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METHOD OF STABI LI ZI NG PROTEINS FI ELD OF THE | NVENTI ON
The invention relates generally to a method of
worepaning a stabilized bul k solution of a nDNBOEEPL005/052413
protein by providing a bulk of nononeric protein in a
buffer solution and by adding specific excipient(s) to
the bul k sol uti on. BACKGROUMD OF THE | NVENTI ON
Interferons are cytokines, i.e. soluble proteins that
METHON S sTRAEIRE ﬁ]@@mﬂs cells and play an essenti al
rol'e I'n the imune system by hel ping to destroy
m croorgani sms that cause infection and repairing any
1El DS riHed N Interferons are naturally secret ed
1 S and were first identified in
TheThe rinvestion; reletasvaeneralynia Remethod ?%afepeﬁag & siablized buik
SOllIIt‘OW&r 4 ﬁ{oﬂom\ﬂhﬁ rﬂ){)d’tbﬁ'\ RRdirRRd | 'bQIR &ﬂﬁorﬁﬁrﬁ&i&pfow’h in a buffer

erferons ex antiviral
soliatiomn gnddiyi 4dsting spesifi a@chDIEﬂS(S) toyihe ik 5%‘&#'@ of
bi ochem cal and i mmunol ogi cal properties, the

natural |l y-occurring human interferons are grouped into
BAQK@LMQMEAHM&_MNT erferon-al pha (I eukocyte),

. nt prd eI gkﬁdegr P& dflble prateihd Rt irandit ﬁww@ges between
h

I nmune -interferon is currently a P
cellshenwnmlaseoaremse@tlaérfeleoﬂrhéhe cioIRNg Systeay %the'i""g 0 destroy

‘ ml%&@ 1% éﬂét %Sé%ﬂ@@dldn hey 'Féb’Blrﬂwg éﬁﬁﬁﬁ&s@ﬂlhgwmafge Interferons

ar cona cancer conmo flict
arquaatw@ﬂy searefeddin Cﬁdcﬁ?!'%@aﬁ wass Prskttastin 1552 n&fjeir name is

de@éﬂq’f] e(fé\l:t[ﬂ%t)the)ar"rqeﬁ&é“)ﬂitﬁ vlﬁﬁﬁeﬁcaﬂﬂnar&l predadtiont s.
interferons (1 FNs) a }/fc rotei.n ucg

by {nierdsesy SKhLR bofib ASi e e i ere qcunty: HILHhe Bosis of

blobﬂéﬂr*?:hf %0&1 ﬁnmﬁhélb@ib?lcﬁ\‘bf)é’rﬂegfthél ratsafy-octuping Ramhan interferons

t | ;
arg Breypgd emire]c: Iﬁl%p& gr%fa;)pr rﬂaﬁﬁg\fl\}g {gte eégrg %Jpﬁ% ee{\eedkggytfteg :f'ﬁtlefflelgjn-beta
(fb'rgtmaétfgh@ GHlefroRd8mhd Hﬁmme?flilﬁﬁé invafe?@aiswain@up rapacbved in

ran other viruses., The
theslg@que@,ta%@dfqteer gouglriep fag %e g&a@é@t ¥ﬁ6|%ce§lplgldkeég|a venereal

wats! Koty saicomdl étcﬁnééitdoiﬂﬁrﬁcﬂily amlicting patients suffering Grbmt Acgyuired

same or a closely rel at eci es first
imgwio PefogH SXIHIES (HDS): R FOE PGk Tha) Popiten | 3

ant iFyiHEP intéitoRN LIFNEY @ ghfdobioitéing roduced by the body in response
to a viral infection. They inhibit the multiplication of viruses in protected cells.
Consisting of a lower molecular weight protein, IFNs are remarkably non-specific in
their action, i.e. IFN induced by one virus is effective against a broad range of other
viruses. They are however species-specific, i.e. IFN produced by one species will only
stimulate antiviral activity in cells of the same or a closely related species. IFNs were
the first group of cytokines to be exploited 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 [FN-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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The three major IFNs are referred to as IFN-a, IFN-D

and I FN-g. Such main kinds of IFNs were initially
wohemsgiifd4ed according to their cells of origi NPCT/EP2005/052413

(1 eukocyte, fibroblast or T cell). However, it becane

cl ear that several types m ght be produced by one

cell. Hence | eukocyte |IFN i-& now called | FN-a,

fibroblast IFNis IFN-b and T cell IFNis IFN-g. There

“Nah'%l "S&h allrté)‘(’iérﬂe& Wﬂﬁn ‘ﬁurlh&’%l IyMﬁ&hQP'vﬁﬁél@'s@ehﬁNo produce a

uce l'ine (derived from
mlxmQibctthiellksi%ﬁﬁéﬁ@ﬂbmhhist:'ﬁ'\lseens to produce a mixture

of ARl At %&P&PGM{ Br ﬁ{&?rnéﬂd?faphh@?dr |ht5h1eroﬁf(€1 d)rnllﬁ oreitinational

unit or nternati o unit for interferon
unit) bas beercreperted agla maagure phE-Naeiyity dptiadep ‘?Hé‘gga?%ssafy
to &%’tgtbg %’P‘%Sgt /OYHOe% del eé%éiﬁq Wl WBfha E‘\??’Ir‘l% d%@gﬁnaﬂﬁ?agrm l*‘%e used to
memaploah’faﬂty rmVleMthgﬁ‘dP @f&cgé'@&}loé asawas Aesdr peq Ryipjgstein, et

?@gﬁ%ﬁm&u epf @Ctt?t'é?h'@B‘i) 3R tlﬂ§~°a%!iv1?’a$ a@@éﬁfdrhﬁ!érferon about 1

instern letti, P.
unitireisal) unterlierqmlsStharquavtltmeca@@@y 1q erockike & PPN ISTRE! af S0%.

ThéJUﬁlfc{ Fo dteinfihéd tn/ﬁ e%t %e%@ﬂﬁdﬂbﬁal%ﬁ#&ﬁ stahdard for Hu-

e a cytopat of 50% The unit

IFNelmt@ previded bM th(h Nat!@l'pjﬂ d,ﬂSt'tUéesc pidigalih dPesika.oh é‘lggﬁ)ef erence
[
ek W AR S o s

proti&dti of asirglengesever al  di st i nct types. IFN-b and I FN-g

C1 QLB BN cBRARU b B Bf BelnBitivorse Grol b Ring about

Ooc are the nost group
15 gpabarinrags alsusterldt IFMpegenethar ehromogomk s tcontaifing aieast 23

meRpetan pEvhict 15ro8s geve s itk M fre Ik afe noalEsated.
ar ejF@lo, QMW | b @l thd Ed¥he MhglndieEFdN-186 antina atids)with similar
samslen lg:thor 166 am no _acids) with siml

blOI@g@labngtMﬂGSa svi efeeti6 Amie. FFids B e ich PRETEIR thene and B
oot PGS SpScead i 20855 kit fnRlision o
klllerﬁTelrmZﬁilmsefndw tvipes of tm;ap@tlcmg@g@l @Wspyp@@%fcalled biologic
oo JBIEHENSE THRRE Bt ) B8 58 bt MOl pores of o
organistrhte theiwmrsaffemng recognitjom Vigrimmyinprmedulatien-
PO A B SR R o U9 s

natardl Kilen celis againstmeaplastic cells. It is a polypeptide of about 23 000 Da
induced by viruses and double-stranded RNAs. From the nucleotide sequence of the
gene for fibroblast interferon, cloned by recombinant DNA technology, (Derynk et al.
1980) deduced the complete amino acid sequence of the protein. It is 166 amino acid
long.

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

Mark et al. (1984) inserted an artificial mutation by replacing base 469 (T) with
(A) causing an amino acid switch from Cys — Ser at position 17. The resulting IFN-B
was reported to be as active as the ‘native’ IFN-B and stable during long-term storage
(-70°C).
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natural killer cells against neoplastic cells. It is a

pol ypepti de of about 20,000 Da induced by viruses and
wdaonisiie7asr anded RNAs. From t he nucl eoti de seqBREMER2M5/052413

the gene for fibroblast interferon, cloned by

reconbi nant DNA technol ogy, (Derynk et al. 1980)

deduced the conpl ete am no dci d sequence of the

pr ot ei n. is 166 ami no acid |ong. Shepard et a

glgﬁég t@dﬁce%q &hn%iﬁé’r{t' maﬂ inRERoBAY tﬁ@féie&tr dev-éldpment in

posi t at abolished its anti-viral
lntemmmthegapyafqdmaltlplgrscggﬁ@sng (N isninterfepondEN-bekar 13 fproduced from

malii Iféﬂtdeﬂqﬁﬁeglﬂl? %cr?ilwﬁéendgﬁrlﬁte?ﬁatﬁhal N&Q?@pnbfb?ﬂ\laﬂ% gNN) is

) artiricial repl aci ng base 469 (T) with (A
Intedfeoinrbgtaahia’anmi no acid switch fromCys (r) Ser at

ggts | %'evf? g‘s é{ ﬁ)ra—tgﬁ\ l%aeséal ﬁﬂaﬂﬂet&uﬁtﬂsv‘@ﬁe h?é}&r b9sladi® th&t mbst be

'stabl e durin
overoorge tirethe usef dichd-. Qeta(nscg theeaneutie }ag@rge\sdh% lass gof pharmaceutical

util@i@%ﬂ%érﬂ%%@lt BYARE ih&t G‘lht&% ?I‘i‘armaceﬁtﬂﬁl ioﬁh@laﬁons

I'ninter her a mul ti
scl E’hyrscal (neBybilities  ithat e threaten IPPKGPBW&% a_pawgl pAnsh Rffierey i
ph JOAeIY Q??C{QFBIJ (ﬁ‘sl s dehéﬁxrétﬁﬁoﬁﬁﬁnﬁﬁﬂatlon of soluble and
T |ona

propri etar
|nsblubteeagg1regnte$;ewla¢le1mem|p@| insta lllugq mglpgg é’lyﬁt%dmlde formation,

ox@gf?cfmc%%iact@h and’&@ar?ﬁia@l\l_ @Qﬁ{eadfhﬁeste%fan&bsére%own tolead to

ver Cone i n ta as a therapeutic

thea@esu for réductioe of mmw@n@utmbe@mtz &f the P'I°FQ"9/ of iigrogt dn other
mﬁ pr%&ggbh’é bf‘ﬁ%g? b*‘lénrgg%éa'di‘e RRIGHOWRE B the #&sulting degradative

I ons yS| C [ities that threate

prqmdc’gswptatlw eongideredl tg barphagmaceutiesllyi waﬁm‘ﬁ%l% &yeite Q}e potential
for ﬂd@%}aﬁé Qﬁé {:ﬂg&% ude denaturation and formation of

e and 1 nsolubl e aggregates, while chem cal
i nsTabi stabilizstion raf| eikPepfidrsoiny BRayMacetical FRMARERIQNS, remains an

ar iinqmlélﬂglﬁl élﬂf&%r@érysod"maj%ﬂ fbiél @@Wbﬁé& b9 Wancg‘P(fTBQQf Int. J. Pharm.

ese C es are | ead to the osor
1856aBEBBD BN ARd priansenc 41988 af- Kereniptl B¢ (Reh. 42:53-526).

Exe;o%tn@} ﬁ’la? reI d2da8 tpol r%)pﬁpﬁﬂeh&‘arﬁﬂéélﬁlcal Bﬁnﬁléﬁé‘nsﬁt@ increase their

ese c es are unknown

stabdéwllndud@ u@@r&dwgacse ﬁwf@afaetSs agHRo §P'idr54 P%'M%‘E'V'ﬁe? &ycpls. and
pojyT e? u’n 4y ra%‘oiﬁﬁh# ggé’%{féf%gfgitégé'&h&nﬁ:ﬁﬁaddi’tlv‘ebﬁlaﬁﬂﬂ@mnumg on the
proteln

Current protein formulations employ the use of excipients to final preparations
of proteins. However, these formulations remain in part unstable. In addition, proteins
that are biologically active as monomers, i.e. monomeric proteins, have a tendency to
polymerize and aggregate when stressed (e.g. temperature stress).

Consequently, there is a need for a method that improves the solubility of
proteins and enhances stabilizaton 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 buifer solution, and
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The stabilization of polypeptides in pharnmaceuti cal

conpositions remains an area in which trial and error
wohkenssi1z48aj or role (reviewed by Wang (1999) | RCT/EP2005/052413

Pharm 185:129-188; Wang and Hanson (1988) J.

Parenteral Sci. Tech. 42:S3-S26). Excipients that are

added to pol ypeptide phar madeutical fornulations to

increase their stability include buffers, sugars,

%z 5@&5@95 SxcifiBhi8 tREbER, wiRRbinehd &J«ﬁ;ﬂ@ntgé ¥6letted fidvitithe group

I but' the stabilizing effects of these
chemrts:ﬂtmaeﬂu tives vary depending on the protein.

Cur g ent ng&t@h?stgﬁgégéln@tl ons enpl oy the use of

exclpients to final preparations of proteins. However,
t hee foasurfagta®ns remain in part unstable. In

addi"irersan %ﬁ;n?dng%gbhlat are biologically active as

nono . noneric proteins, have a tendency to
poI Mhrer i E@awaﬂg@regate when stressed (e.g.
r at Hﬁﬁ Consequently, there is a need for
hod t hat roves the solubility of proteins and
enh‘alhcesammﬂlﬁlﬁﬁﬁﬁ?ﬁﬂﬁam@ﬁi@?ﬂ"c prot ei ns

par Ly gcu' ah Ls\’)t %anﬁgafaﬁﬁ@admaﬁ@dn@mma@al zati on,
t her éby enhancin helr r pharmaceutical utility.

SUWERY aF amipo ?WEM’?OR“W?“@?"\*# rst aspect, the
| VBT OB Bifid 863, dh AoRREGind AREiiapg 2 St 2b | zed

bul soI ution a nononeric protein, the nethod
confs)} i si ﬁgj’ap’fﬁé'o‘:%tﬁ%ég%'ﬁa“ﬁ?"@“tﬁf"?ﬁ FBE a bul k of
mongeri g b%EféhSétﬁtlé H%étbéﬁérﬂfoxﬁﬁhwdd@sumnﬁb) addi ng

an exci pi ent to wher ei n

sel é’tﬁ@@t@mdﬁﬁt% grateip c@p RS be dpcubat e({( gt g specn" ic Temperature
ettt Plefdrb 8p Litdr the AU adcbidiry BU4hé A&t ééﬁect &ii the &tvention.

isotonicity agent, iv) an am no acid

ant imya gaeAnd \appecg,n the; inveRtien tR‘i°‘éi%"esnta ae?d%gnulated bulk protein
ob@iHed®y tHé Rfethod according to the first aspect of the invention.

In a third aspect the invention provides a method for increasing and/or
maintaining stability of a monomeric protein comprising the method of pre-formulation
of the bulk of the protein according to the first aspect of the 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
FIT 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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vii) an isotonicity agent, an antioxidant and an am no

acid, viii) an amno acid and an anti oxidant, ix) an
wamsaiaasd, an anti oxi dant and a surfactant, RETAP2005/052413

bacteriostatic agent and an anti oxi dant, and xi) a

bacteri ostatic agent, an antioxidant and a surfactant.

In addition, the bulk protePn can al so be incubated at

a specific tenperature either before or after the

met hoQdngd GseH Mcishté® at Dg°d for St haisd) e tafrd bblemmem:h @etected
In a second aspect, the |nvent|§{$%§'dow

pre-f &TWPW%QEOB@ fo Bravkepre-fanm WhiG t"l’?@ %Wﬁgft RT for 2
accor gipn& 4/ Hed ihbusdtedaPo9tC @r 151800RY €At GMioukth cdlumn of

third aspect the invention provide

i ncr e 260 get@ﬁt@ﬂdemwa?rmsmﬂ% %?%fgrw'g? It Wg'ch%ﬂté‘?"?’%d ina
pr ot e'b%}(wmhbﬁ i@bhien 0O brab HAUR. FRjumeR @biresponds to table
t he bul the protein according to the first aspect

of thdlinvention. DESCRI PTION OF THE FI GURES Figure 1
Figure. QerS@ILIPEmeIt@bﬂ Jond BalK Sdragles ArbE2mTOCEdUr €.

Figure 1 refers to the thermal dissociation

scal e Figuse 8departsihed:ab ptale Thermal 8@6"3\%"? ﬁeesugaptg%‘%gflﬂer 2
I ncubgi @pc1&& BPSEMPIE Gbattk YRxigrafdrdfo thered beroentage The X-
bul k-interferon stabilization

Dbl e agis ratars L thorgBeate L RSO ShiIPMoE Sk SabRBREs. dimers

AR T. dri fidHdinetrs! $RO kst doh&d—ébe@@ﬁhéte&é@rfﬁﬂh is the control, and
Di ssociation results at 29C after FI'T

exanp|cEmeRonRdo R Bulk oro-rHBten wich v SR et T igs 7 hours

The Xapfgs tHeff Sfoved %tthecdﬁhécéétﬁbnﬂ OécﬂBmﬁf ofr elich Flstdntdda form
la, i.e. aggregates, The fi

col unmFoeseRNds e éd 'é‘@l‘@ nE’HPHlP{'%" Y"HE‘ c‘%?ﬁ WBY" grﬂﬁrRS'I for 7 hours
COr I eSRRAIMHSN InuBatbd bk29Csfof 05 Aodire! Figire\@éafespesds foaald 12.

e o e Ui 0 el A g oo
bul k- pger fienmul ati on whi ch was thawed at RT for
o ARG 2R L F B S i wrn
pr e- f QhélHatdd AM29MT &kY IlswingaMEd” @icldRTheor-alis refers to the area
percentage. The X-axis refers to the tinie in hours. Results of figure 4 are
present in table 14.
Figure 5 - Kinetics of thermal dissociation at labscale F/TX1. Dimer percentage 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.
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hours and then incubated at 29C for 15 hours. Last or

fourth columm of each detected form corresponds to a
woneosfiaraasl at i on whi ch was thawed in a bat h andgcrmemos/052413

i ncubated at 29C for 15 hours. Figure 2 corresponds to

table 11. Figure 3 - SE-HPLC Results of 200m Bul k

Sampl es After 2F/T. Figure Preports the Lab Scal e

Thermal Dissociation results at 29C after 2 F/ T cycles

of exarigle 7 keprddunitsrthadchemeiof i dtady bbeangre 2 which is focused

per cent age.. The Xa refers to cted f.orns .
P11 PR Buimizalon o gledricyPaien BL-A AFEEE: &6 Ay Mepdiacturing
The fi sisps aohithe %Cﬁchadbhﬁdttﬁ@l fihalr dosage titven ¢RDEY storage in

and corresponds .t.o l.k pre- Iatlon ch S .
F hawedoer e RIEYoS & siptiivafl itk drfedeBineipiay 1ha sohg i also
SeCOﬂddmhbwuﬂder%écﬂ’bm@Eeﬁéﬂin;ﬁlézm corresponds to a

th t RT f 7
Fighi i St O pror i abal sty BE S OHE B hour s Fi qur e 3

COr I eSPigafés 8t Feprédeings 1ﬁb sEh@ue eofdthe b’thdyatdfcsxample 3 aimed at

t hermal _ di ssoci atl on C E/ T
por conPBZEo PRz SN i FMERgiRea s WG HPs two diflerent
per Cenin@ﬂfédéfvdlo | ILﬁHmbﬁtnm domend SE-HRPL@ fentHeagasuretient of

O LGl P hoheE el eaions Y bR o

hour s. sdResid “B%|%fde‘sb®e"dam4!eﬂ§&tlbh§6ﬁlrﬁnd 612 bhbkamlé 3.

Figure 5 - Kinetics of thermal dissociation at

| abscale F/TX1 . D mer percentage over tinme. Figure 5
DEIMMEDUEGRIPEION@R:’EIHE&NVEITIONh | FN- beta l1a over

T hao AR 43560 T % R robaftd £ §gboa b
soruﬁéﬁbﬁa tronbiverit prateinthb estisod Eemprisiry thé sfe'pgunf e 5 ar e
G ey ot Bk ol ioplr B Pelain A BiTrRBop At nt age
b) adding an excipient to the bulk, wherein the ex0|p|ent is selected from the group
consisting of:

i) a bacteriostatic 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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over time. Figure 6 shows the aggregate percentage of

r-h I'FN-beta la over timnme when incubated at 29C and
wéabdsawraag 1 F/ T cycle. The Y-axis refers to tReTAPEW5/052413

percentage. The X-axis refers to the time in hours.

Results of figure 6 are present in table 14. Figure 7

- Schene of prefornul ation Study for exanple 2.Figure

7 represents the schene of the study of exanple 2

sto}’%éalecéi?:g%@ O RMoGNHE VHriBUS Bldges that Wkl p@@taﬁnr magtfae@ndaring its
r-h - beta la during manufacturi steps from t
ifefsme urti ftp ienoSl. (6. (bONe, AWingBesh Ger SHorp &3 Djﬂy %‘P%Cb gf the

pre#_ﬁnt% ioh & LS bReodobh@Rddt tieevhrioub %&ééﬁe@rtﬁ@tf the phﬁéla or the
eme IS al so described under sec

protsia fsmeliation may anduge durisgyisrietispe- Jmeﬁo%tﬁwfeaﬂpa o8irg dyt only at
maﬁ%gﬁﬁﬁgﬂhﬁa@o aftrsH4pBriationt SoRfRMHNY d&%@@?&ﬁ&séﬁ t he

stu exanple 3 t
of  The nvERGOTREs SRcRmERSRRs (1 HabUzed, Pl pplsangy T mefiod of
thef éémﬂﬁwexﬁdrp%lsbxeau@d E@qsﬁﬁméffed%aﬂd on and SE-HPLC, for

€ nmeasur enent of | FN-beta 1la nome | evel, after

st albhe i teee | “gre- f@Fmt“ﬁgortﬁJI“?r?'Fl\f-eﬁ%ﬁ do feppulg %180"@'"51958 bulk

. n .
o 53 A sy e

lowering ragaragatian @nd aligemerizatignputrlsp mclu&eecﬁ Wae% of deleterious

pro%la?% s sfcRdad kidafidt, WdaidAtion 2D A@N&UchC tHy ptéébﬁt lnt/éﬁtlon also
conprlsm?ythe stesof rowdlngo I[\
enesTmPASEIANY ol BEPF I Pracesspt.cas lra{ #F Jhese HH"’B?ses ave an

ﬁé&bﬁ%ta%ﬂltyedﬂh@hﬁﬂbnfeﬂcb%daul k, wherein the excipient

Is selected fromthe rou consi

bac{TEpiteyat Huripg ghsage” |$ rg red{o 7 ggﬁng%(tlon or p}mgﬂsmon that, once
prepaficd N fdtlivinRaRfdly abiMinitéredd AGuBRICH Rather, following preparation, it

is packaged for storage, either in a liquid form or other form suitable for administration
to a subject.

By “dried form” is intended the formulation or composition which is dried either
by freeze drying, spray drying, or air drying. Aggregate or oligomer formation by a
monomeric protein or any other constituents of the pharmaceutical formulation can
adversely affect biological activity of the monomeric protein, resulting in loss of
therapeutic efficacy of the pharmaceutical formulation. Furthermore, aggregate or
oligomer formation may cause others problems such as blockage of tubing,
membranes, or pumps when the monomeric protein-containing pharmaceutical
composition is administered using an infusion system.

The term “stability” refers to the relative temporal 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, chemical, and conformational
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, moadification 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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v) an antioxidant, vi) an isotonicity agent and an

antioxidant, vii) an isotonicity agent, an antioxidant
wansan7esi no acid, viii) an amno acid and anPCT/EP2005/052413

antioxidant, ix) an am no acid, an antioxidant and a

surfactant, x) a bacteriostatic agent and an

antioxidant, and xi) a bact®riostati c agent, an

antioxidant and a surfactant. It has in fact been

fouﬁd"&é{bléhepréﬁ%hlﬁﬁéﬂ tdhadne ifherbmbithé Zadgred b degradation,
performed by the addition to the bul k rﬁte g
mordrﬁcar@nea@r@gﬁiroeni@wé biglagiaal FEHVY PG e: o | rerﬂgegpst erein is
acc??tfaﬁﬁ}t ARAldLC Qﬁd Qé’essﬁcﬁ*mc!réééé driac6apratsty Wath tifiear t i ng
e nonent that one or nore excipienis a
t o Theotepn$ [zst@bruqeg, refende @ mengagricRre gja {qmp{qgon con‘iarnrng a
mor&)&ﬁé% Bilokei! of Bl SreBei Snvehfio® Which! shows- iflerehdatbor/ad mkidtained
atient. Thus, stabilization doesn't occ
staprhiytreph@t%mgemgm PEgiriB gh Emutatens, RrSPaIRY 'Qttﬁa @@S?'?(th of an
excﬁcéﬁtpefsoflrgblaséﬂaﬁgeﬁpﬁd&g& iothel btk Imdriimeie protein of asformulation

fore, during and after storage. The
oont@mngdwe)momar@em@@m invention is thus able to

COURL /58§ theh?ﬁ fﬁ@rfeﬁH Is@blifRgeR tdut mtéi@d@r@@éﬁly rwith’ “reducing

the protein fornulation may endure d uring
orladk eréveBingriRvEioins eGaTPBRIDA 135K/ CBC ERRUEIgH O B'Pﬁs yPreyenting protein

dgg{é‘ﬂ&é‘ﬁ&n“éﬁd?& @éﬂucﬁrg?& p’r‘événhﬁétj1 SBgicgatds Formatioar ag@’oﬂi‘rdducrng

Ivery processe I
andlorpseried RSB Fodlch rasHEnSRHE PVETHE Breaion andior
“redjrf&fr?g" h@Br PFEv%ﬁtr@Hrc%ﬂe@5 @orﬁﬁtrﬁhﬂ ahder h’éﬂrlfcrng 1a"het/ol‘ @raventing

ormul ations' herein refers to fo

deamrda@pm,amglq; [ﬁgugrngrﬁq@(%rpr%veﬁ\trag dhe, delg{e&rgpis |elff§&o(ff any kind of

protcF én Qh?dri‘oﬁ’féi'ﬁ'p?étérﬁfb’i fdrfnulbibn @ahmm@rﬁme b nietictpesten”.
owering agg g_atlon and Q,Il merizati o but a

i nchnaéermSheronpgrp s°rof“°B%'I"@'c"%rrF BPi%‘é‘g‘sh%‘U&qu%{g a single

pe&}&eq;]\rahon deam dation, etc. As such t he pr esent

n t I
:or X%Eg g%&sa QZI?q p?aé?rg:p?? lﬁi@ g? ﬂ%o?f@ §r“§u§€ néc}pmrg &rotern or

“buffk] of iRPiohbeRé p?&érn”?éf@ﬂﬁériei‘n U fiecstate diha pgretem or monomeric
‘during storage” is referred t

progelp N G, RREaCNo B, suBEFEd, © oo PUGALaNS: Spps of the

ma?lgi?cglrrﬁ%;%rﬁaeéso bt Siebiyetto tiatihar forinalationd steps, which allow to
a
prepare the “final’ dosage form” (FDF) or “pharmaceutical composition” as finally

packaged and distributed for sales. Thus a bulk of a recombinant protein is herein
considered to be the product resulting at the end of the purification process, but before
that this product is subjected to the final formulation steps. In other words the method
of the present invention can be considered as comprising a pre-formulation step, which
allows to obtain a pre-formulated bulk, which by the following addition of further
excipients, will produce the final dosage form or pharmaceutical composition. Usually,
the pre-formulated or non-formulated bulk is stored before that 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-betata), a
stabilizing excipient is added to the eluate of final chromatographic step, which can be
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i s packaged for storage, either in aliquid formor

other formsuitable for admnistration to a subject.
weypodsdnvaasl fornt is intended the fornul ati on OPCT/EP2005/052413

conposi tion which is dried either by freeze drying,

spray drying, or air drying. Aggregate or oligomer

formati on by a nmononeric pr8tein or any other

constituents of the pharmaceutical fornulation can

for @Qﬂrﬁblé‘% éiz@&ﬁ&félorpbr%ﬁﬂtoﬁ?épf?C(SEW) thersih réi’éﬁeﬂw asESEC-EL” or

. r ot el n, r esul gln 0SS thera eutlce
S ¢r§L§’h aitharlerp ainG Sibirgtes (b It Sieh RSt Sitet & Hilon step
(se8f5>ga| in ftr% gaké O{ﬁengﬂc%pfe%eﬁttshmésr:m @;tdpeas tlfeu phl'lfcatlon

% t ubi ng, nenbranes r ‘ﬁ
pron@dwaelln ® lpﬁrop'eﬂfﬁam amfewgeﬁha c“éﬁ?’g}éjtgﬂrap y tec““'q”es or
se;%ﬁée}mé'lﬁétﬁadé ﬁma?%@ L{Heaté% IR | 'sf&) 3n otHéF panmfauanr ateemds may

term " st abi refers to t rel atf]
be coRIREWBI 1o ROl €8 RORRFERY (P8 Td PUGIRELRH Steps this
sh&i‘ﬁc? 'b\z'rfoyméﬁ ﬁﬁntRﬁ@fs&bﬁb &t fhkéC;Br‘éééhtaﬁ\‘iérhaﬁ dé)/défﬁ@eﬁtfyl th term

ctional definition. The term "stabi

“bulfe peateint. oA Hengamssﬂ@astab@ﬁem exipientnig e B, 5, gprifation
procbdlte! Wnktder RRE Qﬁfﬁatlaﬁ 'rﬁélﬁo@(%) indye bb it as em‘ootripassed by the

present |nvent|on (1 ncludi ng mal nt enance of. bi h
prqgentemyo\tlon nist @‘M“I'Q"@ yihe stabiliging EXAiPiSNES. Menioh ﬁ wese"t
mvBﬁthleQ Bbeqtlﬁﬂélcédde@ a8 '2fik! fshuRitiord g DeYat] husn thef excipients

protei n_nol ecul estoformhl%her rder p Iefs
comegseyaba@y@ aFPBn campeprreseand dR d1osg 9@239’?@ %Jﬁ’\é o 'the bulk

&g{j@gﬂognb&rno@nycéggm struct ur al rmdi fication that

reduces at | east one biolo vity of_ a , .
ronGAelieoTs BT o1 islanrtet: fadsas, ol R I paufsubunt
protéih QQVF?\ oebOmBE BéIySEptide Thaine. MR EbRJomdriteprdiegi”de sometimes
egradaf’i on, nodification, rega,tlon
refgired tsga%mpr%temn whare twp ar Mo > P ani(srar B HQﬁ@P%&"EW&P‘é‘i‘en"“a'“s

Thl'e%tg prerC&Hnréﬂléa%ﬂbe aﬁﬂngiﬁ&ﬂﬁedﬂOt i ncrease
unaccept ab tine. The terns "stabilized" r

to a rmndme ppidiyrreversifleo mog-qoualRDl M3l Aigamarsh;l '5195 trimer,

nonomer i ¢ pidabRieR ¢.) the present invention which shows
i ncreased or/and nai nta| ned stability relative to

monomeri ¢ plresversitie B‘P"'P@fﬁ‘ﬁﬂtﬁl'gmsprepared in the
absence Qf ag, SXfidb&RErsde.glbRGIgsyd herein added to

t he bul k mononeri c grotel n-or a ?orrrul ation containin
t he “Mulliovesici profeinb isedlescriptive of a protein composed of several subunits. A

“subunit” refers to one of the identical or non-identical protein molecules that make up a
multimeric protein.
“Oligomerization” refers to the chemical process of creating oligomers from

‘larger or smaller molecules. “Oligomerization” is also referred to as the process of

converting a monomer or a mixture of monomers into an oligomer. The term
“oligomerization” also refers to the formation of multimers of individual protein
molecules through non covalent or covalent interaction. Oligomerization can be

reversible or irreversible.
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As used herein, the term"stabilizing" is used

i nterchangeably with "reducing or/and preventing
wonRotsaitTr4gggr egat i on” and/or "reducing or/and PCT/EP2005/052413

preventing protein oligonerisation”"and/ or "reducing

or/ preventing aggregates formation" and/or "reducing

and/ or preventing polyneriz®ion" and/or "reduci ng

and/ or preventing oxidation" and/or "reducing and/or

pr e’i"l?é"fe'rrﬂg‘ Hkﬁ\%hé@(ﬁﬁ) dE&UrBS icRmicanagtions’ t‘hdﬂﬁﬂoﬂgoe polymers
/ or ti ng deam dation" and/or "red P anh
by @peatedtcpﬁ@lnaﬂ@n aEmenempets s realedend of 'aéﬂﬁymk’r eng” e process
of &E%ﬁﬁ‘ia %r\%ﬂ{@ BPHRiktre SfPhStdmers inft® BIPalydidron

Ing t nononeric protein". The t
or Thertemerjaggregatien’srafers atomﬂ'n% Jomaation, PE &lg@ﬁryn&ecu ar-mass

speﬁl?gg{?%nweﬂkédﬁ RERLEvalerl Cadirdtte U kihalérObgedics. OEspemaIIy for

e protein” or "bulk nononeric protein
protefing, kaggrega’c@nnﬁn anfarmc oprdsngiuratione fre Whigh d190-RARN furfaces of

sec%fnaérg d cﬁur@%o ? ntlﬂfs %F’ﬁélic%s PARY Gi-Ehodld CGRat@drmally form

een su ecte urifications steps of
lntradnelendaumactrqnsganprane @geed wuhm g injerior 1of thenrotqim, gre allowed

to ngé%lj ﬁ\& Rﬁc’ec aggsand"% Cfﬁ n?lljr\QWanécﬂlEzPﬁ@rrn% R arel @@}hetlmes

ar maceut 1 cal rrp03| tion"

insélublal |Ty1epmrmsgém<uutued.vgrsuﬁbmowler”oares&p@f@tlmﬁusef%rfed to as
fus ']
resggétt&ﬁ& gl?e(\)/ ; esu X |%P§alllt9é #g@ éb‘?’i@é &ncél% be efifed &s large

ollgomerlblmlnmsptmms(for isamplerraere thamy{ O-rqﬁr)s @gg@g@t@s j could be
’e"a%mdgﬁﬁ“ﬁ %llgte final formulation steps. In ot her

od of the present invention can
condhel e:rwnw\@otm shoulg net pedimitad-y dhe gafi @t'%’ﬁ “ggaregrtion”,

“ag?l‘%q%‘(%s)ﬁo ;Eggl ner( %) g; ul%ﬂ?'(kf"t egligsinkrizatahth "%ﬁlﬁrﬁ@nsatlon

'g urther excipients, wll produce
mmlhmefm:”n‘édhgdmsag”e“mmﬁr@ﬂtmhawhaf@%nﬂ*eeﬂef B'Bﬂ'ﬂfomav ign Ihus, the

scop) U&I tbé‘ k?e%éé%t Hﬁl At iﬂ&.ﬁ ﬁ& Y iy b tBseabrAs Brbi ahy‘v theory

oretatt fornmulation is e
surmundmgt thea cBhsaimpotant fssue cﬁ éhati“‘aggregates cAnd %lléme{fh gfan be

dlsﬁlbﬁ)dfsl‘@aq}n@ é}hdtlﬁafr %?Lq@t%dﬁoﬁ haxsshs Eid. B@'—ﬁﬂL@P G‘Jshélﬁfby separated

to t ormul ation steps but not

disfieguishable signalsiecd by segatatecpeniscsachof BimRrak fofespendingsither
to Q@éﬁ%ﬁas P ¥RBrh&S. LIRQ\RIE? h@SRoridinete fofim o '\El‘bteﬁrh Rofrésponds

I nant -human 1 nterferon-beta la (r-hl FN-betala),
to @ peacissiuniqUierdptermingsi Radk- i s added to the eluate of

fi n%eocgfrﬁ’ WBLAG %Phbﬁysﬁil@d?@all (S8 REBPT referd | ®lltions of
co%lpglgyiesx &@%S}ggn kg]vcno r{gt !(J)e rs%?e for pha?mac%%c%l norr %t%‘i-.ﬁar?, use in
formulations and that have the effect of maintaining or controlling the pH of the
formulation in the pH range desired for the formulation. Acceptable buffers for
controlling pH at a moderately acidic pH to a moderately basic pH include, but are not
limited to, such compounds as phosphate, acetate, citrate, arginine, 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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"SEC-EL2", either before being subjected to a

filtration step or just after a filtration step (see
waxzeosplizay. In this case, the SEC represents tReTfEPo@mb/052413

step of the purification procedure. In other

purifications procedures, other chromatography

techni ques or separations net hods nmay be used at the

final step, or other purification methods may be

nfm *%Qe&"ﬂir@ﬁcﬁ* Quifdises 8t kndin é@rﬂﬁhﬁbtlm meEfidralifabls isotonicity
uriftication step; this should ans

agentingiudub e 1 IBVES B am i 86 BhPRISIe Erhedb )e Pabamin),

salt%e ) %Hiﬁnprcﬂfo%g) aar}?{; rsh?&@. asg.l hex&bed)i hadhid, sucrose and

i ent 1's adde he purlflcatlon rocedur e,
Iactvm%)t teserably dheyigpionicity agent iHE@RBIY's) nay beIO it is

en Cﬁﬁ?ﬁ?ﬁ'\egn@é(xdd?ﬁ fef§ o' éd?N;ﬁﬁuhU Qﬁat dr@véhiﬁ Iokygm; ort theygen-

sta I ZI ng eXxcCl pl ents nenti oned

derivad dieeiradicals from E‘tﬁ%‘é‘“ﬂd’\"ﬁh@he’aﬂﬂ’éﬁﬁws E(gqt‘o&gpnts are among a
nurﬁ%&r_rrai' leRLi| @ﬂts(df)m:rﬁonl)? Q&@ed tb%aﬁ%éééﬂu@élts?stéﬂfﬂlble$1ﬁdn¢61pliys10al

orres ond hose that were added to

and lﬂhleﬂmaéf QiahthatAfﬁ'ﬁX'dmtﬁ A added sloq mininizes pr Rhd oxidative
proc@ gmrdcﬁurmnﬂ{ Sdrfe dRlgs o lexEipidhts upth expesureas @bd]gen or in the

fers to a nultisubuni't protein havipg two or

prep@nqep@@tfr@% terligpis. These" BIcaBRsT Ican pPReR; BP GatalyZed by light,

n'fob%@ e'TQﬁ(dF A b8 SednefPatdnP (ppéRinBe VFefracd Whetals HDrperomdes
its are identical poI et| e ins. Thre
Suffipseshiofiies, | GomEsa DRinang.c gl airyienAgamyinigeacetc aci

(Eﬁa&) %Kﬂét&y *Hya o?%'@ltﬂﬁé‘ (Bpml and b&tWétéd wd@ﬁwrﬁsole (BHA) are

trimer tramner,

frequantig ghed en entisjdgaifdn Srudso §8F"é€\'t egfh bR BPen k°é‘.“8 fo enhance the

actifé,'itg YrfdriesidantV byt btBkiting MeiRi Pns ithatdReda | dlhemﬁse:)éatalyze the
tein conposed of several subuni

ox1d@tpcm eeactipn r{\éosgfprgﬁqagep Fagoxidant ig rmﬂ;gpnln&e%ni] e)ggants are herein
alsB'r ﬁgarilrgjrgg ﬁtﬁﬁlhiﬁst h?t make ug a EUl timeric protein.
rrzation” refrers to the
cr eMsathigniae cgs P@r%’eﬁrﬁ rﬁ'thﬁr Beits Ege 5 ?%Ppéﬁg'l%e'gﬁﬁagtsform Any
stefddiSHn&T (i.&atii, a,” od EL%@&eﬂ%ﬁﬁkﬂﬁbrﬁﬁe amayt be usedoesthe qfresent
convertihg a nMonomer or a nixture of. monone
megqdyeyfermulation qfthejnvention so long &5 me hioning 18 present h As #2e base

form or its salt form. Preferably, the L-stereoisomer is used. Analogues of methionine

may also be used in the present formulation of the invention. The term “methionine
analogue” refers to a derivative of the naturally occurring methionine. The methionine
analogues can also be used in the present formulation in either their free base form or
their salt form.

Increased and/or maintained stability with addition of antioxidants (e.g.
methionine) occurs in a concentration dependent manner. That is, increasing
concentrations of antioxidants lead to increased and/or maintained stability of the
formulation containing interferon-beta of the present invention when that formulation
containing interferon-beta normally 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 formation, can readily be determined without undue
experiment using methods generally known to one of skill in the art.
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"ol igonerization" also refers to the formati on of

mul timers of individual protein nolecules through non
woavaliem4s or coval ent interaction. O igoneri zaPCOMPZ@E/052413

be reversible or irreversible. The term

"pol ynmerisation" describes chemical reactions that

produce polynmers by repeat €@ conbi nati on of nononers

to make long or |arge nol ecul es or the process of

CO”M%T tdrRO“AclERBoERE" n%'rer@ t§1 X cmPodid @%ﬁﬁb&ltlblﬁ% added to a
ymer. The term "aggregati on" refers to

pol
formdatinn itonadf ani gheant CEQ‘S'@| A%eRhsA SfRsered |‘f§?'ifﬁr9n gataining
fon@gaﬁlfhnofqﬁé( ké'é@ht ﬂd&ﬁfeﬁ%&eﬁblﬁﬁ%b&e&atﬁw bﬁ‘egulatory guidelines

peci al proteins, aggregation is
for eRservRtive: GRECHVORRSS HOn o8- ,@omsfmg%rf:'@&see\gafaiﬁ %H%earemduct
Exaﬁdﬂlé’é:wb&? eridtalics inthsde &ﬁen%i helcreses REdsH); 8lvesdos, dnitRberesol,

orm I ntranol ecul ar |nteract|ons an

bertmlrale@hqm allsylparaben (melbyt sthybipropyd, bytyh and,th \ﬂ@?a"l’?’gﬂ}é‘ﬂ"'”m
chl&rﬂﬁe' 'Héﬁ%&ﬁ&mhﬂt ?’ﬂéﬁ&ee%kiﬁﬁ{ HeRlodcetdt€rdnd thimerosal. Preferably

ecular forns that are 'sonetines insol ubl The

the thactesiostatie cigant is"baneylsaieohol JRenzviRtcorpleis R PRI herein as a

staﬁﬁ{ grred to as respectlvely irreversi bl e” versus
reversi bl e". Aggregates can also be defln

ol i Gagriari “qurfeetant’ relesrolol arsobble WBPO%FH% ée é%%a?Hfface
tengiBh 'Sﬂléw s %’%Sﬂ@s(?ﬁterfﬁ@iﬂﬂ ©n86n R¥ASeH Moellqufds or a liquid and a

non-co resent |nvent|on sho

solid; Hiet sufasg tensionibeingithe fiee oGiG: ace A% 1igid, tending to

mlnprﬁﬁgr BRALRES ) of thePlsuBaERT S)JrfactaﬂilyI ha\f@rs(oﬁ)ehmes been used in
rgomeri zation", "multimerjsati

pha'rmapgl@jmg[ ,f@rmu|atpa§,y meluding: Aglivery :ﬂ%d?\g\,@g}jep“l@r mass drugs and
pol?ﬁé\?tlaéé iR 'bPddraRy n*i&iw?-mé* ﬁbsdrbﬁbrﬁﬁﬂﬁé delig bhits deleeynto the target

nti1on shoul limte e

tissugg. Preferablysther siiagiant is hugsn ?ﬂ@f.%@f’?ﬂﬁ%‘e r“@%ﬁ é)r?tkéYably, the

ke Bﬁﬂﬁéreﬁea erch métd Ky, tRé BurRf:tatit 58 Twas™s 2ed
SUrShe né#??ﬂ det ect i rgn érr‘gtgflﬁé sy (te. g" SltE- H;éLC eh

usuZhe fertn” amp;aaqd "agfers & amgminghagid er 3 cgmgingtio Obamw acids,
wh?:%%ﬂf@@@n BRAYS acn&%c Brebnt éi@hepwits #eb rlﬁ%@ JoEh B nreité Ba&it form.

egates or ol goners. L|jkew se, the nmononer
Whege mcofnbuneéwp obaeine adds edisedall eidhg aﬁv@;ﬁges mﬁycﬂ?epresent in
theﬂ'q{]%rslfgg ggrln{r}g %F ﬁrﬁﬁéﬂt ubtﬁefr%alt férns, or some may be present in

theirdteet hasadormis W@{ﬁp@iﬁgrggrg Prsont o thaib Al PGS Ereleredagpino acids
to BRARTRE PHidehBhettlod \G? ksiuldion of 8fe présent invention are those carrying
a charged side chain, such as arginine, lysine, aspartic acid, and glutamic acid. More
preferably, the amino acids are lysine and arginine. Even more preferably, the amino
acid is lysine. Any stereoisomer (i.e., L, D, or DL isomer) of a particular amino acid, or
combinations of these stereoisomers, may be used in the present method or
formulation of the invention so long as the particular amino acid is present in its free
base form or its salt form. Preferably, the L-stereoisomer is used. Analogues of these
preferred amino 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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formul ati ons and that have the effect of maintaining

or controlling the pH of the forrmulation in the pH
woanmgaitasi red for the formul ati on. Accept abl e POUEP2I0S/052413

for controlling pH at a noderately acidic pHto a

noderately basic pH include, but are not limted to,

such conpounds as phosphat e,13'acet ate, citrate,

arginine, TRIS, and histidine. "TRIS" refers to

am%oaé&@agalbdﬁgsoéﬂér@e@ﬁh -the Preden RS & formUKtib® irfBi¥her their
har nacol o accept abl e salt thereof . Prefera

frob Rseiogm o theicSeltfoeh JARR G AGs AL s AP tfortgi 1o 36 Stabizers.

acceps aRlifo §é|H s) uBBd 'inh B prieiseitt Methgadr’ foﬂnﬁjlﬁldhodjmﬁé nvention
that 1s h SIO ﬂ?‘l cally tol erated and

proseis b clNeFReSHERhY L GCiEr FPNAPBIIR RORBSHIEIRNR RESHR dhereby

incldaRINgObr/4Rd ShaREifAg Qﬁb|||ty”6ﬂhh@nm§nérhéﬁc ap”réteirﬂ or formulation
contact wt t he or nul ati on. l# such

confipingrthe mosomessrsRieln dusieg the, Pfegmew BL% 5189%@95? PratRjuipefore,

duﬁ@fﬁd‘éﬂé\*é’c@ﬂ?s@e) Pidvsin, gel tbaR |“§crés%°tn@m|d§$ Mt RO®ifmited to heat,
but are not 1|mte am n acid

fregzing, d?l'ﬂ)’Sh% ggitatign, y@qlq@oaf dglpm% sudageSe S En%ar freezelthawmg,

pres8iel el Ghe@R) . prignelic ¢8ApBuRds, Jdenallf%itt 0%ts. The term stress
manni tol ,” sucrose and | act ose). Preferab

encaspRassesiany faglonthatsmedwatesofi e TORUCER W%’t‘? &K Be[rgses) the

stabfityedSa IrRoforRéHB) Prétintdial foPharBan Borftin@@the (monomeric) protein.
oxygenderived free radicals from.interactin

Incgraren Suslir EIRIRIGNGAFLARIY it SORUEN TRy SR AR ogpurs in 2

coﬁé@hkr@h@%épéheamﬂée{n@dm i, mcaéwrrg&muémteaions yssamma dotd lead
enhance C¥SI cal chem cal sta t ] OXi

to dncisaredendcr FainAZd TRDI, o 8 BRNENG SrilPl: Bt 2o Driulation

cohtBRing?& %HnoWlehB pi&&ﬂ Sithe §rééénﬁm%rﬁioﬂm/h?emthaﬂmenmem protein
to oxygen or he presence of free ra

or Ffp%ggtg;gs oelatﬁlrmg élpfatb@oggngpg 2‘58 etw qorrg%ly exl?nblts aggregate or
oligSn&abmhatiof in MEIaREABe 0P themiao atil D@thrmpfaﬁena pEtheafmount of a

paft{q:ﬁ!ég pg\g%oa::aég zq; gg ﬁjrﬁgxurgg\eigsgqlrftlnge%ﬁéd or fo rmulaie 51 of the invention

to %g&b@@t@g&%ﬂ eF gg regatet foﬁnéﬁdrdtr(eﬁchrdashgl mbaderic protein
r oxyto

uene and_hutyl ated h

staBtiap) U etes ws%am)éaf te S i, B Justimo of e
movrRferic Jrdldin, Bas rétﬁﬁi béméf@fnﬁrmdemh ang @atthalaaatdnmrrteyic @fotein of

ant i oxi dant S b che ic 1 ons t hat
BRI Loy FyRTISN Ueite Rt Jonetily SO B O sl inthe

arpref erred anti oxi dant is rret hi oni ne. Antioxidants are
hereiLn al sg eferred to_.as .stab& eI Si
Frozen “storage™ reférs to freezing and maintaining a previously aqueous

monomeric protein preparation at a temperature below 0°C, preferably —20°C or lower,
more preferably —70°C.

“Freezel/thaw cycles” or “freeze/thaw manipulations” refer to known techniques
for using a protein sample in frozen storage, wherein the temperature of the sample is
raised to a level which will restore its aqueous state for a sufficient period of time to
permit use of the Rampie, followed by freezing to a temperature below 0°C and return
to frozen storage, preferably at a temperature of —20°C 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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Met hi oni ne can be present either in its free base form

or inits salt form Any stereoisomer (i.e., L, D or
wOkodssiemEs) of mnet hi oni ne may be used in the pPESAERR005/052413

met hod or formnulation of the invention so |ong as

methionine is present inits free base formor its

salt form Preferably, the-14stereoi somer is used.

Anal ogues of nethionine may al so be used in the

of thé ﬂ?ﬁi%h’\ﬁ?’lﬁ g%{lai?lt BRI oft diker o, ilrgj?edlé'ﬁtg or @b ounds that are

anal ogue" refers to a deriyvative
alsmaddedta theoeidk rPFCPtﬂ'Q aasordingnicthe ARECHERYRNGAR- nﬁhus the present

mvémlﬁl'\oig Uste Qﬁrboﬂ#e?%t&ﬁhtys(@% gy FJ(‘J@ClﬁEeéﬁMr 'hﬁibﬁmbaibrrﬁétlon of
t her free base formor their salt

ohgbmeree as evelbag /aggresates) 49 Al dthet %RSFFPQ‘{“QSMPQ?N%&% Et PaﬁteB?Stat'c

agehd, iS5k {n‘ﬂ@iﬂl éﬁérg gnd(}ghg' %Hd%@ént@%défp?edt@ véhich are added to the

cohcen rati o nt manner | NCre Prga
bull anearding 40 ‘thﬂmre@entanverﬁlf@n c?é\ﬁlt\gh'%a/d' 'P%'ﬂch@%é%gl? | dosage

forft o pRE&mIZECDiG g&ﬁgéélﬁéﬂ of the pﬂftelh%@ iss@é.H loder Q\Fbrds stabilization

contalining I nt ron-beta of present i nyen

s conBarachaat anly feukhe (rnwmt%m@tﬁ@ byt alsq & Hi8 B/@%Oée formulation
cor?&ﬁ ﬁg tthé{ Hbrhﬁﬁé)a[géieﬂ?t,&gﬁ?eﬁ tioA LGh e topfyotdriprdRiise biological

ence Of e anti oxi dant
activiy ebuti ﬁ@pl tgadofto t iniectiam usite dﬁa@\‘i’“ﬁx?%n'f“"@‘éw@e"ec'ty through

dev, erjﬁ:\é?l@bf‘ﬁautltaﬂzﬁﬁaHﬁtgﬁlés”(m% ).present fornulation of

nventi on to decrease OX|Fat|on

oI i Goenpresent eé@faplgs finayshew, thak additiony of pargular rexcnplents to a

e Bty s ot

of thegueremeyia protein feraulgtionihy areg mlalb ggpg Ifqm'@hon of
poliﬁ%ﬁﬂe %g doatdtul grt 'dﬁ?oﬁ\@rsacdunﬂg Hazamt stoke! edrfanld repeated

reserved f
LA U A R AL A TR TR T

eﬁécﬁgﬁ m"‘E&{f&mﬁ@ 's@ﬁll #5a (1R6ndthesd) prétbin\e seofrdlatioretertaining the
commercially viable nultl-use product .

(mWQNQ'ﬁ'nbact eriostatics include phenol, mcresol,

| |
aI ¥ 'Tﬁé g“?’é"b gﬂ&ﬁ ?Ls;f)&ﬁiéﬁ T Qéferéol%rlm! tp;@de@@ byl Wthh protelns

ek, PR e ORI % SRsEton g AFERiBiRt it BHP RN imultimeric
for@ocq' 43 HEhrHERRRh f!:{y&hé1 %Qtldmd)ﬂ@ﬁ'?ﬁﬁture Re.gf @indes wf & Ipeoteln are
acteriostati c agen

benz

comerignde metaTATE MY SRRSO 2 SPaiY (EFeral Ry [ Gfolah in the
fomﬁulérui)ﬁ% Hidsent o httigle rultBbi® GOy timeatic, ed)c®bermal

dlstsogat?ol#\r flsa(t:heus effective in converting or dissociating all multimeric forms to
reduced multimeric forms or monomeric forms. The present invention shows that
there’s a correlation between temperature and dissociation of the multimers. When
subject to thermal dissociation, a formulation will comprise less multimeric forms and
increased monomeric forms compared to one which was not subject 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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tension of liquids, or reduces interfacial tension

between two liquids or a liquid and a solid, the
weundsae®4g ensi on being the force acting on thePeUEP2ADMS/052413

of aliquid, tending to mnimze the area of the

surface. Surfactants have sonetines been used in

phar maceuti cal formul ati ons15-incl udi ng delivery of |ow

nol ecul ar mass drugs and pol ypeptides, in order to

dlséq%%ltlfﬁ( ahf Qi<aBSiatidH 61Qhe O-f'neH" E@hiplesOindich® tHS théﬁ‘ﬂial diseociation

target tissues. Preferably, the surfactant ﬁ‘
is nasdy @ffg(:ngﬂt@ng thefirghlgurs %ﬂv@r@al&l@o&@t@n qq%reac ing a certain
point™ bé‘l‘\et BiNatioR H@%Hééﬂﬁéﬁeﬁﬁ@e ﬁYéi‘ﬁ\améﬁs%o@iéﬁcfrﬁrsﬂdetelntémmf c.
surtactant is Tween(tn) 20. The term” am no
Setting arlequate paramaters lieitamperalure ang; diatigfhiop@ %ﬁﬁlﬁ&af protein to
€ pefoRh&ES BY the2iaR &F artiu
A K et Ak it Rt
corwenﬂmnahteﬁbrmqm-s amino acids is used;' all of the amno

aci g é?#tc%? 'Fﬁeth&:ist Q% rkn&ﬁlﬁeb)b@ﬁ@ rhdH 168 arBltd dekermine
be resent intheir salt fornms, or sone nay be present

degradathwm prodyate suels as Regiegation. |°é<'®t'ﬂrér%eaé'i'€attﬂne gleayage, surface
addofiich %ﬁh&t{l R&turdtioR! € éli‘%dlnﬂiﬂé"%rﬁﬁtlgﬁ trOnétiidn] Bt r&abmty-

preseh or orrru ation of the present invent
mda;a@ng heethodar ingludg. abwhds gaef dimited cﬁ%el gk , £Rrf a%nance *iquid

Ch@on%tg%rggl?y #Ng‘.@? snféigﬁﬂﬁdldh @-PPL@) (9BG), At %F‘Wlﬂ‘i@)@lt denaturants

am no acids are |ysine

sucir 3¢ SD%e gugméwmrb\% ?!'r@’gé'f"ﬁlﬁOi)’e“E Rethg ‘W&P'%\EFE" mobile phase),
revgys% ARRPft APEe! SRRBIxchand? - HPLCD eIQétrchorészEhydmf)hoblc

I cul’ar”am no aci , Or cCo |nat| on
mt@fa@tmoucbmmt@granw (h¥C)y sainity, hrRMaPELeRRY: @éﬁ@%&& disulfide
redheﬁcm%vﬁﬁ 'réuhcm‘g ééh%tés?\&%bé e8I él@ctlrép"lﬂaréﬁs tdapmaqréleawpaoresus

acid resent inits free base formo

analyicel ffapeniEiugee ighl §oatieriaa . 1upiite Gesomand 4o, Foncentration

s@aﬁﬂgb{@%&ﬁbm@%‘ﬁﬁilé& &drebé erf@mmyﬂéirﬂrar tidhidisra) fupréstence
resent nethod or ﬂ':il tion o
a

(intringie nand Ay d"PIﬁEOl?'ﬁ rRFPEe RIRYNG)e i gfRdror éjf'ftqr%"t'?b sganning

cal ﬁﬁwbﬁgtmﬁ@ @k Bt ofH phradUiar xepisnt on mmcmtdm aggregation
ui tabl e argini ne analﬁg%ues i nc|l ude f or

or eOMABAIATAT DR RRloNABAGE oL B e AARDS REsqytls, mpRgmerc

prd?énﬁJ?éél%nadVeFﬁméC' ds, theam no acids anal ogues are
used in the present method or forml

O e s PP oA AE) ST S A0l Gt ooy o

mo?écﬁllé?eé&hrﬁb é‘hl%ﬁ"la"[(ﬁjr@ﬁﬁye%mrﬁsal‘ét @d¥igriedewith aTbm'oasrmmnx that
aci d(s) used t he presen or nmu

ring maiRalRS SAEIEY AT e REHE SERaM B Eet BTGP s 1] xEluded and
clBR YREHT A BoREACHFAdiIeRIS @36t fof mestsamplicdtioneby

The present invention will now be described by its different aspects.

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
b) adding an excipient to the bulk, wherein the excipient is selected from the group
consisting of:
i) a bacteriostatic agent,
i) a surfactant,
iii) an isotonicity agent,
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i ncreasing or/and maintaining stability of the

nmononeric protein or formulation containing the
woumsner948 protein during the lifetine of the ROMMEREIVS052413

protein (before, during and after storage). Herein,

the term"stress" includes but is not limted to heat,

freezing, pH, light, agitati®n, oxidation,

dehydration, surfaces, shear, freeze/thaw ng,

preﬁ?urean gﬁﬁ\waéﬁt al's, phenol i ¢ conmpounds,
denaturants, etc. The termstress enconpasses any

facYor tAmANGRXAANAt es (i.e. reduces, mmintains or
'nC{/ asegy idoftshicy 28kht dnd é?\farﬂlo{(iﬂﬁﬁlonerl c) protel nor a

l at1on containing the_ (nmononeric) gdorot

I nchéas edn tﬁ@tﬂﬂ!ﬁ't}’rﬁﬂpﬂ"t ﬁf‘ ﬁB@P’%qa&'B?Fql apa '?%a%lﬁl’dl tion of

an gy noaﬁ%hﬂq&w&éﬁdhnaﬁu&mntratl on dependent
manner 1S I NCreasli ng concentrations of am no

aci &) | ea8n eBING GG AANtgNEANGA SWiRCBl stability of

a ”?Porreé'b%c(éheétﬁﬁé‘aéﬁnt and ah FRtickidt, st ai ning a
monoferi c protein of present invention when that

mon¥irer i 8 bgeter '@$tﬁt'<b?95ff$rﬁﬂﬂrﬁ'9¥'9ﬁ"t&5\qtaa§ a¢nthat
"Dn‘i’ﬂ@réﬁigﬂ?éﬁ §i 6 ThFdi¥ng AbRiof Sca0 Bee Qatir Oédded at final

i goner tion in the absence of .the am
formutabipri(RRE), endorotianly ind ik of mengmetic pratein. ﬁwﬁ&f wordp: the
exdifieRs daad édhetdrkﬁ vﬁﬁ@@éeélhgé@bm%mroffn%ﬁﬁvhﬁeﬂcl ;S?Bteﬁf aﬁdlalso at

I'nvention to decrease oliganmer or a%) teagﬁ)\?e for

final fermuigtiannetereof Hip WaRREIHTTRS prasees. 35t ppee hife buik of
motnBHt%rlb ?FJt&ﬁSPI%%r%I? lthé iManoRierit Protéin igTan ﬁﬁérﬁéﬁo:ﬂlmmﬁ @referably,

ire fetine of the nononeric
they eieran ISP NehER.FYRECIIOES TSIk 1P JER S A gocombinant

[ENRb&igei n of interest w thout undue experinent usi ng
met hodsag{enerall known to one of skill in the ar

" Fr Szefarablys thegrroteinsip stabilized ppRipst aggregationar ﬂ'{géﬁ"fﬁ"ﬁ@t'%{‘

pr e pr&EEbly, wm&.&wﬁ@@géms PEAZYRAICOH, an@eatfammas Tween 20
enper ature bel ow 00C, re rabl%n 20 OC% t@V’Frhth
zonﬂ?% igpitenicifya pognt. '?0""9@“‘ ol.-thee 280, 2Gjdc e pigsted, from the group

conéu&ﬁ@z R t i9§IWe P frginid Qiifl’ the aitiokilaki dgn nietiibrineju &seferred
for dsin protein sanple in frozen storagg, wherein
Coﬁ‘ﬁ@af' F'&‘?G?“ép'ﬁ'ﬁtstaﬁ% sample is raised to a |evel

whi ch i ke sBRNRILE abék iSAHARIUS afd Gecartokidantss iretitiosing,
e 0 o iy S o oA 15 SRR an re
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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to frozen storage, preferably at a tenperature of -20

OC or lower, nore preferably - 70C. The purpose of the
wonresanty4s nvention is to counteract at | east bBCIVEP2005/052413

aggregation and ol igonerization processes (the

invention is not limted to these processes) not

onl yof the nmononeric protei-W-but al so of other agents,

i ngredi ents or conpounds that are al so added to the

meht‘tlﬁdédpé%b@' ﬁre?@r‘éﬁfydtﬂ'&lnt‘,@bétﬁﬂ if[pRHBIthed AY b@lbastT Busours or
resent 1nvention is able to confer st

durfng. g rartge ole@ feursgloARi hevrs Mere Pqu?rebb’om?ak"%??tl?ﬂ is performed
durmggagfaﬁ'a%%fa% hld 10?50 RELES 8P ARy 16 Aodvds! 16 RBUGONB.SUdIES or 24

bacteriostatic agents, ISOtOﬂICIt

housge Fve)) | m@rlebpeqfergblys e amt@ﬁt'%n ig xRariorasd stfkﬂﬁu 24 hqugs. The
mc@?‘%ﬁﬂ dafl Beh&f Fé’clé 5uﬁ§éiﬁféjbrnﬂ’tér(lhé Iﬁﬁaf&rnﬁﬁﬁlbh sty %B&dr@ﬁg to the

whi ch e included in the final dosa

firsh nepenh ©f (e dnventierpnsinat Hmitgd toné HPRRMBETE REO %?'gstn%t has, been

staBnL actier t05t§1§ lBikst héﬁédt Gf‘thbﬁn\iéhﬂf)ﬁ E:é@ ﬂe ﬂﬁ:hbél@ﬂ)ét hfly stage of
rotein but also to

I_m&'armno
thefroa C&‘ﬂﬂﬂﬂrﬂ"@@?ﬁsal &ialep Qttf'@al(fﬁﬁﬂéiﬁté?ﬂs@}eﬂﬁ ot e| n

Aggf@%akécgihdcafbe’b@t tH inte RSP provides Bl ?ﬂeolﬁhﬁ@bted bulk protein
lead to injection site reactions and

activit
obtpined @M@%@]@'@FW acrergingHo s, frs Rt ofdhe fweption i zi ng
ant |rp%d('tﬁ§i %%)theTnﬁeﬁﬁcﬁﬁ%wd@éaﬁphﬁhd“d L ﬁdéré?démy and/or

that addition of particular_ excipients to a
majrigioing stabilty of girmeramRaRg| mﬁeshcqaw'sgrggmef me@ﬁg |0 pre-formulation

of thB BLKET the prétet éé&drdlhy tofhe fitsdladPedt iof theQﬁvén'ﬂ@n mononeri ¢

protein fornulation by preventin r i bitin
D e TR inHeio vk N bpEReToRH By FUREEH SRSCRCT T doht of a
sp&'}tﬂd rﬂ&w&nﬁé}&ﬁ&o@w irEferoh, itmbrelReferbly IFNBBétét h aw

cyc es. In ad |t|on the resent | nv
{ hePReinteRagBCPEl Iy 73 Ughd Bermds; 'ngéﬁﬁo & FEREE an) Hholecute

defie@lis! dukl il theditdralafRy @Bhpﬁélng)fdﬁbﬁarﬁpléfang typesrofliFils mentioned in
containi ng the (rmnorrerlc) rotein. The term e l___

thecibowe seefion JRackaeuar of fnerlayestion. inpargulsEdEY- %J%%%ﬁq N-y are

lncf&ﬁg& % ¥ bBAe BfmitdR., tllﬂ@ Bf Qrtﬁé (Hrefgh‘é& NG 'atcdrdfhg to the present

nverted or dissoci at ed reduced nultineric
lnvémtm dEN4fo sataummraccmdammmp maepraeﬁmtomvmtion is commercially

avafghB 20 24,k I BopRofod BloBbf) b BEBraBRBISERGLP The
US@rothnﬁienferons toffi nufrannoriigin i alsosprgfesred nin aqwmnw with the present
lnvgutlon ‘?ﬁé { fl&renqgrol(i,désrﬁsred%erélﬁ,'lgﬁ\fén‘aed ?J &nol)mp-ggg 557&', functional
derivatives, variants, analogs and active fragments thereof.

The term “interferon-beta (IFN-beta or IFN-B)”, as used herein, is intended to
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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di ssociation is thus effective in converting or
di ssociating all nmultinmeric forns to reduced

woubdsimengc forns or nononeric fornms. The preseqat/EP2005/052413
i nvention shows that there's a correlation between
tenperature and dissociation of the multinmers. Wen
subj ect to thermal dissociatdon, a formulation will
conprise less nultineric forms and i ncreased nononeric

by Eﬂé 'H?re&t%ﬂp%%ehé’s@ NI, VéSamplotifeibkitiin ttéchiniRienBlitable

I ssocl ati on. “Preferably, t her mal” di ssoci atj on

thetaforpePralersad muiaing IEKAE S e OPRE JeRRBHDY: ShaPghet al. (1981)

orﬂgﬁégm%@t)ure can be inmmediately set at a fixed
erature’or let for gradual increase until

s p ny j such emytaimtrieterably iasaan seauange oekiaming, aacﬂ% sufficiently
du@%ﬁﬁ\%f thé{\b? Q*N QRicH 808 hhva b @sstardtlly Siifarlor é\ién%tt@f activity to

er mal ssociation is effective in stabil IZI

an {f%. Theobislesicat fungtias @i intesierarbisivgibinaym (0JAe ARG %9 in the
art( EP&‘ CHTG?& il Qéncha%Q ard tb%té?ﬁ@ﬁé?f‘hnﬂ rﬁ(@ﬂ'ébl@'b §hrom theakational

corr at1on between duration

lnstmuta waBmlm Standardsand Qp@@b@ttatmlrewua?'osmrgﬂl%?@'BSC)
o g@tbls%gbgﬂt Iﬁinét Setﬁhﬁ'hatﬁéhebﬂﬁm Qb@\?@%a@b' t¥eni GesdASdd. YAn IFN

first hours

asmygg@cfoapx@nplem q:qrrlgcbglétrﬁs(@sgnm PEéRHbBBfiefﬂ et @loA881. Thus, it

cart BE At thif&s | ﬁ’lef 3R} fgRehl Matein’ R8s FabstdhtiM9E 8intilan drseven a
protelrn speci Setti ng adequate paraneters l'i ke

bettesnaetivily thea '6’?4@%1!&%@"(5#‘9‘#'6? eXPRFiP@REEANar protein to

achjR¥EnLHK IFRBWhich&aR®e (He8SR badriQiteoaith maSpréserh évention, or
performed by fhe man of art using con

nueleishacid Leasiinandrseiors BakAgt cinitenstt gt SuasE t@"‘!&'u‘bsmﬁ”ﬁﬁmnd'"g
sei c@@ﬁs Qﬁbé%ftdtloh%e‘éﬁ&ég & pHyrlRoadsY Whith R&R BEGb&inelyCobtained

ation, oxidation, deam dation, .cl ea

by saner &k erciEryr Il oh ihe @ AUEOUE Haeke a%"Psﬁme'&%?'g based on the

tedcﬂﬂﬁgﬁn& Sﬁﬂﬁﬁéé)&eséﬁté@ﬁéﬂélrpn etc. Stabilityindicating
ods include, but is not limted tq

Per Perfamsedt gha_ngf@, for @Htﬁﬁﬁt'ﬁgﬁcgﬁwnf%lﬂﬁb) t'ljlneg;present invention are

what §|‘°e RNt "@BndsdRlHiveSEDstitutiohs. @dnséhiahwbnﬂﬁﬂﬁldl Sﬂtﬁﬁtmtlons
such as SDS, guani dium HCl, or c solvent in

of @gl(ygpgtld@p qrnprﬁg%nq gf H}%g@?nthne\;gq gsglnepgﬁ)ﬂow:,g@mo acids -~
withN =2l 9RhidkL have| sttt @?Oélﬁﬁlbﬁ p @b&ﬁﬂﬂbalc properties that

I nte t h t h
subsf i tsrensh emBeEs SRR BroHeswithiraserve dist iplggicg] fction of the

mcﬂé‘cﬂi’j@'lﬂ ] c?él#@ﬁa{tfiﬂsertﬂﬂislétﬂ dtbtionk &ff anfd) acigs nfay also be made in
| ary el ectrophoresis I%@étl cal, ultrac

thq ?Q}W@ %Qﬁg@qi 8equepces Witheus a{tgr Vf‘ﬁ}?ao'brﬂ?(téq“ nfyriij tf‘l(l-il Heertions
or BE1BEETRY &y inQBlve a few amino acids, e.g., under thirty, and preferably under ten,

and do not remove or displace amino acids which are critical to a functional
conformation, e.g., cysteine residues. Proteins and muteins produced by such
deletions and/or insertions come within the purview of the present invention.

Preferably, the synonymous amino acid groups are those defined in Table |.
More preferably, the synonymous amino acid groups are those defined in Table Il; and
most preferably the synonymous amino acid groups are those defined in Table IL.

TABLE |
Preferred Groups of Synonymous Amino Acids
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assay. Structure-stability studies can be perfornmed by
circular dichroism fluorescence (intrinsic and

wayadrsaptrmabi ¢ probe binding), U, FTIR and/or PCT/EP2005/052413

differential scanning calorimetry. Thus, the effect of
a particular excipient on nononeric protein
aggregation or oligonerizatil®n can be deterni ned for
exanpl e by the change in sol uble nononeric protein in
sol uti onagYiRb Adide. | n si z@ynvalmousGrddpC or SEC,

al so known as gel filtration chronnatography or

nol ecul aBe8i evi ng chr omat oGC&pHY: CHems are desi gned

with a Pagpus mat ri x that WQ,&EIH?L;{@@.@,W@S smal | er
than the pore size while |larger nol ecul es are excl uded

and el uatUearlier. An isodPafh® TyrdMeteMa! FeUused for

nmost appppgati ons. The presgptalyMenPicon Wil 1 now be
described by its different aspects. In a_ first_aspect,

the invedblon provides a mEWPoRE oflapEhp bl Gl hr

stabi | i zagh bul k sol ution ofgig TRNEGEAILC Protein, the
nmet hod conFri sing the steps of: aéegr ovi di ng of a bulk
(! )

of monomM@l ¢ protein in a BMetEyn Boele bel Vahg b)

addi ng ar@}exci pient to the Apylthe, Moeset, Iy he exci pi ent
Is selected fromthe group consisting of: i) a

bact eri od€atic agent, ii) M@uﬁ’a@h%ﬂ%@L Ligu, }Ie an

i sot oni cighg agent,iv) an amrpauesTer, 11¥)VaLeu, Phe
antioxidant, vi) an isotonicit

agent and ?_n
antioxi dd¥f, vii) an isotoﬂire’i'%’l'ﬁt’ gﬂ%'n'{%véh gH¢ T¥xi dant
and an ar@jygo acid, viii) amsaniocgsi d and an
antioxidant, ix) an amno acid, a a%i on%i gﬂ,nt and a
surfactafts x) a bacteriost%"t‘i'cysaéght B 9an'S
antioxi dg@g, and xi) a bact@y] L_gl}asg Abh,Hi8 JFHH ArgaGin
anti oxi dant and a surfacta he excj pient(s) or

(I’jé.
conbi nat iASAs t her eof can bd&PRSH&eEr d at final

Lys Glu, GIn, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, GIn, His, Arg, Glu
Met Phe, lle, Val, Leu, Met -
Trp Trp

TABLE Il

More Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
Arg His, Lys, Arg
Leu Leu, lle, Phe, Met
Pro Ala, Pro
Thr Thr
Ala Pro, Ala
Val Val, Met, lle
Gly Gly

lle lie, Met, Phe, Val, Leu
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formul ation (FDF), and not only to a bul k of nononeric
protein. In other words, the excipients can be added

wanoosaniass st ages of a bul k of nononeric prot eCIVER2@®S/052413

also at final fornulation steps of the manufacturing
process, but at |east once to the bul k of nononeric
protein. Preferably, the ne2bneric protein is an
interferon. More preferably, the interferon is

| FN- bet ap %ven mor e preferabl )(,,ettfy,e i Ned et i s human
reconbi nant | FN- bet a. Preferably, t he prote| nis

stabi | i z&#r agai nst aggr egat i ofther T¥| | gomeri zati on.

Pref er aby }é the bacteriostati gyaasst is benzylal cohol,
the surfa ?a is Tween 20 20, 'the isotonicity agent
is manniHisl, the amino acid i §is&AEd fromthe group
consi st of | ysine or argin he anti oxi dant

i s methi gﬁ} ne. Preferred conbﬁ}\gtc?gﬂgfsof t he

exci pi enfissnare: f 1. the isot &SPCMW agent is mannitol
and the I oxi dant is nethi orp_g the isotonicity
agent is nnitol, the antioxi dan | s nmet hi oni ne and
the ami nBspcid is |ysine, 3. Hﬁés%ﬁ no acid is lysine
and the i oxi dant net hi oni neyy, 4in the amno acid is

| ysi ne, the antioxidant mnethi on| 'ne and the surfactant
is TweenMeb, 5. the bacteri ostati Rhedlenyali keu

benzyl al gphol and the anti oxi ggpt is nmethionine, or 6.
the bacteriostatic agent is benzylal cohol, the

antioxi dant is nethionine and the surfactant is Tween
20. Thg,_gqﬁltl on, the bulk protein can be incubated at

sSpetTi enperatures as to favor thermal dissociation
of Mest Brafrerred Greups of SypeaymoupAmigpAgids  he

t enper at Hyyg is 27Cto 3 enyMetis Groaper ably,
t he temmtﬁre Is set to 29Csbﬁlternat|vel§/, t he
tenperat®ee is let for gradualS&ncrease, until
reachi ng we speci fic tenperatgygesnmentioned above.
Preferabfo‘ the incubation is perforned during at

| east 3 h@urs or during a rané@“o‘fe &Mefours to 40
hours. Mg preferably, the inggbation is performed

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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during a range of 15 hours to 30 hours or during 10

hours, 16 hours, 18.5 hours or 24 hours. Even nore
wonrefsanatagy, the incubation is performed duri ngCR4AP2005/052413

hours. The incubation can be carried out before or

after the prefornulation step according to the first

aspect of the invention, bu2l-not limted to. A

nmononeric protein that has been stabilized according

to the fi 6Pst aspect of the inyggption can be incubated

at any stage of the manufacturing process, i.e. also

at final fornulations steps. In a second aspect, the

' nvé%ﬁggg%%??)}iéﬁ%ﬁorﬁ oP LRI P LEH! s’ﬂb@ﬁu@éﬂé‘mpﬁrﬁf&ﬁsﬁwhlch can be

obt al ne y d according to the first aspect
usesf for labtaining: mutans off N fartisedn ke et&seﬂh@veﬂi@ériﬂ@lé‘#ﬁ any known
meﬂ{o‘&vétgﬁﬁ sﬁcl?%& hoekehid ihS ?Q@nﬁ&h 956394, 4798815%5 ah&a 737,462,

nononeri c oteln corrprl 'si’n

to Marketel; f5)1 16,948 todfoths et #le 4bQﬁ5&1Q'§ft°tNﬁ!“ﬁ? gt %i 4,879, T 1o (Cj:hong
et 454 fb'i"ﬂ 6§f c%ltbne ét'%satngggsgfé% %ﬁl%ﬁél??ﬂof&( ﬁrb@é‘ntec_f WeUsS patent

I hvent’I on VVI now referred

Noe#@@é;&%rﬂshaw ¢t ght Specifi mpieins Of:?/ﬁ%h@ﬁé?avé brest deseribed, for
eXér%lgrb&?\ﬁémex qgggr e preferably I FN-beta. An
In

eron as used herein, is intended to
i ncToel mramyuaem m@el r@feta taepalwpeptide cpmprisiag an IFN, or a mutein

thelré&fefugéd‘ d;?an&tﬂﬁp{)r'ogélﬁ‘ Qi o @XamER! & éﬁkﬁndéﬁ%%&d@ﬁcé e in body

ntione ove section "Background of the
ﬂulnnv/émﬂm mnay thys fhgr fuped) faanothemprgtein.melypegtide Preylike €.9., an

im0 é%%aloratﬁégn%hpmgr&@fl nition. IFN-b is the

pre ccordlng to the present i nvention.
| FN'unstionah trlesivatives? @sr dsas Bewgin [soverederivabives of IFN, and their

md?%ﬁ@ Qh% %egjgﬁt‘émﬁﬂvﬁlcﬁl haly Bé! %kép‘é?écﬁfr&m&he déndiBRAlfdréups which

Bi ogen) Bet af eron(r
ocEuE@sidenghainsTor th%r@s@ﬂ% ﬁ[ thefl‘é-rfefrﬁ-tﬁffmmﬂ!; PEQUPSy Pyymeans known

in fHeS&H, Pc{rﬁfé‘rbf ﬁauéié'ﬂ RCHE"iRRAESN Wslibng BS ttthel%ﬂﬁiin pharmaceutlcally

I nvent | on. erminterferon, as use

he
aceeptabielcice- tthey: Mo Jias Alestray, thes actvity f it o °t8'8: WU‘SE‘ ‘?/ ég bstantially
suﬁ‘ Rtk %ctl\ﬂg\}gi:ﬂ I8ncPHs! né’t%hi'é? i BB Bties bh Q:bﬁ\@f)sma'ﬂiﬁico ntaining

term"Int ron-beta (I FN beta or

| FN- b
it. Hogss denvayvewav»ofeaexajnwlﬂclnelaee fPPb/PE‘Me&‘EtQ'YC‘f‘?! éwﬁ&ﬁews which
maanfé@f(térﬂ‘:lH%r E ¢ sWBx@F\H Gh8 reditledt af Med lhybody fluids. Other

I"'sol ati on [ ogi cal fluids or as obtaine

derveativapiinalirie AERNAUR ARATS dﬁepqaémyequso@%fn%% garboxyl
grcg}gét by Seh&tion2 KithChnidial bF VBifH pRimay! HFt s&tidAtiary amines, N-acyl
derlvatllv\ésa toi‘ }/rges am\lll'?g b%ﬂ})g of %\gaallrgi%cs) a%lrztidreSIdues 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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active fragnments. Preferably IFN-beta is intended to

nmean I nterferon beta-la. As used herein the term
wonuisaiimad refers to anal ogs of I FN i n whi ch oRET®IP2005/052413

nore of the am no acid residues of a natural |IFN are

repl aced by different am no acid residues, or are

del eted, or one or nore ani8®% acid residues are added

to the natural sequence of I'FN, without changing

gﬁg g@*?ég"/b% By metaus Rhod @ the &l lahi w%qﬁuggrgc ais, for

pe I FN. These nuteins are

exqm@g,amtmrn,yca@wmna@mnnas iferrig o8 /ZicosAlts ard ey le; @pd salfs with
orgHic gséi ifh eg hlﬁi’n‘?éhe %r @f(arﬁﬁw QAth S4mik& Vuch esdh H'le@l'iéﬂolamme

Sulta ore. Preferred nutelnsmcluee
arginiess of dysing, beiperisinesipspraing and dhe likaofeil anditiogy ﬁa'%t ms'lude for

exérﬂﬁé Dats @3 ﬁ?r?l AbdsS él{lbhoé(ﬁ Eﬁ? @Qﬂnﬁlehﬁﬁir@chﬁﬁﬂ%w sfourlc acid,

no ac I cl ent icative of that of
and galfs with erganiaAsids.aish a6t ioaemm@!emqea? agid Oé\%ﬂ'qmq e@f course,

an)?%%:e i lshits H&sf"ﬂetélﬁ I\t\'\?(ﬂb?og%apl fitg 3 the! rb%tbiﬁQ (ﬁfN) relezl?]nt to the

eron own to the person skil
present, iruﬁlatlom @Bodih% biligt indindalp e 0@8@?@@!‘11@9660%9#%{ and initiate
rec%}ﬁ@ gig fromthe National Institute for
|ca St andards and Contr ol
(ht ip awqrdanmow@gyweomrgwntmk\@nﬂprsw usg;qf Feeqylinanihuman IFN-

%%ﬁf AL R8Hnb8 c?sf of ltlllzé\in@éﬁtiow |§ Kurih@y Sarﬁ&@&lﬁ&%féﬁéﬂed An

assay or exanp carried out” as descri bed

by Rumem éqnd eft m@rferonl\@aent hasuBeen descihed, eecgate  Thengycalled
“coMSAE infiérdisY Ge méh%{hrélﬁsoédﬂhﬁfga%ﬁamé ¥f aFRI (US 8/013,253).

or even a better, activit neans of
Aceardinprie acpteeembedingt of tednvruttin, thGOmpRNESS efheyjavention

aréJ\?&a ih Eorﬁﬁiﬁ@ﬁdi‘%ﬁ\ea YrsBndudanteir&ssnt i nvention, or

nucl eic acid coding therefore, include_ a flnlte set

subﬁaﬁ%ﬁ%hﬁ@'%&“@bﬁﬁﬁ%@ sonsmues(EN-coph shall mq%‘ﬁa non-
naﬂﬁﬁg LSR8 Fﬁ@iy}é@btﬁfee%hlgﬁs hbihapdy REIuESs! tthosd yamlno acid

ned by oné of ord |na;% skill in the ar

resﬂweth@w@rqqm%tq asubspl ot IFNlRlRhas ferEaskNiage \éﬁﬁ‘e majority of
thd) Hafl #ARLodURTRN haHah SBakde Ktep irﬁér%rbﬁ%dbﬁ%@g%lfeﬁbes and which

mut el ns 1 n accordance with the present inventiq

inciisies. ahanarJUFTe:S (hass MOBEgRs 1R tBEISJ NP @ligacid common to al

suﬁ@ﬁése rafPAmin® a8 WRIcRGIréddhhiRahtlyt éﬁduﬂﬁét thﬁt p@é|we@ﬁd ieso event
proteins of the invention,

inchieeR ArCATIS0cih raidkiegrRiEh 1S ik @ﬂstﬁ%*v'el{g %@f%glﬁlmﬁeast one
nafurliylSHcuRiMySdUBR/PBEIFN-EIn EcRRARaEEESbitahot Ilmlted to the amino acid

sequences designated IFN-con1, IFN-con2 and IFN-con3 which are disclosed in U.S.
4,695,623, 4,897,471 and 5,541,293. DNA sequences encoding IFN-con may be
produced as described in the above-mentioned patents, or by other standard methods.

In a further preferred embodiment, the fused protein comprises an Ig fusion.
The fusion may be direct, or via a short linker peptide which can be as short as 1 to 3
amino acid residues in length or longer, for example, 13 amino acid residues in length.
Said linker may be a tripeptide of the sequence E-F-M (Glu-Phe-Met), for example, or a
13-amino acid linker sequence comprising Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-
GIn-Phe-Met introduced between the sequence of IFN and the immunoglobulin
sequence. The resulting fusion protein may have improved properties, such as an
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substitution between nmenbers of the group wll

preserve the biological function of the nolecule. It
woOoasliea8t hat i nsertions and del eti ons of anm ROTA®2@®S/052413

may al so be made in the above-defined sequences

without altering their function, particularly if the

insertions or deletions onl-¥B-i nvol ve a few am no

acids, e.g., under thirty, and preferably under ten,

ext@ﬁlcfjeddr%s'?igh l‘ﬁ?‘{ﬁ bBhy ﬁhlﬁ@ I?éiﬁllfémrﬂz?e%b %%e&hb QBtl\iﬁSI €increased

critica unct i onal on ormati1 on, . g., cys el ne
expressienieve!, grtbe purifcating ofiie dusian protaiy tSefaCIkiﬁteguc h

del g4 RifeP PAiSTed Qﬁ%alhﬁzﬂf IEQ rf?fd’é‘e& rib fhe BhsRaHt Yeqvh of an Ig

t he present I nventi on erab , t he synonynous
moleciieo Pe&f$rabb{r bigfused 9 hasyy éh%‘@ffeﬁﬂ@@ﬁ: like thgfpid2 and (Fh{3domains

of Iﬁhﬁ&‘? e@iﬂil ex nﬁli‘! NShe Fg}é?orﬁfg‘ &g FOIECIELHIRSaIS SuitdbRS for the

nost preferably the
gem;ammféugommqtejnaemr@n@ttp@ear%setnh thyentas; pyEhas igoforms IgG,,

@leo} gthmﬂi Elaisé%r ﬁ&i rg’l\/F‘ g{‘r@Ao fdiSex@mple 'F%Q%H%értems may be

us G oup Ser Ser
mo@bmenmnmmt@eﬂpghet@mor om@!hmerlpn s Leu lie, Phe,

A %%riheé%efeh@&' eﬁ{&%dﬂéfﬁ tﬁb%néﬂ’ﬁﬁal d%frﬂaﬂ%r cd:’rﬁﬁhses at least

S
one/g{mqvbattachyd to pPheor m@re @ggtlonahgrog@)(/mq\ OC’FHII-? .Eag PR or more side
esP , R
ch%&é 'ongﬁé Ar{uﬁo '\4?%? h’?%fePéﬂy thes thoietl 9s ahﬁolirétﬁ}/lene (PEG)

moigdy. Pi@ﬂatlorynaxcpg csmed ouh by k@ég Herﬂ%ﬁus@ﬁ thezppes described

,nmggm%g—,,fbﬂ.éxaq,ﬂe_@u Lys, Asn, His, Thr, Arg, Gn

The present invention can generally be applied to all kind of interferon, to the

ones mentioned above as well as including natural interferon, interferon produced by
recombinant DNA technology, and interferon produced by chemical synthesis or
modification. By interferon, it is also meant to encompass crude, semi-purified and
purified interferon from fibroblasts, leukocytes, lymphocytes or any other interferon-
containing or producing tissues from humans or any other appropriate species. Most
preferably, the present invention is applicable to human fibroblast interferon (interferon-
beta).

Preferably the concentration of IFN-beta in the preformulation is at or about 10
ng/ml to at or about 2000 pg/ml, more preferably at or about 100 pg/ml to at or about
1000 pg/ml, most preferably at or about S0 or at or about 810 pgdmi,

Preferably, the buffer is present in an amount sufficient to maintain the pH of
said composition within plus or minus 0.5 units of a specified pH, where the specified
pH is about 3.5 to about 5.5. More preferably, the pH is 3.8, 4.2 or 4.7. Even more
preferably, the pH is 4.7. Preferably, the buffer is present at a concentration at or about
5 mM to at or about 500 mM. Buffer concentrations in total solution can vary between
at or about 5 mM, 9.5 mM, 10 mM, 50 mM, 100 mM, 150 mM, 200 mM, 250 mM, and
500 mM. Preferably the buffer concentration is at or about 10mM 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 buiffer is acetate buffer with preferred counterions being sodium or

potassium ions. Acetate saline buffers are well known in the art.
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Asn G nlAsp, Ser, Asn Lys Gu, Gnl H's, Arg, Lys Asp

G ulAsn, Asp Gu Asp, Lys, Asn, Gn, Hs, Arg, Gu Mt
weéheos/ 48 Val 1 Leu, Met Trp Trp TABLE Il Mre Pcefferisds2413

Groups of Synonynous Am no Acids Ami no Acid Synonynous

Goup Ser Ser Arg His, Lys, Arg Leu Leu, He 1 Phe, Mt

Pro Ala, Pro Thr Thr Ala Pr€4- Ala Val Vall Met, lie

Gy Gy lie He, Met, Phe, Val, LeuPhe Met, Tyr, He,

Leu P§Q%bg the ﬁﬁlce;wétlo%’ SF Sisotéﬁélt))'!héen‘t" ’X?r ef(%rﬂplzs%ﬁnmtol) is

presgnt atlpr@bput@ﬁ mg/ml to at or about 50 mg/ml Morep prefgrably, the
concentration of the isotonicity agent is at or about 55 mg/ml. Still more preferably, the
concentration of the isotonicity agent is at or about 150mM, or at or about 300mM or at
or about 600mM.

Preferably, the concentration of the surfactant (i.e. Tween 20) is at or about
0.01 mg/ml to at or about 10 mg/mi. More preferably, the conceniration of the
surfactant is at or about 0.05 mg/ml.

Preferably, the concentration of the antioxidant (e.g. methionine) is present at or
about 0.01 to at or about 5.0 mg/ml. More preferably, the concentration of the
antioxidant is at or about 0.12 mg/ml or at or about 0.24 mg/ml.

Preferably, the amino acid is lysine or arginine. More preferably, the amino acid
is lysine. Preferably, the concentration of the amino acid (e.g. lysine or arginine) is
present at or about 20 to at or about 200 mg/ml. Preferably, the concentration of lysine
is at or about 27 mg/ml or at or about 55 mg/ml or at or about 82 mg/ml or at or about
164 mg/ml. Preferably, the concentration of arginine is at or about 32 mg/ml or at or
about 63 mg/ml.

Preferably, the concentration of the bacteriostatic agent (e.g. benzylalcohoal) is
at or about 0.01 mg/ml to at or about 200 mg/ml. More preferably, the concentration of
the bacteriostatic agent is at or about'5 mg/ml or at or about 10 mg/ml.

All references cited herein, including journal articles or abstracts, published or
unpublished U.S. or foreign patent application, issued U.S. or foreign patents or any
other references, are entirely incorporated by reference herein, including all data,
tables, figures and text presented in the cited references. Additionally, the entire
contents of the references cited within the references cited herein are also entirely
incorporated by reference.

Reference to known method steps, conventional methods steps, known methods
or conventional 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



Met Met, Phe, He, Val, Lei Trp Trp TABLE Il Most

Preferred G oups of Synonynous Am no Acids Am no Acid
woymsnymass G oup Ser Ser Arg Arg Leu Leu, He, PVBIEPRIN6/052413

Pro Thr Thr Ala Ala Val Val Ay Gy lie lie, Mt, Leu

Phe Phe Tyr Tyr Cys Cys, Ser His Hs An Gn Asn Asn

Lys Lys Asp Asp Qu G u Met25Wet, He, LeuTrp Met

Exanpl es of production of ami no acid substitutions in

adaﬁg'\ll&% ARd Vmbc‘ﬁh:aﬁa% BR W&HietiO BOLANN B MebRing<ofdd range of
use 1 n the present invention include a

equivatents of the disclosed embodiments, based on the teaching e}lnd guidance

presented herein. It is to be understood that the phraseology or terminology herein is for

the purpose of description and not of limitation, such that the terminology or phraseology

of the present specification is to be interpreted by the skilled artisan in light of the

teachings and guidance presented herein, in combination with the knowledge of one of

ordinary skill in the art.
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nmet hod steps, such as presented in US patents

4,959, 314, 4,588,585 and 4, 737,462, to Mark et al; 5,1
woa)B4a3744® Kot hs et al., 4,965,195 to Namen et Paii/EP2005/052413

4,879,1 11 to Chong et al; and 5,017,691 to Lee et al;

and |ysine substituted proteins presented in US patent

No. 4,904,584 (Shaw et al).-28pecific nuteins of

| FN- bet a have been descri bed, for exarrpl e by Mark et
EXA PLE@SA' The term"fused protein” refers to a

tide conprising an |FN, or a nutein thereof,
The aseluthab methadsaises indheifellowjg eramples areiescrieddn exaelg 6.

Exéﬁ’néledqncel‘ﬂé @ﬁebtnopﬁf&bétlidh' mpeBtuld Mnﬁahﬁcﬁﬁﬁtﬁmbﬁne on bulk-
proteln, polypepiide or e I

inte gfoNn Sty |I| _1,]; arits ‘- ng_ |0 f ragn‘ent t her eof .

Thﬁ nglﬁq) Qi’ﬂergliédté’ Y sérforﬁ%duﬁe&'d&efoeéﬁhllféié’ Qﬁe effect of thawing

ves N, d their muteins and fu

tempesatuire; gncuhﬁtl@hte;quj@repalgo@p@@tlpn dime qqgrqtlgﬂbpn thegtabilization
of grﬂlﬁ@téﬁ&@?&ﬁc?ﬁe %§je§ﬁ\%ew5§‘?é Rsdues er’é@tl\feﬁﬁbiﬁiiJ §§nsﬁ§tently the

erm nal groups, nmeans known in the

forenation af dnteferonraibadeE PRAlb EnteATBR HOSTPGRRY GHiPd: BepHiBgturing
prcg;‘égg' 'ﬁ\@@ﬁﬁﬁ{g‘e eﬁﬁJe’n*é A5p1 ity to fr@zent &Sbégéobtﬂ@‘interferon

stro the protei'n whic
pr@abattoam(p@pasatlgnwtoaeed b@lovVh% G 9-att20 ﬁr@r z?erC}j thah gre to be

pnﬁ:ﬁﬂ@ethger | 8 lahd Rﬁéi‘P@\r/édt@a“ﬂ%lQﬁ‘cdb%me& étbl%@lsatcé)@ﬁ/éh RéMBerature and

vatives may, for exa , .1 nclude
dupieg peivep) tve foyifydhnr @améa%wm%rocww% Q?@ff'dﬁﬁ?é'ens derived from
th%@t é)&%ﬂh\‘énﬁs' &R 8RE BxhSpIRdUBE pfepatBAS Qhélfaré B%rbdl above 0°C

her derivatives include ali

Q phat
(e. Gsz-ér@) ad wlweh e hes ot sybiaghto a Kiavingsstep (qrﬁ%megra%% ghifts) but

thélWé'P%uﬁé’r StREF kih b VétieBsedTTRdIER, e ’l/érhh r§§tlr@ﬁfréz‘feﬂi to a frozen
secondary am nes, N-acyl derivatives of free am

prepagon Dbt fonthawe .5 i N BSYRRIR 2 B GiPeh [ogelan) and then

stdi‘@di g beﬁ a(nemGUba%ﬂ( ankAth of btl'fé@'ld&ﬁdna' étCa givey ltelﬁpérbl@ﬁé during a
%/ derjvatives of free drox rou‘B (t
Q'V@ﬂa{il‘r‘i!ﬁ dhe frm ‘Gestiog igmperatyrgy @&%ﬂo Pe 497 ipg tBperature and

thé"’lnbbbétben'teﬁBén%ttdréslf th‘éSfroz'éﬁtpr&ﬁarEt” G Isl drestly pfacédFNl a®Incubator,
mut ei ns and fused protei gresent i nventio

the o{asms aWU?*’i‘tH’eréﬁP‘PSYa“HPeCBF sdpstings tPﬁE’efﬂﬁ";‘?peﬁ?? gbe used
intereRhRgedbly: Re REA eleBtingP tifet Iréfed & Ehed fothlogiethBRing iiiration and

associ at ed nol ecul es or resi ues li nkﬁd there

storag, QLoD HEdp HARLAIES, dHion G 3 59P8a et e frozen
préfRAtRinis BieRfy bRiced i BA iRclirtor! 8f @W@S “Mubation time” or “resting

time” can be used interchangeably.

1.a Thermal Dissociation small lab scale experiment at various temperatures

In a first experiment, the effects of thawing temperature at either room temperature
(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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t hensel ves, provided said fraction has no

significantly reduced activity as conpared to the
woanrsaspasdi ng | FN. The term "sal ts" herei n r ePETAEPL@®S5/052413

both salts of carboxyl groups and to acid addition

salts of ami no groups of the proteins described above

or anal ogs thereof. Salts of7-acarboxyl group nmay be

formed by neans known in the art and include inorganic

Thé Bbjedtivd Was Bahhise tt&ﬂﬂb%l oqs%be.buan (FOVBHBE U IntdrREén, Gn order

or zinc salts, and the |like, and salts with organjc
to yaduce &@g@rne%@tlper ﬁ%ror fqgg’%@ﬂ%l@ iy, Hhefae  deyg: rproduct

h¢d RewIR Mgerd16r vatiaBRs! di ne
pre%r%[)éélgl ne and %Ebﬂlql’yke Ac%}%a%{jr?tl on sa‘I’ts i nclu

for exanp) &ffagh|of singhation lgEpgratiye; @9 CsgétC and ?%drc) on the

exanpl e, h){ﬁé%ld%b&a%&f&én@m furic acid, and sal ts
with organic_acids, such for exanple, acetic acid

or oxal i @) deffest of t%u’ﬂé‘@aﬂﬁﬂyd%’@@ﬁ“ s@ t thentharmak digseciation
t he bi ol oglémé,e,%,t ivity of the proteins (IFN) rel evant
to the present invention, i.e., the ability to bind to

t he cor r 8 pdiriteningrtee @Wg duratiomby 1“&Wé‘9r'9@€¢'ﬂ‘34bat°r

Tabledal i ng. I n accordance with the present invention,
the use of reconbi nant hunan | ENbheta and the conmmpounds

EXR- the invention[$e ¥ urther par{$etd arly pref e{ Ceatrol;
[ d—of eT on T ) be desghi be

“?“‘5’?@& mﬁ d?‘he SO FE"EI led "c %Een %ch, i :%7erf Pr ons' FiZre

*Inwbaﬁmtm I°9.‘~ ocZﬁrrl 1%]7 va Z%nt 2t | FN ( J@ RT

*T?‘fﬁlcg}?t L\J\Jénq E\Sﬁbé§| hl(‘;ﬁ‘ne geﬂ?épﬁe [ nvengllgn %\Irlzutjs;ld |“ne

conbination with a consensus interferon. As used

e C
CopffarRT BHRRBIDI] O e RE S divss bolhfiRU BHrtes and Exp
Sep? echsperfaméd three timde.5- ar leasle camdition, aoe @50 edlitdherequippad with a

I ol VI

sl Spdi@ MERRL (A p g a0 e el B Do R ARARIGH, teincertod
tuueemadem ewasnused eThe |swha$q5eISSa¢hﬁ§nwe§r aa@kem ¢ one with air
cm% “des at one or nore of those positions where

ere’'is no amno acid common to all subtypes, an

am no aC| d which predom nantly occurs at that position

and i Ngh ﬁg{ dﬁ* am no acid residue which
i s not eX| en IA %\ﬁ? p05|t| on in at | east one
nat ur algg- occur ri nd\ggeagaygse. | FN-con enconpasses but
I's not ggn ted to iheRAld\ MSiydis.

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 I[FN-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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sequences designated | FN-conl, |IFN-con2 and | FN-con3
which are disclosed in U S. 4,695,623, 4,897,471 and

wo 26051,1288. DNA sequences encodi ng | FN-con nayPO®EP2005/052413

produced as described in the above-nenti oned patents,
or by other standard nmethods. In a further preferred
enbodi ment, the fused protel® conprises an | g fusion.
The fusion may be direct, or via a short |inker

PEP EqdpmiAtsdh "v. tchiSls % the N éW SEB-APLE nietASd:N0 aci d

residues fn fength or longer, for exanple, 13 ami no

aci HAL&ssystesy W@terSeNg@rwe Said |inker may be a

tri W&été’&opi/vét&% @%W%véeﬁgthﬁ@nm Phe-Met), for
exanpl e, or 3-amno acid |inker sequence conprising
d umma-pgermrapqsawqaﬁlnml4 Ceu-dy-dy- dn-Phe- Met

| nt &W%%g@@q@@ @QO(?(?%%[‘CG of IFN and the

Sequence resulting fusion protein

may have Golinibigapesatorse Fadne tempaiigtiress anext ended
resi denceydyi Hal&ebs@lmfédauﬂﬁ acbatd pH Blgwith 5mﬁmermd

speC|f|c activity, I ncr eased express| on | evel or th

puri f i catPirepared by H@Sﬂlu@g&rﬁ%ﬁb&‘@@h‘"%"@r&qm%%ﬂ%“ apﬂtate pH
a further Ppek&" "Iﬁg a%@t%\@éj'bl]ﬁéit w!ag Mrd ré&%?gtehﬂe 561@tlon unit by

const ant re 1 on nol ecul e. ref erab y,
fused to aﬁdmwcgh%@ﬁd rt@ rand ftaiiag v wumofdw NaOH up

domai ns % Awgn g3, for exanple. Qher isoforns of
I g nol ec gs are also suitable for the generation of
fusion piFdewirate: &M/MiMmg to the present invention,

such as i @Qf(&ﬁmé be6H. r-h Frbeta 1a%alk 0.84-36HeG/mLY

cl asses, e IgMor 1gA for exanple. Fusion proteins
mayﬂmgﬁntabmsrl c or nmultineric, hetero- or

hormm“t'ﬁ@g&%er&‘o@dé‘ﬂéﬁd@%s@r ef erred enbodi nent, the

functional dérivative conprises at |east one noi ety
at t ached Na®thrMderck Bt8728% uncti onal groups, which occur
as one OnJBY igdgioRai ns on the ami no acid residues.
Prefer abI'\{/, tﬁgﬁrr%ﬁ"e'ty is a polyethylene (PEG nviety.
PEGy!l at i WFlmay be carried out by known met hods, such

as the onex dpsgAkBRYoUS 386RY755377, for exarrpl e. The

present .invehtion can generally be applied to all kind
of interferon, to the ones nenti oned above as wel |l as

'QC'Wgéé&r@a%%@?cé#@Féuﬁﬁ%ted iRfAgLfeer;on produced by
Interreron produc

cherfi) chBmi i freshrsh U-?N-he%i 1a Bulk was inseried: ipr2ral Bnc Nbes and

I's al spoyEadit 7498 iRNIAS PBERPUBES EShtainBi20DH Whte?d and

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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purified interferon fromfibroblasts, |eukocytes,
| ynphocytes or any other interferoncontaining or

wonroduaraag ti ssues from humans or any ot her appCoOEPR@5052413

speci es. Mdst preferably, the present invention is
applicable to human fibroblast interferon
(interferonbeta). Preferabl-98-the concentration of
IFN—beta in the prefornmulation is at or about 10 ng/m

0 03&@19{ ﬁé\{a@ug F%gé’&gg%é hd |ﬁ%$}geﬁ rs%F:sfa?é?J( %t gégcg izggéle 3&4& 29°C

at or inyelidateddrcgbatars for adptaliof 88tours/ e mb@ﬁe'veamsympled for
the b f X
e g{a%ﬁgghﬂéysgg f%@@f ?ého"al‘g) Héwﬁﬂ £ ln%hﬁéﬂon‘) Osampling after

mai nt The mﬁ;o& |on Within plus or
m nus tbagingiin lmubatom@éu doneH, where the specified

pH &3? 'ﬁ'pgér'BJbés %}gtrégléutané uﬁ:ubMéHPseBé%ftéw absc td‘r@c Rbd 29°C

ven nore prefefa

47 itcsibators forteriotab of Pakours, pBieetu@ﬁs were aampl%d for testing by
concenyigt SE8 fHer 9ﬁh819'9‘({ha§n u%ti 8hRHlingPAerthawing in
BUF T or Ve B Rt T &Y Panat R gt ean vary

bet wedhe incubatopwasinotdam®; 9.5 nM 10 mM 50 mM 100

gm zis,&) 104 walhdddq %@ﬂf’% 1%’\% Q%nm\étor@ﬂ egtezg&@ Yortdifto 72

r concentration Is at Or™™ or at or
about IBwIrgrivl thpAube wasaganypled @?feNE‘é’dSE?r te sanye ap centrgl for this
abouteﬁ@ AMehfy acetate ions with a pH of 4.7,
Prefer Fy, the buffer is acetate buffer with
pr eBerinenderda evalpatereffegiomifegneleeiie.dhe guperisagni wasgpgeated on

Acet attﬁ %ﬂb c&'}é{l]tfo%slneﬁl?até‘@@anﬂ&meﬂeﬂeét’éﬁ by NEW SEC IEF,

art. Pre era e concentration he i sotonic

agent QUANT, | ESTMBNBIRASSAY, PES@t HRLC Ongﬂdiﬂsults were
0.5 Mygpndr&d & a%on ?’Bpégm S8 AnaWédht RIVOIOR 18R&1rS 12l stored at 2-

t he concepntratl on of the isotonicity agent is at or
about 8&.ng/mM . Still nore preferably, the
concentration of the isotoni city agent is at or about
1500rM or at or about 30QyM or at or about 600"

F9-e Results: JoMemer éM%‘@ﬁﬁ%%loéﬁthNﬁ? R eaemery (i .

Tvvee Jg%)g v, bfr-RIFNbe@PRtgdreddledd/ M to at or about 10
re preferably, gthe concentration of the

surfactant is at or about 0.05 ng/m . Preferably, the

gon‘;e”fﬁzﬁnhggat%aﬁ@%cﬁ%ﬁﬁtgﬂ_bﬂé%ta@ Bf %ho@i?é hi oni ne) I's

More pdeREfmbtupestwith ipeertseweraairozan @tf-mﬁ’é? @?ﬂnﬁl@weéaﬁttm the
i's at Phedbtfe Yehtly MldRed twihtyOtim@B0 Wantbled & Mmediately

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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Preferably,
preferably,

woansantyat i on of the am no
IS present at or

ar gi ni ne)
nmg/ m . Pref

the am no
the am no

erably,

aci d
acid
acid (e.

is lysine.

is lysine or arginine.
Pref erably,

g. lysine

lysin

Mor e
t he
BCT/EP2005/052413

about 20 to at or about 200
the concentrati on of

e is at

or about 27 ng/m or at or -@out 55 ng/mM or at or

about 82 ng/m or at or about 164 ngy/m.

Pr ef

erably,

the concentration of arginine is at or about 32 ng/m

or at or about 63

mg/ m .

Preferably,

t he conc

entration

Table &ﬁb\cuhatlendysatm-tomﬁt (e.qg. benzyl al cohol) is at

to known et hod steps,

known net hods or conventi onal
an adni ssion that any aspect,

enbdi ipgt

taught—U

fat HTea

T uy T

conventi onal

descr

out at abou :
3#5% b1 v, L&fl"wg’g'&ﬂ%ert rat/3 he 'ba!:IFeri os{\/grbﬁa%'ig?‘
agent is at or about 5 ng/n or a1 or about 10 ngy .
references cited herein, including journa
(ZPg: esar abi%{’ cts pubj| hed or 1911 shed \gpaurs
ei gn pat appl i catron, issued or: f eehgRoc
._....A.patentsx...or -any...ot-herref-erences;—are entirel ¥
i n@#PQ@or at ed b?ZB&ference Ad0ein, iincl 6fing all data,
tabl es, figures and text present ed in the cited
reT gggnces. Addi=t5 onally, entire c entsi of the
nces cited w thiin the“references cited herein
Warmewa! $ @8Rt 8l Vb -RE OF-pOF-at-e &y Feference-—Reference

net hods st eps,

i ption or

nmet hods is not any way

BREBAtidg MF AL TS & f324Ho§F§39(3?$bml tubes with

ore ol ng

descr i ipsértnwefe frhzers ptell P € en@dmm%m rthle weﬁuwr;e gently

reveal ; {,&@e

can, by app

yin

e e

§ferr@5 htcs three
the art

(i ncl vidtwhatorise (2506t @706 @ﬂd t498C) @reﬁet%@sofuzﬂeeurs (thawing +

h
oyl | Chpen, g

Es

Sp ec&%l%gg{

|rrents

@Q%O* o @l \é"f\élygiésby NEW SEC-

w t holdt undue

experlHBhCalReSﬂtsamsmn lndé?!ﬁrﬁtl ng fromthe gener al

concept of

t he present

i nventi on.

Ther ef or e,

suchadapt ati ons and nodifications are intended to be
wi thin the neaning of a range of equivalents of the

TaBle*6 HhvcifbafioR Wir Hfg&'i-% éﬁ%ﬁ?éj on the teaching and

gul dance.pr.esent her ei.n i.s..t.o..be.under.st.ood-t.hat

t Gongditioseal 0gyYMori er i nc%Agg her ei % Diméor { heThawing

pur pgse of description and not of {Iinitation, suBuration

that the term nol ogy or phraseol ogy
25°C 92.25 0.58 71 Shours and

30min

27°C 96-4 0.5 3-1 21 -6_22.20c
29°C 97.31 044 2.2
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of the present specification is to be interpreted by
the skilled artisan in |ight of the teachings and

wquiddantas present ed herein, in conbinati on w t RCTE®2005/052413

knowl edge of one of ordinary skill in the art.EXAMPLES
The anal ytical nethods used in the foll ow ng exanpl es
are described in exanple 6.-3Exanple 1 - The effect of

i ncubation tenperature and incubation tine on

bul ki nterferon stabilization (thermal dissociation)
The follomnng experlnents merebqerforned in order to

OLES 3o 9 50mI
t errpert‘%éér \ﬁt@ﬂg?ﬂtg‘\%ggﬁtdiéﬂ dt L5 €rhahd sy ﬁéﬁérétaﬁf inside three

stabilTzation o i nterferon-beta. éctive
was t dneubdinre (25°Ce &7PG @ngd 2876, clbe ukesewere, gemntly lnverted twenty

for maty et %ﬂi{\gnéuﬂba%duggféﬁr for 28 Yot éi_fnqﬁﬁ&.ﬁ% °('ﬂ1awmg +

aggr egat es during cturing fr OCESS.

exper iin@rbagon)p Sampias wers stpradoatf 2-8 7@ tmtlbﬂa@héSl%@W\lE SEC-
| nt e”ﬁ%&ﬁ‘ s%ggs%tém %élgé’?'*ﬁﬁé&&fﬂoﬂdﬁr% oRSl6AVurs

OOC e.g. at are to be

&ME Ltnen eveptual | I
Tl AR AR | SO T

for further rranuf acturing processi ng Consi der ations
derived fromithese experinents couldialso be applied

for peggparations tdgpgs are storggpabove 068G (e.d. 3nhélws

ﬂ?ﬁc hlﬁhoﬁre t hus not subject to a thaw ng step gnd9min
tenperature shifts) but that may suffer other kind of

siresses...Hergin, the term. resting'.refers.to.a

frozereCoreparati ordd. 5t is thamed (eig. 9D an Shours
Watekicketeda bath or ot heri | ocation)iand then s

t
(e..g...ln.an.ipcubat.or.,...a.bat-h-.or-.ot-Rer.-0cat-i-0f)—at-—a
gi veR9°Cenper at ur e 9ﬁ.|95ng a gi vBATtime; tRebterm
Wateart Jacketeshper at ur e” refers to bothithe thawi ng anq
tenperature and the |ncubat| on tenperature i f it he32min

frozen prepat oS UIICblIy plabcu IH dan IHbuUdlUl,
the terns "incubation tenperature" or "resting
tenperature" can be used interchangeably; the term
"resting tine" refers to the total of thaw ng duration
and storage duration (e.g. incubation duration) at a

Spe‘i' f HawiSI RS RkHbSor Add hBSbdtn b PEPGHRhbGR3K 250ml tubes

dire erns 1 ncubation
ti ms" \Mlth nsegtsiweyet froren atarf o Gioad thﬁW@# EraAGisly iside 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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1. a Ther mal

tenperature (RT),

Di ssoci ation smal |
various tenperatures In a first experinent,
wehbsat4ef t hawi ng tenperature at either roonPCT/EP2005/052413
25C, 27C or 29C, foll owed by
i ncubation at either 25C 27C or 29C during a total

t he

| ab scal e experi nent at

of

16 hours or 24 hours were t€3ted. The experinent is

set up in a manner which doesn't

tenperature se
during the who
1 summari zes t

NEWasHitiomhe N

njef

ttings,
| e procedure.
he procedure.

whi.ched

Tabl e 4 as
Level s of i

< hara| o W
e

wel |
nterferon

'Farrr\rl -9

interfere with the
whi ch are thus mai ntai ned stabl e
as Figure

TaBie'Wﬁc‘ébﬁﬂgn umra&[gnezmb@sgr egates were neasured by a
mwn,ew

’\l‘

EMNQM@nanMod

non-cd¥al ent and coval ent o

quantitatively

and qualitati

is %wms to

i goners both
vel y. The obj ective wa

de%é%lmetsot

h Thawmg
Duration

5 to

ORkrMedifitely'®. ¢
laffePt
aggr%"é

(danage repalr

ner mag7 gg Ssoci
order to redy
m ni num bef or

by the follc

ati ofigg TD)
ce ol 1 gonet

of HyibY

izati on an

e drug product prepar
Wi ng paraneters or

3hours
j/gﬁd
At HDfidin

Ef et iIMAET
mwtkfgh

he i ncubati on

er mal

pat |
di Ssoci at
durati on ot

et ati on b

(25054 0urs
ci ency,

1 the thernal

- Gi-at--0n--ef-f-i-cl-eney;—3)--Short-eni-Rg+t-he-t-haw-ng
ddrrutledmtelbx/ t hawi ng78-B6an i ncubat-64 . Tabl e 19.8 Tot &l 3hours
Hitenthaying@t| ncubation tinelis either 16 hours or 2230
hour 29@nt rol at RT_was perforned one tine, EXP. Set .1

 VashrR& !ﬁ&%FEd two tyyms and 2 was pgppor nedghour:
el Oby, gondit 1%3&? one 4pBidier ¢ YDGhawing
equi p thh a small scal e | nunc t UlbRration

eeenfejdee@ghegpepeds 3 B i B GAC AR Ui G R Ak PWEI O™t fres '
"i n287G-Ad tube rm@@ was us@d2 The indebat o i3nours

—-@i-t-her-—wat-er—j-ack e h-air-cirgut-at | 8Rd 8min
GLOBR/A-B/ ABBREV A§?é%s Agg Agé égat es Certificate
Ol greA > 96.32 0.54 3.1 Shours

27°C-B- 96.22 0.57 3.2

29°C-A 97.85 0.53 1.6 3hours
and

29°C-B 97.58 0.51 19 30min
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Dim D nmers Deg Degradants FDF Final dosage formF/ T
Freezing and thawing r-h | FN-beta l1a Reconbi nant hunman
wonv@rifimusn- beta la (r-h | FN-beta 1a) from CHOPC®IEP2005/052413

r-h IFN-beta FDF r-h I FN-beta la final dosage form
(r-h IFN-beta FDF) SE-HPLC Size excl usion high
performance |iquid chromatedF-aphy SAB 50nM sodi um
acetate pH 3.8 Tenp. Tenperaturel. Equi pnents and
Materials of the New SEC-HPLC net hod: HPLC system
Waters Al liance UV detector: Waters 996 PDA wavel ength
A14Camnslugionisanpl er tenperature setting: 4C Col umm

AR A5 éﬁnh)g%!aﬁ%e%\évfoﬁﬂlfwmtﬁe%% dkprfnert@om

tenperat hase: Sodi um acetate pH 3.8
with smmh@mpmt@o tepperaierel andhgurstign ingreaggeithe gthermal

2 Ilteorlssggg%rsgﬁblgﬁ&acet ate pH 3.8 buffer. The acetate

buf f er was prepare t sterile solution unit by adding
ac et i Thawing duwatitAl isaiedreased when dghawing ingidecnintuhaterfcompared

Vol umsd Viind & % e frertpfpb@aten Aprdhetoibt )

Reagemthawingcartd lacubldtionlat 26 86,2K3C BEATEEC Ifdzm}ﬁ to IQérhoklrs had no

819758n‘zega |v%_|ef}e(g¥|oﬁ%é' F—ithN-beta 1a molecule according to: Routine SEC
HPLC, Deg/Ox HPLC, quant-HPLC, ES-MS, Bioassay and CZE.

The above experiments demonstrate that significant results are obtained in
terms of lowering oligomerization by adjusting the resting temperature and resting time
of a previously frozen stored bulk interferon.

Independently on how the preparation is defrozen (e.g. thawed at RT or thawed
in an incubator), increasing resting temperature up to a certain point has a beneficial
outcome on interferon monomer level. Thus, there is a correlation between resting
temperature and protein monomer level; rising resting temperature from 25°C to 29°C
leads to an increase in protein monomer level. The best results are obtained when the
bulk solution is set at a temperature of 29°C. Preferably, the bulk solution is placed in
an incubator at an incubation temperature of 29°C. Comparing thé incubation
temperatures, an increase of ~5-6% monomers is observed from 25°C to 29°C.
Preferably, the frozen preparation is directly placed in an incubator and not thawed at
RT before incubation (thus thawing occurs in the incubator). Results also show that
incubating a defrozen bulk interferon during 10 hours already yields a percentage of
monomers higher than 95%. If defrozen at RT, incubation durations tested were either
10 or 18.5 hours. If defrozen in an incubator, incubation durations tested were either 16
or 24 hours.

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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WFI NaCl, JT BAKER code 3627-07 2. Procedure -the
procedure is illustrated in figure 1. 1) 1.8m of
wonemshiro4h | FN-beta la Bul k was inserted in 2nmPCIER2005/052413
tubes and frozen at -700C inside 250m tubes
contai ning 200mM water . 2) Three tubes were thawed at
RT and i ncubat ed separatel y-3& 250C , 270C and 290C in
val i dated i ncubators (stable of fixed tenperatures
pIé&%& in b ?F?)Jbét%F (tRawRbccrs id BROiMESbatdrl) forldAOREUBMRIBR time (resting
n‘ggﬁc? or testing by NEWSEC after thaw ng and after
tlmPG Boyrshawi ng + i ncubation). 3) Three tubes were
thavcv,%i'ntﬁﬁ Mﬁwé \}ansyneé 28 ﬁh@'réét t&ﬁ&&at O&h
290CIP§ val i dat ed |$10ut'3 ors for l ot al ufe)pén inorease
of zﬁ% mosomere can ieus b @shigves| Eip fasults @5@ eMen morﬁlawmwhe"
coquéﬁﬁg Haas\étgs f&ﬂﬂxlé%foh§ Mn%‘kh@é& that bt A7 714890 Cmmﬁtsl cﬂﬂémed if

ee tubes were wed and i ncubat ed separat el g
the peparatio mﬁraahazeﬁgbl@ctlhaﬁ% thawing dnotipebates) swherpan 7. 8% mon

is B%RIES\/%@QH? 'foZen Fk%aﬁ‘éﬂ%ﬁsls \M?é@tlyslﬁ&iﬁa?éﬁ foPantiR&balién time of

C after t and aoter 16hours (thawi ng +
24 tmmat =10 mc@pﬂqmteé@pqreiy&,owi &-tThwsed 20 di ﬁ&ﬂ%tl@dﬂommer

levef QQ{) ifdd/ b)? tﬁﬁgﬁg fth@&QQIa'i‘I&@le%gﬁn@férﬁblyaﬂhé ‘i)ﬁtkqgterferon is set at

I ncubat ors hour s. t ubes wer

a resting temnpesatureeel 20§ Wmm%ag é*meeqaf %WPSMPE%WQFQNY’ the
bulk in[é?fé%ﬂ |s°&1}ect|g%§32{?hfé‘a af et (tm?‘%cbtﬂ'stlﬁ‘%é icaBalopy for an

was not done . ree tubes were

inqubeliorhiiael OE%Bia‘é{Féﬂ’%ﬁt gesuts yield 9B 9%MoRhd 290C i n

' ncqn%ﬁélﬁsl6ﬁrre§tlﬂg°ﬁrﬁé apH rest Ltbﬁrpe?&ﬁﬁe& léhéfpréﬁfﬁly incubation
sanpl ed for testhr:g NEW SEC after 24hours

temperﬁgu%@mdn«;utza@ lm%@ream@ﬂaﬂhéaﬁtqw@ that qontrit Fﬁ:aﬂa{'lg?"ﬂv to
méﬂﬁl%m'ﬂ'ibt aHARE- m@r)ea@in%; uggbinestiohhaied batk Wlerf?on IfrefopmtiBtion or

stored at 2-8C for up to 72 hours - the tube was
fOTMIOQd for NEWSEC to serve as control for this

1.8XPqlab"&dhle Thermal Dissociation Experiments at 29°C with various F/T-
cyclesThis report evaluates the effect of incubation at 29°C on the level of dimers and

aggregates in r-h [FN-beta 1a drug substance.
1. Procedure:

a. The NEW-SEC method was used for analyzing r-h IFN-beta 1a bulk
samples that were incubated at 29°C for 15 hours or 3 hours 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-B8-1a
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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8)

In order to evaluate effect on the nol ecul e,

t he

experinment was repeated on the chosen conditions.
woneoshiatas Sanpl es were tested by NEW SEC,
QUANT- HPLC, ES-Ms, BI OASSAY, DEGE OX HPLC, CZE. Results
were conpared to a control
16hours and stored at 2- 808- 3. Results:

%&vbnoner =% of

for a Tot al

r-h IFN-beta la nononers %Agg=% of
| FN- beta la aggregates

of |

bhours 3X

| EFPCT/EP2005/052413

sanpl e thawed at RT for

250m tubes wit

%vbn or
r-h

Thawi ng at RT and I ncubati ng

h inserts

T&He@ Sasmpln tegatmeot focthemmal mlﬁwwpwwm%&b seale

%méy rnvert ﬁ-rlc.yé"égy 7 "B>Th$vﬂﬁg’| ed—andTi fore
transferred ipto three incupators (250C, 24H&lysied by SEC-
290C) for a tptal of 16hourp (thaw ng + | peiPagti on).
anples were stored at 2-8 | RoomnTemp-ahaury §iStored/atMEwY
SEC-HPLC. Results are shownfin table 5. Talhle 5
Z*[ ncubati on durati on- 1 Chouf Bo@nemnpi2beursay@a%ierin o4\ %%
% Di mer _Thawihg ** Duration|250C 88.05 0 emcmhatorfoﬂ ours
dhours 21 -22| BOC 270C 92. 580, 702 6. 7 vatry ¢ 28%
3.7 Thawing af RT and | ncub agggﬁt“?gor aip 1l éncqutorfoM h°urs
24hour s3X 250kd t ubes with ordmin, ] oo 26
Ac—thawedhl RF—the—t-ubbE f#'r“m g, .‘§_3°“‘15*4A°
. ' " Roo -2hour >t
wenty times, %a ,l,fd and i |me if'e? rarﬁgg& pH1%trBurs
62'” ee—rctbat 4> \LJUbJ. 270€ Gbl‘HTéﬁ’lH‘?ﬁOdré” 29°G Ullﬁl ql dry
4hour s (thaw ng + I ncubati Jr% Sanpl es wWehrusdterferd durs
2= 8 C untid arysis by NEWRSECHRLC W&&wyi2beC arif a  dry
shown in tablp 6. Table 6 *7Lirilatky i ®ath at | incubator for 15 hours
dur ati on- 18. 5hour s 29°C for 4min
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 IFN-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).




Condi ti on %wn %Agg % Di mer Thawi ng ** Duration 250C

92.25 0.58 7.1 ' 5hours and 30nmin 270C 96.4 0.5 3.1
war0G122420C 290C 97. 31 0.44 2. 2Thawi ng i n an PATAEB2106/052413

and Incubating for a Total of 16hours3X 250m tubes

with inserts were frozen at -70 C and t hawed

separately inside three inc@®ators (250C 270C and

290C), the tubes were gently inverted twenty tines

after t h%l&%@ﬂéecm@keguﬁ&{:f 6.ohft BRIk Samb@éywtér 1FT

(thawi ng_+ I ncubati on)

until anfalysis by NEW SEéﬁ RC. RUMERE s MONOMERS i n
table 7./83 N_OUT fL,ARBA T4RAREA (SRAREA 1 ON
%vbnormer % ' ' * an-2504 90. 22
0.52 9. 2AKdIPaveddt REPEL- 4 i on [H omi®Z70C 9d. 53
0. 56 5. 9Stormkd°S Gantedd Japked ed HFBHBS 95/83330. 47 3. 6
3hours er——}aek-et—eﬂ—aﬁ i Tie! S g5
| ncubat of _and | ncubat i ngllf or ot al off 24hours {3X
250m t upBX1dhawed st &3r2hs Qﬂé?re fiden a?’-470 C gnd
t hawed sigRasadE by 29°aSL dgfltThree II’TCUDat 270C
and 290Cé t he tubes werf nt | h ver -
times, s?HSedfor NEW SHEMHPLC i ngubated fqr a
total of A¥Ghours (t havvi nge-21 | ncyda i on1|9.7-58an'pl eqd were
stored a /1’5(1°rhaWed“iH é. 8“‘ by ST S Py3 NEWIRRC—HPECy The
experiment was repeated gn_a sepfarate ¢ay -
(29°C, 4m|n)
Incubated at 29°C — 15
hours 1.97 1.18 6.85
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).



wi t hout sanpling the tubes after thawing. Results are
shown in table 8a and 8b. Table 8a **I ncubati on

wduao@tiigas 24hour s4. Concl usi on:

The fol |l ow ng pOTMIP005/052413

can be set forth fromthe above experinents:
I ncreasing the incubation tenperature and duration

i ncreases the thernal

di sso@i-ati on efficiency. Thaw ng

duration is decreased when thaw ng inside an incubator
conpared to thawing at RT and therefore increases
and | ncubation at 25 C, 27
Re%ulgs ﬁfawwb BHH@%@W@%?@&W

mononer |

and 29 oTabled -Lﬁﬁq?-&'

evel. Thaw n

eﬁi

on the r

SEC HPLC,

CZE. The & ' ]

Si gni f i CFMIXT CHialved & R 4116 tqlsmsof [oWer i ng
ol i goneri j ' ' £5t efrpetat ur e
and rest izﬁggtt?qﬁ%mgf@nga Vi ousl ??oz tor ed pbul k

i nt er f er WG | ndependent | 2-¥n hodihe %%F'ar atiop is
def r ozen |- maweaveat cRTzﬁ's OT 7 lEgWET |BaTsaT
incubatorﬁ9 |ncrea5| ing I enpe e up to a
certain Fo-iecuhated at Ffel cial lputcong on interferon
nonomner I:mmx’s Thus theZs merrel 2.6bn bet ween
resting tGRppets afrd 3 =r ko EEVE I'i sing
resting te erature fro |i-§l'@'ﬂ“‘| v

i ncr ease [iMX4rthased abo vy 45 The %@%t resul ts
ar e obt aifznednovbged bheg b ol tfion 19 set at a

t enper at of 29C. Pref ly, eb oI utipn is
pl aced |r1r5§}?7ncubator alran in tz?)au din ?e per af ur e of
29C. ConAMG ng the incubg 2.9%n tBdber at[@¥-€s, an

I ncr ease [gH ‘—.oyn yagoyar= ;-. OpSgr VEUlgd 75T 20 t 0
29C. Prefle [-- preparatign is directly
pl aced Hf“‘&\‘?a“leﬂcq’jk?gt%r Nd not | hawed [at RT befpre

i ncubat i ghoulst hus thaW| ng (8T ur s2idt t hgd4.8@ ubat of ) .
Resul t s ase v 5 & &t Y -[3, ~ TS ot
interferqgn durlng 10 oulls alrelady vidids a pe cent age

of nononers hi gher than 95%

R ba8r of £56GH r

i ncubat i
hours.

B et

rozen I n an

| f dé_f?ozen at RT, ,
"I‘EfF?\I-ﬁ’étE hg bué(osé?ﬁplé &fter thawing at
u on

I ncubat or, 1 ncubatl

durati ons t esoe tempdnercasrst thegnomomer 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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or 24 hours. Likewi se, resting tine is also a factor
that influences oligonerization. |Independently of the

woesdsimgp4gondi tions (e.g. thawed at RT and t heRCT/EP2005/052413

i ncubated or directly incubated), there's a
correl ation between resting tinme and nononer |evel;
| onger resting tinmes increa$d protein nononer |evel.
The best results are obtained at a resting tine of 24
hours. Coupfd 42'9SEEHPING Res RS OFf 200/ Buli SarpIdARERINT
i s achi eyed oma re NQ e _Q 6 ho 4
hours. Prseatn%rlealp A the r¢
preparatifon’1s hour s. [Tz
pr epar at lon—j-s—direct !l vpl Yeubhator (4
occurs i I?UP'HB“?VF@?EBFJW time
(rest i ng [starerat 406G carohout BSCorrﬂﬁzﬁnng 7Rd4t wo
vari abl es i i g eSlE teRgrature), an
i ncrease[Qf ~9% nononerslican thils be akhi eved. The
resul ts g@oembthawedaiRd 785 (PRBng W& coffhdfi ng
i ncubat edlinksyaradl at i@ YN Thoge thatjaren .
77.48% Mn i s obtained i %ge pk rat f.on is anal yzed
directly [S¥fer thawi ng (MBE i ncifbat ed) [ wher eas [97. 9%
Mon i s olAMG ned when the lﬁ-ﬂozen“ﬁa& eparFﬂﬂ&n is
di rect | y Hreubated—for—anm—ncubattTont1me—of—24" hour s
at an incubation tenperature of 29C. Thus, a 20%
difference in nononer |evel is obtained by optim zing
the two vari aﬁ‘h%%ncma?éoer.ﬁ%mabfeu;S%lekksangalsg (AN 1:Fr) were
set at a resting tenperature o uring a resting
time of 24 hownelyzetby the llewing teststtegethen with theceanérebsample
s directly | nfahed AR 3lanf orkh BEMGIReBEAME q3):7 L e

ne o ours

i ncubator) for ‘an incubation ti . "(best
resul ts yi el d DEa/OsgHIRNC —Ine ineieesedn te levelafiaxidatippwas seen

and resting t qm%%gﬁ%g@i& niRERR the' c%ﬁHQP%én%le (stored at

tenperature and 1IN tinme are Inportant factors
that contribut4Cgignificantly to maintaining and/or

I ncreasing st %-Mszgtﬁd)ﬁifﬁfer@ekmltﬁei(ﬁf‘tﬁfh@/&lra?é‘ level was seen in
preformul ation or forrmulation. 1.b Lab SCal e Ther mal

Di ssoci ati on HEngubetedesamplen congmred trthogpnisdlsampie
cvcl esThi's re PEN ' YL
g@*éen\;g-rﬁb?‘ RS sidifficahf 8fbrenbed W%ﬂénﬁﬁhon was

at 290C on th di ners and aggregates in r-
| FN-beta la drS@§nsubst ance.

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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1. Proce

dur e:

a. The NEW SEC net hod was used f or

analyzing r-h I FN-beta 1a bul k sanples that were

wonewshatwas at 290C f or

15 hour

S Or

t hawi ng and which were subject to various F/ T cycles
as indicated in table 9. R h IFN-beta la Bul k was

transferred into seven 15m-3%orning tubes (0.9 m
The tubes were frozen at

each tub

e).

- 700C.

in
| FN- b- 1a

Bul k (previously frozen and thawed) was al so

transferred into two 250mM cornin
Tahla dB- EEBEGT QmEHEBMfd- W‘Flﬁiﬂ_@?{

t ubes

THECJSN,

200 M in
Table9-

3 hours aft eCT/EP2005/052413

ol At

oot

Lo

ICUT

W

~eate
|

I'I"l'

ST

UI\

J U1 G
J‘EP

f—exXpet Id PEC

CZE

SATOE oy

- A

Y 5] guc

fal o
A A
al I

;7 CTE

E

R

SN VB

s

'~

&5 §-8B ug/mi
23 334

Fea
Fﬂx

Thaw B 296 1951

4

itk e e P0G e | .

0

1=

W2 6 i

911,58

conf.

H/ o

B[

=0

he
24 338

conf.

994 4

16 70

1Ak ?

!\gh .

conf.

15%@;@%@1&@ Whviihg

romr=

R

PEA% mt ﬁhécg élgﬁér%hﬁfé}s of the IFN-

B—1afm<decm¢ axdeteenined by RegiaxHPIC, BESMS, hanghP L0 80 EF.

at 29C in an incubator.
r-h IFN-beta la bulk (1F/T) after thaw ng
i n8) eas Besmltseofdmabn%pf thetraal disseniation gbF AT 1gre shown in
fromO0.7%to 0.2%
at| on at 29C (i ncubator) for

t enp,
and decr

(see Tab

EUbL:

2. Re

sults: 1) |

evel

'S effectlve for d| mer di ssociation.2) |
r-h FN-beta l1la bulk after thawing in a bath increased

ncubati on of
at room

ncubati on of

15hr

t he nononer |evel from82.8%to 96. 7% but i ncreased
t he aggr &abledl4 eKinetics ofthermal ﬂéﬁspcgiﬂm%fé%b% ETX1.
10) . Tabl p10 - SEC-HRLC Results -
After 1Ffim@hn noyManemess |l
for 3 holrs afterOtlhawi no/%t4 [
mononer | evel from|82. 3980 ®48P. 5% d8e54(
in dinmer|[Tevel (sgq tablagg 8 pnd fi1gurg|2). 4)1.19
| ncubat i pm_of— T-NgllF\-D&gaA ggA] buT K BO7g $5 hourf 104 T)
after thpwm—5 95 .92 3.09 0.99

15 96 .56 2.54 |» 0.91

24 97 .2 1.94 0.87

3. Conclusions:

1) Incubating r-h IFN-beta 1a samples at 29°C for 15hours after thawing at
room temp. significantly decreased the level of oligomerization (mainly
dimers)

Incubating r-h IFN-beta 1a samples at 29°C for 15hours after thawing
at 29°C in a bath significantly 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

2)

3)

effect on the parameters of the IFN-R-1a molecule as determined by
Deglox 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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at roomtenp, further increased the nononer |evel
(conpared to 3 hours incubation) from82.3%to 93.7. %
wduaeostie794ke decrease in dinmer |evel (see tabl ePQI/ERo®s/052413
figure 2). 5) Incubation of r-h IFN-beta 1la bulk after
thawing in a bath increased the nononer |evel from
82.3%to 94. 7% due to the dékrease in diner |evel (see
table 11 and figure 2).Table 11 - SEC-HPLC Results of

0. 9 B“'zepiﬂ?ﬁ@ Sps R NJn%Fn fée 1250k 't&lfééh@hér@a éﬁ%%gr?rQﬁ&Ubatuon

r-h I FEN-be after thawing at roomtenp
i ncr ease@gm@ndtﬁh‘-%% in @m" mb%ﬁdﬁ%'@@b@t'@ ?%hﬁﬂ”'"b"um of

decr eas %
15 and ?l%glzi%r ee%g&_?hﬁfde 'imr%é&ﬁgie@ g&%ﬂL%eﬁgglu?uégﬁﬁﬁatbﬁ%ée tables

Bul k Samanddigafes)r Tigrnal dissogiationat A93€4a 16m) tyheg. is cogpleted
la bul k %"ﬁ &5 §;9r39m sun*]'rﬁérp tl’ﬁf g?eéé’ﬁ?'ék?@ﬂn@bﬂst 18 and 1.b)

fol | owi ng st s togethe contro
dembastete dhatRthexmal slissociatien, qubedied kwia spegdfic temperature and

duBﬁ@A ?% tEUfhg teﬂﬁ)g@ﬁ%e&i? rﬁsﬁnﬁ igne & guﬁﬁtloﬁxt’irﬂé‘ta'ne Nncubation

een I n-inc es conpare he contr ol
termwwuee)( st crueidl for m@rtal_rsng/@nd/on one;eesm stabdity @f @ @nonomeric)

pro‘f&ﬁ bgh YR Etfievc%hta‘ﬂ?%q SthE E,ST\&'ld abRbif 2 RiMe&les of thermal

npar e e cont PLC - no
dlssmqpthm foanﬁer&mn@e@qw@et ehm&@htheamebﬁlsmatweﬁ tkf cycle

d
i 848 B4 D100 S pRat o BRI aRacY o o
then ai‘platehul ahgs ey Pmeferebbhéb@m disgaeiatiqroisaperipsmed during at

Iea@{ 8 Hﬁgrsp'gloli é}Sblg 0(?\5 ro%at@ﬁ TRlsBng e ld? %c‘éﬁﬂ%rﬁhh@%ﬁﬂermw

ate hours conforned t
disspriatiof bannteﬁ@om&etaa is1 et IEra:Eme@f 6rhpyesre 46 hours. Even more

ré%éﬁ%hé‘ﬂu@t’io%f Tlgﬁnhl:&kéo'élé%ﬁ forfiRbH&Oh Htd 328t M tahge of 15
roonttenperature not affect the paraneters of the
hoursNo 30 hours or during 10 hours, 16 hours, 18.5 hours or 24 hours. Stlll even

more preferably, the duration of thermal dissociation for interferon-beta is 24 hours.
The incubation or resting temperature is preferably set in 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 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 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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b-1a nol ecul e as determ ned by Deg/ox HPLC, ES- M5,
Quant - HPLC CZE and I EF. 8) Results of kinetics of
woheosnmato4sli ssoci ati on at F/ TX1L are shown in tabBCe®EP2005/052413
and in figures 4 to 6 . Table 14 -Kinetics of thernmal
di ssoci ation at |abscale F/ TX1. 3. Conclusions: 1)
I ncubating r-h I FN-beta la -4tnples at 290C for 15hours
after thawing at roomtenp significantly decreased the
y _ : i . . di : .
ThaE EiaemeBls, YPEE coh@c el 16 B theGpORichle, Sfobf S bytkome
exdigients fike amireomiils, bagterostaticagants, isueastagts @ad isaiarieity agents on
I . , ) _ : It el _
a An“@%/ %h @fN-Qéténg"ﬁ{ 't%rg'{él gﬂo%@r?ﬁgéﬁﬁ%ﬂd r@gréﬁ'ngM. }l’ﬁé‘ following

hods used, 1ncu Ol I FN-beta_la for

studieh were cendupEgivithouk thefaddition e imgn serurrralpuaindiSANdQ the bulk
_ edat 4.V ; the paranmeters of the | FN-b-1a
r-h IFIFEEE 1a ‘grsef%@tﬁ%??nﬁg]ﬁed by Deg/ox HPLC, ES-MB,

Quant - HPLC CZE and | EF. Effective in dissociating non
1_Ocoval .e@[O%bi QuiTiBRis al | non coval ent ol i gorers

are dlm%%o | ent ol i goners not

di ssocAgged in t he250m Aggtegeie® Monomers in 250m

t ubes ched 94% (9hr idekeatd FanalRss, and 97.57%in

smal | CORSs (15hr i noubtrs Ao BRngE) Tori um of

ol i gonBim reached i nmediimersy after thernal

di ssochati on (see tabl esb?grghafgur es). Thernal

di ssoch ion at 29C in 15 tSEes is conpleted after

15 houFBFI n summary, th&inal desage festperinents (1.a and

I'b) depgnstrate that thepBlindhRfRahfg on. enbodied by

a specific tenperature and duration (i.e. resting

t enper ehdFN-heti1aest i ng Recambisant hemBatintgreronrhetay g (-h IFN-

i ncubation tenperature) ,be{as1égrﬁu6q;,i, eHd &iismai nt ai ni ng
and/ or increasing stabilit f a (nmpnoneri c)

rotein
or f or rhilENiketa EBFt ai ni Aid {ﬁ%‘b?tﬁo fipali %S%ngﬁm ffr-h IFN-beta
Kinetics of thermal disggghyation for interferon-beta
further shows that thermal "dissociation at 1 E/T cycle |
yi el dsSE-RBb&bn after orfize 3 exslusion j dhigh ppperformance  liquid

conpleted after 6 hours,chajhtbgaphES

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 .



then a "plateau"” at 15 hours. Preferably, thermal

di ssociation is perforned during at |east 3 hours.
wohows/1prEser ably, the duration (resting time OPCI/EP2005/052413

i ncubation tine) of thermal dissociation for

interferon-beta is set in a range of 6 hours to 40

hours. Even nore preferabl y42-t he durati on of thernmal

di ssociation for interferon-beta is set in a range of

15 hours to 30 hours, or during 10 hours, 16 hours,

18.5 hours or 24 hours. Still even nore preferably,

3.0t he duEHBEQ:@,S_CQE& mal di ssociation for .
'”teff%ﬂﬁﬁihﬁieathé%]u%cfrg Pafis of 1 IFNLS 833 &ﬂing%rktepzb%é&ing.

tenmperature I's pre y set in a range of
10C. More preferably, the tenperature is 29C. Even

40, cs0cE MR AND M ERURES med after 1F/T, the man
4.10f art EQIPMENDnventi onal techni ques, coul d easil y
det er mj ' 1681 855 Mi | dissociation after
many @?ﬁg@tgﬁe‘é@f@“é'pézg%‘r’r I4'0?1‘?:‘@/]('% or 11F/T; or after

any ot Milexisyrrpedriven 0cdisijltes - RINSH-G\(25LRdMillinerer e
manuf agga io%[%&ﬁﬁlﬁgé’f%bégyC%f thereof of any
eta (e.g. r-

i nterferon- Interteron-beta l1la) or of
any noh8micryotybest Murc As such, the present invention

ashoul d jaRfeRmIlg Mted to a particular incubation tine
or duration %)r resting tinme). Likew se, the man of
art, usi rRFCeRfeastiodnal t echni ques, coul d easily

det er myNey \NIBITASRITEN BR, Bt 6SPNFEBaELID (doBBRUSABO! Merck)
(or resting tenperature) r one or nore F/ T cycles

afte
(or af eerClagigl Qr;l%ﬁ@ﬁdléi"ﬁﬁ % (cagiere@U063pMeEskdn for the

ent i red_n’%'lﬂﬁh hoRdeRDREESs or any part thereof of
any inter erlon-geta (e.g._ r-h interferon-beta 1a) or

of anyemftaerames 188k ¢ral F 68DAGHSPINF Bashs2 331

i nvent § on_fagiibiind@t08¥07! MBtdkgd to a particul ar
i ncubation tenperature (or_reSting tenperature

Exanp, 6 SBonzyidicatios Hh Fuh R Nin{conP 4 GRBEOMEIOKY i he
addi tign LQf\rg?rﬂm?ﬁﬁJhBlaﬁ?bcm&idehR:oQEH'ﬁMﬂf\/ﬁé’rél{)- These

experinments were conducted to verify the protective

ef f ect i.sho¥RerBy 28 BREUnNF (rasierds 170MReMerido aci ds,
oo SARIEARETRSTRRHIR! 20> 2re, | oo <l Y
ol i gonisr irAntiNobetaria GuiflyP Sqalmber. 0.8 me/B1 | owi ng st udi es
ot B A PG 0, T serur
pr ef or il S: 1. 0 GLOSSARY/ ABBREVI ATI ONS
Amino Acids:
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:
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Agg Aggregates COA Certificate of analysis.

Deg Degradants FDF Fi nal
woheosimgp4s- h | FN- bet a 1a Reconbi nant human

interferon-beta l1a (r-h IFNbeta 1a) from CHO cells.
dosage form
(r-h I FN-beta FDF) SE-HPLC ##-ze excl usion high
performance |iquid chromatography SAB 50nM sodi um

r-h IFN-beta FDF r-h | FN-beta 1a fi nal

acetate pHg. ﬁ/la-ﬁ‘ﬁﬁ&'ﬁm

Dm D nmers

dosage form F/ T Freezi ng and

PCT/EP2005/052413

giature 2.0 | NTRODUCTI ON The

study focused on mnim zation of oligonerization of
r-h FN-beta la during manufacturing steps fromthe
to the FDF storage in order to provide

oSEC- EL

""a st abri

Phb%fép' ORe

k i nterferon-beta.

M ni m zi ng

ol i gonghe stady wasganiedauban BFCsEkefaetionse. g. Ff T) was

per f or #gd ofiine

exci pi ents and

(-200C1 -70Q0C & 2-80C) on oligonerization in

pref ormul ated bul k. Prefornul ated bul k sanpl es were

o

%chG?ﬁ@?f thé

r ot nher

S

sta

SHbwi 1R PRl 7\ LN

I Zi ng agents and w t hout

HSA.  2Thedifferent preformudationicenditions areshawe in iabjes & andets.

Tahbled5yFxpenimnenfalschemec . 3. 0 PURPOSE/ SCOPE To ni ni ni ze

the ol iponerizat|{on of r|-hd4CFN be20e 1p €0Ci hg -p0@ k| -70C
[ SERERYP S| MSirfactant |Antioxidant|2ml tube|250ml tube|2mli tube |250ml tube|2ml tube
+ - - + + + + +
+ - L-Methionine|  + ‘- + - +
+ Tween 20 | L-Methionine + - + - +
+ Poloxamer 188|L-Methionine + + - +
- - - + + + + +

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




4.0 EQUI PMENTAND MATERI ALS 4.1 EQUI PMENT O0.2m filter

unit P/N MPA.025 MIIlipore MIlex syringe driven 0.2m
woi2bisan 7948/ N SLGV025LS M | |i pore 250m coni cal PCT/EP2005/052413

centrifuge tubes- Corning 1.8m cryotubes- Nunc 4.2

MATERI ALS a. SEC el 2 fraction b. D Mannitol DAB, Ph

Eur, BP, USP, FCCl E421 (codé 1.05980, Merck) c.

@ acial acetic acid 100 % (code 1.00063, Merck) d.

xx\§§d¢w%m&mhdsnégwhﬁ-ong%aéaner 188 (Lutrol F 68

- Vet hionine (1. 05707
Gor | R;etet.e %emcxc % L&ra:cw@nmm eisine] Eplovaper E\ems' n@% G of
Mer @ h. [€¢ nonohydr ochl " . 44
| Mor g ﬂ%“? o gfwy\ggﬂw .,'."‘-i".%b'.’z, '
1 Mer dk) j .5Lysi ne (ccde 1. 03701 |~ Merck) |k. r-h ggom
| FN-{beta Ja 0.48-0 .4nmg/m or O. ()88rrg/m | Adet at e|gy om
5 Buffgémml—t‘58 SEnvtor—THOTivi-SiTABHH _(_ERS_AIM TTO /-g|1gb 6k 2mi
3 Arghni ne 3gt-6my/m ——Lyst 27 1amg 8 odvET[ IO Smi
2 0. I3ppiad [5ANTT OXT dant) Sur{acramgs. 1. [ween (gd2  [6x 2ml
5 0. 09nmg/ m |C 316 - - ax
250ml
6x 2ml
6 - 31.6 |- - - - 0.12 |6x 2ml
7 . 316 |- - - 0.05 [0.12 |6x 2ml
8 - 31.6 |- - 0.5 - 0.12  |6x2mi
9 - - 546 - - - - 4x
250mi
6x 2ml
10 - - 54.6 - - - 0.12 |6x 2ml
11 - - 54.6 - - 0.05 |0.12 |6x2mi
12 - - 54.6 - 0.5 - 0.12  |6x2ml
13 - - - - - - . 2x
Control 250ml
6x 2ml
14 10mM |- - - - - - - 6x 2ml
Control| pH-3.8
15 50mM |- - - 274 |- - - 4x
pH-3.8 250ml
6x 2ml
16 - - - 274 |- - 0.12 6x 2ml
17 - - - 274 |- 0.05 0.12 6x 2ml
18 - - - 274 0.5 - 0.12 6x 2ml
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6.1atHded .'1‘1'1:‘ ionof

2. Pol oxamer 188 (Pluronic acid) 0.5ng/ m
Bacteriostatic agent: 1. Benzyl al cohol 5ng/ m

woOgoisan7asty agent: 1. Mannitol 54.6nmg/ M 5.0 PRODEPRE052413

The study was carried out on SEC-EL2 fractions. The
outline schenme of the study is shown in Figure 7. The
di fferent prefornulation cof%itions are shown in
tabl es 15 and 16. Tabl e 15- Experinental schene
Stabilizer: Benzyl

al cohol / L- argln|ne/NhnnltoI/LyS|nePrefornuIatlon

6.1condi t PREPARAHIQNOHR SGLEIANS| ON OF SOLUTIONS 6. 1. 1

Preparation of 1 liter 50vM sodi um acetate pH 3.8
(SAB) To 1000m VI, ?6 OOBgr gI aC| aI acet| c aci d was

sodi umrayﬂmm 4or Il @\doxge gﬁé&%ﬁ%b{b Q&i@%aé @dé@lcl wabl rhiRed for 5

pH 3.8 solution was“m xed for 5 mnutes, sanpled

for com!mli%?rwty and filtered on a 0.2mfilter.

Pol Oxaﬁﬁf)ro;(%télgro 89 H\T u?m %y@@adeﬂdl\ﬁ‘ﬁﬁﬁ ﬁﬁged lh 6rﬁ§r to adjust
pr ef or at1on % (Critical

Concenta atidh)the ﬁOMII% wvannwe@\f@rnﬁ njpdies, pia'mie@ffortqeeductwlty
drug syRSHREIES ofda 6.B5 fifter i:ema.%r 486 (G PHidhice-88Y38 ildiled in

t he manu(?act uri ng process; concent rations

negat | 0 prf bt & fexil B D% (CriFeal Misalar, Congagiiesion) in
oxi dat Ry} it ! éwnt %ee&%ﬁéﬁ af ‘tlfg‘ardﬁaé’uﬂ%?aﬂc@%? fef SUirtalc¥ of the

in limting adsorption. 6. ter of the
fol l omma@GTsuﬂwmﬂsmﬁeF’é“ﬁéfﬁ@ﬁb'&f‘@cPFOQFSSBUSN%\%C&PHat'O“S may

pH-3. 8reddt W{Y“'bff Nggl st%'bﬁiﬂh‘af tﬁé r%d@ctl(rgﬁ;h@rt Bx@é’d%n) lower

addi ti on” of Benzyl al cohol ore ad ng so ium
hydr ox p@@cenyatl%ﬁwsa%te&ﬁ sffpelive. "8"m5'ﬁg/aﬁ'F°fB
Al cohol

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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As in 6.1.1 with the addition of 5gr Benzyl al cohol
bef ore addi ng sodi um hydr oxi de. 3. 507M acet at e

wWOReB/18794863. 2ng/ M Arginine As in 6.1.1 with t RET/EP2005/052413

addi tion of 63.2gr Arginine before addi ng sodi um

hydr oxi de. 4. 50" acetate pH 3.8, 31.6ng/mM Arginine

As in 6.1.1 with the additigf of 31.6gr Arginine

bef ore addi ng sodi um hydroxide. 5. 50rM acetate

pH 3.8, 54.8 e

addi ti on of 5/5?3 gmsg;lr_y ﬁ"b@l %r@sga(g‘%&e%g?g:@%hoérg@?‘l?mbefore adding
hydr oxi de. 6.sodomvhytfexide.e pH-3.8, 27.4 ng/nm LysineAs

n 6 11 it sgolhf oBeidlid 519,80 608mi ﬁghn.ﬁﬂg' nine before
addi ng sodi u ace
manni t ol To OTOR&REkaNAFI, gooasrgglaglabec%uc %@‘ddawaé @@emd the

was added an%oﬁt{?ﬁn %@é’rﬁlx@g f&\aﬁm i’e%d 169 BgFhARhfEdt was added to

100. 3gr mannit sol uti on and m xe

for 5 ninut eshe Reprioni and @myecb f%5nmlw¢ﬁﬁ urigEmalehy £.56 mi
10M was addedsddﬂm?ﬁf&&m&@ 1é|9|lwa°§addéd9#8?qe$ to héiist to pH-3.8, the

sol uti on was m nut es
conductivity SﬁuiloﬂlW@%ﬁé@%fﬂfﬁmlngtﬂsnﬁﬁmpﬁdefm gondiggiivity and

acetate pH 3.gk eﬁ)@% b hBfane0 0. 966kg WFI, 3.003gr
gl aci al acetic aci gﬁcﬁé‘d af!\]nd m xed for 5 m nutes.
55. 1gr ma8ni taimM@acetathip B0Bmpbmanaifol 5 i nut es.

Appr oxi mat el yr o 5 @mo@m KR W85tk mixeo

in order to adjust to ution was m xed
for mnutes, fgarﬁpln@wte&r 5§dsaueanmtol yagngdded tandemiad for 5

a 0.2m filteryinytes. Approximately 0.56 mi sodium hydroxide 10M was

added in order to adjust to pH-3.8, the solution was mixed for
5minutes, sampled for conductivity and filtered on a 0.2y filter.

6.1.3 QOne liter of the following solutions were prepared :

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

Tk

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/mi Arginine, 12mg/ml Methionine,
50mg/ml Poloxamer 188
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6.1.3 One liter of the follow ng solutions were
prepared : 1. 50nM acetate pH 3.8. 5ng/nm Benzyl

weélhewshaetoss 12ng/ M Methionine " As in 6.1.2 w t RCTE®2005/052413

addi tion of 12gr Methionine. 2. 50 acetate pH 3.8,
5ng/ M Benzyl Al cohol. 12ng/m Met hionine, 50nQ m
Pol oxaner 188 As in 6.1.2 wtth the addition of 12gr
Met hi oni ne and 50gr Pol oxaner 188. 3. 5QOrM acet ate

pH3.8. 5no/ s Bewzyb 'ﬁltl@othgl additierd/arl 1%i‘t hic@bmee and 50gr
5mg/mM Tween 20 As in 6.1.2 wth the addition of 1Zgr

met hi oni ne aﬂ?@loagme'rv\ﬁﬂen 20. 4 . 50nM acetate pH 3.8
31. 6my/ M g Ar G SeetaieBI4 A8, MAtethGIRI PRgi 12
acetat e

with the additron o f j oni ne
pH 3.8, 31. 6Me, 12my/ Met hi oni ne,

S0ng/ m Pol oxankre. 48806 iHe Sdditich ¥f 4 rtm&hﬁﬂﬂiet érﬁlﬂ5@rf Tween

12gr net hi oni ne and 50gr Pol oxamer 1
detate pH-3.8, 31.6ng/ M Arginine, 12nq/n1

Met hi oni ne. -38, 860rhM Marhitdl, Woia/hiMfethionine

addi ti on of nine an

acetate pH 348 §d€¥TWlﬂNﬂ|¢rﬁqd<ﬁl°“ qgﬁﬂ']%ﬁ&%ﬂﬂﬁ-oni‘ ne As
Iaget6at1e2p t t?ig deatdid 'gﬂnﬁ!? @f %%mem.@rgl {Lr%ggnl?nrllel\'ﬂ@ﬁfvﬂnine,
5ng/ M Pol oxMﬂDﬂDﬂn@l 2 with the addition of
12gr Met hi onijae jngl1 99%ith the addition of 12gr Methionine and 5gr
Poloxamer 188.
9. 50mM acetate pH-3.8, 300mM Mannitol, 12mg/ml Methionine,
5mg/ml Tween 20

As in 6.1.2 with the addition of 12gr Methionine and 5gr Tween

20.
10. 50mM acetate pH-3.8, 27.4mg/ml Lysine, 12ma/ml Methionine
As in 6.1.2 with the addition of 12gr Methionine.
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.

15! Stage

6.2.1 197gr SEC-EL was diluted 1:1 w/w with SAB, 10mg/ml Benzyl Alcohol.
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Pol oxanmer 188. 9. 50" acetate pH 3.8, 300vM Mannitol,

12mg/ M Met hionine, 5ng/ M Tween 20 As in 6.1.2 with
woheosaddi4gi on of 12gr Met hi oni ne and 5gr TweenPQUEP1®5/052413

50™ acetate pH 3.8. 27.4ng/m Lysine. 12ng/m

Methionine As in 6.1 .2 with the addition of 12gr

Met hi oni ne. 11. 50rM acet at-#8-pH 3. 8. 27.4ng/ M Lysi ne,

12nmg/ nl Met hionine , 5mg/ M Pol oxaner 188 As in 6.1.2

th t f
6. 2‘]’_28 L ;@gg%@d EPRyeR du&t%ew Wmmnl 888 mﬂg{rﬂ zeg.ﬁmamer

OrM acet at e /'m L
628 ny/ M978e8ECH: weas dl'@ﬂ%ﬂmwm@'ém % mapnifoly; ¢ h

the a i 5 6.2
S S S g e s

6.24F eparRor SEGHY wesrgtded vt 20808 1RAB, 0 9rdar darrreparg g solution
Tabl e &ﬁtaé ﬁBq O%rf\rgffnlq-@ I#ij%zéir1§5ﬁté?'—ﬂﬂ@t%rﬁ'tﬂé“s§ﬂtlénslwere

ww Wt Benzyl Al cohol g
SEC- Eldivided dntp jiwed250m! tybes \montalmﬂéggaﬁgman six 2ml tubes

Ar gi ni %) 5rhPgdk). SEG-EL was diluted 1:1 wwwith
SAB 60(§1\}ia "ﬁ@ P 6)24197r SEC-EL was diluted 1:1

w w wi @fe ZaBmI Bibeging/twp 2m) §4hﬁ9§ veere frgzeypand sipredat -(HS-
di | ut egpyi édg R{P%gpﬁ%?ﬁ b Frslefubb® WErBPRELR af Q"D @Rd then

contalnln | FN-beta la. After filtration
t he sdransfasiesl tﬂ/@r% fieezen k& storage alwd0%50n1 t ubes

cont aifj B9 werd &hred osgog. 2m tubes (contai ni ng
0.5m DR f
The SEC-EL was diluted with water in order to prepare 6ml of a solution

containing 0.088mg/mi r-h IFN-beta 1a in 10mM acetate pH-3.8.

2" Stage
The following solutions were prepared at a concentration of 0.5mg/ml r-h
IFN-beta 1a.

6.2.6 The solution prepared ‘in 6.2.1 was diluted with SAB, 5mg/ml Benzyl
Alcohol.

6.2.7 The solution prepared in 6.2.2 was diluted with SAB, 31.6mg/ml Arginine.

6.2.8 The solution prepared in 6.2.3 was diluted with SAB, 300mM mannitol.

6.2.9 The solution prepared in 6.2.4 was diluted with SAB, 27.4mg/ml Lysine.

6.2.10 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).

6.2.11 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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One 250 M tube and two 2m tubes were frozen and

stored at -700C. One 250 ml tube and two 2m tubes
woenws/ffiTagen at - 700C and then transferred to BCREm®2005/052413

freezer for storage at -200C. Two 2ml tubes were

stored at 2-8 0C. The SEC-EL was diluted with water in

order to prepare 6m of a s#-ution containing

0.088ng/m r-h IFN-beta 1la in 10v acetate pH 3.8. 2nd

Stage The followi ng solutions were prepared at a

concentrgatlon of 0.5mg/mM r-h IFN-beta la. 6.2.6 The

sol ut i HnStaoedRilutionA:®0 1 was diluted with SAB,

622@/ ngeﬁﬂlzﬁf tn‘éJ §6lhﬁ>én pFéK%reZi Ths 256)%' At waﬁr@slml Bf SAB,
2.2 was di . Arginine. 6.2,

The sding/imb BepZ)é Moéﬁl: i1Amg/mi_ Msetmg'"ﬁr luted with
6.2B1 305 NLBH RS E@huorﬁ?}l%ggreahﬁ 63206 Waé %ﬂut@& Q\F?tﬁr(?@l'nlngB 5mg/mi

6.2.4 was dilute Lysi ne

Af t er Eenwk%!polmi 12mg/Eé Methioning 159ﬁ19/f(‘hp|2r°9'°to 6' 2.9)
6 Z‘Qﬁr E) ’gﬂg&* )Zchg%@uﬁ&’g re%?n%@m b@@%&m&b&w&méﬁ@m 5mg/ml

cont al ni ng k).
f ourt e%wzxwﬁohqlut?éeg/mh Mem@nﬁeee‘émgml Tﬂ'\(ﬁ?é‘@(’ The

6.2 Ay %@%nb’%‘féiﬂ@ é&uﬁg;@%gé%ﬁiﬁu 89 #tw&ﬂ%mm@a Tl td"'@rhl SAB,

processe stage 1 Two 250 t ubes and
two 2nd1 Gmg/é@/’frglamee IebMgthigfineser e frozen and

2‘?‘£60r ety mr Z)?Dcﬁe M|o%59re51aretdume% Zif‘q”éé’\@ﬂ@t@d WP EB3ml SAB,

om each solution were frozen at - C and then
transf%ﬂr6@g/mld\ramma1$ma/@"ﬂMethlewngtﬁﬂr%aj@'a rQYe0C. Two

“i? Frl 'of 'Yhsas_?cfhtﬁxﬁl Eﬁégaféde 6.51 ke dilited- BRAK- B3I SAB,

"Stage (Dilution of the solution

. 7
pr epar &46mg/ng PS!Q'G"\%% mgimiMeghigning , 5mgfml Tyyees¢o.
6. 218/ M oBeRrdl thélseRbch prebarad ile. M Wak fie8 with 0.3ml SAB, 300mM

mannitol, 12mg/ml Methionine.

6.2.19 29.7ml of the solution prepared in 6.2.8 was diluted with 0.3ml SAB, 300mM
mannitol, 12mg/ml Methionine , 50mg/ml pluronic.

6.2.20 29.7m! of the solution prepared in 6.2.8 was diluted with 0.3ml SAB, 300mM
marinitol, 12mg/ml Methionine , 5mg/ml Tween 20. '

6.2.21 29.7ml of the solution prepared in 6.2.9 was diluted with 0.3ml SAB,
27.4mg/mi Lysine, 12mg/ml Methionine.

6.2.22 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.

6.2.23 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.

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

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

6.2.26 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.



6.2.13 29.7m of the solution prepared in 6.2.6 was

diluted with 0.3m SAB, 5ng/m Benzyl Al cohol, 12ngy/ni
woORb(FI10aTH48e , 50nmg/ M pluronic. 6.2.14 29.7m oPCTm®2005/052413

solution prepared in 6.2.6 was diluted with 0.3n SAB,

5mg/ M Benzyl Al cohol, 12ng/m Methionine , 5ng/m

Tween 20. 6.2.15 29.7m of -%hke solution prepared in

6.2.7 was diluted with 0.3m SAB, 31.6ng/ m

Arginine,12ng/ M Methionine. 6.2.16 29.7m of the

solution prepared in 6.2.7 was diluted with 0.3n SAB,

6.331. GITQM-_M 12ng/ M Met hi oni ne , 50ngy/ m

luro v s t t
g 5 7%\/\/'2165 2 I dtg%d #%9 c,lhge Acl,sgghgliz@’@ f?&tﬁ%'cglcbﬁ?fﬁlémulatlon

12ny/ monnﬁlpm wa$ r@alysgdgwaETmBéﬁ after @azwrlss apgopm tegpp for
the s |

S W%ﬂﬁ%@%ﬁ%&eﬂ ?0% ‘E@t i g%lférr%ﬁ%cwﬂté tvo@cffahhours
of thebafmedhawnng@qsﬁsedeshovm ip tablad<. di | ut ed vvlth

O 3m I [

o AN g G Lo O, 1 and 5 o
pr epar'&blﬁ i)evas analisediby BEHRLG after thawigpst regaigmp for 6
manni t ng/ M Tween 20. 6.2.21
29. 7 l% ﬁ@%{é}aﬁ’gﬁ&ﬁﬁgaglregfl n 6.2.9 was dil uted
with O|n3addl®NB thamahm;smlamqrsstnd'es Mperg/nerformped with samples in
6.2. 22 t

tpﬁie%&%erﬁ 1'1?5!56% ét% ﬁ&?&%ﬁ @erhﬂerﬁtu'f’e 8f Y6 during 8

dllute Lysi ne,

Met hi ohdure (1raiGaginies fmmrtlm%omldulzeszqtez &) agg apgiysed by SE-
sol uti N ERPE was diluted with 0.3m SAB,

27. 4 Iqm'ééyy ngg 19"fof5re§1uﬁsl\)/bt hi onine , 5ng/mM Tween

20. 6.2.24 Al the soI utions (6.2.12 to 6.2.23) were
filtered separately on a MIlex syringe driven 0.2m
filter. 6.2.25 The solutions were divided into 2ni

tubes (at least 6 tubes for each sol ution).



6.2.26 Two 2m tubes from each solution were frozen

and stored at -700C. Two 2nl tubes from each sol ution
worows/ffitTagen at - 700C and then transferred to RCPME#H2005/052413

freezer for storage at -200C. Two 2m tubes from each

solution were stored at 2-80C. 6.3 BULK ANALYSI S One

2m tube stored at 2-80C - 7BC and -200C from each

preformul ati on condition was anal ysed by SE-HPLC after

thawi ng at roomtenp for 2hours. Sanples stored at

-200C were transferred back to -700C for 4hours before
7.0t hawi nBESE&d® t s are shown in table 17. One 250m tube

T g R RPN ] 'n 4355 o

tenp fawd 28MOuUrs.. Results are shown in table 18. In

an +hao

r llpwlnn et 2w Sl v 1 £T ~\ .l
YWt STITPT TS p cb.l*ll COOUCS art IZOOC*I;I r—Cyvul K c
ncubaton t SHi8Ga gk eaoc [hGior ks Pt 7
mPT TS T 1T UM Z JU1 || OoTS 7l ajl
-%/i SEHPLC (se 8abI e ]3'1for ‘rg%guﬁ s). 7(.}'83 RES?YIL S Table
Hr—=Preformul g4 Tom RegHHgtS TOfoAEMC [oBFS (98.PM )| 0.78
Howvet at -70pC, -200¢ and 2-8[C Storef at 2y 8C for|3
BEEKS. *~ Frores7at - Q.14 storegsat -PoBEs Tp9s.16 dpgs4
B METaTWf err d back tjo -70 C for 4 hpurs. Results]are
tdhe average of 9glapli cdtieds. Bul KSBf f ef 0.89nt pddhed SOBIWI
BAIMET BObt at ¢ pH 3. 8 |+ excipilents inldiffefent
@onbi nati ons (8A1Benz)|[0-83 coho| §3-AMET- VB hi opPHe, MRS5S

MRGitol, TWTween 201 PQ - Pol oxaner) Table|l 18 -
B ef or mul ati oh9Rsul t  ¥Br 250n$4-€ ubepSdt or B8t - 7BEE

RG:MEJTI I\I(‘\ a) \M thoutl_incubat] 0C fbr 8 holrs
qulﬂ 18 gveracé)'%f dup §ic%t es Tgﬁ 1%9-The R%P
J\ nn =/ 1 2

11%

1%

1;,-’

[SAVAVE mu oy my| "‘8&5:"{1 t lﬁb-f_.:s aft -;6 L4 1£|¥§= %9 n. G 043
%Tbg}ls \ddi'ti on [of excip eﬁ?(s) to a JU?-ﬁ r-h

Iglt C,I 1 CI, UTT= bc Egéa dcx. I(fbﬁbdb 812 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 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, 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)



consistently the percentage of dinmers and aggregates

(thus increases consistently the nononer percentage).
wa@anpaniaag the effects of thermal di ssociati onPamaP2005/052413

sel ected excipients on r-h interferon beta, a slightly

hi gher nononer |evel (lower dinmer and aggregate |evel)

can be achi eved by the addi#2on of excipients. In

addition, prefornulations stabilized by excipients

O¥% € r ;

TaBlROYS 21 ot HaRon LU fof 256t WM ol FLrgSe WL LeinG) or

2m t ubntboutﬁhcdﬂﬂlcﬁnaﬂ 29°6|fbf' Brimm:ss of % ononer in the

variaoe caonditi Anc St At Aol v o 1 ND0A

L T OO Yo AUITYAY
Conligon Jisnad L o e Hf’hgvm% g@fmw WeRY L,&g& Jhligpo [1oRdg 4Dim
nonomeT e\qqig 10099 . C The conpi nati on
TvRam l\?JI +Tyeen 20+vetimom e Ts—stTght Ty biggtET RJifa 2.7
ysing. Al l| stabilizers inl various|conb|nafions fan
o&g Yrgnomer—>88 A 700C ani St o[ au®sHE |12 3.5
ltubgf CThe hijgheg$t % nononer| is obtalned With a
v I‘flti orof EysteFTweenm 20+ Vet U O € 457.6290[l0s 1.3
nuﬁgh At -|700C Theref s a [l ear adyantape {o Lys|ne i|n
Ty ii\? O T goTET L Zat T o+ EVET ["COTTPET E€lhgtP L BB1 1.0
Spﬁzr exci gren{s testjed. Exanple 3| Stapililzatiop of
‘S freron=fpeta by the—addr tTomof fam eRTT gy T o3 a 1.
igﬁ&ﬁirterfeyon anal ysled by| vel ocity ves i
5 IJ(%"“ entTTfugatTom, ISECapd—Pegr Ok HPLC Tidd 46 1058 [0
E% SARY/ ABBREYI ATl ONS
+ INC
9-nunc |- N - - - - 1974 0 2.6
9-(250ml Y - - - - 78.1 0.52 [21.4
tube)
9-(250ml N - - - - 95.1 0 4.9
tube)
+INC
13-nunc |- - - - - - - 821 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 |- - - i - - - 99.6 0.02 [0.42
15-(250ml Y 99.4 0.03 [0.61
tube) . - - - - .
15-(250ml 99.9 011 J0
tube) 0
+INC - - - - -
Tween 20 98.1 0 1.84
Nunc - - - - N -
Tween 20 99.8 0.04 (013
Nunc
+INC . - - - v -

Results are the average of duplicates
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Agg Aggregates Dim D nmers Deg Degradants FDF Fi nal
dosage form F/ T Freezing and thawing r-h | FN-beta 1la

weeaBn s Nt

human interferon-beta la (r-h | FNPOBER2MDE)S52413

fromCHO cells. r-h IFN-beta FDF r-h I FN-beta 1la fi nal
dosage form (r-h | FN-beta FDF) SE-HPLC Size excl usion
hi gh performance |iquid chr6%at ography SAB 50rM sodi um

acetate pH
study was f

3.8 Tenp. Tenperature 1.0 | NTRODUCTI ON The
ocused on mnimzation of oligonerization

of r-h IFN-beta la during rranufacturln% steps fromthe
]

SECTablef19xc Thesimal glissaciatiom i thmaldubes a

'd@)lF"t' eY¢leovi de

a stabilized bulk interferon. M ni zina

Additheneri z

dGonditiers _done [MondhePr e]Dimen| atjaggregate

BYfZg1 AcbRolepBeEfBretinbabatish or ot hen. 76| abi | uz8]g agemt®
before free gRourd98e | 2) FF §7r5@|| nuT agidy] The Pgalk

L unfrozen r-

m||
L

Mamitabr ef or i
SE- HPLC De

MR L T T aigc

~ -
dd 1i1sin

AﬁserlBmel‘.lraQSCvel OCi t951ﬂ8t|race|4t93 f ugat i o

Lyeineods. S

ol i goners WxHR®hoes20CHy ul traggy]riTugaigjon alger

fe ingubatieri y to de9ed| onl v.82}val er.09

& TONESSA fblb TET S _GgLi5| qUanyIgAT1 ver y gind

L OO,

Twe
qual'l at lve 3o 1r§’ SECP T T T .ZE _L e 0.04
Control Be?ore incubation 33. RS Y 193]

After 8 hours 29C 95.09 3.79 1.12

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
>99.
e At -70°C and storage at -20°C




processing. 4.0 EQU PVENT AND MATERI ALS 4.1 EQUI PVENT

O0.2mfilter unit P/N MPA.025 MIIipore Revco freezer
wanoosn@®4Peri stal ti c punp 250m conical centri PAGAEP2005/052413

tubes- Corning 1.8m cryotubes- Nunc 4.2 MATERI ALS SEC

el 2 fraction D-Mannitol DAB, Ph Eur, BP, USP, FCC,

E421 (code 1.05980, Merck) &#acial acetic acid 100 %

(code 1.00063, I\/Erck) Sodi um hydr oxi de 10M

L- Met hi oni ne '0

nmonohydr ochl osrl é 'Qé A)Nﬁ{(?%éﬁ.'fl‘ ! I\%i &LY/‘Q r?ecombmgtlon of
1.05701 , Nbrtk?lnﬁwmmomhé study was carri ed

out on a SEC-EL2 fraction. The outline schene of the
study is shown in Figure 8. The different

pr ef or nuRat25%miclathest i ons are shown in table 20. Table

20 - Prefornul até!o_gggnditi ons : tested by quant-HPLC

6. 4 PREPARATI ON UTI ONS Sol uti ons were prepared
according to dhargd ea2.cléar Rdvpelegei do bysiBOntin stawernmg the

005 1 ter. SomblautTkator {FETBinateg & 11 GRRF Tent: tostea

Example 3: Stabilization of mterferon-beta by the addltlon of an excipient to a bulk-
interferon analysed by velocity ultracentrifugation, SEC and Deg/Ox HPLC

1.0 GLOSSARY/ABBREVIATIONS
Agg Aggregates
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

1.0 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 .



a. 0.483kg Wl was weighted. b. 3 1.6gr arginine was
added. c. The solution was m xed for mnutes to allow
woOheosangi4si ne to di ssolve. d. 1.5gr acetic aci #HCWAR2005/052413
added. e. The solution was m xed for mnutes. f .

VWi | e measuring pH, approximately 0.28nm NaOH 10M was
added until pH reached 3.8.-5%. The sol uti on was

sanpl ed for conductivity and pH h. The sol ution was
filtered through a 0.2micron filter. 3. Preparation of

1 liter 50MM acetate pH 3.8, 31.6ng/ M Arginine

0. 986KEhevprefaumsiiated Ghlkespmples werg gnalgd Hsig ﬁEsHPLC Deg/Ox
added. 8. c THE VRl h%o&ﬂﬁfgﬁbﬁgﬁgmﬁﬁfodé NSEWRT tsanéiyl t8\¥etect
t he arglnlnetoglsso 've r acetic acid wa

added.only cyrieriopligomens mreﬁs(wom r ulgaeentrifugatign ﬁ'éo detects
measur i RO Rk ¥gs added

unt i | ﬁﬁﬁ reagﬂg@@?%rg?ﬁ%'gﬂgé t| on élgsi‘grrpl ed for
conductivity and pH h. The solution was filtered

hr ou filter. 4. Preparation of 1 liter
qt5 Puged I, 164.4. ng/nm Lysine a. 0.835kg .

VI waFoweinimize. the. oligemerizatiory xif neh viaterigtrneletacla 'Ff%é‘"g bulk
solutlg.tz1 Sgnxedfor m nutes to allow the arginine

ve

to disSo 3.002gr acetic acid was added.
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.



e. The solution was m xed for 5mn. f. 0.56m NaOH 10M

was added, the pH reached approximately 4.1. g. The
weabostiimaswas sanpl ed for conductivity and pH POT/EPR®5/052413

solution was filtered through a 0.2mcron filter. 5.

Preparation of 1 liter 50rM acetate pH 4.0, 82.2.

mg/ M Lysine a. 0.92kg WFl -6&as wei ghted. b. 82.2. gr

| ysine was added. c. The solution was m xed for

S5minutes to allow the lysine to dissolve. d. 3.002gr

acet i c acid was added. e. The solution was m xed for

5mn. f. 0.56m NaCH 10M was added, the pH reached
Taﬁi@QQO)ﬁrHﬁ;rﬁhﬂatﬂ) COI%I ighg solution was sanpled for
onductivity an The solution was filtered
t hrough a 0. 2m cron fllter 6. Preparatlon of 1 liter
[Contlil (LA e [ Mafnttol L”"“ TRt o O~ off8TBYagE |Final | mgiml
on/Tet h'n&h@ﬂe almi- 92k(lm \WRSthivking tuddsb. | 110. 28 pHgr [+
mannj tol was|added. |c. Thaqgml uti pn was | xed flor
1 m nuf-es to ald owthe- manni-t ol to Hxsasdnvp2-8°¢. 3300205
Coattét| c aci d was added. e.| The sol yull on was m xdgd fof
Sminl f . 0.R4gr nefhionijne was agitked.2qy| The dol utj on
was jri xed fof 5min. [h. Wiile neasflu'i'ngn[i)H
apprpxi mately 0.56nl NaOH 10M was half full
1x 250ml |-70°C
2x 2ml :
2 31.6 - - - 1x 250ml |-70°C 3.83 |420
4x 2ml
3 - 300 - 0.12 2x 250ml| 2-8°C 3.92 |507
full
4x 2ml
4 - - 822 |- 2x 250ml |-70°C 3.95 |437
4x 2ml

5 *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)
10 See example 2.
2. Preparation of 0.5 liter 50mM acetate pH-3.8, 63.2mg/ml Arginine
a. 0.483kg WFI was weighted.
b. 31.6gr arginine was added.

c. The solution was mixed for Sminutes to allow the arginine to
15 dissolve.
d. 1.5gr acetic acid was added.
e. The solution was mixed for S5minutes.
While measuring pH, approximately 0.28ml NaOH 10M was
added until pH reached 3.8.
20 g. The solution was sampled for conductivity and pH.
h. The solution was fittered through a 0.2micron filter.
3. Preparation of 1 liter 50mM acetate pH-3.8, 31.6mg/ml Arginine
a. 0.986kg WFI was weighted.
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added until pH reached 3.8. i. The solution was
sanpl ed for conductivity and pH j . The solution was

woibisanwdst hr ough a 0. 2micron filter. 7. PrepaPaUiE®znoss2413

2 liter 50M acetate pH 3.8, 300 mannitol 0.12ng/ n
met hi onine a. 1.93kg WFl was weighted. b. 110.28. gr
manni tol was added. c. The $& ution was m xed for

dm nutes to allow the mannitol to dissolve. d. 6.006gr

acetic acid wys §¢@§|dargﬁune-r\b§‘s§c§& tion was m xed for

5mn. f . 0.24g nine wa”" ed. g. The solution

was mi xed for c5,ﬁl' e selutiomwps mixeds for Smines to allow the arginine to
approxi mately 1. d2ed,NaOH 10M was added until pH

reached 3.8. i. The solution was sanpl ed for

conductivity #hd38PPgracetiTheidy@siadded was filtered

through a 0.2 CW@S‘?M“L*""%S ﬁv’gdq%PREFORNULATI ON

The outline sc preformul ati on and

conposi tion i 4 sWila measarig Pkl paiesimaiely O-3@m! NaeH 10M was
following is a dsq‘ﬁéd‘@@cg@%édh%lw of the

pref ormul ati ons uantitated by 0OD280,
t he concentr atd- oﬁhe\a@utlorswagsampled&r condyivitysasl php

Dilution 1:1 w Wr}lé\%%:&&ﬁ @fﬁé@ﬂﬁo@&ﬁ 4 82ierBin %ltér An

amount of 155 ww Wt

SAB, 164 Mnﬁrqnaret}m akl ll@rﬁﬂml\ﬂ\ﬁoaiiatﬁmﬂ-‘bt 164- 4gm91ml ysme

SEC-EL was di |1t g@3dkg wif| Walhidhnéd9r SAB, 63.2ng/m
Ar gi ni ne.

b. 164.4gr lysine was added.

c. The solution was mixed for 5minutes 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 S5min.

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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6.2.3 An amount of 220 gr SEC-EL was diluted 1:1 ww
W th 220gr SAB, 600" mannitol, 0.24ng/mM nethionine.

weo 2005417238 anmount of 189 gr SEC- EL was dil uted RCTMP2005/052413

306gr SAB in order to prepare a sol ution containing
0.50-ng/mM r-h IFN-beta la. After filtration this
solution was divided into 268m tubes and 2m nunc

tubes and stored at - 700C or 2-80C, 250m tubes for

shi pment at 24,8C WL of hahfitb YRstRigkde cap. 2nd St age
(Final bulk aPf it 1o £66.50-0. 538wg%n1_ r-h | FN-beta |
1a) The fol | ofi nfhesealutionomes mixed fpr apiutas toaewtthe mannitol to
concentrati on Wagsdpymo/ M r-h IFN-beta la). 6.2.5

310gr of the sol u?él%(lnn'prepar-ed in 6.2.1 was diluted

with 90 gr SAH; 3002gr apgligwcid wesedded. 2. 6 156gr of the

sol ution preparefhd LiftiohvrasRsked fdrtingd. W th 48gr SAB,

31. 6nmg/ m Argi%hi ne. 6. 5%}%4&09? o(# t he sol ution

prepared i n 6f2.@24granefhioninevagi added32gr SAB, 300"M
mannitol, 0.1 IR Afed inAfter filtration
these 3 sol ut %mﬁﬂ(%&@@vﬁ? 6.2 %'%\Ne?'e di vi ded into

250nm tubes. &andNhil¢ measudng ebnappreximgtednP.56mi yaOH 10M was
6.2.9 250 m tubggia ti?ﬁﬂlréa‘éﬁ@&3%f sol utions

containing lysine and arginine were frozen and stored
at -700C, t helisolhga saltiopovasssammpied fes eandustivighand pH.

met hi oni ne wa s
filled up to ?-hiﬁi‘%ﬁ‘f%.“%a%@&‘p%‘%m Ho '%ﬂi}‘%M%r'

TREATNVENT- S2repreation of & litar SGmaMcagefate pibe:8,S08mM mannitol
tested by vehsmbinil mbiHignin€ntri fugation, Deg/ Ox HPLC
and SE-HPLC. 7. 0"RESULTS Tabl e 21 8.0 OBSERVATI ONS
a. 1.93kg WFI was weighted.
b. 110.28. gr mannitol was added.
c. The solution was mixed for Sminutes to allow the mannitol to
dissolve.
6.006gr acetic acid was added.
The solution was mixed for Smin.
0.24gr methionine was added.

The solution was mixed for Smin.

Sa ™o o

While measuring pH approximately 1.12mli 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.

6.1 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 )



The results obtained in exanple 2 are confirnmed in the

present study by both velocity ultracentrifugati on and
weB®smetdasds (the di fferences in %ononer | evePChEPI®s5/052413

due to the likely detection of only coval ent oligoners

by SEC). In addition, DEG OX HPLC indicate that |evel

of oxidized fornms remain st&Bl e after addition of

excipients to the bulk r-h interferon beta la. Exanpl e

641 St aRh'é:%?&ﬁtOBf 95! @f e B”WQ§td'i‘lu%‘grt1 de&h {553t SAB,

an excipient to a bul nter eron elt re or
after ﬂ64 4mgimidiysiseep. 1.0 GL.OSSARY/ ABBREVI ATI ONS Agg

e.ﬁgr €9k Ghd ﬁi{% &é §;+ éEEaLCw § qiRad >1 1 fw %mﬁbf‘?,ﬁéses 2mg/ml

g Degrada everse ase
perforﬁmeel [ qU| d chr omat ogr aphy for degradants and

6231 di Zﬁﬂ %o é'éngQE% 1GBaW: 1, Mﬂ&zﬁﬁ#%s 600mM

ever se p ase orrrance |qU| dc rorrat og
for qumanmtcaw%mgémlenethnameon of r-IFNb in r-h

b I
6é|§1\I-er fe Pes‘r o%'ﬁ Q’#a&lge%wlglr r%#!a—%ﬁ'gw% s “ﬁiﬁ@m éﬂaﬂgggpéé@“ in order to
r - h | Fpreparena Eolation pont&iNing & 20-mg/mii lHaIF_N}bstag‘ka Nienfltratlon this
(r-h | g&'ﬁ@&'} ﬁlag qi:\%jdefl é@nﬁ' tﬁﬁﬁgéﬁﬁ Pyt n@ 'tt%bs and stored at -
I'd chroma enp.

per f ormance |1 qu ogra np. Tenperatur

2.0 Sui@ig gr 258PG\25001 tubssfonrabtprmm at/ 2185 iweye filled up to the cap.
ultracentrifugati on nethods it was shown that

prefornul ating IFN-b-1a bulk with 300rM Manni t ol

( bef or @ fStegei(Figp! bulkidilution te §AM-0:A8malml Mo iFN-beta 1ot

ol i gongLs e PSHIRRAL SrordBfibared (the target concentration was 0.5mg/
ml r-h IFN-beta 1a).

6.2.5 310gr of the solution prepared in 6.2.1 was diluted with 90 gr SAB, 82.4.
mg/ml Lysine.

6.2.6 156gr of the solution prepared in 6.2.2 was diluted with 48gr SAB,
31.6mg/ml Arginine.

6.2.7 440gr of the solution prepared in 6.2.3 was diluted with 132gr SAB, 300mM
mannitol, 0.12mg/ml niethionine.

6.2.8 After filtration these 3 solutions (6.2.5 to 6.2.7) were divided into 250ml
tubes.
and 2ml tubes (containing 2mi bulk).

6.2.9 250 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).

6.3 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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added before or after bulk filtration and foll ow ng

1F/ T and 4F/ T cycles. The effect of addition of 300nM
woRmsitigl4s bef ore filtration is nore consi der abPeTiER2005/052413

| owering the I evel of oligonerization, especially of

the non coval ent oligoners and aggregates in the 250

m tubes (routine containerso-of the r-h | FN-beta la

bul k). Using both SE-HPLC and vel ocity

ultracentrifugati on nethods it was shown that

oligonmers are not formed in unfrozen r-h I FN-beta 1la
7.00ul k REBLITSt 2- 80C but are fornmed during the

zing and thawing of the r-h IFN-beta 1a bulk.3.0
Ta{’lrﬁ%(DUCTIO\I The m nimzation of oligonerization and

Condjtierdgat i orpLysiner| ManrioMpfet 3Stoeagel (i n|§e Monod Zdag HaaPimer | DEG/OX
cycl d Sl'l%"eamg@éi P84 goB™ilnce i] ig beligved thhat |HPLC

prot _\}_‘W’ aggt-egaties—eat—eHgihd MEgogesTt gactiess 11
coh@di|ng to|the groductli on gf neufralfi zi ng |ant i bodr es.
se€he gnal ytijcal methodjcurrgntly used for tlhe
HPYEt er{m nat ijon of| the Ifevel [of nmompongrs injthe Qulk i9

the SE-HPLC _Prglimnary rasultsiusi velogcity =
éomrglraéentri fugat|ion s¢emtqg indi¢ate fat e S tPLQ
aueah det ect |only |coval gnt olli gonenls whereaq vel gcity

1 ultrgeentriffugatjron, afso des®wcis ngeeevallent 1.1

Coptrdlggner s Rot h duanti tfati vely ang qual it at)i vel y| (see

s . .

npLaper|i ment 2). The prqposed study was intgnded [to
St ouclna o + £1£ + £ £ H ) )
et —tne—ernrect—qr— Pt 2W°u+at||95 TITg—OUT K~ Wt

coivéinijt ol i proquction scalle on f-h || FN-bdta 13

AUgl i ganeri zdation land agaregdti on _using both the |SE- HPUC
2 and t|@&Svelloci t yf-ul t r gcent i?0fgat 38H9%et hdls as(! 1
ﬁ';',g@al yitical [methqds. 4.]1 PURPOSE/ $COHE 4. 1.11 To

5 determygeitorcovatent g Ut eSiggs e HoFSEia 7 1
auche SEC fraction (befqre fijl tration jand bgfore

N

3 freezrng). |4. 1. 4301 d4047 m|@€cCi f |aBz|epBol (@2 30env |11
SE&r ni nii zes doval §nt and non |coval ént

3 - - 300 0.12 |2-8C 95 0.6 4.4

4 - 822 |300 0.12 |-70°C 3.95199.6 0.4“‘ 0 1.1

4 - 822 |300 012 |-70°C 3.95|93.8 0.6 5.6

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.
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ol i goners and aggregates when added before or after

bulk filtration, before freezing and following 1F/ T
wanwsAarrdiscycl es. 4.1.3 To deternmine if Mannit 8CTAP2005/052413

150™ m ni mi zes coval ent and non coval ent oligoners

and aggregates when added before bulk filtration,

before freezing and foll ow mg-1F/ T and 4F/ T cycl es.

4.1.4 To determne if the level of non coval ent

aggregates in 1.8m test tubes is simlar to that in

250m tubes, followi ng F/T. 5 0 EQJI PI\/ENTAND MATERI ALS

_@M@uﬁmtmm gfnnte arpprb
1),

' 586 8950 50mM acet ate buf fer
pH3 8 -1PL code 888RD60050n1\/I acetate buffer pH 3.8
1qdth 3

¥ nnitol/liter). 50mM
'g\wcet at% put 1 er bbﬂh% Mannitol (109. 3g
Manni t 8881 i ter. 50MAggiegates e buffer pH 3.8 with 1501M

Manni t 27. 39 I\/a 50m coni cal

centri ?uloé(e t ubes - élﬁédrt]%b%%é%776 1.8m cryotu

bes- NDiW tubes P/ NDig®#%st 18 6.0 PROCEDURE The st udy

was cap Ped out on g ijaar?{tg SEC el 2 fraction,
(concentTation 1.81 , according to 0OD280). 6.1

BULK PREgIQWHPER ThRewers& phaes bighrpsplarnaancedliquisl chyamatography
(1) SEC el 2 fracti %¥€ég%?§éntng@8x1 éd&h‘}n'sy filled for

velocity ultracentri ron and shipped at 2-80C.
F Freezing and thawing

(A

Quant-HPLC Reverse phase high performance liquid chromatography
for quantitative determination of r-IFNp in r-h IFN-beta 1a
bulk

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 ||qu|d chromatography

Temp. Temperature

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 IFN-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.



10

15

20

25

30

(2) Control 180m SEC el 2 were filtered through a
O.2mm filter followed by a filter wash with 720m 501M

weacesat®4s pH- 3. 8. The bul k was di stri buted i nt 8BCTER2005/052413

250m tubes (200m each) and into ten 1.8m cryotubes
before freeing at -700C. Two of the 1.8m tubes were
not frozen. One of these tws2tubes fully filled was
kept at 2-80C before velocity ultracentrifugation
anal ysis. The bul k concentrati on was 350ng/ m
(according to quant-HPLC). (3) 300 Mannitol added

3.Gaf t er INTRODRYWCHION 80 SEC el 2 were filtered through a

Saom g fhimiefidn  GEgbliericbudr® Epa"a%rglé@g%%ﬁ i EN-beta 1a

50mM adwingt fegeze(lzanvichelesiist aldesipdd goa3 sinfiedt isuddtievedsthat protein
e R o BB O Rl Mo ogygon o

of thenaxt@htlngabﬁmdmre not frozen. One of these iwo

5 1 g ot S G o

concenmpaoiers inathe 3ndinid thehSEHRLC. d?mhmmtanatesuhs waing velocity

vamny; HralAAQ5NIAILdn W licald Wik 16 BEHEE can detect only

m xed mvaienmﬂgcbme{em aelocitys Glfiarentifigaiiar, alggdetects non-

and ¢ nnAleELBidEni} Bk RGOV ERY S lef T peRiment2)

acet at Ehe popotedvaindy wais intphiad] ®. determnine the effect of preformulating

di st i ] I
o +08 Uitk Gab i et 3Ese T IAEREE ) g lbomerization
of theard 8raggragatien wausingnobothr ofen. SﬁaHPbG t aed e thew velocity

it 7 ac e s B8 R e s Y Tl

4. honcenﬂaﬁgﬁ’ﬂﬁﬁg_ﬁm The bul k concentration was
4.0342mo/ Fﬂ) 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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(according to quant-HPLC). (5) 300OvM Mannitol added
before filtration 200mM SEC el 2 were m xed with 200m

woondsliarag at e, 600YM Mannitol, 380 of this nPETEP2005/052413

were filtered through a 0.2mmfilter and then the
filter was washed with 400m of 5071M acetate, 300TM
Mannitol . The bul k was di strd3buted into four 250ni
tubes (200m each) and into ten 1.8m cryotubes before

1 ozen. s SFep il Bl bl ston weiER cFeduehiqnion
at 2- gOmMatetats huffeopHsB with GeRreMMarnitghtP3:3g Mannitoliter.
anal ysigyF Q@etfat ffe H\r,?,;aéé %qgﬁgﬁqﬂh%ﬁﬁi{oﬁ’@m@g%itﬁ).

The bul concentrati o acco
quant - HR0a) comical eentrifugeSaigescoConmingd?/ Netd07WAas col | ect ed

in four1_%L%r?étgg%%%n?%gésqﬁhl::{a,esg%aI lel via a system

of four contro val ves which were
opened alternatively every mnutes (controlled by a

6.5 CCo00 EQUREr ). In the case where Mannitol was

added -EL2 fraction prior filtration, the
SEC f r didtei siudyawmals cdrded/buatron asinglel SEC el2drgctipn.or ( 5)

of ut 1 oncrbnekEF LpReidlf, ALEp8 T bi2efl 12, 21

6.1Anni t BULKGBREBRARATIONer the SEC filtration (3), the

Manni to}he%ﬁk@%@%f)%r%%\%%l? é:hrough t he sane

filtration unit € SEC EL-2 fraction.
6.2 FREEZI NG AND THAW NG The 4F/ T cycles of the 250ni

t ubes ' .out by freezing for at |east dhours
1] Seep e

and th ours at roomtenperature. The tubes

wer e t henAni.&mbitubtiveas fally filledhfanivelgeityydiracanjrifagation and shipped
i nver si ong z_ét;@ 4F/ T cycles of thel.8m tubes were

carried ouft y freezing for at least d hours and

t hawi nd2f 6onfrohours. The tubes were mni xed by 20

oo S P38 828 48 S Hr BT 5L EF Ry o e
wash with 720ml 50mM acetate, pH-3.8. The bulk was distributed into
four 250ml tubes (200ml 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 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 (200ml 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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1.8m tubes deriving fromthe 1F/ T and 4 F/ T
treatnments were kept for velocity ultracentrifugation.

wohaosatifsas two tubes of 250nm and 1.8m for eaeaTmebkdos/052413

condition were thawed and tested by SEC-HPLC. The SE-
HPLC test and the velocity ultracentrifugati on were
carried out on sanples thawsd for 24hours+/-2 hours.
Allowing first the Mannitol to dissolve. Table 22 -

numbers 1O aBkG 15 yEE i il 2BOhE St aodf. soomu
RESULTS Manhikil,raB0n ef 8iis hidti@eneeredikereaf theoughfd 0.2pm filter and
P! S A b, M e o b G b foomv
of ol i goneansit,i pH3180The bolk wadndisteibuted Fitorfour 250 fubes (200ml
Usi g t hesdshd A e o TR rvbioRs Bae raping ARO%E. Two of the
Manni t ol 1.8mbtdbet Weeenotdrodiehi One of theseltwh taped fudly filled was kept
L0 1 028 I oo b, AL oS AR et o
25), addi ghcefitivnMvasi 1S0mief THee buiK icoaddr@ation was 342ug/mi
(conditionﬁ%}) had a nore_positive effect in |owering

ol i goner i #6999l AP addi ng 300mM Manni t ol
af ter S!rgl 300MMMarirfifo) ddtied Before filtratio3 nl tubes (Table
a

2 e S M8 aBhed i obhftmt® 08k, Boomu
ol i goner i mahhit, 3B0MIJF Efis hiktakdvere flMarl thrdughed 02@m filter and
et hod, - aPeRrRHiter s diashied e ZOPm! eGP esiaig, 300mM
three conghhhiflSTHeSbulk wasisthBdted irftb Sourf 25080 ttutsds’ @00mI each)
o ohoe e R oL el e B & R o
pr ef or mul @abés grevd dt frRENNOMBRINESE dwo tUbes QullyTiled Wak Xept at 2-
Cont OB U bl St b e e Manniol
on the | extficeffratoni 4/2BEB0GAML OThe bulk concentration was 342pg/ml
(according to quant-HPLC).
4,.
Note: The SEC column eluent was collected in four 1liter glass bottles 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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both in 1.8m and 250m tubes. However the positive
effect is nore domnant in the 1.8 m tubes. 7.3 Using

woabds/tifeas SE- HPLC and ultra centrifugati on net ROU&EP2005/052413

(Tabl e 23), no oligonerization occurred in sanples

stored at 2-80C (not frozen). 7.4 According to both
SE-HPLC and ultra centrifug®ti on, the |evel of

ol i goneri zation was significantly higher in 250ni

t ubes y ' .
prackel 1T (psafefe bkl 5hbBF FoBBhd for H e 8IS ahd thaing for
aggr egathesrsTdibeduldss wers minedt lyy 30 imugrsionshbefoBnihet oy dreezing

Cubes Bl o ot DA raeR 2 ol U J50rh i and two

250m 1.8k dubdst deriving Trooy thee 18dnpndd Fflotreatmentsamere kept for

250m -, 40 it j

after %ﬁy}@t@e}c&n&@%ﬁ@j r*‘eréépn&fst‘évgg#'é}?ée&f% Qﬁi'ﬂ‘i“& lf'%m for each
t ubes Thudk eoritlition Wererthawedéndigsted by SEOHPLQibes aft er

4FI' T ¢ i Bgl .

5. 1 st fi SBo LB phe Helelochy tpagdhinSbelof i b ut on
ul t r acsamples ubawed rforre2dhoudrs:+/-pr leduss.mAllowvinggfinst the Mannitol to
| FN- be&i@so]l\?e bul k with 300rM Mannitol (before freezing)

m ni m zes coval ent and non coval ent oligoners and

aggr egat es when added before or after bulk filtration,
following 1F/ T and 4Ff T cycl es. However the effect of
addi ti on of 300vM Mannitol before filtration is nore
considerable in [owering the |l evel of oligonerization,
especially of the non .coval ent oligoners and

aggregates in the 250 m tubes (routine containers

ofthe | FN-b-1a bul k). The effect of preformulating the
bulk with Mannitol on r-h IFN-beta 1la oligonerization

and aggregation, followng F/T in 1.8n test tubes is
simlar to that in 250m tubes (about 0.4% hi gher

purity conpared to the control



sanpl e when tested by SE-HPLC and about 13% hi gher

when tested by the velocity ultracentrifugation).

waddistiitmag of Manni t ol
as wel |

at 1507M concentrati

8.2

on nPATMIPZM®S/052413
coval ent and non coval ent oligonmers and
aggregat es when added before bulk filtration,

bef ore

freezing and follow ng 1F/ Te&nd 4F/ T cycles but the

ef f ect

is |l ess considerabl e when conpared to the

effect of 300 nM 8.3 Using both SE-HPLC and velocity

ultracentrifugati on nethods it was shown that
Tebleg‘&ardnstdrsamwesmﬁtﬁ@oerﬁEGIhulbbetch h | FN-beta 1la

of stresses on the
cycles i ncreases co

fuiia € forged uw g
FNOEta 3] 84
u3| ng velocity ultradentri fugatl or
) A BMEC (1 N cont 1 agl. diva.T Ne
NEW SECS can detect b'ryﬂ g0l ent ol i gONBISE-WPECeas
Bk oGT{3) ul tracent ri [f209at in@3pmhl so det ect|d/el.. ultra.
non- coval ent ol i goney 8mldn h.8gpbant i t at i vel|Wehnfra.
qualitatively. Sanpl 2081 Bri288mht 4C (or 3-BCHPLGhI ch
were not subj ect to F9-9mkigdees, remain varSE-6iPsFabl e
nf\ Wt hout-—wi-shilng fn be

i eved t hat
| ke freeze/
the f or mat]i

n SBI?

f ect

téﬁa F&%

BUTk SOORV VaAARLIS (dabed)

HRP BEC @fidlidry 28°€ (3 € @

1'%Hn1'8[’hlba"p| €5 St
sl iRy skine conbi nat i

r\;ép lﬂﬁ'a 4 ¢,
E-PLC

BRK B0 MahitolE (dddén
sferpES fitatia) Y FAS) t |

OnEnesoMBl TY W th t
phsmafin b8mtyl al cohol @

Nel.. ultra.
Vellvedtenn 20,

whi ch show t hus no j| Z0gilingStmt i zati on i rj SFahifLEs
stored at 2-8C Prefed-Bmligl8mhe present mSEh&®LENDI ay
Bulls §A9MM d¥lansiiolo faddech n2Q0s)! '“a'%'ﬁ—’amhet hi oni ne |g§!.. ultra.
aftes BFFfiratian) AFATH3X he % E%B y to furt r%e gﬁ;g'
benzyl aI cohol or Twe m l91 ne al one c E gy
Bﬂﬂ-‘('“is a?{n;}t& (’ddﬂé’d Mitih .8f ge—excrprent
)V E X8 pd)g,g in 180w @ stabili ng_ng,pggt i Vity
BME‘HB%M‘MEnrﬁbI' mPY F7 T CYCIHBRL. ditk-
| dM&re BECTiitra6r)2 ?ghpohobmnﬁ 1leysi ne (i.e. tlheseu
‘| exci pi ents have been| 2goemMn 250mEount er act |fSEeeiPeCt haw

stresses). |f the map@bmlhdBmhg process i|SEHpLEct to
freeze/thaw cycl es th@bmignadBalred exci pi ar@UANIUDRALGS
Bylle d RO 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 1.8ml SE-HPLC
Bulk 300mM Mannitol. (add | 1.8mlin 1.8ml Vel.. ulfra.
before SEC filtration) 2-8°C (5) | 0.5mlin 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 250m| SE- HPLC

0.5ml in 1.8mli 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 250mi| SE- HPLC

0.5ml in 1.8mi 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.
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7.2er e t Heingvibe o3 REPLEX igthash taftes

benzyl al cohol or lysine are preferably added to the
bul k solution. Thus, when F/ T cycles occur during the

woamsf1iat4sir i ng process preferred exci pi ents an#CT/EP2005/052413

conbi nations thereof are also identified. Sanples
stored at -20 0OCin the present 25 invention were
subject to many Ff T cycl es (6fhe tubes were frozen
first at -70C and then transferred to a second freezer

7.6 0" EAE at -20 0OC for 16 days. The sanples were
éhen—%

er back to -70 OC for 4 hours before

7.1 hawi nYsing the &&-HPhG methathoafter 1TFik emefeomulbting yith INarimipl in all

and | ygj, céﬁ&%e{: 28! 8 hsfg ﬁ%ﬁé@%{&ngﬁééﬁ#\%‘the level of

stresses ycl es ‘occur.
st or ageligoargsizationurbeth 7 008N -aPOC2E0mU Bbesnt ®.4% higher purity

pr eseng&ng%reﬁltg I'@/(?ol &al ssatrﬁp? ses , Tween 20, |lysine and

benzyl a one or 1n‘afy conbination are the
pr ef er Ueidgethei pitrancentriugationuseathady aftasullik/Ti Masnitalr ipnall three

sol uti gg anS (%011 I&o A 8%@{'&?5 co t?ﬁ?l}@ﬂ{v%l 8!%!@5 rization

preferre S|n and si ne
Tween BGth3n 118yrd|and2£rﬁnhltubasyl aI cohol and Tvveen 20, and

3;335 SPE’%?E F‘E%LQ%QT% %ddqber ¢ g@ l\@%ﬂ'@tﬁl befr?re filtration

st or agéconditiper At thad @- me: poslmcdfecwtt) lawering Qligemerlzatlon

oo r Sanparglid aidfo Somh( SRR alor ol EiuclZyy,

terns bf1 %mdrtumﬁd(wgag%)Lwlmga%@nMH‘éamnﬂoyafmnﬁitcatlao|(dondition

tested j . ahi 1.z ' . -
agai ns?i ?’ ?‘éé:‘)‘?’%ga/gédycﬁo fggé&Tﬁuwlggiﬂ@Bﬁ{seE%@nggb ared to
pr ef er addingMainpitel hefasg Hitnation @omdifgre6ks and avoi ds
requi renent for bacteriostatic agents (e.q.
benzyl al cohol ) or surfactants ﬁ&%l" Tween 20), which
gycles ;ﬂ'ﬁable zaa)gMannltol in all

activi {rﬁfe@%nﬁﬁbag é SATESE) Haw %u‘élblmfﬁéﬁtf QfraLt 3hi 8 level of
can be consi dere at only' contain sine or a
conbi neligoserization; i h&mhw@eaﬁr 26% éugrganunfy@oypared to the control
nmet hi o n fact
obt ai ngédﬂ@bw%ﬁ?rn%l ﬁg‘%{é ? @Pﬁgﬂﬁ ol t hi oni ne.
Mor e pldémsrbhﬂ yltra h?@ntsnftwéﬂm, iaHore i breysies) dyannitol in all three
conbi n f I S E&Ht

%ﬁd&fbn@ X, &Fﬁ Iﬁg E"ﬁﬁ@ ﬁq@gt dg% ﬂ%égﬁvéledlfedhg?&enzahon

nononer per cen age I nati on
manni t beth 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.



met hi oni ne and Tween 20 (98. 12%bn). A conbi nation of
benzyl al cohol and net hi oni ne yields a high nononer
woensantage (~98%bn). Thus, a conbi nati on of PCT/EP2005/052413

benzyl al cohol
can be further
hi gher %rononer
benzyl al cohol ,

Ndéef er irgd re@&@‘i‘ﬁ K@t§|

poi nts

specific

Tap

U

rhﬁlél%s%ﬁ
e manu
QT%rPlUftysﬁleH?W ‘bgmi mbﬁﬁ%o(eﬁl@Z%m tol) before

acturing pro

and nmethionine is preferred. Tween 20
added to this conbinati on,
(~99% . Thusg- a conbi nati on of
nmet hi oni ne and Tween 20 is nore

2§ AR G4 tP%r, dfRegates

yielding a

cessl ng.
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and aggreg
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di fferent
Results sh
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ii8nts can be

&ded at
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S Yanaitel; g
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before
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filtration

SENPO®TTET TZ
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sl
HogteN

T59®I(0.1)

umannitol b
Cendrifugdtigh | v

806 @.1) |
of the

FyatT o,
8 ROBPN yi el

hon coval ent

LW addrt
F‘%ﬁer res
li goners and

4&9)

mannitol is
eFinally, the
€ corrbl nation_of

Ta yl el d

5-\1- hao
300mM Mannitol

Sadied N € before

aggregates in 250 nm tubes. Preferably,

TobiAE APCA G0y R 250l ek el B

ave snown
Tesért ai n exfci pi ther nal rll ssociation ¢

ditig
) 2 |
hi gher |evels om?ﬁ?%%‘“épf%ﬁ?ﬁg
dfed

| evel s obtjai ne & &dy sepé%,gt
drastic reduct|icuatroin | @&tRBorDf  di NnaiEtiand agol fgaion S
$e(k1) | nvent j 88 (0.2)

SE#PEC S are ﬁchu&s\beom 1968 (0.1) he pr ¢
pr ef er abl y|. eﬁ-QEQ-ﬂgi zed Hi9BR (3;1 'utl mnggmﬂ)
S a( § of

,ﬁ,% Jondl : c € perfor 4y "5537"
NG BRI AT the SAM® 250

s—and shoutd Dy Mo TTEans be
limted to a specific point of the bul k processing.
Exanpl e 5: Prefornul ation studies at pH 4.7

Table 26 - %purity of bulk in 1.8ml tubes after 4F/T cycle
Test

Conditions
2

No
Mannitol
Control
96.3 (1.4)
96.5 (1.5)
96.4 (1.45)
77 (6.8)

3

300mM Mannitol
Added after
filtration

98 (0.3)

99.1 (0.2)

99.05 (0.25)

846 (1.5)

5

300mM Mannitol
Added before
filtration

99 (0.3)

98.8 (0.3)

98.9 (0.3)

86.1 (0.7)

4
150mM Mannitol
Added before
filtration

98.3 (0.4)

98.3 (0.4)

98.3 (0.4)

927 (0.9)

SE-HPLC 1*
2*

Avg

Ultra
Centrifugation

*Samples from separate 1.8ml tubes

10
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To eval uate pH incidence on oligonerization and

aggregates formation, a preformulation study was
woeodsanmasl at pH 4.7. (1) Procedure: 1. A firspCbmiPkooans2413

approximately 0.5nmg/ Ml was preformulated to pH 4.7 by

mxing 1:1 ( 1 volume of SEC EI2 fraction with 1

vol unme of 507mM acetate pH7. 269- titrated with NaOH). 2.

A second bul k was prefornulated at pH 4.7 with |ysine

82.2nmg/mM by mxing 1:1 (1 volunme of SEC EI2 fraction

with 1 volune of 50nM acetate pH7.2, containing |ysine
Tahle 284 %mgitmf buil mmmwhes\am 4Fll§ CyiFhSS e
TEEECE Pt att+ons—v EConditdly .
50nM acetale pfe3. 8 arjigl to a prero:;mJl ated tT ol
0.5ng/ M i n 5OnNb acet g 1sopi ManAitoiv [ 300mM. Mannjfolr] 390y84 Mannitol
4. After ohe cyWpmnitglf IfAdded e tbiatera defh 1. ®ter | Addeds | before

pl-og e B2 ST oA 517 e rre;gfg.-4)
etFts: Thble SaE e o e bt et el g oH

4.7 reduce b AV Ig4(§:t1x U g3.86.95)OTTET | gitg(py) amd 9%:8 (1.45)
Ui nati on Of a;gz(eg‘%riﬁm&mared Wi 76 (B6HT O N8 (40
Cabtrifiidat®n8 ( ~0994vbn conjpared with ~B81%bn respéctively

ah§ampleyfroraggingigdube wi t h 0% aggr egat e respectively.).

Thus, the nethod of the present invention is

preferably acconplished at a pH of 4.7.

Prefornmulation with lysine at either pH 3.9 or pH 4.7
g.oeducegaNciggs®Ngation. At pH 4.7, addition of |ysine
yiel ds™a %vwbn of 99.6 conpared to 99. 194bn wi t hout
| ysine. At pH 3.8, addition of lysine has a striking
8.7 eCt Ulihf CYdf NGEALPOOTPRAG AlveRR '%l@é&éﬂt@uﬁ@ﬂ Ofnethods,

99. 7 comp SIl ne

| ysi ne PF&IOF@LM@EGWW E'_CN Qﬁﬁan‘@ b’é‘kd‘"mqp@“\dddﬁﬂ“tﬂb(bﬁﬁ?ée freezing)
et hod @hinfiiR BHRRGRTadd"WBR! EQent oligomers and aggregates when

added before or after bulk filtration, following 1F/T and 4F/T cycles.

However 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 IFN-3-1a bulk).
The effect of preformulating the bulk with Mannitol on r-h IFN-beta 1a
oligomerization and aggregation, following F/T in 1.8ml test tubes is similar
to that in 250ml tubes (about 0.4% higher purity compared to the control
sample when tested by SE-HPLC and about 13% higher when tested by the
velocity ultracentrifugation).

8.2 Addition of Mannitol at 150mM concentration 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
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Combi ning prefornulation at pH 4.7 and addition of

| ysine yields the best results. Thus, the nethod of
woOheospneagnt i nvention i s nost preferably accoRpriEebmd 052413

at a pHof 4.7 with the addition of |ysine as an

excipient. In a nost preferred enbodi nent, the present

met hod of the invention can-7bherefore conbi ne addition

of preferred excipients to a bulk-interferon at pH 4.7

Wi th t&ScﬁgPét 2%0%3 '8 b ed i AAE % ﬁe%@d“%k@’ Ha%fiﬂ the r-h IFN-

nmet hods prese exanp esc |bes
anal yt betallarbetkhods used SI ze exclusion (SE)- HPLC, New
SE-HPLC, herein also refered as "new SE-HPLC' or "NEW
SEC 1 and velocity ultracentrigufation (AUC) were used

8.4 or t hPrelimireny eemilts usingavgjociyatltracendnifdgaticngsaem $0 indicate that

| Erbet SEHPSE O SR o N R0 SAPRaRR Shiy Boleigat oligomers
met hodwheneas erlogily allteacabtrifugationleilsot ddiedts ronveuivalent aligbmers
quant | 1ot Bt Sita el J° 299 b ~Ruri ty
test SE-HPLC i S used in order t o determ ne t he anount
S BORPAERe B P P e et s B T 088, i ver
stabe (if i bf YsMan eor(té’ﬂﬁ) Wﬁh@.ltamehiyig ad.belTbsuridotd thig theory, it is

sol ution a 30% A t t
oefigyeh 1170 b SHech G CTmPRB. i TPl s Shersiging ‘oycls,
indrEddes déhs@téﬂﬂﬂieeletr}.atioﬁ &FanteHelhaets oligbnidis. @l saﬁﬂiles ﬁbred at

a flowrate of /mn, for at least 1 hour

4°§t et yesyiis are we'dpg bMB'i‘%uP‘PfBB'"a’é‘Hh?ﬂ aanniol %bmﬁh'%n*%e sventually

wn!hnﬂhe%%@bn@ﬂ&qtséy%mudﬁ%f%r&walcéﬁ@ur&t TWedH 260 RhAikh sAbwahus no
| ow rate of O. col um rofllels

ohg@mewélgn mysamlsets@@@d @h2-§fC 2&@felrﬁbly,ﬂhe qseieé@meﬂgéi gmploys a

co o 1 AR ook iy Y HAABLR i 81 ol
benvzylalcghed lor aFveeno?0. | Ifsine- alane @r kin wum@t(@aﬂoneugmﬁmar@;eferred
exaglehp?o 'b'et Qﬁ'nblo%é e&uile%) exc?plents show a stabilizing activity against the
stresses provoked by F/T cycles, i.e. Tween 20, benzylalcohol or lysine (i.e. these
exmplents have been shown to counteract freeze/thaw stresses) If the manufacturing
process is subject to freeze/thaw cycles then preferred excipients such as Tween 20,
benzylalcohol or lysine are preferably added to the bulk solution.
Thus, when F/T cycles occur during the manufacturing process preferred excipients
and combinations thereof are also identified. Samples stored at —~20°C in the present
invention were subject to many F/T cycles (the tubes were frozen first at —70°C and
then transferred to a second freezer for storage at —~20°C for 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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not | ess than 95% of the total peaks area, w th not

nore than 1% of aggregates. Procedure for Freeze/ Thaw
wORBO0B)j11®ast r ol Sanple for the SE-HPLC Test 1. WTrhete@d/052413

the desired amount of r-h interferon-beta la

bul k/ batch fromthe - 70C freezer. 2. Thaw at room

tenperature for 6 to 9 hours1for |arge tube (~200 m),

or 2 to 4 hours for small tube/anpoule (1-15 m).

(First cycl b uantit

of above bulk |gin%%%a%ebgﬁg%@an@%%hgﬁt%rﬁd gase ofy

| ar ge tube)4 MBerEylakepholtand TavdenRit s at - 700C for at

T EbodmeRiy Besctond gl fiet R Medl tretldrgb oy Y Sstorage
terap@iatur@ (701C, -20°C ot °C) nd anfpeprésente BBFﬁgiyﬁIeS\stré!%es.
LyBle el 468 OoorcisRuS 8 Tath iasevelb Af o 4 Snd TR i tprms of

%iehemdf Bag % NiHeS isothe ' aintiBPSEIA tested Belt s @apaile of Istabmzmg
in the SE-HPLC test. b NEW SE- HPLC The det ectl on of

interferopchela agajpstdtpareihavnavaian: Thys,Jrsine jsibe nst arefesred excipient
aggﬁ'ngppﬁ\@?lsleg ahd %Uo@% ?e‘dﬁ"n‘@ﬁ:%}wt for bactBligsPiid éa(ﬁé%g;’. $enzylalcohol)

fon 1s perforned In 1socratic np
orisurfastants <¢.o lgT‘EﬁemR@)s vhlchrwere dhextwo @ibelf excipigus siwwiagstabilizing

i3 LD it P g oy L esbBTRY ot oy

contain I}jstnetmda icombimation lofi hysinen andh @nsantioxidanio (e.gphmethiqnine). Best

ollusTE20% 8 b o BTN bR e o v
prefetabf, dhe pkésent mv&&ﬁ)nmlws/ el mmgilmatﬁhmfnymmand angthienine. A
umm . Tos

g B e FBPEEL PO IAh (S AR g a. Sombinaion ofmannicl,

methionine and Tween 20 (98.12%Mon). A combination of benzylalcohol and

methionine yields a high monomer percentage (~98%Mon). Thus, a combination of
benzylalcohol and methionine is preferred. Tween 20 can be further added to this
combination, vyielding a higher %monomer (~99%). Thus, a combination of
benzylalcohol, methionine and Tween 20 is more preferred.

Experiments have been conducted at two specific points during the manufacturing
processing. Addition of certain excipients (e.g. mannitol) before or after filtration lowers
and/or reduces oligomers and aggregates formation. Using both SE-HPLC and velocity
ultracentrifugation methods, preformulating r-h IFN-beta 1a bulk with 300mM 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 oligomers 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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Mobi | e phase: 50rM Sodi um acetate pH 3.8 with 501M
NaCl Prepared by dissolving 5.84 gr NaCl in 2 liter
woeonis1$ods um acet ate pH 3.8 buffer. The acet at eComPi®s/052413
was prepared at sterile solution unit by adding acetic
acid to WFl and titrating wwth a solution of 10M NaCH
up to pH—3 8. Flowrate: 0.3 /mn Eluent: 507vV
- 50nM NaCl, pH 3.8 Activating sol ution: 50rV

fhﬁ%%ggf*%% ERaRS g B b Bl torme o

dlruelrs BRdEROgTegRies 6ovRlD Are: aclﬁemd:ﬁiwt thm praskotcinvention preferably
S S
%{édé ?sr%?%{%!gl F’mkvl\ﬁﬁtﬂ% gﬁaﬁ‘%é ar coal Eﬁﬁpl@ﬁ@ with thermal
dlsaeﬂatm;pu §ber§nai dissociatign i caal heat mrﬁmgred atheny stages of the

mdnd (f%”ﬂ-n %e nd! AEGNS bé”lﬁ\l({éhqaréeg%éél&;iﬁgqpm%t of the

de erge I'n water to try to
bU$HE@M§snngSS|bIe surfaces. The correspondi ng pl acebo
is |l oaded in the reference channel (the instrunent
functlons Ilke a dual - beam spectrophotoneter). Those
i) ' atien sthdins pt pldddy i nt o an AN-50Ti

Tané{e ; c%nfieo%ﬂe%hg&hgrl&tlﬁﬁ Clé% @@Q}ég%ﬁesx%hatlon a

ytica cent ri rou
préfermuiafiontstuslygias pmmedath t he sarrpl es are
scanned (at 280 nm the absorbance peak) to confirm
proper cell loading. The rotor is then brough to the
(1)fPregeduren speed of 50000 rpm 50 scans for each sanple

a1 © A fisChElR %t ApplotintatsIP [0%EmSMA Gihs preformulated to pH 4.7 by mixing
1:1 (1 volume of SEC EI2 fraction with 1 volume of 50mM acetate pH7.2 ,
titrated with NaOH).
2. A second bulk was preformulated at pH 4.7 with lysine 82.2mg/ml by mixing 1:1
(1 volume of SEC EI2 fraction with 1 volume of 50mM acetate pH7.2,
containing lysine at 164.4mg/ml titrated with NaOH).

3. These preparations were compared to a control at 0.5mg/mi 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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Data are anal ysed using the c(s) nethod devel oped by

Peter Schuck at the N.1.H and inplenented in his
wanedsyzras pr ogr am SEDFI T (version 8.7; Schuck, PEI/EP2005/052413

(2000). Size-distribution analysis of macronol ecul es

by sedi nentation velocity ultracentrifugati on and Lamm

equation nodel li ng. Bi ophys-73d. 78, 1606-1619).1n this

approach many raw data are directly fitted to derive

the distribution of sedinentation coefficients, while

nodel I ing the influence of diffusion on the data in
(2)o€deglusion:enhance the resol uti on. The nethod works by

SERHRR o8 LT PR ER RohaiSleR ol i ot 1%, fpgpation o
aaggregm?]$ e:sn‘iparezi witb m‘aimnol?bpmla!t dWBrBo(i;B&%M_on sjtmamared with
o 0 effic .
YRR BEp ol heb o7 o aQblelhlsy Wih (R o0 el® ropnpctively..
vhuss sheameethdueof tharpresertt anviention s preffierably eaaceombplishiedtatcf pH of

t£? data for each sanple. The distributions are
cul ated using 0.51 nmaxi num entropy snoothing. 2.

* Aprfortriutztion pathdyshtecatseitheRpH 3.9 biypid 48 feduess dligbareriRstiont At pH

S Ok r.om. Cent coal epon .- nnel. .
B oeaich driRne bR BB 6RE of 38 R ealRiB o, (AMBA fitnout ysine.
D&t glﬂt B@n adﬂitneh esfglysing Sthsnan striiageffecty oh wedudig oligbmerization
Ref renc 42 ntl [ t anpd ffwa ..
NHEPEE MG $750.2 EBrPhtegSvih e PRt FRBLE Rahe™ hus, ysine s
Ca)pfdfméd éiEIBEIa‘End/te beGaddel tétifet methed cPthiegressoh ingé&ntion.
tional In e I n.,ver
» Lhriitig pREdohiaiSE a0 PrLF T daaddiied Gt 11575e ViR, the best results
STRusSeHe mmd(dBﬁﬁd(mselﬁGWérﬁbh |simo$tl-'mdehra’lw accomplished at a pH
qgfa t{ﬂll |t%tti1 dgl\{lon of |_|ysme as E%J eXCIplent E\ a most preferred embodiment,
the present method of the invention can therefore combine addition of preferred
excipients to a bulk-interferon at pH 4.7 with thermal dissociation.

Example 6 — Analytical methods

The presént example 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-#-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 reverse phase nethod descri bed bel ow enabl es the
guantification of IFN-b-1a in bulk sanples. The
wqueostiifdsgat i on of the protein is perfornmed onParT@E#2005/052413
W de- Pore Butyl 5 mm columm (Baker); the wavelength is
set at 214 nmand the elution is perfornmed at 1 nL/mn
using the follow ng nobil e prase and gradi ent:
Procedure The | FN-b-1a sanples to be exam ned are
[ [ : .8
T ol (b PO E R0 S BAREITE s Sl iblted ) touyart, & a fow
ratrecanQﬂwnﬂgws,dbuat Ieasi hh@rpeepaaauead;‘d hasalinedis aptdiped;samples of
hn 1 cn 0. .
108 e igtiRe bt b 3 e abucht, etk g B g B i,
Thelcgplemtn @ ofi IAGNre(cswmm Y idetectiamet 24 MR- Hij_gercentage of N-RB-1a

ol TR Al Bt 4 POl s

Sppoificatinf or 15 nin. The colum is equilibrated in 70%

I .
Thgprﬁgig eAk%(Elga &Qﬁyﬁi Lf%'ﬂlhll%a Iigcoféeg%@ﬁcit tfhgtuétgat molecule) is
nobwss thanc®d5% obﬂh’e dotabphbaks Eredh with notimiorestiap 1186 of aggnegabes.

sanpl es and calibration curve sanples (PRB, 1.24-19.8
ng) are sequentially injected. In each case 100 mM are
Pr'pnqzdw'eefdr EseezpiThawr (F{T) €ontd] Sample figr the §E-HRL.C Test
cal [ r n
1. Wrg{déé{p écﬁérig}é%’ é:f %@8” i c?fh' I‘?%t%#e nﬁ'ﬁ %efa *%ﬁhﬁ%at&”qﬁom the -
foI | g@P@fregraxdi ent i s used: Tabl e 29 Runtl me = 65 mn

2 car canaret PonbPhgtla ot ¢ ko ks PERRIbB -gpm. or 2104

cal i hoats fonsmoall twbemmgmsile (Spkcml)i (East cycledf frebEdfthiaw).a

g;' E&i@%’%&’&i&@a@\%ﬁ%ﬁ;%ﬁ% lg%&lq@' B-thd ;{orlltildn%' (inpge;sietgf large

tube).
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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The reverse phase nethod descri bed bel ow enabl es the
detection of |IFN-b-1a oxidized forns, which elute

wdizbdsanmasly fromthe i ntact nol ecule. The PCT/EP2005/052413

quantification of the oxidised forns is perforned on a
C4, Supelcosil LC 304 columm (Supel co) thernostated at
400C, the wavelength is set-7at 208 nm and the el ution
is perforned at 1 niL/mn using the follow ng nobile

pha TgFﬁq; Shfg Mé\i\l@zw ng solutions are
pr e&gﬂlﬂ'ﬁﬂ Uert F§Ko 0 40%ACN 0. 14% HFBA (wat er

60% acet dralumi tempaedure goemitempeaiuré rric acid 0. 14%

I et oni HETIE B 0T POl Aa B A4 RiF goifiec

El uent C:PregaretidydissoMnyChed gt MaCFis 2 liler 80mM Sodium acetate pH

20% Acet g t.r i o4 Tkif I [ j L : "
R HPLC O fgﬁ#fﬁ%q%%&%t% r%@%gt‘&e%b/? éqﬁéer@e EJ@H@A unit by
30% El ueraddBgaacetic facidvio i leanyd tittatimg/withna solutien of $@MtNaOH up
15 m nut q@ p‘fg%wgi | a steady baseline is obtained).

Sanples o 20°m are injected. The sanple to be

exan ned FlewdateyOdunlinirn 50vM sodi um acetate, pH 3.8,

to a con ' ' b nd 0. 280

g/ m . Tﬁ@%ﬁdg\?\nﬂ%%ggja i%ﬁt%b}qﬁ\ﬁﬁgg%%%g per cent age
purity ofAdiatingrdiusions5MaMHGlandIeMiNaGal cul at ed usi ng

t he 8k 'sn peaks integrated areas. Specification The

mai area of | FN-b-1a (corresponding to the

i ntact ndloeticlMgrck codmK313a8056han 95% of the total

peaks ar L&, ef fect inhibition bioassav -

CPE Bi opg?ag%’yw&ﬁiﬂﬁg?ér;a activity) The antiviral

acti vi t y NgfOH FRMsolutiobul k i s neasured by the

cyt opat hiygeef fect (CPE) inhibition bioassay. The

bi ol ogi cal activity is nmeasured by an antiviral assay
based on Natd, JTFRAKERm9de 8627-07

c. Sedimentation velocity analysis - AUC

1. Method description

Samples are‘ioaded into cells with 2-channel charcoal-epon centrepieces Wwith 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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protection of cells (WSH cells-human amiotic tissue)

agai nst the cytopathic effect of a virus (Vesicul ar
wetasati7a48s Virus). The principle of the bi oassayEP205/052413

interferon lies on the fact that a nunber of viruses

such as Vesicular Stomatitis Virus (VSV) cause cell

death that can be visualizedsby vital staining. The

cytopathi c effect can then be used to quantify cell

O{h%:%f)?l%agﬂ ﬁé]éﬁ Ir:é;v@o F? Qi cf@at hﬁttévai & %‘refl% 'Iﬁéj c}?éfrlla,ltion of

e I'n ch 1s assesse
b§ect|mentgtmume;‘l’ mntstyghﬁegno@ﬁ@g ﬁmmlgr,@encwmfrdlffusmn on the data in

Txﬁ?‘dg?tt{)]yérfhgh Shé %Q&Ih#ﬂﬁa FHK Ghethied Workd \ggngsﬁﬁiﬁi -a_diffusion

es use utomat1 ¢ spectrophot
deqeétiqmm eaeh vdlue bk sedimesiation cogfficicaichasgdan ans a@mmpfolpn that

it s%lv@tthg ﬁéﬁb'o‘%ﬂeréu' lﬁﬁo&@g%é %ag%rkﬁntﬁ tsﬁégé bbfifdd by the

eva on of ter
pfeapﬁ@alrsqeff icient retio relative tol thatdfor assphe®, o). oThet:é‘tb values are then

r O = C
1o 6 g Bkl cF o B2 65 S48, E*aé”?*gtswﬁoo"s
| caleulgtad bising 0. @rmaamemtmpymnmm@ and three 1:

e [ performadfromrowtorowmthe
p%'a%‘g! 'Hé.l e suspensi on of WSH cells (0.78-0.82
x- 16®tordypes/ ) i s added to chboleswdtor and t he pl ates
ar e g, &% gd at 37Cfor s in a 5%Co2
hum ddi % I ncubat or. Vé% r}Bspensi on is added to
eactCam;erpleee@ept t he ceI I corﬁhamoamqrs, filled with

(ﬁ'[)aﬁ . The pl ates kihcubat ed for 24 hours
in a /%ggr%wm dified mcubg{%r'hgt 37C. f. After
haviTiegpeeature duing fheasAUCHvVer t e20°Gi cr oscope that (1) at
| easy e?&éﬁ%ﬁav@%béhda”age I's agdigyed in the VSV

contr row an t he percentage nean val ues of
p'rot%mle)MOIUmepresence of t he?32ARElb

- 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 um 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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standard fall in the range of 84% for the non dil uted

standard, 45%for the 1:1 .5 dilution, and 27% for the
wao2805dittag8i on the cultures are stained w th theCT/EP2005/052413

specific dye MIT. g. The intensity of the coloration

is determ ned by automatic spectrophotonetric reading

at 592 nm h. To quantitate-arhe | FN-b-1a activity, the

OD readi ngs are then anal yzed by a conputer program

S e Gt TR PAGREE AR oelfel 2500000 o ot o

Eloet[@:ng ACH|(s&etondisifg)ay i oni sati on nmass spectronetry

- ES- The car boh te iet f |IF -la, which is .
T 04 HEHPLS QBN Iraovaier gLy, Ehentin 2 0t 1 Skt Rgimin for
30rhint tﬁﬁd isn?%duelgw Qﬁtg'&)%l&ilzﬂn taﬁdtcam@lltrﬁhmgﬁ@r fm_&ﬁ?. Th? column is

spectrone . _Procedure est_ne consi sts of
ccpBIates 1 oA B SOl Ty Bra foie TRRLEPPEORiely 1.0
mifAiRToe15 Aln. ES- M5 semi - quantitative anal ysis of the

i ntact, gl ycof orm speci es of_ | b-1a using a
Oraﬁﬁaarﬂs%q'% %ﬁﬁé@es'ﬁ LLRiBabt EN—E-'FLﬁebwlhtSémp'%, \opfrgh figmples and
caﬁr@ﬁbm eidvbfdanipld m#mn.@-ﬂ@_aq% %Eé ue?lﬁemeuydihj&téfdo In each case

eir expected npl ecul ar. wei a e .range o
109 15 S R BHCEPL 10 5 b4 A SO ORAP S yrve, for which 20
ul Afd BjetRidd The HOW rgte i€ MaMtdiRedPicofAI®mMPRth.according to

‘H}ellapr Jevel  of sialylation (nonsialylated,

ThegRlpvdng radigrt s usg- sj al vl ated, tri-sialylated) and

their relative % abundance is determ ned according to
thel_#_qékgkqt i ve peak heights. Sanple desalting About 35

ng | a sanples (Control |FN b-1la sanple and bul k
ggslt ml(m]n.)a] % Emlt_meg%)ﬁwnelsg ff’{ie(ﬁhccocon 10
acetofitrile/ wqat@r/aceti ¢38cid (40{80/1, v/v) at room
t enpeEEFUTE (apggl 150 MyzhFN-b- [ o

6.0 58 42 0

15.0 57 43 0

30.0 46 54 0

35.0 a5 55 0

40.0 40 60 0

40.1 20 80 0

45.0 20 80 0

451 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-3-1a bulk contains 0.280 to 0.500 mg IFN-8-1a /ml.
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la /m final concentration). ES-MS analysis Positive
ionization ES-MS analysis is carried out on a
wohkersanreas Pl at f orm LCZ si ngl e quadr upol e massPCT/EP2005/052413
spectroneter (or equivalent) by direct inflow of the
desalted sanples with an infusion punp set at about
6-10m /mn into the el ectrogpray source. The nmass
spectrorreter is calibrated with myoglobin in the mz
T - f yng the foll ow ng
|§ 56 HHasORBRPLE - 0 KV Cone vol tage:
Thea&vesw poase metbed gesgribed belol\omlésﬁbe matestlquFélr&-ge pxidized

Da to 2400 Da (f
fors, flchicfifle iflerdif FER Mo TACAMRAIE TR D 127 & &
Theygiandfi catioamfrt’aeeomise;bmrmsﬂs parformedron BEE4, Sppecosd LC-304
coltinft® n%gﬂé’m%%{é‘t’ Ng ”T%f w%lérig&g% %E959968'm3and the
IS p or usi n ynx SO re or
eltélqnusxaerﬁmm)ed aE$nNz$mresamg theifoltowing eohié pivasa and gradient:

ved ES-M5 spectrum shows t hat
Th%’?armé&iﬂo\ﬁ?t g@&%@g%dfo F) represent distinct
Elgging c ofAsr ns6Q%at IW%%P&NMM% i HFBA4 ntyyader gl §Q%fasetonitrile
oups_accor.din ir degree of sialylation, as
40%4'6&&@‘#9'?‘?{8“’? g‘Fé8§ﬁ’b§el ow. Table 31 - dycoforns
Elgdger ged 20% t he,G78o%5 Aoard.N4% OHFBAN- fwater M2 @ ak/Acetonitrile
d ycof ornm Expected MW Si alylation (Da) |evel F 2A0S1F

8024 Heptaflunrokutinic/acid 8d486)2A1S1F 22084 Monosi al yl ated A
o/S e 1dno y/
Ell%%y Z?yl H %Dd:@gb A?;H\Vé iy ?FA: %?e? ﬁ%@é&hﬂ%g 8%/ Trifluroacetic

ckbx repeat
acid 0.1%)

The C4 RP-HPLC column is equilibrated with 70% Eluent A and 30% Eluent B, at a
flow rate of 1 mi/min for at least 15 minutes (until a steady baseline is obtained).
Samples of 120 pl are injected. The sample to be examined is diluted with 50mM
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-B-1a (corresponding to the intact molecule) is not less than
95% of the total peaks area.
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D 3A3S1F 23031 Tri-sialylated E 4A3S1F and / or 23400

Tri-sialylated 3A3S1F + 1 HexNacHex repeat * 2A =
waizeostiemmasary conpl ex type ol i gosacchari de; 3A BCT/EP2005/052413
Triantennary conpl ex type oligosaccharide; 4A=
Tetrantennary conpl ex type ol igosaccharide; OS =
non-si al ylated; 2S = D -sial#glated, 3S =
Tri-sialylated, 1F = Fucosyl ated. The sem -quantitative
eval uati on of each of the 4 mgjor glycofornms is
carried out as foI | ovvs % Nonsi al yl at ed gl ycof or ns:

; i kAR ht s x100 %

‘ ' or rrs Hel ght of peak B/ total
BW@H@?\E@%W\FI?QF&BW@O Di sialylated glycoforns: Heights
Thef antiyitek a¢tivity ©f/ IFReB-da dialis medaghresi Ry dbe cydopathic effect (CPE)

ed gl ycoforns: Heights of peaks (D + E)/
%Btlgﬁa%é%\%&hei ghts x100 with the total peak height
Thiechiolggichleadivity &f mpasicedh by gimt antikiraloagsay Piased enribe é-N-Bainduced

prégaicforegs (IS RRIRAR el AP REl isee ot e BBt giect of a

vnraaIVébkﬁ&tFStdnﬁhhtis—\l:msl)ackl ng one term nal nethionine,

i S_not n in C i de ian for e | ation of.
et Bk B34l G iahh B85 PR o et iBecE e f Yinuses
suoh ashVesiculgyuStomatitie Virgs 8V causedcdilydentls ¢t rcanebebviblalized by

ity té' rel ease test (N-termnal truncation, N1 : NMI
V'é% 'nég'eci fication Spectrumconforns to expected

Tneayédpam effext chwe thiehh bpassed e qodrtis) celll‘pmtesiicai by intezfbron.

Th%I éégg %%E‘ifon@@é bgg‘g% |B|& G g%é%at egcgil 8 tbg\?\/@gh i%%ss_es%elq) }gy the
armuntsmfaiyyIteﬁaz@l|gh)sauMWn@|methyltI1|61%rhzthIErr) eleatup by living cells.
Trfe%‘&q?\w gnakels '%EeTcneauwr%tg s;h%g{l@ﬁ{o%rﬂg ig rd%te%‘ﬁlﬂ’%qilgﬁ %?’ tl@’percent

I'soel ectric focusin
of protected cells and of a three point parallel line assay for the statistical evaluation of

the titer.
Procedure

The assay is performed in microtiter plates.
* a. 50 pl of cell culture medium (MEM/5% FBS) are added t6"each well.

b. 100 pl of IFN-B-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 pl suspension of WISH cells (0.78-0.82 x 106 cells/ml) is added to
each well and the plates are incubated at 37°C for 18-20 hours in a 5% 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) at least 80% of cell damage is achieved in the VSV control row and
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Coomassi e blue staining. The pi of the isoforns is

then conpared to that of the PRB. The pi and the area
wofhodshe7gycof orns i s measured by densitonet ryPCT/EP2005/052413

Procedure Sanpl e preparation: |IFN-b-1a sanples are

concentrated to 0.7-1.0 ng/m by using a centrifugal

m crocentrator unit. Gel pre@aration and isoelectric

f ocusi ng: An | EF 5% acryl am de gel is prepared and

washe | ' 0 -al

tmpol s1REies B ayf dnbd YAl SRR i resence of the N

reconsti stamddrdvfaﬂ hn theplaoge e 84 % thenadn dibuted stagdard, 45% for

3-10), I and 3%

gl ycerol m gcse%lﬁ%'f s zgérf%zpfcﬁxlrﬁia?%h#{g)gt rophoresis

appar athesulturels aecdtaided with B@GpHEeificglye MET.pr ef ocused for

or clente oftendy? o8F! 4, ol f BB | £9" blhomatc

Apprompealrexmotan&nugeadingnHEQZIrﬁMb la, 6 ng of

[ i
aoplt ol Qeerfiefg In BREBAE RhfiEne B RER S Hdntl BRliyzed by 2
| EF gedomputdérqrograch (ColdhiiSeftwa8€0D0 V- hour. The gel is
20% (w v) TCA for 30-35 mn, then stained

sPe&fﬁgt&)&msm e bl ue by using the col I oi dal procedure
The1FNN@utzotiulk eontains npNesshthih 50.x 108ddiml, N., Taube, D.,

Ehrhardt, W, Inproved staining of protel ns in

poI yacryl am de gel S ncI ud| ng i soel ectr| c focu5| ng

S
Th% i %’*‘@Z@f@v iﬁé“ %‘“%5?%2? ﬁ?ﬁ'é@%%n ;OaT a0, esie. s
anaiyzedﬁnei&al\‘&bf be infhctirnaleculdusing a quadiupolesnass shegtfometer.
Pr é%’l an aut omat ed densitoneter (Conputing
ST omet er, Mol ecul ar Dynam cs, USA, supplied with

Thetest rrm@u@mmSISE G the tofjowimg Stepsot her speci al i zed
soft vva{ es nggﬁ% &q‘;%mn gggq}d"pg{rﬁagcul ation of

resul t Speci fi cati on The
el ect ijphoEStM‘g reemi-gbantitative analysia akthedstact glygoferm species of

simlar tolF@@Ha%&@'J‘&%Mﬁ& 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 pg 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-B-
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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the reference house standard: 1. The

el ect rophor et ogram obt ai ned consists of three main
warousps7as bands, containing a total of 5 to leChamre®s/052413

(excluding the band at the | oadi ng point) and conforns

to the band pattern obtained with the reference

standard. 2. The five mmjor-ghands, assayed by

densitonetry, should fall within the groups linmts

THg AR eheificier's, (dBier sun, ReSihhip & g, o co0-2400

Deeandalls run umlgltr@ fm&%ﬂng 8&ingkb42-547. 2. Familletti, P. C

S., ka S. 1981 "A Conveni ent
Cazﬁ""%a&éég topat hi*¢ 'I%fqeec [ nhibition Assay for
Cdnat\@fté@ on," in Metd®¥ds in Enzynol ogy, Vol. 78 (S,
Acad ess, New York, 387-394; 3.
S%gcseké%'pﬁﬁaq”’ , ﬁ’OD tl. Acad. Sci. U S A, 81
(18) 5662- 5666 (1984) 4. Pestka, S. (1986)
" f a d VAt RQNs. |
The! FREL" R0 ﬁbyﬁo rgéd ?cgﬂ ?éff“m Fb;n‘? é@ ba"% 00 Da (for
myegkddn) ddeiwl hatY to 2400) Dia4(-fd?3lFl\EB 1&8)batns thygical scan rate of about 10

<P o bt poeef S i s SR8 8RRt o i
peBbemped kit thisl Mags Lyinx sofisaner(er Q&lﬂ\ﬂale’rﬁ94, 563- 565. CLAI M5
1) A nethod of preparing a stabilized bul k sol ution of

a nmononeric protein, said method conprising the steps
ESMS rgpultyrioterptetatiomf a bul k of rmnorrerlc protein in a

A @qsEhigile tbicHlo BEES MNP i S Bod@Brmed Ato
F) gepregeniatistinet giygofofms ifat aiabdlﬁ gaﬂwesedamo_m augjort glycafyrna groups
acé%i‘lﬁgﬁ% Hlir ddgrdd oIS 95 Shown FPBBYabis %4 bBfdwAM NO

Table 31 - Glycoforms observed in the ES-MS spectrum of IFN-B-1a

MS Peak | Glycoform* Expected MW | Sialylation
(Da) level
F 2A0S1F 21793 Non-sialylated
2A1S1F 22084 Mono-
sialylated
A 2A251F 22375 Di-sialylated
C 3A2S81F and/or | 22739 Di-sialylated
2A281F + 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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v) an antioxidant, vi) an isotonicity agent and an

antioxidant, vii) an isotonicity agent, an anti oxi dant
wandsan7esi no acid, viii) an am no acid and anPCT/EP2005/052413

antioxidant, ix) an am no acid, an antioxidant and a

surfactant, x) a bacteriostatic agent and an

antioxidant, and xi) a bactes2i ostatic agent, an

anti oxi dant and a surfactant. 2) The method of claim

o oIS ORI SRS 4 o SRS i ot o

folldws beta. 4) The nmethod of claim3, wherein the

« BBkl REPEPBRLB TRk FY 6] By o

. aygmag@malwated@ycﬁrmmenbngﬂt affpeekal WMotk pedietieights kImT
t t :
o T it BlyBotormé Heidlts  papuS A dR I Teshiteak Deiablsn 10D

. b%“lﬁélél&lﬁtéh(ljlyco%rm'gh Hel{;ﬁisf‘&f%ééf(s @b & |y I otdl\lf)ééle h8ightd&100 with

surfactant is Twee he nmet hod of aiml

wiertatahpeatchaiaty befmadhe §urag>é peak beights A todi-. 10) The

P|é@seh<hateofthatl ﬂiermﬂuabmtw LTy ;Sééﬂi afndbﬁuﬁQZQM SDJa yen.gwe OSPA-1),
inine. 11) The net hod of cla

coRRERINga 1R NS BT (700 ) SARSHT JFNGE 48 daaking one

ter\fﬁlﬁéleméthtdihﬁ-hé S@tn@B &&d&ylnﬂQQMSIde&aﬂ‘&ﬂfdrttﬁé @IU@IIaIt’Gﬁ of the % di-
ant i oxi dant t hi_oni ne. 13% The met hod of claim1l

siglyjated; gy ”1558 EiN-Briay the dewels of Hhis impufity heipg controlled by a

e?ﬁfat@%ulﬁ?ﬁﬁty'r&leaﬁ fREON-RAmMBPtri LGN RMITB% 5
4) The nmethod of claiml, wherein the am no

pgqﬂlgfq%gm ysine and the antioxidant methionine.15) The
sm&bmcboaformh% 8xpectatIENEB-Na bRsile(% PealeRéights} | ysi ne,

the a nt met hi oni d the surfactant is Tween
N%S'a'x@ge @Q?‘EFWOH°E‘F' @Pﬁg% wherein the
ngalmawgmdformeet- 30% benzyl al cohol and the

DI-SIatIyIated g? coforms r%t hb? ‘yl ne.

Tri-sialylated glycoforms: 8 — 16%

h. Isoelectric focusing - IEF

The IFN-B-1a isoforms are separated by isoelectric focusing and visualized by
Coomassie blue staining. The pl of the isoforms is then compared to that of the 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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17) The nmethod of claim 1, wherein the bacteriostatic

agent is benzyl al cohol, the antioxidant is nethionine
wanastihw4sur f actant i s Tween 20. 18) The net ho#COMEP2005/052413

claim1 further conprising the step of incubating said

bul k protein at a tenperature range of 27C to 3 10C.

19) The method of claim 18, -8sherein said tenperature

is 29C. 20) The nethod of clainms 18 or 19, wherein

TG0 5 HPBSSR o o B b b oSy G U e pitgen flow i
prefence af axarb®p dicxider trap0(0. M &la@H). sai d i ncubation is
A ' I t .

AMCHARRR 35 Lo Bl e S & heknrbhie EhantP Bpiopriate o
starwlafdsrare thehuappligd as deopse5 pif) ob the sudadeoofdle pelur s.  23)

T f [ 8, 19 20, wh ' id
T EER! o dRed ALY % ATl o P ange of 15 hours to
Thig(geh daied i2 2D%T (vév)"ECAdor 30-38 hrdn, rtherd Stainkd with COomassie blue by
oS, B PGB AL 1 TR0 20 e, 0.
EHtRardtver émproved stairingibiproteins in pobabgtamide delsi ingudidg isoelectric
g S Dbl o et SR g ALK
Blée G.-251)7?ndﬂh-@50£|£lb0&iomfore§isai198&9;25.&%2@ n said pHis .
g, Aarfiggof cang BL Afferinao BRI FACIR' GoEm . Uehe using an
autamatedt deadlioutet@dO{Complting Ré&nsitbhmetarpt Mokkcathr aDynamics, USA,

di | ai ' i.d.lEN I t

suBRREEHT e o doant 3t PlsBis™S phe it 'sBeBaa otars nppgod for
intagtakionfcaltulation giiresddi ; log eqliealest equipemernt)y sai d buffer is

present at a concentration of about 5 mMto about 500

nvl
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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31) The nethod of any preceding clains, wherein said
buffer is present at a concentration of about 10rM or
wahost113a8nM  32) The met hod of any precedi ng eCaiERB05/052413
wherein said isotonicity agent is present at a
concentration of about 0.5 ng/m to about 500
mg/ m . 33) The net hod of any-sgr ecedi ng cl ai ns, wherein
said isotonicity agent is present at a concentration
RE¥E 55 ng/mM or about 150" or about 300nM or
34) The nethod of any precedi ng cl ai ns,
whe rynksRi ef alvNature 1980 2B @s®47at a concentrati on of
5Oyl BTUA, ”Fubﬂst%ﬁxo%t Al PR -5 Hob1 FREAIREARA Sd Rapid
any preceding Whérein Sard Tween I'S presen
at &)d:@patlmtﬁr@ct trhibifonaBssaty for Integénon,” iadYlethbds ime Engymology,

s g e e A

aBoMari IOF. mj/ahd Prog7)atkfeatestiod-So., 8M1E}jr‘5§6@di66§ (1984).

o 2! 51 Al 50480k o g oo

38) ﬁﬁezymmgw(&m:eam wbwelderglod?rassmewm%elﬂﬁ $6P8.

ag1 ::ﬁhb?%'t Io% tﬁ%@%qug’/ %t, aﬂg% %Lg%)h\p%n é?{t A@Q@Wor ﬂ'ﬂerferons

pr edemmlg'l%l1a37’re755vﬂ56r ein said lysine is present at a

B ceph M, & RAlEe ol 2ol S s q The mathod of

any precedi ng clai ns, mhereln said arginine is present
at a concentration of about 32 ng/m or about 63

ng/ M. 41) The nmethod of any preceding clainms, wherein
said bacteriostatic agent is present at a
concentration of about 0.01 ng/m to about 200 ng/m.
42) The nethod of any preceding clains, wherein said
bacteriostatic agent is present at a concentration of
about 5 ng/m or about 10 ng/m . 43) A pre-fornmnul ated
bul k protein obtained by the nethod of any of the

pr ecedi ng
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clainms. 44) A nmethod for increasing and/or naintaining
stability of a nononeric protein conprising the nethod

wofhorie7dsr mul ati on of the bul k of said protei RCOEP2AWF/052413
of clainms 1 to 42.

-85-

CLAIMS
1) A method of preparing a stabilized bulk solution of a monomeric protein, said
method comprising the steps of:
a) providing of a bulk of monomeric protein in a buffer solution, and
b) adding an excipient to said bulk, wherein said excipient is selected from the
group consisting of:
i) a bacteriostatic 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.
2) The method of claim 1, wherein the monomeric protein is an interferon.
3) The method of claim 2, wherein the interferon is IFN-beta.
4) The methad of claim 3, wherein the IFN-beta is recombinant human IFN-beta.
5) The method of claim 1, wherein the protein is stabilized against aggregation.
6) The method of claim 1, wherein the protein is stabilized against oligomerization.
7) The method of claim 1, wherein the bacteriostatic agent is benzylalcohol.
8) The method of claim 1, wherein the surfactant is Tween 20.
9) The methad of claim 1, wherein the isotonicity agent is mannitol.
10) The method of claim 1, wherein the amino acid is lysine or arginine.
11) The method of claim 1, wherein the antioxidant is methionine.
12) The method of claim 1, wherein the isotonicity agent is mannitol and the antioxidant
is methionine.
13) The method of claim 1, wherein the isotonicity agent is mannitol, the antioxidant is
methionine and the amino acid is lysine.
14) The method of claim 1, wherein the amino acid is lysine and the antioxidant

methionine.
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15) The method of claim 1, wherein the amino acid is lysine, the antioxidant methionine
and the surfactant is Tween 20.

16) The method of claim 1, wherein the bacteriostatic agent is benzylalcohol and the
antioxidant is methionine.

17)The method of claim 1, wherein the bacteriostatic agent is benzylalcohol, the
antioxidant is methionine and the surfactant is Tween 20.

18) The method of claim 1, further comprising the step of incubating said bulk protein at
a temperature range of 27°C to 31°C.

19) The method of claim 18, wherein said temperature is 29°C.

20) The method of claims 18 or 19, wherein such incubation is carried out before or
after the preformulation step of claim 1.

21)The method of any of claims 18, 19 or 20, wherein said incubation is performed
during at least 3 hours.

22)The method of any of claims 18, 19 or 20, wherein said incubation is performed
during a range of 6 hours to 40 hours.

23)The method of any of claims 18, 19 or 20, wherein said incubation is performed
during a range of 15 hours to 30 hours.

24) The method of claims 18, 19 or 20, wherein said incubation is performed during 10,
16, 18.5 or 24 hours.

25) The methaod of claims 18, 19 or:20, wherein said incubation is performed during 24
hours.

26) The method of any of the preceding claims, wherein said I[FN is maintained at a pH
range of 3.0 t0 6.0.

2¥YThe method of claim 26, wherein said pH is 4.7.

28)The method of any preceding claims, wherein said IFN is present at a concentration
of about 10 pg/ml to about 2000 pg/ml.

28) The method of any preceding claims, wherein said IFN is present at a
concentration of about SG{ oy abowd 810 pgiml

30)The method of any preceding claims, wherein said buffer is present at a
concentration of about 5 mM to about 500 mM.

31)The method of any preceding claims, wherein said buffer is present at a
concentration of about 10mM or about 50 mM.

32) The method of any preceding claims, wherein said isotonicity agent is present at a
concentration of about 0.5 mg/ml to about 500 mg/ml.
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33) The method of any preceding claims, wherein said isotonicity agent is present at a
concentration of about 55 mg/ml or about 150mM or about 300mM or about
600mM.

34)The method of any preceding claims, wherein said Tween 20 is present at a
concentration of about 0.01 mg/ml to about 10 mg/ml. |

35)The method of any preceding claims, wherein said Tween 20 is present at a
concentration of about 0.5 mg/ml.

36) The method of any preceding claims, wherein said antioxidant is present at a
concentration of about 0.01 mg/ml to about 5.0 mg/ml.

37)The method of any preceding claims, wherein said antioxidant is present at a
concentration of about 0.12 mg/ml or about 0.24 mg/ml.

38) The method of any preceding claims, wherein said amino acid is present at a
concentration of about 20 mg/ml to about 200 mg/ml.

39)The method of any preceding claims, wherein said lysine is present at a
concentration of about 27 mg/ml or about 55 mg/ml or about 82 mg/ml or about 164
mg/ml.

40) The method of any preceding claims, wherein said arginine is present at a
concentration of about 32 mg/ml or about 63 mg/ml.

41) The method of any preceding claims, wherein said bacteriostatic agent is present at
a concentration of about 0.01 mg/ml to about 200 mg/mi.

42) The method of any preceding claims, wherein said bacteriostatic agent is present
at a concentration of about 5 mg/ml or about 10 mg/mi.

43)A pre-formulated bulk protein obtained by the method of any of the preceding
claims.

44)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
1t0 42.



