAAGATGT TCTGCAGCATCTCGTAGATG
GTCAGAGCGGCGTCCT 3, CBPrOFprI3 5'
CHIEAAGT TCATCCT GTOCT TCAGGCAGT ACTCCAGGOGCCCGTT 20

%@%@&%%W&ﬁ GCCGGTCAGGCGGT

GACI:ACHBG@HKEK&GIB&GANGH primers were assenbled to the synthetic gene by
one step_ PCR u5| ng Pl atinum Pfx- 25 pol ynerase kit (Life Technol ogi es) and
st andar &5 ¥ekaa! 2y ep PCR cycling paraneters. The assenbled gene was

Pl ShSceRTnon e Eremspdrambesai ok T,
as descOHIIBGAGETGHEAG-I’h t he prinmers CBProFprl and -14 substituted with
the pri %Pronr]]
5’CTCCTTCTCCAGCTTCTCCTCCAGCACGGTCTTCAGGTGGTTGATCTGGTGGTACA
CGTTGGCCAGCAGG-3’,
15 CBProFpri2
5 GAGCTGGAGTCCTGGCGGAAGATGGCGAAGATGTTCTGCAGCATCTCGTAGATG
GTCAGAGCGGCGTCCT-3’,
CBProFpri3
5’CCTCGGGGATGTCGAAGTTCATCCTGTCCTTCAGGCAGTACTCCAGGCGCCCGTT
20 CAGCTGCCACAGGAG-3’,
CBProFpri4
5’CAGGAAGCCGAGCAGGTTGTAGCTCATCGATAGGGCCGTGGTGCTGAAGCACAG
GAGCAGGGCGATCTGG-3°,
The primers were assembled to the synthetic gene by one step PCR using Platinum Pfx-

25  polymerase kit (Life Technologies) and standard three step PCR cycling parameters. The
assembled gene was amplified by PCR using the same conditions.

A cDNA encoding a N-terminal extended form of human IFNB was synthesised using
the same PCR conditions as described above but with the primers CBProFpr1 and —14
substituted with the primers:

30  CBProFpr7
5’CTGCTCCAGATCGCCCTGCTCCTGTGCTTCAGCACCACGGCCCTATCGATGAAGC
ACCAGCACCAGCATC-3’,

CBProFpr8



30 CBProFpr7 5' CTGCTCCAGATCGCCCTGCTCCTGTGCTTCAGCACCACGGCCCTATCGATGAAGC
ACCAGCACCAGCATC- 3', CBPr oFpr8 WD 02/ 074806 PCT/ DK02/ 00128 78 5'
CACTGCT TACD@EOTIBAT CGAAAT TAATACGACT CACTATAGGGAGACCCAAGCT  PCT/DK02/00128
GGCTAGCGTTTAAAC-3', CBProFpri5 5
CAGGAAGCCGAGCAGGT TGTAGCTCATCTGT TGGTGTTGRTGTTGGTGCTGATGC 5
TGGTGCTGGTGCITC- 3', CBProFprl 6

5 AGCAGEGAAT CEEEAGINAGEAE AR AT ACOATTIATRABAGRGAGACCCAAGCT

A@%g{ﬁ 1Qﬁ gler to incorporate a purification TAGin the |FNB
rml ecul e ﬁe synthesiséd genes were cloned into pcDNA3. 1/ Hygro
(1 nwtrd@é’m}F}beﬁween the Hindlll site at the 5 end and the BanH at the

(Pt oneasIC MG AR EAG s PRI e oRit AT e bEREiG o

and §heT@i@m’FGG€P@?§'Pf(@@37 5' - CCGTCAGATCCTAGGCTAGCTTATTGCGGTAGI TTATCAG- 3
15 CBProFpr38 5" - GAGCTCGGTACCAAGCTTTTAAGAGCTGTAAT-3', resulting in a 332 bp
PCR fra¢®@neFmtibch was cut with Nhel and Hindlll and inserted in the 5" UTR

Codons. PAOEAGRAA G Cshaacae EE R SaRGRag AR R T

regi ons AQfcddreasedi Agerggd’on by PCR in such a way that the PCR introduced
changes in the sequence can be 20 introduced in the expre55| on plasm ds by
cl assi cd ordbrdmlm@rpcur@ﬂqmrqm@@at@ BAGtihéhelfiNBemoleculeys45ar g- 5 prl rrer

AT OB T GRS S JE b By Vr. (P g oo e

5 TCT CCH@&E@?EA@%E@@T e XA EERT Be3”, resdin g\ FCBERH 1 tafid paBpﬂMce a K45R

substitution in the PCR-fragnent spanning the region from position 1055 to

1243 i n pCBPLbEpyntiEdichinerimopGlHem@remeagn wiepmpbified yzng stgndagd PRRNar 1 and
oL 0 DR O B parent and Lhe vector backbone of
C odon AABMF}*HV h&’-80GTOAIGATCCTAGGCTAGCTTATTGCGGTAGTTTATCAC-3’,
15 CBProFpr38 5’-GAGCTCGGTACCAAGCTTTTAAGAGCTGTAAT-3’,
resulting in a 332 bp PCR fragment which was cut with Nhel and HindIIl and inserted in the
5’UTR of the plasmids pCBProF1 and pCBProF2 Vresulting in pCBProF4 and pCBProFS5.
Codons for individual amino acids were changed by amplifying relevant regions of the
coding region by PCR in such a way that the PCR introduced changes in the sequence can be
20 introduced in the expression plasmids by classical cloning techniques. E.g. the primers:
Lys45arg-5 primer (Narl/Kasl):
5’GCTGAACGGGCGCCTGGAGTACTGCCTGAAGGACAGGATGAACTTCGACATCCC
CGAGGAAATCCGCCAGCTGCAGC-3’,
Lys45mut-3 ‘primer (BsiWI): 5>’TCTCCACGCGTACGATGGTCCAGGCGCAGTGGCTG-3’,
25 | were used to introduce a K45R substitution in the PCR-fragment spanning the region from
position 1055 to 1243 in pCBProF1. Both the PCR fragment and pCBProF1 was cut with Narl
and BsiWI which are both unique. The PCR fragment and the vector backbone of pCBProF1
are purified and ligated resulting in substitution of the Lys45 codon AAG with the Arg coddn
CGC in pCBProF1.
30 Furthermore, SOE (sequence overhang extension) PCR was used for introduction of
amino acid substitutions. In the SOE-PCR both fhe N-terminal part and the C-terminal part of
the INFB molecule were first amplified in individual primary PCRs. '



CCC in pCBProFl. 30 Furthernore, SOE (sequence overhang extension) PCR was
used for introduction of amno acid substitutions. In the SCE-PCR both the
N-t er m nawopasnr48aeid the C-term nal part of the | NFB nol ecairdrone12Bi r st
anplified in individual prinmry PCRs. \99 02/ 074806 PCT/ DK02/00128 79 For
these primary PCRs the central conplenentary prinmers were synthesi sed such

that the codon(s) for the anjno acjid(s) to be substituted is/are nged
to the desirEOf BERFAHRSTY Pﬁlﬁérﬂl? &‘?I}ﬁa*]%‘i’m MeRiELy H@P‘érsé"feé‘h%}ﬂ%fm&??ﬁ ﬁ%ﬂ%gﬁat

def Il NhelcBiorls) BPthentifs ALARY e dbGritilaiSaiRheietiGo HeARRRGH LotRhls). Ty t her
the termnal prinmers provi Je a restriction enzy site enabling
subsequenhinal priinearg vodre staaddrd Ipkimeendsfimif2GRe - @dd C-tertiinakof th ENER mialedule
(nonsense) priner and the N-termnal ense). pr.imer were us q to anplify
the N-t ﬁsPﬁqtié{Plyp]é‘ﬂlTaheﬁFh@ctﬁ@"P TENES AT ‘?deag‘ieétﬁlc"l?fhe%eo*?teteﬂg’ P& mary PCRs
and equi ' t . hl

Ct eéren‘i %dé’?é‘g%%—‘{t és‘lmleaﬂrlg Ogggefgnbllg{cg@ gt@ok é}ﬁ‘gﬁ%ﬁh@ﬁgﬁlgﬂ]ﬂ%odﬁﬁa rgég%lg g}ﬁ%ar y
PCR andNetenniadl (s¢xse) prameapaeteivael toemsplifip thef NGk . phttldf ghed NEP abesiry iepod
above. For instance, the followng 1 i

. dtoi t
mut at i oFomedH ey RGRANdH981vR enilg ﬁ?rr 8 r %@“@%fpa‘f%é%g@}pﬂhéf g%g\?-ewgg)

CACCACA GEACTARHCRT ACHIATEAET ' A AL Gd AAFIAGRRGT.
CBPr oFpri ner nti sense@?g li%ﬁ%ﬂ?’%(;‘GTGTTGT CCTTC,

CBPr oFpa imodifRgd0vefstansf) CONBAAA daenibed ansECRAGOTIaRhe falBRwimEpr i mer 42

(Antisense): CACAGTGCACTAGTAAGCTTITA T GGT 20 rrhernore, in

caséd WHEPESEC P thleE%‘ﬁwﬁfhea{P‘inﬁm%s)fo he tf‘{?isﬁﬁﬁk} aeflgiégfo a uni que
restri ceippp, BRsRstdnsgse site in the expression plasmd variant genes were
constructed “using construction procedure enconpassing a single PCR step

and a sUBSEyURATGEREEARGCCRELCTIIATLARNEE CCERACSTBSCLEHICORCKEGR TR s TG

SELOT RV

i nt ro%@%@# of the PCR primer: CBProFpr58: 25
GAGGA! GTGCCAGCGCCTCCTGTGECAGCTGAACG, and  CBProFpriner9: The
PCR pr ogB®¥oM@smsub igatse) cl oned using the restriction endo-nucl ease

sites BsiW and BstBI.
15 CATCAGCTTGCCGGTGGTGTTGTCCTCCTTC,

CBProFprimer230 (Sense):
GAAGGAGGACAACACCACCGGCAAGCTGATG,
CBProFprimer42 (Antisense):
CACACTGGACTAGTAAGCTTTTATCAGTTGCGCAGGTAGC,

20 Furthermore, in cases where the introduced mutation(s) were sufficiently close to a
unique restriction endo-nuclease site in the expression plasmid variant genes were constructed
using construction procedure encompassing a single PCR step and a subsequent cloning. For
instance, the substitution K19R was introduced by use of the PCR primer:

CBProFpr38:

25 GAGGAGTTCGAACTTCCAGTGCCAGCGCCTCCTGTGGCAGCTGAACG, and
CBProFprimer9:

The PCR product was subsequently cloned using the restriction endo-nuclease sites

BsiWI and BsiBI.

30 EXAMPLE 2 (=Example 5 of PCT/DK00/00471)



30 EXAVPLE 2 (=Exanple 5 of PCT/DKOO/00471) WO 02/074806 PCT/ DK02/00128 80
Construction and expression of | FNB variant with one introduced

gl ycosyl awpoon/0%4sbe€ I n order to insert an extra N-|inked glPgaasoadizen site
at position 111 in hINF-(3, the synthef |c gene (hinf-/3) encoding hl NF-(3
(described in exanple 1) was altered b %ite-directed PCR mut agenesi s.

Usi ng BI O X-ACT (Bioline, UK) and the plasm d PFQ50 [hinf 5

/ 3) | pc DKaBstYctippgyd G1RMaEieThe (IEN&WW%WW@ ate ipleoRaed ghieypyafion sffenvi t r ogen,

USA wh t d.f Pr.q U A had
bee)n :Eserltggn?)rélﬁ\&:alﬁgﬁ M‘hngﬁ%g RS laélggéngg%?(fs %aonﬁ}éré ‘gﬁﬁ%ﬁg ’vect o?]
as t enph@ifetict aﬁgf pﬁ&%ﬂfa ORI degfed e ek )Mpalwf&m;aﬁ&tdlgected
prinmer-sets | 1 TTAAA GCCACCATGA / CB55

(5 mm@gmrmmmmmﬂmmmwm-

TATCECCP N A R (hB R ahR ) DA o A (FBAT DR U ISAﬁ%E%CT ‘

respect b%‘ﬁle}‘m iRGESEbthined fr$ r%éxg%@}&nagﬁr ©sA5 580 BLEAnkd e teRide tIROBatt h

the flanking prinmers CB41 The resu?tln gene was inserted into
t he manamd Nael sitepireths @S wé tteorecioc DINAGMplhte; tWW@Rmbamtom werepatformad witled by

DNA sequenci ng to have the rrect base changes leading to the

subst it 19 8“?9‘11’?1%131‘[(}1%‘?8 SF&fCJ%f\JS'Iél n hI NF- (3 (plasm d desi gnated PFO85). To
test theTaoii ACTBGTCORACCACHRTRHGTANGERGS yar | ant, PFOS5 vas
transfected into the CHO K1 cell line (ATCC #CCL- 61) by use of

Li pad ectGBING ZEHOCCATAGTechnol ogi es, USA) as transfection agent.

acti v 't%ﬁ%@ﬁ?ﬁ%@%ﬁ&ﬁ%@@?@m@F}?"fiﬁ%ﬂé@?@ﬁ@ ) 80

ng/ M 2gzFoBadficpsggsi-vity: 7x108 U ng As seen, the [FI 11N+R113T] hl NF-(3

variant has a very hi gh specific activity, about tw ce the specific
acti Vi t PARCACGIAEAN @GO CETADIH 00T TGIA ELAAACE GCTAC

Exanpl & g’[‘é Oggye ?sq?é@%is%ﬁl)a w Ona%%rl[e#{gstdeLQG %.H&i 184 BES%%%&I‘Q,@G&J@CEJJ\@Y.%}}GQe two

anot her “intr
15 fragments were assembled in a third PCR with the flanking primers CB41 and CB42. The

resulting gene was inserted into the mammalian expression vector pcDNA3.1(-)Hygro/Intron
and confirmed by DNA sequencing to have the correct base changes leading to the substitutions
F111N and R113T in hINF- (plasmid designated PF085).
To test the activity of the [F111N+ R113T]hINF- variant, PFO85 was transfected into
20 the CHO K1 cell line (ATCC #CCL-61) by use of Lipofectamine 2000 (Life Technologies,
USA) as transfection agent. 24 hours later the culture medium was harvested and assayed for

INF-f activity/concentration:

Activity: 56046 IU/ml [primary assay]
ELISA: 80 ng/ml
25 Specific activity: 7x10® IU/mg

As seen, the [F111N+R113T]hINE-B variant has a very high specific activity,
about twice the specific activity of wt hINF-.



[ AON+QB1 TI 5 Anal ogously to what is described in Exanple 5 an extra
N-1inked glycosylation site was introduced in position 49 by neans of the
substi t utworg/o0@eN and BL1T. Usi ng PF043 (hinf-1i /pcDNARCI/HM®It280gen,
USA)) as tenplate, two PCR reactionsc\g?re performed with two overl apping
primer-sets [PBR7] | PBR78 (5'- GGCGT &ZCTTGGTGAAGTTCTGCAGCTGS') and PBR8
(5" 1o ATATATCCCAAGCTTTTATCAGI TGCGCAGGTAGCCGGT-3') | PBR77 (5' -

cell
CAGCTGCE@%&@T‘EF@A@MQQ%T@I@Q/@WW ng in tw fragnents of 228 and

369 base pairs, respectively. These two fragnments were assenbled in a third
PCRwith the flanking primers PBR7 and PBR8. The resulting gene was
i nser t e@onsttutivh endraxpratsicrof IENBr s noorhercitroduqedRRADsylbtidr Jitdygr o/ | nt ron

and con&w sequencing to have the 15 correct base changes | eadi ng
to [ 49k -(3 (plasm d designated PF104). To test the activity of
the § AIN+QB1T] hhﬂﬁroééuélﬂd @H&thi% g’é;sgs{liiﬂed"ﬁ%éaﬁﬁﬂbﬁﬁ 86 bath }L\IstlkﬂteH BRcosytiadyl cel

line by use of Lipofeéectam ne i fe Technol ogi es, ) as ‘transfection
agent . 9t wWaingoducedin positioudq by meaeschfithe swbstitutioneQt &N ané 054 sHying PFO43

cir i doTbDNELERe et s s ooy TrelenlursBir e W™
[Q49N+%J$\Fklrﬂ§%iﬁgéﬁhie@@& PSR Hpgtysgpeci fic activity. This nmay be due to

poor recogniti one ofS t he nonocl onal anti bodi es used in the ELISA 25
EXAVPL EGGCGGEREREILCE TGGT GRETGF TIUDGOALTING-CormdrRARS Gir and expr essi on of | FNB

o 8 GRa AR AP Y A Er G A ARG IR ) e by
means of AIETGURSAACTTCATCXHANGABEACHAAEN re %%htﬂvmagmn@%f@zgaﬁ@
PCT/ DKO2/ 00128 82 Using PF0O85 (described in exanple 5) as tenplate, two

PCR r ea289 bass paies, eespeetivehddiesa inorragments/uete apgsmbiediniarthird BERswitlPRg9 (5

CGCGGAT GCCACCAT Q./ . PBR7/8 and.P 7 esyl.ting in two
It agenlCFE DIFeRTIL v LER s piperesu R he S egHel ERE bR 20 o1 <
Wer e asggirtdsRal vebtod ptIDNIAG . IRGRy¢td/Itroh and barfichied by DNRIs8qRBRES to Bavd tRERS.
The resul'ti ng gene was inserted into the nanmmalian expression vector
pcDNA3. carrgcet base changes leading to [Q49N,Q51TThINF-f (plasmid designated PF104).

To test the activity of the [Q4IN+QS51TThINF-f variant, PF104 was transfected into the

CHO K1 cell line by use of Lipofectamine 2000 (Life Technologies, USA) as transfection

agent. 24 hours later the culture medium was harvested and assayed for INF-B

activity/concentration:
20 Activity: 17639 IU/ml [primary assay]
ELISA: 10 ng/ml
Specific activity: 1.7x10° IU/mg

As observed here the [Q49N+Q51T]hINF-f variant has a high specific activity. This
may be due to poor recognition by one of the monoclonal antibodies used in the ELISA.

25
EXAMPLE 4 (=Example 7 of PCT/DK00/00471)

Construction and expression of IFNB with two introduced glycosylation sites

30  The additional glycosylation sites described in Examples 5 and 6 were introduced into human

IFNB by means of the substitutions Q49N, Q51T, F111N, and R113T.



)Hygro/ I ntron and confirnmed by sequencing to have the correct base changes
|l eading to [ 49N, @B1T, F111IN, Rl 13T] hINF-(3 (plasm d designated PF123).
PF123 waswbroansfsect ed i nto CHO KI cells by use of Fugene @®CTRihe)128s

transfection 10 agent. 24 hours |ater 3 he cul ture nedi um was harvested and
assayed for INF-(3 activity/concentratfon: Activity: 29401 1Um [primary

assay] ELISA 14 n%/m Specific activité: 2. 1 x 109 1UmM 15 As observed
here the [ QaURingdFPRS (desenbedrin examplerag tpmphate.dwe RYR spagtiqusgvers peforggsdei 1 ¢
activity. ' f have receptor binding activity in the
recept o%%ﬁﬁgioxgqﬁg{m%é%%g |9n the Materials and Methods secti on,

whi ch | &’ 8aHEEGATCTAGUSA CEIATRACCAXSGAAGIIGECTG@Yent DSS. 20 EXAMPLE 5

e 1371 1| ERBTS AR BB 7 e into Rgerents Sopes Baf 360 CReRATS CEoerby.
(5/ G 10) pr ogHgeRgo N %%Qéésé%ﬂe&%B%f@ﬂ@%ﬁu%mmhg%%mkg@;g vas

seeded into 2 roller Dottles, each with an expanded surface of 1700 c
( Comi ngand JBBRS. The 2O0ting g@vERsHnseRtedento the rhammalier prwtsipinasctoCaeDNA3Z330)

e neantera o Eaganed BY pRRoasits IS U PRt e b B AES o

near |y $39% EONN, RN TRRNE P ¢pladBlli MGRHRSd pRiH)ed to 300 m serumfree
Ul t raCHggne’di um ( Bi oW1 ttakgﬁ;} Gat. #o1o- 724) 3120 suppl enented with 1/500

EX- CYTE ( Ser BFt2fi wad sarRfaztediint; CHIAtK1 ¢ell8 byasolpt Bngkne/6§Roche) ws trgnsfedtioncel | s
in this nmedium pronotes a_hi ghey, cell mass, higher than be achieved in
t he '&er a%ﬁnt-c?&mo&m?% ﬁW% m%#'l’t‘@rwaﬁ hagyested ﬁ%g ﬁ%‘ﬁ?’?ﬁir:g’%ggﬁ%e newed. After

anot her _2: Lh&: ium was shifted to the production medium DMVEM F-12
medi um ?‘ﬁ}‘?@@%c n%ﬁg‘g’i es: Cat. # 21041) WD 02/ 074806 PCT/DKO2/00128 83
suppl ement ed wi t hA2titi | TSA (Li 240ldthmbl dpriesyy @sty] # 51300- 044) [I TSA

stands for Insuli .0 g/L) - Transferrin (0.55 g/L) - Selenium (0.67
ng/ L) suppl enment EH‘éé\dherent cuI1t4LH'gZI§‘f, 1/ 500 EC-CYTE and P/S. The

harvested nedi a f5oaifbgtWR. ol 1e1x1pdit/has were pool ed before a medium
sanpl e was taken out for IFNB activity determ nation. 5 EXAMPLE 6 (Exanple
9 ofis PCT/ DKOO' 0042 bpserved here the [Q49N+Q51T+ F111N+ R113TThINE-f variant also has a

high specific activity. _

The variant was found to have receptor binding activity in the receptor binding assay
described in the Materials and Methods section, which is based on the use of the crosslinking
agent DSS.

20 .
EXAMPLE 5 (based on Example 8 of PCT/DK00/00471)

Production of [Q49N+ Q51T+ F11IN+ R113T]IFNB glycosylation variant in Roller Bottles
A CHOK1 sub-clone (5/G-10) producing the [Q49N+Q51T+F111N+R113T]

25  glycosylation variant was seeded into 2 roller bottles, each with an expanded surface of 1700
cm? (Corning, USA), in 200 ml DMEM/F-12 medium (LifeTechnologies; Cat. # 31330)
supplemented with 10% FBS and penicillin/streptomycin (P/S). After 2 days the medium was '
exchanged. After another 2 days the two roller bottles were nearly 100% confluent and the
medium was shifted to 300 ml serum-free UltraCHO medium (BioWhittaker; Cat. # 12-724)

30  supplemented with 1/500 EX-CYTE (Serologicals Proteins; Cat. # 81129N) and P/S. Growing
the cells in this medium promotes a higher cell mass, higher than can be achieved in the serum
containing medium. After 2 days the medium was renewed. After another 2 days the medium
was shifted to the production medium: DMEM/F-12 medium (Life Technologies; Cat. # 21041)



Production, purification, and PEGyl ation of the |IFNB vari ant K19R+ K45R+
K123R 10 To end up with 100 m serumfree nmedium containing the | FNB

vari ant WOIRGRSBR+KL23R, 3 T-175 flasks wer e seeded w t hPCOBKO20e128s i n
DMEM nedi um (Li fe technol ogi es; g 21969- 035) supplenmented with 10%
FBS plus d utam ne and penicil | | n/str ﬁtorryci n. On the day of transfection
(at nearly 100% confl uenc&%@t he nedi um was renewed W fresh medi um

4 - 5 hewplensateswith hd 09 4 f([et,ft3 [Lephnokegigs; Epaife lﬁﬂ%oié) HT%M%@@% fosAnsuligoQ |

tube. ( cr PRy DRI TR R ORhEh it oAb Y RESRY L
and i ncu5a0 8C-CYTERndIAS afheRbrvdstedtnhalintramt therevd ffllef bq:tlpd; wsm pd)O[aN/befc[rKhQ R

K45R, Kl 23R] | NF- R/ pcDNA3. 1( - r 1) was aliquoted into another 14
m pol y@ﬁ@ﬁwwewa%@kewwefpr%ﬁcmﬂ@ééqw UORe Fugene 6 mi x was added
dlreﬁtly to the DNA solution and 20 incubated for 15 mn at RT. After

i ncubation about 700 | was added drop wi se to each of the three cell

medi a. Next day the transfection nediumwas substituted with 35 n

serum f ion J mfree nediumis based on DVEM
medi um %Mﬁ@gﬁﬁwﬁ@ﬁ SO?P@/DE;)%/@%&- 028) suppl emented with G utanine,
Sodi um Pyruvate, penicillin/streptonycin, 1% ITSA 25 (Life Technol ogi es;

Cat. # 51300-044), and 0.2% Ex-Cyte (Serol ogicals Proteins; Cat. # 81-
129). BBfagluetiarh gupﬁadmtt wodh PEEgtagion wh the d0YEd varient &dI9RH Ié‘g’/ﬂﬁsK\Aéﬂé washed

tvvotlrresmthe ium w thout .additives h

post® transf elt & @@%Se’é’é’?&ﬁm& %&?tﬁ]ﬁ’f%g E %q?%%}} for

purifi cmmmmmﬂemﬁ at Tan5 hslitshpert 5o¥ded HithaDOS-73611p th DASEM dhddsiRqLife 6. 8
and conductivity adj usted to < 10 nB/cmwith MI1i Q water. Then the broth

was bat shhnodegies) £at. t#02196ﬂ1033¥8®9@1qudwﬂé3&%£%%ﬂﬂ1§Qhﬁal(fm@s?@lilaas

| i h buf f
P F ot a ROy i Onhe o SR INRUGE PRALRSy FoYe SiALy) b mBlina BT
{0 a ColvhsHeneWEEWiESOIMechwasted M ﬁ&ir@’BéﬁG@thB@Eh%&ﬁhﬂQ‘ﬂ@Bepath th 5

colum volunmes buffer A and eluted with 2 m buffer (t20 mM phosphat e, 800
MM 1NaOransfiqtipn,, 18PA ¢l QMEmeé@nwﬁb@msum ementy wap aligoteshintg 3/ n (cutoff

o 50, HRAoRgRGR oo et Sakste ERiahat gt SHERRLR B RRudy o' o
vol ume Qfd 1%01?%&1 0? %&EﬁRT?Hﬂﬁ@ HeaAliRe 169 1 gp'i_’asﬁﬁd DNA (K floRNRUsRONCENE rat e

was PEGyl at e fo 100 ul of the final concentrate, 25 ul of

act i vat Ka230BF $ACcINACA (WBsgroSRE #1 o) weds, alijuated imtp ahothshl4/mppelypropsiena
phosphate buffer, pH 8 wer e added to nake fl(fglre concent I‘I%tl ons, of

act i vat Bige-pEitsroy mgn ingubatign theskegene § mix was adde ctly to the DNA solution and
20  incubated for 15 min at RT. After incubation about 700 pl was added drop wise to each of the

three cell media.

Next day the transfection medium was substituted with 35 ml serum-free production
medium. The serum-free medium is based on DMEM medium (Life Technologies; Cat. #
31053-028) supplemented with Glutamine, Sodium Pyruvate, penicillin/streptomycin, 1% ITSA

25  (Life Technologies; Cat. # 51300-044), and 0.2% Ex-Cyte (Serologicals Proteins; Cat. # 81-
129). Before the pfoduction medium was added the cell layers were washed two times in the
DMEM medium without additives.

Three days post-transfection the 100 ml serum-free medium was harvested for
purification and PEGylation of the IFNB variant.

30 pH was adjusted to 6.8 and conductivity adjusted to < 10 mS/cm with Milli Q water.
Then the broth was batch adsorbed to 1 ml SP 550 cation exchange resin (TosoHaas)
preequilibrated with buffer A (20 mM phosphate, 100 mM NaCl, pH 7). After 2 h rotation end

over end, the resin was allowed to sediment and transferred to a column. The resin was washed



ng/ M. The reaction was allowed to proceed for 30 mn at roomtenperature
and then quenched by addition of 50 mM gl yci ne buffer. Sanples were frozen
i mredi at eWQ 0a74880C and i 0 bi oactivity was nmeasured as de®Cmitiad/o(R8i mary
Assay). Western blots of each sanple Wey £ perfornmed in order to eval uate

t he amount of unreacted | FNB vari ant present in the PEGyl ated sanple.
Results denpbnstrate that at 25 activated nonPEGy| at ed | FNB

v?r i ant Withs> colwsa ivp ua?,esjhyﬁ”@reﬁ 3B9 clyded with 2mﬂdzuf€9ﬁ§ (tzﬁénMeBhPWteﬁ 8PamMd |5P %
t S )
but v ¢ NeG LS} T e ERBRALE g alafh IR0 AbE QvaSBP (Gnbr 16 BDRFuAS KR! | Y

car bohy df at/&ethyleaedipenit Tlad cqnoaittatewadiilj@dedrtoe5 0 mbEphicsphdie, I(] hkeENaCl, 20 %

gl ycosyl on site at 49 i.n the INEB vari ant QSIT]
descri b& Yl‘qli‘e@(%‘ﬂrpﬁ’lg GB fj‘@kﬁ?qwaé@%dé\l ﬁ%‘é’ﬁn‘b‘?‘i‘#ﬁteh%a 0% 1N order
to increase ftig ﬁnﬁ%@éntﬁfte @5& P‘E@ﬁﬁte@%@ BoY: & Pod ﬂeoﬂwﬁﬁm&?cehﬁ%dwuﬁt

position 48 was exchanged phenyl al ani ne (48F), valine (48V)

t r ypt ophfiactivesd WPES- SéiA (ESOGD k@@t SlabapgRer, rdatagen &ssly prapared iBpIsEhAET

Bi ol i UK d PF 85 t th PF104,
osor | bauTmPE R ePaasd taadte vl RRenfed i of SR abaiE R0 entE D cr,
i nsert eeh(g/xm fnh@@éac%n tvn@ aBbwéd to/pEbdeed For TUMUrPhtGoorREotnpéateld MATh¥LqEnched

perforne wi th overlapping priner-sets: 048F, Q49N, 1 T 30 PBR89 (5
bradititeccATEadEahcrrbnéeca ;ﬂgmergfrozennnmedlateyat—SOCand

OF C.ot e M, NI —

(5' AA HGABLIEF NSRRI 024 R1AG PN BRI 2420 hABe PEGy14XBY,
QI9N, QB1T PBR89 (5' CGCGGATCCAGCCACCATGACCAACAAGTGCCTG) / PBR150

(5' GTCCTamBl¥ GGTGAAGTTCACCAGCTGCTT) and PBRS / PBR149 5

3 A o AR UL IR D i v

(5" GTCCssehil4sphE#vaGl TestsrABGIot @hd The vanien i edPBRA DT itk bioactivity compared to
(5" AAGCAGCTGTIGGAACT C) The fra nts re assenbled in PCR
readt i offe Rl apwple (t%ﬁ%@ﬁg%%wﬁg bt wrkggn PfG)-

EXAMPLE 7

Variants having increased carbohydrate attachment at position 49

20  The inserted N-linked glycosylation site at position 49 in the INFB variant [Q49N, Q51T]
described in Example 6 of PCT/DK00/00471 is used only about 60%. In order to increase the
amount of attached carbohydrate the glutamine residue at position 48 was exchanged with
phenylalanine (Q48F), valine (Q48V), and tryptophan (Q48W) by site-directed PCR
mutagenesis. Using BIO-X-ACT (Bioline, UK) and PF185 (PF185 contains the same cDNA

25 sequence as PF104, described in example 6, despite the fact that a Kozak sequence has been
inserted in front of the start ATG) as template, PCR reactions were performed with overlapping

primer-sets:

Q48F. Q49N. Q51T |

30 PBR89 (5°CGCGGATCCAGCCACCATGACCAACAAGTGCCTG)/PBR148
(5’GTCCTCCTTGGTGAAGTTGAACAGCTGCTT) and PBRS (5
ATATATCCCAAGCTTTTATCAGTTGCGCAGGTAGCCGGT-3%))/ PBR147
(5’ AAGCAGCTGTTCAACTTCACCAAGGAGGAC)




The resulting genes were inserted into the manmal i an expressi on vector
pcDNA3.1 (- )Hygro/Intron and confirmed by sequencing to have the correct
base chamge2ioemdsi ng to [ 48F, 15 49N, BL1T] hlI NF- (3 (pl aemnkodesignat ed
PF305), [Q48V, 9N, BIT]hI NF-(3 (pl a%gid desi gnat ed PF306), and [ Q48W
49N, BIT] hI NF-(3 (plasm d designated PF307), respectively. PF305, PF306,
PF307, and PF185 (encoding [ 49N, BL1T]hINF-[3) were transfected into CHO
KI cells by use of Fugene 6 (Roche) as transfection agent. 24 hours |ater

t he cul p#v @gﬁugg‘gﬁ was harvested and assayed for INF-(3 activity: PF185
134713 3122 1UmM PF306 65949 IUmM PF307 45076 U mM 25 In
or der t BBRBAI(XAUGCEEA THEAGCCHCATAAIRSA AGABRSHIACETE)/IFBRIY t hr ee new

gl yco-syl.at| i t i,th equal anmount of
acti vi t i PReehee PhGET R e TERica ot RAPERYTRRRYAL" S0 TTh
figuse (NRATERAGCAIUGTEXATANIEACCRABGAREBNG) 48W in front of the

i ntroduced glycosylation site (49N, B1T) all leads to an increased anpunt
of fully glycosylated material. 30 In another experinent it was seen that

[ nsertimml y tyrosine in position 48 lead to an increased
anount rbohydrate to the inserted N-linked glycosylation site
i N posPBREN (¥TCGHEGAACUTAGOE ACTATEALIVACAE AGLEGCEXSYRBR 85var i ants havi ng

i ncreased carbohydrate attachnent at [%ositi on 111 5 The inserted N-1inked
gl ycosy(%ﬁiT&CTﬁélrﬁTﬁﬁTﬁbAsfi@TEﬁcﬁﬁAGﬁ At Deng PBRS/BBRIPF111N, R113T]

describ i f %ﬁ / Nl sed only about 50% In order
to ?%cr@gééﬁﬁéé@n%ﬁw ac gquggfrAg)%(ﬁég?ate the aspartic acid residue

at position 110 was exchanged with phenyl al anine (D110OF) and vali ne
(D110OV) by site-directed PCR nutagenesis. . Usin O X: ACT_(Biolin UK)
and PFO&Be fragments Wete assereiladin BB Terctimestvishoey priraers SRREIrad FERSCR

157 porae [N Bl RS B R BRSSP Bt PR 1T AT
(5" CAGOHYFEOBGETGRGEG ChaAAGTAIRT qua) ciagnth HaBREhe deRREIHisd Bhanges leading to [Q48F,

GAGAAGGAGT TCAACACCA CTG
(A% Q49N, Q51TC]Ai1n\JF-:;3: ﬁa:s; o desig%ated PF305), [Q48V, Q49N, Q51 T]hINF-B (plasmid

designated PF306), and [Q48W, Q49N, Q51TThINF-B (plasmid designated PF307),

respectively.
PF305, PF306, PF307, and PF185 (encoding [Q49N, Q51T]hINF-B) were transfected into CHO
K1 cells by use of Fugene 6 (Roche) as transfection agent. 24 hours later the culture medium

20  was harvested and assayed for INF-B activity:

PF185 134713 TU/ml
PF305 53122 IU/ml
PF306 65949 IU/ml
PF307 45076 IU/ml
25 In order to evaluate the amount of attached carbohydrate in the three new glyco-sylation

variants a Western blot was performed with equal amount of activity in each lane (Fig. 1; lanes
2,3, 4, and 5). As seen in the figure the amino acid exchanges (Q48F, Q48V, Q48W) in front of
the introduced glycosylation site (Q49N, Q51T) all leads to an increased amount of fully
glycosylated material.

30 In another experiment it was seen that insertion of especially tyrosine in position 48 lead
to an increased amount of attached carbohydrate to the inserted N-linked glycosylation site in

position 49.
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an efficient means for separation of IFNB glycofornms and 15 e.g. obtain

gl ycof or vvilgh fuII){ tilized glycosylation sites. This is illustrated in
the pr eQ«rﬁLF—e&éHpBéeﬂurhe | FNB variant [ Q49N+ QB1T+F111N+R113T] produced as
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D110V, F11IN, R113T '
PBR89 (5’CGCGGATCCAGCCACCATGACCAACAAGTGCCTG) /PBR156
(5’CAGCTTGCCGGTGGTGTTCACCTCCTTCTC) and PBR 8 /PBR 155
20 (5’GAGAAGGAGGTGAACACCACCGGCAAGCTG)
The fragments were assembled in PCR reactions with the flanking primers PBR89 and

PBRS. The resulting genes were inserted into the mammalian expression vector pcDNA3.1 (-
)Hygro/Intron and confirmed by sequencing to have the correct base changes leading to
[D110F, F111N, R113T]hINF-f (plasmid designated PF308) and [D110V, F111N,
25 R113T]hINF-B (plasmid designated PF309), respectively. |
PF308, PF309 and PF085 (encoding [F111N, R113T,ThINF-B) were transfected into
CHO K1 cells by use of Fugene 6 (Roche) as transfection agent. 24 hours later the culture
medium was harvested and assayed for INF-J activity:
PF085 58615 U/l
30 PF308 50900 TU/ml
-PF309 15063 IU/ml



pol yet hersul fon nenbrane with cut off 10000 and applied to a S Sepharose
colum (Pharnmacia) equilibrated with 50 nM sodi um acetate, 50 mM sodi um
chl ori de,wpt2®74806 The interferon variant bound to the colPammKE®IEBUt ed
with 50 mM sodi um acetate, 0.5 M sodi u§7 chloride, pH5.5. The
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was gha JQsHatedMigasiium phosphate buffer, pH 7.2. The sanple was

applied ona hydroxyapatite colum (CHT Il , Ceranic hydroxyapatite, Type
|1, Biorad) buaiokhepezpartnent itwadsSeathabiisertiophbepheinky tyTosnd ml fogition 110
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col um siwep 1@ahluted with a |inear sodi um phosphate gradient from15 nmMto

200 MM i'n 20 col umm vol unes. The purity of fully glycosylated [ 49N+
Q@1T+F1 | IN+R113T] I FNB was judged to be higher than 95% based on

SDS- PA X LE 10 PEGyl ation of IFNB with introduced gl ycosyl ation
ey

sit &% stock solution of SCM PEG (succinimdyl ester of

car boxynet hyl at ed PEG from Shearwater, Al abama, 5 kD or 12 kD) was
prepared in nethanol before each experinent. 100 mcroliter of a 0.3 ng/n
sol ut i odergratiaveo/dYBonelypanide plyeofimep 1 T+F11 | N+R113T] I FNB in 50 nmM sodi um
phosphate, 100 mM sodium chloride, pH 7.0 were PEGylated with SCM PEG 5
kD or 12 kD, with two tines nolar surplus of PEG to 15 possible PEGyl ation
si tes, Hyéroxkymiitechramatobydphy id ankstficidht raeans Hordephration 6 DIFNE glycofoahns ambm

tenperature, the reactio s quenched by addjtion, of . | 20 M gl yci ne,
pH & 0. At olttﬁpg?y@ %@,Wlﬂhﬁl%é\&gl@?fﬁ&lymsy aiea SE%&Q%SH%HF“&%W%H}&SQF%S@%
unnodi f jed protein judged by SDS-PAGE. In vitro testing using the primary
screeni ng dssay denonstrated that the pegylated material retained 40%

activity wi tThd IENEvarips [Q#IN2 QI TPEG BNRLIEY profictd ds @osgritmdpa Fahmblddd PEG
20 at taghedris i ahP e, BhORCH] ML s 2506 another exper i ment 50 gl
The harvested media from roller bottles was centrifuged and filtered through a 0.22 um
20 filter (PVDF). The filtrated media was diafiltrated on a Vivaflow 200 system equipped with a
polyethersulfon membrane with cut off 10000 and applied to a S-Sepharose column
(Pharmacia) equilibrated with 50 mM sodium acetate, 50 mM sodium chloride, pH 5.5. The
interferon variant bound to the column was eluted with 50 mM sodium acetate, 0.5 M sodium
chloride, pH 5.5. The concentration of sodium chloride in the eluate from the S-Sepharose
25  column was adjusted to 1.0 M and the sample was applied on a Phenyl-Sepharose High
Performance column (Pharmacia) equilibrated with 50 mM sodium acetate, 1.0 M sodium
chloride, pH 5.5. Following application the column was washed with Milli Q water. The IFNB
variant was eluted with a gradient from Milli Q water to 60% ethylene glycol, 50 mM sodium
acetate, pH 5.5 in 30 column volumes. Fractions containing fully glycosylated IFNB variant
30  were collected and the buffer in the eluate was changed to 15 mM sodium phosphate buffer, pH
7.2. The sample was applied on a hydroxyapatite column (CHT IT , Ceramic hydroxyapatite,
Type 11, Biorad) equilibrated with 15 mM sodium phosphate. The fully glycosylated form

passed through the column where as the underglycosylated form with one extra site used bound



QBIT+F111IN+R113T+K19R+K4A5R+K123R] IFNB with a protein concentration of 0.1
nmg/ M was PEGylated in 50 nM sodi um phosphate, 100 nmM sodi um chl ori de, pH
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conbi nati on of WO 02/ 074806 PCT/ DKO2/00128 89 both. Size-exclusion

chr omat BEPPRLEMQs performed with a Superose 12 or Superdex 75 columm from
Pharmaci a equilibrated with PBS buffer, pH 7.2. Cation exchange

chr omat ogr aphy was perforned on SP-Sepharose HP (Pharmaci a) equilibrated

W t h 20 PEWyIdiok 0ATIENB PR infroditad dipsosplanon sie SP- Sephar ose HP col uim was
performed either by increasing 5 the concentration of salt (e.g. sodium
chloride) or by increasing the pH of the buffer (e.g. sodium acetate or

sodi,ym Rhﬁ’ésgy?c}cﬁ)soluﬁxﬁ‘IXPéél\f'% ué'c‘YrRr%Edﬁ lo @P&ﬁéa%&&ﬂeﬁl%ﬂiétg’d P(Eﬁiﬁadﬁﬁ. s

stablllsed substitution o stelne I'n posit seri ne
CHOK1 cBhé¢swuter, Albbans S exl]l 2kDhwpd prepardd iremethenoldhefore elghpsxperghptosy| at ed

IcTss,(quTN' a@%ﬂqrﬂﬁtg %Bﬁm/w%}%g T]g&'}':giﬁg@néf‘gﬁ%l\?)y st action”
pool's w "lkﬂifi@ll'ﬁﬂnmﬁﬁ% sian%o&lhﬁjl‘h%s I?a?é?hooﬁﬁM(‘sB&th denP e7(5' aSkS

were shi ted om serum contal ni ng ne to a serumfree ased
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and flltered through 0.22 um filter (PVDF based). e supernatant was
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retained 40% activity with 1-3 groups of 12 kD PEG attached. With 1-3 groups of 5 kD PEG
20  attached the retained bioactivity was 25%.

In another experiment 50 pl of purified [Q49N+
Q51TH+F11IN+R113T+K19R+K45R+K123R] IFNB with a protein concentration of 0.1 mg/ml
was PEGylated in 50 mM sodium phosphate, 100 mM sodium chloride, pH 8.0 with SCM-
PEG, 5 kD, with 20 times molar excess of PEG to possible PEGylation sites, i.e. lysines and N-

25  terminus. After incubation for 30 min at room temperature, the reaction was quenched by
addition of 5u1 20 mM glycine, pH 8.0. At this stage, the reaction mixture contained a minor
part of unmodified protein judged by SDS-PAGE.

In vitro testing using the primary screening assay demonstrated that the pegylated
material retained 45% activity with 1-3 groups of 5 kD PEG attached. A higher molar surplus

30 of PEG was needed to PEGylate variants iﬁ which one or several lysines were substituted with
other amino acid residues.
| Pegylated material was separated from unpegylated material and surplus of PEG ﬁsihg

either size-exclusion chromatography or cation exchange chromatography or a combination of



sanpl e was applied on a S Sepharose columm equilibrated with 50 nM sodi um
acetate, 50 MM 25 NaCl, pH 5.5 The IFNB variant eluted in a step with 50 mm
sodi um acwDaRm74806 5 M NaCl, pH 5.5. The concentrati on of peadiKmioetzBori de
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(5/ G 10) producing [Cl7 B1T+DI1OF+ F111N+ 13T] | FNB gI ycosyl ation

vari ant saﬁamae@de@mﬁmtn@hpsnha@b bottl es, each with an expanded surface of

1700 cn2 (Coming, USA), in 200 mM DVEM F-12 nedi um (Li feTechnol ogi es; Cat.

# 31330) supplenented with 10% FBS and penicillin/streptonycin (P/S). After

2 days the nmedium was exchanged. After another 2 days the two roller

bottles were nearly 100% confluent 15 and the medi umwas shifted to 300 m

ser um f EEAMPLEAEHO medi um (Bi oWwiittaker; Cat. # 12- 724) suppl enented with

1/5 EX- CYTE (Serol ogi cal s Proteins; Cat. # 81129N) and P/S. Gow ng the

celfs in this medi um pronotes a hi gher cell mass, higher than can be
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renewed. After anot her days the nediumwas shifted to the production

medi um wibB#Ee 12 medi um (Life Technol ogi es; Cat. 20 # 21041) suppl enent ed

with 1/100 I TSA (Life Technologies; Cat. # 51300- 044) [ITSA stands for

Insulin (1.0 g/L) - Transferrin (0.55 g/L) - Selenium (0.67 ng/L)

suppl eneflOK PEcIRRRE Bifisfedted With 9ﬁkm1dh/e59&u1§%nf% YperiatlcBéyPated NS Pavavatsed
efo

media fromthe roller bottles were pool ed re a nedium sanpl e was taken
out 1§ or [S2BNBI4A, Q5N ESEEIIEFFB €P<R276handEE\‘BéNyNéEyC17$1 B NJ &3PS T]INE'- 81 rredl um

was haryest ed and f;u&oze -80 C. 25 .The harvested dia fr r
bot t | esPWBE2 Oen ﬁanwtéqné ctiof B ﬁwarecﬁxmngﬁqmtp.fwr % The

filtrat AN8sS f M th a
pol yet hgér%s E% P%(ﬁl menbr alﬁeﬂ%lsmks':ﬁ&%%%]ﬁ%fd ?& %g%g&gér%%apg gﬁﬁjﬁ)gd%s- egﬁar ose
col utmm medium based on DMEM/F-12 medium (Lifetecnologies #21045- 025) supplemented with

1/100 ITSA (Life Technologies #51300-044) and 1/1000 Ex-Cyte (Serologicals Corp. #81-
20  129). Every day, in 15 days, 120 ml of each variant was harvested and frozen at —80 °C.

The supernatants from the daily harvest were collected and filtered through 0.22 um
filter (PVDF based). The supernatant was concentrated approximately 15 times on a Vivaflow
200 system equipped with a polyethersulfon membrane with cut-off 10000 and the concentrated
sample was applied on a S-Sepharose column equilibrated with 50 mM sodium acetate, 50 mM
25 NaCl, pH 5.5 The IFNB variant eluted in a step with 50 mM sodium acetate, 0.5 M NaCl, pH
5.5.
The concentration of sodium chloride in the eluate from the S-Sepharose column was
adjusted to 1.0 M and the sample was applied on a Phenyl-Sepharose column equilibrated with
50 mM sodium acetate, 1.0 M sodium chloride, pH 5.5. Extensive washing with the
30  equilibration buffer was carried out before the IFNB variant was eluted with 60% ethylene

glycol in 50 mM sodium acetate, pH 5.5.



(Pharmaci a). The S- Sepharose colum was equilibrated with 50 nmM sodi um
acetate, 50 mM sodium 30 chloride, pH 5.5 and the interferon variant was
el uted wiwb 0207488 sodi um acetate, 0.5 M sodi um chl ori de, PoHIK0E/00iEke
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i ncubation for 30 mn at_roomternperature, the reaction was
the serum containing medium. After 2 days the medium was renewed. After another 2 days the

medium was shifted to the production medium: DMEM/F-12 medium (Life Technologies; Cat.

20  # 21041) supplemented with 1/100 ITSA (Life Technologies; Cat. # 51300-044) [ITSA stands
for Insulin (1.0 g/L) — Transferrin (0.55 g/L) — Selenium (0.67 mg/L) supplement for Adherent
cultures], 1/500 EC-CYTE and P/S. The harvested media from the roller bottles were pooled
before a medium sample was taken out for IFNB activity determination. Every day, in 21 days,
1.8 I medium was harvested and frozen at —80 °C.

25 The harvested media from roller bottles was centrifuged and filtered through a 0.22 pm
filter (PVDF). The filirated media was diafiltrated on a Vivaflow 200 system equipped with a
polyethersulfon membrane with cut off 10000 and applied to a S-Sepharose column
(Pharmacia).

The S-Sepharose column was equilibrated with 50 mM sodium acetate, 50 mM sodium

30  chloride, pH 5.5 and the interferon variant was eluted with 50 mM sodium acetate, 0.5 M
sodium chloride, pH 5.5. The concentration of sodium chloride in the eluate was adjusted to 1.0
M.
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Q51T+D1§(Qﬁﬁnlf,1lg§ﬂ}{-gte’%@Tﬂﬂmlmﬁvbmg to be higher than 95% based on
SDS- PAGE. Fol'l owm ng purification the variant was PE%I ated. A fresh stock

sol @t i on of Tonpwigof thaiuly lyeosylpted yamant HE1 phitlat KFHHEG INYom
Shear miﬁbTﬂﬁﬁ%ﬁna% ’juc%‘gzedl%g) b hg%gr 1!591)1 95% based on SDS-PAGE.

Following purification the variant was PEGylated. A fresh stock solution of 10 mg/ml
SCM-PEG (succinimidyl ester of carboxymethylated PEG from Shearwater, Alabama, 12 K or

20 K) was prepared in 96 % ethanol before each experiment.

25 A protein solution of 0.1 mg/ml in 20 mM sodium phosphate, pH 7.0 was PEGylated
with SCM-PEG, 20K, with 0.75 times molar surplus of PEG to possible PEGylation sites, i.e.
lysines and N-terminus. After incubation for 30 min at room termperature, the reaction was
quenched by addition of a surplus of 20 mM glycine, pH 8.0. The reaction mixture contained a
mixture of mono-, di- and un-pegylated material. Mono-pegylated material was separated from

30  other species using either cation exchange chromatography or size-exclusion chromatography
or a combination of both. pH in the PEGylation solution was adjusted to pH 2.7 and the sample
was applied on a SP-Sepharose HR (Pharmacia) column equilibrated with 20 mM sodium
citrate, pH 2.7. The pegylated protein was eluted from the column with 50 mM sodium acetate
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and characterized further. 25 WD 02/ 074806 PCT/ DKO2/ 00128 94 CLAINS 1. A
gl ycosy rbant of a parent interferon O (IFNB) pol ypeptide conprising
9 S ONCIDURE

20  Production, purification and PEGylation of [C175+KI19R+K33R+K45R+0Q49N+
Q51T+D110F+ F11IN+ R113TJIFNB glycosylation variant in Roller Bottles.

A CHOKI1 sub-clone (5/G-10) producing [C17S+K19R+ K33R+K45R+Q49N+
Q51T+D110F+ F111N+ R113TJIFNB glycosylation variant was produced in 6 roller bottles as
25 described in example 12 and purified according to the protocol used in example 12. The purity
of the fully glycosylated variant [C17S+K19R+ K33R+K45R+Q49N+ Q51T+D110F+ F111N+
R113T]IFNB was judged to be higher than 95% based on SDS-PAGE.
Following purification the variant was PEGylated. A fresh stock solution of SCM-PEG
(succinimidyl ester of carboxymethylated PEG from Shearwater, Alabama, 12 kD or 20 kD)
30  was prepared in ethanol before each experiment.
A protein solution of 0.1 mg/ml in 20 mM sodium phosphate, pH 7.0 was PEGylated
with SCM-PEG, 20K, with 3 times molar surplus of PEG to possible PEGylation sites, i.e.

lysines and N-terminus. After incubation for 30 min at room termperature, the reaction was
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15 underivatized material. The pegylated material was separated from the unmodified protein

using either cation exchange chromatography or size-exclusion chromatography or a
combination of both. pH in the PEGylation solution was adjusted to pH 2.7 and the sample was
applied on a SP-Sepharose HR (Pharmacia) column equilibrated with 20 mM sodium citrate,
pH 2.7. The pegylated protein was eluted from the column with 50 mM sodium acetate

20  containing 1 M sodium chloride and applied on a size-exclusion column, Sejphacryl S-100,
((16/60) Pharmacia) equilibrated with 100 mM sodium acetate, 200 mM sodium chloride, pH
5.5. Fractions containing the mixture of mono-, di- and tri-pegylated protein were pooled and

characterized further.

25



Cl7S+K19R+K33R+KA5R+QAON+BAIT+FI 11IN+R113T+K123R;, S 2 NN 4 T+ C 17 S +K 19
RtK4 5 R+ Q51 WE 5 3 T+K 12 3 R, S 2 NMN 4 T+ C 17 S +K 19 R+tK 3 3 R+tK4 5
R+ Q 51 NWwB0B/0380¢-K 12 3 R,  S2N+N4AT+C17S+K19R+K45R+(Q5 1 N+EE3DHALD0198 RI
| 3T+K123R; or is S2N+rNAT+C17S+K19R+K33RHKASR+BIN+ES3T+F11 | N+R113T+K123R
12. The variant according to any of clains 1-11, which is glycosyl ated and
conj uga%ni/gso a second non-pol ypeptide noiety different froma sugar
noi ety. . The gl ycosyl ated variant according to claim 12, wherein the
second non-pol ypeptide noiety is a polynmer, e.g. PEG in particular a
12kDa or 20kDa PEG eg. a single PEG 20kDa. 14. A nethod of increasing in
vi vo gl ycosyll atigyrosflated yariantof h phiEnhintetendre (IANB))qoiypeptdsconprisawsit one in
vivo glycaosyl ation site,. which nethod conprises 25 i).substitutin am no
bl el e de i gbisg e St FBert i be afd e nunds S ret phyb s
gl ycosy|Rbte@R103k ifsad olyBSsyRAI08RIte hEINR AR REHEPWbidn BreSRSiaRDhAPepRd&C d
residue to produce a variant |IFNB nolecule, ii) neasuring the degree of
gl ycosyhatingan oicreabesl glyedsslation e$ enmpazed to theglycosylattos qfdheprrent peiypeptideecul e
as obtained fromexpression in a glycosylating host cell under 30 ‘
conparabl e conditions, iii) if necessary repeating step i) to substitute
the second apiT vgiaft dREIdMEOWIdifh 1B wiHtdisl thel dRyREOH sikeiS lafl W g 06KyDtioh O
substitute an am no acid residue |located in a second position close to the
gl ycosy$lion site with a second amino acid residue and WO 02/ 074806
PCT/ DKO2/ 00128 96 repeating step ii) of either the parent nolecule or the
variant nol ecule resulting fromstep i), steps i)-iii) being repeated
until an i ncpeRgechriaft adcyrling el ladd B Rvhiesein Meapan@d IFISB Polypbpiedaetsrod
according to claim 14, wherein the glycosylation site is a non-naturally
occur r i Wderésrg Bssyg-avti lomman F&B.16. The net hod according to claim14 or 15,
wherein the variant to be prepared is as defined in any of clains 1-13. 10
17. A variant |FNB nol ecule which is a fusion protein conprising a) an | FNB
pol ypept i de anthdWariantasdardiseiowainl Do, RviRedil BRiarele IFNB is Avivik 6ot | de
sequence encodi ng a variant according to any of clains 1-17. 15

15 fragment of a wt interferon , which variant or fragment exhibits IFNB activity.

5. The variant according to any of claims 1-4, wherein the parent IFNB is a variant of a
wt IFNB, which as compared to said wt IFNB comprises at least one introduced and/or at least
one removed attachment group for a non-polypeptide moiety.

20
6. The variant according to claim 5, wherein the parent IFNB comprises at least one

introduced glycosylation site as compared to a wt IFNB, in particular an N-glycosylation site.

7. The variant according to any of claims 1-6 further comprising the mutation C17S-

25  relative to the amino acid sequence shown in SEQ ID NO 2.

8. A glycosylated variant accordiﬁg to any of claims 1-7, further comprising at least one
introduced and/or removed amino acid residue comprising an attachment group for a second
non-polypeptide moiety.

30 9. The variant according to claim 8, wherein at least one lysine residue has been

introduced and/or removed.



19. An expression vector conprising a nucleotide sequence according to
claim18. 20. A glycosylating host cell conprising a nucleotide seqguence
accor di ngwooe2or4ben 18 or an expression vector accordi ng PeT@kKRe®RS. 20

21. The host cell according to claim 2%,5 which is a CHO cell. 22. A nethod
produci ng a gl ycosyl ated | FNB nol ecul e,”"whi ch met hod conprises i)

cultivating a_ transfornmed gl ycosylating hqgst cell according to claim 20 or
21 under 25!8dHheivarigpicacerRtgdr ¢BIM S comBitIRg Aigeast @P@Mwa@@sctﬁ%ﬁemﬂ%s,

and ii _)ﬁllgﬁglcgﬁgiggl td?‘i(dlfﬁ{sids%i{“m@k%ﬁ@%}ﬁ'z@k?d nmol ecul e. 23. A nethod for

prepari conj ugated "variant according to any of clainms 1-13, wherein
the I FNB pol ypeptide variant is reacted with the nolecule to which it is to

be 30 conjug under, condi ti,ons cenducive . for the conjugatign to tak
i ave, Cand- DRk g o0 Sina Bany S Bar i b rmeme Ber Brosfovaseist 24
A phar nggeiohgal conposition conprising a conjugate according to any of

clainms 1-13 and b) a pharnmaceutically acceptable diluent, carrier or
adj uvan€l17284AM B2 ddd dNHBAL3 Eonposi ti on conprising an | FNB pol ypepti de

that co i - i hon > (relative to SEQ ID NO 2), the
conposi ??Z%E(gzggr%?&éﬂiﬂéﬁﬁﬁﬁtﬁe%\%%ﬁ of stabilizer as conpared to the
anount CeusHK BIR-+103 IR-GR4SFRe-MOPhRQBBECED! i 0F FIOangoRi t3mn  conpri sing an | FNB
pol ypepti de coggri sing Cl17. 26. A pharmaceutical comnposition conprising an

| FNB poP3NeNtTHel TS 6HdIses the io substitution CL 7S (relative to SEQ
I D ll\p 22:,1 éﬁ&ﬁ?ﬁg&%ﬁ?@ﬁJrﬁiﬁgrﬁTPﬁ%g?gi_’%g&%%fl{[ee froma stabilizer. 27.

A conj ugate accor 0 a of cl ai I d conposition according to
any of CeySHKBORMK ZIR-FIO45RABIIN-E@3 Il 1 OR+-Ril B3RdeR3R; n particular multiple
sclerosis. 15 2 nj ugate accordi 511_% to any of clainms 1-13, a

8. A
CONposi §2]3ﬁNéEtGFEﬁ+ﬁ§P IR INHEB g K2435 for use in the treatment of
di Sease§2N#N4'P@Ci7%?R+@§F%@Rﬁ?%ﬁﬁ\ﬂ%5§Tfﬂz3ﬂse of a conjugate
clai ms 1-13 or

according to any o conposi tion according to 20 any of
cl ai rs INZNAT6C1 7K o AR H NHESE TrE tll DR N3 THEI128Reat nent of di seases,

mut £ pi E28eREr G S Rl AR R R iy BT B R A ST g 28R e et ve.
anount of a conjugate according to any of clainms 1-13 or a

12. The Variant according to any of claims 1-11, which is glycosylated and conjugated

to a second non-polypeptide moiety different from a sugar moiety.

20 13. The glycosylated variant according to claim 12, wherein the second non-polypeptide

moiety is a polymer, e.g. PEG, in particular a 12kDa or 20kDa PEG, eg. a single PEG 20kDa.

14. A method of increasing in vivo glycosylation of a parent IFNB molecule that
comprises at least one in vivo glycosylation site, which method comprises
25 1) substituting an amino acid residue occupying a first position located close to the in

vivo glycosylation site of the parent IFNB molecule with a second amino acid
residue to produce a variant IFNB molecule,

ii) measuring the degree of glycosylation of the variant relative to that of the parent
IFNB molecule as obtained from expression in a glycosylating host cell under

30 comparable conditions,

iii)  if necessary repeating step i) to substitute the second amino acid residue with a third

amino acid residue and/or to substitute an amino acid residue located in a second

position close to the glycosylation site with a second amino acid residue and



25 pharnmaceuti cal conposition according to any of clains 24-26.
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96

repeating step ii) of either the parent molecule or the variant molecule resulting
from step 1),

steps 1)-iii) being repeated until an increased in vivo glycosylation is obtained.

5 15. The method according to claim 14, wherein the glycosylation site is a non-naturally

occurring glycosylation site.

16. The method according to claim 14 or 15, wherein the variant to be prepared is as
defined in any of claims 1-13.
10
17. A variant IFNB molecule which is a fusion protein comprising a) an IFNB

polypeptide and b) a human serum albumin polypeptide.

18. A nucleotide sequence encoding a variant according to any of claims 1-17.
15

19. An expression vector comprising a nucleotide sequence according to claim 18.

20. A glycosylating host cell comprising a nucleotide sequence according to claim 18 or
an expression vector according to claim 19.
20
21. The host cell according to claim 20, which is a CHO cell.

22. A method producing a glycosylated IFNB molecule, which method comprises
i) cultivating a transformed glycosylating host cell according to claim 20 or 21 under
25 conditions conducive for producing a glycosylated molecule, and

it) isolating the resulting glycosylated molecule.

23. A method for preparing a conjugated variant according to any of claims 1-13,
wherein the IFNB polypeptide variant is reacted with the molecule to which it is to be
30  conjugated under conditions conducive for the conjugation to take place, and the conjugate is

recovered.
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24. A pharmaceutical composition comprising a conjugate according to any of claims

1-13 and b) a pharmaceutically acceptable diluent, carrier or adjuvant.

25. A pharmaceutical composition comprising an IFNB polypeptide that comprises the
substitution C178S (relative to SEQ ID NO 2), the composition comprising a reduced amount of
stabilizer as compared to the amount required to prepare a pharmaceutical composition

comprising an IFNB polypeptide comprising C17.

26. A pharmaceutical composition comprising an IFNB polypeptide that comprises the
substitution C17S (relative to SEQ ID NO 2), the composition being substantially free from a

stabilizer.

27. A conjugate according to any of claims 1-13 or a composition according to any of

claims 24-26 for the treatment of diseases, in particular multiple sclerosis.

28. A conjugate according to any of claims 1-13, a composition according to any of

claims 24-26 for use in the treatment of diseases, in particular multiple sclerosis.

29. Use of a conjugate accbrding to any of claims 1-13 or a composition according to
any of claims 24-26 for the manufacture of a medicament for treatment of diseases, in particular

multiple sclerosis.

30. A method of treating a mammal with multiple sclerosis, which method comprises
administering an effective amount of a conjugate according to any of claims 1-13 or a

pharmaceutical composition according to any of claims 24-26.



