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-1- STABI LI ZED | NTERFERON LI QUI D FORMULATI ONS FI ELD
OF THE | NVENTI ON The invention relates to HSA-free
phar maceuti cal conpositions containing an interferon,
nore particularly to formulations of interferon-beta
conprising a buffer, an 5 amno acid and an

ant i oxi dant . BACKGRCUND OF IHE I NVENTI ON I nterferons
are cytokines, i.e. soluble proteins that transmt
messages between cells and play an essential role in
t he i muneSEABEERPINTRBFERAY Lt'@ HRFQRYYLATIONS

m croorgani sns that cause infection and repairing any
FIESVOE TR INRENTEON | nterferons 10 are natural |y

secreted by infected cells and were first identified

D L9 invdiBn refLEo! Ssa e pKé?ﬂ] QP QinloRfibnd BHhaining an

t hey Vir a
lrpertﬂnomtmqm partlcnlaéy tcefoontslafmnmdﬁmttemmbetatdomprising arhgffer, an

%rd)éﬁdfaq{é'}ﬁlbygarﬁc“v'ty On the basis of

en1ca and I nmunol ogi cal properties, the
n t cyr | h n interferons are grouped
. interferon-al pha
(1 eukocyte), interferon-beta 15 (fibroblast) and
i nt eirterfepnsgaencpiokineaniiacgolubld proinsribatrifapsmoit messages between

t [ { d
oS il Ay BAPERKRG Rid I () i sty BT nApIGT o cesioy
yeraeigarisms gt causediafrstion andseapatsing any resutingrdamagao ifegferons
afd hatligly Sétratad b? iHisctsd Edie bhd Grefd fBR id6rililed Rk 95|7nmé"ﬁ1ame is

cRBfsetior € 2k Pk By "MAHTRr kit AR roplkadion Spdproatcion "

gl y coferiiraisnexhibiicistiiic @etivirgl At aittipiyliferativeestivitys ©n @8 Hesis of

b%c“érh%l éanf Iﬁl% n%l?; é%P@' P+rﬁgg lﬁé% n&iﬂﬁ}llﬁ!’:&dgﬁg’éﬁ%ﬁ Ete?lferons

viruses I n
anmlmbdrlntweﬁhgqet n]@mmaases | ipteferonalphentieukaents), interferon-beta

FROBISRES Inferfefon-ddiihd (iRfluhe Aldhaﬂntellfé: bh '|s!"émf=‘e%ﬂy Qﬂpr@% in

virus Is effective agalnst a broad ran

(g [ Staten @00 ainer FrovEe fordhr Braee st By cell Inukemia, ppnereal
vﬂi’r@ d’(hiﬁdl si8arcunta @GRzata Tomimohly@filioting phiigtd sifferiegirany Atqlired

I I d
BFuby Doty STPwS s, AR Sreghe St R iR cs «o
be eﬁpiﬂmr,t iserferons (IRNE) arp glyeotroteins miduced hptheabmly in response
té"% " f?u'fectlé\’?“r e%g‘ befffbit }E%L mhft’ih@:% o‘?rvujggé\{ ifPotected cells.

erred to
Ganpigtingosf 9 FN@T \M%Cuiﬂﬁlwagilt ngpt%l‘salgyisfﬁr%de’a%'&?'ﬂ|"ﬁ@'59%9'f° in

tl‘iéieécftloﬁ Q'e' #NPindBedddbylond @klsas Kkreative faghinStY Biad @angk of other
it becane ¢l ear at sevral

Vs, T A4S DR SRR PEALS L8| 1N Ripst By s SUBSS wilonly
stimuB@vantigirdl edtl\htﬂh eelisfof ltheodznss br 4 Elblselﬁ rdl&télsl Epeciesd IFNs were

tlﬁﬁe:kﬂst P'i?rﬁrglﬁg% I E) l}rég%p?%freg J{S}Jctiglr %OIG?IﬂéItJ}]tIttXI’R&‘ éﬁd antiviral
activities.

The three major IFNs are referred to as IFN-a, IFN-B and IFN-y. Such main
kinds of IFNs were initially classified according to their cells of origin (leukocyte,
fibroblast or T cell). However, it became clear that several types might be produced by
one cell. Hence leukocyte IFN is now called IFN-a, fibroblast IFN is IFN-B and T cell
IFN is IFN-y. There is also a fourth type of IFN, lymphoblastoid IFN, produced in the
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2 "Namalwa" cell line (derived fromBurkitt's

| ynmphonma), which seens to produce a mxture of both

| eukocyte and fibroblast IFN. The interferon unit or
International unit for interferon (Uor U for
international wunit) has been reported as a neasure of
I FN activity defined as theéﬁnnunt necessary 5 to
protect 50% of the cells against viral damage. The
assa%@that may be used to neasure bioactivity is the

“‘Nomalwat 1splk lieg K@Wecﬂ oMb Puskirs bswhgmak VHE@\:F?%’%*‘(J to produce a
n(i.g%gklzé df%bfhl |éhko@9te aﬁd fbr&t&ll&& IFNEan If letti, : et al.
his antivira or . rnter

ani ¢ Thp WeroR, it o Blerieiopdla néagrrmeffvoné@ QQf P Biimbicra
ugﬂtplﬁh@eﬁ rénd‘l@ﬁ athi rﬁeasﬁfeemftlmeacﬁW wefinBdaasithé bsoadteecessary

et e { [LeS I nt on re
QP % of o8B Rt bl et The Bl et 1Bl sn s o
rheestiiet hivastvilyfis ﬂHea;ybhattnP@ﬁeManhit&lonlm as daserijed(Rubipstein, et
d. FNaqoﬁﬁuﬂmﬂg ,se&er uct d‘|§5t12“lﬁtthfsya‘?xﬁ§iral !agé\é;'y(fﬁr Hihekd adout 1

are eac ene rotelns
unitird ff interferens 'sltmuﬁnt@f Begegga PFQS'PQ%PWOQ? lﬁ’peffe(:t of 50%.
'Ilfh%rl\lil_rﬁé RidgeterRiiéd wilPréspét do thENRtetnhdtisna rétbreptS %ta?fiazrg for Hu-
en r ono s
I DB itng Nadarat 5y es of el S Baredi s
Mat u@eﬂyﬂﬂ%s af ENeconiins@eyerasgistintietipesl FANSE andIRN-} &rid-each the

cﬁ_‘cf‘tj ?samslength(165 or 166 am no acids) with
REPPHCE 42 S PGt cal activities. IFNs-y are 146 anino

aci dghe prdteingtlassified casr ENendsre thehreost divedse(dsoups Icau&taiemg about
{er5RRE THRE TPl b NG SeRf pEp B B UREG By B0et 20
rhemisss, of whicke 8 peeLddtice agbirdrscrdized. Ma@resiEhsio are notglydosylated.

nave T e P BFR 37 P8 Pams orbi (P Bl 160 SRR Gkl Wiy smtar
Hidlegital ectivitieaf IFBletyiang 14& ol adidsninJeragth, mmUrresmmhllé H’tel ®and B

f terf | EN-

Gareryeoy sy DRl NS S rllpt iecopmpor it Btht b tyaeton o
Kilpa T eells. Mbexel resit typesosflthesapdutic agerds ¢eol arp epmetdees)éalladb biotogic

A0 o ) Ml S o Ry, v

groanispbiodhe tumer, @ﬂﬁ@mﬂ'ecqgn @ﬁ@ U'a pmpeeraediatiamt DNA
tech Wn%ggbrcfb%f M@ffeﬁ}n ﬁJ N-B) HR8MiviFf Qé‘tﬁ/ﬁ? aﬁ@ %ar? QIQG Lsfﬁ’h@ate

am no acl d sequence of rotein. is 166 am
natyrel kiles gglls sa@p%trr&oalasw ce'{%l#s@)a ee'yeqnﬂs@c?f a?bﬁﬁtt %Q PohDa
|ﬁﬂucbé;bfbvﬁﬁ‘é€s(a9ﬂ9douﬂe'5%nd§d RIQAS. tArém thé-ﬂddledtlhatsequence of the

07 iten. U3 o st DR BoSiodl Indork o

ne for_fi

Q‘QBg)ﬁdemaéb thie mempletedanaino acki sequerek ofititegprotein. bys 166 amino acid
an’?g[.)l aci ng base 469 (T) with

Shepard et al. (1981) described a mutation at base 842 (Cys — Tyr at position
141) that abolished its anti-viral activity, and a variant clone with a deletion of
nucleotides 1119-1121.

Mark et al. (1984) inserted an artificial mutation by replacing base 469 (T) with
(A) causing an amino acid switch from Cys — Ser at position 17. The resulting IFN-3
was reported to be as active as the ‘native’ IFN-B and stable during long-term storage
(-70°C).
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(A) causing an amno acid swtch fromCys --) Ser at
position 17. The resulting IFN-(3 was reported to be
as active as the "native' |IFN (3 and stable during

| ong-termstorage (-70C). -3- Rebifo (Serono -

reconbi nant human interferon-(3), the | atest

devel opment in interferon therapy for nultiple

sclerosis (M5), is interferon(lFN)-beta-1 a, produced
from nmrael ian cell lines. Its reconmended .
| nt eRabit'] GesanoNoiecombipant dumap iNgreropiBlNye lajest development in
mtérfbtr&{ {hert ?9 f&%tﬂlpi’easclerés gy fshntéllféroﬁ(:]m)ﬂie&r JPa?‘i)ﬂﬂiuced from

har maceutical s, one maj of obstacle
TRIBoel g &S feRmmerides Inigealionl dlog- ar%neﬁae D'?f"& (INN) is
“lag@eBfon befa-1d1e | oss of pharmaceutical utility that can

|t f b lit h tical
o ot AL bl A Prridceh ey o8 it b e must be
opm-bgrpeptmel asaoft IFMi.beta.casch thbfapedinyagent, igthalosaobpharmadeutical

ilﬁy? H%} & JE fifgrﬂtsUiH&PﬁEtPﬂ bHa%éc% &l %rr&/ﬁlﬁ?@%‘ on of

I NSO chem cal
i nst Rhysical i ingtabiliiies u that h#’tﬂ?ﬁiﬁy sP YPeiPHﬁ’QJI eadtiiiyreando efficacy in

pﬁéﬂn%Euﬁbab férﬁﬁ%ﬂbr?satlﬁdﬁme aeﬁ’a@@&m b fwmat%hn%f Qfoluble and
hese ch ag%es are known

"ISQH'B@t Ja9FPastes: Walle, phgnierl érL‘ﬁt"i'tE'g'Fs &H‘idﬁh"tyﬁr 'st H‘é‘de formation,
oRidQ!idhl ﬂac@rhlz!a{]tire éﬁﬁdearﬁxﬂat@hhﬁme ofthéese, chahgesare khan to lead to
ect s t he 0
tfeslofF b i etiel Lot PREMEER B A g P BFntopest Jg otner
casasbmemnmsemfbds |otﬁn|e$eycrmees: atetunbhewnd but the resyliing degradative
Elgtdré‘gtlll éo'?isﬁ?ﬂé LﬁF 2 aRlcBuiRhfleuRicEStitte leJ‘ﬁ) the potential
0 tides 1 n phar maceutl cal

| zation o
f@dﬁﬁ%%fapie@ﬁ’@qf@%l ns an area in which trial and error

FFJ’lh ay§he s[&léjhﬁéltlogodf o(yl'pép‘ticﬁ%ﬁi plﬂfrlan%actloéﬂ osltidhs rédmains an
arm : ns ;

st B s Jyel aqd orrep fﬂa/s 25 Bl s ienea ok g 1b) k- Bparm.
18680291881 aEngpapd i enspha(1988)k ut | Raxentérat ridi.aflecns42:63-526).

Ei)éaﬂeﬁéscﬁattali]g Eéde%% %B@Pédlti'dé é)h{aﬂﬂ%oﬁlgtﬁgﬁfgiré 5t%n wﬁeﬂ’egse their

actants yco
stebiliphinclude butfers h@ggtswmfac;iarﬁg %ﬁlﬂ@@FQSoPOIYQ’ﬁ@Q%'e glycols, and

Qﬁm&% t e diabli¥iRS el ofdRERWeRapAdditie @fepéritiing éh th
G 002/ 0172(:37161I ﬁ?Ie:N be?a fornul ati ons a?‘e!ﬂgesgn tlJngd °

PF8i- are characterized by their lowionic strength
and @ puk oboehmrredt, 01EN Obetab fdcthulatiis | drél Hedcgibed that are

l. th
L’%r%%r'%tdlt%ﬂi% gﬁé?%yc reﬁatgf]’aﬁd?a &rﬁé@et a. Hovvever, t he
use @mrrHSAFN—@stasfmnmlajlpawgmplos theHB df HSA a5 paeldhility-ghhancing
a?l‘-! Br ll?-‘ %?—[&%{mﬁhetd&s ‘Ff—l%rﬁ( é%%oh‘%r %l’éeﬁ:ﬂs fﬁ@(ﬂs@ﬁi‘éﬁuct

ECS S are to reduce the risk

of h@n@& Rlogg ang st tnﬂr%r& b&rf@ﬂ{?éieg ﬁ@ﬂbwf%?é' subjscisaVhilegeps are
t¥ehho kdduce the risk, the use of human blood products such as HSA carries with it

the potential introduction of human viruses such as HIV and HCV.

Consequently, there is a need for additional IFN-beta pharmaceutical
compositions comprising physiologically compatible stabilizers that improve the
solubility of this protein and stabilize the protein against aggregate formation, thereby
enhancing their pharmaceutical utility.
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the potential introduction of human viruses such as

H V and HCV. 30 Consequently, there is a need for

addi tional |FN-beta pharmaceutical conpositions

conpri sing physiologically conpatible stabilizers that

inprove the solubility of this protein and stabilize

the protein against aggregate formation, thereby

enhanci ng their pharmaceutical utility. -4-

DESCRIPTICN OF THE I NVENTI ON The present invention is
har maceuti cal conpositions

that conprise an interferon (IFN) and net hods for

t hei mhe b&péﬂit&ﬁ\ieﬁﬂon lé.“hesc&ed:toramwizbdi pharmaedticplrceppositiorisiihat

b b
cBrtont msreren 01T Pad e8P efdipkion Hile cogoosiions
ard-prepi@radfin e gisenceaafduinapaierao Albosint (HSAY. Smhmnmsmgps are
f@ir& {oeﬁé? %Q mASAHee? TFN FSAGHY pﬂglél'ﬁéadeﬂtlcaf H&ﬁﬁﬁsﬁfbﬂé Edrhprise

unc ona erivative, active
anrigtedieren (kB rasian isefoan, oBvpBs fuspd pratain afusetioneal daivatiyg; active

fRefBN rsRf tiierdif WRdrein sBIl RMpBStiGListh soldiod hAtbinPrdedabuffer,
Accarding to an eg’g@_gl ment of the present invention

ANANIRYH GRS ALK 10 conprise a bacteriostatic
agentAccdiding it taar dralcaiimient rof 'the-plesertsinuesion ltier eompositidns also
I nt ende any nol ecule defined as such in
cf’ﬁ'@"ﬁ?g?‘%\ r{?rs{eé%gg&'t'ri sing for exanple any types of

| FNs Amefintérianeny arri IFN”hes albery bereing tig intendesh &k ipclyde @ny fmolecule

defifed! é%vs%@i‘i inolﬂe llteHhr@ %Fn'pﬁé#nge‘fbr exdmpicdany t?ﬂ)\és%fm rhErNoMed in

are 1nclud he above definition.

thy aljoue pegion ﬁ@cb@@@d(ﬂfﬁ"& Ipventiore |ppadigsar, Hh-q. Smsﬁtan% H-N-yare

inditel 3n W LRk Cadifitic GON-Ha8 48 PieidircsNENPARS@MY to the present
invention is comercially available e.g. as Rebif

imveatiann dyN-P Asilallg (in) aqepidagsen it thesPreseat #yention is oorn(me)rmally
éférabféré @qas REGI® (sm—'oyfm)oné@ f(ma oefBetaféraﬁt@ QSEHRHRY)! SThe

also preferred in accardance wi ent

(R IPRTonST HhurBR O & PP oqﬁefe'a%‘} S abporiBngy yih tae present

invehtond ¥de teamememmsas wsad hareinpisrinteadedrtu te@tompaas hindeform, a
r.ote ncti | f

8 Bisod prpltHE B tne e ifila, 45 ol RERdNS alcp ekt

(| FNThettermo finteiféder-Bta (IFNsbetes odl IFNEB)Bi a5 usesi hereipnigantendsd to

lﬁcﬁlﬂe%?obiésp{ng%”e%tla pgﬂlgul §f%rﬂaﬂ <£ ?fnt LE Eﬂl)tgfwg #%6%% from

, asS o0 ati1on
ralegiees Tlsds 25 28 KabigiRRsd Sbl}’NBI\IRC‘P'@’élﬁmfltﬁ%hﬁ‘!quﬁ%é'ﬁm pgkayyotic or

é‘uké’r%iﬂ;r I%%@Eéi@t hewea as 8 Kﬁfsyﬂinbﬁ‘onapéérlvﬁﬁ}elsSvari%ﬁtsV\ﬁﬂdlog%Sand
its salts, functjonal derivatives, varia

asiitp fragenanise PISTBHE RSB U BaR 1§ mapR ateros bR Ao ag o
t o W%FUsleﬂtr%féllel’cﬁmtehﬁt“muﬂelr&" réfersAe arsigs of el rin Which one or

5 AR B RS oL 8 AU bt B b o ace
residuasept are eldleed, dr Orieecpremre aminroacid regidues are added to the natural
sequence of IFN, without changing considerably the activity of the resulting products as
compared to the wild type IFN. These muteins are prepared by known synthesis and/or
by site-directed mutagenesis techniques, or any other known technique suitable
therefore. Preferred muteins include e.g. the ones described by Shepard et al. (1981)
or Mérk et al. (1984).

Any such mutein preferably has a sequence of amino acids sufficiently
duplicative of that of IFN, such as to have substantially similar or even better activity to
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resi dues, or are deleted, or one or nore am no acid
resi dues are added to the natural sequence of |FN

wi t hout changi ng considerably the activity of the
resulting products as conpared to the wild type IFN
These nuteins are prepared by known synthesis and/or
30 by site-directed nutagen%§|s t echni ques, or any

ot her known technlque suitable therefore. Preferred
mut ei ns i nclude e t he ones descri bed by Shepard et

an| IFN( I@BE‘P'OQG?" fwaq’qgn@f lrgﬁrferqnllg g\ﬁl kngws) tq H@rpqﬁﬁneqzlﬂled in the
emr %fnﬁ rtﬁ&lbgicam aﬁar@amqmn@e@abuéh@nhﬁw adgilkbe &4f frofmi BBt National

6xtfte B loleicp! sbifras and Caltral Mgy fpiraicd drakeiynsg)

an | Bldaséays fani thba@terminatmm of IMdhadilvity hiver besnodescebate [An IFN

5 By B8 ot ity g, g o
cancpe tﬂqtefmlneldewlnﬁmroarw givameauieinubas $lmstaBtlaleog |smallar or even a
b%ﬁérn Qé’tﬂ/ﬁysthﬁﬁ‘ ﬂ=r@9}nﬁ1§9|lns of routine experimentation.

f1 mmunol ogy. or gAi nks/ NI BSC). Bi gassays for the

det e %ﬁ‘?fdﬁ'\'o\f’h'?wfh‘&q HSpAty a NER Wi hesRresast inventjen, or
nutiblic Ecuasmhgnmeréfanr iRMadEp lz€ filiRe @8t lof esﬂxbsluhtuamﬁ corresponding

d b
HEVIRT RO RGP PoRfbs o Rruuriae RS Wnick Yl belrautinfR bpBined

by enariof ardinagy skillein 1ae dretvithout amduevexperitieatatior;Nbdsgd on the
' I ation. Muteins of IFN,

tgiﬁﬂﬁsgé% @ggr{lfgga&:éﬁégcg%%ance with the present

i nveRreferred ehanges franutelne iy asertdange Wity thegpreseny divgaliongare

e hictknd®h a@f"c&ibéblﬁhﬁ%: béll:étlhﬂtl@l?i CoRsHlive lﬁmlrl'palmd ?ubstltutlons
ences as St 1 ONn eptl po nucl eot |
JrobRotERs 58 wagor pLie BiediPReog s’ Siropits Raryino wcits
vaithin la igrouphawtdet hawé t dulficdentiy) Ciiirailag X pleysicoeirdnsital o propéréies dhat
g T T e
molesidant i nleehmrablnsqh@s andgeletiprs aframino agids may also be made in
t'H& gﬁlﬁr@ Ibftdd'®q uéﬁb% Wltﬁéﬂt LR&HA tfé?ﬂ‘ﬁﬁét\ﬁﬁt pa¥fuRRy ﬂ%éﬂiﬁééi‘tlons

stltutlons es or rotelns of
qfﬁe'@mflsm‘y ipeive %@Wmn%%‘gﬁnﬁﬂo d’é‘d%rﬁi"ﬁ& andi Pd%feWPlymnﬂefée“
AHIOLP, notre@bve ¢ edispiade @it byd§lvmnérarar@ttyﬁwqehermabnal

Il t hat bstituti
BB 1oy SR BRI o DA oH MU Or PRt B uen
deldtiensudnd/or insertions barpe withiathei pupdew ofdhs peeehtdrelestionons of

am Ne GeLAS, FBYsyRbRMdAE 4R akid o Jb@ afi‘Q‘in%éd&frh&Fﬁ*\ Table 1.
¥ PR ooy Pl o

sequences ering err

M%IPPF%WHV:I the ISY"an'@OHJﬁw%'B'ﬂP ?é'ﬁ grayps @Fe @@?%@?ftﬁ‘ﬁ@ inpFable 1I; and
?er‘?é?atﬂy {h@ Wy RdHy U Binfd acl-gloups UREIBBsd definky in Tbld IIL.

pre erably under ten, and do not renove or displace

am no acids which are critical to a functiona

conformation, e.g., cysteine residues. Proteins and

nmut ei ns produced by such deletions and/or insertions

conme within the purview of the present invention.




Preferably, the synonynous am no acid groups are those
defined in Table |I. 25 Moire preferably, the
synonynous ani no acid groups are those defined in
Table Il1; and nost preferably the synonynous am no
acid groups are those defined in Table I11. TABLEI
Preferred G oups of Synonyn%s Am no Acids Am no Acid
Synonynous Group Ser Ser, r, Ay, Asn 5 Arg Arg,
Gn, Lys, Qu, Hs Leulie, Phe, Tyr, Mt, Val, Leu
Pro @ﬂé,'ﬂl a, Thr, Pro Thr Pro, Ser, Ala, Gy, His,
ﬁ n, P'[éférrec\ebi’rlo@éyof SEhbnyl_Eljﬁﬁs Ag&iao Agid‘s‘al GIl\/let ¥ Tylrvé Phe,
e, Leu, ,Va a, § r o e y lie Met,
Tyr, Phe, AICARE, |ie Pﬁgn??YrB?uﬁ\éf‘f"pTyr, lie, Val,
Leu, Phe S@&yr Trip, Met, PiSer, Thra&ly,Vsh, Leu, Tyr 15
Cys Ser, , Cys H's du, i D, L. Arg, H's Gn
A u, Lys,X%n, Hi s, Thr, ArAléig’%"n@yg’A%l;rJ}rh&sn, Asp, Ser,
Asn Lys G-@¢ G n, His, ArglleiRhke, TapMatyadley Asn, Asp
Qu Asp, pys, Asn, Gn, H gy NidThiGPke Mt Phe, lie,
Val, Leu,_Met Trp Trp 25 TA)éLE 1 'Nbre Preferred
G oups of TBynonymous Ani no PAiRes Al Gin Gy Thr
SynonynouglaG oup Ser Ser @GW,JhHiFso, Alyys, Arg 30 | Leu

Leu, Ile,Bhe, Net Met, Tyr, Phe, lle, Leu, Val

Gly Ala, Thr, Pro, Ser, Gly
lle Met, Tyr, Phe, Val, Ley, lle
Phe Trp, Met, Tyr, lle, Val, Leu, Phe
Tyr Trp, Met, Phe, lle, Val, Leu, Tyr
Cys Ser, Thr, Cys
His Glu, Lys, Gln, Thr, Arg, His
GIn Glu, Lys, Asn, His, Thr, Arg, GIn
Asn GIn, Asp, Ser, Asn
Lys Glu, GIn, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, Gin, His, Arg, Glu
Met Phe, lle, Val, Leu, Met
Trp Trp
TABLE Il
More Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group
Ser Ser
Arg His, Lys, Arg

- Leu Leu, lle, Phe, Met
Pro Ala, Pro
Thr Thr
Ala Pro, Ala

Val Val, Met, lle



10

15

20

25

30

Pro Ala, Pro Thr Thr Ala Pro, Ala Val Val, Mt, lie
-7- Ay dy lielie, Met, Phe, Val, Leu Phe Mt,
Tyr, lie, Leu, Phe Tyr Phe, Tyr 5 Cys Cys, Ser His
Hs, dn, Ar)g Gn Gu, Gn, H's Asn Asp, Asn Lys
Lys, Arg 10 Asp Asp, Asn du GQu, Gn Met Met, Phe,
Ile, Val, Leu Trp Trp 15 TABLE IIl Most Preferred
Groups of Synonynous Amino Acids Am no Acid
Synonynmous Group Ser Ser Argq Arg 20 Leu Leu, lie,
Met Pro B¥o Thr Thr Ala AIRY val val 25 Ay Qy
lie Ile, Met, Leu Phe Phe Tyé Mat/Phe, Val, Leu

Phe Met, Tyr, lle, Leu, Phe

Tyr Phe, Tyr

Cys Cys, Ser

His His, Gin, Arg

GIn Glu, GIn, His

Asn Asp, Asn

Lys Lys, Arg

Asp Asp, Asn

Glu Glu, GIn

Met Met, Phe, lle, Val, Leu

Trp Trp

TABLE il
Most Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group

Ser Ser

Arg Arg

Leu Leu, lle, Met

Pro Pro

Thr Thr

Ala Ala

Val Val

Gly Gly

lle lle, Met, Leu

Phe Phe

Tyr Tyr

Cys Cys, Ser

His His

Gln GIn

Asn Asn

Lys Lys

Asp Asp
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Cys Cys, Ser 30 Hs Hs Gn Gn Asn Asn Lys Lys
Asp Asp -e- Qu Qu Mt Mt, lie, Leu Trp Met 5
Exanpl es of production of am no acid substitutions in
proteins which can be used for obtaining nuteins of
I FN, for use in the present invention include any
known nethod steps, such a;_present ed in US patents
4,959, 314, 4,588,585 and 4, 737,462, to Mark et al;
5,116,943 to Koths et al., 4,965,195 to Nanmen et aI
4,879,1119% Chong et al; an®% 017,691 to Lee et al:
and | ysi n@legsubsti t ut ed prot el Metiresented in US pat ent
10 No. 4,904,584 (Shaw at al) peci fic muteins of

| FN- bet a fﬂle been descri bed, Mebr exanpl e by Mark et

al ., 1984. The term "fused protei n" refers to a
I
pol YRRBhbIES of %mbgfagngl find Bl RosihuBif 3 H BrotifieRhARh can be

ysed fafabtaining muteing afdidy. fof ysel ifdhe mesmtunwayort indydeany known

rﬁétﬁ&ﬂstbgs %usﬁ a§ breléér%@irfUS rbg{e)s&emsgi@moa 5aB&gh 'ah@4 737,462,
obul i n fragnent ther

16 M o0 T Tl T Koo et . hodhutsh hNBIen &taly 4878111 to Chong
aiar; a6 jONE69Dio LideNst algatt ryéme §ubsﬂmteﬂlpﬁéte|a§ 6ré°sblﬁit§ﬁi in us patent

it Sk, (e Y SEEoR! BBRIRCERG A e B g, or
exbmple-byddariCet &, A98dal gr oups, by means known in the
ar t, TRE terd 'ﬁJske&‘ ?:I'dﬂ(gﬁdrefe% %@pdl}@éﬁﬂ{ﬂ &J?nﬁémb %HQFI@So&tahﬁl\.ftem

emal n pnar maceut | cal
thﬁf?ofdww Eg/a'i!qﬂ'aermtqu wsvcfbﬁ 9t H@S anﬁxanﬁemsmnﬁ%t'me in body
fﬁzidiQSAﬂfth aﬂéyythuss bénfdsaa td andthér @eteiny ipblypddtibe oRftb Kke, B!, an

onfer toxic r on conpositions containing
'ﬁ"{““"%‘é@@"aé? i’? for exanple, include

pol y&tunglierae dgh\xamés“sasdasqdhaémm caver aerivatieys WA SKN, and their

AOBH950 30 SEH Nt O DAY 08 ko i

<@gmrea6§@ﬁ chaifs Qﬂdh% cae;dueg poipN- anif fé@’&'"dfgrQUﬁE Byameans,known

it theArP Ut Y idcRiyel ':rP{heVINéﬂu@rFHQ g éértht\!‘f' Fé?néi)ﬁ' bﬁ@’ﬁ%célrtlcally
secondary ani nes, derjvatlves free

agreRigRie.ofe- ey %ﬁrP?FodeéHPYj theeastifiteof F“Gr?f%ﬁ?'w'f"ﬁh éﬁzwbsfant'a"y

sifil=® td 8 activity IFN, and do not confer toxic properties on compositions containing
it. These derivatives may, for example, include polyethylene glycol side-chains, which
may mask antigenic sites and extend the residence of IFN in body fluids. Other
derivatives include aliphatic esters of the carboxyl groups, amides of the carboxyl
groups by reaction with ammonia or with primary or secondary amines, N-acyl
derivatives of free amino groups of the amino acid residues formed with acyl moieties
(e.g. alkanoy! or carbocyclic aroyl groups) or O-acyl derivatives of free hydroxyl groups
(for example that of seryl or threonyl residues) formed with acyl moieties.

As "active fractions" of IFN, or muteins and fused proteins, the present invention
covers any fragment or precursors of the polypeptide chain of the protein molecule
alone or together with associated molecules or residues linked thereto, e.g., sugar or
phosphate residues, or aggregates of the protein molecule or the sugar residues by
themselves, provided said fraction has no significantly reduced activity as compared to
the corresponding IFN.
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(e.g. al kanoyl or carbocyclic aroyl groups) or O acyl
derivatives of free hydroxyl groups (for exanple that
of seryl or threonyl residues) forned with acyl

noi eties. As "active fractions” of IFN, or nuteins and
fused proteins, the present invention 30 covers any
fragment or precursors of tphe polypeptide chain of the
protein nolecule alone or together with associated

nol ecul es or residues |inked thereto, e.qg., r.or .
phos FIReEn sty FGtsin efirs iechoieiplie BLOAHOYI 5P Gpe fypoid addiion
sAR &Cathifo @foups @f megprbtefreSdedmd ¥ovd Bleﬁﬁérégsetﬁereof Salts of a

R, oGP B8 Be RPLLY Mo Kivn 3t PBp Rainye ERILARG salt, for
eXdmaplé, esodiuing abitisth, Bmmeniam; &y or zie Salshahthedikefand salts with
BRIk 9 S e, For Bl Yl R8240 9% ABhARamine,

désc ve'or anal o
atdininec off lysigal plnercslfnea prasain® @wd | they ik p Aeaiyawlmowte dncﬂgﬂe for
IEANS, sbﬁgwh mme.tahsm&r sum@ oP&lappRe, hREGRREL Gcid Bt bififuric acid,

for exanp sodi u cal Clu amonl um ferric or
apg ﬁ@tsé'ﬂ‘lht%ga"&rﬁf'qsh iR or %tﬁepeaﬁﬁ?%lc V%P'ti 19r 8%34F g&ifli Of course,

aRRSA6h Sdits g eethi! tie GioldoRal @a:mtvpbfeme VprditblnﬂmFmiSiele\&qum the
Sl ne

ABRBR A o) 730 A G colfereRiod PRElD 8 tate

réoeptor sigrmtimg.e, salts with m neral acids, such as, for

exa”m SCCOE%H&QGIM ‘H{e' &egé}l't %v@ﬁtﬁﬁu{hfe%gsbcof Q@&o%bmaﬂf‘ ﬁuman IFN-

salts wt organi ¢ aci e, acetic
bgtej anddhe @gn@nqueds;@fu te ingpntig igfugher parﬁlyulgrutmefgapﬁ s nust

r et ai\nsgelifl 1hd boBiickalon datidnt ihby beén tBriBsPicRbmy. ThdBb-called
rel evant to the 10 rese@hl nventi on

“cgsensEs, It 59T 4 TOREEEY SSHENG M@ﬂ%nbcsfp%%\{ s po13259)

Acﬁcbrtilh@twa prefieraatembaslingsmabi the inventioacthe redapoendsi dftiheé mgention
ager s%ﬁ n%%d \ﬁma&g{geﬁéﬁg ﬁefg Igconbi nant human | FN-

e comnpoun I'nvention is further
part As ulsad | hereit, divsnane iterfaronpearisansugi (HoN-gen)i shadr mearm g non-

n‘éﬁﬁél@%ﬁcm b&% BRRCTWHGH pr&foRiidnty lﬁaﬁde“so'ﬂ?&b' 8ftinolacid

consensus ‘1 nt er erons" are non-natura occurri %
resigyes Hha 2 common (95 eumofz@')a'phaﬁcr@efeaﬁﬁat“teooféhe majority of
e Qﬁﬁlfd]lﬁiéc@m(igj lhurnah I@ﬂjkobﬁé ihtarf&oh i sumtyptaheeqoemwuards which
e. .l nvention i nati
e R 9B PhingiRral 15i5S PRStdhs iheCRIIE bR Bk 4 mmgnyg o
sabiyses) ao amind-héid em)ch ginedomimantiyy oecunpat that position and in no event

inkf éﬁég %'ng%nﬂﬁbsée’&cﬁ L SXHUB QLA @%@3489' @xnst\@ﬁ't‘ if nhélhp%gﬁ’im\ 5 lb¥st one

am no acl dues t t are conmon
netyrally oapeng ebtypeniFAl- waeneomeaﬁse% bkl pptiiier te fhe amino acid

E&h&ﬁ:?é Hesiinatd¥eIFRadoH 1 AFNYoRZ ek IFNVlﬁori?,hUWﬁ& b.[elmgmogea in U.S.
JRICACATE NS 17 EENTR IR ML T Sy
piciuded a80830ribedl inkHe abdudmepitohed pateats) ordbyathent stentadd methods.
pr ed?nme r}grmér )f)rqur%’g gmgédlﬁglﬁ,t th@oﬂcieéd Sﬂateﬂp QorhEhé&Q a?lVIS I}Lsion.
The fusion may be direct, or via a short linker peptide which can be as shortas 1o 3
amino acid residues in length or longer, for example, 13 amino acid residues in length.
Said linker may be a tripeptide of the sequence E-F-M (Glu-Phe-Met), for example, or a
13-amino acid linker sequence comprising Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-
GIn-Phe-Met introduced between the sequence of IFN and the immunoglobulin
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i ncludes any am no acid residue which is not existent

in that position in at |east one 25

natural |l y-occurring subtype. |IFN con enconpasses but

is not limted to the amno acid sequences designhated

| FN-conl, ITFN-con2 and | FN-con3 which are disclosed in
U'S. 4,695,623, 4,897,471 gpd 5,541, 293. DNA

sequences encoding | FN-con nmay be produced as

descri bed in the above- nentloned patents, or by other
seAuenesr dhensesiing fusion Rroteip Ry haveeimareved @H%B%lsﬂéHFh as an

mf qéwﬁ&mep%@ﬂrgqa ih baiyfluidseRalBiTe), gmcfeasew@pemfaféctT\h@dmcreased
Usl on | r t or.,.Vli .a I peptl e
ioomOn BRI n blfiEon it oyt ORI m aclliide. P ot e

i n | émgtfirther piefampdrembfodimet,d A ligfusd® toatihre wonsiantdegion of an Ig

: ) ' , , .
St 08 e T R B Sl EH g
of hugah fgs b dereeamplee ,Otlggq s of darprolestigg are also suitable for the
@néra?&?of@.ué(on“ﬂn@teﬂs)bcb&amy@d thle%s@ﬂ‘fn@n?ﬁon ‘éh@h E@ﬁoﬂﬁﬁs 1gGs,

troduced between the sequence of |FN and
001G OB BIMBh 10 e dia daML 6 lofn o PEaTHIE: Ragiop eplgias may be
rerinerio onmyltimerie hetdpd- auvadmpmmpmém es, such as an

d ' .
et S SrbSE BTG Ay BNt Bl bk ot oo
dnevnegdiety ettaohh@ topene dringae fuoptionfl grbepst which ncqur as enenoi rgore side
cfhafﬁhldnt tﬂ& %qimnc! Beid rbsthldieprabeb rflfédm&%oig JTFagetr)ngAg [FEG)

f used he constant region o
el Sy IgHon Ay, 28 GATISE P BY RRSHNT\elfeqn SR e Ones described

mtmjg’gb%wndo;(adan@@ml ns of human IgGl, for exarrple
I sof or s es a ui tabl e

G h
Che. The ASTege TR fiale Bt wtlible longs 3 A Melyfunbum vary
depesding upon\eeverietyrof fanor, ingudingpiarmacdkiy@lc propgias, dhe route of

Adg'l%st a%n ’(__)ﬁalﬂgﬁt éoq {)ﬁss S chéréé&nsltlgévks%;( L%A bot:l? weight, health,

ﬁ*ﬁ?D t@‘h’é’? efeympiomsy @pncwentérﬁe%mnts, frequepcy qfdrelahn%ﬂtﬁud theeaffect
desRder red errbodl ment , the functl onal derivative

CO%%I ses at | east.  one {P/ attached tao one or npre
e dopags RLIFNyPefa pdn “\ﬁﬁ"eéﬁ"%‘&e plaggingamitting Mgrceordingdo the
inveatisrsdepBndseh thetype ofIFNIbdtesiusetes. Preferably, the

nmoi ety is a polyethylene (PEG noiety. PEGyl ation nay
be carried out by known nethods, such as the ones

ld eseordaneelwith the\NMSBNEBBHTion, fwhereeltcAlis resombiaftH EN-detaipe

(61084 B R ot o et Bb EalBRER melloRf, it may

ual Wi var e en upon a vari et

preferably de adminisieree gulphlaiamalk ﬁm ﬁecq@ﬂ cpeata @@ﬁage pEabout of

7504 Soig or MU YoHL 6 RiiL P&k peRidhi €nt condi ti ons and
characteristics (sex, age body wei ght, health,

size), extent of synptoms, concurrent treatments,
Ih BESHRIAGY wi trkrp@@geﬁﬁn&erﬁaﬁ viHege m\rfugfécomdﬁémnﬂd bei#da,The

qr%qsugg&nlégﬁg NH% qv@@g%/ggp%{qi-gs ?%Isl, ﬁ%mmermally available under

the trademark Avonex®, it may preferably be administered intra-muscularly once a
week at a dosage of about of 30ug to 33 ug or 6 MIU to 6.6 MIU per person.

In accordance with the present invention, when IFN is recombinant IFN-beta1a,
produced in Chinese Hamster Ovary cells (CHO cells), commercially available under
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i nvention depends on the type of |IFN-beta used. In
accordance with the present invention, where IFNis
reconbi nant | FN-beta Ib produced in E. Coli

commerci ally avail abl e under the tradenmark
Betaseron(r), it may 25 preferably be adm nistered
sub- cut aneously every second, day at a dosage of about
of 250 to 300 g or 8 MUto 9.6 MU per person. In
accordance with the present invention, where IFNis

theEasiBIaFaRebia fumpytrasfarably e cdtitgiered seprwersously fyeetimes a
viRR (Vg at4 aoéags@r S2J £, &@mﬁnfalelmw dRY Bérsap! e under

the trademark Avonex(r), may preferably be
adm APa t Iingipfsiratiop aofnastivg| mgr%ﬂ'%\tﬁ:én acgrdrnGg: With gthe, geesent

uﬂknﬁﬁﬁﬂby Bé by @'ﬂrab&o’ﬁg iBitrérudeuld br E@bcﬁtaﬁedﬂsh‘o?@r The preferred
cco Wi rese nyent i
e s A L MY L A Y A

adimindstratiorOisathy iteEimuscfléi-idnaieisiration, whishedayi eyl bye applied once a
i labl e under -11- the trademark Rebif(r), it my
preferably be adm ni stered sub-cutaneously three tines
a wHdk nfayl #ipo de admiivisteged ofily or eventother day, GfNess frequent.

Peefdbly, IBRIis Q&ﬁﬁ%{éred-r&% A58 &Y thifb Afle@BefeddCt i Ve

|ngre ients in accordance with the present _inventio

may (Be M "slablityetelais to the physiceb &nﬁfarca'o?n%%&rmhm §fab"'ty
of Goinsulatibhe dpr iafefferfondof the @tdsenwfnvaﬂtmwn(lﬁdrdcmig @flihlrft@riance of

ciitice” PR RECDR; o PIGei for Pl RISLER Gpused 6 chemical
damadaﬁcmt oradaggoegatiovh oL thenmgtein. gplebdes pfarmchighet @rder polymers,

d@@ﬁ ylg{: &t nﬁ%ﬁdr esgn ?c?fegiy&éylaﬁbﬁ |dgt?db| %r O#r'f\éﬁ{e}‘ structural
"M!ﬁcﬁ‘i'%‘t ?fe@dlé% attlgmst ©ng roiqlegieat aﬁ'i“ﬁé of |§é rintgeeren Polypeptide
itcRigeH ,rﬁﬁ-,g?felséﬁtynvehﬁ{rﬁr s to the physical, chem cal, and
conf qr st abj of formulations, o

o BRble” Saluion, S fogmubioy i, b5 WBRER (96| dsgagyef dearadation
nitriifichitona aggregdtion, Ubsé oigpiciagicg) cictvity\and theBrealbf pioteinsothein is

g&% J]f,én(t)rrorrelﬂ %Hi %eﬂ?t ?xgreggejﬁﬁ%ccggtgﬁlg%%ﬂrl\e Pr: ferab{yothe

i on or aggregati on o i nolecur
foropulation cgtains airlea# aiyyiapoelr @)%, raerg Ipyaiershly at least,at or about 70 %,

nmgbrgfe%’&l){ S’cqeé%ft aﬂer%gt%’éo% biocﬂe Ia%éﬂééj%t’eﬁéroﬁ %cmy oQérrbe;Senod

structura fication reduces at |eaSt one
ohframoly toat4 @eﬂﬁh§. T@ﬁ $iabilized; 'ﬁ%’éf’?%r“ﬂ)‘r cpPPYSHiaRs afghe invention
préiérabid edvé 8 slhbmnfercﬂ&e Rast 8b6I06I AGhths) 12%@%@ 18SMbnthé, Gore

or. f I at . vvher ei @ :f?

eidep B At 1t 20 ey o6t PR Bty of Fet S 22 ponths, most
pbaferlabl' atlahstabbwt@trryorﬂmduhelmestdre&et,2 -81C.protei ns therein

I s AR Y nfofii E.gr %fee%ﬁ?.r'“ 3 ical

unaccept g%l ' n{bﬁ rfnﬁe “gper ab ﬁe ’S% F_{)r 5Tf%erl1mca
cppesitipns 29f fheaisvention gare a@vilable o, Pm@ré peleding dhese aethods
deSABEd M Y ePids diSci88ed herein. Thus, IFN aggregate formation during
storage of a liquid pharmaceutical composition of the invention can be readily
determined by measuring the change in soluble IFN in solution over time. Amount of
soluble polypeptide in solution can be quantified by a number of analytical assays
adapted to detection of IFN. Such assays include, for example, reverse phase (RP)-
HPLC and UV absorption spectroscopy, as described in the Examples below.
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nost preferably at |east at or about 80% of the

| abel l ed interferon activity over a period of from12

to 24 nonths. The stabilized HSA-free | FN conpositions

of the invention preferably have a shelf-life of at

| east about 6 nonths, 12 nonths, 18 nonths, nore

preferably at |east 20 nonths, still nore preferably

at Ieast about 22 nonths, nost 25 preferably at |east
24 pont hs, when stored at 2-8C. Methods for

ernl @fqrﬂ@agcphﬁf hath §ph&le ?%mp@g‘blg jaggregaigg during storage in liquid

f@hmaﬁanscetn Epﬁéchlwmthﬁlﬁswhrﬁg éﬁa%'tlbé]\(ﬂfabélﬂﬂfugéﬁbn as noted

d h
L R TR RSN S H L h—
tbﬁggtsegwlsemf s rmiublen aggregatgs a@tdo tred eparfiora thait gisi present in the
3Ry t ' Bi%logféglwpogbtﬁ)\)eonn%ﬁechﬁ? 'iﬂﬁ\im hPn a%ﬂlﬁlionb € velacity

rea rm’ne measuring the change
ulfeAcamri ?tm Erabie kq ﬂ?t@# Rkl nopicgalentrangneovelent gligonters: both

dﬁﬁhﬂfﬁﬁ@ly' htﬁbhﬁéﬁl/éﬂv' Qkevisd) O PerUsnt bf(éh?@orpl/sé) m@ﬁ{ethod

C ada ted to detection
(EeRerbRLEIE Sarticaeers B OB 8 eSS, srAbleto(detas both
colrilént and nbMcalatant pligomerssptic uamtitavsly ambqudiiativeped i n

th d t. f. bot

SRR gt Sench A e O Ak o
ampopiel on cashidlge aofi aneintecieroay fodnulaiion @(antprbefharuanagnjectlon for
eﬁgtﬁb%ti %ah Hl & R ol fniécc'ri'&%t | Fvveen e gté?erlégly made guer

l'ow to distinguish

PFH%d %PUSP% Ror ?B@ﬁt?zd'&ou"% Mt hqlgs ;ﬂr&eﬁ%&'ﬁ iR, Bféfetﬂﬂ%up toa

peged elga'ttoeabamdztdbgaé ThE lirFé'dﬂanI ::r\a;« bé Spfv'eas:?emae :c for é)@ifhlpﬂ\; by a
ically active nolecular form In

pgﬂ%qa?c%(rjﬁga%?ef‘% ﬁyh(%{ﬁ tracentrifugation is able to

det e dhe kezintfamino-acoll edfers to amdmino\agideorta colmbiatien ef anihdacids,

BRI hin ol 8 %@Sﬁ“%'*“iﬁk‘é&% st BpSe iy, B AW e,

Véhespgl C@ﬁbb'“ah@r ofi amipeacidy sdseq alof theramigearids may pelpeesent in

u@aftfperet bd%@tf&mscé]l\/rﬁ%fw préSsht 'ﬂﬂﬂeﬁ? Qéﬂﬁioﬁﬂé o%brqs Ry Dedrdant in
titativel ualitativel %‘ﬁeﬁéﬁlﬁ eex essi on

T Dage Sumg e ploeis e ARgsentin, fogme.Fablgged giing acids

te umginethe/ prakent nastimaiLdr dortriulatian bf the @eeseht iavention areftdsertanrying
f(glr @éd %td'egﬂalg quergR e%err&ﬁ?yeg? g'rré]éde é:ﬁ‘el C am afé@h) sﬁlg(a g,rpslél%h as
argigine riydiney asa@réc avidrand glylamicoatidhfMere drefesblyathecamiabagid is
Iykthel %‘r'lglsstergéism&r ﬁe 48 I5‘°6+r BL i&drfer) oPraefgﬁ{lapéryaMﬂot&loa or

period of at or out 12 days. The'injections ma
og'ﬁ‘ﬁ'é‘étiprisnof ”l‘Pée FtQEGO@R@ﬂ’ﬁF é“ayoyPeaus% 'fpéW? gyessnt Gnethqd or
f&émlaﬁsn ef chZn\}%QtidrSso bR ab eﬁ@barﬂmwwarﬁaﬁb @c.d li€ bRkt itd free
0_aci am no

L5, B 615 55 e PR S L Blersiiionas 1 beec; Autlogies of hese
pfedermadoamina acids rsayl alsd be msed Whtheeprasent fidbmuolatioroof e invention.

Tgrgiéé;@n‘t%ﬁ'{irﬁsaéidsaﬁﬁo%%e" l%lférs RI a HQ,%,aﬁUé Qﬁhg%gfaﬁallg%&@ﬁng amino
acid. Suitable arginine analogues include for example, aminoguanidine and N-
monoethyl L-arginine. As with the preferred amino acids, the amino acids analogues
are used in the present formulation in either their free base form or their salt form.
Amino acids are herein also referred to as stabilizers.
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their free base forns, all may be present in their

salt fornms, or sone may be present in 20 their free

base fornms while others are present in their salt

forms. Preferred amino acids to use in the present

met hod or fornulation of the present invention are

t hose carrying a charged sjde chain, herein referred

to as "charged side chain amno acid(s)", such as
argrnrne | ysine, aspartic acid and Iutanrc acid

Nor e TPF @minozaqidis) ysed "hWPrPéeS&Bi ferm@at'qn;ef theeinveiipn protects the

tﬁér@;ﬁdﬂﬂbﬁl? rativel polgpeptie againg®vafibusl §ﬂ$§§é§ th@f'eb? mcreasrng or/and

artic m aci or 2 (of0]
bt ST 01 i IR, St e svess
ifaudes bbet is oot rnﬁutetdqte heaty éra¢ing) pBIplidhtneitation, beidgtiont dehybation,

S35, 545, e Dk 1650, 1, S,
dAn%tP@gt%@t(bf Tlreh deren spesst encampagsesn@nudader it mbdubates (I e.
rédiREs, | MaihtaRs R Qﬁ.‘?éﬁse@o(ﬁ%{a%ﬁrfyodf tRd fotrrlﬂﬁlah&y ESHehif H% rnt%rha‘?on-

term"am no acid anal ogue' refers to a derivativ

bEie "}%&aa?%rim/owemfreﬁgﬁ%bm%w't@ed%mqruof an friggagid occurs in a
cahcganfraﬁ’tﬂl @pehdwueanmerrCT HetlR, inrleasing.o3Hcentratichs BRMIRG BEIR Rad

th h th f. d
e B b Hbl R i e G o o
thdwwemgwmhmmhenltm faymulatiorecankedming intarierdn-texta barsally exhibits
aBéreb&@ loF ol%g%'njr'er fd?ﬁ\gijonl rﬁme%séﬁéf%? t%&n & L&l rb&le tlon of the

referred as sta lzer am no
amouat qf @ p@ﬁ@ular @BRECH A hesRdi b ihegTesenbiormuaian abihe mventlon

iPrddacis debeasd ailighfisr iof 3ég|gbbgﬁf‘et frfhalén Y:Qﬁpiﬂ&éby increasing
ai nst v rrou stresse ere i ncrea or/ and

TRAPRESS PO SEaIY, ol br8=PRYaed UG bede Sxperment using

rriaﬂmdalganerally knldamm one offskill inetheaitst r ess” i ncl udes but

i s n?{' lém Ib%ﬁ Qe hﬁﬁ\}sglequglcgﬁé%ﬂ%gﬁtaglg btJﬂje?r\'tefers to ﬁ%gtrons of

aglta I on, oxidatlo surr aces
Cﬂmé@E@ﬁtﬂhaerg knewe de e saflee fop yphaemadesiticah hasnegterinary use in

férARRAsHI 8nd t%ﬂ%@ftﬁ@te‘ifect%ﬁmaﬁ ﬁgefomq%h{raﬁr% | the pH of the

encomnpasses aq¥ factor hat nodul ates

TORANRUGT 8 B9 AFhReses desesinr dbatpmuiaton; Acheptabie bufers for

chtratint H alrat mea&rguerylt delid pH & 4 ﬁltbﬁér‘ategﬁ[ga%rc pH frr:raas &t are not
Q) mmintained sta Wi addi tion of . an

i35, %, S CORRIS <R hispleiy rociBle A, AINTE: T yHaand

histiding. nthR}SS|rai§r$MCQeMmgl2l-hyd&xyrh9mm1n3) -prapaniediela candiOtd @any

I T I —

S?'W%?P@W@Wﬁat fornul ati on cont ai ni ng

i Nt eph efsetdimiRey ageat &ld )Sorﬁifé’lln@ ihat usagra% @dr&ll?rtolerated and
sence of e am no acid

| i t]
R a8 St Y ormRgh £ Bievent g pellghiol Y A5ross cell
meenribeartes thit ars actontact With fhe Gm'ﬁiiltatlémrcnﬂimﬁuhdmsﬂﬂh dshgycerin, are

[

oA 8 Ry SRS G AR o oA B
agenbinciuds; but ane not lindited,to peaniitple aminoetidsior podeing(edy glycine or
AR, Iearw{e dJ%bgrgm RRHAY I AR5 7E Y adsdiio¥! nnfdl Ssutfose and

Iactose)

The term “antioxidant” refers to a compound that prevents oxygen or oxygen-
derived free radicals from interacting with other substances. Antioxidants are among a
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The term "buffer" or "physiol ogically-acceptable

buffer" refers to solutions of conpounds that are

known to be safe for pharmaceutical or veterinary use

in fornulations and that have the effect of

mai ntai ning or controlling the pH of the 20

formulation in the pH range gle3| red for the

formul ation. Acceptable bufférs for controlli ng pH at

a noderately acidic pHto a noderately basic

nuAtbe efeexcipightssommpsly addediq phprpaceuticrl ﬁyﬁmmn@sphyswal

ahhoamdﬁ&ae stamyawﬁtnomdntsataee 6 NoNMinich2e Sor 38E@rd  oxidative
i stidi

PO DS QRGBT 85 o BEDIS ARER PUPOsUI f oy n the
qndmmmcxﬂl frep aabiicgls.adbesst a:brbaesml icat hafteaobe Eutatyyaadalbly elight,

Eérg{u gﬁso%%ﬁ téﬂ %ol?t%éfggr onf ?4 %&ncg %f %@ch nr%ef%[s BP 8er03|des

Stﬂfdi@s, i b}snpﬂt@sSu thlougiac anethionipe, erSaltSe f wtwlemmln@eteaacetlc acid
(ED‘I‘i\ﬁtﬂu%/IétéH"h9dirB&&t$lﬁbr% {BN‘I"Y“E@J bG@Ia‘ééﬂ Wd?&@nénéch@ (B8A) are

wat er across. ce nmbr anes
f@SH?f&'é’t“SW hantiguidanis ip Ardgs: §Hd'U®o'-=rR3rd’u'Pﬂfsbe§D &P"§§° enhance the
e@:w@ecsﬂ dhtioddights osa rmalahng heedlicl iohs &€ ivoidr aﬁém&seabatalyze the

b
BB R e RS ercalGHadtt P Ron e Atipts 2 erein
agu mferad takas stabllpzetst eins (e.g. glycine or albunmn),
sal t %ﬂéﬂﬁorgne éé?{jbél P}eggll\toeflﬂhgreﬂw its t?éégq{)rﬁt)lem%s salt form Any

dext r ose, , sucro act ose The
3t95ﬂ‘?'$%‘5@"db?rt L PefOér'%!- tsem&r)cqin%tuwamﬁﬁa@y P dipef tiR the | present

r@éw&m fe:rmmatnzss %ﬂtheci’lﬂfehﬁ’&dscflbﬁfasf Aeihfonin i bl‘égént in its free base
|nter 8 #%ﬁ@&)h hsutstances tlon% antsia hi

f%ﬁ'i‘bﬂ“ sa't m- A yo edxUPISOBATET BAIFRMpagYER T Mgthionine
mé)aalmtbe wsed &l theymresamt fdrowlatibra ot theihyehtiora | Theatethn “methionine

a&?ﬁgiéc?grlrefgﬁsg l‘%k%b%rlvxuve%tth@ﬁétg%w ?%c%%rﬁlgqqgtﬁ%nﬁw?hﬂ@h@h?oﬂme

roce
aaleguesoranalasi st waeddn unpmesgmbbmlethnon eithay dheiniree) base figrm or
teiesings. of free radl caI s. These processes can often
be catal yzed 5 tenperature, hydrogen on

conc &reased o’r’f‘dy% r g@m'ée%fstqwl% é”'WetaQﬁ'Emb r°fp antipxjdaats . (e.g.
rthibhih€)s ocdiirs Uhi hesoncbhtlrambjh e@epeiBéhi MAhNG, Tk Ui, Gicreasing

ST NPT e, oAt o e
erBHl@tloarcentalhlnequierfeﬂoy-bataeof the pseseninverdiot svhien thatuigenulation

cgﬂftglin\i@ g@ﬁ{éon %@tablﬁﬁlﬁ\alif%%ltgggﬁm #?Fé%gte?&f\’%or\ﬁ}elt rifidtion

ip e Abjesee @fat“lﬂ gotioxidpnt. P@teé'%l"é%ﬁﬁ efnthe eateqund f appaddant (e.g.

rﬁétﬁifaﬁ:hé)&sl bd ugé@mltﬁ@ﬁbsérﬁ fomUBLGbMARe ind&ition xlh%?dar% décfease
1.0

tasion, MSBATSaEregrR arefans Sp deac Be e Piiovt widue
anértmérm usmg mibthods yeteeally knoven to(dnef skilLin the arar DL

I somap) (O BRCRLEALAE BRY% B Bifoldl bMEoRbRBAL added to a
formulation to act as an anti-bacterial agent. Examples of bacteriostatics include
phenol, m-cresol, p-cresol, o-cresol, chlorocresol, benzyl alcohol, alkylparaben (methyl,
ethyl, propyl, butyl and the like), benzalkonium chloride, benzethonium chloride,
sodium dehydroacetate and thimerosal. Preferably the bacteriostatic agent is benzyl

alcohol.
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nmet hod or formulation of the invention so |ong as

nmethionine is present inits free base 15 formor its

salt form Preferably, the L-stereoisoner is used.

Anal ogues of nethionine may also be used in the

present formul ati on of the invention. The term
“nethionine analogue” refefs to a derivative of the
natural |y occurring methionine. The nethionine

anal ggues can al so be used in the present fornulation

i n eiPRdpm teurfactanteeefera 42 af lyhle pompovr ithatqedudes ithe syface

térrswne@fmgdd@rtsi/r@ducaﬁmtértwc@eténsba%{weu Wb mam@éi&l 4 liQuid ahd a
1,OXI onitne
Bt 58, b SerlonTisinal e Wi ABino G EE ach . b fgpaing to

rmmnnzenttheatarmmf othe asurfaoxi Garfactante aithveosometing’s &den used in

p"ﬁgr‘Mé?:Euﬁ@| %r 5 I, oﬁ{ﬂ%& l#ggﬁeﬁv {}{1%? Iov& P u%t 'rﬁ s drugs and

contalnlng |n rese I nven
PRiyeeptidesitin ptﬁenm aoglifrthe @baaration ¢fghe Arugror éts oaliveat @ “the target

t88Ie3B el RABNDEIrBc@KisIREILAE fB fys@fg%g Q(ﬁBI%)(%HQ@H@ 'derivatives;

fornmation 25 in the absence ant | oxi dant
Tweer) 7 WelkasdiurgPics ne amount of an oxi dant (e.g

mst h iA@étiraiag td @pmm%tioanrddneoﬂ&h@&ﬁeﬁuoh Oif Fay l%eh%hrﬂfthat by
.nve t|on

' d
Yo aiape il o pFea? sHESEE TR Sy 77, Blronic Fe7,
Rilgoric B8 edd WMiurbrie® FA8,cheeticutxly ereferably Rhgomig F68 ( BASIS, Pluronic
F%grfgﬁl% lk}{o‘brp ngﬂ’pfoQa er Sé?{) ac‘gﬂablle fbl'?nJl %n N 5bta|IQc? trta? Rimise

"bacteriostati c' npoun or nposi
thay lpss of gcliye F?IG'CPl?r q‘wamsa@ ibY radsrerp&m oaéheaﬁurmess ofy thet wali @nd/or

dRBRA de\h’cxea(md, e@nﬁ? e, RAsie rob@r%ieat étlégr l(t) rh:ég ?@% béé‘ﬁeiﬁﬁhd that by
f%{pw[?ﬁaq; |ﬁt%{$q{9r|| rgvg[(:)n é‘l’ffim?é‘? ﬁ9 cteg ?Dlurﬁ'}? o} 9? B%If(&pfc F87,

Phuronit 188 lané @lyroried 68 kuzniicularlg kaeienadlg Pllreriz GBB (QBAﬁF‘n Pluronic
l. oL C thimerosal..... .

B8P0 o PR B TS BB BP9 i o o

registant & oxidation anghte formatipn gtnrb@msaaggregates ers to a

sol ubh@ mame%ﬁa&m; Jr@%ﬁ&ﬁfcoPBI?m§+ér b2 yuaﬁ&gk.ea (D) and

, reduces interfac enS|on et we
Prqpé{l?ﬂas°xt9'9 (gq)l iR Bropyigne; oxide blagk (PR isssandwiched bglyyesn two

ciyiang okide (FOY Bleckact i ng on the surface of a |iquid,
tending to mnimze the arei f the surface.

Surfactants have sonetines b used in 5

phar maceut i pwery of |ow
mol ecul ar rraq-zdg %”é?@% o?lyp b‘ ﬁHérder to
nodi fy the absorption ef—the—d or |ts delivery to
the target tissues. WEO <H6MrE@urfact ants include

pol ysor bat es (Pol yoxyethytrene derivatives; Tween) as
wel | as Pluronic. According to a preferred embodi ment

of * Bl ERbhas ld S NARDERD d QUNGLA Halcly 10

for a surfa Sel ected from
1|:>Alhy@ypplnqbe)of tre desid mela¢ularpgght is created by the controlled addition of

propylene oxide to the two hydroxyl groups of propylene glycol; and

2. Ethylene oxide is added to sandwich the hydrophobe between hydrophilic groups.
In Pluronic® F77, the percentage of polyoxyethylene (hydrophile) is 70%, and the
molecular weight of the hydrophobe (polyoxypropylene) is approximately 2,306 Da.

In Pluronic F87, the percentage of polyoxyethylene (hydrophile) is 70%, and the
molecular weight of the hydrophobe (polyoxypropyiene) is approximately 2,644 Da.



10

15

20

25

30

Pluronic F88 and Pluronic(r) F68, particularly
preferably Pluronic F68 (BASF, Pluronic F68 is also
known as Pol oxanmer 188), a stable fornmulation is
obtained that mnimse the |oss of active principle
caused by adsorption on the surfaces of the via

and/or delivery device (e.g. syringe, punp, catheter,
etc.). It has also been found that by 15 formul ating
interferon with a surfactant selected from Pluronic(r)

F77, InPPlyropic F88rtve percepigee Af Rolyoxgethvienerihydraptiile) 568%, and the
rikAduia? Weight of tis Wd%phbbé/prlyUk@%@le’ﬁ@ﬁis Gpprekimatdiy,644 Da.
F68 h spal SO '}%gotgn as Po of)iﬁ?% 1%&13) a stable .

f or mil BH8IE 08, g pafcrnigge Xy hydraphile) i §0%, gnd the
nooteatiier weightofdhd lydfaphobé (polyoryprapyizne) is spprogimaght £867 Dae
Pl ur j; I mers of ethyl ene
oxi dg%'%?wgfﬁg’%g gg&'g’r@%ﬁzr?g&@%@‘g&%q . The propyl ene
Aygiage Msllesylar Weiht:i660&andwi ched bet ween two et hyl ene
m&gd_é(ﬁ@‘l@chks. CH3 HO (CH2CH20 X (CH2CHO)y

CH2 0) X H_ EO PO EO Pluronic surfactants are
P&Wﬁ?ﬂ@f"&@:@‘?ﬁ:éo'ﬂ%-step process: 25 1. A hydrophobe
VicobityqBetRRIidI§EpsIse Qligurs aV25°Chpadtes £60%t Bkl Lidé Ker7°C);

trol l'edldadm“@ $§ propyl ene oxide to the two

%F%’)‘?{me@ Xﬁ?%c"b % pyl ene glycol; and 2. Ethyl ene
oxi d@.1%sCatided7.00 sandw ch t he hydrophobe between

hydr gpfbd Egnc9r s. In Pluronic(r) F77, the percentage
of polyoxyethylene (hydrophile) is 70% and the

mol e890A% GasicgRE2-8of t he hydr ophobe (pol yoxypropyl ene)
ItSriatP Ehsion BdyRba/crd @ 96°dws. Ngfel;| n Pl uronic F87, the
percgﬂg{age of Pale_yoxyet hyl ene (hydrophile) is 70% and
t he t & al’-0ei ght of “the hydr ophobe
(pol POy Canzyl 200&) i s approxi mately 2,644 Da. -16- In

Pl ur gni .. per cent age of pol yoxyet hyl ene
(hydre{)ba%(fog}%'i%' 0% and the nol ecul ar wei ght of the

Dingnbs Ypbettings Seeastdg 823r opyl ene) is approxi mately 2, 644
Da. kg onj 450F68, the percentage of pol yoxyethyl ene
(hydr oéﬁ?ﬂ? is 80% and the nolecular weight of the

hydr 87BN 5038Poxy pr opyl ene) is approximately 1,967
Foam Heighypi cal properties of Pluronic F77 are |isted

el Ol ! 95, 151 BPHE!pf 1L, ©000; M1 1/ pour,
( Br oBk$s Mila$) 0dfs mrl@D26°Ci 41 ds at 25C, pastes at 60C
and pohdfS o, i@ 400 mi/min: > 600
Cloud point in aqueous solution, °C
1% Conc.: >100
10% Conc.: >100
HLB (hydrophile-lipophile balance): 25
Typical properties of Pluronic F87 are listed below:
Average Molecular Weight: 7700;
Melt/pour point: 49°C ;
Physical Form @ 20°C : solid;
Viscosity (Brookfield) cps: 700 [liquids at 25°C, pastes at 60°C and solids at 77°C];
Surface tension, dynes/cm @ 25°C;
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10 Surface tension, dynes/cm @25C;, 0.1% Conc.: 47.0
0.01 % Cone.: 49.3 0.001% Conc.: 52.8 Interfaci al
tension, dynes/cm @25C vs. Nujol; 15 0.1 % Cone.:
17.7 0.01% Conc.: 20.8 0.01 % Conc.: 25.5 Draves
Wetting, Seconds 25C 1.0% Conc.: > 360 20 0.1 %
Conc.: > 360 Foam Height R 5S Mles, 0.1% mm @ 50C.
100 Ross Mles, 0.1% mm @26C. 47 Dynamic, 0.1% mm
@00 m/mn: > 600 25 Cd oud point in aqueous sol ution,
C 1%'%fenc 14480 10% Conc.: >100 HLB

(hydpaakd Cend. t #oPhi | e bal ance): 25 Typical properties
of Pl yropi ¢ F8 re listed below 30 Average

Mo egthoi‘?’ (\?ﬂﬂcgépg 7700; Melt/pour point: 49C ;

| itbyfadiat dnsieoy dyn@s/20@ 25%DVs Myjolyi scosi ty (Brookfi el d)
CpS: n4Q, [ quy gds at 25C, pastes at 60C and solids at
77C 01 %Sgr)'#ééég#'tgensi on, dynes/cm @25C;, -17- 0.1 %
Cone 0:019Conc; 213 % Conc.: 47.0 0.001 % Conc.: 50.2

I nt epfae) @bnd epgon, dynes/cm @25C vs Nujol; 5 0.1%

Conc.: 17.4 0.01% Conc.: 20.3
Draves Wetting, Seconds 25°C

1.0% Conc.: > 360
0.1% Conc.: > 360
Foam Height
Ross Miles, 0.1%, mm @ 50°C: 80
Ross Miles, 0.1%, mm @ 26°C: 37
Dynamic, 0.1%, mm @ 400 ml/min: > 600
Cloud point in aqueous solution, °C
1% Conc.: >100
10% Conc.: >100
HLB (hydrophile-lipophile balance): 24
Typical properties of Pluronic F88 are listed below:
Average Molecular Weight: 11400;
Melt/pour point: 54°C ;
Physical Form @ 20°C : solid;
Viscosity (Brookfield) cps: 2300 [liquids at 25°C, pastes at 60°C and salids at 77°C];
Surface tension, dynes/cm @ 25°C;
0.1% Conc. : 48.5
0.01% Conc. : 52.6
0.001% Conc.: 55.7
Interfacial tension, dynes/cm @ 25°C vs Nujol;
0.1% Conc. : 20.5
0.01% Conc. : 23.3
0.01% Conc. : 27.0
Draves Wetting, Seconds 25°C
1.0% Conc.: > 360
0.1% Conc.: > 360
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0.01% Conc.: 23.3 Draves Wetting, Seconds 25C 1.0%
Conc.: > 360 10 0.1 % Cone.: > 360 Foam Hei ght Ross
Mles, 0.1% mMmm @50C. 80 Ross Mles, 0.1 %9 mMm @
26C. 37 Dynamc, 0.1% m @400 m/mn: > 600 15

Gl oud point in aqueous solution, C 1% Conc.: >100 10%
Conc.: >100 HLB (hydrophi l e_-"g_i pophi | e bal ance): 24

Typi cal properties of Pluronic F88 are |isted bel ow

20 Average Ml ecul ar Weight: 11400; Melt/pour point:
Foam Heighbhysi cal Form @20C : solid; Viscosity

( Br ogleks miigh, ocips mm @ B8090: Bgui ds at 25C, pastes at 60C

and soli at, .£7Cl . ‘ace tension, dynes/cm @ 25C,
25 o.?‘i’s%ﬁ@?ﬁn@ﬂ:"’ﬂ%f‘?@?%%??% Conc.: 52.6 0.001 %
Conc Dynd&bic,0.1%t mnf @408Imifnginst 600 dynes/cm @ 25C vs

[§e] S 0 : 5 30 0.01% Conc.: 23.3 0.01%
d&ur?gé":'"tﬂga.‘%é&g)%\i”é?" tting, Seconds 25C 1.0% Conc.: >
360 1% Gomm:ed@R. : > 360 -18- Foam Hei ght Ross M| es,
0. 1% oedqe 59480 80 Ross Mles, 0.1% mm @ 26C. 37

HLB (hydrophile-lipophile balance): 28
Typical properties of Pluronic F68 are listed below:
Average Molecular Weight: 8400;
Melt/pour point: 52°C ;
Physical Form @ 20°C : solid;
Viscosity (Brookfield) cps: 1000 [liquids at 25°C, pastes at 60°C and solids at 77°C];
Surface tension, dynes/cm @ 25°C;
0.1% Conc. : 50.3
0.01% Conc. : 51.2
0.001% Conc.: 53.6
Interfacial tension, dynes/cm @ 25°C vs Nuijol;
0.1% Conc. : 19.8
0.01% Conc. : 24.0
0.01% Conc. : 26.0
Draves Wetting, Seconds 25°C
1.0% Conc.: > 360
0.1% Conc.: > 360
Foam Height
Ross Miles, 0.1%, mm @ 50°C: 35
Ross Miles, 0.1%, mm @ 26°C: 40
Dynamic, 0.1%, mm @ 400 mi/min: > 600
Cloud point in aqueous solution, °C
1% Conc.: >100
10% Conc.: >100
HLB (hydrophile-lipophile balance): 29
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Dynamc, 0.1% mm @400 m/mn: > 600 5 C oud point in
aqueous solution, C 1% Conc.: >100 10% Conc.: >100

HLB (hydrophil e-1i pophil e bal ance): 28 Typi cal

properties of Pluronic F68 are |isted below 10
Average Mol ecul ar \Weight: 8400; Melt/pour point: 52C ;
Physi cal Form @20C : solid; 9V| scosity (Brookfield)

cps: 1000 [liquids at 25C, past es at 60C and solids at
77C];  Surface tension, dynes/cm @25C, 15 0.1 %

Conc Othespotymeps (having ersperties imilar to thgse ligfedopfove may, glso be

uUsBd Wtﬁéfdrmhlaiuﬁi%sdf% infBABErS/ P (RRAGA Yariddtnels; plurama F&8, and

sggn%: 6@ | 01 % Conc.: 24.0 O. 01% Conc.: 26.0
ags ‘f"fﬁ'@"a@&f’&fiﬂﬁ 25C 1.0% Conc.: > 360 0.1 %

Conc Pluroni@ @articdlariy-BlaironidciFéf) is prefesabiy bIESent @t 4 YondentrdBon that

%Q@}élé& i to %ﬁ.weffgmn sté'blf%)bﬁqgé@ezcgeglreél QthSX %%H&oc I ffor example

1230 @¢ imonths ang 8lso & a:gmpentrat_rpoohd@%t@nmt fo pre_mmt pllof®in losses
&Ex&é&h%t.bﬁ oh SReRES, 's%crbaé F#RGAR, an?p%utejo‘? car@idas lor m%'sywes

havi n ropertles Slm ar tothose |i sted above may
al so e’@Q'éothP reopeRntrationof Klyrenie earticuasly; Rlywenic 668, "imdiguid

fonRARohe R o oF BB6Ut D01 mg/nfPlte! BOGH 4bobB80 migndl, more preferably at or
about 0.05 mg/ml to at or about 5 mg/ml, more particularly preferably at or about 0.1
mg/ml to at or about 2 mg/ml, most preferably at or about 0.5 mg/ml.

Preferably the concentration of IFN-betala in the formulation is at or about 10
pg/ml to at or about 800 pg/ml, more preferably at or about 20 pg/ml to at or about 500
pg/mi, more particularly preferably at or about 30 to at or about 300 pg/ml, most
preferably at or about 22, 44, 88 or 264 pg/ml.

Preferably the formulations of the present invention have a pH between at or
about 3.5 and at or about 5.5, more preferably at or about 4.7. A preferred buffer is
acetate, with preferred counterions being sodium or potassium ions. Acetate saline
buffers are well known in the art. Buffer concentrations in total solution can vary
between at or about 5 mM, 9.5 mM, 10 mM, 50 mM, 100 mM, 150 mM, 200 mM, 250
mM, and 500 mM. Preferably the buffer concentration is at or about 10mM. Particularly
preferred is a buffer 10 mM in acetate ions with a pH of 4.7 0.2,

Preferably, in the composition of the invention, the antioxidant, for example
methionine, is present at a concentration at or about 0.01 to at or about 5.0 mg/ml,
more preferably at or about 0.05 to at or about 0.3 mg/mi, most preferably at or about
0.12 mg/ml.

Preferably, in the composition of the invention, the amino acid, for example
lysine, is present at a concentration at or about 1 to at or about 100 mg/ml, more
preferably at or about 10 to at or about 50 mg/ml, most preferably at or about 27.3
mg/ml.

The invention includes liquid formulations. The preferred solvent is water for
injection.

Liquid formulations may be mono-dose or multi-dose. Those liquid interferon

formulations of the invention that are intended for multi-dose use preferably comprise a
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surfactants having simlar properties. Pluronic,
particularly Pluronic F68, is preferably present at a
concentration that 5 is sufficient to maintain
interferon stability over the desired storage period
(for exanple 12 to 24 nonths), and also at a
concentration that is suffigient to prevent protein

| osses due to adsorption ofl surfaces, such as the

vial, ampoule or cartridge or the syringe. Preferablg
hakteripgialice riueht 2% PhemolPImiereselc p-G5esoli ewreseh yehirepresel. cbenzy!

dréhol, bmy|ba:au¢rd(métw1 raimt;jr@;sw Bufyl ahd ﬂnre m@p BénAiKeAiumhibride,

%a%o%urbgﬁlﬁﬂéqﬂsoglggé{d hgqro%ﬁgzgg agd V’ﬁ‘io almﬁaétlcula]ly preferred
ararpmlenmll adehay picohe r ara m—abscm,r maleo ptefdireti isnpgnal slcorml. The

e et Tho 8 BB RPNt o onelilop B gecve
to heamtetnmne afonnmlatnos easerttlallsa bacierial fee @suitable dominjestior myear the
rﬁ@@ dSédﬂin ecm?{ ;?erBH slisérhby palat Qxf at?b*&@ 4 o?-94 H(g t& Qc d’i“ab&ut 12

out % nor e partlcu ar | re era
%&mrefswbw 2 abput Sfg @ OBQQPL@/‘%daY?mE'i'e bapserpﬁf@f"é ISamﬁf?rab'y
présePi indDedhcerdrhtiod 8f at®B abbut Do, Pe4sY bacwrneétaﬁ@hésé dfl3Bivent) to

2 8 i 2004 SncPe ot S5 Hholc Ao Bloribog: €0fiin e case o

teneyl efcabd!ypaaticutarly pleterted4rd conkepiraives ofli2 bud.8%). i s

acet G el IHe ﬂe%%@r?&n%%é‘@é.'t%ﬂ?;p BftlRY. RO 'ﬁﬂ?ﬂ% to multi-
ufters ate we nown

otassium ions. Acet _ _
oget feemulationsBUIUt emay. ofls® e addehsini mangtdepe sfgrmuglatipns. One

SRR of theDSre¥& nvahtidd Rl inSinEd d&e‘iformmatms ra%ta.n.ng
MVlcgloo 150 MM 200 mM 250 mM and 50
hengyl @ B‘P'y the buffer concentration is at or about

10nmMin B3arthee uhfbbhmenmfetﬁe for@dlatienseadeoiidingrto e prbent invention

tﬁ% n% e?(%r{ %eﬁg I tagle%s { ?63’/?1 %r ?ﬁg r?tg&gtfg% £n t|t\é qa&r%mer form
(@saﬂphé moreet preferebay less thap rzé/séfmggeagawsmtnm temaperajurear at 2-
??é %ﬁupeooﬂy §e‘a| té%n QQQH(y a%aQs:ggéégnged géoﬂor e

at” or or about 0.3

m)st Ppp@f%ﬁeétfpymé@tloarmaﬂﬁﬁt"f igerferoprgetsy 1a. PPE%@EBW lysine,

réthiohife 0B AR IFL68UhdGIn dq06odsicetatd BUfer, toRderablly iPadj@st the pH to
:{)?[oalgzarrpl e lysine, is present at a concentration at

ut 1 to at or about 100 ng/m, nore preferably
at orThabrenge df0intederat i theafoaudlatidhs nj/tind jnveri®h includes amounts

ﬁél(‘?if@ 3@9& ?’ec%stg&t%og %Jfoe@t?atﬁns ﬁgﬁ:ﬂgééﬂt 1 oTpglah Ry %PH 8ot 50

ati1ons solv
mgmbralthewgh lpwgaream higher pp@ﬁﬂnt;amsm aperabls anﬁ;arq;éependent on

tﬁ@ Wﬁéﬁgé%edemerﬁ%ﬁlbledeﬁe solA8® Forhiufiibsls Wit @fdrafn transdermal
formul ati ons the invention that are intended fo

RAGNy |pulg}9§§ryugr§n§5rlwé>p§ql,agﬂ g,sna%lﬁrﬂrlrgl@roapump methods The mterferon

concentration is preferably at or about 5.0 pg/ml to at or about 2 mg/ml, more
preferably at or about 10 pg/ml to at or about 1 mg/ml, most preferably at or about 30
pg/ml to at or about 100 pg/ml.

Preferably the formulations of the invention retain at least at or about 60%,
more preferably at least at or about 70 %, most preferably at least at or about 80% of
the interferon activity at the time of packaging over a period of 24 months.
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-20- bacteriostatic, such as phenol, mcresol,

p-cresol, o-cresol, chlorocresol, benzyl alcohol,

al kyl paraben (nethyl, ethyl, propyl, butyl and the

i ke), benzal koni um chl oride, benzethonium chlori de,
sodi um dehydroacetate and thinerosal. Particularly
preferred are phenol, benz al cohol and mcresol,

nmore preferred is benzyl al'cohol . The 5 bacteriostatic
agent is used in an amount that will yield a

concéhir &trther prefatred embodistent. e inventign neravideg (e method for

mMauEeludhd 8N ae §ﬁa”rh1aaédti}éalb;aﬁ1b6§|ﬂl<ﬁx ésro@ecﬁb%ulbbﬂiaé e f or
Inje

tion e ec
wht oI ek el b e RiRSognest. 158 RGN (USSR g for
n%ufadﬁnyisg a[paekagedhpharmcenticab borapositioh cosiprising alaainy alsblution

oy B pBRR S5k e SoRloRl ko eBbERAAL 1 2

bact év w@tsamtheer( prefasredf eiddiraent) theoinvention providep@n article of
n?ang%btu@rf& PuffaR" Bpér)haeéutﬁél ?quoerr%r{?gt 3 3al oéonﬁ)tﬁQiHb the

he case of enz cohol articul arl
pbar@faewt@a' SQ@PQ,SBHE%@Fr%ﬂSF’&‘Fg sforg, and wv"ﬁerz%latew% igg that
sbé'lﬁsél&tﬁ)n%a)a b heRiEsveR ki peeiod of gt obgsbuy kwetheRle hourb %r Qfater

Limted, t nmul at

bR % i el P v rasiial s (it A Moy Be nei
upheaturabeutti2idayent i on consi sts in single dose

f t I

o g 315 LRI ook IR BB i yoga rr o
least: ap pe abeit 2‘h\h@lmsi areferable af feast Bk opmbpelt 4 P Lrit days, more

pk&aﬁbuymgtogﬁ%a% Abter PaSiFst abOtHe 18Y@AtidN i §rerm5myr§tbred at
form éﬁessthan grefera% Iessth?

o8 G By BEPOIATP i HEBIG B O L PGl are prelorady below at or
abBats107 G tnddy prsftality at ariabout 2/8°Combstprefambly it or abamic4-6t6d

Ibﬁlt g\r’lv ee fogrﬂélggénesfcﬁ the gr %@l{t thc%lncb%lr}ﬁ%gérgd gy a process which
comptisesraidrieg 1l calated mthdhaaxmré@@;habeffe;edssolutlon and
tl%#qoﬁfnﬁ tlﬁglﬁ{eﬁél%hl y to adjust the pHto 3.7 to 4.7.

era Interferon in the formul ati ons of the
i nvehe Eﬁ?”'ﬁ"r‘ﬂ:?‘ﬂ'&@@ is ke Riaged w@'%aawgoww cartridges. Variations

o:’ SRO6ddsk M@Uﬂ{beg%&iﬁ%@& bﬁbh@ﬂﬁor&ha@fsklﬂhﬂﬁb att: @c()jrﬂa%_émhle the
a or apou [ an | r
o olbn: PamRRbIs P Z08P0, Mhetiy ARt e e bkl the
tempe!atdledamﬂerbm aewitich i foheulatmngs Jprepafaa lacmalf factord that map be

op‘l Mse&jfofr h% ﬁoﬁé&%{léméémlof am}lﬁpatloﬂwsg? E 2{1)5/ ' The

i nt eirf @rse @f amﬂkté@ﬁerlaeuf@rm%lomt@? éa%rq;taép agentapry e added

totHe G c&rﬁalﬁlhg e @éﬁ%‘tng?edl&{ (?ﬂterfé?@ﬁ)%r aﬁérﬁEﬂVeﬂbrhay Bd kept
or about to at

it Seearals ‘ﬂ}a'zﬁ' ‘@F"d(ﬂ?oabﬂd se%’@"‘jlljﬁ ﬁ‘l"ﬁf’nq‘t" @%?0'%0“&6’8@{"'"9 the
atR nﬁg}‘édlénta?ﬂﬁfrﬁﬂrﬂélitxafms’ree fornrul ations of t he

I nve%e ormu ttl%lng oqt thlee%%ntlgrt\ gbou

devices. Examples comprising these single vial systems include auto-injector or pen-

mlmst ?ed using recognized

injector devices for delivery of a solution such as Rebiject®.

The products presently claimed include packaging material. The packaging
material provides, in addition to the information required by the regulatory agencies, the
conditions under which the product may be used. The packaging material of the
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nore preferably at | east at or about 70 % nost
preferably at |east at or about 80% of the interferon
activity at the tinme of packaging over a period of 24
nmonths. -21- In a further preferred enbodi nent, the
i nvention provides a nethod for manufacturing a liquid
phar maceuti cal conposition ?g descri bed before. In yet
anot her preferred enbodi menf] the invention provides a
met hod for manufacturing a packaged pharnmaceutica
P&?ﬁbb@V‘tﬂ'ﬂeﬂ PEQYIFSS| '%W'%Sdeltﬁ‘@ pat'%| if;ppesied, & prepare the final
sgmfm{ érigi tggjsé Ractafidal E@utlidthgdv@ﬂ%a ﬁaﬁocﬁﬁd\%véﬁt?-fcg% %bﬂls%%fea&a‘i for
escri be e. anot her p erred e
e VR oot Asoaist sk e STe . Bl PeRet ol s Ffcates

tied rs@aoh pblarcmaneyl thecadeduser acperipd i of itwentafour busodrpgreatien ghe

AR IR ERBRALE Ble GRPRPhLANShahalaREl HRGRRET ©

be hé&hel stabie memadowrmﬂlamnsomanbbmtprmdt o bemntm@ar gear
sgﬁ.ltu%seaﬁﬁer oi’tﬁoﬁfrﬁa?rbet 1’3?5{1 € tise %ﬁﬁ m:{> t?él%ﬁ?&] bﬁufh I% tlmes and

ten material States at t he sol'ution
“Eﬁ:y %Uff CafOTGrS"’@l%thmtitﬂ"Qj%S of\patient rgatmentapd t%é”@f'de& a m°’e
cawénienﬂﬁéaﬁmémrraglhah R cufredtRavhiibleept and used for at
| east_ at o;f about é_@ QOurzdbl r ef er abl % | st at oI .
aboutThd, mgreyPn i eifie Do e Rhypffisis,Sh sSltions
dasqgribed Aetedt, rhdnebé iadsinisiered tthh@ padientuinaddcomiange with the present

..Weﬁi.&mg'ayva%@r&%e egﬁ,en%'dew\« %'gp‘ﬁ%%ﬁ&ﬁn({mrﬁdermal

el"ow a
P@JMMU@I\SW@WF@@F aﬁmytlcamur@n, caﬁrdﬂge micgpumpsAral, or other

ATe %bﬁij@blbfteéﬁ)%( e skingy Ertéar@ Gs WHM‘(n(ﬁ\ﬂ{ Mhéb ONS Of t he
present i nven

ion can al process wh rP
conpr e &My g rfﬁfe(%l%m@‘é!b'& P ?%%"%’nﬂﬁ‘ﬁ?& T35 refaiing interteron in
seld opliulid forinoint 41 @okitdinbe Isextiiles sthiet iEramplesl of ahwial @ dseugherein
|@ﬁ?\§igg€{%ﬁy ee?: g?%‘m%gﬁ-p@% ! esg‘«ig'gg,??rs 3 8glt 58 e%e}\;é‘? remtable for
defiverhofsthe intarfesen tade gatisat vie spingez sdnnavncmcbngotbsrmt@) @athyter
tlsalﬁétjjérmhln éta'? lﬁu&nfr? BRlEosaf Bray. O{/Q‘%r snﬁ%ﬁle for packagmg

onen S are ther addi t1 ona tives
m@ts fon garepisfRbepAMERaY difRNsEIcesal. vasi tearsderemat a?rﬁwrsgﬁﬁlqshafe

vieh kﬁéﬁ@aﬁ@;@m@f&da\ﬂmfa&ctors that may be optl m sed

for e cong ans f ad i on ,
usecl NS rEel R WAl i eoriath SL s B P e T Y bongrel
dffactt en | pregrassion af ediseasay |rh)BJd‘ind;d atlendabor’l hedsdiamt i dmarease or

ﬂge ?)Qt‘ﬁolgg E%I‘G%vél%ﬁ&ﬁ 'aﬁ&longét%tf Qlsb&deon) 8:

er n parate vi al
cart ﬁharg@camt@alsmmu@m of) the; m@nﬂpo copprigieg dN @ an isoform,

rﬁlﬁ&haﬁﬁé@?r&aﬁ fuRGlidn¥EdériaieditiVe Rbctibher "Qéﬁfﬁ?é u8bful in the
use ormul ations of the invention

diagRrsis.s PeveRtionsiand reeigght i Alogal or systemlcS of c?nlcal indications

responsive to therapy with this polypeptide. Such clinical indications include, for
example, disorders or diseases of the central nervous system (CNS), brain, and/or
spinal cord, including multiple sclerosis; autoimmune diseases, including rheumatoid
arthritis, psoriasis, Crohn's disease; and cancers, including breast, prostate, bladder,
kidney and colon cancers.

All references cited herein, including journal articles or abstracts, published or
unpublished U.S. or foreign patent application, issued U.S. or foreign patents or any
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30 devices. Exanples conprising these single via
systens include auto-injector or pen- injector devices
for delivery of a solution such as Rebiject(r). The
products presently clained include packaging material.
The packaging material provides, in addition to the
information required by the,regulatory agencies, the
condi ti ons under which the product may be used. The
ackagi ng material of the -22- present invention
VERERNCes s3re |RtiTehh inceporaigd By irpfermnce jierqin cifglding @il data,

t4bl€x) Siglrds h@wd‘ td*ﬁ|pres§ﬁt|edt ih Otfle adteld trefetémBes lmia:tfohaw the entire

oPiphs e erenafe- iy fin, WeCRIREES ke WoRir erengis snirely

moajorated)bwtefmmqeroduct t he Iabel i ndi cates that such

I
f}gu ?Be%?enggéoa?%m}ﬂsrﬁ%h&g&%ﬁ 5 S th%ﬂglﬁéetﬁ&% rgtélf)s I?n%{mn methods
oy sefventicngl meihads Ism\f&ranﬁd@ytarb@dmmwmt amespetrth descrlptlon or
eRibBliRnidt %edré/s%Fit lﬁ\%rnﬂ&H |§Bisélas°ednﬁﬁgrﬁ ﬁr Rigg¥rsler tﬂeq'elevant art.

patlents as | ear sol uti ons. he sol ution may
si ngl'Be Ggr@g%fg Aescrigtipn it the seerifichemipqdjsments Y"l’l‘e%? BA‘M rewag/the
gsuértan refturé of tha ifietPnehatlotee Ednd b appiihernoMedpa Withif tthe skill of

g SRR ran i el P Rty Pt spgior avep

fornvagiotie rapphqahore istttespedific enbddinperds, withesierundak experimentation,

vjltgm me?&ﬂhﬁ’é" g'oﬁ’ﬁr th @eHér‘apeéhoe&eéfCtﬁé lk}gélemelh\%nﬂ%n nfﬁ?éré?cﬁ’e such

I N acco
agpptations and ﬁv%ﬁ@mswra 'atexmq tot be withia dhe \egapingeafta dange of
eqlicdieils NG hE @scidsd | dhhisfinheis, Edsé@&ﬁﬁﬁﬂ@keach:ﬁ@' 4HaN QﬁlManoe

sRet Brar i g ERerRa e b PR B by o

ﬂw pursase,of descriptioh-akd avinofilimithtioa, such that e teeninatuginor phrabéology

of‘fl{ eF) 8% (n)s%gl:rycall&l I% d(oﬁ?@ lrir?f%h{et ]EJOJ ?ﬁ%l %nfg& (r:aé'{ st%I‘I 8lh r]fg”tgof the
teachings andsguidance presanied sergin, in eambination wittetheHapwiedge of one of

omg,}ugm iR es, cartridges, blister packages, or
ot her such reservoir suitable for delivery of the

on to the patient via syringe, punp (including
EiamBIbMCJAn@ﬁhbmahods transdermal pat ch, pul nonary or

SR e TG hpra fisS istal Ao gew SE-LREES BONE S, ana
vehoatysmtyaceatngafatImm(ﬁs.tG)aﬂere mised for theemeasunevment aoh dggregates and
O[I%ﬁl?& Ié\fe& df 'Peéoﬂﬁ‘m%h{ hun:E?‘leiD{Eﬁ #Sh- b%fae'?at @ﬁqlt:N -b t +} rII-!%ﬁ:N—

this invention rerers to bene
1e}. fThe SEJIP IS @rgi/élé@ imsithagls priseeiad @elowm akle t@gdetect both covalent

aﬁ& BSﬁLHS\FaIéﬁFollgBﬁﬂkéoﬁdtrP&haanéﬁ\Véﬁa&?d QUalitafiiely. Ni shing of

he pat hol ogi'cal devel opnent ‘after onset” of disease.
25 Phar maceuti cal conpositions of the invention

aC GSRHPECOPUMt)tést an i soform nutein, fused protein,
TheNELA0aL e fer LUt hYSsaBS th¥Snd £ 3%Hbakan 33k ¥fooswxe
column (TosoHaas) or a BioSuite (Waters); the elution is performed in isocratic mode
at 0.5 mL/min using 50 mM sodium acetate buffer, 50 mM NaCl pH 3.8; the wavelength
is set at 215 nm. The runtime is 30 min.

Samples at 88 mcg/mL are analysed as it is by injecting 100 pl.
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di agnosi s, prevention, and treatnent (local or
systemi c) of clinical indications responsive to
therapy with this pol ypeptide. Such clinica
i ndi cations include, for exanple, disorders or
di seases of the central nervous system (CNS), brain,
and/ or 30 spinal cord, inclyding nmultiple sclerosis;
aut oi nmune di seases, including rheumatoid arthritis,
psoriasis, Crohn's disease; and cancers, including

r on velagi AUG dney and col on cancers.

Al Methefl gestiigiish ci t ed herein, including journal
articles or, abstracts, i she unpubl i shed U

L ehes o pabS] HRCLS, LSS g iUl ished U Sy 1
pamernbptncalr pailmyngtli’_3Fheo¢dm&;rplecm‘se!rﬂrmphlraawmdm§ arGEd:lgfaned with

it ggt%%éetggﬁtaén%dthgﬁ/ 353?%8 rr?@%%r 1o Srgltc{]had)eqﬁg lé% &t? %slbqg 8aces.

ur es tex
r efhe @ﬂmonmuptacebralls ;oadeche,n éhe referencsoptammelks (g instrgment

r efuﬁét%% Bk & 'dhﬁfbeﬁhtébb&réph&oﬁﬁfe‘?f ?ﬂ&s%sloé:detd%“@%%éh placed

are al so entirel I ncor orate y ref erence.

RelNi am AN-20T1 1878 ?tH@dO%’Pé gato & Begkman Optima ﬁ@rha@@ytlcal
st egtrifude) @t bIBUGRD €5 20°T. TRE tueN is maalbrcmghheﬁsooosrpﬁobnd the

s A SPACRL (@ 22ait PRRPRaRES 256 dRi<BLlE proper cal
t alogdiing.dhegoigyisdhertbriongh hethe fhad vamsépead tof 50000 rbor 8Q)scamg for

deec’é‘ch'sgfrlﬁférbrgtec% F%Pﬁ?\fsirf){ops odinments will so fully

reveal nature of the invention that

ot Relpare avﬁlyw using e AG) et é’&g@omdtw Retem@chaiRk py theN.1.H.
10aﬂJiﬂ1r§|)lb”n§en(édlﬁ |hi$de(ijrfé|!3/sfs f SHEFST @\fer%&lﬁ? J7e86HURR 3L 32000).
fe adl | or ada i for various

appfP: gﬁﬁiblﬂ{‘f’%u@ﬂg] f i é“ Wi?ﬁt sby \/\ns?‘ﬂ'é‘ﬁf‘tatmbu¥e'°°'ty
exmltwoenmﬁlgntmmand Lamrh quatlod epaeling @/dph;amlt Ig:5 1geme6w)

conc e n n

a dl;ﬁ @ {%Jﬁ%éégnrggﬁgﬁ a{ X%néll'egpyé fi Egcf gﬁ\?e{ B égtrlbutlon of
W sqqiimerttm@n mgaﬁtiﬁ@;smhll& m@degleg die Inﬁlqamce af difiusioroén thieadata in
di &eépﬁﬁ@nﬁamgdaha%sam.oha&ﬂe ﬂathba ewarﬁ@%p' AicAMg a diffusion

gui dance 15 present her ei n. bé under C
t heaefficieat {9rragh valug é’{/ s%m?@??ﬁ"rﬁﬂeg'ﬁvnh'@séﬂ Qnjad gsgymptiopdhat
ualmene@ha@bem@rsamel dvaraﬂrhgldraeynamic bhdpet(@ith SRapeSdéfifed by the

s pERiAACaEfGRf P Rig e B 57 & Siers, T he il YAl ore then

arvaried o find ihlegiest oferdliHi of theataks fog sacmshngpie. ddnecistributions are

th the know edge of
onéegi‘so?‘?}]t @wmaﬁﬁ\ ﬁ’om°Pﬁ‘Léﬁ1g‘?{'%20 EXAVPLES Exanpl e
2 _@M!@!t@&!@%ét hods Size exclusion (SE)-HPLC, herein

al sorpRk giped as "new SE- HPLCE pgfes rdd&W SEC', and
vel o&Pﬁéultracentrl gufation &(AUQ wer e used for the

neas pRedof aggr egat es'
- Centerpieces charcoal epon
- Channel length 12 mm
- Temperature during the AUCrun  20°C
- Detection wavelength 280 nm
- Sample volume 432 mcl
- Reference volume 442 mcl

3. Eguipment and software
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ol i goners'

| evel s of
la (r-h IFN-beta 1a or

reconbi nant human i nterferon-beta
r-h(3IFN 25 1a).

The SE-HPLC

and AUC net hods presented bel ow are able to detect
and non-coval ent oligonmers both
quantitatively and qualitatively.

bot h coval ent

test The detection of the tgt
performed on a TSK (2000S
a BioSuite (Waters);

al
30

the elution is

aggr egat es cont ent

a. SE-HPLC - Purity
S
col um (TosoHaas) or
erfornmed in

i shnahiiesl Ultrasqatrifuge Nipds! XihiBeckreamgowennv sodi um

acstin i vord. fou Sof&%rsméia@chadrﬂ ~Ndtionl s tibBasdf erRERH)

set .at 2

> SO Ve ED SRS (Hegien Bol |

b. Pioedimetab 2 KL @b Syﬂmel(Bmkman Caller) 1.

30

i s

mn. Sanples at 88
njecting 100 |. -24-
Met hod

description Sanples are loaded into cells with

2- channel charcoal -epon centrepieces with 12 mm
cOpiENdB1a gadrititatior by RFHHPLOQUANTHRIE and sapphire

e
TR, BB FheiRRsSosthbol bto PhAMACHE RERIEARR 1A Ra in
sempleaces. The correspondl ng placebo is |loaded in the

BRI drdBR ?snﬁérfoH'H@cﬂton £Lt§kptwm5paré kSutd 5 pm,

fh%f
ﬁJ ean1S ect r ophot onet er

ose | oaded cel |

S are

4tq1@ﬁ0'pma%®d"" Kﬁel@r)arthewasewgtanaﬁet iat 214 rge nd g Rletien is

a@bﬁﬁltrhmnce peak) to confl rm proper ceII

rotor is then brough to the final

rpm 50 scans for

g@akﬁﬂ fuge, and
bR, S908 6P M =

| oadi ng. The
run speed of 50000

each sanple are recorded at this

Saniptes sspewalysebdy injeatiog 80 al phibd sampla @s fitlie(88 (naga/mie sarapies).

develgpedg by Peter Schuck at the N.1.H and

i mpl errent ed in his analysis program SEDFIT (version
8.7; SHmedminp| % Elwent A "4255"!9“2% YsEIMPBLE i on anal ysi s
of ma

ultracentrifugation and Jl anm equation nmondelling.

Bi ophy®0 J. 78[78606- 161980 In th{9 approach many raw
data agg diTecyisg fitted 420 derivegtne distribution of
sedi nentation doeffici pnlt whilelnodelling the

i nfl uele® of di|ffusion ofd he dat#lin order to

enhancTgg ghe T ey

@gUT 1 ONn. [lgye net ho
a di ffusion 20lcoefficie
sedi nedrQti on ¢d8fficient®based on?

ToWOr KS Dy assi gni ng

an assunption that

all spggoes Eaf'qot Hehsamﬁsmvfer al'l byd:rodyn;am: c shape
Fati o F6T aive |28 thar f0 a spholB. /10, The f/fo
val ues4mpe then20 80 0 '

45.1 0 100

50.0 0 100

50.1 70 30 0

65.0 70 30 0

Runtime = 65 min

The quantification of the samples is performed versus a standard curve in the range

0.0125 mg/mL-0.2 mg/mL prepared by a reference standard material.
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varied to find the best overall fit of the data for
each sanple. The distributions are calcul ated using
0. 51 nmaxi mum entropy snoot hing. 25 2. Anal ytica
paraneters - Rotor type 8-holes rotor - Rotor speed
50k rpm - Centerpieces charcoal epon - Channel |ength
12 nm 30 - Tenperature duripg the AUC run 20C -

Det ecti on wavel ength 280 nm ™ - Sanple vol une 432 ntl

- Reference volune 442 ntl 3. Equi pnent and software
-25- Analytical Utracentrifuge Mdel XL-1 (Beckman

oplig by Keverde Phe (RPYAPLECDEGIOR (Peter Schuck -
TNa I ona nsti1tutes of a |g|c§ ver 6.|03_ 1 L
HreVETPeaR Blemed deseribed Prlowcnaligs e dgipcign of IkN-fr1a oxidized

fornis, whith Uafe%iﬂ@élglgﬁﬁigLﬁ@ iHthct ?ﬁ?‘ﬂﬁf‘ ITEN R-1a .
uant i t.ati.on - - - e revers

etk ob e Bt o R PE T A e CF o SUTseh R 204

doleiinl (Supelco)nthegaogtdted at #0W; dbamtavélength iiwseoat 20 nm and the
j i f p " - . 10
e i fbrlofmdifd Tt ShcinG ool f1oBRE frcdd'ahl gpctoe 1
Mmm water 1608 /egelanitdle 4Q%/Hepteflégrafudiret agid A% uBi Rgvatae 20%
/AStbsieN Bovaae disuB RS riaNEcigr 04BNt CA = water 20%/Acetonitrile
%}ﬁr_ tri ftl UO[O(??‘?U C aci d_ 0. 1% - B =
ivreaceticadd9-1uor oacetic acid 0.1%- C =

Gradieotni tril e 15 Sanpl es are anal ysed by injecting 50
gL of the sanple as it is (88 ntg/nL sanples). Table
TabE e (nmin.) %E uent A %E uent B %E uent C 0 70
30 57077030~ 0

058 420"

: ) ©.
0 70%A | 30%B 0%C

5’ 70%A | 30%B 0%C

58" | 62%A | 38%B 0%C Curve 6

63’ | 0%A 100%B | 0%C Curve 1

68’ | 0%A | 0%B 100%C | Curve 1

69’ | 70%A | 30%B 0%C Curve 6

Runtime: 96 minutes (70 min+ 26 min equilibration)

Samples are analysed as it is by injecting 200 pL (88 mcg/mL samples).

e. Cytopathic effect inhibition bioassay - CPE

Biopotency (Antiviral activity)

The antiviral activity of IFN-3-1a is measured by the cytopathic effect (CPE) inhibition
bioassay.

The biological activity is measured by an antiviral assay based on the IFN-B induced
protection of cells (WISH cells-human amniotic tissue) against the cytopathic effect of a
virus (Vesicular Stomatitis Virus).

The principle of the bioassay for interferon lies on the fact that a number of viruses
such as Vesicular Stomatitis Virus (VSV) cause cell death that can be visualized by
vital staining.
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40.1 20 80 0 45.0 20 80 0 45.1 0 0 100 50.0 O O 100
50.1 70 30 0 65.0 70 30 0O Runtime = 65 mn The
quantification of the sanples is perfornmed versus a
standard curve in the range 20 0.0125 ng/nL-0.2 ng/nL
prepared by a reference stapdard material. -26- d.
Purity by Reverse Phase (RPI-HPLC - DEGLOX The reverse
T%hase nmet hod descri bed bel ow enabl es the detection of

rQVtpRathig efigstgan then be e to auanily cel| Rrpleciignibivdnterterpy.
The @Egsdyhe pérftiréh@& b leaRdifeRt m5as'ﬁP@oifﬁéﬂ Qbath) wipéd @%ségsséci‘ﬁy the

dj s el cosil LC
e o iy SR M Plfes S Bremzoloph ke P g s
Tihe rsethochimakddSusenf antbnidie sp&tmbra'tﬁmemc rdefefrﬁhaﬁﬂwddﬂthd percent
' ' I | o il e r.a
bRt e G e B h Bl o0 36, BB iR Rlpion of
tietheano - B = water 20% /Acetonitrile
9 tafluorobutirric acid 0.14% - C = water

%ﬁh%g?tonitri le 10 80% Trifluroacetic acid 0.1 %

The ag3ayrie performed i micititer plgdgs3008 0%C 5 70%A 3098 0%C
58 63/%6 L?ngﬁ"@mr@dfeu@nﬁwm’\i%% JaQ@%ﬁe@‘Vé—‘eéEWvVeﬁ’l 1
St PraloBf 8 (iR ra SR, stnsiard selChon 166 08 iy P/ Eim) are

added to the wells and three 1:1.5 step dilutions are performed from row to
row in the plates.

c. A 50 pl suspension of WISH cells (0.78-0.82 x 106 cells/ml) is added to
each well and the plates are incubated at 37°C for 18-20 hours in a 5% CO2

humidified incubator.
d. A VSV suspension is added to each well except the cell control wells, filled
with MEM/2.5% FBS.
e. The plates are incubated for 24 hours in a 5% COg humidified incubator at
37°C.
f. After having verified by an inverted microscope that
(1) at least 80% of cell damage is achieved in the VSV control row and
(2) the percentage mean values of protection in presence of the IFN-R
standard fall in the range of 84% for the non diluted standard, 45% for
the 1:1.5 dilution, and 27% for the 1:3 dilution
the cultures are stained with the specific dye MTT.
g. The intensity of the coloration is determined by automatic
spectrophotometric reading at 592 nm.
h. To quantitate the IFN-B-1a activity, the OD readings are then analyzed by a
computer program (Colombo Software).

Example 2 — Stabilization of HSA-free Interferon beta-1a formulations

The following experiment was conducted to verify the protective effect exerted
by a formulation comprising an amino acid (i.e. lysine) and an antioxidant (i.e.
methionine) on storage of a r-h IFN-beta 1a formulation at various temperatures (2-
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- deiHegpbien@dnmealric mbthbdle percent 5 of protected cells and

f h i [lel |i f h
R%?‘g%laiﬁ{n@g?t&gbg%ﬂggﬁg%égf ItE: ??f:¥. ggof:egure: The

15 Sanples are analysed as it is by injecting 200 L
(88 ntg/ nL sanples). e. Cytopathic effect inhibition
bi oassay - CPE Biopotency (Antiviral activity) The
antiviral activity of IFN-13-la is measured by the
cytopathic effect (CPE) inhibition 20 bioassay. The
bi ol ogi cal activity is nmeasyyed by an antiviral assay
based on the FN-(3 induced protection of cells (MVSH
human ammiotic tissue) against the cytopath

8e‘f3ff %’%P a9fl 49°Cy The follewjag P'&%Y“&?‘ &5ty 2ad F\ef@d‘?/WP[?s‘)sedFHE“Q the
deveélxsrhént Gseefexhin |eb||)oassay for interferon lies on the

fact that .a.n r.of viruses 25 such as Vesicul ar
- ?’6@@?@”“&%&%9@%5‘% use cell death that can be
- viessmyl (RPadPIy methiotpl st ai ni ng. -27- The cytopathic

FL %Pomgddﬁhﬁ@eg%xmﬁo o quantify cell protection by

eron ssay i s perforned é the indirect
- meslsersieogrroates |(Nla\éla$Ep -HithCcand AUGrs bel§saetheds argeable to detect

a'&%érﬁaﬁ& nE¥-Bovafint 8Bk sal t MJ
yl t hi otetrazol %taken up by living cells.

t8H?i ¢ spectrophotonetric

assay is performed in mcrotiter plates. a. 50 pi of

cejfl e medi um (MEM 5% FBS) are added to each
vveJ{ iﬁ%&%&loo pl of |IFN-13-1a sanple or stand

sol uti dh [eplorpgatan wasprenufackired usieg a Bl SaracishFREd ot 2:8°C.

wel | s andThdégredtiatiod oﬁttem\dtbdtam ﬁﬁﬁe ame wRS BbUt UBChg/mL.
row. i n t he at e susgens

fromrow n

of W SH" ci’i‘? Jormylagign. , compr] ’f'%g’s@& fas fﬂd {eg gt ?3 was
each wel | mandfatthediyailetingathe drugcsubataeck mta EHild twus reachlng
18- 20 hou [ ﬁ&r&{%

VSV sus pegéldgﬁl ({%s J%,%rp I Bgﬁl 1% c{ob@%&ﬂ &e 8§/mLf||

cont r ol b.wkhe sompeunded; solutierh weeNhen gsgpticdly fétereqiriérough a 0.2

pl ates ar gidréif W I%F\elqeﬁglrang“arﬂo%lﬁcﬂea ifitoo %0 S&Mle container; the
hum di fied | ncubator at .. After having

verified BYinges W?Fx?é'?%"é’ﬂ!eﬁ*ﬁ"’t!‘? Béda'pés'%%f lling machine.

¢. The sample was then stored in thermostatic cabinets at 2-8°C, 25°C and
40°C and tested according to a stability plan using various
methods/tests up to about 2 months of storage (1-3 weeks for samples
stored at 40°C).

2. Composition of the formulation:

a. 0.088 mg/mL r-h interferon-beta 1a

27.3 mg/mL L-lysine monohydrochloride (code 1.05701, Merck)
0.12 mg/mL L-Methionine (1.05707, Merck)

0.5 mg/mL. Pluronic F-68 (Lutrol F 68 DAC, USP/NF, Basf), 5163315
10 mM sodium acetate pH 4.7.

® & o T

3. Results:
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(1) at |east 80%of cell damage is achieved in the VSV
control row and (2) the percentage nean val ues of
protection in presence of the IFN-fS standard fall in
the range of 84% for the non diluted standard, 45%  for
the 1:1.5 dilution, and 27%for the 1:3 dilution 25
the cultures are stained wth the specific dye MIT. g.
The intensity of the colorafion is determ ned by
automati c spectrophotonetric reading at 592 nm h. To
quantitate the IFN-1 -1a activity, the OD readings are
Hbmaseérygedtbwca corrputer program ( Col onbo

Hwa-e)—30—Exanple—2-—Stabi-Hzation—of HSA-free
I_ni-r\r'Fr\rnn baota_ 1A f ~r |z'§+'mc T e 'F"\llr\\l\in
T 1T e T O UTld |V AV SN e - A T T TOT i T T T vur 1T
avinora nmr\t V eonduet d ’rﬂ M-+ 'F4W t l"\u p ?i(t Qr‘ I \l@
?‘“ECIH I"m@‘:’r eted by—a—+ rrgg';oati en?’%'%np' is‘gr‘gg 39‘"2*‘.
nr@!- X.-IPEC‘E% m,a]’zerdx\ And ﬁntinj'_i r\\/i]‘ Nt (1 l‘é Ml 5
0, 1 . C. 1 yul I_IC} AT’ ul987lll.l UAT UUTTU \I 8
(AONOED) o o st ot agel-otoH—Hh—-EN-bbt 220t
New-SELC (% midnomer) -~ ~ 21 1000 [." 1000 'T" 1000° J - 109;9
fPFilmJ t Vet ouSItCperarur e zZS g
3 =y eﬁql VAL C?A t-ests—and-ret E..;w
g—the ebg‘ ppfrent ?seu exarphe—t-
M [ o-Lbi Aaccaln - a3 -

?H‘# PE@E%? k2 t:l5 '- \ioxll éllatl on Iproaagts (Deq S;Y

net hod) - di mers/ agar egat e35°CNEW SEC- HPLC and AUC,

both nethods are abl ¢ tH0MetiecBw covatent | anfw 8w

| Quent-EBLG|(meg/syd] | gonrel s)390 glar?i¥ af i \A8.0RP] HA%E mt I8

DeprantPRp(%pxidizedhH (pot dAt i onedfi c|metfod)] 1B3Resul 23

AUE Qarponemend in tables?8d t g £90 1] Procedur®:2 a] The

| NevHCAYomgromed manuf adP99 eqd 189.%g{ a 1000 kK| 100.0 100.0

®Hor ed/ shipped at 2-8C 47Thé chlcent r4fioh of- r-h_ 47

BirssBe@®HOMLY i n t he hul3¢wad atrout 0XO0hgim - 15 a.-

The formul ation, conprising lysine (as indicated in
point 2.), was manufactured by diluting the drug

sy apgce in_a yehicle thus reaching the final
‘%ﬁﬁp%?f‘?’aﬂefﬁ%& FN-beta 1 a concentration 88

ncg/ mL) . b. The congpegnded sol ution was then
aseptically filtered|thrguglh ai@. 2 Iw
Quant<HPLC (mcg/syr) 39.0 37.8 34.9 iy
Deg-ox HPLC (% oxidized) 13 1.9 34

AUC (% monomer) 98.7 99.6 -

New-SEC (% monomer) 100.0 100.0 100.0

pH 4.7 47 4.6

4. Conclusions:

Storage studies show that a formulation or composition comprising lysine,
methionine and pluronic F-68 remains very stable at 2-8°C as well as at 25°C up to 8
weeks. They remain stable at 40°C up to 3 weeks in terms of level of monomer
percentage (monomer percentage is always higher than 98%). Two different methods
confirmed these results (AUC and NEW-SE-HPLC). Thus, the formulation of the
present invention preferably comprises a combination of an amino acid and an

antioxidant. Preferably, a surfactant is further added to the composition.
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m cron nylon nmenbrane and collected into a sterile
container; the 20 syringes were then filled with 0.5
mL using a filling machine. c. The sanple was then
stored in thernostatic cabinets at 2-8C, 25C and 40C
and tested according to a stability plan using various
nmet hods/tests up to about 2 @Dnths of storage (1-3
weeks for sanples stored a? 40C). 25 2. Conposition
of the formulation: a. 0.088 ng/nL r-h interferon-beta

la b Preferablymiheyanping yagichds Hﬁ‘l’tﬁwfd‘ﬂoﬁﬁl gpiiqridapt; i3y gnethionine.
PreféRablyl thdVetigdctant Gs s@te&@d NedniewderVied 6 &R €20) 1PQ|FO?1Q;® F77,

F%%r C'k)FFB Ba"g‘frj’"'cslégér% Wonic 4Ry F’@‘g’% é‘ﬁreé%bi\( ‘F@G tlat is
PlurdnicB68.Resul ts: -29- Table 6 - Storage at 2-8C 2-8C
Deg. RO Vg REIeER g A Alderordiy 3578 5 Wi ortery,

thelpongatondgset at aghl ad4.7. New- SEC % nmononer) 100.0 100.0
100 @’rélleQbIQ IyE bk 4 Ereéerﬁ at a%ﬁcenﬁhﬁ@ﬁ&%oﬁM H(gmal)to bodt 100

larity (OS

m/&‘ a‘ﬂ%feaﬁfef?!ﬂ?'b é!?‘nerﬁcpfzwnmt wwn@}gmofmﬂe@ 2hd grgm.
Bref3fibly, the.strfadtan is3fredent &t 8 corldeptration Ide&ui %oo thiiniZte da})out 10
1.3 5 1. 2W€ %.3 LK% % o onefé %

orRl et iR AT B ORI 700 20 PBOEeD 8D, 8 Aoy O
Preferably, the antioxidant is present at a concentration of about 0.01 to about 5.0
mg/ml. More preferably, the antioxidant is present at a concentration of about 0.12
mg/ml. Preferably, the interferon is present at a concentration of about 10 pg/mi to
about 800 pg/ml. More preferably, the interferon is present at a concentration of about

88 pg/ml.
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PH 4.7 4.7 4.7 - 4.7 Bioassay (MUnL) 24.1 - 24.0 -
5 Table 8 - Storage at 40C 40C T=0O 1w 3w Quant - HPLC
me s 39.0 37.8 34.9 Deg-ox HPLC (% oxidized) 1.3 1.9
3.4 AUC (% nmononer) 98.7 99.6 - New SEC (% nononer)
100.0 100.0 100.0 pH 4.7 4.7 4.6 4. Conclusions: 10
Storage studies show that a,fornulation or conposition
conprising lysine, nethionine and pluronic F-68
remai ns very stable at 2-8C as well as at 25C up to 8
y remain stable at 40C up to 3 weeks in

t et Mpepink|Re ¢ehl., Dlatur®N9BLE R85, [Bap-GaNt age ( mononer

t ) I hi gh t 9 diffe
et SAuTa, by or HESie, & g felke S je1 14 Coverié 3R Rapia
NEW SitagRth©) Effédh tishibitidneAssay rfor bnterierorx;j‘f intMethdds jor Erszymiblogy,
. . ¢
i nol B (8 TESBaGY ACQHBHIC R3S NP PRH Sy, O an

sudf MarlaRiF. ptalt Brach Nt #waeSd.4)-8he %dﬁ@c@ﬁ?ﬁ@@ﬁ (1984)-

Pr gf ¢legiRbyYs. (41965) améﬂfércﬁ‘aostgnda?dé N G@né‘él%ﬂbpﬁnatlons in Methods
ant|OX|dant is methionine. Prefera t he sur act ant

i s sl BeYEYIagy & R‘%ﬁg‘énect)e/\ﬁa W%Ef?s%d\}e‘” 1% ¢

F75.,, RuBinstei) SGF&riliett,?b.Cr, f@ﬁd PefiR& amibnf&m&rﬂ? F\ssayggﬂnterferons.
Mor e surfactant is Pluronic F 5
Prefg qu%@fﬁ# 7é fation is set at a range of pH
3.6 tSd)eEaraH Nbletsalpl\bm &981y 294, 568-56%r mul ati on i s set
at a pHof 4.7. Preferably, lysine is present at a
concentration of about 1 ng/m to about 100 ng/m.
More preferably, lysine is present at a concentration
of about 27.3 ng/m . Preferably, the surfactant is
present at a concentration of about 0.01 ng/m to
about 10 10 ng/m . More preferably, the surfactant is
present at a concentration of about 0.5 ng/m.
Preferably, the antioxidant is present at a
concentration of about 0.01 to about 5.0 ng/m. More
preferably, the antioxidant is present at a
concentration of about 0.12
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10.

ng/m . Preferably, the interferon is present at a
concentration of about 10 g/m to about 800 gg/n.
More preferably, the interferon is present at a
concentration of about 1583 gg/m . -31- REFERENCES
1. Derynk R et al., Nature 1980; 285, 542-547. 2.
Famlletti, P. C, Rubinstein, S., and Pestka, S. 1981
" A Conveni ent and Rapi d Q/t opat hic Effect Inhibition
Assay for Interferon, %&%gds in Enzynol ogy, 5
Vol . 78 (S. Pestka, ed ) m c Press, New York,
387-394; 3. Mark D.F. et al., Proc. Natl. Acad. Sci.

USA . 8 662- 5666 (1984) st k

b oAl R Jaa ehaeR el PRI A5G AeNeron -

gsétaqmm NtéétQ)Y Ethéwmaﬂ@%r(nalaueeaié(eolumm that cdeauliess g buffer, an
Iress W .YOr

SPTREIAQ ehieh amsadd B e st Salora e Aptoxdenys

f afetlioiing &R WRGrein the phl.is ¥i7»h.21981; 37, 755-758. 6.
Shepard HH- M et al., Nature 1981; 294, 563-565. -32-

CLAIMS 1. A stabili zed HSA-free |iquid pharnaceuti cal

C TR® @6bbSMibnCaT eI Sli, AMpie@in $aid esrhposition fartheta@mprises a

(1 Fl\l-beta) wherein said formulation is a solution

tf rises a buffer, an amno acid which am no
acid is lysine and an anti oxi dant which antioxidant is

net hi oni ne, and wherein the pHis 4.7 . .. 2.. The
She GeTPPINETLR! Al BreRedin HaRS: Hierain Geid i feian

f wedobinamemnN-bsties a 10 surfactant. 3. The conposition
of any preceding clains, wherein said | FN-beta is

human reconbi nant | FN-beta. 15 4. The conposition of
aNYie R6RBEElidHOofENnGipi@cedilgaiing, Wiedrdintyald Ruffet & ppememtan

in an armunt suflc;l nt to ntain.the f said

c SoYB SUTiHERG ARt )16 g S OB oy ps & imus 0.5
S pAkd &f LeheRifled e WBetdtBe Spesiidd melis@bis58. 5 to 5.5. 5.
The conposition of any preceding clainms, wherein said

buffer is present at a 20 concentration of 5 nMto

5G0e Epbsitidrhér rm@é‘ddtrngil‘almE Winareiprsaeeslifieg isqiresens at a

wherein said bu ’aresent at a concentration of
1@0ﬂq@ntrat|on of 5m to 500 m

The composition of any preceding claims, wherein said buffer is present at a

concentration of 10 mM.
The composition of any preceding claims, wherein the buffer is an acetate buffer.

The composition of any preceding claims, wherein said amino acid is selected from

the group of charged side chain amino acids.

The composition of any preceding claims, wherein said lysine is present at a

concentration of 1 mg/ml to 100 mg/mi.

The composition of any preceding claims, wherein said lysine is present at a

concentration of 27.3 mg/ml.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

25 7. The conposition of any preceding clains, wherein
the buffer is an acetate buffer. 8. The conposition

of any preceding clains, wherein said amno acid is
selected from the group of33charged side chain am no
acids. 30 9. The conposition of any precedi ng cl ai s,
wherein said lysine is present at a concentration of
IrhewbRbositorl&anyretedinkiaifsewkersipasid suwiactaht Breglected from

55 e, HDA. P24 o AR ©

conposition of any preceding clains, wherein said
surfactant is selected from between, .Pluronic(r), F77

o1 GomesStiop ! 3By BreseriorRe it o Sr0 AHaReags Pridre
Thegg.conposi tion of any preceding clainms, wherein said
surfactant is Pluronic 5 F68. 13. The conposition of
any preceding clains, wherein said surfactant is

PTRS Efvhpdditich of &AM @estietlial ickiime fwHeréld sag/sutfattantlid pragent at a

10 14. The osifion of any preceding clains,
V\ﬁ%ﬂq?f‘?ia@é'i(g%zﬁrmﬁhlg%jg@%ﬁe/esent at a concentration
of 0.5 ng/m . 15. The conposition of any preceding

e e ey etz e B S8l Brosent
C abRepitratiohof@f 5 m@ymipr ecedi ng cl ai ms, wherein said
antioxidant is present at a concentration of 0.12

ng/ M. 17. The conposition of any preceding clains,

WTRE @bipsstiich g ok&dedimgi cFainds a@IIéin dbidaantiddant is present at a

concentration of 10 pg/mM to 800 pg/m . 18. The

cﬁﬂ’iﬁ?@ir?'i'%h"f&‘o%mgﬁrrg@%i ng clains, wherein said

interferon is reconbinant human interferon beta la

and is present, at a concentration of 22 44 or, .88

pd oo PesitonyOf any@TessiG AT Srivgre B3N BN G5 Bregent at a

S @bskdnftb®dd &TRTR g/l esent at a concentration of 88

pg/ M. 20. The conposition of any preceding clains,

further conprising a bacteriostatic agent selected

f magcempBstion 6f dhygs&dedind- didiRs ObherdinGariSinferferon is present at a

chl orocresol beqz I SZ{QC%?OL’ 30 al kyl paraben (et hyl,

e CAYFENtrBHIHYf 10 Hﬂfﬂ“iio d'¥HRe 1ike), benzal koni um

chl oride, benzethoniumchloride, sodium

dehydr oacet ate and thi mer?sal. . L . .
The composition of any preceding claims, wherein said interferon is recombinant

human interferon beta 1a and is present at a concentration of 22, 44 or 88 ug/ml.

The composition of claim 18, wherein said interferon is present at a concentration

of 88 pg/ml.

The composition of any preceding claims, further comprising a bacteriostatic agent
selected from phenol, m-cresol, p-cresol, o-cresol, chlorocresol, benzyl alcohol,
alkylparaben (methyl, ethyl, propyl, butyl and the like), benzalkonium chloride,
benzethonium chloride, sodium dehydroacetate and thimerosal.

The composition of claim 20, wherein the bacteriostatic agent is benzyl alcohol.

The composition of any preceding claims, consisting of interferon-beta 1a, benzyl

alcohol, lysine, methionine, Pluronic F-68 and an aqueous acetate buffer.
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21. The conposition of claim 20, wherein the

bacteriostatic agent is benzyl alcohol. 35 22. The
conmposition of any preceding clains, consisting of
interferon-beta la, benzyl -3-cohol, |ysine,

nmet hi oni ne, Pluronic F-68 and an aqueous acetate
buffer. -34- 23. The conposition of any preceding

23 C| PhdEorh fosin @ ahy recadifg tRIMnbeHien ihe iterfdroadbtat at least at
96% or at 98% as a nononer. 24. The conposition

actr @ AP8%s 2RYMNESF clains 1 to 23 for use in the
treatnment of 5 nultiple sclerosis. 25. A contai ner
hernmetical |y sealed in conditions ster
24y AT BRSO CRO0AR 8% P BF CRES,LE 23/ Bhih ey reaiment o
| guitiglepemro@eeut i cal fornulation according to any of
the clains from1 to 24. 10 26. The contai ner of claim
25, wherein said container is a pre-filled syringe, a
25Vi AlcoRtaindR hebtioallyde@RIdah cordi tloriéSs@erﬂé aﬂ\d:ébﬂwgtr&te foristoeage
manuf acture of a nedic ngg q§r|3|n | FN- ﬂ ¢
UPIRS USS, SORIPTRR 5 HLAGPRAeRede o N acch Sioada any o
anghedbimBfromxi &gy, whi ch is met hionine and having a
pH of 4.7 0.2 for use in the treatnment of nultiple
scl erosi s.

26. The container of claim 25, wherein said container is a pre-filled syringe, a vial or an

auto-injector.

27. Use of IFN-beta in the manufacture of a medicament, comprising IFN-beta, a buffer,
an amino acid which amino acid is lysine. and an antioxidant which is methionine

and having a pH of 4.7 0.2 for use in the treatment of multiple sclerosis.



