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-1- METHOD OF STABI LI ZI NG PROTEINS FI ELD OF THE

I NVENTI ON The invention relates generally to a method

of preparing a stabilized bulk 5 solution of a

nmononeric protein by providing a bulk of nonomeric

protein in a buffer solution and by adding specific

exci pient(s) to the bul k sel-uti on. BACKGROUND CF THE

I NVENTION I nterferon are cytokines, i.e. soluble
MEﬁiBb%ﬁ‘%TMlzN &ﬁefemsssages between 10 cells and

an essential role 1n the i mune system by hel pi ng
to destroy m croorgani sms that cause infection and

FIELS 5 T QN‘QEKITféﬁu”' ng damage. Interferon are
—n—at-uralligy—cec-ra'e by infected cells and were first
i déFtte nveatiam red@tes geneeslly taasemetbod o preparing @n?tﬁh'gzed bulk
t t I
sold;t)?ﬁ f a{]{%n&hﬁ%{ g+ |ﬁrb&§5r ﬂW% otk o mdn%ﬁ{ériefﬁrbt@lhdiﬁfw buffer

i on ero it both antiviral
solmnmqnddnmaﬂdmgtspe@f eexdiient(s) taiherk splution. of 15
bi ochem cal and i mmunol ogi cal properties, the
natural l y-occurring human interferon are grouped into

BACKGROUND OF Bl fNVENTION er f er on- al pha (I eukocyte),
| ntlﬂ{écrlggo% )é?gtcgtoki%é breoRbRBe) prfeths! tﬂéﬁﬁér%"nﬂﬂmﬂ%‘ﬁ@s between

I Nt erferon IS currentl g rove
ce"s hmwmlaxe@nseasas\tlabm@leomh&e dBomNe; 8 x,st%r Y helping 'fo destroy

. mic o‘?‘@érﬂ&ﬂé ggt c,jéﬁéé ? ni&&loh érﬁu&‘émrﬁg éfﬁ’y%é@lﬂh déffabé. Interferons

a cancer conmon |

are murem seoseled @wmfgcted callsrengd weeasfi rSéGeP‘i'ﬁ?ﬂ'ﬁal [B]gh HhelRgme is
der@é? ?Fﬁﬂ{% (‘ﬁtg%& RilerfdpE OpIEviRED Fbpﬁcatﬂﬁrhrﬂ prédadtibhl S .

i nt s (I'FNs) are rotelns
by Intasfenensyextibit bgﬁboa@@lralt@daaoﬁ'n@!fer@ Y AEAW. %ﬂh@lﬁ basis of
bloélﬂil?rllnpél @ﬁm&lédﬁdl %ﬁé?fbsofthé/ 'nétdﬁél@ doﬁuﬁihgt [fhadinterferons

nsistin | ower nol ecul ar, wei

arepgioupba, intoFHsoe el FRSRE| ipterisFAns3ieka f(leek?fgfte)t firdpyferon-beta
(fi b%ﬁés@”?nd inferferdy rh?érﬂﬂiéc mQMeP'l@pﬁéi-lhté‘ifercﬁl i%fcflmféhtly/ Epproved in

broad Fange of other 25 V|r

theﬂdj\/@dé:}tatgp @ @ther 'ggglptflﬁ% for ,theétreqitmqnbp B?}Y I@%a venereal
waﬁ? Qfég%@ sv‘é‘:%{borﬂg Igmcarfde'r Bb%ﬁfoﬁlyaéiﬁlbﬁﬁgf ;iﬂtleﬁtétsuﬁeﬁng from Acqu|red

cl osel'y rel a R ci es
ImmnmeeDeﬁwwﬁy@fimgm%(de@)) @M@HPWE@OM 5a @'ﬂﬁ&ﬁ“ﬁ'\%d f or

t heglqpgt ﬁ{&fe%ns‘ﬁkglf s) i Blycaprdteiiy protiticdd bybthel Budy i sesponse
Thet ree ] arereferred ‘tbo S IF}ﬁI—a Idgl\l-llp

to anmraImegptlog,uJﬁewalphmltg@ekmqg@hgﬁtlop,: Vifdses '%P{?tgf?fﬁg cells.

Coﬁ+ ﬁﬁ'@ &t & %\ﬁ&cﬁbﬁbﬁlgr WRight %'réteﬁle I#Ns afe Eumﬂkébly non-specﬁ' ic in
ocyte, | ast or

theis askion mlFNen@c&n e e orggs: BURIGE R Bpad gAaSe of other

vm?s%klrg% i I e F%si Hg:ﬁg |Qa0\lFr¢@Fddﬁded! EQ\Ioﬁe specles will only

stlnmlgteearptylrgy achivily ingalls |9 {tyap%argg o(r: p,\qzlosfe;%ﬁlﬂ;ﬁqi Soed %% IFNs were
the il gRIUBBIGbKies! tBee éxploited for their potential anti-tumor and 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-c, 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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"Namal wa" cell line (derived fromBurkitt's |ynphom),

whi ch seens to produce a m xture 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

| FN activity defined as the2anount necessary 5 to

pr ot ect 50% of the cells against viral damage. The
“® H t
NEHE PP Rk PG PP Y bt o' B
mlﬂlRebfbﬂsth&ukpcﬂe andfibrobB8UIFNFami | letti, P. C., et al.,

198%6. en{'nlté]'fetr&j\ Pm I;\nYéﬁqulor}%ﬁﬁﬁinJrQﬁte%fgpoﬁrébecfroml R 9errbtional
uni of Tnterferon Is € quanti'ty necessafy to
uni) had been eepoyted gstenineanfré of tFNbactyitysefinedeasiihe msoainenecessary

o G5l S0P IO ) Lo SHASBLA lon PB8 o
measige btoatibdtyos thlelg;thpatM@Qfﬁckm\hlb&on BS8®) as dessribed (Rubinsidin, et
al. 158); ;é%}ﬁﬁ%tﬁsPs gV e%aél qb?i)' r}?tthlé %ﬂﬁﬁral Egé\épﬂhi%r ?ﬂlgrfélgh" about 1

are
unidinbgkinfarietomis thémaatltarr@cessaryrtmproduw agxytqyamup effect of 50%.

Th?C Eﬁésaér@' MeARst Hntﬂ g’egé)\é&et% th-er t?r%ﬁxahéné? r&ﬂet&{c@ stéﬁd%d for Hu-

es on cC Ing a
IFI\&Eetapmm&d bydhe Natl@nal Istitutes Qid'taalib (I%ﬁﬂﬂ(a, San88d)i bed.

Mat I

ar eé‘ég}' E%%oglgye eng %‘%ﬁ%% ?%’69 air:ﬁNrS] acrﬁ\ls Pé %%Ch the
producndfarsmgn géregi cal activities. IFNs-y are 146 am no

e L PR Stsif o RERS Brink dfodt gl cfouf RBng abou
15 typduCENrbés BRiustertof OPN-of geriesldrechrdmosdrhe 9, dortaiaingeat/least 23
ol g5 5 B BAk HA o Ul et i iyt

havgnaly, Shd GN-pURe Bl thd SERORNGNAHES BE 160 EEHY Sdias) Withkemilar
tunor, affecting recognition via imunonodul ati on.

biolagisahagtivilieaiFAlsty arat Wbrarmion acidsNp (ength andagsewpledhe o and B
c|a§’s%'$'lé(§stc¥o %I A Fﬁgﬁaﬁta'c{ﬁ%t@hﬁcmﬁﬁ% A ilfdd eil'i ﬁﬁgjré‘tlon of

gai nst ne I's a po ypept|
klllérOT @6lls. hese mumynesapf {Herapeutic agentsoats eomeirram ealled biologic

o5, PR RN R (RSB b At v

orgaelstmﬁ.o ltheegyumo Ceffegting acogmt'on vig Bm)\ummwonh e conplete

o Himat ro%%%ggg&@ré’r{ (|F{Q%) %gg?%nﬂgﬂ EEtn)ltg ag!ﬁ%aﬁr%@?) stimulate

natatal lkillee c8UL a@nst néoqust!c artellgolt ii$ i2o polypeftidet dfaabout 20 000 Da

o8 20 e AR S 3 B B0 o

gers for (fib@digst unisrfaerme,oblmedaby reicogibirianbriiiNA techndigoy, (Derynk et al.

1965@%'9 g&@&%@a@g@g’&@ g.Tao i Qe %f‘ﬁ' Blélef! |ﬁ§‘1%8 afihdlacid

a po resulting
longFN- (3 was reported to be as actlve as the "native'

! Fl\é%é?pa‘?‘@ %t af %8%) gé'éciriggd lacm&'a{io%r 548 '@9%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-
was reported to be as active as the ‘native’ IFN-B and stable during long-term storage
(-70°C).
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(-700). -3- Rebif(r) (Serono - reconbi nant human

interferon-R), the [ atest developnent in interferon

therapy for multiple sclerosis (M5), is

interferon(lFN)-beta-1 a, produced from mamalian

cell lines. Its recommended I nternational

Non-proprietary Name (INN) 38 "Interferon beta-1a". 5

Ag with all protein-based pharmaceuticals, one ngjor

obs .

PRFRBEE 5Gho 3 tRhorRinal R Tifirdr), 1€ it davelopment in
mt@faonrrﬂmeapyl foamultiptei Sdargsns (MS8), nterfemml(lFNi)-beta-m, produced from

0 4 e R o BRBro S o

“Inﬁlbrarmejaﬂa” phar maceuti cal fornulations include

o Byt o PRl Hefiadhudd e’ R oiids that must be

ovéncoina de tHeydseadfyEN-sheta.rasce thiecapeatic agent,ds ithtalos® of pharmaceutical

uit? 5 AR espB o B SE0 R, 1P phBhacotlich Bimdiafin, °0°S
phaﬂmwealt iirestdbililies i What y thuéateh e pplypeptide @kctivityt endstefficagy in
ph%rtﬁ# 8%% f%fmttﬂ%poenspr ae® dSéétSl(Htl n%hnd %ﬁﬁat@lﬂagges%hﬁf i€ and

resu I'ng degradativ
insetublel aggregates rehilet chericy hastaiutn@st incudié jnytlimb!s@e fraide [fermation,

oxﬁﬁ@o ?%cben'ﬁ ag%bf %lrarm ?y&g%?%g%?meéé‘%hgn sgaZ% ?E%vglffoﬁead to

the:tmsp@smdt@hsn péttm pmrmncelmcelaaqtlwtwmf ke profeinl ofainterests orother

%1 &eﬁa% 8?3%9 &gg&é%éﬁﬁ‘ﬂ@g g% e ggm( %\gg@% relfﬂﬂmg degradative

prcremctsmre redill C@&Slderﬁédm be mamgﬁga"y uaa@qeptablq due feathe pogential
i de pharmaceutical fornulations to
foﬁﬁggggéggé e| r&% stability include buffers, sugars,
sur fThetsiabilizatianiof polypepiédespol gt@rmweéﬁ@alﬁqrmsglonarﬁqnams an

ar&ﬂ hXHRG Iftnalgé(ﬁdtélrtbz gﬂ\yg@ ljnégélio treéﬁa fé\fi&ﬁéoebsﬁWahg ?‘?@9) Int J. Pharm.
186254G8; pNong| #nd dHanspit (RE) ohmlepniard Ssb. Spoh. 42:53-526).

xE%ﬁe'n@ At %etéﬁdta? lpé@ﬁﬁ%?h'aﬂﬂa%euﬁéal RoRiuRtBRAS to mcrease their

wever, these tions remaln I n part unsta

stam-txamludeobuffem owsam sugfactans: amine #ids, dg#)@am'%neaelvm and
pot?ﬁne@ R TeSstabiliing SRANTEY thEsdPEfinftal %ddﬁ@é&vé?y'd%ﬁé’rm on the

pol yneri ze and aggregate when stressed
prateiftper at ur e stress). Consequently, there |s a need for

a M et bldddin ISFRILRNBAS Eh‘@lo?oché' Risb iof Exéif)len@ rtQtﬁﬂéﬂﬁreQé\ﬁtlons

enhances stabilization of nmdnoneric protein

of peateing (ayever.dhasniormulatiossgaainia u'aﬁ%%n'ﬂ rgdgiition opfoteins
thétrb@é belbg%"?%ﬂl\)&aé h@hém&%af@ﬂﬁ&\dm&@ profeirsi hive 8®ndency to

polymenze and aggregate when stressed (e.g. temperature stress).

Consequently, there is a need for a method that improves the solubility of
proteins and enhances stabilization of monomeric proteins particularly against
aggregation and oligomerization, thereby enhancing their pharmaceutical utility.

SUMMARY OF THE INVENTION
In a first aspect, the invention provides a method of preparing a stabilized bulk

solution of a monomeric protein, the method comprising the steps of:
a) providing of a bulk of monomeric protein in a buffer solution, and
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In a first aspect, the invention provides a nmethod of
preparing a stabilized bulk solution of a nononeric
protein, the nethod conprising the steps of: a)
providing of a bulk of nononeric protein in a buffer
solution, and -4- b) adding an excipient to the bulk,
wherein the excipient is sehected fromthe group
consisting of: i) a bacteriostatic agent, ii) a
r L :

3] SRR o 1R YRGB AT is adated RoAThE Broup
an eomnsistrg dtint , vi |) an isotonicity agent, an
antf)om dg n%’ po acid, 10 viii) an amno acid
and’an an |ox ) an am no acid, an anti oxi dant
andija suasadaciant, x) a bacteriostatic agent and an
ant XI d a bacteriostatic agent, an
antili Xi d%{somﬁ%ég%rrﬂf actant. In addition, the bulk
pr ovpi n amamifiosacibe i ncubated at a speci fic

eraty ?ntufa@ #ther before or after the nethod
acc rdi ng irst aspect of the invention. In a
secdhd aspisotonidty@gemhendtanantipxideantdes a pre-fornul at ed
bul k.pro g to the
ri'r 875 cnElsBrortRl B8k ed¥ndefiaRPaiosh BRFYANT O he
i nviit i oan pming apidard apantinxidedt. i ncr easi ng and/ or

mai gt ai n 4i t

COTT%PI Si ﬁgg@&%&t hab)c/fn‘a xiaar{e{t-é?or nu"ll*%‘t:tlggﬂ e20 of the
bul X) of albecfsﬂ@st@ﬁQﬁMangarhgnWQ%l@b andr st aspect of
they ?mve%ltbb&@nomep AL, n%xﬂ&'ﬁ aﬁh%ﬁﬁcﬂéhﬂur e 1-

Ther ssociation small |ab scale procedure. Fig

1 r bt additiany theydutkneretein cam @éﬁ@cb%dﬂ%haf@ﬁeﬂtla ﬁﬁ?ﬁl@%fﬁmefafure
eltI'Rarr ‘B%E)qé'&eaﬁgr themefbaHeLSdihg t ﬁ*@ﬁr@tdas‘pecttd? %@’H/@ﬁfon()f

tion tenperature and’incubation tine

bul K ansesone appeshafbie invaRtiash pravidesr a &fezf%fmté%tse npdk tRgotein
obt‘éﬁ‘l@li %y‘fhe I%EtﬂdalaGcB%ﬁié' tb $hefirsCaspe cﬁ%éﬂnﬁ%ﬂl&hes After

ure reports the Lab_ Scal e Therm
D| sérb@a ﬂl'ﬁdoﬁsp%f‘éu hesinyentigCpEvides a mpthpdcfpa ipgregping and/or

maﬁ]‘g&ﬁ% %téblll@y off B noffoiere grekeRr éorﬁ&nsirl@ethé 'R&h&E of ﬁféf-iﬁﬂﬁulatlon

axis refers to the detected forns of r-h.

of the Rufica erprotsin accogdig iafhe dest agpask pEthe invention.

DESCRIPTION OF THE FIGURES
Figure 1 — Thermal Dissociation small lab scale procedure.
Figure 1 refers to the thermal dissociation small lab scale procedure of
example 1a related to the effect of incubation temperature and incubation
time on bulk-interferon stabilization. Figure 1 corresponds to table 4.
SE-HPLC Results of 0.9ml Bulk Samples After 4F/T.
Figure 2 reports the Lab Scale Thermal Dissociation results at 29°C after 4

F/T cycles of example 1b. The Y-axis refers to the area percentage. The X-
axis refers to the detected forms of r-h IFN-beta 1a, i.e. aggregates, dimers
or monomers. The first column of each detected form is the control and
corresponds to a bulk pre-formulation which was thawed at RT for 2 hours
and then stored at 4°C. The second column of each detected form
corresponds to a bulk-pre-formulation which was thawed at RT for 2 hours
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or nmononers. The first colum of each detected formis
the control and corresponds to a bulk pre-formnulation
whi ch was thawed at RT for 2 hours and then stored at
-4C. The second col umm of each detected form
corresponds to a bul k-pre-formul ati on whi ch was thawed
at RT for 2 hours -5- and t$en i ncubated at 29C for 3
hours. The third colum of each detected form

corr eéﬂ@%% |F\ﬂ1tﬁté&'étk299b%if 9hBUksatThe thikhisiimwas ebbae@cted
at RT for ours and then i ncubat ed at 29C for

hour s forma@lﬂ' espondsytior & bulk| Riprorgulation which wags thawed, PEBT for 2

corr e gfndt PR iRSUbaldd SDFC R 18Théis \A@é?sttdaa‘wdx tdlumn of
5 bat hen i ncubated at 29C for 15 hours.

2 cor Eé@!’p@ﬁtﬁ@teti forpgarespands tpiapredormulation. W'M'tw gmweg ina
of 2095(}?1 éﬁ%ﬂ Kerﬁ’i‘!@%&édé{ 3P RFAT ho@sgprgaré%zb@rm ﬁdé fetable
Lab Sca hermal Di ssociation results at 29C a 2

F/ T cy&l es of exanple 1b. The Y-axis refers to the

Flg?feef‘ EErI-‘H'-ﬁIKI‘;]RQSUItsU?QOEfmI éQIk@ﬁn%lé@Aﬁé@Flp the det ect ed

beta 1la, regates, diners
mononEiasire Jireparisbe LebiSsale Brerawt Risseeiaianipshis #f 35C after 2
the ce n‘u)f@les ﬁ@anﬁ)ﬂi ‘il?m”ﬁ%x&geﬁrﬂé' tke area peroentage The X-

pre-for tion which was

P t Riia reioby Bhadetagtad 19ras abt Aeh-beiR 1A 61 agifEpales, dimers

det ecto?%cfn%hf@rs OFHe’ ﬁn%P%BId?hnt & é‘adhudié{eétéa'fér% gt Edntrol, and
whi ch was t hawed for 7 hours 15 and t

i ncubgowespeNds ‘!}Caft&'k &@-fﬁmuléﬂowﬁla'f' g tE%‘P’?‘iéb B dar { fours

tabl e 5hg- ﬁheﬁ' SHfR ét - 446 NBhé CsocOhd tddRINM of désho deteiciean form
at | absca FI TX noner percent.

| .
A U Gonsaneods & BbloRSTBImBsiaroNtial arasy e RERTHes % hours
la_oveq ttﬂémnm%d atyorRaéers ledur@%@ea dofrebpardado table 12.

FIchIe The Y-axis refers to t

Figpts doykinglics of thesnal dissoaaiop sty abatels Frid: Sanomes gercentage

Resul toge@fméi gure 4 are present in table 14. Figure 5

- Kinetics of thermal dissociation C F/ TX1.
Di mer Figure drihaye thy, Bonomeneercenigge 8?%" ﬁg@% fu0ter fimje when

per cendR@steaf at’20nC |dnt- Bfdvand a FENQiyclbl The Wt@tis rélors to the area
i ncubated at 29C and fol| ovm ‘%/B% 3:{ %lﬂ zrax S4 ar
r ef er Pefegniags- JF%Q('a’ﬂx%F%f@thQg‘ge t“ﬂ?e'")@ $- o GRMR 0L Tigyre 4 are
t he tlrﬁ@sénﬂml'{gbqésm Results of figure 5 are present in
tabl e

b ek Sl A REk S Bhe i BBk B389k ale over

time.

Figure 5 shows the dimer percentage of r-h IFN-beta 1a over time when
incubated at 29°C and following 1 F/T cycle. The Y-axis refers to the area
percentage. The X-axis refers to the time in hours. Results of figure 5 are
present in table 14.

Figure 6 - Kinetics of thermal dissociation at labscale F/TX1. Aggregate percentage

over time.

Figure 6 shows the aggregate percentage of r-h IFN-beta 1a over time when
incubated at 29°C and following 1 F/T cycle. The Y-axis refers to the area
percentage. The X-axis refers to the time in hours. Results of figure 6 are
present in table 14.

Figure 7 - Scheme of preformulation study for example 2.



10

15

20

25

30

over tinme. 30 Figure 6 shows the aggregate percentage
of r-h IFN-beta la over time when incubated at 29C
and followwng 1 F/T cycle. The Y-axis refers to the
area percentage. The X-axis refers to the tine in
hours. Results of figure 6 are present in table 14.
Figure 7 - Scheme of prefortul ation study for exanple
2. -6- Figure 7 represents the schene of the study of

exanpl ﬁg&ewhﬂe‘fal‘ésbﬁtsftﬁ@ tsareéilne BfthB1shidyi Faixa@Pled? which is focused
ol i goneri zatjon of EN- bet

ot 0 Bt eGSR AD G N PREIA SHingomaRacturing
final di§ssEEemf@e _'BI':’(fEE)fréiin@nﬁ wme final Qfdé@ge fernD(FDF)dgorage in
stabilized bulk_lnter ron- The ?ma‘___l+s aéoS,
descr i¥eef hPEPVide & & "'Ge‘é %‘RTIP %Qa & fraege is also
SChe”ﬁié%Enti&cﬁurﬂfeFHéélthéﬁé)@hd@Z exarrpl e 3. Figure 8
gresents t he schene, of € st)%%/ S exanple 3 ai ned

8 5i3ahaMme; of grelermytahon, yl f3re * | FN-beta 1a and

V\'hl ch rig@e 8WepfHsbhtar fiat scHEpid) @ She VRUAE iof Yexample 3 aimed at
ultracentrifugati on and r?gﬁ@P%C for the neasur
rl

of 10 mlnﬁnlglpmqygglgeq@tlﬁﬂ Nekgta 1g:gnd,whic usesngvo different
st abi | hehbie) n/eﬂfcuty Dﬁrabé%thmbEﬂ?brbﬁcBSEﬁFa_C Sf@hﬁ@f&néa‘surement of

al so descri under sections e

3. DeFfnlAN DS EAsRPPaTN oY SHeF STRVERHATLA] Rl R fete. The
I nventdcABmeSs Hisb Aesétbet Ander&ichoks N apt BB6 éd@ntle 3.
stabilized bulk 15 solution of a nononeric protein,

the nmethod conprising the steps of: a) providing of a
DEhWILE@DESGMFEIdMOFrmEiNVENTI'I@r\bUffer sol ution, and b)

<" ThP akewd GRRehE Gierise (@ anioelioR g Dpbaig 4 SBbid bulk
solbﬁtﬁ'{- 6f'd MBhGrhelic ProtiM, the RtHod)cotpsigingaled staps of:i i) an
oton an a
A, peiding & £ i ot ondhedprble R aaier shlidh and

&)t m@ding antexciplentid the dOlk| whére the excipigatis sekted from the group
ant i oxigant and an amno acid, viii) an amno acid
and CaiSHRgi%6xi dant, ix) an amino acid, an antioxi dant

andja su afbaeteriosiatic agent,
ii) a surfactant,
iii) an isotonicity agent,

iv) an amino acid,

V) an antioxidant,

vi) an isotonicity agent and an antioxidant,

vii) an isotonicity agent, an antioxidant and an amino acid,

viii)  an amino acid and an antioxidant,

iX) an amino acid, an antioxidant and a surfactant,

X) a bacteriostatic agent and an antioxidant, and

xi) a bacteriostatic agent, an antioxidant and a surfactant.

It has in fact been found by the Applicant that, if stabilization is performed by
the addition to the bulk protein of one or more excipients as described in detail in this
patent application stability is conferred starting from the moment that one or more
excipients are added to the bulk protein until final disposal of the formulation containing
the protein, e.g. final uptake by a patient. Thus, stabilization doesn’t occur only at
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X) a bacteriostatic agent and an anti oxi dant, and xi)

a bacteriostatic agent, an antioxidant and a

surfactant. 30 It has in fact been found by the

Applicant that, if stabilization is performed by the

addition to the bulk protein of one or nore excipients

as described in detail in tfiis patent application

stability is conferred starting fromthe nonent that

o I ST
stofls Rapd BBl R Bl SPROS Iaind BroidH, Saf it dding it
lifetime yntibtitsi dispasaly.i.ef ibefare.uduringeany aftep stdrege: Thﬁhrre hod of the
prept fk Ak o s 2R colEiics B Vorhs e M PR or the
praiteio d;oruwratlpg nhaysendure dwringetsumtlnne iThys, oﬁtetplei@aon ogcuss not only at
S the

meB Sk P 289 a0ehoBblilon Bfdnd tBfvg pRefste

var iTbadnventiersslee enpempasses heostabilizast bulk ebtajnedthyi the method of

thd é’rﬁ%@ﬂt%}eﬂfbm)éo%ﬁéﬁ ﬁre‘*&%u’?&e& Bﬁlk' i fetinme. Thus,

zat1 ol occurs not on manuf act uri ng but
al sdhatterm apeplormulations’ herein arg‘@rart@r faemylgtiong containing a bulk

mak g'%ﬁ? ?J?&e nTgraEhrg)’ @f%é@pr@'—féﬁrﬁélﬁ@%ﬁ&%l} E’cﬁ\ferred in terms of

btal ned b resent
lowering rﬂggtﬁgatlgm &pd mgmanq@tlen,f Rt ralgoainelyde @ither . tynq'reoftdﬁlﬁeﬂous

procBb&ed ch'ﬁuéébgﬁ?‘@n hbRiidatibR| &ES AL SuEbRY el @rﬁééﬂﬁnventron also

contai nin nmononeri c pr ot el n. St abi |
eneaBRASSES @nmthen trpeo ot Aracesses: (il IPngoaf ﬂrﬁseoprpeeseesr fgve an

.mﬁéctoagtébﬁwﬁn@w@a%ea@wo% and ol i gomeri zation, but
al so i ncl ud her types of deleterious processes such

as dRpderm @wrmgr storaaea tis erestte a ingmylgtion o gpmpasition hat, once

prépar&d)id it uﬁh%@rate@)nﬁm&? t@ﬁ%u@é&eRaﬂ'&ép TSl Wi ng preparatron it
processes, | o t hese processes have an

s BAGKGORR{OF Stopagst Slther 1N IPEM BF GRNEY o eabig fof a0ministration

to adubjeg storage” is referred to a fornul atron or
composj tion that, once prepared, is no

i ey dfied fprmq i intesded the fPH"'aa ?fe@th%'Pﬂ dyhich is dried either
byffréézevuryrag pg;ﬁawowm or aif dry'rrﬁgh PRfgetesl of @I"g@rh@rr mﬁﬁat.on by a

either 1n orm or er formsuita

mORGFAEAP STPIEHY Bh gnr eﬂz?rﬁsffge%nts 8y they We@nﬁrﬁrﬁ farmulation can
adVé}EéW dexfbct olbgiEdTUActivin? Iof Gthe Crﬂﬁmﬁéﬂid proteh] ¢8suitihgdin &sbs of

oo by 5 Fotbbrabonill B e st i or

oligirAdre ifdrnitioR Npha ?t bBaliseC @¥rs t preBlefnsOfsutieas blockage of tubing,
ornmul ati on can adversegl

r naceut I t
m%&gpr&ej ng ij@\ms\”wr}eno?hq HBORIRS R A %tegrr%)[ngqrwng pharmaceutical
compasitidr 8 Gdministersel using drhisfusioasistemef f i cacy of the

Dt e S 6 b e AR5 E 4o oty
suth as kagieviral attivity ad/or pedtbinastesture rang umssby/\heusestsitysa functional
ol et Pl 08 P B RSB i i, %8 sepoptional
stability of preformulations of interferon of the present invention (including maintenance
of biological potency). Instability of a protein pre-formulation may be caused by
chemical degradation or aggregation of the protein molecules to form higher order
polymers, deglycosylation, madification of glycosylation, oxidation or any other
structural modification that reduces at least one biological activity of a monomeric
protein included in the present invention.
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The term"stability" refers to the relative tenporal
constancy of a protein activity such as anti-viral
activity and/or protein structure and has by necessity
a functional definition. The term"stability" also
refers to the physical, chemcal, and conformational
stability of preformulations8 of interferon of the
present invention (including maintenance 30 of
bi o049 n P n r :
pr ehf oértgr%‘ ‘%%%Mlkt'%'*é igaused nger&&hg‘rﬁp ca g%dé; ?fagg?fagr?tlon
modificatipgy eg@lagatmnoiossmé bislagicsl ﬁCWWede the like qurﬁtermisgh%ﬂem is
t on of
R A e R R
rdehe mams Ostabilized” reéerug @smenomerigroteincorisi formagation containing a
moﬁ&‘hb?{é P%téﬁl o?tﬂg) Rnﬁén‘?@vﬂcﬂ ShBis lﬁq&é’aﬁeﬂ drf¥fad maintained
resent 1 nvent preformulation,
stabuhw mve:tmmonemae@ p@éem otifagmelatiensoprepaiediin |th,%labsﬂmce of an
5] {
exc%?&?)tr%f‘féilsglgs?dn géréupéd&lidog)g%gcﬁjl%fﬁng?giﬁ?ly ;ﬁ?@em &e% ébrlﬁﬁ.llatlon
Oor!!aie'mgrﬁm mionemesis proteimic c e pt abI y with time. The terns
st abi Jsb& Hireih e{h'érteﬁ'ﬁ étaﬂﬁﬂﬁé:ﬁiﬁ'&earlﬁﬁeﬁdhﬁng %/wth “reducing
fornmulation containing a nomeric protéin o
or/mqe@eeventmg/ mteonagme@ailogh SnJIOF TEigngdoANch pgeventing. protein
i Ye
olld@dﬁ%'?ﬂrlm atdllcgain g&idcl Qp; or@?é@hhﬂ%g@%eggggéﬁﬂaﬁgﬁf &dfdrPeducing
an@atprpveﬁmgaplwn%@am@nﬁ/@r deduciog and/eoprepentig| gxidation” and/or
“r mﬁo n@o :gﬁdlﬁr Bfé?/teﬁt” Y ﬁﬁceﬁe(g?fd?Hb%ﬁ”‘)&hd/&o’?éoﬁicmg%dléi‘repreventlng

rorc protern. As used herein,

dearsidation” .azwd(vg “radycing endior Pesventing tr@oqifglewlwﬁ eﬁ%&@éﬁﬁg kind of

pro?:Qséjér{ Q%r@ﬁ\%ﬁ@ BthélE oPfdPhBlafloREsHSHRAL IR IMmoAGYAERE protein”.
reduci ng or/and preventing protein

ol i JBertarMSAMOBAMEN@F o oﬁ“onqré%ﬂf‘c |"‘Pf§"sc¥P/9p'P‘8'\?6W?|"\%'“9 only a single
peptiiercpdmt es for mat i on” and/ or redum ng and/or

preventing “g ynerization" and/or "redyci nlg and/ o
pr eVBaterAy ‘Bulkpseteionor Gy o the prelaiic Phd’”ﬁh papmer i protein” or

“bl.iﬂlr Sf/ fHat mBAombAE bldtdis) refféfr RErenaB' thé@ét@ fof 'dl QMh 1% monomeric
nd/ or Br eventijng deam dation"” and‘ii ‘reduc

Pr°:§?|‘é|/ yhichr bgenaredslyt eedicfeliesied O dhe eE'{"ﬁS?t'% %Fﬁpﬁd AL

maflfaéfiriRg qﬁséésso BuB nBPYSIRY the ﬁﬁé!ﬂ@trﬁhl@tion&%té’p& amem allow to
contalnln t he m)norrerlcl__grotgl er ns nmn

pregare: mﬁéﬁﬁﬁl iqosage gy’ {(FORY o Rﬁ!@ﬂp@ 'W'na”BH‘PiW% a8 f'nally
padkaBed @ndragiibated Gbasdles. Thﬁxstﬁfbmk 6ibal Ircapiitsivit iprotern is herein

"bul k of t r ot ul noneriL.c protei
consifred b e ST ERHInG 2b 6 and G asa purficaBi ogess, But before
thas traé pradlictdis @un’eetea {® thefinad femulatioR f@tdpsohmtmer\/\hmrdb theamethod
ur| lcati o

of i grsReht PERIGR ) B GEELereH S OB frE RSP gfep. which
aude wlo@tanmras pﬁé fopaulateldi bililk alvhieyy by thep fellowirgy talditidd iofidfurther
e R g e o B R A e L BB, vy,
thebprelforpiulsted of abhidrmulated bilkiisistorednisafererthat the final formulation is
prepared, but not necessarily. If stored in a frozen state, the bulk protein is usually
thawed, filtered and then subject to the final formulation steps, but not necessarily.
According to a specific embodiment of the present invention in the case in
which the protein is recombinant-human interferon-beta 1a (r-hIFN-betala), a
stabilizing excipient is added to the eluate of final chromatographic step, which can be
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considered to be the product resulting at the end of
the purification process, but before 25 that this

product is subjected to the final fornulation steps.
In other words the nethod of the present invention
can be considered as conprising a pre-formnulation

step, which allows to obtaPn a pre-formnul ated bul k,
whi ch by the follow ng addition of further

for S)ﬁa%r R SR e%@fds‘on%’h%&t@gﬂa‘ﬂﬁbsﬂ‘:@@* h@?é‘il@gsqerfréﬂ {9 &9 “SEC-EL” or

maceuti c osi t1on
“SE@«éLz"oeuﬂmr sete beingsHbieslerhip atf@aetemsr@n e,r “lustafien afitraipn step
(sed Bk fln”f”ns Egéé“’chétSEl‘f‘ ré§re§é\1t§ ftﬁ@f'ﬂnaﬂst Uéf !h@t purification
neces ar tored in a frozen state, bu
progedsrei In pﬂ’\eusm-!ilf P@ilonﬁ hRfReRpures. ?fé%&ha’f'i‘&?t?ﬁlféﬁh% l}%‘fiEk‘,"(”es or
sep%%tltons n{nétﬁ}ﬁ]s hay BH'L@%(H Qf‘th%tiﬁfé'ﬁ steBUbr HRbr ﬂﬂﬁ@éﬁ@ﬁ mlethods may

speci fi1c enbodi nent of the pre
be anplladtwlmnh ide mqiéel&msen@ramncwetmés A8 &ndl n’tsﬂf Gation step; this

shoﬁFoCQ){nJﬂB ']ﬁt%nshﬁmmhé Eéozkf&rtﬁé -h&deht Iivehtio bENehﬁédib?)the term

excl i s added to the el uate_ of
“bulki pwtelu’h rltﬁrdmgg aapmpcstglplu;@ng eipient ds, asided gaﬂqro’ghe purification
© by th
oS, el BT NG 2y SO, ooy v
Prewtn@V@ubpe de eﬁdd!t@na the |stabilizingn exgiigntsr mepliqnegy ?hPa present
invéntloh’@&h! 9% BE %l'ft @e@f@ﬁmn%ﬂormh%tlbﬁ"(lsDFP%ustt|h§ eXEipients
represents t step of the purification

compriseddin ¢ FOF o@«’ﬂbrcoﬂﬁﬁﬁqr!dc é@. Birse pthgt eefpe 2dded Hgy the bulk
pregd?&g[gﬁgﬁqyﬁggynécgggg}"}ques or 5 separations mnet hods may

‘at’ the final step, or other rE)urlflcatl
met Aad‘ghgm}encuyo@‘qureghm% agdissdiher pyrqgﬁrs to a multisubunit

prof’ﬁlp ﬁ%@hg Mo 'Bnrtrhé’fgspdm)e@tuﬁé Bﬁém@ UArh f‘dl?@h’ieﬂﬁ pebtem; id Bbraetimes

no neans |Tmt the scope of the present
refermayklotasonpEtein sfereENgr TR Qfdis nis e [GSRHGH BpPeptide chains.

Thﬂegm&%fbﬁgorﬁé@%h'aﬂea& GbttgaRheds added after the

I cat procedure, whatever the purificatign
met hod( sy rRgpidireversible epesayAeYedMaY PliROMESS pfUTEh; trimer,
i nventi on. tb{?alﬂgld'e{d Pn, the stabilizing excipients
nmentioned in e present invention can also be
further addedversibie ﬁqnmvale!atﬂlmomqr%n (FDF). Thus, the
exci pi ents correspond to those
t hat vverté a de Oﬁq‘tﬂnérg(?ﬂ e o mul ati on, but not
nec &daltimetig protein“ is| degoripgive of gr mo@iirhco raposed)] af semMerabsybynits. A
0 L HtEéé!' fot H-ﬁmﬁicﬁte%‘tﬁ'at make up a
uﬁgﬁ'gr{aﬁise {orhr %ﬁﬁeﬁ%ﬁgﬁqﬂgéc al Es.el ‘ol igoneric P
mqlirmnrmmbtem sonetinmes referred to as a protein where

afigo'ﬂafﬁaf?én”' defors' 5 Lhe Q’fh@rﬂn&?’sﬁécfe@,k Ot DG bﬁiﬁ)mers from

pes of "ol igomers can at |east

'Iargiersmn srgalierhvdleculmplQilgsimeézaiIO@l st alsaowrienedaloeas ﬂaﬁrﬁrqcess of

coflelrfl cfn%'rﬂg?r [Jre oF ehbAdHRérs fltS -an %Q?omer The term

Irre € non- cova nt ol i goners Coval
ollgbmgomim (alsq.reféirs ubf tl@e§grma ion of multimers of individual protein

molecules through non covalent or covalent interaction. Oligomerization can be

reversible or irreversible.
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"Multinmeric protein" is descriptive of a protein

conposed of several subunits. A "subunit" refers to

one of the identical or non-identical protein

nol ecul es that make up a multineric protein. 25

"Aigonerization"” refers to the chem cal process of

creating oligonmers from | awger or smaller nolecul es.

"digonerization" is also referred to as the process

of P )

an T BHRCpbUeAsIBAT BB Bes Enihithtiofoftine TRAQEdo @ifiner
by nepeaﬂaé cbmbmtlorm of mbnomensi tamnakedeng adiargednalecyes oethg process
of ch\{ lgdcg ?nc}nla 8ha %ﬁu@ﬁf%cﬁf&ne?é Qfd)éf gbl?

1 on. |goner|za | On can reverS|bIe or
i r rBveerteinb| “aggregationtheeferer i theo|fgimationael dighegewigquinssnass

spe%{égni!ngﬁ’\, Hﬁ@cﬁb R&W&J&?&nt FHQ‘H@H@% p&l XIHEITe? %d&?%&)@é‘ally for
proteirise caggesgaion t isea pfoamegfs deoatucaimen whgcha nﬁﬁrp@l?érswfacas of

sec@né&&? gtgfét%lgg n%g;ﬁlokg t%é@or el O;Ek%}eb%r That normally form

intraingleealaninteractioas and see bériesheithie theniatarioy otithe protein, are allowed

- goval .
to Fﬁe?ra S%g%rg%eg@%gg gﬁq@; gﬂ i?cgrrr]ﬂS ir@‘lmg rﬁ@e&ﬂ&P ¥&§13nﬁfaur a aédrr]ﬁetlmes
insolablahiThle tesmsptihsoiublelr verses ‘sblublel cardseryetimes oefamed, to as

resp%ﬁwfelyhﬁfesgr%oql slligl l'e ??s ﬁé‘dA .%Bs&g%ahfé?% wggﬁ'lehyas large

ecu ar Interacti S "an ar e )
oligniviekic pratéie assedations (fof exdreple mure than H-wen) fAageepatesy could be

reVFl%fb%?ﬁ{%n-k:g\gaﬁférﬂD' ecularly and to form nul ti nol ecul ar

are sonetines 10 insoluble. The terns .
"i ntioé phdsent investion Skhaylldipbebe dlméted dne theneefinitions r ‘pagregation”,

“agggeg 3@?22‘%‘ é‘r(ss)’ér L@@ﬁrﬁélﬁ% 9 o8 oﬁHé'lzafﬁﬁ"er Sirpltfnerisation”,

ar e i goneric .
“mugtiroer” n“Ohgwnemcﬁt ‘polysefirationd e er e deﬁmsmayf@e )Thus, the

soogA%}rtﬁQ Blednt @ éﬂtgn%orﬂg% rb%' i %‘d' ty fﬁgg% "?éi'}fﬁl &y aryeory

Imventi on shoul'd not
surdeindingt thems Thagmpegant issre is mgt ”agggep%@ eqrgi) %oligomers” can be

dlst;%dﬁ%ﬂ%% Shother By b} e@ﬁcff{ Sibthods P&. bQQEmPIZ@)t LSty by separated

neri sation meric ol I goneric
distingsishableisignals a'g. bysapasated perks: @eeh Af the 3k saryesponding either

to %@%ﬁgat&%@r 0 s QfikdviiSe, & ﬁ%ﬁbrﬂeﬂ(‘f%ﬁd SNthaRslefh Efesponds

ose terms or any theory
to aprecisa vaiong tﬁémmneﬂw@akrrportant i ssue is that

ag 8 d - ' RS ke dolfishs of
anofg er bd“gtflé gc?rl onHanfg{BEfc%Hy S&,fép%le -glqﬁ_c?%usual (I) s ©

compoumlpam e 2gnomins tQ @uﬁ@ﬁa&’ep@rﬂlﬁﬁﬁ‘gmb 9. V%?"“a’y use in
forﬁﬁﬁﬁ%ﬁé &fld PRak ﬁav@Qﬁé‘ ket BE niddkinmgr 6:6&9&1&5!1&@9 tl bResf the

aggregates or oligoners. Likew se, the nononeric

formulahomlntﬂhé pHotasoR desiieds5nie fqr'@”@t'%ﬁ‘ efpeRpianie fnffers for
corﬁl%?ﬁ\gl (I)-F%p? @?@Erat% 2 ?gl’d{ér;m t@gfnﬁoi%ratéw bfasm pH lnclude but are not
Ilmgeg lj;@,. §n@'|g(qompounds asp pﬁospl%ateu aceeiater glt(%{es arglmne TRIS, and
histidine. "TRIS" refers to 2-amino-2-hydroxymethyl-1,3,-propanediol, and to any
pharmacologically acceptable salt thereof. Preferable buffers are acetate buffers with
saline or an acceptable salt.

An "isotonicity agent" is a compound that is physiologically tolerated and
imparts a suitable tonicity to a formulation to prevent the net flow of water across cell

membranes that are in contact with the formulation. Compounds such as glycerin, are
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conpounds that are known to be safe for pharnmaceutica
or veterinary use in 25 formnulations and that have
the effect of maintaining or controlling the pH of the
formulation in the pH range desired for the
formul ati on. Acceptable buffers for controlling pH at
a noderately acidic pHto atnoderately basic pH

i nclude, but are not I|imted to, such conmpounds as
conﬁﬂé’@f Qg&?foréﬁaﬁ g}; 03 e%{s Q'chgvn &dritehRirons TBther s@ifidbie isotonicity

ageptsdntlude, buhgeer ot jimiiedhig, aminp agidser-preieing (e-Caralyqing ¢frjbumin),
salt%?@?@ sEPﬁﬂ‘L Q:?%oﬁaé ), Yari(C %S@ég?geegos%ktr&éerﬁﬁﬁmtol sucrose and

ers are ac uffers with saline or
lactase)aPreferabiyitke isalonicityagentipmenital.t y agent' is a

Cor‘gﬁ‘{éﬁimt“gﬁﬁ '-%nphx@rgk&gl govm@ e, mt@aﬁygen or oxygen-

sasu e ton or mul atlon
derweé\freatradlbds from intesagtiog watcéhereﬁsabst@@c‘ﬁe Hntlomﬁ AFfegmong a

nurﬁﬁ@'tof %ﬁ&&lféﬂts%ﬂﬁﬁ&ﬁay %&Jfl tb rbﬁafrﬁéé@dhé&l 's?é(}em@%@ﬁh’é%‘é physical

commonl 'y used for such
anqa mhpm siablktno\/armh@)gd@'gmargt added tg RUMiMizei oppleéard oxidative

probéé%%g Hetlo gé(ur vﬁ&eégrﬁe arﬁgé }59' %xanHﬁ sUpBn 'é%oédré"td Sﬂ/ AR or in the
M Nno aci ds or protein yC|ne or al

presenqes of efreg | ragncalsu mheRe onOG@§SGSaﬁ§1 seftpar de( @%alyzed by light,

ten‘ﬂ)%&ﬁl‘ség%gﬁ@@t | 6,9 conSfifbeR, ?Féienéé“afot%e nidifé edrapbnoxides.

agent 1s ITB.nItO he term
Sulfitent |m§uftyantmlou@raer@emrweb:oﬁ§it$u@6 ¢thyenesiapisptetraacetic acid

(EMQ%U %ed)%%&%ﬁytolqéﬁé \BATI, &R bagiatd Aydrb nlsole (BHA) are

I nt'er a tl n her "subst ances. Anti oxi dant

frequentiy used sriafoOKcanisdx drugsepedium&ighhgs BRRAJAURG (O enhance the

Y&HeRiTRg [ Re@INB bR tHlt Wid i lothedide catalyze th
aCtﬂE)am ca 6%{1%}%% b|§ty ?I o?u dants are added tc))qdne caayze ©

oxidationereaeiipro Mash prefarred aplieddand i mathigaier AXHE agisygre ferein

a|sgpéfg§ed){oa-§x§{émz%p§s upon exposure to oxygen or in the
Eﬁesence of free radicals. These focesses
oft Q

thienine can Pe dresapt pitarin itsfege base; form or g is &GE forgy, Any

stefORoRIEr (.1 2N.D,REreBENSEME) dFIMéRiIoRRicaay We DS X thbSpresent
Sul fi tes bisufites, thiourea, methionine, sal

ek ar drEtialion 96 s, PYRRLEN R i & MEISTM]E SIIESTLILIR froe base

forﬁ\y&rlﬁ)géﬁtQBhﬁ NerefdPAbly, thé N ostérabisbmbe & ded! Ahéﬂogﬂb§6ﬂ rAethionine
(BHA) are frequent y used as aﬂtIOXId nts

mass@ﬁqjhﬁaml%&e BeesRNt orndatien ghienttuetiod Ibe &%’t“? 8’?‘? fonine

an:ﬂé‘)g?1 @bl @eaHsrRYive betl hataralip baduriing m@ﬂﬁortlmtThwmétﬁlonme
erw se catalyze the o

d
ancogies ceBpIg b3 LACRh PESSREL RITHRIRN PAITPLLER P g form or

thelteaftifdim.al so referred to as stabilizers. Methionine

gg{]{n%?qﬁ%%g S ore Ig{'n%ﬁémego ﬁéﬁ)llﬁ e\glthbaaid%ltf n 5& O%Efogldantg (e.0.
metlﬁé\ﬂﬁcg) o@éurﬁehhlaomoﬁ@eﬁt&‘{obedép‘@denm rdrmcnr adentis, Areasing
met hod or forrrul atio

comeuattor el u ok o Reropps SlR TRk Bty of o
forfalatioh @oRtainiice Intsrididntbetahsf the Sﬁrﬁéﬁﬁhnﬁ@ﬁtﬂn ivheh that. formulation
corﬁ\gl?\!n%%gt%?fegn-bﬁé tr1||orm:-3ll?l exhibits oxidation or aggregate/oligomer formation
in the absence of the antioxidant. Determination of the amount of an oxidant (e.g.
methionine) to be used in the present formulation of the invention, in order to decrease
oxidation or oligomer/aggregate farmation, can readily be determined without undue

experiment using methods generally known to one of skill in the art.
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may al so be used in the present formulation of the

i nvention. The term "nethionine analogue"” refers to a

derivative of the naturally occurring nethionine. The

nmet hi oni ne anal ogues can al so be used in the present

fornmulation in either their free base formor 25

their salt form |Increased-&nd/ or maintained stability

with addition of antioxidants (e.g. nethionine)

occ )

ol torh, b BAEERNE g2 3 RO BBlod B RBiopdis sdded to o
formulaetiendedacinds oan rartichasteniatl ageabi Ai presefvedh @terferon-contamlng

808 53 PO B R of bl s
for i pregerfvativen ef@cWanessmlbl @eezhummnserdailsdatiabm owiti-use product.
Exé}ﬂ E§ gﬁg ?M% [ Nindig én‘&[‘ Lbsbh?o QBsé n?‘ rbl tcl:ifgrocresol

IOX termnati on d an 6XI
ber(ze'l glcohatpalkylparahes) (methigle eﬂB’bCPI’OWLt Mylmmisﬂanthke) benzalkonium

chl&‘?cfemﬂeﬂﬁétﬂgma% I:ln@ndenﬁs&hhoaeh)}d??&%ﬁé anfl tﬂﬁﬁér@é’éePrﬁferably

I 'dat1on or ormation, can
thekhactaﬂoetaht ragent/\ismamayl ajmlcpb Bmplelophdns algo rederrast h@fé@ as a
ﬁﬂﬁrally known to one of skill in the art. -12- The
sta?
erm "bacteriostatic" refers to a conmpound or
conplas termofasirfactaet refersator aseluble: cempaundzibat eaduges the surface

tenQIBB'oT?g&H§ rdrbd GR8Nhterf gtflé’lrt@ ﬁir‘/ Sgtwee]p two liquids or a liquid and a

nter ron- contalnln ornulation o e presen

solidy thensurtsee fersiart baing hecfores aetinpiaroihe ss¥fape gl diauidy tending to
mirfitizE€ e a f@r tl‘Er %ﬁﬁé(?éat St\.(r?acférf@cﬁév)ée@&%étﬂﬁs bl?ee% used in

conmer cl a Vi a use product. Exanpl es of
phafa@peutlcgbtfqm%@onﬁc|n9|uém9h@fﬂwery At &%mlecwrc F@§5|drugs and

pol?p |8§§’|m oFcLHr% My He abé&?;ﬁ?e)ﬁ' of thé GR@' or |i%| d@h\/@@rtélﬂ%‘target

ne/ propyl, butyl and th
tissen  BIeAasADI heswriapiptcis Buase2hoh BRI Mere peséarably, the

rga%mﬁ@ SO Gkt 18BN rﬂaﬁgﬁéverabﬁr meegmbaém fsh%veenm 20.
acteriostatic agent is al cohol . Benzyl al cohol

i s &hetermeminceridigetersitoaan @mmgta&tsi oriz-eembinafionrof amingracids,
wheé%r@a@?é{‘hmlﬁoe&% s E)r%?éhtsé?thHMneitsCfPé@ Bgékgfo"ﬁ\a&r ih ¢4 4Gk Sorm.

ace tension o IQUI S, or re
Wherr acoabination efiamise asids i esed. @l of thaemigoscids maybe gresent in

theﬁ"?iq-:eabasé %rtr%eaﬁ FH% eﬁr@é‘e‘ﬁt fnetﬂék Qé\t Rpin8, Qortéaﬁxef R&§ Be present in

act I Ng sur ten |ng to
themfrﬁerhaﬁe farms vﬂvle@tlaﬁrs ﬁreepr%@rftat@elrgak foresaRteferred,amino acids

to l%éﬁﬁtﬂ'\é’rﬁl%sgﬁ%eﬂﬁ@ dr fo?mulﬁhé\{ Hﬂﬁﬁlﬁés%%{ mfr@u'itl@r‘\' @b 'tl‘i&‘é carrylng
I ncludi ng delivery of |ow nol ecular nmass g?s and

a chalopd sisiel ehain, sugh g FEINIRe, INEIBR.F3EPEFc %anst 4 §amBraqd, More

prefiriiSly Othe | dnfinél @bio¥ @k Iysheldidl drginiRl Evbh W@%referably, the amino
Preferably, the surfactant_is _Tween 20 pol oxaner .

aciglis ySipe A etBrepisomeE (i-s lr Ca OF Bkt ispraenof 8,Pafickiiag ggino acid, or

corRiRBLIMRT Bf Rh&JS lskhbdisorhéls, They el @Bkd iif theepreb¥hEnethod or
The term "am no acid" refers to an anjno acid

foreaylatiom gt therinwantigisadong pgiéhe paieylar amiPoAdit s RIRPSTY in ts free
bastClofmic? itBI<af 96k, Préferibly, the Lstdré@SorRésis used.Mriloduls iof these
pre?earlretd efm?.%" acids might also be used in the present method or formulation of the
invention. The term “amino acid analogue” refers to a derivative of the naturally
occurring amino acid. Suitable arginine analogues include for example,

aminoguanidine and N-monoethyl L-arginine. As with the preferred amino acids, the
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20 Where a conbination of am no acids is used, all of
the am no acids may be present in their free base
fornms, all may be present in their salt forns, or sone
may be present in their free base forns while others
are present in their salt forns. Preferred am no acids
to use in the present nethe®-or fornul ation of the
present invention are those carrying a charged side

amﬁpaddihs SidyRe A6 QJSBH 3§ thd Pﬁ#s@ﬁb ma&daldri eri@atibn W@lther their
utam c acid. More 25 preterably, the a no .aci d ﬁglllzers

fred. baserfernaptthair gal fare. Amircadids aregiesia alsg et lermerldo gas
aci fhd mlir%sééi@(s) A5 i BlestbS&TRhethbd ﬁr forhmldﬂonQif - invention

i sonmer) of particul ar am no acid, onbi nati ons

protsicts; e ethgqaee@maﬂbrmtwe ﬁ%lypﬁtpé'dasé%alnﬂ t’ﬁ@?”&r Sligsges thereby

mcféﬁglhg nd fri4iRtinid %‘Patﬂfty t &¥e theh RdHdnigtics @rdt@iﬂg oﬁSfofrﬁ\ﬂatlon
parttcular amno acid 1s present in its free

containing ghe Mmpomarie PfQS?'fhdUPFQaf@r Ifpipe of e rn%%‘%’&ﬁ’@tﬁ'ﬁs(befme
durin‘§ ﬁ%‘“&f g,ﬁﬁ GO Bioreth, thb%éﬁm 8QreBEahaLAGS DT MRt ARt to heat,

e used in the present method or

freefzmgnnfhtlrgbh agitatione oxidaliamt debiydrating, sWfaces PheRs Hegag/thawing,
pre8A#b O BHEvy MEdtaIsS ph@néhcd%mb!&iddée dehafuiéhtslabel aFHeY term stress

occurring amno acid. Suitable arglnlne analo

endompiagers Aoy festamfias, modulatad di@niadiupes. dﬁﬂ'“ﬁ@ﬂﬁogbé‘i%ﬁﬁses) the
stabimgr(ﬂ'annqnﬂﬁronﬁ?l )NbFo@elﬁ e a%ﬁﬁnﬂéﬁcﬁﬂc&i@ﬁﬁg&h‘é hondrhétic) protein.

no aci S anal ogues are used resent
"o fEui,

Incrassed angforf Maintaingd skrbiiy &'&hheﬁdlt%uqf 26l pepurs in @

corR:Enfr&ﬁinrde%@h&erft%éﬁneﬁ'?hﬁplsaﬁb%%sﬁ\gQ:oh@érﬁtﬂaﬂoﬁé 6ﬂamlno acnd lead
referred to as stabilizers. The am no acid(s

to inseeaspasenWonaeRtaned SR 3 JROWMate PIGIGR.%, 8 formuation

corﬁéﬁﬁ'\@“é fohbelid BFGHAIR oF tHéad)Hekéerﬁqﬁ\lréfﬁo@ Yhenarit rﬂ@nomerlc protein
gal nst various stresses thereb i ncreasi

and
or femmiaiion; FaES: Ak ymeRorDRS 6'neP?fa‘%'Vo?>81 opodiegate or
ollg{o%éi‘%rﬂ{dtleﬁ‘ irf et asBh&of RE afne BEiH ] etﬁfrﬁlhaﬂldh olLthé Bghount of a

t f th
paridaraTBP Ao ysed By by preserbmeiag orpradaton o iBénton
to B&drehse BRjonhdrar §§br&@at€Gféﬁnatloﬁftﬁ@?dbvgncr@ébmd; lr@dil‘tomerlc protein

Itation, oxidation, de f
stap%’ye and {;hvgvmq;{gasm% ﬁ@glyr %fy the, S‘HWPWQP é{ugﬁg BWE%F? @l{e’tlme of the
mohBRAL Brbtein 84 ECAHANbE deRifinediTer &y ﬁérﬁbﬁl@ﬁmoﬁ@menc protein of
enconpasses any factor that nodul ate

interastWilfloEuRiug GYPPEREBKYSIT el seneeyy kidip IERES s in the

art(Mononeric) protein or a formulation containi ng the
(mononer i %%q protein. | ncreased and/rgr mai nt a

st alfitozan, siqrage”aFrietsi 1o T8pZing, and AR %'Plﬂ‘goéc‘RFP¥'°PﬂY aqueous
moﬁ@ﬁ'@ﬁ@?F&élh PrepRMRIN R teffparaire bEIAW 01G,, préfacabhas201g or lower,

concentrations of amno acid lead to |ncreased and/ or
mare, Preferpb¥a79t@bi 1ity of a nonomeric protein or a

f or Pereaid/MBwlyclean bﬁffféeﬁéltrmvﬂﬁmlmrahcnsﬁrretee it kadwi kachniques
present invention when that rmnomer %r ot ei.n

forflsinyA ROt SEBRIED HOREN SRERSSRIBIRP e EpeGie A ihe pryple i
ra|§ég110bé 'iéveﬁ%fcﬁgﬁill festbre i@da@mme state fort & @l]ﬁ‘"]szi@m*h period of time to
absence of the ami no acj te ation of the

pegspit use phthe Remmie, TR b reesig f9ch TRiHTG helo Wr"ggueﬁ@ return
to FBLdP StoPdgel Préttitably Atha @mpétatird \OERR0W or lower, more preferably —
70°C.

The purpose of the present invention is to counteract at least both aggregation
and oligomerization processes (the invention is not limited to these processes) not only
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to decrease oligoner or aggregate formation thereby

i ncreasing nononeric protein 20 stability, and thus
increasing stability of the fornulation during the
entire lifetime of the nonomeric protein, can readily
be determ ned for any particular nonomeric protein of
interest without undue expew nment using nethods
generally known to one of skill in the art. "Frozen

of tﬁé R{o%%ﬁxerla %P&Eiﬁ ﬁu‘? afs%e&zdtﬁg} flesTRH rgﬂs%cﬁ'étﬂé BB cmpounds that are

nono I‘IC proteln reparatlon
a|s<aadded tmwermnu pmt@mamon@lmg for b cregsiny inveotiorp r Thuswitte, present

mvé-l:?ﬁﬁ igr I%rt@%}{fez Q bllltyl(: gsgz%ﬁlt n?:ﬁ%lﬁ%%tﬁﬁ)r |Rﬁ|b|t|ng formation of

eezel t haw mani pul at er to known techni ques
oligbmersi as 'wellaap eggeegateshiplall the qompounds;t Qge&\{éﬁe {e %b@‘éﬁfﬂpﬁaﬂc

age&% %&mﬁf}ﬁé@rﬁﬁf_ ér&%\ﬁs SRcRintsS ex&gle?ﬁsd wHic ¥<§’ded to the

S aqueous St at ficient
bullpactarding fto therpresentiavantiondiand igichowillt el nﬂﬂﬁ?ﬁi’ @ the final dosage

forch %k bﬂ%cgé'tféaf E&ﬁb&i’tlotnoofghé gf&@g rﬁg %F@e k?t%@\\é’r Qordd) Qtablhzatlon

rozen stora npera ure
is @hfe@ﬂ@raﬁrorﬂsowathe (mr@npnﬂs) eraieinybut ak@cio fhne“V\ﬁ@lepd@r@ulatlon

cor@éut'u hg%@ Mo eﬂlﬁvﬁ&glno;?\ggfer%?oﬁ QHA gt ﬁﬁlg &Fndr@ﬁ%b blolog|cal

agg egatl I zat1 on cesses
activity eti eisoi teadoto | injectiery site rerotiensr s@momec&w ghrough

deveilogmze?\fc of %tﬁgilﬂﬁﬁﬁ%d%gﬂﬁbg)n but al so of other

I ngr e S or c ds that are al so added
to The pmpkt exanples clgady rsaowgh@foaddli@np@ feRastigular excipients to a

bulk %?IBHGHQ gLoTﬁH ?orn‘yﬁloﬂ eh %@nlf céﬁlwelﬂér’eﬁ& {re s@é’éll‘ﬁy BAd solubility

er st reduci ng d/or inhibiting
of merrnmdrmncmrotem fqym l§n é)y meventlaa 9@9@! dnihiting tﬂeofOHWt'O" of

polfr;;bg)tlﬁé?”g Hates 2HP NbRgdrterd: dBARY EirbRS adtbage JWBAA S repeated

toni C agents) proteins, surfactants

freezefhaw @mlgs lwnd@lhorartae aregert ioventine shows ihahthepnd; digsogigtion is
efféz{t}@e ﬁﬁgw‘fé}gné BBty B @Rshombre piitdih 0P8 forfliatdAcontaining the

osage for m or pharnaceutical conposition
(merfomeyis) piotaiRi n at i ssue. In other words, stabilization

'S ‘I"‘ﬁ’é‘fceﬁfnr ‘?ﬁ’erﬁf&f diBddfation” hBiei PERISE Tthe bm@é@é By Rvhioht proteins

also to t ol e" formulation containjng

that ﬁ@noﬁmocm Oéms!t@nqws apeyeprgtied BhdiEsariaied N 9educed multimeric:*
forfiUFRG STFhSonkdrie! 1o ?khéQct@ﬁtdeérhp{erQMPe &.s. Cdn'n@@joftépprotem are

Injection site reac

i ons and i nmunogeneci t hr P
conyeied ¢p meanomsis yéensbiest iRy aafRecilis dFwee eTWg ein in the
forMUBHST s BIABRI S mitdtBRY Gty fofds (@mebiric] Qﬁnérfc etc.). Thermal

particul ar excipients to a_ bul k nono
dissenigtionaisi WHscgf?ch%r\“ fGORYRHING qrné'ﬁﬁ?%ag'ﬁg hé' g‘f“gtﬂp?’fct fprms to
reo%&é’d TRkiHRbd FrmsObr nfthorfRiie BFrhs. Pﬁé)t;ﬁesmnf avention Ishbws that
preventing and/or inhibitin nﬁsé rmat.i on of
them )ap@?ffqli‘i@"a'é‘iﬂ"’éﬁ'&tt%@i’%’f"‘ Use .6@3 f»%oczﬁ@?? .93 the &léw“e"s When
suljéQ 18 Uferfal 8RSodi éi%abQ‘drmJIétﬁﬁxZ\ﬁdltdbmynﬁd %s%&nultlmenc forms and
addition, the present invention s ”ﬂ
incrRased ANeRqreR(iG forms compared to one was not subje to thermal
dissociation. Preferably, thermal dissociation converts all multimeric forms into
monomeric forms. The temperature can be immediately set at a fixed temperature or
let for gradual increase until a specific temperature is attained. In addition, the present
invention demonstrates that the duration of the thermal dissociation is effective in
stabilizing the (monomeric) protein or formulation containing the (monomeric) protein.

The present invention shows that there’s a correlation between duration of thermal
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effective in conferring stability to a (nononeric)
protein or a fornulation containing the (nononeric)
protein. The term"thermal dissociation” herein refers
to the process by which proteins 20 that are in the
formof nultimers are converted or dissociated into a
reduced nmultineric' formets-to a nononeric form by
the action of tenperature (e.g. dinmers of a protein

disst% Emo:‘? %ﬁé! G ‘sSéieFLo‘?u SFRRO Thiets. ‘@}Sﬁ\gﬁé%&&ét st IarRizf bikdciation

roteln In orrru ation 1Is
is npnse;s effective dmhg the fsthaurs ptiheemal slispeciationaintireaching a certain

ponI\ \'fvﬂgnre' Surafidif beco Qf iBtectivl, SERFMAL H%Qoé@at,otnhlés rotein specific.

ive In converting or dissoclating timeric
Sethng Adequate Baraghliers dikeniemperature and dusation fabadeasiiquar protein to
Eman 8f
achiegl:e;%t g}g‘ %ﬁ@gﬁ%’gocﬁd%éﬁp Q%tl %&a%@e‘!"?gﬁ it goén g{el oﬁn g art using
conviational techiiqees. \Wien  subj ect to thermal dissociation,

a T Qlmetd g.% 0%1351 nféms' N k&isiwn gwt tHeMRtdinC f%ﬁ"ﬁ) 68@3rmine

i ncrease npar ed°t 0 one
degnadaton kgredncts suchhag aggreg@ﬁosrs @esidamru rdeaw@h@n,adeyvage surface
adslto#?ig) ﬁ%cces ﬁghé"cuaﬁgn C%Y?_rlﬁﬁlo@ forfmatiod, ”iﬁfdc‘étn%r?r&ﬁ Stability-

OmBeri C enperat ure can o

indicatingi me@bgls sioclude, zbuti jseonatefipitedt tg.e High Peformgpce  Liquid
P

T T

sucicarnBD6: arevdumatiCl s aiganic Feediringthe sprglegr in mobile phase),

rev?*séﬁﬁ%%@t KIQIB) 'ﬁPﬁéf €ihdle @hdn@e e 'e?édﬁ%pﬁ&@ms hydrophobic
protein or formilation containin

unte(rmmonshroo)atcpgr@wrm I(HIC)TrﬂfﬂBWe%mmﬁtWéWHsoﬁD%H%ﬁE’t fliguifide

red Etﬁfnewﬁh ?eo%%fngeéog%gt( nQﬁGé"ﬁérblgé{Fo%b%ﬁlsof:aﬁ i@'ﬂﬂctroél%resls

I Ssocl at1 on I'ssocl at T on

analytigak stt@cemeifugen éghfa$°3§P§%cﬁUHQ'¢'B’nas$9§{ ﬁ%tpr?}e'"ngoncentfaﬂon
ss%&f 8fhdaye- LB Qtthz% Ja‘nrb°et peifitied din’ﬁ@éﬂ&bhrousm fluorescence

ssoclation, until reach Ir‘é a cerfain

nt
(intiugia ansh TYFEBRRC iRTeRd LU, Uaal TR RncloRiiateneel seanning
calBr" RER). The8aRé bitsct of §‘?§aﬁicﬁ&r _RapEAL h MOhSMEBSE bﬁ)téuh Kggregatlon

tenperature and duration for a particular prote

or eligamevigatioptGaneie defeimiagd far SxEPIR Y dhe Eaanasd |SP59‘°Bé“°“°me"°
profih frpgdmgnl@\(,e;ﬁﬁe man of art using conventional

techni ques. Nunmerous anal yti cal nethods are wn , b
{ helrvaisb ercusian HBLGEr S so Kouaso% S Sl Etaiephy or

mofé%u%g HRARL ERBmatdgtEbhy] %umﬂ@% dRbkighad V\ﬁhe@\p@ﬁms matrix that
surface adsorption, surface (&(glﬂat uratio

retaifg meleouissRRallsh than the Pats BiFe Wil 'arg?rampgp'e'sx 867 Sxcluded and
elubfRUfiRdr] A9isaBahe dadiche Isimed fMoét%ppﬁHatlbmsm ted to,
H gh Performance Li UI d Chr orrﬁ gs agmﬁf fﬁ"PLéf?’éﬂ
si z Eb@ReeseRY igyentipn wi '(’513_'@?9 dggarines, py BIR™ 8EREASr ant s
Sucrh A%irsbBSped, Ltae I.rweumﬁrﬁbmd@é 20MehBY of pﬁép\&ﬁﬁg aistattillzed bulk

nple or in nobile haseesl reverse- P) HPLC,
SO'PW@@HQF@’EBW@G"EI hecmethgr sPaverising

'd)t Bfo¥idinOoT éﬁmwaﬁh&&frﬁéﬂbypréﬂdirﬁh a liu‘ﬂ%r mlﬂt&bn and
chr omat ogr aphy, SDS- PAGE, dis L
b) adding an excipient to the bulk, wherein the excnplent is selected from the group

consisting of:

i) a bacteriostatic agent,
i) a surfactant,

iii) an isotonicity agent,
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15 reduction with reducing agent(s), native gel

el ectrophoresis, capillary el ectrophoresis,

anal ytical ultracentrifuge, light scattering,

turbidity assay and protein concentration assay.

Structure-stability studies can be perforned by

circular dichroism fluoresi®ence (intrinsic and

hydr ophobi ¢ probe binding), UV, FTIR and/or

di fl{,)erergdgrhin%%mﬂ ng calorimetry. Thus, the effect
particul ar excipient on nonomeric protein

agg\t)egatafbaﬂtmldgﬂt ol i goneri zati on can be determ ned

foryexang {ka?g p[? &h%ﬂg%nlﬂtlgngI e nmononeric

prote| n |n SO over time. In size exclusion HPLC
or WEC, Qﬂ@@tolah’mg%'ﬁ grantioxidapkandan @ReASgr aphy or

rml\ﬁ{)ul akn SBG 4o g,{yé}ﬂgﬁtggfdgﬁhy col ums are desi gned
t

a porous matrix retai ns nol ecul es small er
than) t hearpaminogcids apiantiexidant gad agyriaetanes are excl uded

dx) 25 & b&&%ﬁo&&féér?%talﬁ‘aﬁ§|‘i’cﬁfxﬁfah€aﬁﬂad' ent is used

nost a lcatl o EI‘ esent i1 nvention wll now
be xj)sscra b@@emstattosawnt fa@atiexida apd @ surfgcignt.j st

gﬁﬁ:‘% & e@%ﬁt% Hbﬂ%@cydéj §RerdofMaR 0fe Ofurthef I%fdbﬂ 9 aﬁ final

utlon of a nononeric protein,

formdatlmd (H¥nipendiney OﬂlYetosQ Bpik fomo%em%ﬂ%i?"oéﬁ“ﬂrg'"o?thﬁr WHTq? the
excngedﬂ% ROABE idudRE 3t %desrhtﬁgé%%ffaeﬁulﬁ of H"Idn@ﬁtené'b%t&ﬂ d?l\j also at

g an excl pi ent , Wherein the exc nt
final forowlation stens ofnthe H’ga@f@ﬁjgmg:gr@gggq, ,q.,lb apeast ?n% to the bulk of

moRGRERE #Jt%fetl@tpréfe?élﬁmthe nﬂohémérléb%iéhﬂsadﬁ mtéri’el‘dn fMbre preferably,

I sot on C|t¥ V) am no rfz an
thednterfesanda it N-beta) %’ﬁ"l@@?dﬁ?ﬁ?ﬁ%’ é@%ﬂﬁN Qﬁ’@ igrfiuman recombinant
IFNS\{% oxidant, vii) an isotonicity agent, an antl OXI dant

c}anamnoamd 5 viii amnoamdgﬁﬂ

ant Pesterablii: theipkgteis ﬁﬁpﬁée‘la%ﬂ?'“s&ﬁggrﬁﬂia@ﬂ % 'Soﬁ‘ﬁﬂzaJ'O"

sur ﬁ?é%é%ﬂl&: the@acér@@tﬁh@égéiﬁti@béﬁzymnbl gdsufactant is Tween 20
ant 1 oxi dant, and xi) a bacteriostat |§ agen
|

20,athei iswiamisity 2gent ds sDaMNiet Ahe. amie &G a.%ﬁ'ﬁqt%@ igm the group
r% mgna# '|9§iﬁet&efé?ghn@a%naetﬁélrddﬁ@hdaﬁtd%i mbthidn®. Pidlerred

| ation DF), “and not only to a bulk of nononeric
COFb'PIGF@T\EFOfFWW“t%\BWdS the excipients can be added

at varf ogg @&a&e@ Qéerﬁlsb{Héﬂmn@f aﬁ@!ﬁ@%tlbﬁdm% Riethigivb,
also at final fornul ation ste nuf act. ur.i

proced, t@u’ﬁo@f"ci%ag?ntdﬁd'ﬁa"t'lbtof#@ BU’i“R"Qﬂ" is methioning'and the

amino acid is lysine,

3. the amino acid is lysine and the antioxidant methionine,

4. the amino acid is lysine, the antioxidant methionine and the surfactant is
Tween 20,

5. the bacteriostatic agent is benzylalcohol and the antioxidant is
methionine, or

6. the bacteriostatic agent is benzylalcohol, the antioxidant is methionine
and the surfactant is Tween 20.

In addition, the bulk protein can be incubated at specific temperatures as to
favor thermal dissociation of the bulk monomeric protein. Preferably, the temperature
range is 27°C to 31°C. Most preferably, the temperature is set to 29°C. Alternatively,
the temperature is let for gradual increase, until reaching the specific temperatures
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nmononeric protein. Preferably, the nononeric protein
is an interferon. Mire preferably, the interferonis
| FN-beta. Even nore preferably, the IFN-beta i s human
reconbi nant 15 | FN-beta. Preferably, the protein is
stabilized agai nst aggregation or oligonerization.
Preferably, the bacteriosteé&l’t c agent i s benzyl al cohol,
the surfactant is Tween 20 20, the isotonicity agent

ment®nE8 Hbi®! PrefdtgbidMnBOndMafloh 35 PEHEGIROd NN B8stT BBLrs or
of

consistin ysine or arginine and the antioxi dant
during aneange oN 6 Bourprie 10 hauss. Morecpefrably; BRSNGbaliAR 1 performed

durﬁﬁ%‘ r%h@é‘%ﬂé"h@u o 30NRUFS 6 QRing! 1/hAA#8 M6 hSurSR18)S helirs or 24

antioxidant 1Is nEthlonlne 2. the ISOtOﬂICIty
hougsyelven snarenpriefesably.t the mwb@tiandéﬁmperfgrmﬁ-ﬁ FUERG et Rprs. The

lnchtégon gk B8 A ot ﬂéférbrlﬁ" aftér tﬁéqgreﬂmrﬂfétuaﬁ istep Scdordihd ® the

he anti oxl dant hi onl ne he anmi no aci
firsti asplegt phihe invention; ibuk .netahmltedattw/mqr@naﬁm prptein that has been

statﬁﬁgeiiaé&:@tr&f t6 the}r %Sp%gt ofthe frﬂ%nﬁ@%&ﬁf bé’ﬁb\%étéd 804} stage of

penzy antioxidant is met h |on|ne
the marﬁfactumgmme@; l&sﬁbpuaé fing) dormulafiops gtePeal cohol , the

?Il'\r/]\/tezggél %é?:@ aﬂéﬁ{ rig%n?noﬁwtloﬁofal%ﬂ@eg hg ;ﬁ'@ff&ﬂﬁﬂﬁaa btk protein

proteln can
obtained bﬁtl'@dnaihod pecarding te thejisstaspeeiof the lﬂbenﬂpavor

t hepmg Wﬂ'ﬁsﬁgpﬂéc?tthg Nin@éntioR € pRIdés "B NMABRILUC TP iRkRESIng and/or
Prefera tenperature range is 27C to 31C.

maiptairfieg gtgpyity 7178 mogqr;'@rlgtpmtgmgg)ny)élplngdhg gethod of pre-forrthlIatlon
of the btk %?{Hevﬁ%t)éln aJoBﬁjlr‘igat’Gﬁﬁé %Ué@péc@of Ak ifvehtied.adu aI

I ncrease, until reaching the speC| I ¢ tenperatur

| 1 7ThariswentinewilnRy be depetac-ny gs Praferedh etBagimsTL i ight of a
sp&@ﬁm n@%ét@ﬂ Nerfe?&?tana ke bﬁef@r%blydpﬂltf% a range

hours. Mre preferabl
i ncﬁbamteﬁewrs fﬁi’eH'F'Sr: rﬁ?’dus%h?’ﬁﬁ‘ ds Mwaédotp iguiR, Ry, mpqlecule
deﬁ?%d Qﬁ '$hch Wthg ekdiGre ] BorRShsiny for Exdiie any &BeS of CFNsSm@IIitloned in

ours. Even nore referably, the |ncubat|
the pép'feﬁequ tRackergund,of {ba inventiond. 18 PRFicHBER (. A Bad IFN-y are

lnclg@éd;)r e O\Beé]&ﬁ'lﬁ'f)ﬂr IFRB G tﬁé‘ﬁ F‘e{] LY 'aéédr&iﬂﬁ% QRe present

T st aspec e inventio
invertion) I|FFN Besimbble # Eocosdance cwith dheupresdnmmmortoeemommerma"y

N R

useTeniitérfrons of hpman asigin is. also girsferred i iacadrdamrenwithtthe psesent
, Ste I.n ond as h :
8RS RN eS8 b B LB el
derbatives] vaants) mlalegé and acthedmgmants theesaf.nvent i on.

The term “interferon-beta (IFN-beta or IFN-B)”, as used herein, is intended fo

include fibroblast interferon in particular of human origin, as obtained by isolation from

biological fluids or as obtained by DNA recombinant techniques from prokaryotic or
eukaryotic host cells, as well as its salts, functional derivatives, variants, analogs and
active fragments. Preferably IFN-beta is intended to mean Interferon beta-1a.

As used herein the term "muteins” refers to analogs of IFN in which one or
more of the amino acid residues of a natural IFN are replaced by different amino acid
residues, or are deleted, or one or more amino acid residues 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
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In a third aspect the invention provides a nethod for
increasing and/or mintaining stability of a
nononeric protein conprising the nmethod of

pro-fornul ation of the bulk of the protein according
to the first aspect of the invention. The invention
wi Il now be described by it®-preferred enmbodinent in
light of a 15 specific nononeric protein, interferon,

by ﬁ‘g—ﬁﬁ’g&gd pl'hﬁt iy &MY cgféga or Aﬂ'\g ! lofHeP " £l techhique suitable

use erein, I hten to include ar(ljy
therafdrec Braﬁerrej:bfmtem lasluéeu@tg ithe phes descsibed by Shepard et al. (1981)
or exarrpl e any types of |IFNs nenti oned in
orl@ﬁ%t By ct| on "Background of the Invention”
parAny:LHUah mutaim apreferaly hagnd seayepceref aming @éé’é wffmently
du;;llggtl Efﬂ‘fﬁat%ﬂli R8s td ﬁgbzé &Hs@anﬁlglfyoﬁﬁ\ﬁéreérr&@n 'bgﬁler abcitlwty to

e pr esent I nvent sult
an HEN aﬁmblql@g@gl functiont @fentgrf@gxgns wealhlaewindga the person skilled in the

art,C SR, ?é@éé(l Bsta:?déﬁz')ié apd %e%b?sehregﬁ o %@faLb]eer I@?Hﬂﬂﬁ)the National

Institsite fof Biolagénal §taoderdgfanﬁ Geatrobihttpi/immunclegorptiakNIBRL).
in. §ﬁ?9§a§§'?&eth‘@ ddteinllfatRineSeIRN adt \eﬁﬁ%{/@ Beed Restffed An IFN

I nter as used her el n, I's Int t o enconpass
as@alma,y fof example el carinst out asideseribed:hy Rubiasteinsi Bbgt98dn dhus, it

f
b QORI I3 S el Sl o
bettaicaaiidily than lio% bmmeampémn%ﬁxwmpﬁ\tqtioeu| ar of human

ori ng{émsaocf IPR! @hfeﬁ@ahiﬁe'u%@ﬁ § h&drddreBwithi thé 9%5@?}{ invention, or

flu or as t al ned reconbi nant techni ques
nugleip nagid stedingo thesefere, 'B@lk@ﬁ yﬂ)tﬁ“&e hass t ofc sylséantiglly \ﬁ@rrﬁswdmg

se%lfegcééf"éé §ubsft|¥Uﬁ6F| 'ﬁ%ﬁﬁ’des i e hbl\é@t'fdes‘&'ﬂﬁélﬁéﬁrﬁbe fRAhEY Dbtained

active . er abl beta i s intended
by tqslenefanrdlmrwr thh thee A8 y_wtaoutsen G§%QI'"PR!F%¢I% thgged on the

teabﬁhﬁé aH&JQlﬁHﬁ'ﬁce gréé&iied hétenal ogs of 1 FN in which one
or “nore am no acid residues of a natural (I FN

ar ePr@m@b e@awsdpf muteing iny Acpdangegwith dag grrsent ivegiion are

wha€A8UGEwn Us ‘%'ﬁse?\Fathé’rsﬁ;b@ﬂihﬂ@nsa@oﬂséﬁéﬂn@@ﬁméra%maﬁ%ﬁutlons
to the natural . uence of N, w thout changi ng

of eelmeemeewrwrﬂe@s&\ t {he; wertSIPnt mayy igelyde .smgow%c@@masaﬂds

withiR TBalgRRAlp! C\/vltul';‘l‘\e Méved shﬁﬁEi%niI)F“éumTéI'G%ﬁ)iéMcﬂbﬁﬁcaﬂr (roperties that
pr epared known synt hesi s and

SUQﬁt'tléloﬂlbﬁMQeé’d"ﬁ%‘PS'@é?féE‘P graup il ipErsesve e biglgaieal fupction of the

moﬁ%ﬁ:ﬁ!@ﬁ Itﬁ@ﬁi&ﬁl‘ Eh‘é@ insditbA®aRd deldibRs Bf Smindraidy rhﬁjil a&btbé' made in
i ncl ude lgﬁdgmuge ones descr| bed by Shepar

the(abpye-defi g@esawlthoﬂglgq"lg t%{&%@ﬁtg}p Hﬁltgtt g(ljlﬁrly |f the insertions

or weﬁcﬁfsahlwnb@ﬁe 8 fSR eRidceid, eyl m\@eamqus aﬁ@bfef@melwnuer ten,
duplicative of that of |FN, such aﬁ

an@, lfB%t"é’ﬁt'Pﬁ]W? @ HHSPIECS oRMIBge ACKE L WHIEN A2 sﬁa*{%?' tg @ Jjnctional

mﬁf&%athhe é)%()'d%teﬁiﬂ résifgds. OProding rdrel eutéins i ;Srou@idd by such
known to the person Skl||§‘g in.the

delgfiensryidiesiinsertiong £oAe wihin hepukyicw ﬁ&tﬁ‘eaﬁ%@gw%ﬁw
e. gpréférgﬁnyt tHé %foh?ﬂﬁahs ahiisd atidtgrolisy ald bsgidefihed in Table |.

St andar d

Moe'q]p(qgerp;ulynqqg [FYNHNAYS FMinG, geid I REE)are those defined in Table II; and

most preferably the synonymous amino acid groups are those defined in Table lIl.

TABLE |
Preferred Groups of Synonymous Amino Acids
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Bi oassays for the determnation of IFN activity have
been described. An IFN 10 assay nay for exanple be
carried out as described by Rubinstein et al., 1981.
Thus, it can be determ ned whether any given nutein
has substantially a simlar, or even a better,
activity than I FN by nmeans -t routine experinentation.
Mutei ns of |IFN, which can be used in accordance with
the presgpfind Réft i 0N, Or SPHEhFMEUSGreupodi ng
therefore, include a finite set” of substantially
correspof®ing 15 sequenceSeaIhEH¥tASut i on pepti des
or pol yn)ghgi eotides which capy lefin 194t GREHs Obt ai ned by
one of ordinary skill in the art, "without undue
experi mek@Wti on, based on H&dhe, IykMetgéald¥ gui dance

presentegiierein. Preferreg)ychggep p@r nuteins in
accordance with the present invention are what are

known asThiconservative" suBgiSeitAanSly. disnSnJRE i ve

am no acph@ substitutions g§ qhypbyRgrti des or
proteins of the invention, may I nclude synonynous

Y,

ami no acVaks within a groupMeihiyerPhealle. ke Meki ent |y
simlar gRysicochem cal prapethi &foldat gysubstitution
bet ween nbers of the gromluo w 'l _preserve the

bi ol ogi cl@ function of theMekolYecdthe Val.depglle| ear t hat
i nsertiopggand del etions offrAMIOTRCHE VaUaPR® be
made in tﬁe above- defi ned_sequences w thout altering
their fuldtion, particul ar T{p.iMet; Rae.illgs¥ak FIhdYD5 or

del etiongygnly involve a fegr afrnoysaci ds, e.g., under
thirty, ahd preferably under ten, ~ and do ngt renove

or di spl Hise anino acids whiGh LYE<CRy Thi, A9, HIg a
functiongl, conformation, g LysCASH, Blig)ahr,9%gICRS .-
Proteins and nutei ns produced by such deletions

and/ or i AS@rtions come wit AIM ASReSBUAPNew of t he

pr esent i_yé/enti on. Pref er aldiy,clhhrissxpDygoUs am no
acid groups are those defined in Table I. 30 More
pref er abA§P t he synonyrmusGA‘t‘riAﬁB"ﬁt?Pd groups are those
defined gy Table I1; and maptLya; AE&rGIA! Mist ARy, Glu
synonynous ami no acid groups are.those defined in

“Tabl e || Met TABLE | Pref er P88 (8 Y@hd-e4r M&} nony nous

Am no Ac'rrpbc. -19- Am no Aci gypynonynmous G oup Ser Ser,
Thr, @y, Asn Arg Arg, Gn, Lys, Qu, Hs Leulie,
Phe, Tyr, Met, Val, Leu 5 Pro Gy, Ala, Thr, Pro Thr
ProyaBeEn Ala, Gy, Hs, Gn, Thr Ala Ay, Thr, Pro,

a -
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

Gly Gly

lle lie, Met, Phe, Val, Leu
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Val Met, Tyr, Phe, lie, Leu, Val dy Ala, Thr, Pro,
Ser, Ay 10 lie Met, Tyr, Phe, Val, Leu, lie Phe
Trip, Met, Tyr, lie, Val, Leu, Phe Tyr Trp, Met, Phe,
lie, Val, Leu, Tyr Cys Ser, Thr, Cys H's Qu, Lys,
Gn, Thr, Arg, Hs 15 Gn du, Lys, Asn, H's, Thr,
Arg, Gn Asn Gn, Asp, Ser20-Asn Lys Qu, Gn, Hs,
Arg, Lys Asp @u, Asn, Asp Au Asp, Lys, Asn, Gn,
Hs, Ar Gu 20 Met Phe, Il el t Trp Trp
TABLE IIqD'Wore Preferred Goup@egﬁglﬁ’o%/hr’m% Ani no
Aci ds 25Tyhmi no Aci d SynonynouBhe&xlyip Ser Ser Arg
Hs, Ly g Leu Leu, lie, P??s I&?‘et Pro Ala, Pro 30
Thr Thr "R a Pro, Ala Val Val’ 'Met, Ile dy Ay He
lie, MetHisPhe, Val, Leu -20- PiseGWeAGTyr, I|le, Leu,
Phe TyrapPhe, Tyr Cys Cys, Se ' Ls, Gn, Arg 5
Gn d u,GIP' n, H's Asn Asp, Asﬁlu’ die, Ht '

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 Ley, 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
Gin Gin
Asn Asn
Lys Lys
Asp Asp
Glu Glu

Met Met, lle, Leu
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Lys Lys, Arg Asp Asp, Asn Gdu Gu, Gn 10 Met Met,
Phe, lie, Val, Leu Trp Trp TABLE IIl Most Preferred
Groups of Synonynous Ami no Acids 15 Ami no Acid
Synonynmous Group Ser Ser Arg Arg Leu Leu, Ile, Met
Pro Pro 20 Thr Thr Ala Ala Val Val Gy Ay lle
Ile, Met, Leu 25 Phe Phe P4 Tyr Cys Cys, Ser His
Hs Gn Gn 30 Asn Asn Lys Lys Asp Asp Gu Qu
Met Met, le, Leu -21 Trp npky Exanpl es of

producti ofi of anmino acid substitutions in proteins
V\,hi ch can be wused for obtaining nmuteins of IFN, for

%161%: of [)Foﬁﬁgt;oni B &RinoCAcid %ﬁlb%lﬁaéﬁgyin Zﬂ@f%s@vhich can be

as presen
used f@S@btamm,g mum &fd6Nafod usemwMggsentu@vqmpR irgludgy any known

metixbé%gep%‘l% {ho %ﬁ}égént% ifUS pe@, 955314 ANHEEBSAnd k737,462,
to Mark et al; 5,116,943 to Koths et al., 4,965,195 to Namen et al; 4,879,111 to Chong
et al; and 5,017,691 to Lee et al; and lysine substituted proteins presented in US patent
No. 4,904,584 (Shaw et al). Specific muteins of IFN-beta have been described, for
example by Mark et al., 1984.

The term “fused protein” refers to a polypeptide comprising an IFN, or a mutein
thereof, fused to another protein, which e.g., has an extended residence time in body
fluids. An IFN may thus be fused to another protein, polypeptide or the like, e.g., an
immunoglobulin or a fragment thereof.

"Functional derivatives” as used herein cover derivatives of IFN, and their
muteins and fused proteins, which may be prepared from the functional groups which
occur as side chains on the residues or the N- or C-terminal groups, by means known
in the art, and are included in the invention as long as they remain pharmaceutically
acceptable, i.e. they do not destroy the activity of the protein which is substantially
similar to the 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. alkanoyl 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.

The term "salts" herein refers to both salts of carboxyl groups and to acid addition
salts of amino groups of the proteins described above or analogs thereof. Salts of a
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et al; and 5,017,691 to Lee et al; and lysine
substituted proteins presented in US patent No.
4,904,584 (Shaw at al). Specific nmuteins of |FN beta
have been described, for exanple by Market al., 1984.
10 The term "fused protein" refers to a pol ypeptide
conprising an IFN, or a nmut28n thereof, fused to
anot her protein, which e.g., has an extended residence
carﬁ&gffﬁl]o[]p Rebe furﬁlédjtfy mé&&hd JNvaH tﬁé%aﬁk? mt:l'dla@ %o‘i@amc salts, for
er  protein, ypept | or the Itk q
example, ramglwbmalqurmramcmla@niqmc pheineselts, ar@ntbe ﬂsﬁ,aand salts with
S V,
orggﬁé t%é%gé \$s ‘Tg@é f‘?@?ﬁs an%laﬁiﬁé) With %ﬁ{lﬁééatsWﬁ%soﬁ'leﬂhgﬁblamme

elr r ot el ns whi ch
argiminepar dysiner @iperidises grosainenand @hﬂ)ﬁ'ﬁ% Agid additign csatts d@clude for

exa?ﬁ% sd E@%Eﬁ‘ %rrlésl %ﬁ%&%cq 4& Sfoﬁ éxéalﬁ;ﬂe Nigldgi grﬁgé Iﬁﬁlg‘of‘ §ulg.mc acid,
and saltsivéthi arganic Acids, such andorexantis acetimacid or oxalic acid. Of course,
anJ’E@JH{I%@é%P&aJe@{Q rt]lfeéc 68 %;%Qi Seti vity B tt‘ié1 ?bbt(gﬁ’s o %Q‘&é&ér@)fo the

VI ern ubst a
presenti inventipn, me tlmtabllﬁytgo biAg, thﬂiG @er%@t)n@@gwfr%@eptqsxaf@ initiate

on conpositions containing 20 it. These
recgﬁt&oﬁgéélh@ may, for exanple, include polyethylene

al ytmacqordm::e veithritbe preseh mvgagonmgq uge of grogmbingnt yman IFN-
betd AT ESfodMRs 0P fle g{h@ﬁﬁﬁ’is fuFehbr SarfQabhy dréferg. O her

errv I ncl u atic esters the car boxyl

gr ofpepeciahrkind of mtertfefen cyanmﬂas bqgnoqu sesapily; Jhe so-called
ﬁ%&n!%u? 'migﬁér%né”r aitd hén- Péﬁf”%{’ yooe&nrﬁs Ak of IPNF 1985 6,013,253)

acy erivatives o ree am no groups of he am no
Accardling teginiefesed embedimgnt of %@wveﬁm%tth%wmeowf@%of the invention

aregjséarlpé’dmﬁﬁatﬁ?h?ﬂ &hé&\sﬁé eerfcgorpups) or O acyl

errvatives o dr oxyl groups fFfor exanpl e t hat
of Asrysedoherein; dgman mtesﬁemses;yns%\b‘%d W-69n)aghall mean a non-

na Sl’lggi m@sﬂol%‘édtlﬂé WG | RBdomRbntly Mhcl@desTHh&eN andRs! acid

pr ot the present invention covers an

residugg ﬁbﬁttarg mmnaufpsa;s@bsﬁ of [FN-glphe's appreaentativg of %? npgjerity of
theph Rl d&hﬁiﬁy elgtlj & Mfkotyte! RERIAGT siblyPe a&ﬁ@@h%seﬂnd which

ecufes or ues 1 nked thereto, €.g., sugar or
mcts:demiwn@r anare of #hgse pogiionsguiasg A1ar. isho ?W@Op?%ﬁ ggrAmon fo all

4SS gh(’?n‘ﬁﬁo £ WHERbrdRAitkRe d¥urst AAGABRIEHOSRN and |n no event

sald fraction has no significantly redu

incﬁ@es ANy yamieo @sisprgsidie wdich isenal sistary dm dhal Positivn "Tﬁ& least one
naﬁx?éllg‘océﬂlhé suBt%@' IBNL@h&n2oiBasisbut 3d hét IRditedab IR ino acid
s and"to acid addition_salts of am no %083 ({
sequﬁa@cgi de%gmﬁe@é@‘éﬁ%bdF%lts@o% a5d 'Eh'aqoaawtlﬁ?e? isclesgd i U.S.
4, 6@?5 6@3 %28970@if1b9mr|5 SARPYB. NBNALSeduRnEBs éhbodiﬁQﬂFdeﬁthﬁ\ay be
inthe art and incl'ude inorganjc salts, s(f %%
proglymdjﬂ? deseriépdin thaeYe-Tentianack Raers. Ozubbf@ ey sfanda) pethods.
t heq ghﬁﬂh&n&eﬁeﬁserﬁbédﬁmeﬁtr Wft&e@%ﬁ@@nrﬁ&ohbﬁé‘e@ an Ig fusion.
forme for exanple am nes, suc

The .fummgﬁmbgrﬁlrﬁgt or éﬂagq gharklinker p%qqgewhlﬁh ﬁgrg bgiasshortas 1to 3
m?'fd’&cﬁél R it Rglt KQond¥! 18r 8kkthple018 BmidcSadid fdsitles in length.

Saidolirnker 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
sequence. The resulting fusion protein may have improved properties, such as an
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5 exanple, salts with mneral acids, such as, for
exanpl e, hydrochloric acid or sulfuric acid, and
salts with organic acids, such as, for exanple, acetic
acid or oxalic acid. O course, any such salts nust
retain the biological activity of the proteins (IFN)
relevant to the present imBention, i.e., the ability
to bind to the correspondi ng receptor and initiate
' b d@y
extdrRE B Aloretife 1 ooy R AR PRl Spa t pA P toased
expréssiandeyshondie parification efitbe fusion prgtefmlsMrtatsdf ticularly
r =1 \Y
Pr §hef fffler @e@e‘ﬁ%ﬁc n?(%ﬂuﬂgq%iFNl @ﬁ%%c?ffcpﬂ‘\e @Bt rddoh of an Ig

been ‘descri re e SO-ca consensus
molentler Prefesaldy, ibisdusesito rlnstaw ehairy regianss likefle (412 and GH@domains

of HJ:n[.\én( B(S‘ﬂ tfoq]{icaﬁﬁ)@ -Oth&F 58foth8 QJF‘] nfblébh%fsge{ré %’s ?]mtable for the
nventi on, € conmpounds
genenazt@ntaf Gusionigroteins assardlingrtodberbresant Ibvenkpﬂml&hﬁngféwmﬁslng,
h e

o, P 5F gty 488 o s AR s prsne v

mopmhqlm@tmmhmemhlfwlerpf@‘dmmbm?m ncl udes those ami no
f
71 BFRBEHRI B An AU nd 3P comppesat o
onmnbletmttaphed taone mgnmrfumptioaaugi@waa whmh@cp@rr FIFORAGLIYeFe side
t

cr 5 TGE S0 A Rl PRIGHISS, Uty & BARSfene (EC)

moity. PESiatipp emay encamied eutetm knawm reRtheds EyRh ARG gnes described
in W6§§f5§3ﬁ fénf@é sition and in no event includes any

no aci'd residue which is not existent in that
posTme present iaventioasiancgraerallyther applied de @ll kindhgf intasierge to the

onésF H’gﬁﬁg}\ e HHOVE H3Skall Qé‘ﬁnclugi r{éoﬁathl‘amrﬂ&%r&? ihfeffefIN piBduced by

sequences desi N- conl | FN-con2 an
recommoh@%ﬂeehrmlqudua@@ll E%foﬁmm Apdsicedsby, ghemiesp Synthesis or

moﬁi@%zmd' e%rﬁ‘hl gﬁglgo ¥t 6 BHRBAPEsS '&Fdéfé' "38mi-purified and

as described in
purzﬂed\/leteﬁemnu fm@dﬁtpabl@ﬁ% leukpcyiss. deﬁ%'Focﬁe&ana?W Rther drferferon-

codt{a‘inﬁ’i ergr ik rfb; ﬁ%s%b& §dnf H‘Eﬁghgﬁpbny fotl‘%rfdﬂyﬁﬁﬁ)nﬁfeoéﬁécfés Most

conp usi on. fusion my irect,
prefarably, tha present inkentiopdp eprlicabipite huwan fi é@b@t @Fﬁfhf%@"tﬁffem"-
bd% 3 amno acid residues in length or longer, for

anple, 13 amno acid residues in |engt

h. 30 Said
| i nReaferably the caneanirgtion plENobeta wéﬂ@ét{eg?ﬁee'aﬁofriﬁ\#atlof about 10
ugl‘nqaltéJ abBead¥el )2006 ?thrﬁxﬂ{ﬁpé Bref@ab ot dr aBbIMC1GACGIm td4Edr about

qgquence conp
10@9 pg/ﬁmen@tprefembaqtotem&@“th @ gbog §10 @miPhe- Met

| n t e
EREB0, I S50 1 sBPUCDF gl st & M, oo o o
saldmpnipameom withinvghds pr ojrest0.8sinits ot A sasmﬁed PEBWhéwt f@ﬁ $ogceified
r.esi de f f f
oHUFBLPRY 5. 5ol 85 W Ul 1 B RIS, 4215 £70hn v
prqﬁerablfyj ihatpHois 40F. Rréferafblys ittenbyffes isepresent at amoncerﬁtaélqn at or about

5 nglg {a&ﬁfép@lﬁ?{gﬁ%@d Bﬁﬁ?f’&in&&ﬁ‘&aﬂoh? N {otal'sdRBn (c8n WA 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 or at or about 50 mM.
Particularly preferred is a buffer at or about 50 mM in acetate ions with a pH of 4.7.
Preferably, the buffer is acetate buffer with preferred counterions being sodium or

potassium ions. Acetate saline buffers are well known in the art.
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nol ecule. Preferably, it is fused to heavy chain
regions, |ike the CH2 and CH3 domains 5 of human

| gGl, for exanple. O her isofornms of Ig nolecules are
al so suitable for the generation of fusion proteins
according to the present invention, such as isoforns
lg&, 19gG3 or 1gA4, or otha* Ig classes, |ike IgMor
IgA for exanpl e. Fusi on proteins may be monomeric or

pr e er ? e%‘? tﬁ!% %}%Eé’ntré%?% un ol If\rﬁg a%lgg{r I(f?/lge)ltathgﬂl@%anmtol) is
presemtpai oesabatit |0k s0g/mi. (o oate onabeuty 59t mefrald Mereopefesably, the

corg:?htzat fonFthe @aon?{]tg %gént Wi SP%&ﬁﬁ 5 nﬂ’ rE“?uII(Hio rigferably, the

chains aci d resi Prefera ,
coricestratiningdf fhe so@njsiy ygerhtyﬂs aher gtoa) 50rﬁUb ok gt or pboyt %&Q“@M or at
or%%!: 58% |grri ed out by known nethods, such as the ones

5 in W09/ 55377, for exarrpl e. The present
i nvEreférablyc the gmeenuaﬁqn tlethepsurfagtent ¢i.eal Twagnn20)gs at or about

00'1 &ﬁ[}ﬁ' Eg £ u?é\ 1 Q\?OW 'ﬂrglgféi)rlyggt‘ﬂ%r%cgﬁeﬁﬁéﬂon 8f the
surfaumrtisatamabmﬂfembhtﬂl ogy, and interferon produced by

Chep GlanyY b RBAbehtiion BPREdnflit it (o 6 mbHidHie] i€ preséit at or
aatly i

To enconpass cru ur|
aquirﬁ)ﬂrleio ahnerefb@ubl‘-ﬁﬂ rrngmrﬂ. Iosd | prefesably, tmao@cgncggtratlon of the

antlloérﬁog(%ug &%]JtS atdut 6n|)2 rﬂ%m lor bt 622 n‘fg{?ﬁﬁ ai ning or

I Ssue m hunans or any er appro |ate ]
s peEr@‘erablybme emnp aeidds hising, ortarmmpeelwem prpfw@ﬂy,utgﬁ amino acid

8] PRSPl BRaARIAP L At M e yeune)
prgseet atramabat ZDntm at onabaut 280 ¢0g/ml.(Preferahly.tthe gengantratien ef lysine

is %%9%889459 ng@rcﬁ' a?nfgﬁ tﬁ@@’mgfr?l A a@BPHﬁoJE%@ A4l of Qt @Fabout

nost pretferably at or about
164 mgiml. d?re&mh!u taq@oncengrﬁh@n opgrgimieg i alprabaul @2509/% or at or
abbl?(dérrﬁﬁ in an anount sufficient to maintain the pH
‘conposition within plus or mnus 0.5 unit

a s Peeferablyd therpongeairationnef thp @@Fﬁeﬂeﬁat'@ﬁg?@ (880 a@n@/la;oohol) is
at éroaﬁﬁﬁﬁteor‘]l ﬁnrglml %éﬁoﬂ%lﬁfugF@@ H@Amf IM’or@ 'ﬁréféraﬁlysthe"eo%c@rﬁtratlon of

refera Preferably,
thet basteriostatic agentyis etse;rmbout 5 mgbameatpr abqn&ﬁ Oamg/m' about

OMIItrgfe?éncgé cRbe H&re?’tQQnﬂM:néﬁngﬁél rsLot é@tia@&s phlﬁhshed or

utron can var tween 30 at or about
ungub}nshm U1$ envioraign pafent] appligation, dssuglU.So0r fﬁﬂelggg@tqﬁg? or any
otl’%pq'e %NbreP reﬁﬁr‘éfyamcbfrpb%e@ a{f RifereRES Malkdirt inefiding Al data,

or a mM or at or about Particul arl
taqmefﬁgureaj and taxtopresentedt lno’ihea@tﬂgit rejﬁeﬁﬁﬁ% Addifanalty, the entire

cohfBR& ¥ t‘hb ur?;é?é’hdé& cﬂtea -witHih ¥ retBleniced bRed Wbfcit akd also entirely

~acetate er wth preferred counterions being sodi um
incorporgied By sefgfencens. Acetate saline buffers are well

kno fdrBnde 18 KRB metfod &é&é oAtdntiondl MeetReURcREPY, Rhdviiimethods
the I'sotonicity age for exanpl e manni tole) ds
or conventlonal methods is not any way an admission that any aspect, description or
embodiment of the present invention is disclosed, taught or suggested in the relevant art.
The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of
the art (including the contents of the references cited herein), readily modify and/or adapt
for various application such specific embodiments, without undue experimentation,

without departing from the general concept of the present invention. Therefore, such



present at or about 0.5 ng/m to at or about 500
mg/ M. More preferably, the concentration of the
isotonicity agent is at or about 55 ng/m. Still nore
preferably, the concentration of the isotonicity
agent is at or about 150mM or at or about 300mMM or at
5 or about 600nmM Preferabl2s; the concentration of the
surfactant (i.e. Tween 20) is at or about 0.01 ng/mn
b
aeyiihs Ao g B o8l Bo e R g, mbfing of 2 enge o
equivglemts.  oPrtbé edlscmbspd embodimeotsnthased oen dhe ttgaching and gmdance

pre?eglgécfﬁ%gﬁn il or a%% o h%letb @l‘é{%{eaﬁ@g& @Pmiﬂ{)lo?;lg?rem is for

the phepose ntéeacrlatqncandcrfot phiémitatinn, such deatthe @"HIDO'OQY abmraseology

of tﬁﬁ] éfgé@(t @838 cal%n % t@ki):éufgtr gpr%édnﬂl [ﬁjle sﬁf&f ?girggrwn Ilbllileof the

teachingsoanacguidarice prg@ntea he?eleflermb}natloh tw!tbdh% &mwlaqlgeoﬁ one of

acid (e.g. lysine or arginine) is

ordﬁ% Stekfrﬁtl régtr about 20 to at or about 200 ng/m .
Preferably, the concentration of lysine 15 is at or
about 27 nmg/m or at or about 55 ng/m or at or about
82 ng/mM or at or about 164 ng/m . Preferably, the
concentration of arginine is at or about 32 ng/m or
at or about 63 ng/m . Preferably, the concentration
of the bacteriostatic agent (e.g. benzylal cohol) is
at or about 0.01 ng/m to at or about 200 ng/m . More
preferably, the concentration of 20 the
bacteriostatic agent is at or about5 ng/m or at or
about 10 ng/m . All references cited herein, including
journal articles or abstracts, published or
unpublished U S. or foreign patent application, issued
US. or foreign patents or any other references, are
entirely incorporated by reference herein, including
all data, tables, figures and text presented in the
cited references. Additionally, the entire 25 contents
of the references cited within the references cited
herein are also entirely incorporated by reference.
Ref ererice to known net hod steps, conventional nethods
steps, known nethods or conventional nethods is not
any way an adm ssion that any aspect, description or
enbodi nent of the present invention is disclosed,
taught or suggested in the relevant art. 30 The
foregoi ng description of the specific enbodi nents w ||
so fully reveal the general nature of the invention
that others can, by applying know edge within the
skill of the art (including the contents of the
references cited herein), readily nodify and/ or adapt
for various application such specific enbodinments,
wi t hout undue experinmentation, wthout departing from
the general concept of the present invention.
Therefore, such
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-25- adaptations and nodifications are intended to be

within the neaning of a range of equivalents of the

di scl osed enbodi nents, based on the teaching and

gui dance presented herein. it is to be understood

that the phraseol ogy or term nology herein is for the

pur pose of description and-2st of |limtation, such

that the termnology or phraseology 5 of the present
ExXAR@EES cation is to be interpreted by the skilled
—artisan in light of the teachings and gui dance
Thq)a@ajmbmetﬁ@de uged inthe ffpwingtexemplastase drecrioge i XRIEPISP-
Exdfl Gﬂh@' Bk kfnhub tBntt% dture” 8Ra iFelHRbE Sintd ®n_bulk-

OW nNg exanpl es are

tera : nplel- The effect of
Thé Rl?r@'r %ﬂ)eﬁtﬁ{é@g \?I;ﬁaé{ ‘?%@%?Eer o Srbv"altﬁ?e e Q?dck bf thawmg

| ssocl at 1 on)
tenmratum, ingubatinartemparaturgand ipeubptiembme;(duretierron ﬂae stablhzatlon

of §‘6§'k§iﬁ€eﬁe?otﬁebe% Tad olﬁgcﬁv@?\%@ﬂ) rebGEP effédiver and oonsnstently the
on tenperat ure and 1 ncubation time (duration

formatiarh e interfsirbn mligomers widler biarierom aeeTesRiss. dyising, mamfacturing

prof ése GfHeVﬁll%{\ﬁlﬁﬂté?(]péﬁ:qHﬁ@ lpi Bﬁﬂn‘éﬁlgyto Rsbeh %&r’a@é YK Mterferon

for Interf n ol I nmers and
prepata@:pns(wap@rgmr@gstpw @eJoWngCnsrmfeéthQﬁ ﬁg—7ﬁr®c@§fsare to be

f,
oy A T G480k
duringoa edleb dimgyfop forther @anafacttmq Rspcesgng) Cengitergtiens deriyed from
theQ% e&géﬂlﬁmé‘n& I}%Y}ﬁidaléé‘ ‘E’)et e& Y&nﬁr’éﬁéﬂaﬁohé‘ﬂﬁ@%@ didPéd above 0°C

gl ven ature and during a gl ven
(e.g. &-BTG)ranﬁevhlemareftw mtusnglegfrt@%eawwg st%é%s F@%ﬁ%@ﬁumﬁh'ﬂﬂ but

tha?i ‘?ﬁé))’ §t§’ffé‘r rfier KRG OF sREORS TRMIA, fHellefm a’rééﬁn?e re?@@' tbeéi frozen

arations that are stored above 0C (e 80
premcatmt at igrtbaved degoin 80 bp@{gatqroaabqtlhmqﬂ@erslp@@opb,and then

stoF{d*%eg? h hGndibatdrSa batH orlethbPRicatiBhy a‘i'élféiﬁén @rﬁbﬁratlﬂé“dhnng a

esses. HE‘TEI n, the term"resti ng{ r ef er
given dimen theslespdresting terpprrature refessiqibeth the tha}wm temperature and

the IH&MBthemé‘er?C u% |Pf"heq’FJi§ﬁ plréb"e"i‘étﬁdi’m; drBguyt piaced ﬁaté?f lﬂdubator

In an at or or other |ocation)

thegn*éeﬁSteﬁﬁMmréeraae'ehgea Oy Gasing IEmPEIRBIE G, fan. bS used
mterEﬁaQﬁdeBEI L ﬁ@?e"rﬁt ‘%@tmgr &her fefb@ ol ol df hﬁawmg duratlon and

enper at ure and he 'ncubat | on t enper at ur e;

storagez énraﬁeredaagatm%ﬁat@ guration) wt 3 geeafiq FFf%RPfP‘iH'&% b'fatt'?ﬁ' frozen

pr Qrétﬁﬁ is @hirBBty’ leEébbe AR nduBEREr MbUbANs Ghcubialish itie” or “resting
nper ature” "can be used |nterchangeably the term

tlmréﬁlb%gsqq ipterchapgedlyt o t he total of thawi ng duration
and storage duration (e.g. incubation duration) at a
speC|f|c|ten'per?ture "|f the frozen rearatlon S

In bi AF8 exPerimch [the Giekls B thé@ﬁgkt@maé%r’erﬁteélmbﬁmﬂQéMperature
(RT), 25°C, 27°C or 29°C, followed by incubation at either 25°C, 27°C or 29°C during a
total of 16 hours or 24 hours were tested. The experiment is set up in a manner which
doesn't interfere with the temperature settings, which are thus maintained stable during
the whole procedure. Table 4 as well as Figure 1 summarizes the procedure. Levels of
interferon oligomers and interferon aggregates were measured by a new SEC-HPLC
method, which is herein referred to as NEW SEC. The NEW SEC method is able to
detect both non-covalent and covalent oligomers both quantitatively and qualitatively.
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25 1.a Thermal Dissociation small |ab scal e experinent
at various tenperatures In a first experinent, the
effects of thawi ng tenperature at either room
tenperature (RT), 25C, 27C or 29C, followed by
i ncubation at either 25C, 27C or 29C during a total
of 16 hours or 24 hours wer&-tested. The experinent is
set up in a manner which 30 doesn't interfere with the
Thd Sl:)]Eafv@tm 'setoiﬁftﬂ;ﬂii@@le tHEF Tl dRESCiAtUNS(TIR oR BRIk R rigicD iforder
during the whole procedure. Table 4 as well as Figure
to reduganaligomerizatien pnskerd gearegaiiene|te BYNimum diefareodrug product

' ' f f NBri ured by a
S e g e e T
NEW SEC. 1)TirffesiEwf Smubatiem demperaise 267, 3€CeandpdR) on the
non- coval ?@ﬁﬁr%ﬂd%%ﬁé&ﬁ\%fﬁ&iérﬁ nmers both

quantitatively an l1tatively. P7_ The objective

was to opk iGflege afhihe Hegubgtion draliamitrothe Tihermal digsrciation

i nterferongpidbiyder to reduce oligomerization and/or

aggregation to nfnimum before drug product

pr epar at 3oShoreniag éhe pwing)dusstionray tﬁ@wme\m A incubator.
Takl@gaeters or variables: 1) Effect of incubation

tenperature (25C 27C and 29C) on the 5 thernpl
EX@.ssoci ati on ef fSetdncy, 2) Eff|@e&t20f the i nculfeentedd

ot —tetder gy CT i om g en 3)
Thelnd TE0R €' he t fhowi nb dur REs onl Byt Fawi ntn B
*IncalzativatTemp. °Gabl @54 H27. S@9 1 LS’ét 2| XZont IRBw n

——Terp—CHRI-—HR—R—25—27 29— tnegbat-aqn-—Jfemp——€25—27
Toial Thawing and Ipsubpfion ey efher 16 hatts of 24 TI0US i on 1 ne

is either 16 hours or 24 hours Control at RT was ,

o<V ES o o o 4L R M SR

Setcdwds pedormenitare2fimed. Foobactecpriditjipedone 250 ml tubeedduipped with a

ol i RS 25 RUBSB4 WEy B e T
tubasmddelMhwas nusddat The iircubatiohds eithiee rwatec farketbdoor ame with air

circ\’\%agih air circulation. G.OSSARY/ ABBREVI ATI ONS Agg
A Pg'gat es 20 COA Certificate of analysis. DimDiners

GLOSSARY/ABBREVIATIONS

Agg Aggregates

COA Certificate of analysis.

Dim Dimers

Deg Degradants

FDF Final dosage form

FIT Freezing and thawing

r-h IFN-beta 1a Recombinant human interferon-beta 1a (r-h IFN-beta 1a)
from CHO cells.

r-h IFN-beta FDF r-h IFN-beta 1a final dosage form (r-h IFN-beta FDF)

SE-HPLC Size exclusion high performance liquid chromatography

SAB 50mM sodium acetate pH-3.8

Temp. Temperature
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Deg Degradants FDF Final dosage form FIT Freezing
and thawing 25 r-h I FN-beta la Reconbi nant human
interferon-beta la (r-h IFN-beta 1a) from CHO cells.
r-h 1IFN-beta FDF r-h I FN-beta la final dosage form
(r-h IFN-beta FDF) SE-HPLC Size exclusion high
performance |iquid chromatoezgfaphy SAB 50mM sodi um
acetate pH 3.8 30 Tenp. Tenperature -28- 1. Equi pnents

agd g@b@&p@laﬁd%g&f@s bt Rew SEEGPESE hfhod PLC syst em

ers wavel engt h
_2|_14HHhCSE§mUB&Vq§ef§rNh@ﬁperature setting: 4C 5 Colum
0S ture: room
tengg%%?elf?oz%g%@WM%tggg?ﬁmaacet ate pH 3.8
Wi tAuissamlmtelmpemtume@mgeﬁ @i ssolving 5.84 gr Nad in
2 | b0l TR @R, PH 3. 8 buffer. The

acetate puffrer was prepareo—at sterile solution unit
by 10 ad@plimprdemperatarel woruevperaiwe titrating with a

sol uti Onhﬁ%ﬂé%ﬁﬁe%n% Sobifinp btetafd pH BYith kM NaCl

0. 5mJm n ta la bul
0. 34- 0. 3Br@ane_d by dtesaiving §:841@ Naddtin & litaph0mM @d@m acetate pH

LSS50 T IR it

pr ocedur edding iab¢tisagichtaeWHI anditiyating with 8)solutiprgof JOM NaOH up
fresh r- g>dljrfl§-§)eta la Bulk was inserted in 2m nunc

tubes an rozen at -70C inside 250nm tubes
cont ai ni Ftpw case10-Ga-&pin

Inj Volume: 200puL r-h IFN-beta 1a bulk 0.34-0.36mg/mL.
Reagents:

Acetic, Merck code K31358056

NaOH, Merck B197582

NaOH 10M solution

WFI

NaCl, JT BAKER code 3627-07

2. Procedure — the procedure is illustrated in figure 1:
1) 1.8ml of fresh r-h IFN-beta 1a Bulk was inserted in 2ml nunc tubes and

frozen at -70°C inside 250ml tubes containing 200ml water .

2) Three tubes were thawed at RT and incubated separately at 25°C , 27°C
and 29°C in validated incubators (stable of fixed temperatures over time) for
a total of 16hours. The tubes were sampled for testing by NEW SEC after
thawing and after 16hours (thawing + incubation).

3) Three tubes were thawed at RT and incubated separately at 25°C, 27°C and
29°C in validated incubators for a total of 24hours. The tubes were sampled
for testing by NEW SEC after thawing and after 24hours (thawing +
incubation)

4) Three tubes were thawed and incubated separately at 25°C , 27°C and 29°C
in validated incubators for a total of 16hours. The tubes were sampled for
testing by NEW SEC after thawing and after 16hours (thawing + incubation).
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2) Three tubes were thawed at RT and incubated
separately at 25C , 27C 25 and 29C in validated

i ncubators (stable of fixed tenperatures over tinmne)
for a total of 16hours. The tubes were sanpled for
testing by NEWSEC after thaw ng and after 16hours
(thawi ng + i ncubation). 3) -ZBaree tubes were thawed at
RT and incubated separately at 25C, 27C and 29C in

| iy ' : o h 0
ver 8" 3R LGB i ind vty pfht g G Torio bt
and afnt validatisoineubatonsdon adotal of Hehawss. i The) tubgs were:gampled for
t ubes (¥ihg @Wﬁ%g?%ﬁéﬁ%ﬂé&%‘h%ﬁﬁé gt iﬁb%ﬁbnﬁ%ggpling after

27C an ed 1 ncubators for a tota
16houtiawiigin the incebalor was agidane .f or testing by NEW

"B AR iRl oo

i ncubdn indubatpes far altgtahof 241bgrs. The tubes woE samplad iferdesting by

i ncub § t ; e i

sampl S SEC Bl 2 Rpdfi A tupdieR) ot THRr thawing in
+ i nciimincalrgter wasmadtidegeafter thawing in the

i ncybat 0 o 2
andt e ibet 83s BenedCRTRY 1o, 98 phUFSGed Weg JERBDRIH o 7

i ncubdbourss—fthe tube was|saoiplealifos INEW-SEE to e @R cantrol for this
sanpl %% %r%e testi ng by NEW SEC after 24hours (thaw ng

+ i nciba ionr§'-sanpl ing after thawing in the

i nc@ban ordendssevaluate effect op)tha malgnulesdhe exnefienhwarreqegied on
16 ho Undi t NEW SEC, IEF,
the t Eﬁéc%%nigﬁgﬁggéflg%b%%g %%%Hit%g V%e“rzﬁs%@ bgont r ol

for t IAUANBHRIG, HESMS, BI0ABSANI SPECIOX P l(at €25 Restilts were
on th e ' -
%o Iaﬁat"fo a obhfﬂ?uégng{lé aer%\?st O MRfrP Bnd shffed at 2

chosen con I ons. e es were tested by
NEW SEEC. | EF, QUANT-HPLC, ES-MS, BI OASSAY, DEG OX
HPLC, CZE. Results were 15 conpared to a control
sanpl e thawed at RT for 16hours and stored at 2- 8C
3. Resullst $Moneneienomerrdnet shdri-betanla mepaseers | a

non So O@%go XL 123 peta | a aggregates 20
Tha{?\ﬁ éot an %cabg{#: 8 for a Total of 16hours 3X

250m tubes with inserts were frozen at -70 C and
t hayve GH'h%BvirﬁTat ﬁf]gnd Incubating for a Total of 16hours

3X 250ml tubes with inserts were frozen at -70 °C and thawed at RT, the
tubes were gently inverted twenty times, sampled and immediately
transferred into three incubators (25°C, 27°C and 29°C) for a total of
16hours (thawing + Incubation). Samples were stored at 2-8 ° C until
analysis by NEW SEC-HPLC. Results are shown in table 5.
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tubes were gently inverted twenty tinmes, sanpled and
i medi ately transferred into three incubators (25C,
27C and 29C) for a total of 25 16hours (thaw ng +

I ncubation). Sanples were stored at 2-8 C until

anal ysis by NEW SEC-HPLC. Results are shown in table
5. 30 -30- Table 5 **Incuba3on duration-10hours
Condi tion %vbbnomer %Agg % Di mer Thawing Duration 5
25C 88.05 0.64 11.3 6hours 21 -22.3C

............ S e e e e e e e e e e e e e e
Table 5.**Incubation duration-10hours . . .. . .. .. P e,
Condition * |~ %Monomer %Agg — - ~ %Diier > " Sfhawing
dition’ " | * Y%eMonomer | %Agg — " % Dimer "  Duatied
= %%% S aees | —oed 3" pic~Ae Lo

Thaw ng at F\’T ::lnrl I ;'muhafl ng f nr Tnf ::I Cf 245%?.”%%(
2597 t ubes wig2dB8 i nserts GWEde frozen &7 -70 : C and

t hawed at RT the tubes were gentiy 15 inverited

t e ["édiand diately ansterred into
t\I;\?éUé"yi nct bat oﬁgq,()ZSC C,bgﬁg 290) fo?ea totial of
24hoULs (t hawwngw*m“jv;wvu‘ba_f i nn\ Qaw'pl Q&R P W

AY2 B SLUJUrcvu

at 2-8 Cuntil analysis by NEWSEC— HPLC. Results are
shown in table 6. 20 Table 6 **I ncubati on
duration-18.5hours ........... ---

...... inserts. were. frozen at -70 ° C and thawed at RT the tubes were gently

Condi t.h\pe'}te%*\/&,%n@%eé @aﬂfprledﬂéﬂw fmedMER! rBRsferred -into three

S0 N . e e
...................... A o
Table 6 *Incubation duratlon-18 5hours ---------------------
Condition %Mon %Agg % Dimer Thawing
*% Duration
25°C 92.25 0.58 71 Shours and
30min

27°C 96-4 0.5 3-1 21 -6_22.20c
29°C 97.31 0.44 2.2




10

15

20

25

27C 96.4 0.5 3.1 21.622.2C 29C 97.31 0.44 2.2 -31-

Thawi ng i n an I ncubat or
16hour s3X 250mL

and I ncubating for
tubes with inserts were frozen at

C and thawed separately inside three
the tubes were gently inverted twenty 5

27C and 29C),

times after thawi ng and i nedtbated for
16hours (thawi ng +

at 2-8 C unt

I ncubati on).

i1 analysis by NEW SEC

a Tot al

of
-70

i ncubat ors (25C,

a total

HPLC. Resul

shovvn in tabl e 7. **I ncubatl on durat| on 16houfrs

of
Sanpl es were stored

ts are

'3'h'ou'r %‘"‘eiu ?ﬂ%

rcu

thamingﬂ and lncab%’ced for g%ﬁp%fz?ﬁh%uﬁg (&aanng +

5.9 éﬁours 2
3hours Water

70C Wat er Jac
Jacket ed and

keted 15 2
32mn 2

% Digners 3.
9C 95.95 0:4
0 Thawi ngii

Pgngwmg

n a

I'nc or and

clIEEGP
awed separ g
and 290, th

'nCggadlal Ng T

wth inserts
tely inside t
f.ubes._were

or @.gbot al

were froze
hr ee
ently.inve

i ncui

of g4hour
nat -70 C

bat ors (25C,
rted. twent

P 3x3hours

anhd 9min
27C

t i meggegsanpl €
watetlJagketddha

d fol3M§8W SEC

urs 25 (thaw
t..2-8...C.unti

HPloGénd
ng + Incub
l...anal.ysi.s

i ncub® ed 1
ation).
hy

or Skours

Sampl es
NEW.SEC--HRL.C.

The 29%Cer i men
WatdrQacketedpl
shown in tabl

t wa®9598peat ed 00.4¥ sep
ing the tubes after tha

e 8a and 8b.

-32-

ar at 8.6day -
W ng. Resul

3hours

ts and

32min

Thawing in a Incubator and Incubating for a Total of 24hours3X 250ml tubes
with inserts were frozen at -70 ° C and thawed separately inside three
incubators (25°C, 27°C and 29°C), the tubes were gently inverted twenty
times, sampled for NEW SEC HPLC and incubated for a total of 24hours
(thawing + Incubation). Samples were stored at 2-8 ° C until analysis by
NEW SEC-HPLC. The experiment was repeated on a separate day —
without sampling the tubes after thawing. Results are shown in table 8a and
8b.
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Tabl e 8a **I ncubati on duration-24hours Condition

%vononer %Agg % Dinmer Thawing ** Duration 5 ........

Irrmsdl ately 77.48 1.63 20. 8@3hours after thaw ng at
and 25C 21 min ...........

T immediately 77,2710 73 21) 07 Shours 10
Tabib 83" *+IhBai4tith ddratibh-24nours - - - - -
. Condition . . . ... . %Monomer . . | .. ._%Agg. ... % Dimer Thawing
AU S T Duration
U ra8 - L 1.69ed] At &g/sd’8. 56 3hours
&ﬁm&% ours after thaw ng at 30 29C and
250c ................... 21min
Immediately 007720000 TS T Al07 Shours
efipcthawing at | L4 4~ w 92
g PR RPN
6ka.s..af.l3. NM- dng at.. 9bRones-YPgg-Y-Di-rer
Thowmedjately RT DuFat?8s . . ~ | 25C1/64 198  3hours
afterthawingat . i .. .. ... ... .. .. .. ....... ...93.42... .30
L 290G L L..0.42, . L
.. H T S 4 e .. A P 2.. A
Vi S 1,85 .:.....:2002: . AMShour
E ‘%ﬁloglomer %Agg % Dimer— : - Thawing
YRT ...... e e . e e e . _ - Du’ration
L 2CAL 9342 042 . .61 | 3hours
............................. . and 8Min
272RCRM. 32 0. 54 B¥155h0urs 05T | 63 -
L2CAT L9632 10547 3]y o7 @hours
96. 220c0g 57 3.2 436'25\ 9/ 5 Gy sp 1 6 3Ngys
....................... OC-B. ... ...
. 29°C-A ..... f e 9@@& 58 . s 0-53 . s R 1.6. . s 3h°urs
............. ...O. Ch e e R e e w s . and
. . 9GC-B- - - - - 1.9.9758----i...0580and mion 25 - Znin
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4. Conclusion: The follow ng points can be set forth
fromthe above experinents: Increasing the incubation
tenperature and duration increases the thermal 5

di ssoci ation efficiency. Thawi ng duration is decreased
when thawi ng i nside an incubator conpared to thaw ng
at RT and therefore increas®s nononer |evel. Thaw ng
and I ncubation at 25 C, 27 Cand 29 C for up to 24
hours had no negative effect on the r-h | FN-beta 1la
nol ecul e according to: Routine SEC 10 HPLC, Deg/ Ox

HPL@ONdusiont - HPLC, ES- M5, Bi oassay and CZE. The above
. t H D i |t
TP Bl il ERTES S Bk o Do aPb e 5y °

adj usina‘egasiﬂgetheelscwhayon dempperature &and reram inatpasesrthe thermal
a pre\élsggﬁ%t?/y éf% tored bul k i nterferon.

| ndepen on the preparation is defrozen (e.qg.
t hawwveThawi nﬁ'ﬂumtxmhavlecfeaséii WwherathaimingLibsitie @ incubator compared

has. & RRrecatyT S PR B bl O PPl
;I'hue Thtb@ihg andl lacubatiore b2 ‘tmzt)eﬂ:\aad 129r°e§3for g to 24 hours had no
enper at yr e Q .
t enpenaotiivg g Ph et f GRS rBEye ot o Foliife sec
\% ote |tHrl:>Lle gmlg’;!kﬂ)x HFuel quaTih-HPrhf?Esal‘dSuBbas?y&am&ﬂZE .ned
ulk so i s, se
rocinesplow gupgrient, Bty B sRplRARCIESY Brdoined in
Rl LG Lo e b L onper BT UGS, o i ner Gase Of
of A eoIE otel woR B bRIeE T b 256 £’ 206
Pr elhdepéridpgﬂ;: bma hbwglzeprepa;qhan i defrozes (elgr thewed ap RA s dhawed
at or. and n
in 4 IBRRRA o IR PRTILS PRRiNB 15 BE e Uprioch, SSRiE pBint fes @ benefiil
out&ﬂﬁello}nsmtdrﬁemrs henotieatievel. nthusattherg ia adebmrelation befween resting
t er n 0
temgprajn i Roet [AteF b o tbplBudte R 25200

leadmmmalnbmasel i priokesm snanestee tevek Mhe diestwssulisl reqabtai gedswhen the

bulg g uléf ion, ﬁsseg| gg ?géﬁa%l{@glrg %{ E q%%%?abl&ﬁﬁﬁ Bﬁﬁ(' doilition is placed in

an Linéuthaitare at ramsumom@ahomdempelakwe af f2@&60r0qntrpanng thé incubation
ten‘i,pggelltﬁrggcggngal {e%g%"%f' Z@%W'?nono'n%ﬁig R§ gg;g 8X ﬁémt ﬁ‘é}'C to 29°C.
Preiferabiip athe drozen pﬁ@adatmas Idjrecthycplbeadceis)gn inpghatorsang not thawed at
RTCD rﬁ(é’ llﬁéubgFoP gﬁpg?ﬁav(nﬁ to'cglgrstlh Mhe HbIR O%Eulltféiﬁb’show that

I MES | ncreéase proteln nonomer
mcﬂﬁ&&mbeasdefrmul hutk interfason duriegl 1athoars aleeadyridelds mepaseentage of

monthé%Cmé{ge'ﬁ@ér* 88bc! %tefrH%J étrﬁis mé’hb%ﬁﬁrg dﬁfatloﬁs/f Seither

roma res ours
10 bo1B.5 homlsel‘fdeﬁbtqn, Intanencmbstqrmgcwbaﬂen ﬁuratlonw@stqddw g either 16
or% ation is 24 hours. Mirre preferably, the frozen
reparation is directly
Likewise, resting time is also a factor that influences oligomerization.

Independently of the resting conditions (e.g. thawed at RT and then incubated or
directly incubated), there’s a correlation between resting time and monomer level;
longer resting times increase protein monomer level. The best results are obtained at a
resting time of 24 hours. Comparing resting times, a gain of ~3% monomers is
achieved from a resting time of 16 hours to 24 hours. Preferably, the resting time for
the frozen preparation is 24 hours. More preferably, the frozen preparation is directly
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-34- placed in an incubator (thawi ng occurs in the

i ncubator) for an incubation tine (resting tine) of

24 hours. Conbining the two variables (resting tine

and resting tenperature), an increase of -9% nononers

can thus be achieved. The results are even nore

stri king when 5 conparing -Bficubated fornmulations with

those that aren't. A 77.48% Mon is obtained if the

] fietihdubatdrfr tah%d’bgtérn% restin

PlaBsE B4 Pl et (PRGN BEAE ] S ol Plor bHUBRIG e (rosting
timg) ofZdphqurspar ation is directly incubated for an

I nc 9 Q4tng ik ie@ﬁﬁ&’fé?ﬂ ture), an increase

tenpégfngtﬁbeﬁg:‘ma %nal#ﬁs@ "5202 ferenceﬁalrjr{?%oner
of +8%emonemelst camtusthe gphievad:iThg @ﬁélt& e oan mere striking when
confnégérg |ﬁ{:\1t§étec§ Fb?l?g%k éné P thE¥eORal SreREIA FY. 413% ﬂno;r]ﬁ§ lobBifined if

ure o urlngarestlrggtlrre o
thel\mreearph@f isranslyzed ditectiymafie thawieg {nat dncupated). rw!@rqeqs 67.6% Mon

is 651§|HQ@W% nFhe ?rgger{né%g?faggn ‘?scﬁi\'ﬁcﬁlg lifcubBfed! fBFHIL? ‘ﬂc@xb%tlérpﬁme of

I ncubat1 on ours (best results Yi el

24 gmus%mn mcuhatmm@mwraiwe ofe¥’ Crdhus.ne ?-a%ddlffe@npﬁagn monomer
IevEPi C@ﬂﬁzlﬁiﬂe%*va}‘abl@g Llﬁ@géré’cﬂy thé HRE ﬁlﬁ&ﬁérﬁn is set at
ncu are inportant factors

a resimgrhemweeatw‘egqﬁzgr’eaiwng & @stlngstlmamit% hﬂun‘g M@f@/meferably, the
bul'kr]ﬁt;eﬂ@r%nnig diteth) e tb&rﬁt% é (%ang B&E‘Tré & fH& incubator) for an

ormul at1 on “or Scal e Ther nal
mcgb@tmdlrm oiAd @mtbeﬁmyltweug?@ %Mﬁ")v arious FIT

CVC | @%HEIL%K{{E 9‘?5; i HAd RSstihg Qerﬁf:ér%ﬁ]reé)énd BFéf&%nyQchbauon

s of dimers and aggregates in r-h
temmtyee and anczmbatgors w@t%rﬁd@pogentlfactpr% gratribyte sigpificantly to
%’}lﬁ%é A& QARG SKabiiiZ2fioRGH ¥ZbAR intdiretdrN-gpstbAndiation or
m ﬁEsarrpf)es tr : rell nclﬂbat ed at 29C for 15 hours
forgulagionour s after thawi ng and which were subject to

1./ar i gyss Ig ?‘M&Jrr%? B%sbéié’tid?ﬁt eﬁrﬂent%aaf 82590 RitA various F/T

ransft erred | nto
cveles Thiswepors ewaly@gesdbe effagt of incuhatipn alrd’ & Om*@et'%égf dligyegs and
ag{;FeEét%g .@Fhﬂl@@eta'FA\hrﬁg%abstM (previously frozen and

was al so transSferred into two 250nil corning
thb&%@!ﬂ!ﬁm in each tube), the tubes were frozen at

- 70C. 5 37he IRBIVESEC- meMER! wad LSad 'i’fﬁnénafl nq hﬁrlFNLbeta 1a bulk
di ssoc:| ‘ation experinent at |ab scale

Oycl es Thamples Bebwese inabaied ahavsifar i)‘»§/ h9E§ °H|3LE°WS after

thawing and which were subject to various F/T cycles as indicated in

table 9. R-h IFN-beta 1a Bulk was transferred into seven 15ml corning
tubes (0.9 ml in each tube). The tubes were frozen at -70°C. IFN-R-1a
Bulk (previously frozen and thawed) was also transferred into two 250ml
corning tubes (200 ml in each tube), the tubes were frozen at -70°C.
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1 1 Room Tenp-2hours Stored at 4C 2 1 Room Tenp- 2hours

29Cin a dry

29C in a dry circulating bath at

i ncubator fo

r 15 hours 3 1

i ncubat or f or

In a water
15 hours

29C for 4min 4 4 Room Tenp-2hours Stored at 4C 5 4

Room Tenp- 2hours 29C in a dry

i ncubat or for

15 hours

6 4 Room Tenp-2hours 29C i % dry incubator for 3

hour s

at i ncubator

7 4 1n awater 29Cin a dry

for 15 hours

2 Room Tenp- 7hours 29C in
Tames Samp(le svremmenjtfey tlwrm@bms'semtmn@emsnmeoﬁ atjlaiscate

s‘émﬁ!éls 1a bul

(after IFIT)

|
k on"the 5
was tested by

circul
29C for 4mn 8
a dry

i ncubat or for

ating bath
(250mL t ube)
15

UI Tllb
Iecule, the in
t he foll ow ng

T ﬂirédég before
Camaysisl Byl IsEC-
HPLOOdS:

1Deg7 OK- APLC,
addi tion, Kkin

[HEF, ES-N5,  QUaRdontFinp-2Kodls.

etics of ther

nal di ssociatio

Storddrat 4°C
h at | abscal e

2HFI TX1 was al g
la bul k in 25

o perforned.
Oml tube, aft

ARoconuDenep-2hroors:
er F/ITX1 were

29°Cl F bea a dry
Ingyhatps & 1P Hours

315ml tube and
Results: 1) |

after thawin

i ncubat ed at

ncubati on of
at room-—-te

29C i r® an watel
rk ch'ﬂmgbéﬁfﬁ 25

d th

ha?%6r . imo @, dry
igybatqr for f §rjours

[asaVaValasald

| from 82

Hoptg Q7 :704\

-Zhours |

| Stored af 4°C

aggr egate | e\

opn—at

e4l fromO 7% t

[aVa

tfo ‘E’ﬂ"&&%“’?’%%@”w

hat
6! II\JUUMLTUII Al

for dimer di

2 T
td\/ \ I II\JUUGL

ssoci ati on. 2)

mmagmémg
| ncubati’on o

Fabutk—aftet
| evel from 87.
| evel fromO.

4. lldVVI llg | Il
8% to 96.7%
7%to 1.97% (

A Hat T A NCT QakE
bludirculbtitiyr ®ahe Gt |
Siez9°C &dvl4eiril O0) .

9°C, i
E\ t;aq)();r}or fé hours
_ f;‘%u ﬂa’t:d\lr"fé? %th%urs
2§90E TRNOoZTET dry

eutsgy fee g 8heurs
20

8 (250ml tube)

2

Room Temp-7hours

29°C in a dry
incubator for 15 hours

9 (250ml  tube)

2

Room Temp-7hours

Stored at 4°C

b. In order to evaluate the effect of incubating IFN-B-1a bulk on the
molecule, the incubated bulk (after 1F/T) was tested by the following
methods: Deg/Ox-HPLC, IEF, ES-MS, Quant-HPLC, CZE.

c. In addition, kinetics of thermal dissociation at labscale F/TX1 was also
performed. Aliquots from r-h IFN-beta 1a bulk in 250ml tube, after F/TX1
were dispensed in 15ml tube and incubated at 29°C in an incubator.

2. Results:
1)

Incubation of r-h [FN-beta 1a bulk (1F/T) after thawing at room

temp. increased the monomer level from 82.8% to 97.57% and

decreased the aggregate level from 0.7% to 0.2% (see Table 10).
Incubation at 29C (incubator) for 15hr is effective for dimer
dissociation.2) Incubation of r-h IFN-beta 1a bulk after thawing in

a bath increased the monomer level from 82.8% to 96.7% but

increased the aggregate level from 0.7% to 1.97% (see Table 10).
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-36- Table 10 - SEC-HPLC Results of 0.9nl Bul k Sanpl es
After WT GGR DI MERS MONOMERS Sanpl e nane / 0AREA

/ oOAREA / 0AREA F/ TX1 Thawed at RT 2hr, 0.72 17.01
82.27 tored-4C-Control .69 15.88 33.43 VG .70 16.4
32.85 F/ TX1 Thawed at RT 2hr, .23 2.3 37.47

| ncubated at 29C - 15 hours36-19 .14 37.67 VG .21 a.22

7.57 F/TX1 Thawed in a bath 1.97 1.43 36.6 (29C, 4
mn.), e HEYE Rétﬁtéh?w iBﬁﬁ( arh leéﬁéer#ﬁ
19713&8@?‘5’ E-HfYe Resuliel §'H parhl
(4FT) far 3 hours after i
i ncr eas b ARE nEMBOTTET | ! i PAAR due
to the decrease in diner =Y= e )
figure E'frrxhj-hal"‘f?ﬁ'@bgf%"ﬂ s < for
15 hour 9sStorbdidT¢ —Qdritel t H@VEONQ Bssoon’nssﬂﬁrp fufther
i ncr easg¢g—the—ronorer— F 5853 HotH s
i ncubatijon) from 82. 3% D 83 7. Wodue tb the dectease
in 10 df/mst Thawedlat RS 2er, {0231 e 1“?33nd f|Pgdre 2). |5)
| ncubat ijgapafed athodr €N REaT=a Drkaf ter thawngy in a
bath increased the nona {‘?el ev;JV fronEZ% 3%1t0|94. 7%
due to t{MES decrease in r 1e Sabl e 11 and
figure 2AVG- 37- Table 110:21SEC- |z < :
Bul k Sangies "‘*“"inf%’T 3D S
name /Oﬂm / "I‘—’%ﬁ\ / %B\ﬂ
14. 16 82(8¥, }mint or ed- 4C
VG 2. 96 [héubbied3a@. RBC - 15
hours .
AVG 1.97 1.30 "96.72
3) Incubation of r-h IFN-beta 1a bulk (4FT) for 3 hours after thawing
at room temp. increased the monomer level from 82.3% to 89.5%
due to the decrease in dimer level (see table 11 and figure 2).
4)  Incubation of r-h IFN-beta 1a bulk for 15 hours (4FT) after thawing’
at room temp. further increased the monomer level (compared to
3 hours incubation) from 82.3% to 93.7.% due to the decrease in
dimer level (see table 11 and figure 2).
5) Incubation of r-h IFN-beta 1a bulk after thawing in a bath

increased the monomer level from 82.3% to 94.7% due to the

decrease in dimer level (see table 11 and figure 2).



F/ TX4 Thawed at R 2.98 1.66 39.36 hr, Incubated at
29C 3hours .92 7.42 39.66 VG .95 7.54 39.51 F/ TX4
Thawed at R 2.97 3.45 3.58 hr, Incubated at 29C 15
hours a.91 3.27 3.82 VG .94 .36 1017 F/ TX4 Thawed In
a bath, .89 .38 94.73 Incubated at 29C - 1 hours .83
2.31 94.86 VG .86 .34 4.7%76) |ncubation of a 200ntl
r-h 1FN-beta | a bul k sanple after thawing at 5 room
tenp. increased the nononer |evel from73%to 91.2%

and decreased the agg level from3.9%to 2.9% (see
tabl e 12Table 11f-|9§§ﬁ-ﬁ c. Ress@s of&e?@l Bulk Saypleppfter 44T

Resul ts .a,r.'.z.‘ Dl VERS
_ MONOVER m
t hawed a 3

control BrXa TRawe®B AR gP.9500m ¢

at RT 7h 6 R Z——dHba 29c—34hour s
3 ob 5 o Stori'g g0 gt;“é?’f?ls 1% ngl}bat ed |r-h
| FN- bet ajAV& bul k sanpl es|2(98. 9nli4.

anal yzedF al R dgeSt 7t
contr ol awed af R T &

tabl e 13?"‘r I'Bé"l:;]“"#ﬁdﬂﬁ_g(‘?? no i nc
oxi dati opheves seen in ip@2bat 4

t he cont —% sarple—{stor ngsat 7 Ed "89.51
F/ITX4 Thawed at RT|2.97 3.45 "93.58
2hr, Incubated at 29°C
15 hours 2.91 3.27 3.82
AVG 2.94 3.36 "93.7

F/TX4 Thawed In a bath,2.89 2.38 "94.73
incubated at 29°C — 15
hours 2.83 2.31 4.86

AVG 2.86 2.34 "94.79

6) Incubation of a 200ml r-h IFN-beta 1a-bulk sample after thawing at
room temp. increased the momomer level from 73% to 91.2% and
decreased the agg level from 3.9% to 2.9% (see table 12 and
figure 3).
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4C) 10 ES-M5 - no difference in the carbohydrate |evel
was seen in incubated sanples conpared to the control
sanple Quant-HPLC - no significant differences in
concentration was seen CZE -ldenti cal
el ectropherogram profiles were obtained 15 | EF - The
r-h FN-beta l1a F bul k sanpb& that was thawed in a
circulating water bath showed an additional band
around Pirapig. 2-T§E'?c Rbsi #Qo@ﬂﬂa&iﬁ%éﬁﬁi&@\ft r 2FIT
t hawed alra'l?gz'lj and 1n 2 rg 1 ) ed
specifications. 20 -39- IEIIE! RMAL
% nedqmFHE | FN 7 ':': 3

DI SSoci APP F Q
HPLC CZEL _NON_MONO DL TR FTX1
Thaw. R1P0miEhayed gt BT Thry[A ‘162 19§ 5

FI TX1 ThWedl%l4°C(2)9@0|15h 21517 3442 20 55 24
338 cont gz 94—
Se1705 1BVE 5o 26 s0s I qeBsts s ATt hur ma [ ng
in room BQQrﬂiéha&\tedlaéR'ﬂéhrn:ﬁ%affe 5165t he |phetnet er b of
the | FN- | d@maRd R o6« eisfs detegm ned oy Degrox| HPLC,

ES- M5, Quant - HPLC CZE anf I " ults of
Ki net i csFI‘B‘f’sthermal di SS:%Z%%H of %gt F/[TX1 are shown in

table 14/A¥ad in flgures -290 6. |E‘Bab|e lEMB Kinetics of
t her mal HHssoet+att+on—at abscat b hr .
Mononmer Diner Are ate 0 73.4 24.7 1.94 3 90.04 8.54
1.42 6941347119 9 95.09 3.79 1.12 129592

2,09 0.99) 20 4586, Bk A Bl 2 p3f Bl o 1 wore

Concl usi 'ncu atl ng r-
29C for 15houaealatetdeby thedfallowingttests together wnth the control sample

thawed at R.T and stored at 4°C (see table 13):
Deg/Ox-HPLC — no increase in the level of oxidation was seen

in incubated samples compared to the control sample (stored at
4°C)

ES-MS — no difference in the carbohydrate level was seen in
incubated samples compared to the control sample ,
Quant-HPLC — no significant differences in concentfétion was
seen

CZE -ldentical electropherogram profiles were obtained

IEF — The r-h IFN-beta 1a F bulk sample that was thawed in a
circulating water bath showed an additional band around pl —7.
The control sample and the sample thawed at R.T and incubated
for 15 hours conformed to specifications. ‘
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25 room

t enp.

significantly decreased the |evel
ol igonerization (mainly dinmers) 2)
| FN-beta | a sanples at 29C for

of

I ncubating r-h
15hours after thaw ng

at 29C in a bath significantly decreased the | evel

ol i goner
used,

i zati on.

3) Based on the anal yti cal
i ncubation of the r-B9l FN-beta 1 a

30 for

of

met hods

15hours at 29C bul k after thawing at RT did not have a

negative
nol ecul e as determ ned by

effect on the paraneters of the |IFN B-1la
Deg/ ox HPLC, ES- M5,

Tab@mEIHFE!U OFTHERMAEDISSOGIATION: OMTHEIIEN oci at i ng non

MBI 75 1 AN - SNl o
- - o % INON, O R R7250 [ugim
F%hW@WL%ThZQ reac nﬁgé % (g:rm—iﬂi o JI% ‘23 v 334 cont.
FI#1 Boawy Rin 22G480r § 19941 (15dt | Jpl{Albd2lo 20 24] " 338|conf.
FXIhay 39,296, 1906 0f994h1 i gdhe 615141 115 |, 363|cort.
A T ALt s g

R-15 nadli¢cnite dsSddtenmined by DeglorHPLQ, S-MSe Quant-HRbE rGZﬁemdleF

(1.a and

1. b)

denonstrate that thernmal
enbodi ed by a specific tenperature and duration

di ssoci ati

on,

(i.e

resting &enpeResulisef kindticseft thennal dissogatiomatUiaXil @re shown in

time an
mai ntai n
( mononer

(nonomeric) protein.
di ssoci ation for

b
CtabtA

iC)

figy

ufe§ TRG 62

ure), is c

ruci al for

ncreasing stability of a

protein or fornulation containing the
Ki netics of thernal
interferon-beta further

10

shows t hat

t her mal Table ddi-dfinetics of therml disspeiation af ipbsgaleg/FK-

after on

lv. 2 hours

Ls alnmst

connl

and rea
t her mal

Héme hrhen

OAPBEEa "

Dimen &1, lAdgregates; |

di ssoci at®

bn | s P&r-Ad

rned _d24ihb

at__1e84t

hours. N
i ncubat i

bre prefedfbly, 90he4d

urati 08.54

st i ng 1t.48v

on TTTe) @

thegah3

di ssocl aty

bn T or 1.19

i nterfer

OTT- Detra Is

Sel Ilgg ggr

oyr S t10_12(

o
| =

hour s.
t her mal

\ZA > & B B | V) B o
ICCI‘\I“I ~

A= A~A~al

ot 025,92

‘Elll Ol (0| 99

range of

13

15 hml[i

t o QfgehSQr

1HI ?nobn

hour s,

8 5 hourd

r 24 (8,

L

087

hn

preferab

ly,

t he duration of thermal

interferon-beta is 24 hours.

Even tho

Mor e
ingaibating il

di ssoci a%dm té}ﬁ Esi

of art,

determ ndlm¢f§) k| netl cs of thernal

er %@%@ﬁoé‘ﬁ

many
any ot

3)

usi ng

erature is preferably set

by

ferably,

t

The i ncub

theterrgvff

-betar e Samples al20°
Qﬁﬁ&nﬂﬁ libEreaBal fHel 1Blel! dF/ofi
ent | onal

echni ques,
di sso

ation or

urs,
bl y,
3

or

a
16

di ssoci ati on for

in a range of

erature is 29C.

cou?d easi |
ciation

ontPhoyEs gftgr thawing at
othﬁ‘zdﬁBﬁ (mainly

after

1EN-bek Ta éFrAJ e®ht 290 fbr 18hodts lafter thawing

stress

at 29°C in a bath signifi cantly decreased the level of oligomerization.

Based on the analytical methods used, incubation of the r-h IFN-beta 1a
for 15hours at 29°C bulk after thawing at RT did not have a negative
effect on the parameters of the IFN-B-1a molecule as determined by
Deg/ox HPLC, ES-MS, Quant-HPLC CZE and IEF. Effective in
dissociating non covalent oligomers, but not all non covalent oligomers

are dissociated (4% non covalent oligomers not dissociated in the
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even for the entire manufacturing process or any part
thereof of any interferon-beta (e.g. r-h
interferon-beta l1a) or of any nononeric protein. As
such, the present 25 invention should not be linmted
to a particular incubation tinme or duration (or
resting tinme). Likew se, t40e nman of art, using
conventional techniques, could easily determ ne the

nost ap pﬁ@é’rﬂ @F?s W%P%b&ﬂn%mﬁf@wsﬁ&% d485t QhF @hcubatlon

t enper at ur one Or nore
any ot heR9®R) add &7.57% &% sinath tubase(iSho rnouhetl%h%@eEquﬂlbﬂum of

manuf act g#cﬁrgers 9{99&%%3 nﬂ'ﬁed?%t%élgf te th@r‘?ﬁa‘? Cgrss%;maﬁaﬁl (see tables

interfer on-b
any 30 nendfiguies). pirermalndissusiation iat 20He lrpﬂémbmbes is Oompleted

i nventi ogashqgl ﬁjo in Qﬁ,ﬁ é&eg}% hr%s@ntp@f(ﬁér%ﬁ (1.a and 1.b)

i ncubati on terrper ure g tenperature
dermmtee tizat &eaball dissogiationofembndied dyom- Beecifijemperature and

dur%tﬂg\ L ex%s% ?ér%ttﬂeeéﬁtd rtegtrrjiccfﬁrgg%rkrncdﬂ?a?ﬁﬁ ftﬁﬁé’ﬁnd iftlibation

S were con
temperttere),i i coredifiofor rediniainingy asd/oe incesasing stebiity pka (menemeric)

o, LR34 B PSR o, it o ol

dissafciatibn garmterbmn-betaafndh@rg@oe\gdhabwermﬁedI$Sﬂ0!a§'ﬂnrﬁﬁ 1 FIT cycle

yre@% ﬁgt\ﬂ@’ﬁ a?te? gﬁguf h? Q@B%ﬁ(&&?ﬁplé@q Kl_%blgcgugg‘ L%gﬁf‘reaches

thep ree fpbateai”zati 1fnbour§ Bre&ressmrﬁrmasmswatm periggned during at
Iea&@ﬁ@gttﬁ re SR tt’h._% %lg% g'gesﬁ%atjirﬁé bf mcégatBnrﬂnQ)'ﬁﬁﬁermal

geform FIT Freezin
dlsmmhtlohafm mgerferm bm iscreh in @ rRBa® ob Orl2awrs e #Anhours. Even more

o S R e 5 e 1
houre ten30r hdurs, - dusing 10-hpyrs S fhpus, 484 hewe| a4 Rowsghtill even
moﬂeeé{e?(% g,ﬁl_ﬂ? g@#trgn o?SHé?HQF Sﬂ&ﬁﬂt%n f%p r@é\'?eréquEMaSQdZM Rburs.

erature
The incubation or resting temperature is preferably set |n a range of 27°C to 31°C.

More preferably, the temperature is 29°C. Even though the results for kinetics of
thermal dissociation have beén performed after 1F/T, the man of art, using
conventional techniques, could easily determine the kinetics of thermal dissociation
after many F/T cycles (e.g. 2F/T, 4F/T or 11F/T; or after any other kind of stress) or
even for the entire manufacturing pracess or any part thereof of any interferon-beta
(e.g. r-h interferon-beta 1a) or of any monomeric protein. As such, the present
invention should not be limited to a particular incubation time or duration (or resting
time). Likewise, the man of art, using conventional techniques, could easily determine
the most appropriate incubation temperature (or resting temperature) after one or more
FIT cycles (or after any other kind of stress) or even for the entire manufacturing
process or any part thereof of any interferon-beta (e.g. r-h interferon-beta 1a) or of any
monomeric protein. As such, the present invention should not be limited to a particular
incubation temperature (or resting temperature).

Example 2: Stabilization of interferon-beta by the addition of an excipient to the bulk-

interferon.
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The study focused on mnimzation of oligonerization

of r-h IFN-beta la 25 during manufacturing steps from
the SEC-EL fraction to the FDF storage in order to
provide a stabilized bulk interferon-beta. M nim zing
ol i gonerization generated by stresses (e.g. F/T) was
performed by: 30 1. Pre-fetiaul ating the bulk with

exci pients and/or other stabilizing agents and

it . . ' A f

Thefl, Bk, wre (U] B v (o blecle SiEtgun by some
excipients ifecaminbaciss, badtériostatisfagents, auréactanis rRnd isefanicity\ageats on

a | =42 U T- i
= RHAER-44." s o, gibgmenz Ao BRERbg et TThe folowing
studies werer amndested guithost the additiun PFNTanmsEuelipwrnin (HSA) to the bulk
. J lter unit PIN MPG025 MIIipore
’hwggqyr’%ﬁég“%ﬁ@én 0.2p filter- P/N SLGVO25LS
M1 1lipore 250mL conical centrifuge tubes- Corning 10
1.8nml . N 4 SI\/ATERI ALS a. SEC el2

i< —— D= vamm tor DA, Ph Eur, BP, USP, FCC, E421
(code Ag®5980, Merck) Aggregaiesal acetic acid 100 %
(code 0063, Merck) 1a_.4d. [ roxi de 10M e.
Pol oxa&rr%rR 188 (Lutrol Fégﬁfﬁfs%%%i%?%ﬁ, Basf), 5163315
f. L-NBimhi oni ne (1.0570Rjmemerck) g. Benzyl al cohol Ph
Eur, NF (code 1.009 k) h. L-Arginine
nonoh?g?%chl ori de (code%%g??%:ﬁ%, Merck) 20 i. TweenTM
20 Ph ERF, NF (code 8. 1Foabdosegeddn j. Lysine (code
1.0570d Merck) k. r-h t.aq4l 8-0.5ng/mM or

EiFr B Rl

0.088nmg/m 1. Acetate mM or 10mM
STABI Li-ir Hidsbeta 1a Recombinant human interferon-beta 1a (r-h IFN-
beta 1a) from CHO cells.
r-h IFN-beta FDF r-h IFN-beta 1a final dosage form (r-h IFN-beta
FDF)
SE-HPLC Size exclusion high performance liquid
chromatography
SAB : 50mM sodium acetate pH-3.8
Temp. Temperature

2.0 INTRODUCTION
The study focused on minimization of oligomerization of r-h IFN-beta 1a

durihg manufacturing steps from the SEC-EL fraction to the FDF storage in
order to provide a stabilized bulk interferon-beta.

Minimizing oligomerization generated by stresses (e.g. F/T) was performed
by:
1. Pre-formulating the bulk with excipients and/or other stabilizing
agents and without HSA.
2. Evaluating the effect of storage temperatures (-20°C, -70°C & 2-8°C)
on oligomerization in preformulated bulk.
Preformulated bulk samples were analysed using SE-HPLC .
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25 Amino Acids: 1. Arginine 31.6ng/m 2. Lysine
27.4nmg/ M 3. Met hionine 0.12ng/ mL( Anti oxi dant)
Surfactants: 30 1. Tween 20 0.05ng/m 2. Pol oxaner 188
(Pluronic acid) 0.5nmg/mM Bacteriostatic agent: 1.
Benzyl al cohol 5ng/ M Isotonicity agent: -43- 1.
Manni t ol 54. 6ng/ M 5. 0 PROCERXRE The study was carried
out on SEC-EL-2 fractions. 5 The outline schenme of the
study is shown in Figure 7. The different
preformul ati on conditions are shown in tables 15 and

3.016. Wrimntal scheme 4C -20C -20C -70C

05 7 s 3 e A It Wik i
+ - L-Methionine + - + - +Tvveen 20 L- Met hioni ne +

40, T - EQUIP ABFMA %mgﬂethl onine + - 4 - + - - -
413' COhOEQ-U'BM@lTI ne/ Manni toI / LyS| ne 15 -44- Table 16 -

Pr efor(gg#]ﬁgli%rg{ﬁlﬁgﬂ%sé ?éal Cond. Acetate Benzyl

L- Arg Lysi ne oxa Tween L-Met No of pH
al cohaMilleiCsyrirge le@emrgfzmﬂlﬂrbé’ﬂ\l SMORS KLY Milliperg/ ml

Mo/ M SBY T colRAIenthiftye tubes- Corning 4% 250
1.8ml cryotubes- Nunc
4.2 MATERIALS
SEC el2 fraction

Glacial acetic acid 100 % (code 1.00063, Merck)
Sodium hydroxide 10M

Poloxamer 188 (Lutrol F 68 DAC, USP/NF, Basf), 5163315
L-Methionine (1.05707, Merck)

Benzyl alcohol Ph Eur, BP, NF (code 1.00987, Merck)
L-Arginine monohydrochloride (code 1.01544 , Merck)
Tween™ 20 Ph Eur, NF (code 8.17072, Merck)

j. Lysine (code 1.05701, Merck)

k. r-h I[FN-beta 1a 0.48-0.5mg/ml or 0.088mg/mi

I. Acetate Buffer pH3.8 50mM or 10mM

STABILIZERS:

Amino Acids:

S@ ™ p oo T

1. Arginine 31.6mg/mi

2. Lysine 27.4mg/ml

3. Methionine 0.12mg/ml (Antioxidant)
Surfactants:

1. Tween 20 0.05mg/ml

2. Poloxamer 188 (Pluronic acid) 0.5mg/mi
Bacteriostatic agent:

1. Benzylalcohol 5mg/mi
Isotonicity agent:

D-Mannitol DAB, Ph Eur, BP, USP, FCC, E421 (code 1.05980, Merck)



6x 2mM 2 500MM5 - - - - - 0.12 6x 2mM 3 5 - - - -
0.05 0.12 6x 2l 4 pH3.85 - - - 0.5 - 0.12 6x 2m
5. 31.6 - - 4x 250mM 6x 2m 6 - 31.6 - - 0.12 6x
oM 7 - 31.6 - - 0.050.12 6x 2mM 8 - 31.6 - - 0.5 -
0.12 6x 2 9 - - 54.6 - - - - 4x 250m 6x 2m 10 -
- 54.6 - - - 0.12 6x 2mM MB-- - 54.6 - - 0.05 0.12 6x
omM 12 54.6 - 0.5 - 0.12 6x 2m 13 - - - - - - - 2x
Control 250QmL - - - 6x 2ml
Cont r ol que 'g'g %'%?mﬁgl'q’p- 27.4 - 4x pH3.8 250m
6x 2m 16 - 27A - - 0.12 6x 2m 17 - - - 27.4 - 0.05
. - - 27.40.50.12 6x 2m -45- 6.1

S OPREPA D

5 3. 0039¢h O AfideAond

ma tqf‘ihég&g%’m s%ﬂ

m nut es.

pproxi

OLUTIONS 6.1.1 Preparation of | liter
50mV sBs studyawes eaiep BuBOrBSESAR)2 factiong.000m  WFI

qlﬁﬁl pgz m xed for 5

ium hydrOX| de 10M

was adtheidifferept preformglaaqql genditions are shown in tables 15 and 16.

Table 15— Experimental scheme

4C -20C -20C -70C -70C
Stabilizer Surfactant | Antioxidant|2ml tube|250ml tube |2ml tube |250ml tube {2ml tube
10 + - - + + + + +
+ - L-Methionine + - + - +
+ Tween 20 | L-Methionine + - + - +
+ Poloxamer 188{L-Methionine + + - +
- - - + + + * +

Stabilizer: Benzyl alcohol/L-arginine/Mannitol/Lysine

15




to pH 3.8,
sanpl ed for conductivity
Pol oxaner 188 (or
in 10 the prefornulation at a | evel

filter.

M cel l ar Concentration) in
adsorption of the drug subs#@nce by the surface of the

cont ai ners during the manufacturing process;

E“&%i%e Dr or%?&rhﬂ?%@on&i ‘3% téé%

the solution was mi xed for 5 m nutes,
and filtered on a 0.2p
Pl uroni c F-68)

is included
of 0.1% (Critical
order to prevent

affect the stability of

OVM
Condy | Aeetate Henayl éc/brugveramn-tq! rhyﬁl"ﬁ ﬂoz of
One |PHt er [algohohdiGl o) || owj ng 65 wer g ;[ Tybes
50 m / I’ mlAI fa¥e)ali.
T 6.1]1 wit[P the [addition of [fogr Benzyl a| oo
adding 2D sodijum hydroxi del 2. pOnM ace 6x 2ml
5 ST gm,ﬁe —cotrol—As— 61wt ?I T 6% bml
3 501 enzy 1 %;;;;;;1 —sodiunfg e 6% 2mi
2 oo 75 e P38, 63" T A[ql 1T e 1Bx 2mi
5 W1 the HOOT T T |37 60T (03 20T ne pef ax
sodiun1hyjroxidb. . |50V e pH- 3.8 250ml
Argiinine As in 6.1.1{with t di tion o 6x 2ml
6 Argilni ne beforel3dddi ng sodj-um hj-dr oxi de ok 2ml
7 acefate pH3.8,|384.8|ny/nl _l-ysing As in B 6k @ml
8 addition pf 54.@1.6gr [tysi nel-bef ot®5 addi n 6x 2mi
9 hydfoxi del- 6. 50mM a¢®4-@te pH 3. B, 27.4 nglm  Lysi ng4x
461 As ifi 6.1.fL with the additipn of 31 i niFeom!
bef ore adii-ng—sodi-wiphydrokidet7 50/ X 2ml
10,13 8, 6U0rM ahRni-t4P S0 0l 026k WF—3 aeiogem!
(KPR P i C, ac le—was SN X SN ol i o 6x 2ml
(20 PPt Bl 4o 5 Il SN [ b 6x 2l
13 of 5m nures 2 PACENSICH LU Was—adtet T X
c°ﬁﬁgpt|on and m ked fgr 5 mp Appr ox y O.5é5mm
sodi um hydrpxi de |10M wak pd i n or | Uk 2mi
140 PhoraM3]- LNE |- - - - 6x 2mi
Control| pH-3.8
15 50mM |- - - 274 |- 4x
pH-3.8 250ml
6x 2ml
16 - - - 274 |- 6x 2ml
17 - - - 274 |- 6x 2ml
18 - - - 274 10.5 6x 2ml
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solution was m xed for 5m nutes, sanpled for
conductivity and filtered on a 0.2p nenbrane. 10 8.
50mM acetate pH 3.8, 300mM nannitol To 0.966kg WFI,
3.003gr glacial acetic acid was added and m xed for 5
m nutes. 55.1gr mannitol was added and m xed for 5
m nutes. Approximtely 0.56451 sodi um hydroxi de 10M
was added in order to adjust to pH 3.8, the solution
was m xed for 15 5minutes, sanpled for conductivity
and filtered on a 0.2p filter. 6.1.3 One liter of the
PRGPARA QF SOLEHTKINDared : 1. 50mM acetate
pH 3.8, 5ng/m Benzvl Alcohol, 12ng/m 20 Met hi oni ne
As in 6.1.2 with the addition of 12gr Methionine. 2.

6.150mVI alteepatation of $litgr S56miyl sadivzn aeetnterpl-SI8(SAB) 2 g/ mi

Met hi opj B 4 b

i ¢ 0 1Bporb P b 0300 BRERI 2 @a WisOpdges Hhd fikeeffor 5
188. 3mirgiasM acet ate pH 3.8, 5ng/m Benzvl Al cohol,

12ng/ my kQNHRE, i ; it i
e adapprORmtely0 38 mi SR 1 %“é"‘@ﬁﬁ%@?ﬁ#ﬁ%‘ﬁeﬁné’a‘?‘% adjust
4. 50ntv pit-8t&attke pelutiors wag migedyfariS minyites, semplethior gpnductivity

Met hi ogj i ' i e ¢ -
Vet hi o teré oh 8 ot tfor Ebiger R o Eﬂé?@né P8 s included in
12ny/ nthe\preformuiatien at 50leyeindf Pdlo XGritical Micellag Longgntration) in
6.1.2 wi Lhd o of r qdvE t e

Poi ox oot tch VB acct B of #8/ il SthSRhEE o Wie Wikco of the
Ar gi ni eantaineny/ ddringthai anufacturimhgragesswiigher2epngenigations may
6.1.2;4\%%!@ e i}k O 1, 1261 O PR
Tween vé}p g0 ﬂé%e?%iﬂgtypéfsg?égfﬁrg%‘%?mﬁ“ %ﬁhﬁﬂﬁx@ﬁhon), lower
12ng/ néoneeniations meay beslepmeffective infinpiting adsaiptian: i on of

12gr Met hi oni ne.

6.1.2 One liter of the following solutions were prepared:

1. 50mM acetate pH-3.8, 10mg/ml Benzyl Alcohol
As in 6.1.1 with the addition of 10gr Benzyl alcohol before adding

o4

sodium hydroxide.
2. 50mM acetate pH-3.8, 5mg/ml Benzyl Alcohol
As in 6.1.1 with the addition of 5gr Benzyl alcohol before adding

sadium hydroxide.
3. 50mM acetate pH-3.8, 63.2mg/ml Arginine
As in 6.1.1 with the addition of 63.2gr Arginine before adding
sodium hydroxide.
4. 50mM acetate pH-3.8, 31.6mg/ml Arginine
As in 6.1.1 with the addition of 31.6gr Arginine before adding

sodium hydroxide.
5. 50mM acetate pH-3.8, 54.8 mg/ml Lysine
As in 6.1.1 with the addition of 54.8. gr Lysine before adding

sodium hydroxide.
8. 50mM acetate pH-3.8, 27.4 ma/ml Lysine
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8. 50mMM acetate pH3.8. 300mM Mannitol, 12ng/m

Met hi onine, 10 5ng/ M Pol oxanmer 188 As in 6.1.2 with
the addition of 12gr Methi oni ne and 5gr Pol oxaner
188. 9. 50nMM acetate pH 3.8, 300mM Mannitol 12ngln
Met hi onine, 5ng/mM Tween 20 15 As in 6.1.2 wth the
addi tion of 12gr Met hi oni ne4@and 5gr Tween 20. 10.
50mM acet ate PH 3. 8 27 4rrq/rr1 Lysi ne, 12ng/n

Met hi oni ne 2854 bgh Ainihé Before addi
Met hi oni ne. ?\% i %rﬁ\/l acet aft Jﬁﬁﬁg gﬂ 2’784 J)m yes?rre]ea ng
12mg/ m Met husodtum@ydmld,elsrrq/ m Pol oxamer 188 As in

6.1.2 with tM%%I—P‘EBlg@GmW@[@l ne and 5gr

Pol oxarmer 27 4mg/ M
Lysi ne, 12ng/Tei 0.826Kgi Bk, n%oomlmlal'l’&{@éﬁ ag was Addechand the

e 50" SO R e 5 o g

of the bul k @heesakution mdamadofq;o’éuminutes; &p@rmﬁmatiely 0.56 ml
30 Figure 7 §ESTI

was dil uted %qu W&O@ %%@“%?ﬁ?dﬁ‘éd fbgg(%l' co @8 the
-48- 6.2.2 19¢@tnonsmsemlxngsfou|5nmn@tes,1sa_mwewfm coandyefyity and
63.2ny/ M Ar SEC- EL was di |l uted

1:1 ww wth%g%ﬁa%&?o@&ﬁnanm% 6.2.4 197gr SEG EL

was dil ut&d nMh& mManeapnitol Lysine 6.2.5

92g9r SEC EL vy, géé 3 HI Wdﬁﬁ?@ﬁg%l %é%?nPld% ddefl and mlxed

prepare a sol ution cént al I FN- bet
la. After fi lforr &t nmutwes%dmwnamﬁom adﬂe\ﬁ @ad mixed f°r 5

two 250mi tupﬁﬁutggng@gmfngat%%Og% b%kgo ;}rﬁ oHd 10M was

tubes (contai ning e and
two 2ni t ubegdded dn forderen @dmiststpomé@ 8atthe mbtlowszwed for

m tube and @Bl saHRRSI BPESJUERAG RraiIERRGANE 2h Hsr

6.1.3 One liter of the following solutions were prepared :

1. 50mM acetate pH-3.8, 5mg/ml _Benzyl Alcohol, 12mg/ml

T}

Methionine
As in 6.1.2 with the addition of 12gr Methionine.
2. 50mM acetate pH-3.8, 5mg/ml Benzyl Alcohol, 12mg/mi
Methionine, 50mg/ml Poloxamer 188
As in 6.1.2 with the addition of 12gr Methionine and 50gr
Poloxamer 188.
3. 50mM acetate pH-3.8, 5mg/ml Benzyl Alcohol, 12ma/ml
Methionine, 5Smg/ml Tween 20
As in 6.1.2 with the addition of 12gr methionine and 5gr Tween

20.

4. 50mM acetate pH-3.8, 31.6mg/ml Arginine, 12mg/mi Methionine
As in 6.1.2 with the addition of 12gr Methionine

5. 50mM acetate pH-3.8, 31.6mg/ml Arginine, 12mg/ml Methionine,
50mg/ml Poloxamer 188
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10 transferred to a 2ntl freezer for storage at -20C

Two 2ml tubes were stored at 2-8C. The SEC-EL was

diluted with water in order to prepare 6nlL of a

solution containing 0.088mg/mM r-h IFN-beta 1a in

10mM acetate pH 3.8. 15 2n 1 Stage The fol |l ow ng

sol utions were prepared at -4-concentration of 0.5ng/ m
r-h IFN-beta la. 20 6.2.6 The solution prepared in

6.2.1 was di hutad HidH -and 50gr
62.7 The solhtl gfﬁr%%?@ eséHHtZIgnZ%ﬁg?égl I ﬁted Wi ta d 509
SAB, 31.6ny/ Rpbloxameni 6.2.8 The sol uti on prepared
in6.2.3 GI\BSS%MUQ%MQ#%% Bq ﬂ%!;@lﬁﬁﬁ[lﬂért ’Fém%/m@M"etﬁonine,
The sol uti ute )

27. 4mg/ M LyBmngkml Tweea 20 10 After filtration, these 4

sol utions (6 t y
250mL  t ubes é'gr?tg?g‘f'tﬁgtﬁ% %‘aﬁﬁgdﬁf ﬁg%étg‘ifngng%mt% r Tween

Z&Gontaining 2l bulk). Total - fourteen 250ml tubes

and et ght£ensafil J04RRS pHHIS J0RRRM Ml 1 Bl M ifie
three sol uti ] S€ ~h_stage).
6.2.11 Two 286im6.1:2uwistherdditian obiariefBionineom each

sol ution ger gof 020N AH-$8CBB6mM Meainitol 2l Thethionine

t ubes and 't Solution Were frozen

at - 70C andSmgéml Rolexesies1B8d to a 2nt | freezer for
storage at 2 t e Sgfi %é‘l‘hio‘hfhe\’\%a 5gr
stored at 2- é% ?gpz?,mt%ttg%e ?”?ﬁntfag : 100) 6. I
29. 7ml of t hPolosamer $¥8.prepared in 6. 2. 6 was d| I ut ed

wi th 0.3ng °§O@ﬁ\§’a¥et§@/gm-3 BengymnIMainRbl,  1TbABMMMethionine,
Met hi oni ne. , e sol utl on prepare
in 6.2.6 wasSa/mikween2 0. 3n1 SAB, 5mg/m  Benzyl
Al cohol, 12ngjrg, d\"‘aﬁ%ﬁnﬂhﬁ%&ﬁl&/ & 12§rLMétﬁioﬁmeGar¥i éé\' Tween

29. 7m of the solution prepared in 6. was dil uted
M-th 0.3nml SAB, 5ng/m  Benzyl Alcohol 12rrg/rr1

Met hi oni ngy, gﬁWTJaceTéf@ n-28; 2134@1 /sl L an@,"’ﬂzzﬁ%/nﬂ WRthionine
sol uti on prepare ut ed AB,
10 31.6ng/ n AAﬂ@ﬁﬁr%‘é!'“l‘ Mﬂomnwdv pthionine.

11. 50mM acetate pH-3.8, 27.4mg/m!_Lysine, 12mg/ml Methionine
,5mg/mi Poloxamer 188 :
As in 6.1.2 with the addition of 12gr Methionine and 5gr

Poloxamer 188.
12. 50mM acetate pH-3.8, 27.4mg/ml Lysine, 12mg/ml_Methionine ,

5mg/ml Tween 20
As in 6.1.2 with the addition of 12gr Methionine and 5gr Tween

20.

6.2 BULK PREFORMULATION

The outline scheme of the bulk preparation and composition is shown in
Figure 7 and Table 15.

1! Stage

6.2.1 197gr SEC-EL was diluted 1:1 w/w with SAB, 10mg/ml Benzyl Alcohol.
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6.2.16 29.7m of the solution prepared in 6.2.7 was
diluted with 0.3nl SAB, 31.6ng/m Arginine, 12ng/m
Met hi oni ne, 50ng/ M pluronic. 6.2.17 29.7nl of the
solution prepared in 6.2.7 was diluted with 0.3m SAB,
31.6ng/ M Arginine, 12ng/m Methionine, 5ng/ nml Tween
20. 15 6.2.18 29.7nl of thetdsol ution prepared in 6.2.8
was diluted with 0.3nml SAB, 300mM nmannitol, 12ng/mn

6. 2?“ hi %@FgEl B e‘c}Yng tﬁﬁZJ&ﬂ g%/ﬁ\bﬁw E‘S%laﬂds%gj?ﬁﬁﬂﬁglﬁﬁel n

SAB, OnM  manni tol

6.2.82ny/ MB7ESECEH wies diktaey!:Aw/y witho ﬁf\& 6@0mMapanmjiolny of

he s 3n
s2105 “IATEGRISRR S sicend et g,
6. 2‘5ween 920r SECZEIQ Ml@gdlm&d Mthtmgsﬁ/\ﬁ ino@rder é‘pﬂ%ﬁirﬁ’ i@ solution

6.2.9 y

oz LRI SN h, B8, A A ol sans s
pr epadiddedningo ZWQ 2851 duber santaining 03Qgribwigand six 2ml tubes
27.4 /' m Met hi oni ne, 50ng/ mL pl uronic.

25 6@%5@5% he solution prepared in 6.2.9 was

di | ut ww&ormuueaan@;m 2m2t¥lbﬁ$rglﬁfﬁ frozes ang stareg@t M0°C.

Met hi 5 | ] 5
(6. 2. %%\{%58 lgp lgﬁ vvere {né?cggesg%eﬁé aftréezgﬁ %l‘r)] éﬂ"c 88%d then
M1 e*fansfﬁﬂ‘edg@a@r|fme0fozptorageta,ir-2 °6:2. 25 The

sol uti tubes (at | east 6
t ubes W@Q&ﬁe%ﬁ ?’uhlrégg)azﬁg 2.26 T\(NO 2ml t ubes

f r om dAehSEGHEN wea diluled withowater Am@rdar dp gyepare- Gm'@f arggjution

2m t l&ﬁﬁupﬁgf gé‘rﬁplnﬁ‘P'MFN%t%é% joRrReitetite pAQB 2Nd

then tran

nd freezer for storage at

-20C. Two 2nil tubes from each solution were stored at

2-8C. -50- 6.3 BULK ANALYSI S One 2nl tube stored at
2-8C, ZOC and -20C from each prefornul ation
condi t3"0fitages anal ysed by SE-HPLC after thawi ng at

room &Py é&Knn %oﬁJEBHé SvereprataRed at ar &hcahtratidlof'®5@g/ml r-h

transferre

to -70C for 4hours Dbefore thaw ng.

Resul tlENDeta éihovvn in table 17. One 250m tube stored

at

62

6.2.7
6.2.8
6.2.9
6.2.10

6.2.11

-70C fromconditions 1, 5, 9, 13 and 15 (see Table
vvas anal ysed by SE-HPLC after thaw ng at room

enp
6 Thivsohition rRrepared iar 8.25hovas HikERNEN SAB. Smo/ml’ Benzy
Alcohol.

The solution prepared in 6.2.2 was diluted with SAB, 31.6mg/ml Arginine.
The solution prepared in 6.2.3 was diluted with SAB, 300mM mannitol.

The solution prepared in 6.2.4 was diluted with SAB, 27.4mg/ml Lysine.
After filtration, these 4 solutions (6.2.6 to 6.2.9) were divided into four 250mi
tubes (containing 130gr bulk) and six 2ml tubes (containing 2ml bulk). Total
- fourteen 250ml tubes and eighteen 2ml tubes.

The remaining volume of these three solutions was further processed (3™
stage).

Two 250 ml tubes and two 2ml tubes from each solution were frozen and
stored at -70°C.

Two 250 ml tubes and two 2ml tubes from each solution were frozen at -
70°C and then transferred to a 2™ freezer for storage at -20°C.

Two 2ml tubes from each solution were stored at 2-8°C.
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10 In addition, thermal dissociation studies were
performed with sanples in 15nml tubes after 1 FIT
cycle at an incubation tenperature of 29C during 8
hours (1 ml sanples fromthe 250m tubes after F/ Tx1)
and anal ysed by SE- HPLC (see table 19 for results).
-51- 7.0 RESULTS Table 17 -49Prefornul ati on Results for
Nunc tubes (0.5nl) stored at -70C, -20C and 2-8C
CONDI TI ON STORAGE CONDI TIONS 2-8C * -20C ** -70C %vONO
YAGG %VONO %AGG %vONO 9%AGG 1 98.8 1.1 97.3 0.83 97.8
0.89 3%Stage¢Didution $:100) 0. 84 98.1 0.78 BA, MET 3 98.7

o2ieis W By Bt 7, g 994,30
0. 58 5nRBNEBe®zybAGoRd, Mm@ s Metiyenige.0. 66 ARG, MNET 7

0258 § PR frog b oy 52 S AP g2 9. e
1. 3 9Bedzy Aloakl, 1@mphol MeipninenSOmgld purgnicAN, I\/ET 11

62390 O B8k tuibsoldtion fepdBin 856 wddiluted with 0.3ml SAB, 5mg/ml

6.2.15

6.2.16

6.2.17

6.2.18

6.2.19

6.2.20

6.2.21

6.2.22

6.2.23

6.2.24

6.2.25

6.2.26

Benzyl Alcohol, 12mg/mi Methionine , 5mg/ml Tween 20.

29.7ml of the solution prepared in 6.2.7 was diluted with 0.3ml SAB,
31.6mg/ml Arginine,12mg/ml Methionine.

29.7ml of the solution prepared in 6.2.7 was diluted with 0.3ml SAB,
31.6mg/ml Arginine, 12mg/ml Methionine ,50mg/ml pluronic.

29.7ml of the solution prepared in 6.2.7 was diluted with 0.3ml SAB,
31.6mg/ml Arginine, 12mg/mi Methionine , 5mg/ml Tween 20.

29.7ml of the solution prepared in 6.2.8 was diluted with 0.3ml SAB, 300mM
mannitol, 12mg/ml Methionine.

29.7ml of the solution prepared in 6.2.8 was diluted with 0.3ml SAB, 300mM
mannitol, 12mg/ml Methionine , 50mg/ml pluronic.

29.7ml of the solution prepared in 6.2.8 was diluted with 0.3ml SAB, 300mM
marinitol, 12mg/ml Methionine , 5mg/ml Tween 20. '

29.7ml of the solution prepared in 6.2.9 was diluted with 0.3ml SAB,
27.4mg/ml Lysine, 12mg/ml Methionine.

29.7ml of the solution prepared in 6.2.9 was diluted with 0.3ml SAB,
27 4mg/ml Lysine, 12mg/ml Methionine ,50mg/ml pluronic.

29.7ml of the solution prepared in 6.2.9 was diluted with 0.3ml SAB,
27.4mg/ml Lysine, 12mg/ml Methionine , 5mg/ml Tween 20.

All the solutions (6.2.12 to 6.2.23) were filtered separately on a Millex
syringe driven 0.2y filter.

The solutions were divided into 2mil tubes (at least 6 tubes for each
solution).

Two 2ml tubes from each solution were frozen and stored at -70°C.

Two 2ml tubes from each solution were frozen at -70°C and then transferred
to a 2™ freezer for storage at -20°C.

Two 2ml tubes from each solution were stored at 2-8°C.
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12 100 0 83.3 1.1 87.5 0.68 MAN, MET, PCL 13 100 O
80.9 2.7 84 0.75 50nmM acetate CONTROL 14 100 0 89 O
92.4 0.82 10mM acetate 15 99.6 0 97.4 0 99.6 0.08
LYS 16 99.4 0 99.4 0 99.4 0.03 LYS, MET 17 99.1 0.18
99.4 0.23 99.6 0.13 LYS, MET, TW18 99.5 0.24 86.7
2.3 96.7 0.59 LYS, MET, P@o- ONLY TVWEEN20 99.8 0.13 5
* Stored at 2-8C for 3 weeks. ** Frozen at -70C stored
at -20C for 16 days and transferred back to -70C for
4 hours. Results are the average of duplicates. Bulk

6.3 Buf f erBUIOHANAR¥BISOmMM sodi um acet at e pH3.8 +

exci pients,.| [ 3 o Y i bref fati
al cohaot’, %I’:Jil Hﬁegt%é%ﬁ%tg W‘ﬁrl\?(b nn tr% (’(:W%%egre %—rgjua on
POL- Rohdiiomer3s aﬁalysethlhyeSEEl'lPL@r@ftaﬁrﬂ‘mwmgi ah reergutemyp for
for 2 t t o) %‘é‘ﬂﬂ%h
[ ncub%n a? ﬁ@ﬁ%ﬁq rSQ h%‘ﬂ‘rz's %Hfégh&gé%z% ours
Manni thefore fiwing. FRﬂsubtaawrshmen table 48bno %Agg %‘)l m
al coh i 1192 15
1 ( 258%{\% ES&lﬁggl%g %d?@ 70‘%’ ;;ﬂ nzigggg 15,9 95 @and 18 (see
1.3 tTabl) 1) WdS snalysed by .S@HPLCoaf&r thawing at room temp for 6
hours.. Results are shown in table 18.
In addition, thermal dissociation studies were performed with samples in
15ml tubes after 1 F/T cycle at an incubation temperature of 29°C during 8
hours (1ml samples from the 250ml tubes after F/Tx1) and analysed by SE-
HPLC (see table 19 for results).



5-(250mL 98.5 0.41 1.1 tube) 5-(250mL 99.46 0.58 0
tube) + INC 9-nuns 97.4 0 2.6 9-(250mL 78.1 0.52 21.4

tube) 9-(250m. ~I - 95.1 0 4.9 tube) +INC 13-nunc -
82.1 1.2 16.6 Control 13 Control - 73.2 2.2 24.5
(250m. tube) 13 Control. - 95.1 1.12 3.8 (250mn

tube) +INC 15-nunc 99.6 65192 0.42 15-(250nmL 99.4
0.03 0.61 tube) 15-(250mL 99.9 0.11 0 tube) "I +INC
Tween 20 98.1 0 1.84 Nunc Tween 20 99.8 0.04 0.13

Nunc +I NC Results are the average of duplicates 5
7.0 RESULTS

Table 17 - Preformulation Results for Nunc tubes (0.5ml) stored at -70°C, -20°C

and 2-8°C

CONDITION STORAGE CONDITIONS

2-8°C * -20°C ** ~70°C

%MONO %AGG %MONO | %AGG | %MONO | %AGG
1 98.8 1.1 97.3 0.83 97.8 0.89
BA
2 99 0.94 97.7 0.84 98.1 0.78
BA, MET
3 98.7 0.14 98.9 0.85 99.1 0.84
BA, MET, TW
4 98.9 1.0 97.3 0.93 98.1 0.71
BA, MET, POL
5 99.1 0.53 83.4 7.1 98.9 0.58
ARG
6 98.9 0.52 84.6 5.1 98.8 0.66
ARG, MET
7 98.6 0.8 97.5 2.5 99 0.49
ARG, MET, TW
8 98.9 0.7 76.6 12.1 98.9 0.43
ARG, MET, POL
9 99.9 0.05 81.2 1.3 97.8 0
MAN
10 100 0 83.5 0.97 98.2 0
MAN, MET
1 100 0 98.1 0.26 99.9 0
MAN, MET, TW ’
12 100 0 83.3 1.1 87.5 0.68
MAN, MET, POL
13 100 0 80.9 2.7 84 0.75
50mM acetate
CONTROL
14 100 0 89 0 924 0.82
10mM acetate ’
15 99.6 0 97.4 0 99.6 0.08
LYS
16 99.4 0 99.4 0 99.4 0.03
LYS, MET
17 99.1 0.18 99.4 0.23 99.6 0.13
LYS, MET, TW
18 99.5 0.24 86.7 2.3 96.7 0.59
LYS, MET, POL
ONLY TWEEN 20 99.8 0.13

* Stored at 2-8°C for 3 weeks ** Frozen at -70"C stored at -20°C for 16 days and
transferred back to -70°C for 4 hours. Results are the average of duplicates.

Bulk Buffer contained 50mM sodium acetate pH-3.8 + excipients in different
combinations (BA-Benzyl alcohol, MET-Methionine, MAN- Mannitol, TW-Tween
20, POL- Poloxamer)



-53- Table 19 -Thermal dissociation in 15nl tubes
after I FIT cycle. Additive Condition Mnoner D ner
aggregate Benzyl al cohol Before incubation 94.76 4.08
1.17 5 After8hours29C 97.58 1.34 1.08 Arginine Before
i ncubation 98.02 1.42 0.56 After 8 hours 29C 99.43 0
0.58 Mannitol Before incubs-ion 78.29 21.72 0 After 8
hours 29C 95.08 4.93 0 Lysine Before incubation 99.3

T, P54 MR 259 SRS o

0. 13 Gwifhbut GiscubationBtf29¢€ fom@ hbats on 73. 4 24.67 1. 93

A9 2 _7Q 1 15 Q9 N (RSER\/ATIL ONS

(01 12
Congiion 2pritelajne PolaxapanTyesr Ly, FitpriojtAgd abim
la def{ehe Consi stlent | ' Fhe perfaent 408 bf di rer s
-l ao-btLole P L4 o, H H " % )
T (=} CYat CD_\LIIUD I ||urc_aaca C _FIDIDL_CIIL U1l
1'"m}ﬁomyl?’ petcent age). {Conpdring the effectsgg' th?e';lmalz'7
sHossoti—attpn—and—setgctedjexciprents on_ T=|gsmt gy HET ¢
,:ulﬁ'g Z\, \fa slifght]y higher 2Q rmononer| | evel ( g'l\%/er ?i?_rrergs
1SEoth AYoT eoqteevel ) ranr e —actevied by thE7 gaddi 3 Ol 3
ltub] +IREET Pi ents. | I'n additiorn, preforjnulatjions stabjilized
s_n'“HCCA Sprents—show—gveri gil.m |||J[TU'I'I'E1'__|"E'm§J|I 1.0
F'urthar sub\{ ect to thermal| dissodiatidn (E. Q.
_j ““"b‘:ti o at EQC) " 2||1_iu'uca 25— At 4 Cganat -
fu‘b%fff‘?g ence$ of [ %ronorqer irn the vari ousmconglétsi ong'4‘_¢!71r e“
—SHatatr et dpmmdehta 3% —=and_samptes TAHEg T
fu‘f“mi tol h Vg the hi ghest nononer llevel (103‘?/?)% bAtE;8 T
+INGOC BO The cojrbi natijon M4nni t ol +Tween [20+Met hi gni ne
9-rumc o1 g1 mb DRTTEer tnan Tysine. I Sti[abl [g74€T Sjpl N [2.6
vari ofis coffrbi npti ons |can i el d a Y%rononer
9-(250ml Y - - - - 78.1 0.52 [21.4
tube)
9-(250ml n - - - - 951 [0 4.9
tube)
+INC
13-nunc |- - - - - - - 82.1 1.2 16.6
Control
13 Control- - - - - - - {73.2 2.2 1245
(250ml :
itube)
13 Control- - - - - - - 95.1 112 |3.8
(250ml
jtube)
+INC
15-nunc |- - - N - - - [99.6 [0.02 [0.42
15-(250ml N 99.4 0.03 |0.61
tube) . M - - .
15-(250ml 99.9 011 J0
tube) 0
+INC - - - - -
Tween 20 98.1 0 1.84
Nunc - - - - N -
Tween 20 99.8 0.04 |0.13
Nunc
+INC - - - - v -

Results are the average of duplicates
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?799. At
nmononer

-70C and storage at
is obtained with a conbi nati on of

-20C -54- The hi ghest

Lysi ne+Tween 20+Met hi oni ne 2. 250nl Tubes 5 At-70C
There's a clear advantage to Lysine in |owering the

ol i goneri zation | evel

t est ed.

%

conpared to the other excipients

Exanple 3: Stabili-#ati on of
by the addition of an excipient to a bul k-
anal ysed by velocity ultracentrifugation,
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8.0

OBSERVATIONS

Addition of excipient(s) to a bulk r-h interferon-beta 1a decreases
consistently the percentage of dimers and aggregates (thus increases
consistently the monomer percentage). Comparing the effects of thermal
dissociation and selected excipients on r-h interferon beta, a slightly higher
monomer level (lower dimer and aggregate level) can bé achieved by the
addition of excipients. In addition, preformulations stabilized by excipients
show even higher monomer levels when further subject to thermal
dissociation {(e.g. incubation at 29°C).
1. 2ml tubes

* At4°C

Small differences of %monomer in the various conditions are

obtained (maximum delta 1.3%), and samples containing

mannitol had the highest monomer level (100%).

e At-70°C

The combination Mannitol+Tween 20+Methionine is slightly

better than lysine.

All stabilizers in various combinations can yield a %monomer

>09.

e At -70°C and storage at -20°C
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3) Shipping at 2-8C unfrozen r-h IFN-beta la bul k

W t hout preformulating . -55- The prefornul ated bul k
sanpl es were anal yzed using SE-HPLC Deg/ Ox HPLC and
velocity ultracentrifugati on nethods. SE-HPLC is
likely to detect only coval ent oligonmers whereas
velocity ultracentrifugati es-al so detects 5

non- coval ent oligoners both quantitatively and

qualitatively QP - 1 0 aze,t PR

ol i goneri zat i yr']e g}'&re-s E%ﬁ&@ﬁﬁs ég%dgﬁ%awgﬁr?ngﬁ%%??yon of
processi ng. 1DysineGTaEeh PAEMEthININGVATERI ALS 4. 1

EQUI PMENT 0.2p filter unit P/N MPA25 MI i pore

Revco freezer at -70C 15 Peristaltic punp 250m

coni cal 2.e250mligbes ubes- Corning 1.8n cryotubes-

Nunc 4.2 MATERI oaEC el1l2 fraction 20 D Manni tol

DAB, Ph Eur, BP?@,EEFCC, E421 (code 1.05980, Merck)

d aci al acet i Therelsd d 06le#w ( adamntdged 0QG 3 ydiner cio) , lowering the

v i i me. moRoRyBPReIA: VRC opfaae e s ERiGEMs tested

20. m s rdul ati on conditions Conditi
1'°L-Argi QS /%% EY] éﬂLJ No of Storage Final

1.0

ng/ M Aggn ng/ m niVAggregitebkt hi oni ne Tubes pH

Dim Dimers

Deg Degradants -

FDF Final dosage form

FIT Freezing and thawing

r-h IFN-beta 1a Recombinant human interferon-beta 1a (r-h IFN-beta 1a)
from CHO cells.

r-h IFN-beta FDF r-h IFN-beta 1a final dosage form (r-h IFN-beta FDF)

SE-HPLC Size exclusion high performance liquid chromatography

SAB 50mM sodium acetate pH-3.8

Temp. Temperature

INTRODUCTION

The study was focused on minimization of oligomerization of r-h IFN-beta
1a during manufacturing steps from the SEC-EL fraction to the FDF storage
in order to provide a stabilized bulk interferon.

Minimizing oligomerization was done by:

1) Pre-formulating the bulk with excipients and/or other stabilizing agents
before freezing at -70°C.

2) Pre-formulating the bulk with excipients and/or other stabilizing without
freezing and shipping at 2-8°C .

3) Shipping at 2-8°C unfrozen r-h IFN-beta 1a bulk without preformulating .
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mg/mM 1 - - - - 1x 250nml 2-8C 3.9 495 Control full

Ix 2m  full 1x2 M half full 1x 250m -70C 2x 2m 2
31.6 - 1x 250m -70C 3.83 420 4x 2mL 3 - 300 - 0.12

2x 250m 2-8C 3.92 507 full 4x 2m 4 - 82.2 - 2x

250nml -70C 3.95 437 4x 2ml 5 * tested by quant-HPLC

6. 4 PREPARATI ON OF SOLUTI ONS-Sol uti ons were prepared
according to exanple 2. 1. Preparation of 50mM sodi um
acetate pH 3.8 (SAB) 10 See exanple 2. 2. Preparation

of 0.5 liter 50mMM acetate pH 3.8, 63.2ng/m Arginine

a. 0. Jgelkyreigrmulates ek gtampdes Wwered anglyze ugimi$éﬂﬁe\§ Deg/Ox
added. . e ] ' ;

The st 575 AAF vgBOHLLBHRT R nbRpas SEHPER LGl (5 totect
added only. cavatend alligomers whereaisxeaipdity ruliagenirifiegation, also detects

addea DAl BmeRRIA LA A g Rapely, L2

sanpl ed for conductivity and pH h. The solution was
30filtegﬂ,%%%%o.2mcronfilter. 3. Preparation of
Tt e pH 3.8, 31.6ng/mM Arginine

To minimize the oligomerization of r-h interferon-beta 1a during bulk

processing.
4.0 EQUIPMENT AND MATERIALS
41 EQUIPMENT

0.2y filter unit P/N MPGL025 Millipore
Revco freezer at -70C
Peristaltic pump
250ml conical centrifuge tubes- Corning
1.8ml cryotubes- Nunc
4.2 MATERIALS
SEC el2 fraction
D-Mannitol DAB, Ph Eur, BP, USP, FCC, E421 (code 1.05980, Merck)
Glacial acetic acid 100 % {(code 1.00063, Merck),
Sodium hydroxide 10M
L-Methionine (1.05707, Merck)
L-Arginine monohydrochloride (code 1.01544 , Merck)
Lysine {code 1.05701, Merck)

5.0 PROCEDURE
The study was carried out on a SEC-EL2 fraction.
The outline scheme of the study is shown in Figure 8.
The different preformulation conditions are shown in table 20.
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was added.

f.
was

added until

5

was wei ght ed.
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allow the arginine to
aci d was added.

di
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ssol ve.

sanpl ed for conductivity and pH.

filtered through a 0.2micron filter.

of |
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for
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Wi |l e neasuring pH, approximately 0.56m NaOH 10M
pH reachees63. 8. g. The sol uti on was

-57- b. 31.6gr arginine
5mnutes to

5m n.

h. The sol uti on was

10 4. Preparation
liter 50mM acetate pH4.1,164.4. ng/mM Lysine
was meighed. b. 164. 4gr

Whiagl SSO

a.

| ysi ne was added.
S5minutes to allow the

d. 3.002gr acetic acid was
0. 56nl
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3.9
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300

0.12

2x 250ml
full
4x 2ml

3.92

507

4

2x 250ml
4x 2ml

3.95

437

* tested by quant-HPLC

6.4

PREPARATION OF SOLUTIONS

Solutions were prepared according to example 2.
1. Preparation of 50mM sodium acetdte pH-3.8 (SAB)
See example 2.

2. Preparation of 0.5 liter 50mM acetate pH-3.8, 63.2mg/ml Arginine
0.483kg WFI was weighted.
31.6gr arginine was added.

a.
b.
C.

dissolve.

d. 1.5gr acetic acid was added.

e. The solution was mixed for Sminutes.

While measuring pH, approximately 0.28ml NaOH 10M was

added until pH reached 3.8.

g.
h.

The solution was sampled for conductivity and pH.
The solution was filtered through a 0.2micron filter.

The solution was mixed for Sminutes to allow the arginine to

3. Preparation of 1 liter 50mM acetate pH-3.8, 31.6mg/ml Arginine

a.

0.986kg WF1 was weighted.
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6. Preparation of I liter 50mM acetate pH 3.8, 600mM
mannitol, 0.24ng/ M nethionine a. 0.92kg WFl was

wei ghted. -58- b. 110.28. gr mannitol was added. c.
The solution was m xed for 5mnutes to allow the
mannitol to dissolve. d. 3.002gr acetic acid was
added. 5 e. The solution was7-m xed for 5mn. f.

0. 24gr net hi oni ne was added. g. The solution was m xed

for 5mn. h. [ ' proxi mately 0.56ml

NaCH 10M was Kgd%ﬁ%d'uan@f“f‘b%s??g?ﬁed 3.8. 10 i. The

sol uti on was sanPiecgpldtion wam thixsdi for bpintes torallowj the Brginine to
sol ution was fi ldifsro% through a 0.2m cron filter. 7.
Preparation of 2 Titer 50nM acetate pH 3.8, 300nM

manni tol 0. 18ng3-092grecelicadihwas added3kg WFI was

wei ghted. 15 Q Oschistio %as'?&@&?&ls s added. c. The

sol ution was mixe ?or gm nutes to al l'ow the mannit ol

to dissol ve. f.d. Weil®oegsuring:pHcapprodmately 8&ded Na@H 10M was
The sol uti on was, {4 o ' 0 f. 0.24g¢r

nmet hi oni ne was aﬁegﬁgl.ﬁh%agg?atsi?on was m xed for

5min. h. Wil g. nBwssolutiop was sapppleck fomgerdugtivityiandipha OH

10M was addeg upfdd Ilﬂﬁnr\ﬁ%;mtgﬂeaﬂ?'cgﬁiugh &&Eﬁi%eﬁﬂér.o n

was sanpl ed for conducti Vi
sol ut i on4weRreparationcef 1 liteo BGmMhacrtate ph-4:1, i64.demg/mpLysine

BULK PREFO?WEATd.é%ﬁkyWFPM%é {Ng@hégheme of the bulk
conp

preformul ati on an osition™1s shown in Figure 8
and Tabl e 20. bThtS44grllysideryas addeddet ai | ed descri ption

of the 30 prgf offRt&tidi\Ras mixed for Sminutes to allow the arginine to

dissolve.

d. 3.002gr acetic acid was added.

e. The solution was mixed for 5min.
0.56ml NaOH 10M was added, the pH reached approximately
4.1.

g. The solution was sampled for conductivity and pH.

h. The solution was filtered through a 0.2micron filter.

5. Preparation of 1 liter 50mM acetate pH-4.0, 82.2. mg/ml Lysine

a. 0.92kg WFI was weighted.

b. 82.2. grlysine was added.

c. The solution was mixed for Sminutes to allow the lysine to
dissolve.

d. 3.002gr acetic acid was added.

e. The solution was mixed for 5min.

f. 0.56ml NaOH 10M was added, the pH reached approximately
4.0.

g. The solution was sampled for conductivity and pH.

h. The solution was filtered through a 0.2micron filter.

6. Preparation of 1 liter 50mM acetate pH-3.8, 600mM mannitol,
0.24mg/ml methionine
a. 0.92kg WFI was weighted.
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6.1

The SEC-EL was quantitated by 0D280, the concentration
was 1.31 ng/m. 1Mstage (SEC-EL2 Dilution 1:1 ww
with the different buffers) -59- 6.2.1 An anount of
155 gr SEC-EL was diluted 1:1 ww with 155gr SAB,

164. 4ng/ M Lysine. 6.2.2 An anmount of 78 gr SEC EL was
diluted 1:1 wwwth 78gr S8, 63.2ng/m Arginine. 5
6.2.3 An anount of 220 gr SEC-EL was diluted 1:1 ww

with 220gr SAB, ' ng/ M et hi oni ne.
6.2.4 An am)ﬁﬁ't 1§9%r'g“gr'“g’l§t%fa\ag§£di | uted with
306gr SAB i n or dée solutiopvasanixed ferdininuien te aliew the mgnnitol to
0.50-ng/ L r-h Idf%}ofggta la. After filtration this

e

sol uti on was di Vi into 250 tubes and 2m nunc
t ubes and st ode®.Q2gr acetic@cidwaadigd. 250n1 t ubes for

shi pnment at 2.8 £1 . ae cap. 2"a Stage
(Final bulk dfI ﬁh%%t'éhyagg?'g‘?%@%w r-h | F\-beta
la) The foll ofd f24gnmethionine wasadgedpared (the target
concentration ’ £ eta la). 15
6.2.5 310gr o?%&%’%f‘i 3%1"8?%&;??55‘-'% 6.2.1 was

di luted with B0 WhileSmas@ingdpH apgronimaiglyi 366mbNaOs! 10M was
156gr of the sol it I | Rab6.2.2 was diluted

wi th 48gr SAB, %b@%@rﬁ %rgg%ﬂ%gi 6.2.7 440gr of the
sol uti on prepar ddeisolusion was\sasplid far eenductivity E®dgH. SAB,
300mM 20 manpi t4&l., . thi 0ni : ter
filtration th 'seﬁ’lf sggf'éﬁ%@?%%émgaggg?%ﬁ?&'ﬁé@g

di vi ded 7ntRrepaation ofBcliter HlmMnacatatee pHZSnBAIMM, grannitol
2ml bul k) . @ﬁn?[nﬁ%%tfﬂontih’@es and 2m tubes of

solutions contarning lysine and argi nine were 25

frozen and st 8r €3 WFbheas waightegl ut i on cont ai ni ng

manni tol and t i L t 2-8C (the 250nl
tube was fil15d 158%868fwgﬁ\?§)6§%9g.ege%REFCRI\/ULATED BULK

TREATMENT Sanp! ddhesobition was mixed ferrkmipuigs toualiew thesmagnitol to

by velocity ultrfssof@ntrifugation, Deg/ Ox HPLC and

SE- HPLC. 30 -60-
d. 6.006gr acetic acid was added.

The solution was mixed for Smin.
0.24gr methionine was added.
The solution was mixed for Smin.

> @ ™o

While measuring pH approximately 1.12ml NaOH 10M was
added until pH reached 3.8.
The solution was sampled for conductivity and pH.

j- The solution was filtered through a 0.2micron filter.

BULK PREFORMULATION
The outline scheme of the bulk preformulation and composition is shown in

Figure 8 and Table 20. The following is a detailed description of the
preformulations.
The SEC-EL was quantitated by OD280, the concentration was 1.31mg/ml.

15t Stage (SEC-EL2 Dilution 1:1 w/w with the different buffers )
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7.0 RESULTS Table 21 Condition L- Lysine Mannitol Met
Storage pH % %gg % Diner DEG OX Arginine ng/m nM
ng/m HPLC ng/m 1 - -70C 3.9 77.6 1.6 20.8 1.1
Control SEC- HPLC 1 80.4 2.2 17.4 Control AUC |
2-8C 99.9 1.1 Control SEC- HPLC 1 2-8C 95 Contr ol
AUC 2 31.6 - -70C 3.83 99 89-1 1 SEC HPLC 2 31.6 -
-70C 96.6 0.7 2.7 AUC 3 300 0.12 2.8C 3.92 99.8 0.2 0

ot o5 A5 1, 0 SO oy, o e v

300 0.164.4m@ e Bygee.93.8 0.6 5.6

6.2.2

6.2.3

6.24

6.2.5

6.2.6

6.2.7

6.2.8

6.2.9

6.3

An amount of 78 gr SEC-EL was diluted 1:1 w/w with 78gr SAB, 63.2mg/ml
Arginine.

An amount of 220 gr SEC-EL was diluted 1:1 w/w with 220gr SAB, 600mM
mannitol, 0.24mg/ml methionine.

An amount of 189 gr SEC-EL was diluted with 306gr SAB in order to
prepare a solution containing 0.50-mg/ml r-h IFN-beta 1a. After filtration this
solution was divided into 250ml tubes and 2ml nunc tubes and stored at -
70°C or 2-8°C, 250ml tubes for shipment at 2-8°C were filled up to the cap.

2" Stage (Final bulk dilution to 0.50-0.58mg/ml r-h IFN-beta 1a)

The following solutions were prepared (the target concentration was 0.5mg/
ml r-h IFN-beta 1a).

310gr of the solution prepared in 6.2.1 was diluted with 90 gr SAB, 82.4.
mg/ml Lysine.

156gr of the solution prepared in 6.2.2 was diluted with 48gr SAB,
31.6mg/ml Arginine.

440gr of the solution prepared in 6.2.3 was diluted with 132gr SAB, 300mM
mannitol, 0.12mg/ml miethionine.

After filtration these 3 solutions (6.2.5 to 6.2.7) were divided into 250ml
tubes.

and 2ml tubes (containing 2mi bulk).

250 ml tubes and 2ml tubes of solutions containing lysine and arginine were
frozen and stored at -70°C, the solution containing mannitol and methionine
was stored at 2-8°C (the 250ml tube was filled up to the cap).
PREFORMULATED BULK TREATMENT

Samples stored at -70°C and 2-8°C were tested by velocity ultra
centrifugation, Deg/Ox HPLC and SE-HPLC.
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AUC 5 8.0 OBSERVATIONS The results obtained in exanple
2 are confirmed in the present study by both velocity
ultracentrifugati on and SEC nmet hods (the differences

in

%rononer

| evel

of only coval ent oligonmers by SEC).

DEG OX HPLC i ndi cate that
remai n stable after
bulk r-h interferon beta la.
Stabilization of
7.0exci piRHEUUTS a bul k-

l-gvel

addi ti on of
-61-

being due to the likely detection

In addition,

of oxidized forns

10 excipients to the

Exanpl e 4:
interferon-beta by the addition of an

interferon either before or

after

Ta fiil |(]rati on step. 5 1.0 GLOSSARY/ ABBREVI ATI ONS Agg
abl8ddegates COA Certificate of analysis. Dim Diners
ComgiitipnDegr ad finvsime |ManDitgl| (Bt - HRBt@afke bt 3% Myina $%AS9 (% Dimer | DEG/OX
per f gpiginineemalmy ¥ ¢ hyaefat Jgraph it s angHPLC
nV| r~||mglmlf O s———FF ho—21 N h Lo
¢ prAs - reezi-AtTpge 208 (1.1
COB?oyerse phase high peffornmance | gr aphy
se€or quantitative detefnmination o h
HPLEN-heta & 15|bulk f-h | FN- bet t human
intenferonthetalla (rih |EN beta ﬁ&
Cotmtp [FN-beta FDF r-h |FN-beta | a r
AU h [l FN-beta FDF) SE-HPLC Size
1 perr ormance 11 gue d chionmat gggeepn er at ul et
Coftrdd $urmmary Usi pg both SE- HPLC a
SE‘pétrclcent rifugafion method$ it w
HP.cfc...u!uing N3 a—bigdee ot
COM,zﬁf gre freezing) 25|mnimzes n
Aucovalient oli gongrs ang aggfegat eb fore or
2 aftern3Bul k|filtqation|and {d"Fowm 3 T N
nerycl gs. The effect of |addi{ion o I
> r¢ T et on—ts—oregeester TAASLS 1 ane)
authe llevel o¢f ol ilgonerization, es non
3 - - 300 0.12 [2-8C 0 14
SEC-
HPLC
3 - - 300 0.12 |2-8C 95 0.6 44
AUC
4 - 822 300 0.12  |-70°C |3.95|99.6 04 |0 1.1
SEC-
HPLC
4 - 822 300 0.12 [-70°C |3.95|93.8 0.6 5.6
AUC
8.0 OBSERVATIONS

The results obtained in example 2 are confirmed in the present study by

both velocity ultracentrifugation and SEC methods (the differences in %monomer level

being due to the likely detection of only covalent oligomers by'SEC). In addition,
DEG/OX HPLC indicate that level of oxidized forms remain stable after addition of
excipients to the bulk r-h interferon beta 1a.




coval ent oligoners and aggregates in the 250 m tubes
(routine containers 30 of the r-h IFN-beta | a bul k).
Usi ng both SE-HPLC and vel ocity ultracentrifugation
nmet hods it was shown that oligonmers are not formed in
unfrozen r-h | FN-beta 1a bul k stored at 2- 8C but are
formed during the freezing amd thawing of the r-h

| FN-beta la bul k. -62- 3.0 | NTRODUCTI ON The

m ni m zation of oligonerization and aggregation of r-h
| FN-beta l1a during freeze thaw cycles is a desired

Exgmale 4i Stbilirstidnsofbivterfevardbethdiy fheocadsition & amgegrepietet® a bulk-

inteiffetoff leitﬁértbe.\‘éﬁ i) T }_’!.It‘n[atfbﬁ %?éd;. i 'o q i""gis nd TLS ;2 : Jti cal

met hod currently used for the determ nation of the

5 1-(13%'(9: @[osgﬁﬁ‘}?ﬁééRé{}m}ﬁsNgu: k is the SE-HPLC.
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ocity

ultrackegrifugati ofggesgaleso i ndi cate that the SE-HPLC

can detggt only 10 I Li.gamers whereas velocity

ul t rac%ﬁ rifugati orge%‘gfféggenér&%gb/?% non- coval ent

ol i gonRims bot h quamlimeest i vel y and qualitatively (see
experi t 2). Th d study was intended to

det er mﬁ§€ t he effe?e%géj&g’?sgfor mul ating the bulk with
Manni t Beg/Ox-Plo@ u c t Rewversa: phaseoinigh phrfordAtense tliguilachromatography

ol i gonerization a ' ' h the
SE- HPLC and the ve?%c@%%?%ﬁ?’ﬁ%%oﬁ%gati on
met hod®Tas anal yt i ¢ad¢ezing drstithawihgl PURPOSE/ SCOPE 4.1. 1

To det ] i & NO I '

the SELUHEAPLE " AERE, ipler T PO B Bolin i ihatobraphy
freezing). 4.1.2 Tdordpiaatiietive deterrvaation of r-IBNB306hNFN-beta 1a
m ni m zes coval ent _and non coval ent 20 oligoners and

aggr egat es when ad(ﬁ’é‘ before or after bulk filtration,

bef or er-h iFN:bEtanta aRécOmbinant hgman Fitdrferank-béte Ta (nfciFdsbeta 1a)
4.1.3 To determ nef itol at 150nM m ni m zes

coval ent and non c&?g] gﬁ@qoeil?‘i gonmers and aggregates

when acdbl éfiN-befaoF BF loin IKNfbdta A afinaldosagd form (r-h died-beteg-DF)

ot or SEE S LA Hidh BerforfiaRte idtl Snbmbicbiaony.

1. 8ml Teswp. t ubes | Fempematueer to that in 250ml -t ubes,
followwng FIT. 5.0 EQU PVMENT AND MATERI ALS

2.0 Summary

Using both SE-HPLC and velocity ultracentrifugation methods it was shown
that preformulating IFN-B-1a bulk with 300mM Mannitol (before freezing)
minimizes covalent and non covalent oligomers and aggregates when
added before or after bulk filtration and following 1F/T and 4F/T cycles.

The effect of addition of 300mM Mannitol before filtration is more
considerable in lowering the level of oligomerization, especially of the non
covalent oligomers and aggregates in the 250 ml tubes (routine containers
of the r-h I[FN-beta 1a bulk).

Using both SE-HPLC and velocity ultracentrifugation methods it was shown
that oligomers are not formed in unfrozen r-h IFN-beta 1a bulk stored at 2-
8°C but are formed during the freezing and thawing of the r-h IFN-beta 1a
bulk.
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5.1 EQU PVENT 30 0.2p filtration unit for 150-500nml

Nal gene. 5.2 MATERI ALS SEC el2 fraction - 800m .

Manni tol - Merck P/ N 1. 05980. 9050 50mM acet ate buffer
pH3.8 -1 PL code S88RD600 -63- 50mM acetate buffer pH
3.8 with 300mM Mannitol (54.6g Mannitol/liter). 50nmM
acetate buffer pH3.8 with 668nM Mannitol (109. 3g
Mannitol/liter. 50nmM acetate buffer pH 3.8 with 150mM
Mannitol (27.3g Mannitol/liter). 250nl coni cal
centrifuge tubes - Corning PIN 430776 5 1.8nl

3.0cr yot UNERODNIGIEHONIbes P/ N 375418 6.0 PROCEDURE The

d | . [
oLy B afRaR PS8 PR, B Yo 1o
BULK Rimﬁ@\m&é]thavh eydlns s desiredpgaap ained itas belidvedvibat protein

(1)  SeighekRidd A1 EALL, (b Rfbok BEGHR (CHhY 6 thd S Rfon of

(2) CowutraliziigémtiboGeE e12 were filtered through a

Soni ais, AFlvtoRt R Qircyy b tor HRSGb TR e teve of

four 2bamimerstiethe :bO[kmﬂs tee SH-HPLCE. iBrelomitany resdltel using velocity

Cubos en s et g dierphes, HBE nd I3k P Ea gifhct ony

fill eccowalenkeligonsrs Zvlma;seﬁejoetyvmtramrmyfugatlon also detects non-

was” 35505 ARBEGFh  H Ae) Gpigp 2

Manni t‘liﬂe prdpeskdagtudy was interxteiddn deferirGnihe Siiecedpreformulating

f1 1 e ol ey ARMAIdbEeai8BH c/1BR.AdME 14 bliddiherization

pH 3. &andndagégréQatiorof usSiogV batbt athe, SaciRILG/hnarid ofthe velocity

tp Et)gs q‘(%ﬁ%’%%’ﬁ%ﬁwsﬁ%@%@'fgér’,fﬁgdg our 250ni

4.1 PURPOSE/SCOPE

411 To determine if non covalent aggregates are present in the SEC fraction
(before filtration and before freezing).

41.2 To determine if Mannitol at 300mM minimizes covalent and non covalent
oligomers and aggregates when added before or after bulk filtration, before
freezing and following 1F/T and 4F/T cycles.

413 To determine if Mannitol at 150mM minimizes covalent and non covalent
oligomers and aggregates when added before bulk filtration, before
freezing and following 1F/T and 4F/T cycles.

414 To determine if the level of non covalent aggregates in 1.8ml test tubes is
similar to that in 250ml tubes, following F/T.

5.0 EQUIPMENT AND MATERIALS

5.1 EQUIPMENT
0.2y filtration unit for 150-500ml Nalgene.

5.2 MATERIALS

SEC el2 fraction - 800ml.
Mannitol-Merck P/N 1.05980.9050
50mM acetate buffer pH3.8 -IPL code S88RD600
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cryotubes before freezing at -70C. Two of the 1.8nl
tubes were not 30 frozen. One of these two tubes fully
filled was kept at 2-8C before velocity

ul tracentrifugati on analysis. The final Mannitol
concentration was 300mM The bul k concentrati on was
344g/ M (according to quant-s3HPLC). (4) 150mM Mannit ol
added before filtration -64- 200nl SEC el2 were m xed

this moor SRleBaR A o oo kit o Mha liopien

then t 156mM acatatebferpis8 avithi ROOTRT Oteinndsi (STNBY Meehilditer.

150mM I
Four 2SHadiiate it o 8" pibrinaidioPlor e Ml
cryot uizéembedrmat cémtefege hgpest- Gorpigy PIME30778@ he 1. 8mi
tubes 0 two tubes fully
il ed\ﬁ{;a"g B‘fgéséfﬁg?g‘@ggg?@)r?’zgv ocity
uI tracentrifugation analysis. The final Mnnitol
(goncenf,kétd HEs 150mM The bul k concentrati on was
429/ \au,UluI ng to quant-HPLC). 10 (5) 300mM
Manni t dhe atldigdvasadamier dutlohraadingle SEDeIR fi@Eidrel2 wer e

of i SEanta i Bh L LMo adfd oTbRedf o oom £ 't or

6.8nd tBUlthFPEEPARANOM/as washed with 400nl of 50nM

acet at 00nM k was distri buted

into fjﬂf%ﬁﬂ' Uﬁ%ggwaggéﬁ) 15 and into ten

1.8mL cryotubes before freezing at -70C. Two of the

1.8ml frozen. One of these two tubes
fully 1‘{)U$€§ erer at 2- 8C before velocity

ul tr acentA|1f81yatube) waarfdlyylﬂlied forTvadodity ndiraddatrifiidadion and shipped
concentraélzo s 300mMM The bul k concentrati on was

3429/ m according to quant-HPLC). 20 Note: The SEC

col um (2) Genfrolvas col |l ected in four Iliter glass

bottl es i I

el ectroni {:hqnﬁflé é&%nﬁr 0 feaﬂ?e’é \%/ﬂerg iQ%rfger followe%l by a filter

al t er nat i waghywith @20mbhOmivt aset@teopl'lf&nﬂs | B bylk avas@{Hﬂmted into

|
e sec bl ol MBecpESHR 1A dhn ' RioP itoke v
fraction feeetingwt WﬁhTwI ofdhg L.8Mb hubegagere no{ i9zeneOpe of these
gently m tg@gub& fulkPRladeas Rt bt 5696 blfdfe JMbLRRLITF ENtRIbation

fromthe
analysis.

The bulk concentration was 350ug/ml (according to quant-HPLC).

(3) 300mM Mannitol added after filtration
180ml SEC el2 were filtered through a 0.2um filter, and then the filter
was washed with 180ml 50mM acetate, 600mM Mannitol pH-3.8 ‘and
540mi of 50mM acetate, 300mM Mannitol, pH-3.8. The bulk was
distributed into four 250mi tubes (200m! each) and into ten 1.8ml
cryotubes before freezing at -70°C. Two of the 1.8ml tubes were not

| frozen. One of these two tubes fully filled was kept at 2-8°C before

velocity ultracentrifugation analysis. The final Mannitol concentration
was 300mM. The bulk concentration was 344ug/ml (according to quant-
HPLC).

(4) 150mM Mannitol added before filtration
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colum. In the case where Mannitol was added after the
SEC filtration (3), the Mannitol was added and
filtered through the sanme filtration unit but

follow ng the SEC EL-2 fraction. 30 6.2 FREEZI NG AND
THAW NG The 4FI T cycles of the 250nl tubes were
carried out by freezing foreat | east 8hours and

thawi ng for 7 hours at roomtenperature. The tubes

were the m, X af fer each. t haw.ng | e.~by,25

ver s orR0oMHEEC BEE AR o Wi 2GR Somly “Fentate. 300mM
V\/ﬁr e car nathitol) 380ml bf thizmixguré avera ffiltbred throbigb & &.2amdilter and
t hawi ng

for urs. The fubes i xed by 20
i nversi oﬁgerbéé%r feg P(@%@S?F't‘?‘?é@%v‘ﬁ@mglle%m%r BrRtatge 1 50mM
bul k congnéﬁrgtm, PR=DB. THebulk WaE emstrthiedlintafoas 2501 tLib&s (200ml
3 r gg{ln;ﬁteggms;rr@ ﬁ\éb{:‘%n;ﬁrmérggtpé%qF!{)?}o%nfgeeiing aTi -70°C. Two of the
il t8 :n?C ]gznt1t8rﬁmaés'bwlerke rﬂwggém@nd mnésdﬁa@ tabesXollyfillearwhs kept

. or a u ondl tion re thawed ang teste .

oy SEC. 11L& S % helere volpy dgEnlisatng arebse dpe el thannicol
ul t r acentgohéetfiitib® 'WAET FE0RM N TR Btk B6hcehfEidESwas 342ug/ml
t hawed for 24hours+/-2 hours. Allowng first the

Manni t ol (Repording tpauant-HhClee- Table 22 - List of

sanpl egs) 3ok MEnitSFsdduY befond filtralioRp! € descri ption
Sanpl e volunme in tube Test  SEC 2-8C in

_ , 1) 1.8nl
1.8l Vel200ml| BEG. el yyare poied( wth12 ?iﬁQmM gAgetaig) 600mM

ul tra. O.ndrnitol) 380/ITbf ls midklE wddt ikerbdthrbugid)a .90 fiter and
in 250m Vel.. ultra. 1.8

mL in 1.8ml Vel.. ultra.

200nt i n theife difer yascwaghegywifhy, 490l pf fimiipagetalg) (B300mM

AFIT (2) Mol iThe BrfitvayRistribugéd info fout 280! tubed - (BOGmI each)

Vol .. ultra.. 200m_in 250mL SE- HPLC O.5nml in 1. %ml

SE- HpPLc and into ten 1.8ml cryotubes before freezing at -70°C. Two of the 1.8ml
tubes were not frozen. One of these two tubes fully filled was kept at 2-
8°C before velocity ultracentrifugation analysis. The final Mannitol
concentration was 300mM. The bulk concentration was 342pg/ml
(according to quant-HPLC).

Note: The SEC column eluent was collected in four 1liter glass botiles in
parallel via a system of four electronically controlled valves which were
opened alternatively every Sminutes (controlled by a LCC500 controller).
in the case where Mannitol was added to the SEC-EL2 fraction prior
filtration, the SEC fraction and the Mannitol solutions (4) or (5) were
gently mixed in the glass bottle online during elution from the SEC
column. In the case where Mannitol was added after the SEC filtration
(3), the Mannitol was added and filtered through the same filtration unit

but following the SEC EL-2 fraction.

6.2 FREEZING AND THAWING

The 4F/T cycles of the 250ml tubes were carried out by freezing for at least
8hours and thawing for 7 hours at room temperature. The tubes were then
mixed after each thawing cycle by 25 inversions. The 4F/T cycles of the
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Bul k 300mM Mannitol. (added 1.8m in 1.8m Vel..

ultra. after SEC filtration) 2-8C (3) 0.5m in 1.8m
SE- HPLC Bul k 300nM Mannitol. (added 200nil in 250nil
Vel.. ultra. after SEC filtration) 1 FIT (3) 1.8nl in
1.8nll Vel.. ultra. 200m in 250mM SE- HPLC O0.5nl in
1.8n] SE- HPLC Bul k 300mM-s&nnitol. (added 200m in
250m Vel .. ultra. after SEC filtration) 4FI T (3)

L5 B oo iy G580 P AR 5y B v or

1. 8nl 2 houdrs8Trhe dies. weret mixed Hye2M myeSikDsf bdfoneathe arekt freezing

(aodec 5800 B uopiR sardtionices), G fpet DA ek and two

filtrat.8rmhjubbsFdefiving) fram8heé 1T largid K/@&| treatonentsawere kept for

0. s Vel ffpociafeats el e el APl e L fr eoch

200n1l butk Gds@iitibnVedre thawedraand testell by SEREBPLCL t r at i on)

1.8nl 4.n 8 [ o [ F/ . '

s AT SER-Frost o heeiagly wbetieaeliin i iy out on
(add Isatiples thawethforv@thours+/2. houkef AlawikiGirst the Mannitol to
fiItraciiéloE)e 2-8C (5) 0.5ml in 1.8ml SE- HPLC Bulk

300nmM VBTNt ol . (added 200m in 250m Vel., ultra.

before SEC filtration)l FIT (5) 1.8m in 1.8m Vel.,
ultra. 200m in 250mM SE- HPLC 0.5m in 1.8nl SE-

HPLC Bul k 300mM Mannitol. (added 200nil in 250mM Vel..
ultra. before SEC filtration) 4F/ T (5) 1.8nl in 1.8m
Vel.. ultra. 200m in 250m SE- HPLC 0.5m in 1.8n

SE- HPLC Bul k buffer (50nmM acetate 250m in 250m (5
tubes) Chenscan buffer) 250nl in 250nl (5 tubes)

Pl at e et hod



Not e:
schene.
after

The nunbers in brackets refer to the outline
-67- 7.0 RESULTS 7.1 Using the SE-HPLC net hod,
I FIT, preformulating with Mannitol

inall three

conditions (3, 4 & 5) had a slight effect on

decreasing the |evel
and 250nl tubes (-
the control sanple).
nmet hod, after

0. 4% hi géer

1F/ T Mannit ol
(3, 4 &5) had a significant effect on the |evel
Table @2 mstzzftsuamples)tashed nerlSBﬁAbuanUatzboml t ubes.

of oligonerization

purity 5

both in 1.8nl
conpared to

Using the ultra centrifugation

in all three
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condi ti ons
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e%qf ect (il ?1"| owering ¢
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BRMCIBAC\HyT tol—af ter
m tubes (Table 24),

T dnh§d B&moN (Ccondi T
oeaeliilngsmi00mM Manni t

Vel ultral N L. ©
DSEaHPET

Buld fTRrR{2)on (conditi d
in | owering oligomner
Manni tol before filt

t he SE- HPLC net hod,
Mannitol in all thr

r2003)in RB@MIa NDr e posi

Vel ailtetl T ect
Seld iutig.
SESHRLQ  Usi ng
hBFeHPES |

4 R\ had a

Bk (Rant ef fect ¢
1.8l tubes (- 2.6%
control sanple V\/ner

Dtion i

Eom@f

%' B0 Manfitbl. 12045
EC fi&tloRP2-8 It
I ManhitdilN(addedd
et wumltratz:a; 1A (3)bot
However the p05|t|ve

I zémtliiroh8mlonpar ed to
thnnc (3.4
%ﬁﬁzw atlng with
H00MI ih@66mioN The T ev

'\/El”’ult%' ter
liskEL apsc (3, 4,

rQQﬂlint_J'nng ndition 5)
&kl in BemiT
of oli go
7
l1lﬁn|l'ﬂ1gml centt i uyga
ht.gnm inl1.8mil and 250mil

cycles (T
pp candi

Ity conpar ¢
Q.5nhi'fh s t hree  con
200fEHo 2508l nore domi |

e NVelQlultra.
vvahedira.
&Rt HPLG t he

1.8 nl tubes. 25 7.3 QfmlimiBwoth the SE-H JEQE_HBMI_LL&
Budln BQQmM, danpigah (Bgdadd c?@ommaaﬁ@mzs) no oI 'orﬂé?ar zation
aferf ¢ dlation) 4k es 31 lEy1-8ml 2.8C (not :
ACCOI‘dI ng to both SH-3 rln‘,lbnf[ ultra cent|
e TR R T oS TET G eSS gnH
LEI) éggnél\%lh jljué —8%5(&? gr ItII’P1 ?ml 30 t Ub('§ :
Bulk® 1 annitol. Udb‘d“ t206m| 256 €5 23 T0 2 (ellifira. etatet
| deforé sé@%ﬁ% ¢I5/T§zﬂ)_ ﬂsﬁ?ms:% purity of bybK utr. 1.8l
tubes stored at 2-8C 200mlin 250ml 'SE- HPLC
0.5ml in 1.8ml SE- HPLC
0.5ml in 1.8ml QUANT HPLC
Bulk 150mM Mannitol. (added | 200ml in 250ml Vel.. ultra.
before SEC filtration) 1.8ml in 1.8ml Vel.. ultra.
4F(T (4) 200ml in 250ml SE- HPLC
0.5ml in 1.8mi SE- HPLC
Bulk 300mM Mannitol. (add | 1.8mlin 1.8ml Vel.. ulfra.
before SEC filtration) 2-8°C (5) | 0.5ml in 1.8ml SE- HPLC
Bulk 300mM Mannitol. (added | 200ml in 250mi Vel.. ultra.
before SEC filtration)1F/T (5) 1.8ml in 1.8ml Vel.. ultra.
200ml in 250ml SE- HPLC
0.5ml in 1.8ml SE- HPLC
Bulk 300mM Mannitol. (added | 200ml in 250ml Vel.. ultra.
before SEC filtration) 4F/T (5) | 1.8mlin 1.8mi Vel.. ultra.
200ml in 250ml SE- HPLC
0.5ml in 1.8ml SE- HPLC
Bulk buffer (50mM acetate | 250ml in 250ml (5 tubes) [ Chemscan
buffer) 250ml in 250ml (5 tubes) Plate method

Note: The numbers in brackets refer to the outline scheme.



Test Conditions 2 4 3 5 No 150mM Manni tol 300mM

Manni t ol 300nM Manni t ol Manni t ol Added before Added
after Added before Control filtration filtration
filtration SE-HPLC 100 100 100 100 Utra NA NA NA NA
Centrifugation Table 24 - Y%urity of bulk in 1.8nl
tubes after | F/ T cycle Test- Conditions 2 4 3 5 No
150nmM Manni tol 300nM Manni t ol 300nM Manni t ol  Manni t ol

dd ffer e Added after Added before Control
7.01?i | i@éﬁh@

filtration filtration SE-HPLC 99.4 (0.5)
7.199. 7 0Ud€ing $hey SBYHRIIC Bnetifod] after t FA, preférnjulating Bith Mannitol in all

(0.5) 6 1) 94(Q.9) [ [ -
Sour) tOrespogrlihs 1802 €16) el Sl 3teoP B elfidsfho e tovel of
Condi toligomefizatioh HotRoinl I@n kbeh250m1 BO6s\~VBM t igher purity
300nm i nJ I ed before Added after
Adaed e Plo kBB Rar S D€L O E AHTe ST on
SE- HPLIGsidg tB8. dtrd. denbiugatiod. hefiod) .affer 98-/8 Maanita*in all three
98.5 (0.1.. 0) 0 . 98.5 0.1, L
0.1 ogtusdingns fagh & 9ldepg sbppipat: gt Y8 oVl yaGngiization
80. 7( | bdib)n BBm{ BnB2J0miGabes.i f ugati on * Sanpled from
t he same 0 e 6 -, YMuk 0 Lk | .
"t ST (e . oS aaqie) 0dniy” Meftdi, bfore itation
No 150bhditiomid)ohad08nivicharpusitive &fi€stiMn\Vioweringl oligomerization
compared to adding 300mM Mannitol after filtration (condition 3).
in 1.8 ml tubes (Table 24), adding 300mM Mannitol after filtration (condition
3) had a more positive effect in lowering oligomerization compared to
adding Mannitol before filtration (condition 5).

7.2 Using the SE-HPLC method, after 4F/T cycles (Table 26), Mannitol in all

three conditions (3, 4 & 5) had a significant effect on the level of
oligomerization in 1.8mi tubes (~ 2.6% higher purity compared to the control
sample when preformulating with 300mM Mannitol).
Using the ultra centrifugation, after 4F/T“cycles, Mannitol in all three
conditions (3, 4, & 5) had a significant effect on the level of oligomerization
both in 1.8ml and 250ml tubes. However the positive effect is more dominant
in the 1.8 ml tubes.

7.3 Using both the SE-HPLC and ultra centrifugation methods (Table 23), no
oligomerization occurred in samples stored at 2-8°C (not frozen).

74 According to both SE-HPLC and ultra centrifugation, the level of
oligomerization was significantly higher in 250ml tubes compared to 1.8ml
tubes.
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Manni t ol
Contr ol

96.3 1.4 98.3 (0.4 99(0.3) 99(0.3)

2*

Added before Added after Added before
filtration filtration filtration SE-HPLC 1*
96.5 1.5 98.3

0.4 99.1 (0.2 98.8 (0.3 Avg 96.4 1.45) 98.3 (0. 4)
99.05 (0.25) 98.9 (0.3) Utra 77(6.8) 92.7 (0.9) 84.6

(1.5) 86.1 (0.7)

Centrifuges-i on 10 *Sanpl es from

separate 1.8nl tubes -69- Table 27 - %urity of bulk

T A A A VY e

Tabhler?3i +% Ipuritlyl eﬂbbkkﬂu ﬂémbhubes atqred a/t\aeﬂ?G bef or e

LiD M~ 1 4

gJIItIU: fl edn(a‘tllohgl IIIl.Id.l.IUII IIIl.Id.l.IUII QE'I_II'Lb L %4
2.1 93.8 O 94314593 8(1I-4 137 94 2.1 9358 1. O
94.3 1.5 9RN& 1.5 | /EogMManatol I[33d0mMIMaDbitd 4 .| 300mNbMannitol
93. 8(1.45) gmnitq 72f‘}lc(d69 29) bpforg 4fl_\ldf!§)1 76AafeB, gyziedm pbefore
ntr Qi H I

S 0nic o 110D, . . v Ot o ona 100

UI [ / NI .k). J.N \JO | II\‘J MUL T LU=\ 2 %1} ﬂAU\J' l_y
cé;,fﬁfa%&ntr ugatign met hods, pfeformulating r-h

I FN-

eta a bulk wth s00nMM Van

ni tol

(Defore 1reezing)

mnimzes covalent and non covalent oligomers and

Ta'&'&gﬁ%gé?'éﬂtyvﬂéwuéﬂﬁé@“ﬂéﬁwfﬁ?rWTQVC Bul k filtration,

Tdso! T OW NQg flions) CyCl €5S. Wever € effec
of additiomof 300mMM Mannitol bp3ore filtratlison is
nor e consHt!RarabI e 15AmM Hlaanitoh ?R@mﬂﬂé%h't%bf 300mM Mam:;t?'
ol i gonrer i TV esiilietal 1 Pt LB lan o fdiRly et
WWW © ottt ubes gh B aRRTTe
viggntarners 84&1.W—t§§6'(6‘§)lm - Jy The afef@d) of
Cantrifiaation| at i ng the bulk with Mahnitol on r-H | FN-beta

la

ol i gomeri zati on and aggregati on,

Tal}le% - %ﬁﬁltitytmk iirf‘ 2§6rm t!u%{as after 1F/T cycle

following F/T in

Test Conditions
2 4 3 5
No 150mM Mannitol 300mM Mannitol | 300mM Mannitol
| Mannitol Added before | Added after | Added before
Control filtration filtration filtration
SE-HPLC 1* 98.5 (0.1) | 98.6(0.1) 99 (0.1) 98.8 (0.2)
2* 98.5 (0.1) | 98.6 (0.1) 98.9 (0.1) 99 (0.1)
Avg | 98.5 (0.1) | 98.6 (0.1) 98.95 (0.1) 98.9 (0.15)
Ultra 75.8 (2.35) | 78 (2.22) 80.7 (1.05) 86 (0.35)
Centrifugation
* Sampled from the same 250ml tube
Table 26 - %purity of bulk in 1.8ml tubes after 4F/T cycle
Test Conditions
2 4 3 5
No 150mM Mannitol 300mM Mannitol | 300mM Mannitol
Mannitol Added before | Added after | Added before
Control filtration filtration filtration
SE-HPLC 1* 96.3 (1.4) | 98.3 (0.4) 98 (0.3) 99 (0.3)
2* 96.5 (1.5) | 98.3 (0.4) 99.1 (0.2) 98.8 (0.3)
Avg | 964 (1.45) | 98.3 (0.4) 99.05 (0.25) 98.9 (0.3)
Ultra 77 (6.8) 927 (0.9) 84.6 (1.5) 86.1 (0.7)
Centrifugation

*Samples from separate 1.8ml tubes




to that in 250m tubes (about 0.4% higher purity

conpared to the control sanple when tested by SE-HPLC

and about 13% hi gher when tested by the 20 velocity

ultracentrifugation). 8.2 Addition of Mannitol at

150mM concentration mnimzes as well covalent and

non coval ent oligoners and aggregates when added

before bulk filtration, before freezing and foll ow ng

IF/T and 4F/ T cycles but the effect is 25 |less

consi der abl e when conpared to the effect of 300 mM
Ta&kSZ'UsVdpgrimoﬁblﬂﬁ-lmﬁﬁmmbeseafthFﬁr cycles

tt.m,c.u. fuga&;m{—heﬁl-s—ht—rwas—s-hewp lt_l:‘.lat —

IgOITETS arelw IUIIﬁUIII urirrogegn T =11 T FIN la ld
bul k and SEC- HINo 70- STicoreMIMannitdr g G308l Mahrftol [0300mM Mannitol
duri ng the f r eftamifolan dhdtiévhwi heforef|Addedh | Faler bRddead | g before
roll 'ﬁnﬂ"ilr\/ filteation ¢ |5 rrf"('?&' city filtration

1
S }llf ‘E*Ilﬂﬁc4(21 ' BKO ‘)i ndi ~ 311 &
Fecent: i L IR M - 3 a1 e

(in contra Avd 4't(2|1 INEG5 St '@Z@\ﬂ 5)UIII Y %m[
W‘W}Vvﬁ@%ﬁmﬁmw 43ygart prees @bH0
Cedttifagationnon- colval ent qli goners bqgth quantitatively
ahSaropled franaa single fube Sanpl es stored at 4C (or 2-80),
whi ch were not subject to F/T cycles, remain very 10
stable (in terns of %Wbn content). Wthout wishing to
be bound to this theory, it is believed that the

ffect &R@s on the nolecule, l|ike
8'(?reeze @CN%UQ ycl es, increases consistently the
formation of i nterferon beta oli gomers I n sanpl es
ptoredy 4 be r d : :
conbl na?ilh Sn (gnii?hma‘{r'i"r%lIJt"ﬂTséj azjda veb ' i ngxﬂ%é&érr\]t{nﬁ%apgn methods,
wi t h t peefarowisitiogedt iiNybeta diat buﬂﬁ wdh 306mM, Manoitl dbefore freezing)
Tvveen C u | zat i '

ol imBss (EvRRS i fiod foolalcfl oHRTRErs ahd bardhates when
enpl oyadded befase rert alier (bﬂlknﬁlﬁrﬁh@lml fQHnwlnﬁeﬂ RTomnde4Bd cycles.
st abi | Hﬁ\%ﬁer"ﬂ'\é réﬂiF fpéb%ﬂoh' df 300ntne I\)‘IéHnﬁt&e&ef&%dﬂtratlon is mare
benzyl al co ysine alone or 1n any
conbi ne@nsiierabie in lnwesing tee awebgf oligomepizatian, esperially of the non
enpl o | i V,

npl oygdla Le?\t foﬁqlﬁrngésﬁg a‘hh%rl%;?ev Oq(%tﬂ%e ﬁnathé /ZBI_B rhi bé@(r@ﬁﬁr{e &dr¥ainers

agai nst_t es p cyc

Tween ofghe Hﬂ\‘r@yﬁaﬂ"d@hol or lysine (i.e. t hese 20
exci pi ?ﬁ% %ﬂQ?t" SL@ fHé BAKRNLR MdnnfbICER qJ,{ hl"’]\i"beta 1a
stresse nufacturing process IS subje
freez e¢ltg¢mﬁr@9uqne@wt aggregatione lewingiiT i on 48y tesiwbassis similar
Tween l%obhai1 P'PE%@USQ@ QhbRA 0, 4%' H?@'léi‘r;ﬁmgf &frﬁﬁﬁ@ﬁ Xo the control

added to sol ut'1 on.

occur SRIPPIAYvhendesiash by %H?Lﬁgng eoeek13% h@hef wbqn tested by the

exci pi gbdty uRRsbeh@ilydaah).ons thereof are also
identified.” Sanples stored at -20C in the present 25

invention were subject to many FLT cycles (the tubes
g.oere fAgdiesh b Mennfidl at’ #entconcentration minimizes as well covalent

and non covalent oligomers and aggregates when added before bulk

filtration, before freezing and following 1F/T and 4F/T cycles but the effect is
less considerable when compared to the effect of 300 mM.

8.3 Using both SE-HPLC and velocity ultracentrifugation methods it was shown
that oligomers are not formed in unfrozen r-h IFN-beta 1a bulk and SEC-EL



10

16

20

25

30

then transferred to a second freezer for storage at
-20C for 16 days. The sanples were then transfer back
to -70C for 4 hours before thawing.). According to
above, Tween 20, benzyl al cohol and |ysine are
preferably used as stabilizers when stresses like F/T
cycles occur. As such, at amy storage tenperature
(-70C, -20C or 4C) and 30 in the presence of FIT

o) ane 7ef 230 el B oufea e R A pgr e e e

exci pibztd $abolkbe used in a bul k int erferon sol uti on.
The foll ow ng conbi nations are particularly preferred:
1. Lysine and benzyl al cohol, 2. Lysine and Tween 20,
8.4- 71- Freliyihianeresoits lasing Weldoity huitracentiifigation s2ém tonihdicdte that

bl o S B Bera5F Bap Reyb S B dei B il Gifbomers
t enperttareas (eléoity ultr%@éi‘\tﬂfugéﬁi)n aalsb idetdctse npnesealert oligomers

FIT cycles st sj.nhe yields very good results
at d@th 8%3’%@1‘“*@?"9 %té -70C in terns of %bn

and %AgQ. LyS| ne is the only amno acid tested that is
bIe stabi | i.zj, i.nterferon-
Saf PIER et o 4G lpe 28GR yutich e b tierd (G EE Bes apmaig very
staQPéC(nﬁ)*t&ms ofeBRonSéontent). QYRGS vaslﬂn@wldebquubrtﬁmnéory, it is
bacteri ostati¢c agents h%h be% al COE 2%(
peligye cbeh i Qo of FHESTE0). ABrSenating, ovcls.
incRAEEE 'oSﬁQlﬁeﬁtﬁDfNe 8tk iof intéidod-BefChligbiiers. a8 @hmplesfstored at

,Stress. such cEref ormul ati ons can be consi dered
4°G.Haest tﬁwgts areafieldedhby {hel grmbination s manmiel a1 Bethiopieryentually

wﬁﬁ%ﬁec%gmg é?‘n?érg U()al At gﬂ?}‘l&b&ﬂil P Twddfso, vWﬁéHJ khw @us no

conbi nat i on of ¥3|ne
oliganaerization man@lemaed PrZ8y. dsefprabin dhe peasent method employs a

oon’ng%ﬁ%r{ gﬂ’ngﬁ%opﬁﬁd ﬁxeﬁ%ﬂ?ﬁé‘% hﬁglh%rsw ﬁﬁ' tHé g@?ﬁiblllty.to further add
onlne ig evel  of nononer percentage’is
bemylalcahet oniTieen 2o rdysinatalare of imanyicooibjnatisn rietals'oomipnderred

d.T 20 9 -y ' [ .Of
R R T S
strmee@bﬁg@d(bﬁB%/bydes Tleudg; w@nczm‘mg]cmylamghmfor lysine (i.e. these
eferre

exclinis eyt BeR SPaNnd coyPReL el atresres)y BiimRgUigoturing

prdtesé & sUbjare e RecAetAScyciél Wsen preférfﬂu eaipients @lich as Tween 20,
benzy Ialcohol met hi oni ne and Tween 20 i.s nore

begAUEIANOLEY IVSioe eseRIpler sideslie theBulksoilioRt od at two

Thedhdr F/TPEYdMsS ol Idifing e TRiHFRAIrNG' Priced?y ﬁ'ﬁfédnékmplents
Addition of certain excipients (e.g mannlto% bef ore

ang cogpinations theregf iagm alse\mrglf e@n%ampleﬁ stared at oY Goifethe present
mv@fe?fjo@ﬁgfee&ﬂ{]@c? 16 M tl*-'/? Neyclds (e @BEQ weks FiBk&n 8R4 at —70°C and

ocity tracent |fugt|on nmet hods, prefornul ating
then- transferdsketosa secand freeder tfprsslomemmﬂof’@lfor 16 days. The samples

were then transfer back to —=70°C for 4 hours before thawing.). According to above,
Tween 20, benzylalcohol and lysine are preferably used as stabilizers when stresses
like F/T cycles occur. As such, at any storage temperature (-70°C, -20°C or 4°C) and
in the presence of F/T cycles stresses , Tween 20, lysine and benzylalcohol alone or in
any combination are the preferred excipients to be used in a bulk interferon solution.
The following combinations are particularly preferred:

1. Lysine and benzylalcohol,

2. Lysine and Tween 20,
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(before freezing) mnimzes coval ent and non coval ent
ol i goners and aggregates when 25 added before or after
bulk filtration, following IF/ T and 4F/ T cycles. The

i nvention should thus by no neans be limted to only
a specific point of the bulk protein rmanufacturing
process but enconpasses all-7t-he steps needed for the
preparati on and/or storage of a preformulated bul k

roteln (g | SHABLhY LAY SAGPLENT Rp8Rso Mhpdded

di fferent urtn ’Pr Ocessi nQg) .
Resul ts showw Mngyldaohcﬂlaﬁdé'manQOBO in terrrs of

ThR bR ITe R SRETPRT RN o PP dra prefrisd Pl o any storage

terﬁﬁdwmr@(-’m"c;)tza*’caarmo) sm/altﬁ@ breslsh@@mm chelds stresses
ates in es. Prefer ag?sy40 manni {

Ly?'ﬂ% W@?‘bsr \éer&d?d’eﬂ "B%‘f'@r@ T%q Cr 88wl ag Ei and T‘}g G Weterms of
%G ¥Rd DIREY. | LIBIMeSs MRy %n@'hémmoté&d tdsh) @RI BadoR oPbtabilizing

certain excipients and’'thermal dissociation can yield

lnterfejn@zbetaeag@lrzst feezafthawesycles: Tlys, iupinecis A mest prefereg excipient
ag%.ggtn#e/?w;gés S 2digdre g{gﬁé\néﬁﬁs.rbmga&.e glbﬁ%trkge.g;ﬂg&zylalcohol)

rastic reduction in ter
or sigrfactayds (5. Basns2()r whigh hiees the. twotnifaer expipigntestmwing stabilizing

acﬁw %]g’éu%? Ffﬁ'e;t%sgb sngc Ny n‘gir&%ﬁn&at?& bl:éﬁ Zh%df:ﬁrll&&(er?d that only

on by neans’ o excl pi en S Wt
contaimsigsinatdr azn corbiaatiad ofllysimecarad aorantiexidérd (eey. frmthadma) Best

o ol AR Eharin E Bl b 4 Ll Ph ST Sie ! dionive. more

préferalilyp trecpreseéntgnvention[eneplys Krcembinatibatof ysiret amti emtmmme A
o eval uate pH incj deBce on olﬂ Oneri.z on an

PH 4.7
h'Qngﬁ"@bé’} JEORQIReR PREFRNIage  ipgoptaine %ﬂﬁ"@i‘ %gnan"'to'
ma¥RbhiAG MBsYH atwédn 407 (8. 12%Btdmewr®mb1nau6nf bf sﬁerﬁylblson@ and

approximately 0.5my/ M was preformul ated to

methiQning y'e1d51a(f19'\1/ SIodnes Pecentage (TN ToHE S Pomb"?gt'on of
beﬁﬂgl_b%o@fané%%%ﬂeafsep@%e& Twebd 30 chAtHRAfuMhER b added to this

second bulk was prefornmul ated at pH

oombmtwlysiyreédm angigher blereanomey {~99%). 1 Thus.urfe eambigation of
beﬁéﬂatlédr%?trﬁé? o%&%néthg'ﬁglg °$Q?Mtf ki ate pH7. 2,

a|n|ng sin rated with Na(}l)
Experirénis chave etpmnaccprmstedeatetvm spegifid poiotsadwring thel manufacturing

BBl o AR 1ot et B oF e gagop overs
andiot redudés Qligpmers bpd agyegates Arrationridsing both S:EE HPL@emEI velocity

ultn{a%%@%a%ﬁ@ﬁ&s%ﬁ%@yfaﬂﬁg ?—%%Ngbc‘et% LbAERMf %08%M Mannitol

(before freezing) minimizes covalent and non covalent oligomers and aggregates when
added before or after bulk filtration, following 1F/T and 4F/T cycles. The invention
should thus by no means be limited to only a specific point of the bulk protein
manufacturing process but encompasses all the steps needed for the preparation
and/or storage of a preformulated bulk protein (i.e. stabilizing excipients can be added
at different multiple steps during the bulk processing). Results show no great difference
in terms of oligomerization and aggregation, but addition of mannitol before filtration
yields better results, especially of the non covalent cligomers and aggregates in 250 ml
tubes. Preferably, mannitol is therefore added before filtration step.

Finally, the above experiments have shown that the combination of certain excipients
and thermal dissociation can yield higher levels of monomer percentage compared to
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25 Results: Table 28 Conditions %mwnoner %li mer
%aggregate pH 3.8 81.41 17.92 0.67 pH 4.7 99.1 0.9 0
pH 4.7 99.4 0.6 0 pH 4.7+Lysine 99.6 0.24 0.12
82.2mg/ M pH 3.9+Lysine 99.7 0.03 0.27 82.2ng/mM -73-
(2) Conclusion: Prefornulation at pH 4.7 reduces
consistently oligonerizatiom-and the fornmati on of
aggregates conpared with preformul ation at pH 3.8

vl AT ety S MR SRR b s
dimens sindt dggregetes tevels arecaghievednThus,viset presentsinvention preferably
corbifioS o HabaBEG M | Rflfon by In8dhellot cbisbel oxginients yih ghermal
dissanintives Thergwahedissetiation. can pe performedidat i any oftages of the

' i 0 . . 9 9 .
el B i o Ay A0 oA B ket iy of e
bulk peicessingg ef f ect on reduci ng ol i goneri zati on yi el di ng
a %wn of 99.7 conpared wth 81.41%bn w t hout |ysine.
Thus, lysine is a preferred amno acid to be added to

ExamgelﬁePrﬁfdmﬂaMEstMimﬂruH 4.ﬁve(rj1ti on. Conbi ni ng
i Qn. H. 4. 7. iti i i
To|tOr g&gét@u p‘;ﬂe 'Sﬁlﬁdgﬁceo Tﬂ'& S;I@d’glgeu 4 -:]L%rg :jgg? O%ﬂé%éé@g ¥érﬁ{a%8n, a

Q)

est e resen
preforneiation study wassterforreédbatgiil #.7acconpl i shed at a pH 15
of 4.7 with the addition of |lysine as an excipient. In
a nost preferred enbodi nent, the present nethod of the
(1)iRroegdurein can therefore conbine addition of preferred

F AT AP or P ot B B e
pr e$dnfl wolamplaf SHC &12 restiarhwittli T Velumet ofarb@mM iacatate pH7.2 ,

met pnze exclusion (SE)-HPLC, New SE-HPLC,
her{eﬁ?%é%@ﬁﬁagﬂgied as "new SE-HPLC' or NEW SEC', and

Ze| Asecgndibulk wes preforpudlated ah pﬂwitmsmetmnglml bynaixing 1:1

recbiDIUER, of SEGA2AREA Wi 1 ol ATEHC qdo piele, phr2

or eorigigingtysing at 161 mg BrtepPwith Na@HUC net hods

£ ei’ﬁégeegreﬁél%ti@m ﬁre*eocompared to a control at 0.5mg/ml in 50mM acetate
pH 3.8 and to a preformulated control 0.5mg/ml in 50mM acetate pH 3.9 with
82.2mg/ml lysine.

4. After one cycle of freeze thawing in 1.8ml tubes, the samples were tested by

the new SEC HPLC method.

Results:

Table 28
Conditions %monomer %dimer %aggregate
PH3.8 8141 1702 067
pH 4.7 99.1 0.9 0
pH 4.7 99.4 0.6 0
pH 4.7+Lysine | 99.6 0.24 0.12
82.2mg/ml
pH 3.9+Lysine | 99.7 0.03 0.27
82.2mg/mi
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25 detect both coval ent and non-coval ent oligoners as
wel | as aggregates both quantitatively and
qualitatively. a. SE-HPLC - Purity test SE-HPLC is
used in order to determ ne the anpbunt of aggregates in
the IFN-9-1 a bul k. 30 Procedure 100 pi sanples of
both the IFN-R-1a bul k to bes-exam ned and the control
sanple (PRB) are analyzed. The followi ng solution is
prepared: 30% ACN (acetonitrile)/0.2% TFA
(trifluoroacetic acid)/H20. -74- The col um
(2)(CurmhsionTSK G2000 or equivalent) is equilibrated in
I for

-« MEeFmiER, AP b 1 Fetlioed Bfeidand g8l Al T formation of
syregateso tomparedpwitia peeformueationdatipH 8B8u¢~08%Mom gompared with

IO Festervail g pheee ol cuftl otk anbizel esppiion.

Tﬁrmspﬂ*recmetmgeofahe Iprddelt ivebtiomisopreferatily abeorwplisked at a pH of
szegpl e is determned fromthe protein peaks integrated
‘as Specification The main peak area of |IFN | 3-1a

. mrbformaﬁpdnew(tn ggs(l);fésdt@"tdérr}ﬂ-i B® éripH hmradmceﬁﬁiligﬁrﬁbﬁz)atibﬁ. At pH
s t an to a not .
ot fhin of RinsRidic o o &f S BaRtared ¥ Bo 4 %n Willout ysine.
HKtepEeE! Shaudiliér DF Iymnd gﬂb DN bﬁ’éctt e r&ﬁ;dri@_@iﬂ'(ﬁﬁérization
sire terfero ta . .
a6 & s Bor ot e RarEsred YRR 1 £logliph oSt She i, fsine s
teeprefyrRiddntind abldﬁch be aﬂdéwwmegm‘thd:cadsfgﬁe prezentinvélion] ) ,
of 21to 4 ours.for, s
« Choriaini®e e @inSioroay 8 ok apd 2p8RGH o irk: Vil dhd best results.
0 1) 1)1 ir\bMPétﬁo@ bPte ;buééht llrﬁleﬁﬁ(brﬂiSQ?oét @relﬂfaﬂabgtcadcb?\pﬁsrkurat a pH
cas ar reeze e aliquots_a
A it 4B Bions GG s AR 9 MISLpBIaedmbodiment,
Schdlé PRedBRt endthdte of tHe m%ﬁtbh darethiepaférehcdnitsiig @ggmggloe gcr)eferred
ilute. t un .0
ety e Sk Bon at ol 76 Ibsgiiosabonn,
aI | quot s should be stored at -70C. 8. Thaw the control
F/T uot ed tuhes for 2 hours at room tenperature
—Apnal '!@i’l&qg—t he SE-HPLC test. 25 b. NEW
ThéErdsJBhanample describes the different analytical methods used.
Size exclusion (SE)-HPLC, New SE-HPLC, herein also refered as “new SE-HPLC" or
“NEW SEC”, and velocity ultracentrigufation (AUC) were used for the measurement of

aggregates’ and oligomers’ levels of recombinant human interferon-beta 1a (r-h IFN-
beta 1a or r-hBIFN-1a). The NEW SE-HPLC and AUC methods presented are able to
detect both covalent and non-covalent oligomers as well as aggregates both
quantitatively and qualitatively.

a. SE-HPLC — Purity test
SE-HPLC is used in order to determine the amount of aggregates in the IFN-3-1a bulk.

Procedure

100 pl samples of both the IFN-RB-1a bulk to be examined and the control sample (PRB)
are analyzed.

The following solution is prepared: 30% ACN (acetonitrile)/0.2% TFA (trifluoroacetic
acid)/H»0.
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The detection of the total aggregates content is
perfornmed on a TSK GO00SWKL col um (TosoHaas) or a
BioSuite (Waters); the elution is perfornmed in
isocratic node at 0.5 nmi/mn using 50 MM sodi um
acetate buffer, 50 MM NaCl pH 3.8; the wavelength is
set at 215 nm The runtine 78 30 min. R-h | FN-beta 1la
Bulk as it is (0.35 ng/m) is 30 injected in the

TSl bl TS P0Ph of 2af0aRn R etyilraliE e o Byl Hra ow

ratelleE .Ssplmenfor\dttieast 1Aldur.cDoee d¥teddy baseline i¥\@btaired) 98mples of

o SRS ol M, S SR Lad o105 e

Theé ealpemgirafile is recordet oyl detecton\itiA1denp deeperé&dnidde of IFN-B-1a

moiel AR ELE Syt & b b bt pES et e

Spptificati®@n 8 buffer. The acetate buffer was prepared at

g i B St of PNl pih 3P Bt Tortad et Bl s
nofibssthan96% 6F thertdtalipebks arel; wiib ndl rabieERENAY- of Sggidgbies] |
pH 3.8 10 Activating solution: 50mM HCI - 50mM Nadl

Reagents: Acetic, Merck code K31358056 NaOH, Merck
Prédediie forNEréelzad/Thaw ¢F T Control Samiple fdathe SETHPIMBHIEst ode

™ vt niiPae, RS SRR A of B oty R ey pele o the -

wi t h7@Cfieareel charcoal - epon centrepieces with 12 mm

2. oF na e B KRR St o o Py ForAlbe, R Pinn, onp to 4

wat ehotire forrgmalituberampbile (t18anik (Firsteyele bf recae/thawps .
3. chanBlesrans SOty RraReve Pkt ARG 1o Jut 38q65 ThiERS o faroe

spectubephot oneter). Those | oaded cells are then placed

4. Freeze the aliquots at -70°C for at least 2 hours.
5. Repeat steps 2 and 4 for three more times.
6. Atfter the fourth thawing cycle dilute the small amount of control sample to 0.25

mg/ml with dilution buffer for checking.

7. The aliquots should be stored at -70°C.
Thaw the control F/T aliquoted tubes for 2 hours at room temperature before
using it in the SE-HPLC test.

b. NEW SE-HPLC
The detection of the total aggregates content is performed on a TSK G2000SWXL
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. R-h IFN-beta 1a Bulk as it is (0.35 mg/ml) is
injected in the column in the saturation phase (0.2 ml per injection).

Equipments and Materials of the New SE-HPLC method:

HPLC system: Waters Alliance

UV detector: Waters 996 PDA wavelength 214 nm

Autosampler temperature setting: 4°C
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25 into an AN-50Ti analytical rotor, |loaded into a
Beckman Optinma XL-|I analytical centrifuge, and

brought to 20C. The rotor is then brought to 3000 rpm

and the sanples are scanned (at 280 nm the

absor bance peak) to confirmproper cell |oading. The
rotor is then brough to the7éinal run speed of 50000

rpm 50 scans for each sarrpl e are recorded at this

r ot e | ysed using the c(s)

met ﬁg '%% uck at the N1.H and

i npl errentC@H:mmtelmperatnw ;xmnstqmnpngatam SEDFI T (version

8.7, Sch Q(c?ﬂﬂ a@étieiél-‘?ﬂtdv?{h ARG ©f
nacronolecu e atl orove

ul tr acenPre;fangdiby dissalming Mguenqaﬂt mdhntemﬁlhhﬂ/h&qx;uum acetate pH
Bi ophys 7, ' .0a ny .
raw dat a3§;r téu@ |rrecg Gac;é%%?g %)ufée \?la% gpq.p écf ﬁggﬁh% g&]ut”i@l dinit by
di stri buaddlng eicetlcsacid ez MVF taindirtiteating Wwithi sesdlationadfi 1M NaOH up
nodel | i ngoéllq%énfl uence of diffusion on the data in

order to hance the resol ution. The net hod wor ks by

assi gni n§law datef 0Smbsmincoef fi ci ent to each val ue of

sedi ment & ba nption that
5 all spe |eg’g @&\%Ekﬁg%g% §8®P'§1llq?ég{/)§rs‘3§)%ynam c shape
(W t h shéptvadie§isoketionnbOnih HGl - 5OmM NalCl coef fi ci ent
r at tive to that for a sphere, f/fo). The f/fo
va Mthen varied to find the best overall fit
of the décetid, Merelacdd&éﬁmﬂSS%GFhe di stributions are
cal cul at i mum entropy snoothing. 2.
Anal yti cal par arrelgg?%m]%)( Rotor type 8-holes rotor -
Rot or sp&a®@H00M splution Cent er pi eces charcoal epon -
Channel gth 12 mm - Tenperature during the AUC run
20C 15 - tecti on wavel ength 280 nm - Sanpl e vol une
432 ncl NaCRefTE3AICR codé 8627-942 ntl 3. Equi pnent and
software Anal ytical U tracentrifuge Mdel XL-I
(Beckman Coulter) 20 SEDFIT ver 8.70b Software (Peter
) : i 16 of Health) Oigin ver

O L t(olﬁeckrran Coulter) Proteonme Lab XL-A/ XL-I
ver (Beckman Coulter) d. IFNR-1la

gﬁamplﬁ ard’ loadey irp-cels @ith 2cheaneHehatcoal-epon centrepieces with 12
mm optical pathlength. The centerpieces and sapphire windows are cleaned with
detergent and then soaked in water to try to have the cleanest possible surfaces.
The corresponding placebo is loaded in the reference channel (the instrument
functions like a dual-beam spectrophotometer). Those loaded cells are then placed
into an AN-50Ti analytical rotor, loaded into a Beckman Optima XL-I analytical
centrifuge, and brought to 20°C. The rotor is then brought to 3000 rpm and the
samples are scanned (at 280 nm, the absorbance peak) to confirm proper cell
loading. The rotor is then brough to the final run speed of 50000 rpm. 50 scans for
each sample are recorded at this rotor speed.

Data are analysed using the ¢(s) method developed by Peter Schuck at the N.I.H.
and implemented in his analysis program SEDFIT (version 8.7; Schuck, P. (2000).
Size-distribution analysis of macromolecules by sedimentation velocity
ultracentrifugation and Lamm equation modelling. Biophys. J. 78, 1606-1619).
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25 The reverse phase nethod descri bed bel ow enabl es
the quantification of IFN-13-1a in bulk sanples. The
quantification of the protein is performed on a 4,

W de-Pore Butyl 5 mcolum (Baker); the wavelength is
set at 214 nmand the elution is perfornmed at 1 nlm n
using the follow ng nobil e pkhase and gradi ent: 30
Procedure The IFN-13-1 a sanples to be exam ned are

) B S AR e o et o

fasdinsuitatipnsasiefficientss wihile rm@ﬂ@gdtle mluaecm ofedlff@smn of Teadata in

e

molafmlent:tmuh @lueraNsegdiroentation codffigientipas@d orRNHES@Mption that

i’a%oéaé;g FE %a% k5 s%ﬁé B@&aWh&Erodk}sl%ﬂxﬁ st ?ﬁ% ("\?\,“.ﬂ{ %ﬁ% /?‘LI—@ 88fby the

afnctwemlérw raticbretative ta timatdod mﬁphers, h). dhei ftfy valaesedre then
[ 9 { e t
a\%ﬁ'rgg )@ Eé(‘ti‘ﬁ'fb b%t %Ogrr?ﬁ?t/ Gl f#éocggti ga @atchasagrlgg ;r%t cgstggutlons are
edoedaterbusisg 615tlana)e!duml-é?ﬁropssmdlfung( sanpl es, control
sgnﬁlng i@ Hara JRration curve sanples (PRB, 1.24-19.8

ly injected. In each case 100 pl
ar eRotgrédypeed except for the B-leswptaranpl e of the
cal | ' curve, for which O pi are injected.
The Fog%}x?‘%e I s maintained g%QoQ'ﬁl O mM/mn. The
f-ol Cenlergjeegsadi ent i s used: clratsbalep@nTine (mn.) %

EI u ent B % El uent 70 30 0 5.0 70 30 O
@&% %ﬂ?%@tﬁl% 0 57 43 0 3(396"%6 54 0 35.0 4555 0
4rO. Oempeture durdag the2lUGoud 20°@ 20 80 0

- Detection wavelength 280 nm
- Sample volume 432 mcl
- Reference volume 442 mcl

3. Equipment and software

Analytical Ultracentrifuge Model XL-I (Beckman Coulter)

SEDFIT ver 8.70b Software (Peter Schuck - National Institutes of Heaith)
Origin ver 6.03 Software (Beckman Coulter)

Proteome Lab XL-A/XL-| ver 5.0 Software (Beckman Coulter)

d. IFN-B-1a quantitation by RP-HPLC - QUANT-HPLC
The reverse phase method described below enables the quantification of IFN-B-1a in

bulk samples.

The quantification of the protein is performed on a C4, Wide-Pore Butyl 5 pm column
(Baker); the wavelength is set at 214 nm and the elution is performed at 1 mL/min
using the following mobile phase and gradient:

Procedure

The IFN-R-1a samples to be examined are diluted with 50mM sodium acetate buffer,
pH 3.8, to a concentration ranging between 50 and 150 pg/ml.

The following solutions are prepared:

Eluent A: 0.1% TFA in HoO (water/trifluoroacetic acid 0.1%)
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45.1 0 0 100 50.0 0 O 100 50.1 70 30 0 65.0 70 30 O
15 Runtinme = 65 mn The anount of IFN-(3-1a in the
test sanple is calculated fromthe logarithmc
regression of the calibration curve areas.
Specification The IFN-9-1a bulk contains 0.280 to
0.500 ng IFN-a-la /m. 20 -778- e. Purity by Reverse
Phase (RP)-HPLC - DEAQ OX The reverse phase net hod

R e e L e
Eluent @ct mplcm:%dcetomﬂa}%)quant ification of the OXI d| sed
fornms is perforned on Supel cosil LG 3

The §r4.RR-HRk(p eoluay ie st wshad with Flued & at Aloyase %fn1gQ Fl/min for
30infinS&Hd %béaaemyowm 500 H,©! 4k 0% ACRYdrOT8TRA. afhelodlbmn is

/mn using | ow n ase_and gradi ent;
et Poth%h duerth POR S0 ERise Bhriba 1ot GaiA ol eppvspately 1.0
miRRfSOARRY 0. 14% HFBA (wat er 60% acetonitrile

40% Hept af | uorobutirric acid 0.149% 10 Eluent B: 20%
Onae 2 steRdxdrgss!ine;ds HPB&U%AF%B-Q@% kagamplest £pnigol samples and

cafifidfidreairdé sHpprRBYPRE! H 24210 8 5'5 ét‘b/éeq@eH@élfy .ﬁ}ect.%e"/m each case
H20/ 80% ACN 0. 1% TFA (wat er 4 Acetonitril

108 g e injecied eapt fer thﬁc1 244 ug faW'veéhW'mﬁ#%@%lf%\ﬁh'Ch 20

pl él% |ﬁj€él'eh' P e ratd Ishnglﬂf’élr@dl&m 18 Aifdin30% El uent B, at

flowrate of 1 m/mn for at l|east 15 m nutes
ThFLFPﬂ"i“i'"Qﬂ@f"@HH‘? usedel i ne is obtained). Sanples of 120
pl are injected. The sanple to be exam ned is diluted
wWth 50mM sodium acetate, pH 3.8, to a concentration
rana-aﬁ!f%ﬂetween 0.250 and 0.280 ng/m . The follow ng

./

gr adi ¥ithe (hindSE% ElaentTAbl % Eldent BE| %ElnenfCEl uent A %

El uent_B % Fl upnt C 20..0
0 70 30 0
5.0 70 30 0
6.0 58 42 0
15.0 57 43 0
30.0 46 54 0
35.0 45 5B 0
40.0 40 60 0
40.1 20 80 0
45.0 20 80 0
45.1 0 0 100
50.0 0 0 100
50.1 70 30 0
65.0 70 30 0

Runtime = 65 min

The amount of [FN-B-1a in the test sample is calculated from the logarithmic regression
of the calibration curve areas.

Specification

The IFN-B-1a bulk contains 0.280 to 0.500 mg IFN-B-1a /mi.
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8 7030 0 61 62 380 66 01000 71 0 0 100 72 70
30 0 The percentage purity of the IFN-13-1a bul k
sanple is calculated using the protein peaks
integrated areas. 25 Specification The main peak area
of IFN-R-1a (corresponding to the intact nolecule) is
not less than 95%of the t-w¢-al peaks area. -79- f.
Cytopathic effect inhibition bioassay - CPE
e. %ﬂig§§¥¥ egégkt yid @Pfﬁﬁl’;é‘i % é& antiviral activity
cytopathic effect
Thé @REyse phasamdihod descibedibglay.end@hles ithetietgctionl of dENiRy1a gxidized
[ ased on the IFN-(3
for T e el RS et R 21 < P
Tharquaotlﬁoatmm < the oa(gﬂa’edstormhes @erfopaedion @fG4cBupricosil LC-304

Vi ru ' d L e. n
oolfir Giobg3L triAbstsRCR 10°63 ¢ WonbE I 0 o il and the
elutiomiseperiofmed atub H&Jmm(msmgdhe fallowingi roobilerphse aad gradient:

\/ death that can be visualized by
Th%lkc[llgﬁung;t ?Mﬁmﬁggﬁeﬁ{gséﬂ gopathl c effect can then be used
Elueat quant i 9% el Hy/4A%ACNAEN14fy | ntiEBAer dwateThe @QSs/agetonitrile

is perforned by the indirect neasure of cell death,

10 @fieniafluorohdipicacd 8J4%he anounts of dye tetrazolium
Eleat t BT T2gda meblayddehi OAENIAT4% i UAFBRaK flateP 0% | VinB&onitrile

cells. 15 The nmet hod nakes use of autonmmtic
80%fHentafbyoalubinistacicc0.dé4%¢r i nat i on of the percent of

Eld%'h?he 20?3 @/&M%&@NH 19 ﬁ*K { SfialBP '%%/R?ét@ﬁ hﬁé eb*y')ﬁlﬂuroacetuc

e statistlcal uati o
acﬂl’(pf% ure The assay |s perforrred in mcrotlter

The ﬁ%‘é"z'éa GolrR esaipraied with 0% Syl A Fnd K06 Byt B, at a

ﬂo@aratddef Qrmﬁmﬁﬂﬂﬂaﬂ |§a§tu$5hﬁmdtéé)(dr&m a{ htebufluatbalrm 13 @trt@ined)
we S re St e
SaBEiRoriZD P o FESD TeosTiRiS, Hebey pidived 6 didfed @ som

sodium acetate, pH 3.8, to a concentration ranging between 0.250 and 0.280 mg/ml.

The following gradient is used:

Table 30

Time (min) | % Eluent A | % Eluent B | % Eluent C
0 70 30 0
8 70 30 0
61 62 38 0
66 0 100 0
71 0 0 100
72 70 30 0

The percentage purity of the IFN-B-1a bulk sample is calculated using the protein
peaks integrated areas.

Specification

The main peak area of IFN-B8-1a (corresponding to the intact molecule) is not less than
95% of the total peaks area.
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c. A 50 pl suspension of WSH cells (0.78-0.82 x 106
cells/m) is added to 25 each well and the plates are
i ncubated at 37C for 18-20 hours in a 5% CO2

hum di fied i ncubator. d. A VSV suspension is added to
each well except the cell control wells, filled wth
MEM 2. 5% FBS. e. The pl ates7are incubated for 24 hours
ina 5% CXR humidified incubator at 30 37C. f. After
having verified by an inverted m croscope that (1) at
| east 80% of cell danage is achieved in the VSV

f. cGytopathic effeciridhilbiition bivassane- BREcent age nean val ues of

‘ el PR ce of the IFN-f3 standard fall in
B'%@%@Lg@ﬂbf’&égww the non diluted standard, 45% for
The rantivirdl. &ctistity wf i[BN-3-%m dulk7 ¥ meastred by thedicltopathic effect (CPE)

. i e stained with the specific dye MIT. 5 g.
m%&r‘luﬂr%?%sﬁg{"ty of the coloration is determ ned by

The wialogital actiityeis imegsuodd by in iantiviesi cissay bhseaPén tha IAN-B Taduced

prtﬂﬁcgﬁtn 1,9&1 g%@z(&@gﬁ pegF ls-}\gg{?ﬁlmac%tﬁt%y%ﬁﬁ%%agf g\rﬁeﬁyga clp%%sl'c gﬁeect ofa
vingofMeskulyy StompatitisfVirig).i on 10 The | FN-13-1a bul k

t aj t ol t . 50. x 106 | U, m : bohyd
T ARG o) P sk SapRrEr. I BT thalaet S RORBET Gf Viuses
suetEas Masicllae Stanbiitlsyvinas ¢/9W)i @duge akll Idebltt thaf 8an \bei Widualized by
vit%l'fs |inked to the Asn-80 residue, is analyzed by ES-M

MBI nt act nol ecul e using a quadrupol e nass
The pgiopathivadffect carbthen be eded & queatifyasl] pratedtion bydnterfeion. of

b b RSP 8 Bk RS 0L F falbddty o
amonhBalf dgé tetrezolium spleMTayDohethyitFlibi¢idadotium} takgn ap by living cells.
T fRENGE fike? B3S of BE R RE ShabiugeBRtonthire, BRBrhinALRT §f e Bercnt
of piotactedcoglie @indabf arthicequaird iparatiedine dsaty fdreéhe stagstioaf evaluation of
theiq]t§24kDa’ where the protein chain MVWis 20 kDa).

rerwards, the glycoforns are grouped according to
Pro¢edure| evel of sialylation (non- sialylated,

-si al i-sial ted, tri-sialylated) and
Thgﬁg%}y% @Fﬁ%&fgﬂ%ﬂéﬁﬁ%gﬁ%?% is determ ned according to
t Helar 50epladf icelbcyitmdk mediugh(\MEM/5% FBS) are added to'each well.
b. 100 pl of IFN-R-1a sample or standard solution (60-100 IU hIFN-B/ml) are
added to the wells and three 1:1.5 step dilutions are performed from row to

row in the plates.

c. A 50 yl 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% CO9
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% CO2 humidified incubator at
37°C.

f. After having verified by an inverted microscope that
(1) atleast 80% of cell damage is achieved in the VSV control row and
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25 Sanpl e desalting About 35 pg I FN-(3-1a sanples

(Control IFN-(i-1a sanple and bul k test sanple) are
desalted by dialysis (Mcrocon 10 device, Am con, or

equi val ent) versus acetonitrile/water/acetic acid
(40/60/1, v/v) at roomtenperature (about 150 pg

I FN-13- l1la /m final concenggation). 30 ES-MS anal ysi s
Positive ionization ES-MsS analysis is carri ed out on a

M cronass Pl atf rmLCZs

spect e?erl;%r} a%%1 ﬂ?c)es &t?tg " m PF%%%%? otf the IFN-B
desal t edstamlmtjésll mvﬂ'!ehaage ommlfmﬁhpmqn diletednstandbard 45% for
6- 10NI / o.the el d . r.ce. -81- The nmss
spectro er %g"‘ét!ﬂ"r 8?‘2?2(#%%@@5“@& ninthe niz

r ange tiod cffdfes24r6 Gtainesd witidthespedific dge MJ Tt he f ol | ow ng
settings: |lIar | t age vIta
36\9'50@8ur @ g}‘rpe fat ﬁ“}e %9|8 aiﬁ’gc 'fhe%gg%ggqu ¥ t%g%matlc

is carspéetcbphutonmtnc;mdmgragsgzom.600 Da to 2400 Da (for

39015 oA 1 A S i o s

pr oces;empgteapcbgﬂimQﬁuthbiSmﬁmfe)nul tiply charged ions
erfornmed using the Mass Lynx software (or
sP"e‘Hﬂﬁ];b‘T'gnt) ES-MS results interpretation A (
The EN-Rarbulit dontainkenatriess thae 80 EIORM/epect r um shows t hat
the M5 peaks (terned Ato F) represent distinct
al ycoforms that can be gathered into 4 maj or glycoform
drife ma electro igmigatien aia -ES-MS

e R 0B, 3, et 1 B e,
andlzed dlydESyvIStofitbe indatbt indletiubd ydireg @ quadrgpale nase spectFometer.
Pro%éﬁ}{ 21793 Non-sialylated B 2A1SIF 22084 Mono

ated A 2A2S1F 22375 Di-sialylated C 3A2SIF
Thetedt meth?:ﬂ%ﬁﬁsiﬁisnﬂlw follavtingistepg2S1F + 1 HexNacHex

r eloeat1) Desalting of the IFN-B-1a bulk sample,
2) ES-MS semi-quantitative analysis of the intact glycoform species of
[FN-B-1a using a quadrupole mass spectrometer.

The intact glycoforms are identified in the ES-MS spectrum according to their expected
molecular weight (at the range of 21-24kDa, where the protein chain MW is 20 kDa).
Afterwards, the glycoforms are grouped according to their level of sialylation (non-
sialylated, mono-sialylated, di-sialylated, tri-sialylated) and their relative % abundance
is determined according to their relative peak heights.
Sample desalting
About 35 ug IFN-B-1a samples (Control IFN-B-1a sample and bulk test sample) are
desalted by dialysis (Microcon 10 device, Amicon, or equivalent) versus
acetonitrile/water/acetic acid (40/60/1, viv) at room temperature (about 150 pg IFN-8-
1a /ml final concentration).
ES-MS analysis
Positive ionization ES-MS analysis is carried out on a Micromass Platform LCZ single

quadrupole mass spectrometer (or equivalent) by direct inflow of the desalted samples
with an infusion pump set at about 6-10pl/min into the electrospray source.
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D 3A3S1F 23031 Tri-sialylated E 4A3S1F and / or 23400
Tri-sialylated 3A3SIF + 1 HexNacHex repeat * 2A =

Bi ant ennary conpl ex type ol igosaccharide; 3A =
Triantennary conplex type oligosaccharide; 4A=
Tetrantennary conpl ex type ol igosaccharide; OS =
non-sialylated; 2S = Di-sigiylated, 33 =
Tri-sialylated, 1 IF = Fucosylated. 20 -82- The

em -.quant | R I [ f ch.of, the 4 '
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Daldmdss einpisirigeitie ddlipavirigosatingsHei ght of peak F/ Total peak
hei ght 00 % Mo jpal.xl ated gl ycof orns: Hei ght of
Cagiia gteds 2, peakB%Sel.‘-Sﬁ%‘L x100 5 % Di si al yl at ed
Cogt yoltdge: ns: Hei ght 86Uf peaks (A +C)/ Total peak
hei ght s 00 % Trisialylated glycoforns: Hei ghts of
So %gggm?fféﬁ“%/ Tot Zﬁ'@baé& hei ghts x100 with the total
peak hei ght being the sum of peak heights Ato F.
Pl e note.that the unlabelled k out 4
T Rae qUruSph g atfed UL 25, RS BORY 6B A 2400 th dor

mybglobinhiaed 11D01662408) D2ARBIFNIEN (et @ typickl scamrate of @bout 10

term nal nmethionin .S not ken into gconstderat| . .
soq i Hissa et Pifosa AR AROEURYT of BT BpigBRions
perdérnicdNisiglihe Mdss Liyex sdftwapé (drtequivialent)c i t y bei ng

controlled by a separate bulk purity rel ease test

(N-terminal truncation, N-1: NMI 6% . Specification
ESSy8oesulisimterpratation t 0 expected | FN-(3-1a profile (%

A Biakelah a0k Aot oAb IR LS ool R A
F) Bppresearit yiisaﬁpetdgl_gd:qugfsothat carb be-%aglﬂf%ac_i Tmto ;)45 i'ma!jqu giycmifbér; groups
2ol gefies o SiyRtion o SRIFRho EICEABBY,

Tablecifsi Glycafoamsi chservecbin the ESsMShspesitainb bfi iFNsBdiani ng.

L

la

W PR | Rl 2t e ar oa of ERRECIER, cof I ogatn
nmeasufed by densitonetry. 25(0R)ocedure Sanievel
S Eko§ 1E 21793 Non-sialylated
B 2A1S1F 22084 Mono-
sialylated
A 2A251F 22375 Di-sialylated
C 3A2S1F and/or | 22739 Di-sialylated
2A2831F + 1 HexNacHex
repeat
D 3A3S1F 23031 Tri-sialylated
E 4A3S1F_and  /  or | 23400 | Tri-sialylated
3A3S1F + 1 HexNacHex
repeat

* 2A = Biantennary complex type oligosaccharide; 3A = Triantennary complex type
oligosaccharide; 4A= Tetrantennary complex type oligosaccharide; 0S = non-sialylated;
28 = Di-sialylated, 3S = Tri-sialylated, 1F = Fucosylated.
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| FN-a- 1a sanpl es are concentrated to 0.7-1.0 ng/m by
using a centrifugal mcrocentrator unit. GCel
preparation and isoelectric focusing: 30 An | EF 5%
acrylam de gel is prepared and washed after casting in
order to renove all unpolynerized acryl am de. The gel
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range 3-10), 10mM glutamc acid, 10nM I ysine and 3%
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. ?%ﬂ@omfsd&létgd @ry@gbrrﬁs aﬂ%igr&fw peaK ItBﬁT@taqbefakEHefgmkﬁﬂbﬂ are
en a ed as dro on e surface
¢ gl D'S'SEV%‘P& glpgolepaps: F@'Qg‘é’%&s}@ékﬁé’* 1o Total ggalo heighigar 00
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pﬁhe&ameékéﬁlgﬂégﬂagﬁh%ﬁurapf p%@ﬂ*ﬂm \jo F. Ar o d N
PIekREDRote Dthat tEQf&}ﬂéslélledVKns lo&Bk Oé‘tegbéﬁtanm 4 (Figure SPA-1),

rotelnsml\g yacry &ilsmc udlng:lsoe ectric
correnearing e Nstefningl 6wa?teéa o @ 2025E dihl-Brla lacking one

terffiith i chétHiohine U A8t @R@ﬁﬂﬁt%' &rﬁfde?éﬂoﬂnlbr tHd cﬁcﬂﬁt&l 4P the % di-
and R-250, El ectrophoresis, 1988:9:255-262).

sialylpind iahveefosms LidFH--dar &enlavals hinst Topily fRing3capirolled by a
sepéﬁie%mpu ﬁ)bgé?é&ettéétr(l-téﬁnunélltﬁﬁx&aﬁ&ﬂ NIpIIT 3 er

Conput i ng Densi t onmet er l'ecul ar nam cs,
Spgeﬁmle'a with an | mageQuant 3.3 program and ot her

Spe8fsh @bhfafRs fdxpeaicAIFNBefesrofiRl (% peak heights);

i ntegration/cal cul ati on of roesul ts ; or equivalent
Noﬁcﬁﬁ'g diglycoipsme; ot moredharp® The el ect r ophor et ogr am

MoMLHIERa Whicioniis: 6 sgbopanpl e i sim lar to that
he reference house standard: 1. The

th
D"élaé’@t?‘?)g'bfﬁ‘?f&%lsﬁm%%al ned consists of three main

TridighNia®&d Afycorngs. 8 —48%containing a total of 5 to 10
bands (excl udi ng the band at the | oading point) and

confornms to the band pattern obtained with the

h. rl%&élé&ﬂﬁﬁo&hﬁihﬂa-rIEF 2. The five major bands, assayed

sSIto shoul d fall th r.oups
Th%htf\hh 118 159 X ¥39’92§eﬁ%{8¥99 8y '“QP%*EPrﬁ&g?'%@ﬂ%d'sua"zed by
CodhfResib b stamingl ThE®I of BHedsdBrméIsothen Bompalsd ltotthdt oted PRB.

The pl and the area of the glycoforms is measured by densitometry.

Procedure
Sample preparation:

IFN-B-1a samples are concentrated to 0.7-1.0 mg/ml by using a centrifugal
microcentrator unit.
Gel preparation and isoelectric focusing:

An IEF 5% acrylamide gel is prepared and washed after casting in order to remove all
unpolymerized acrylamide. The gel is then reconstituted with ampholytes (2% final, pH
range 3-10), 10mM glutamic acid, 10mM lysine and 3% glycerol, placed into a
horizontal electrophoresis apparatus and cooled to 15°C.
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REFERENCES 1. Derynk R et al., Nature 1980; 285,
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mtegrafcamctawm.a\hon)df résulte ¢ besquisil@itiequipgmnt). and an

antioxi dant, and xi) a bacteriostatic agent, an

anti oxi dant and a surfactant and further
Specification

The electrophoretogram obtained with the test sample is similar to that obtained with

the reference house standard:

1. The electrophoretogram obtained consists of three main groups of bands,
containing a total of 5 to 10 bands (excluding the band at the loading point) and
conforms to the band pattern obtained with the reference standard.

2. The five major bands, assayed by densitometry, should fall within the groups limits
shown in table 32

Table 32 - electric focusing, specification of the isoforms

Group n° pl % Total Area
1 88-92 8-27

2 84-8.7 47 -72

3 7.7-8.1 11-34
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conprising the step of incubating said bulk protein at
a tenperature range of 20 27Cto 31 C. 2) The nethod
of claiml1l, wherein the interferon is IFN-beta. 3) The
method of claim11, wherein the IFN-beta is reconbi nant
human | FN-beta. 4) The nmethod of claim 1, wherein the
bacteriostatic agent is bensgyl al cohol. 5) The net hod
of claim1l, wherein the surfactant is Tween 20. 25 6)

REFE%E'N%#ﬁ’d of claim1l, wherein the isotonicity agent

ol. 7) The nethod of claim1, wherein the
ahn PenakiRl et al. | Naturec1980; 285)i54P#%d7. 8) The met hod of

L g P, b, e 3, T Rl e

man Qlytophathion &ffettelnhibitioh oxssdg rfor indenfaroh,' dm iMethod&0inlBizymology,

o YA AR Pt T, At Prebo NBw VR A8l 700

Bri MarlaDiF et al.,| Bret.iNatl. Atad. Bk UrSuhpsi (18) 5662-56@6 (1984).
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bendyViedl d08 | 37a@85-768e anti oxi dant i s met hioni ne. 14)

The |ai = acteriostatic
aé]ge#Eig%ag_léﬁjz'ﬁQgﬁ’clgﬁéﬁ %eﬁé‘parﬁagal dant is nethionine
and the surfactant is Tween 20. 5 15) The net hod of
clainms 1, wherein such incubation is carried out
before or after the prefornulation step of claim1.
16) The nmethod of claim 1, wherein said incubation is
performed during at least 3 hours. 17) The nethod of
claim1l, wherein said incubation is perfornmed during
10, 16, 18.5 10 or 24 hours. 18) The nethod of any of
the preceding clainms, wherein said IFN is maintained
at a pHrange of 3.0 to 6.0. 19) The nethod of any
preceding clains, wherein said IFNis present at a
concentration of 10 g/m to 2000 g/m . 15 20) The

met hod of any preceding clains, wherein said buffer is
present at a
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concentration of 5 mMMto 500 nM 21) The nethod of any
precedi ng clains, wherein said isotonicity agent is
present at a concentration of 0.5 ng/m to 500 ng/m .
22) The nethod of any preceding clainms, wherein said
isotonicity agent is presegt. 20 at a concentration of
55 mg/ M or 150mMM or 300mMM or 600mMM 23) The nethod of

CLAME preceding clains, wherein said Tween 20 i s present

1)

2)
3)
4)
5)
6)
7)
8)
9)

10)

11)

12)

at a concentration of 0.01 ng/m to 10 ng/m . 24) The
nmet hod of any preceding clains, wherein said
anfimethddof piepapmg a estabilered dulkcenhatontaf @t Monoroéri@pi@iein which

my/md .t 5. : ) y preceding
TS PP, s B e,
coap gmoviding oha bk 20 megbdmieri¢ pro2dd imaybuffer spijio lemdnet hod

of _an recedj LR, i r ' V.S '

or BE g Eer b8 ol el S P BhNIE sbiedrop he
82 ngfrodp cmsbéAgng/ mM . 27) The nethod of any preceding
cl ai ng, wherein. sai. inine is present at a 30
concnﬁtrata\ %anCt%Pi%gﬁg%%i or 63 ng/mM . 28) The nethod

of any precadiactpntl ai s, wherein said bacteriostatic

agent...i s aq};ggstgﬁi&ﬁg%%e%tconcentrati on of 0.01 nmg/m to

200 nmg/ m od for increasing and/or
mai ntig@i ni reg ahiabiakidt y of a nononeric protein

conpr.i.sing. the peihod of pre-fornulation of the bulk
of savl)d p%&%ﬁ'ﬁ%%many of 35 clainms 1 to 28.
vi) an isotonicity agent and an antioxidant,

vii) an isotonicity agent, an antioxidant and an amino acid,
viii)  an amino acid and an antioxidant,
iX) an amino acid, an antioxidant and a surfactant,
X) a bacteriostatic agent and an antioxidant, and
Xi) a bacteriostatic agent, an antioxidant and a surfactant and further
comprising the step of incubating said bulk protein at a temperature range of
27°C to 31°C.
The method of claim 1, wherein the interferon is IFN-beta.
The method of claim 1, wherein the IFN-beta is recombinant human IFN-beta.
The method of claim 1, wherein the bacteriostatic agent is benzylalcohol.
The method of claim 1, wherein the surfactant is Tween 20.
The method of claim 1, wherein the isotonicity agent is mannitol.
The method of claim 1, wherein the amino acid is lysine or arginine.
The method of claim 1, wherein the antioxidant is methionine.
The method of claim 1, wherein the isotonicity agent is mannitol and the
antioxidant is methionine.
The method of claim 1, wherein the isotonicity agent is mannitol, the antioxidant
is methionine and the amino acid is lysine.
The method of claim 1, wherein the amino acid is lysine and the antioxidant
methionine.
The method of claim 1, wherein the amino acid is lysine, the antioxidant

methionine and the surfactant is Tween 20.
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13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

-86-

The method of claim 1, wherein the bacteriostatic agent is benzylalcohol and
the antioxidant is methionine.

The method of claim 1, wherein the bacteriostatic agent is benzylalcohol, the
antioxidant is methionine and the surfactant is Tween 20.

The method of claims 1, wherein such incubation is carried out before or after
the preformulation step of claim 1.

The method of claim 1, wherein said incubation is performed during at least 3
hours.

The method of claim 1, wherein said incubation is performed during 10, 16, 18.5
or 24 hours.

The method of any of the preceding claims, wherein said IFN is maintained at a
pH range of 3.0 to 6.0.

The method of any preceding claims, wherein said IFN is present at a
concentration of 10 ug/ml to 2000 pg/ml.

The method of any preceding claims, wherein said buffer is present at a
concentration of 5 mM to 500 mM. |

The method of any preceding claims, wherein said isotonicity agent is present
at a concentration of 0.5 mg/ml to 500 mg/ml.

The method of any preceding claims, wherein said isotonicity agent is present
at a concentration of 55 mg/ml or 150mM or 300mM or 600mM.

The method of any preceding claims, wherein said Tween 20 is present at a
concentration of 0.01 mg/ml to 10 mg/ml.

The method of any preceding claims, wherein said antioxidant is present at a
concentration of 0.01 mg/ml to 5.0 mg/ml.

The method of any preceding claims, wherein said amino acid is present at a
concentration of 20 mg/ml to 200 mg/ml.

The method of any preceding claims, wherein said lysine is present at a
concentration of 27 mg/ml or 55 mg/ml or 82 mg/ml or 164 mg/ml.

The method of any preceding claims, wherein said arginine is present at a
concentration of 32 mg/ml or 63 mg/ml.

The method of any preceding claims, wherein said bacteriostatic agent is
present at a concentration of 0.01 mg/ml to 200 mg/ml.

A method for increasing and/or maintaining stability of a monomeric protein
comprising the method of pre-formulation of the bulk of said protein of any of
claims 1 to 28.



