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WO 2004/ 045648 PCT/ EP2003/ 012498 1 Positional |somers
%2&%@45'65{\1 al pha 2a The invention is concerneq,d%]gﬁo%m%gs

positional isonmers of nonopggylated interferon alpha

~2a, with a nethod for their isolation and for their

use in the manufacture of nedicanents for the
treatnment of -illnesses, especially for the treatnent
of viral 5 diseases. Interferon al pha-2a plays an
|nportant role for the treatnment of chronic hepatitis
but Positionahilsedersnof tREGeiFi @dplya 2 t he short in
ivo half-life. rove the half-Tife an
j\e(‘fer IPEpn i3 SRTGFIE WT%WH SQpReTS eéﬁm@awgat% inferferon alpha
zaowﬁtahﬁétﬁa@ fcﬁ' tHEP1solaRsLANd for R’ﬁ«gy hatih 9Re ShaNEES e of
SICOCh and bi g ogi cal ertles of the
%F%s@wts q@eaémﬁléth %eSfeﬁeesa aferethsftre@%ent of viral
dis@teol yti c degradati on and the renal clearance. This
increases the half-life of the pegylated protein in

Iﬁte@ﬁ?on ﬂ«ﬁm—bs{;xaﬁ Jneaﬁx o'rﬁni e ﬁtthtﬁé ©EhindhBof dhbakik ﬁ@pdti@ls C,

t he body, .dependi ng he size of the PEG noiety

b et lblrlalféd i 1s olfigasy bE ﬂwhartgn arwzém#ééyﬂ‘atr@@rwetthe balf life and
{
PSR S it sy
@@mmw@my‘ e peptgint Ome
ekfed¥id Bt cﬁl:ﬁgﬁ o% the Weﬂréte%g Yi@g:ra i e Ii%naf‘l':l‘éarance This

| ndependent ly | n are I nt d%ers
ingrorsigthe halfdife of the pca’rﬂasebprto@em g@b}ooén@nqthg- ciris the altered

mi‘lﬁﬁﬁ'&?{n e 'bg@)} d enHIh% Cﬁxoéh%é %%EG‘X%@% %E.C?x%%)%g ?féﬂgkf’othﬂ

sald conj ugat.e Ts “from~abou out

Is@rigom alphd Zapegylated withsa largei qu;redwmwkgl;@bbngpw (PEG moiety)
s hod daanghguiagidRanpatahaeg adsorption and reduced
rena ear ance esul'ting In strong antiviral
pressure throughout a once-weekly dosing schedul e,

see Perry M C., et al. Drugs,} 2001, 15, 2263-2288 and

Lanb M W, m(:HZmH (omgcmr)nab Phar macot her apy.
2002, 36, 933-938. - (CH)
R'OCH,GH,(OCH,CH,) — Al"i/N—IFN-alpha %a

wherein R and R’ are independently lower alkyl; n and n' are integers having a
sum of from 600 to 1500; and the average molecular weight of the polyethylene
glycol units in said conjugate is from about 26,000 daltons to about 66,000

daltons;

has an improved biological activity and exhibits sustained adsorption and reduced
renal clearance, resulting in a strong antiviral pressure throughout a once-weekly
dosing schedule, see Perry M. C,, et al. Drugs, 2001, 15, 2263-2288 and Lamb M. W, et
al. The Annals of Pharmacotherapy. 2002, 36, 933-938. '

The method for the pegylation of interferon alpha-2a is described in EP A 809 996.
Since this pegylation is performed by reaction of PEG2-NHS of formula
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The nethod for the pegylation of interferon al pha 2a
IS descrl bed in EPA 809 996. 25 Since this pe
WQ2054P9618ed by reaction of PEG2-NHS of for mul: %@2003/‘”2498
2004/ 045648 PCT/ EP2003/ 012488 2 O

ROCH2CH2( OCH2CH2) . -ONH O R OCH2GhHi2( OCH2CH2) , , . - O
(CHa ON~- ON HO wth prirmr)gj\am' no groups on for
“exanpl e lysine BDCHg:HJiH)I-@CHQg-ernusI\Ibe the interferon
al pha. one or nore PEG noieties nay(d:ﬁs) att hed and
forma i xt ur ¥ QFH GilEYyFradet0

mul ti pl e-pegyl ated interferon. gop gyI a

interferon 5 al pha can be isol@ted ffom tde mxture by
nmet hods known in the art. Furthernore, since

With BFEREP ﬁnﬁwg}@ug@om @ddhSle BXiHelr kS tl-ﬂezl\T&érhﬁﬁusf @frthe

pegylation (11" lysines and the N-term nus

infoierprealpha preenmereAEG Bisties mapppAitidhed an fﬁ”&} ppkture of

ﬁrﬁﬁ StelSRBRGSand Iﬁ’u l gg:feﬁ%\%}ﬁeﬁbxﬁ% L@ Idt&edon
each’ of these bein ted to the brafnched
dphaanihyiisolted ffytﬂo e EHERFE thoge knews i thejapfe Furthermore,

pegyl at e referred to as at

Iﬂjisl(fmlg)ls)tlblsmﬁiwmpémm@ﬂ ppies. Brompthgye leatweive isomers,

); R (
41%%?%511% rﬁo[é%tgcg rﬁ%{l} Eéﬂﬁxaﬁ d, egcg% y{-ﬁmt 33% gco?li gl%P)ﬁ (t6 Me Br@nched
Hohetlgleregiicol ehauPEG-sP&éiﬁt sigZ0amelyat Lys( 83) to for m
interferon al pha 2a pegylated at Lys(83) [referr
24 Sy HED-tolfyah d@piferoatlpbp 24 p&gz)latti)afﬂoyﬁﬁﬁm fﬂte feditoms | (éh a
% 3 gyl ated at Lys(112) [referred to as PEG
ILQ(_;? 12)], 20 at Lys(121) to forminterferon al pha 2a

) i%fhé‘)t t%q’oxz}ﬁ ﬁxﬁér%%aphll 'bSESéJlaeth Lﬁy@@l&’?ﬁ%’ferred to as PEG-
Lys(49)],

t3érfe a?ﬁhaLQ'aséxggl‘lTlE exHiidMJ fieSidr e g E@la@éigq Iysthes and the

at Lys(70) to form interferon alpha 2a pegylated at Lys(70) [referred to as PEG-
Lys(70)1,

at Lys(83) to form interferon alpha 2a pegylated at Lys(83) [referred to as PEG-
Lys(83)1

at Lys(112) to form interferon alpha 2a pegylated at Lys(112) [referred to as PEG-
Lys(112)], '
at Lys(121) to form interferon alpha 2a pegylated at Lys(121) [referred to as PEG-
Lys(121}],

at Lys(131) to form interferon alpha 2a pegylated at Lys(131) [referred to as PEG-
Lys(131)],

at Lys(134) to form interferon alpha 2a pegylated at Lys(134) {referred to as PEG-
Lys(134)],

at Lys(164) to form interferon alpha 2a pegylated at Lys(164) [referred to as PEG-
Lys(164)].

It has been found that PEG-I.ys(31) and PEG-Lys(134) have higher activities in an
antiviral assay than the mixture, the activity of PEG-Lys(164) was equal to the mixture,



Lys(121)], at Lys(131) to forminterferon al pha 2a
pegyl ated at Lys(131) [referred to as PEG Lys(131)],

AR et SRS EE SN A R, 1Pt 8 A,

PEGYSEA64) atOPEGHR (1Bt PREeroncal pha 2a pegyl ated at
Lys(164) [referred to as PEG Lys(164)]. It has been

Thé o&actidhatus REGntys 63 Withamdy REGidnaésd3)s dfaeeylhied heterferon

B T

Ly syn@) mir g{mgt PRG PRS- 1of(1 PEP LGslydQp4) REFEGL{70)64),

PEG Lys 2
7 ChaPE@rLSf Et vgra%s q;',l gtﬂm'ével&; é)%?éeop ][%ﬁ%l?pgene Sglycol moiety
(PE@%@J{?}% sw[d;he lewdaa & fer 1NA Ifroins amt L6000 delgyisabaetiout
|nterferon ? Hgéévvlth PEG Lys(31),
1%'(945’9?“”;5%@ E%%‘t 7@ EVys(83), PEG Lys(112),
PEG Lys(121), PEG PEG Lys(131), PEG Lys(134) and
. 6 .
Acér?)gzﬁ?el%i[(f &}e C%ect 0? ﬁ%%g{ fn‘?'?rﬁ tnht eg@;]l{g pg:%\g%%q‘/tﬁ%glgsg?gnal
isorh&tEGf pag}&ﬁtyd mterfcﬁam dlphe gybeaéc&eﬁ ﬂnﬁ%%@gﬂfﬁ(is 8), PEGALys(134),
al tons

about 26, 000 daltons to apout . 6
whezeindlas ayerggegnolsees W@eshtd% ﬂa%mléfﬁgyi% glyrek mgietd PEL
mo%%@?fﬁaécﬁgféﬁﬁe@ fxﬁé@é?& isrhlcﬁﬂtab&ﬁ dzstdw(ﬁpb&s @ra%utcb%obdohe

| SOmer s pegylated interferon al pha 2a

daltsed,es;taeﬁltﬁzrodabﬁ&@OﬂG(B@zﬂﬁ))ls PEG Lys(134), wherein the
aver age nol ecul ar wei ght of the pol yethyl ene gl ycol

nmoi ety (PEG noiety) in said pegylated interferon is

Acdob iR APRHhe? G300 AL bR ARBH I thE&e qz@%wd@é ltﬁeoffb%ltlonal

especi al |y of about 40000 dal tons. According t
lsomﬂolfhmﬂrfa@p@h!ha@'a IleEﬂat@d atbys(12 WMEBEG-bys(12 Bewberﬁlsn the

rovi ded. t he |on ron h a
e piebl Ao B of iR By o o A REp i B i
pegfMRIaSRERINGS ﬁjoﬁf aBbﬁt PD0®AaNS tdMBNEERVOE At ydpecially

noiety (PEG noiety) in ’sai d pegyl ated interferon is

of abpwri08P daltans; 000 dal t ons to about 66, 000 dal t ons,
especially of about 40000 daltons. According to
anot her aspect of the present invention, there is

Acchfdig esthothep asicki GtAé pres&n ientibn, RBEY |1§1516d1dledilh(pb§1ﬁb@a‘l
al pha 2a according to the present :invention for th
isomer of pegylated interferon alpha 2a according to the present invention for the

manufacturing of medicaments for use in the treatment of illnesses.

A chromatography method for the separation of the positional isomers of pegylated
interferon alpha 2a based on the local charge differences has been developed. This

method consists in a two step separation by ion-exchange chromatography.

. In a further aspect the invention is thus concerned with a method for the

isolation of the positional isomers of pegylated-interferon alpha 2a which consists in

a) the separation of the positional isomers on a preparative liquid chromatography

column with a weak-cation exchange matrix; and

b) the further separation and purification of the fractions from the first step on a

preparative column, preferably a HPLC column with a strong-cation exchange matrix

The separation step a) on the weak-cation exchange matrix was conducted by applying

a linear pH gradient from about pH 3,8 to pH 8.0.

3



manuf acturi ng of medi canents for use in the treatnent

of illnesses. A chromatography nethod for the

ﬁﬁ{)sar ati.on of the positional isoners of pegylated

L EPF AT ohstEr bh‘&asz&ﬂéa@ébwah linka fibgaticahaf g&dium acetate
batiffef aerRasheeR.evelenesh o Jhis - met hod .consists =
42%: a@%ﬁvé@gt% éag separ at l?’gﬁg%&oi‘oh- excrange™™ lmt“fﬁ P%_‘u to about
PEHHERY AR PH Gt ftapfinel pldspelatut pHes. & rvafut 18, p&ferably

off PEES6.6, QRGN ' h farn.the isqlation of the
‘;/)?%si ti onal ?Elgsrcr%*ﬂrt;s,ol?lg o%ggjflrﬁglflé%gfnﬁf‘é’rpf%%%’ “éﬁiﬂfﬁ apd up to
Lt disthytsms iged), praferably 1096 empal atd ioh dnthyidie gpesi.t i onal
Tl solﬂe_rs Qn a preparative liquid chromatography colum :
Fgn RbHie-teomarpeaneheoh Angmedrby thexnitiandnldntt AR of SATh VB fer
sSepat. alhieQ i £ Fon pf. the . fractions.from the
first st egﬂ%ﬁgg@&{?éﬂggrﬁg?&% TS Indsrﬁi?mﬁg’@’fl@f& {p abomplgmM
SO RACtAict BT clarablyr forg-abatt oo Texiehiledly fdk i3I MM FNESmM.
separation step a) on the weak-cation exchange matri X
Thasrestiaustend) bsyampyl opit agrooan feipeattuipklr 204 aehh btk Qfhe
b

ragbo o o The .separation step b) was
- ..c0 n%lttjagt% Elagﬁvmﬁt EO[P ?E'%%r%p lglgﬁ’fege&?bjﬁ ?t PFTReRieshrheet 3 e
32%uffer (A) to a potassi um phosphate buffer (B)
starting froman initial pH 4.2 to about 4.6,
bl P e P R e
POl e R ShiinPd b beEyRtion afaction oLintebramolpbe Ranol  and
up to 1.5%diethylene glycol, preferably 10% et hanol
and 1% di et hyl ene gl ycol. The elution of the isoners
can be “influenced by the initial concentration of the
buffer solution. The concentration of the buffer
solution is fromabout 3mMto about 15mM sodi um
acetate, preferably fromabout 3 to 7nM ideally from
3.4nM or 6.8nmM The separation step b) is carried out
at roomtenperature or at a tenperature in the range
of about of 27 Cto about 35 C, preferably at a
tenperature of about 30 to 32C. This nethod can al so
be used analytically for the analysis of the
conposition of the positional isoners obtained in
pegyl ati on reaction of interferon al pha 2a. 3a WO
2004/ 045648 PCT/ EP2003/ 012498 4

3a
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The resulting protein sanples were collected and

sed by a variety of protein chem cal net _
V@Eghrq }!%2003/012498

Afhss spectrometry. &eptl de mappi ng,
rever se- phase high- performance |iquid chromat ography

CRPrekikity ph&Bihi st IR AR \Gliettil i d I HyseBEL trietpbf protein
undi gest eg r ot ei n si ze excl usi on HPLC SE- HPLC

PGPS SIS AHEALISPFATPMAP BHAf BRI FEETTE h&Bigh-

I th $MALDI-TOF
s gt st crgteomy,

enstr of vwgeaq@@rgéf‘grawza@@lﬂeq%{{éﬁg&é%@@an § SDSPAGE and

h&ga, 6% BhBles 3thkl i ntact after | EC chromat ography
{[Eon Exchange Chromat ography) and to confirm the

@aydwéuna%elga%b edéﬁ%dﬁ?&%‘é‘@&effﬁﬁ&%ﬁ*MDMF

urt er nodifica O spectra of all nolecu

siieoinp i’y éx pesler gdeltsrltgﬂjat]\nhe pesailatediintericron alphada J@g{eR s were
B RO BB e O it o i
ﬂle@m@tﬂpﬁgﬂemn Fadh B pesd wasimmgsuradwithpyt forhepmedification The
{¥6ca b Aol i R ek o 6 teurggd NERRa i FATRAE 863 kDa

e one ated-interferon

aldyha c@aespondingidé mhm@ﬁ@amdlh%%/ drepksatt 3 kbl (Bizured)-

- spectra and structural identification of the

prosnd,icactpisomsoway proteolytivallipdizgeted ising epidodis §gprotéase and the

RS BIALOTOR phpsitt RRGY Il Bl dled vty IR QR dRrif Al r5i the
pgyiatad-insdrfaoon dfphhﬁeresfmamrestaxdhﬂhul e (see above). 2.
The single lysine of a specific isomer having the

Imbgytedtich @f&hyspactrgmnd stratiteat idedtifiegionsofitlt posittephisgmgrs is
%ﬁﬁswe HX the en 9 g s-C protease (2) New Engl and
B thefp (OPREIH0Y 343, 1666-1172. and,

| DS B YRR SE SRR P AR i

t hdktethénapentof dee ﬂ“ﬁﬁeﬁfolétuﬁd@e&:labbﬁe)t sonmer is |acking
the peptides (and only those. peptides) which are

z, GLI&E @ﬂlgldtly.gﬁcté}oﬁd ijﬁhﬁc@s‘bﬁ)é'lr &hﬁdg th@egﬁlated@f»lﬁnerl grcéup; attached
not expected t,0 e
hait R Teresmied ity the eodtniaa- ¢ e B ﬁi&r}%ﬁ%@ Fournal of

Pe PIdAEndHIDY, S, léﬂé—msm@ﬂ&ﬁeﬁ@ﬂ&p&elp J@Epﬂiﬂ)&tham is not cleaved
accurate detectjon of the non- pegyl at ed pepti des

r aAbihat snesiicgosition- t o 6000 Da. The PEG noi ety itself

has al ready a nol ecul wei ght of 40 00, ,
3 hétis faegsioes epeded hag e e §1eR Of SRFAR euaeu %g}he

t NGeSRaR (dhassy tﬁ&‘é pepBAS) Which are related to its single pegylated lysine.

4 It is not expected to detect the mass peak of the peptides having the PEG residue

attached in the MALDI-TOF peptide maps as the mass range chosen for most

- accurate detection of the non-pegylated peptides ranges from 850 Da to 6000 Da.
The PEG-moiety itself has already a molecular weight of 40 000 Da. However, the
pegylated peptidés have also been detected using the same digest and trans-3-
indoleacrylic acid (IAA) as matrix. For each Lys-C digested isomer a broad peak at
46 - 47kDa was observed, confirming the presence of the monopegylated peptides.
Due to the broad mass distribution induced by the PEG-residue, no direct
identification of the attached peptides could be made in these experiments (data

not shown).
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30 i ndol eacrylic acid (1AA) as matrix. For each Lys-C
ested isonmer a broad peak at 46 - 47kDa
3'81”9/@648 confirmng the presence of the nonopeg /E[PZQOSQIM%

pept| des. Due to the broad” mass distribution |nduced

e t@tiRESe t&iiel 1ﬂ:tp% aréhotinrif Glgurd 6l@edlisftheratre onssofgibhe
attached p Iijﬁs coul %be%aze in these experinments
%%Efglsoa&% grd S5 SPCT/ EP2003/ 012498 5
The res p i de ps are..sho

Reskdin lhaspatel hibe Py TR R A R Sebar Pt Ropeg TEN

a Ba-bh Qio%iag;ﬂ@kammaﬂefea\ea callReg gdefi D@e ﬁorthe Sd@efltalt peglatecdhe
ref er ences of , |nte

g B3 S0 SanistAE ShTRGRE eI B oad £l ERlideReds

A&0ctREros SR BrferbM @ré &t@c’i’&i ff)ﬁﬁégylabeﬁ—m@@&%ﬁﬂ@ﬁa 8a, too.
Interferon alpha 2a is a mxture of different

REGYls ?éc'u‘i?& bEDERhdo- ?4 € dpgpredl gﬁ)télﬁ@lkﬁvedjﬁém(melﬁ'écabn 1 the
interferon are detecte | at.ed-i nterferon al

d for
peptidesepmprisingemigacids df o aﬂfﬁ gﬁl eftFeIpsses g @@g?gé%‘P Béween
foc%%! dodtand, ua Sule: ?ealés = 46;&@:9% TBBrefort R PHE BésidiRInust be :
rosing amno a 24 - 31 and 32 - 49 are m ssing
ahta ptolggPbn between 850 and 6.000 Da, all other

’geaks are present. Therefore the PEG reS| du rrust b
Be ethenftdions wergiderified i thegarme WayTa CEfToFs gylate

- %%ﬁ{@lteé .I.ﬂe%ﬁsg.ﬁgnﬁm PRo\BVhe LferBRAGRtSARI éﬁé@u@@gy&;ﬁﬁom 3

es are SSI I'n conparjson to the referen
mass IS

ﬂosppmtldﬁmﬁak:@ migsings fqr shessegondaprptids 184 |->13%

?’5%#“?30 BBt ) B8 e Ao IRIGE A AQRRA HPccBnot b
iflehtifievith thss wietitalno amdusionacewldearadgoul d not be 15

identified with this nethod, no concl usions could be
Ireatder toridertifisomer &d@n&nﬂg«LvsGrpspﬁd@naBmE marshod witk RP-

BEREGE ARBRLT e TR Al R ort B Ot i has

érfﬂﬂn@lﬂ%temsms& é-%«:ka;s]@l‘ta:d Folethc MAIGAI-TOF M pepiidepnapydrg. (e
I
BPel e rcaroky trer R TR SRl R A8

ZAdghadient. Wth the pegyl ated-interferon al pha 2a
reference standard, 13 peaks were observed. All
Wigcthe %gl%&l-ﬁlteﬁédoﬁalﬁﬂ 2nrpeferahdeystavddrd, dad pealfsivede blserved. All

thloln_s were collecte %?1{1 yr?}ltdrlgenuﬁed by MALDI-TOF mass spectrometry.

The assignment of the pegylation site of IEC fraction 4a again was done by comparing

the chromatogram of the sample to the one obtained for the reference material. The

peak containing the two peptides 134 - 164 and 134 - 165 is clearly missing in the

| sample chromatogram and therefore JEC fraction 4a can be assigned to the isomer

containing the PEG at Lys 164. The chromatograms of the pegylated-interferon alpha

- 2areference standard (46 pg/mL) and the one of fraction 4a are shown in Figure 7.

A‘graphical representation of the 9 pegylated-interferon alpha 2a positional isomers
isolated and characterised is given in Figure 9.

The in vitro antiviral activity of the isolated isomers was analysed by the protective
effect on Madin-Datby bovine kidney (MDBK) cells against the infection by vesticular

. stornatitis virus (VSV) and compared with a pegylated-interferon alpha 2a standard

-according to the procedure described in J. Virol. 1981, 37, 755-758.




The assignnent of the pegylation site of IEC fraction
4a agai n was done by conparing the chromatogram of
the sanple to the one obtained for the reference
material . The 25 peak contafning the two peptides 134

|
A f&&%r%g%rcg?nﬁtgﬁ ér]\@ﬁtelfr)rz Sctil%éf E%u{%cff?o@@ioh alEJC}lgers Ef’mp €
a a&ﬁfe@ réerpp elphgotrepoleadntespasialy of h@lfﬁ’fﬂ@la?pﬂl_eyss‘afmmfertm
AhBa @bp@gﬁ&gg@m(m srbﬁgpigg(b@t E%Bﬂ; hgrs ﬁ@?rtfy?(h@bﬁr,ysum

2a reference stan

byselcd) and bes(269) &séhmpn‘eaaxﬁngm péa medikagreapfuic eatiproliferative,
SARLSS Y gﬁmﬁoﬁtoaﬂﬁ%& lgagyé @%&%ﬁ;éﬁg ol @ %?&ta@eron

positional isoners i sol aracterised

Yrhaotr pagyRitetatd 1903 ITMS(llﬁ‘l)\ﬂmdr[dS(éﬁﬂ fioir tled prapariaion. 9f m‘ch
t | L
hb&cisehRtat Ol%(?]s?ﬂﬁ{ag é@]\%ﬁaﬂﬂ f‘é( ﬁg b%%%r%g ﬂe ?al.la};[lgﬂ ofa

effect on Ma I ne Kidne
I@Q@F«ﬁgﬁﬂttfhéthaﬁ%meomﬂwméémawt especisiofmathid freattientisf hepatitis

€VSV) and conmpared with a pegyl ated-interferon al pha
2a standard according to the procedure described in

'IJhe \{E{Cgk il’I]Vg[%&O §.le gflz@%%h o&aréa& }CQF m%sogﬁfzotns %f ftﬁ hgasis of

ention is therer use ona i‘sorer
tbeggma@mrls. thferlfle}admr shphalt@ andmnl eetllods fc&emeducahg theof
ositional isoners of interferon alpha 2a pegyl ated

pLhyaer(x@ceupcachpsrqmmqonwg(m@)@emtymeaﬁ)qn wsyé {rl 2)cpntrol or
plré/\%élgtf?r%%):f gﬂ#@s%} §&%TIEHSE|§% |’P(r-? %ﬂlal 1s0m 41%%?1 5?11(1 gha 2a,
: e&mclailv pAPEGRy s Fih, lmmf s(1 34 )omPf Hﬁ?}ébﬁtl) Eﬁp&oaspédxayly of PEG-
int 2
Lg{@ {)e b%gd%ylS%]é@(e X o?]aglfﬂll (%P_YL %i{:)\qp » P8P t{)’)ﬂganc? tl‘g:rﬂ))éugca‘ﬁ?r
apreppateatiiner. mhtesial F['he phaintaaidal corfpesipos thibematd can be
It her .0 d f t
TR S8 D B Ot PR g
ens;uﬁmataid §hefch.ﬁoﬂhﬁo}ﬂe&&hfﬁpﬂmQf;mﬂlaﬁﬁtdfthésmdﬁhddﬁm patlent the
tion.al so conpri ses .t ce t|c
Ry SRS Rorr B b hee Linbdhuess
admﬁﬁstfehﬁmr arfbbthsr ABG:{ ndval M&ctﬁtﬂfnepf oduci ng t h € m
The pharnaceutlcal conpositi ons of the present

invention used in the control or  prevention of
Acqordieg teanoghswsnestef the prssentiipyeation.gherers movw@g phmeutlcal

cobEaBoft By e BB Bhonhy o bl A by abRdele i
asBEplhsytie(diAges crrgieetidns disepey Chwptiking a Pokitiond Eorb@EC
and therapeuti-cally acceptable carrier material. The

peghaiefurietipronaPhaciisssrdingie thepreeent swanticmpange: therapeutically

inert carrier.

Below the methods and material used in the isolation and the characterisation of the-

positional isomers of pegylated interferan alpha 2a are described in more detail. -

- The pegylated interferon alpha 2a (PEG-IFN alpha 2a) used for the isolation of the
1somers was produced at Hoffmann-La Roche Inc. by the conjugation of lysine e-
amino groups at the surface of the interferon molecule with an activated branched
polyethylene glycol mqiety of molecular weight 40.000 Da as described in EP A 809996
and in Bioconjugate Chem. 2001, 12, 195-202.



formul ated and dosed in a fashion consistent with good

medi cal practice taking into consideration the

di sorder to be treated, the ggndition of the

i ndi vidual patient, the site of delivery of the

positional isoner of pegylated IFN al pha 2a, the
Tiidiag obthe sampid Id&tiflgthdl;ﬁyﬁlﬁ)mbffé& ybaubmlssommuM@ach

pract.itioners. cordin er as ect
P%%%%B‘PR S‘iewféﬁflil%ﬁ Wgﬁﬁ%\flg ) % Pl en’ﬁcaeﬁ Q@éﬁm
(T@S@@SEIU(;SEFSSPLW im)e].l éﬁﬁtd@iﬁe 06 nﬂn@lpﬁnyétaxv § coflength). The
i mmunonodul at ne a o
CORiTBRHLEBHT eqq%leolér&tes 4 ueb%ﬁﬁﬁt ?ﬁdé ?‘%‘83“%‘% ohal
dibBPREE gl9fol, z@ﬁ@yéd&b@m i @qsﬁﬁ?@mnmrnbmag&a@dm tiNgarmydes,
t he present ag ﬂ?ﬁ ra eutl%@ I nert fto
th 5Py waspErsh Hodela et B0k
10 BM &bhae @ﬁ%l&tﬁ%b@ &Cﬁ@%leﬁﬁ&llopih&)f%tdh&hﬂer&@‘}mbl adjakted
I somers o pegyl ated interferon al pha 2a are descri bed
in nore detail.' The pegylated interferon al pha 2a
(PEG | FN al pha 2a) used for the isolation of the
i soners was produced at Hof f mann-La Roche Inc. by the
conjugation of lysine c- amno groups at the surface
of the interferon nolecule with an activated branched
pol yet hyl ene gl ycol noiety of nolecul ar wei ght 40.000
Da as described in EPA 809996 and in Bioconjugate
Chem 2001, 12, 195-202. 6a The purity of the sanples
- during the separation of the positional isoners from
each purification step was checked using an
anal ytical strong-cation exchange col um
(TOSOH BI'OCSEP, SP-5PW 10 pmparticle size, 7.5 mm
di aneter, 7.5 cmlength). The colum was
pre-equilibrated wwth 3.4 mM sodi um acetate, 10%
et hanol and 1% diethylene glycol, adjusted to pH 4.4
(buffer A). After |oading the PEGIFN sanples, the
colum was washed with buffer A followed by an
ascending |inear gradient to 10 nmM di basi ¢ potassi um
phosphat e, 10% et hanol and 1% di et hyl ene gl ycol,
adj usted WO 2004/ 045648 PCT/ EP20031012498 7 to pH 6.6
(buffer B). The flowrate was 1.0 nL/mn and the
detection at 218 nmthe results are given in Figure |
In anal ogy to the nethod described above the follow ng
anal yti cal method has been




found for the analysis of the conposition of the

\@?%0&)095‘8?{!6 i soners obtained in 5 pegyl ation r%ﬁp‘iﬁbsmuws

I'nterferon al pha 2a. After separation of the

nonQ e%/I ated interferon alpha fromthe reaction
nfoRt f& (byfemit Rocifok rasemas h0 il n tad theelepotibh ko2i8nm the

| SQUBSS rated by an analytical liquid HPLC
(hi gh p?ég%uglgﬁé&gtlﬂd chr omat ogr aphy) net hod on a

I i . rLong::cat{d on exchan tr,i X
2181 caﬁmf}g? i or gg%tﬂn% gesg%l?l%%ar‘bgﬁgt%g‘g %ﬁ%@%‘%ﬁ%d%bem
dfound fa the zmalpis of e mr!fﬁp@iﬂ;nfi;fshﬂ-p&itnﬁﬁl i@@zﬁ/ens or@aaa'/ i;édf:ihe
' CONSLSE O er A 00 10/o v/iv o
> 1%%1)1?&%?}?%&1%#%%%% aéﬁ]&?%/}acol e; 2 .3 nmMsodium - (
mM__acetic,add.in rified, water; no
' R Shie Bl o e Ml aBESHanth B P iblie it Fapction Miture by
an¢thndd knovin Iég/the %n:, e pb:h"gibﬁl\ Hoyeed £¢ se}aﬁrzﬁed”% ds-2iBAical liquid
| . [ urifi er, no . ‘
1 308 b MRt liia Bronbtbuabiil b el deprebim dharsed with a
; Efrgug?amiméicﬂhgem&mmﬂgasma ilngﬁlﬂgd brcfdéfSF_tNPR p%laste rx{m'f:ha
l 10 pabtBd it ”Vekféﬁgt@ps%%@g?ﬁhsmieﬁméc%ﬁsﬁt of a buffer A

010% fviceftdtamol e We daEylesaftoled2 B L6 ik Scetate and 5.2 mM
of , PEG i nterferon al ph

nonopegy.l at e di sof or ] pha 2a. a) )
Tﬁe&‘:ﬁc%g{l PUTET WakTospif afiaetment ssrmaded apde buffen (10% v/vin
ethanel; $%0Mv & QiedPROAVENS 16AMMRHPFSS §Hd 8.4/ d]ﬁmg[poé in
chr. n&to rap%y@%izl um w th a weak-cation exchange

- REPRF Wa‘%frée Jesiment isayasdsd 4k reeisgmogpigedin E@Me ,

t
t no. 82A the diameter of the colum being 16 mm
15 ﬁ%gqué?ﬁ’@?%e"m&??ﬁ’j’ﬂﬂﬂ g1, afpthginyamiéen of i ncreasing
odi um concentration (25 mM pH 4.0 up 75 nM
Pije }Apeparation PSRIONA 15QMEXE rate of 0.7 nl/ mn.

gt ectian at_ 280 m th thi s chromat ographi c
tWR-stepdsglaliomandpurificaion shemeavasinsed fogrefargthe mamopegylated

Bofdrs 60PEC-BRref)d AphLsh see Table 1. b) ‘The

fractions were further separated and purified in the
SR B GPREAE dePitaBbE BE tH positional isomers on a preparative low

20 pressure liquid chromatography column with a weak-cation exchange matrix
| (TOSOH-BIOSEP, Toyopearl CM-6508, e.g. Resin Batch no. 824 the diameter of the
column being 16 mm, the length 120 cm). A linear pH-gradient of increasing sodium
acetate concentration (25 mM, pH 4.0 up 75 mM to pH 7.8) was applied at a flow rate
_ 0f 0.7 mL/min. Detection was at 280 nm. With this chromatographic step species 1, 2,
25 5,6 and a mixture of 3,4, 4a, 7 and 8 could be collected, see Table 1.

b} The fractions were further separated and purified in the second preparation step. A
preparative column with the same matrix as the analytical strong-cation exchange
column (Resin Batch no. 82A having a ion exchange capacity of 123 mEq/ml) as
described above but larger dimensions (30 mm i.d. and 70 mm length), further a

30  higher flow rate and an extended run time was used. As for the analytical method the

- column was pre-equilibrated with 3.4 mM sodium acetate, 10% ethanol and 1%

diethylene glycol, adjusted to pH 4.4 (buffer A). After loading the PEG-IFN samples,
the column was washed with buffer A, followed by an ascending linear gradient to
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preparative colum with the sane matrix as the
cal strong -cation exchange colum (
‘@]?dg%q&hg‘% 82A having a ion gxchange capacity ?1’11?2%003/912498
nEq/ M) as described above but |arger dinensions
momiM dlibagicpo?Rsinm plesphity, 100asthiel and 3% dictlene gly ad}uStEd
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Apdcaiop ]mitaﬁlietrg; Habe] GEchel 78D nsmahpbegion df ke potaimmaiety of the
Q&M a22buffer A, followed by an ascending |inear
é@é PR4A2AND 2004/ 045648 PCT/ EP2003/ 012498 8 10 mM
I basi ¢ Si um. n d . 1%
dpatayfeh ehips pbrti an T L fe e PR TRERBRE 20 i Puh fpreuge 1 The
ﬁl-_éﬁaltlof tHiemetndls :Dsdﬁafdtﬁoh 8108 eaks, GEGﬂ(ISt';Aﬁdnbﬂelni‘elsﬁpamlon and
e pro in conce ion o e a
634 §%é%®%%@3€ﬁ§asegﬁéa%ﬁ Bﬁ?éPwP {3 o gnd of

Eﬁb%lﬁcﬁﬁa@?ia&b gité 9t Herd Rére Pb Ot Imdﬁlipegﬂat@ﬂ spdates obIFN
An anal yt| cal elution profile of 180

F @Wﬁ\ﬁﬁ FAeBRUIPREKown in Figure 1. The

t of this separation i aks, .2
Eﬂa itiqf 4 W%@F«?ﬁaﬂ; feﬁbsi@@ CBRmaRoErR %ﬁﬁ%ﬂﬁggﬁﬁ i‘?se to the
PR AHAR is viSiEle BREFRATRIRM dnldS ihaRelin Ndepossengidfadditional
towards the end of _the chromato am syggests t

ppdtienahispmersdhek frepldbinmaisut e ey R FEG-TFN
ﬁhﬁg ) ’n)ﬁrtﬁ{:éjhﬂalﬁoﬁﬁl JPb&&esterE @i}ﬁeﬁeﬂ%@tﬁe‘ ifRrfetcdh alpha-2a molecule

It1on ooki n ly at t eIECchrorratograma

ﬁ:dubltﬁelrz sye‘aﬂ@r oe @lqno(ltlﬁ@mea anddeNnterminng). Hewgyesigsyea th
fbgv; L ona %hgthﬁféjsﬁa?EQQi @e&ﬂ%tﬁ%t@d EAERa@Erised.

positio I'soners that should al so

fsg ek baphibiEs &éi?w%&‘ ﬁoﬁpgﬁ% ?%t&g%ﬁﬁdnvfl.ﬁﬁ wafe fnb&uBRe 'dEN:tly after the

m Xture speci es were expected as

zsnﬁ.uon(tea: Pranchaftar grof wegknefi staregeat $8C (darin Bt sbom) Y esmﬁcant
E@feré?l%&%e% bﬂ&n‘e%l]fo{ ?ﬁ% \H}S% gw&i‘ﬁoﬁl‘ I'h'ﬁ;ﬁ%a%g With regard to the

wever, grven ance o
pnmm eentenmﬁemerﬁiry spsdt@netdc arﬁﬂhaﬂﬁan@ac‘tf@t iagpchanges to be

O B Bl A e, B b b G N ity b

ter I'soPation (t
ahbem of agfregeresemdothe biaasay ectivitySakingdh moursiitbwﬁ)laﬁvmo

f|c L f.ferences were obser 0
iR R TR 11 FRORPR kb R Chbdt es
ﬂmpeﬁﬁc asiviiet essdlategnibyd ﬁp&etanmvﬁtal assamﬁhnﬁsthertotal specific
]\g\%glgtlv?t?%f %]Caigtgf ?Ff\l aI];Hm 2a mixture used for their isolation is recovered

(approximately 93%).
The analytical IE-HPLC was used to check the purity of the individual isomers with

_ respect to contamination with other positional isomers in the IEC fractions. The peaks

2,3,4,4a,5 and 7 had more than 98%, the peaks 1 and 8 had 93% and peak 6 had
88 % purity. '
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detected in the nonopegyl ation site, the content of

0l | FN al pha 2a, the anmpunt of aggreg
W41%°%HP%?E e Rp3std 012498

say activity. Takigg into account the
rel ati ve abundance of the individual isonmers - as
ggfier:m ned by the 1EC nethod - as well as the

speci | tivit - det
‘ gﬁé%ﬁ_pl‘aé?sﬁ% LY q@é?rts‘%{nﬂ?ﬁ%ﬁﬁ dielst SE I%rl%f';héé ifSBﬁ’ilers and
BEGefeFNcakh@nrda m xture used for their isolation is

d t el 9 |yt | 1 E-HPLC
Qgglod\égégec% %‘gé%gé’l%l BEE%F%SE’QS%I%SP?“% 3. Idﬁgl i soners

Wt TesRECT TO conhﬁmﬂ@damn\@epﬂd@mbpr posi ti onal

isoners in the IFC fractions. The peaks—2,3,4, 4a, 5

aBBG?IFﬁbd rﬁﬁCeSltGhan 9@'%@1’% peak§e‘1“e§ﬁ%| 8 had 93% and

abl e 1: PEGpeptldes identified
byPeahﬁaarl soK 6f the LykI'C di gest Bfcddé¢ra of the
rs and talne ref ereace standar Isdentified PEG
i?é%sfn the separ at edegEGI FN Sp ercilzels?’(i Peak m ssi ng
peﬂkak4n pepKi®le map PBE I FN PEG H3tBlm (DA
gﬁaigf Peaktl K AE 24-49 Peak Kadbl, 1' 134-164
K131 122-131 a Peak 4 K1 B C 113 131
Peakalcfa K164KH 134- 164 BHF Peak 5 WffBD F 50-83 Peak

6 K8 . H 7183112 Peak7K49EF2§O Peak 8 K'2
B, EF%APPlZl af{132 133 to](:)) }gnall to det ect 5

a. pg-HPLC. K¥ E,F 32-70
Peak 8 K B,H 84-121

2132-123 too small to detect.

*»RP-HPILC.

The fractions were characterised by the methods described in examples 2 to 6.

Example 1B Analytical separation of positional isomers of mono-pegylated interferon

alpha 2a

HPLC Equipment: HP1100

Column: SP-NPR, TosoH Bioscience, Particle size: 2.5pm, nonporous,
Order#: 13076

Injection: 5-10 pug monopegylated IFN

mobile Phase: Buffer A:
10% v/v Ethanol
1% viv  Diethylenglycol
23 mM Na-Acetat
52mM Acetic acid, in purified water, no pH adjustment

Buffer B:
10% v/v Ethanol
" 1%v/v  Diethylenglycol
16.4 mM KH,PO,
44mM  KHPO,, in purified water, no pH adjustment
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The fractions were characterised by the nethods

TGRS, of “posttional spiers of mono- peeyl GHL I3

[ sge
interferon alpha 2a HPLC Equi pnent: HP1100 10 Col umm:
SExelli*Rf: TosoH Bi @qeldirenceporticle size: 2.5m

nonporous, Oder# . 1307 jection: 5-10 g
nonopegyl at ed IFP%#Mbei I4§0) ase: BufferA: 10%v/v

Et hanol 15 1% v/ . vt hyBeswl ycol 2.3 mM Na- Acet at
5.2 mM Acetic acid, Jn rified water, no pH

adj ust nent Buff@fgl\ér‘1 1%&3¢9§V Et hanol 20 1% v/v

Di et hyl engl ycol 2¥84ih nybK§2PO4 4.4 nM K2HPO4, in

purified water, nqQ.pH adjustnment WO 2004/ 045648
PCT/ EP2003/ 01249§81‘}%6l @é’(@ﬁ ent: 0 Mn 40 %8 2M n 4098

2.1 Mn 48 9B 254N 630%B5 27 Mn 75 9B 30 Mn 75
B 34 Mn 40 B8 40 Mn 40 98 Plow 1.0 nil /mn

40 Min 40 %B
Flow: 1.0 ml/min
Column Temperature; 25°C
Detection: 218 nm

a typical Chromatogram is given in Figure 8.

Example 2 Analysis of the fractions by mass spectrometry peptide mapping

Mass spectra were recorded on a MALDI-TOF MS instrument (PerSeptive Biosystems
Voyager-DE STR with delayed extraction). Each IEC fraction (Jon Exchange
Chromatography) was desalted by dialysis, reduced with 0.02 M 1,4-dithjo-DL-threitol
(DTT) and alkylated with 0.2 M 4-vinyl pyridine, Then the proteins were digested
with endoproteinase Lys-C (Wako Biochemicals) in 0.25 M Tris (tris(hydroxymethyl)-
aminoethane) at pH 8.5 with an approximate enzyme to protein ratio of 1:30. The

reaction was carried out over night at 37 °C.

- A solution of 20 mg/ml ¢cyano-4-hydroxycinnamic acid and 12 mg/ml nitrocellulose

in acetone/isopropanol 40/60 (v/v) was used as matrix (thick-layer application). First,
0.5 pL of matrix was placed on the target and allowed to dry. Then, 1.0 pL of sample
‘was added. The spectra were obtained in linear positive ionisation mode with an
accelerating voltage of 20,000 V and a grid voltage of 95 %. At least 190 laser shots
covering the complete spot were accumulated for each spectrum. Des-Arg'-bradykinin

~ and bovine insulin were used for internal calibration.

Example 3 high-performance liquid chromatography (RP-HPLC) Peptide Mapping
The peptides were characterized by reverse-phase high-performance liquid
chromatography (RP-HPLC) Peptide Mapping. The IEC fractions were reduced, -
alkylated and digested with endoproteinase Lys-C as described for the MALDI-TOF

MS peptide mapping. The analysis of the digested isomers was carried out on a Waters

Alliance HPLC system with a Vydac RP-C18 analytical column (5 pm, 2.1 X 250 mm)

and a precolumn with the same packing material. Elution was performed withan
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10 Col um Tenperature: 25C Detection: 218 run a
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na e

yS|s of the fractions b¥1 nmass spectrometry pep
mappi ng 15 Mass spectra were recorded on a MALDI - TOF

bRtdrigllé gratrht £HeYy Septol 9566 o9y siif mWaMpwa@esrﬂdaEra&Tﬁo 2

B sl L L i

av@fiqu &e&\faﬁ@n&n&%réﬂ@tzfisﬁtﬂ hio-DL-threitol (DIT) and
al kyl ated with 0.2 M4-vinyl pyridine. Then the

Efcvgﬁ eamm@ &@Qo%ﬁdé*bﬁ/l@_?_ gReiat ei nase Lys-C
(0] cnem Ca I N ri
r1|8§’(1§'{ PQ%’&‘%PEVL?S éﬂnécﬁf%a@& ﬁgaél} acetoninile/Odl ;triflugse-

ARBEQKH B30 (PRTWAE piéﬁnﬂécﬂvﬁh Fhe'sank Qolﬁﬁiejoffﬁ@mpmlunon Then
reaction was carried out over night at

$8Inkeaf Soe Hixtors wagaRPlisd toythe treet W&M%C%H% 30 lgper shots
hala} alfgragﬁﬂ iilinedt ﬁd%i:t%}e iSiSHBn rhéHeaTld &Bﬁéﬂaﬁﬁ@ KRR Yas set to

40/ /v) was ‘used as matrix a(lthl c &II aygrl\6 el for
bgmin M aagd M avas

%,ggmtdﬁ{ g pd allowed to dry. Then, 1.0 L of sanple
e The spectra wer e obt ai ned in |inear

b 9P S eo& ' accel erating vol tage
f&%g Fi B0 95 9% At | east 190

SMLCswP@rfowvé rv\nﬂga Y\h@:r cetzé%lpIBLCmt@m equipped witha

%ﬁ,ﬁ@gﬁl Eﬁg{HO%mge%@Sﬁ%ggh}g%& gg rrél pxted ysing a

Ee&aﬂ@ Bas c&htﬁh'ﬂu%al HPMEEESPD ), U5 W1 NRCHI8s Q@’Kr}iﬁi&yhylene glycol

erfi}%%ﬁv) ool (BLO8) 3t e s TP HbATEC P thA1g o

&g& HO8 haRbts(Wre Eﬁ’hgbfg’a%ﬁtldoﬁﬁrd\/apm ng. The |EC
fractio

ns were reduced, alkylated and digested with

ﬁE@'Eﬂﬂlﬁkﬁi HEEE aha sﬂ@ E@GE QRfd dshbed &e@e*mﬁﬁ@tuw%uuﬁ@[fohgo-
The anal ysi s geste

?E@r}@& acfgf $ @@;d @gﬂreggﬁsgwld@;f?egent ARG Egny&@ereference
AR #g&]ﬂs 23Y Qggeeg%s%a 236 oH %brﬁ@ﬂs( felmy (5 m 2.1

ecol unmm with the sanme packl ng

BTk 45 o0, DT A g

her35s ifipbalis 2] 8 and MthiePevrbRte Wﬂxhol&gdplegdaﬁedﬁﬁN@Ip}ﬁ 23 forms
mL/ m n.” Both solvents contained 0.1 % (v/v) TFA,

00 L
ot uadetthedefectiondimitrfs] 02 %). In the case of the aggregates a different trend

- could be seen. In all peaks the amount of aggregates is below 0.9 %.

Example'6 SDS-PAGE
SDS-PAGE was carried out both under non-reducing and under reducing conditions
using Tris-Glycine gels of 16 % (1.5 mm, 10 well). Novex Mark 12 molecular weight
markers with a mass range from 2.5 to 200 kDa were used for calibration, bovine

" serum albumin (BSA) was used as sensitivity standard (2 ng). Approxirmately 1 pg of

" all the samples and 0.5 pug of standard were applied to the gel. The running conditions
were 125V and 6 W for 120 min. The proteins were fixed and stained using the silver
staining kit SilverXpress from Novex.

The gels that were recorded under non-reducing conditions for the IEC fractions1-8
(Bigure 2) show a pattern that is comparable to that of the PEG-IFN alpha 2a reference

standard.
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vvere injected and nonitored at 215 nm Exanpl e 4

DI - TOF spectra of undigested protein 5 An
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accel eratin g@ge was
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(size exclusion HPLC

Vihese eandp dssigassl tg@ggommcflssss&iﬁé@h@ﬂ cofeanathe hesslts of the SE-
T9p Rt."ﬁﬁﬁy]—sSK gel G 4000 SWKL colum (7.8 x 300 nm).
Proteins’were eluted using a m)bl | e phase contai ni ng

ethyl en C
R Tl ok 8480 PR B
- Orattiahy ¢nnrbeand81d€eé cma;}axableZd therHRG-TAN elphaj2e ctference standard.

anounts were 20 g of each isoners. Size Exclusion HPLC
akhe sspsupAEEbefES- Ik dpho2adgtedendarived Fremmthe OriiECafractions were

L e N R T

coentiminnd alfove. % aggregates and 2.2 %ol i goners ‘(Fi gure
4). 20 Peaks 1, 4,4a, 5,6 and 8 contain < 0.7 % of the

Mp@glmmwa forms, whereas in peaks
3...and 7.the percen of th pe

s p SRR ERRART i arosd g iR OR g by Jeapy ovine

(ldjdnleg l(lMtDBK)GﬁB&?against ﬂﬁ m@gﬁ(&ﬂ@tﬁ&l@lﬁl stdrasedy vifbds€WeV) and

cou e s t nt r egat.es

Qi i o ag et ESTEblean Ereeiegtindard were

dﬂmg&:ﬁdE@]é‘s bﬁhimm&%_i(hﬁenlﬂl@l ME&GEP@I\FEM??QT&J Kiﬁo/ 10 g5if6dl BGvine

conditio usi n ris els o 0

bAch! ! IR A eRnss e a@(afé?@ﬁf*sgw Wﬁgﬁﬁonﬂi%@%ﬁﬁm

S&raﬁadw}%dfiﬁq{ﬁdr& ficdt@ 200 kDa were used for
cali bration, bovine "serum al bum n (BSA) was used as

Sheahtivinl pﬁbt&&i@ﬁdﬁmadﬁ_wﬁ bR 183h&BdeRL YMD C}%th Mslcular

the sanples and 0,5 of standard vvere applie

Fapatitth Brs jias tﬁﬁﬁ%@ﬁ?@:@ln&% sethadedesanbed inrGra 1981, é?, 755-
S0 I ) 593 A DS 005, i
activities range between 1061 and 339 U/ pg, indicating that the difference in specific
activities of the protein in the posmonal isomers is significant. The know-how and the
results generated so far will allow the initiation of further investigations to establish
this structure-function relationship between the positional isomers and the IFN alpha

receptors.

Table 2;

In Vitro Antiviral Activities of PEG-IFN alpha 2a and individual PEG-TFN alpha 2a
isomers. The Antiviral activity was determined in MDBK cells infected with vesicular
stomqtitis' virus. The results present the averages of three assays performed

~ indep endently.



The gels that were recorded under non-reducing
for the 1EC fractions 1- 8 Figur er%ﬁvﬁﬁ@wfﬂuws
“gj)%g /%Jesgirgt hat is conparablg to that of the PEGIF
al pha 2a reference standard. WO 2004/ 045648
PCT/ EP2003/ 012498 1intidbAssaedlitE@GdF¥ondi ti ons, the

gel s show an i ncraea&g—;—n—r—m—eﬂer—(—}g—/ﬁ-ﬁ——t—he m nor bands
at about 90 kDa as c red to the'standard. Between 6

and 10 kDa protein PEGagFprents apoeat sbor peaks 6, 7
and 8 (Fib). Both b s, toget he 0 pond to
approximately 1 %o gﬂpped rmt[l@fﬁ“[ﬁ%sln the | anes of
isomer 1, 5, 6, 7, ®eagdditional 135pamds with nmore than
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SDS- PAGE confirns tlpgauesults of33¢1-e3§E— HPLC

anal ysis. Overall, RP-HPLC and SDS—P CE experinents
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reference standard. _ 10 The structure of the PEG I|FN
al pha 2a species dePrakei from t h&6%H EEC fracti ons were
identified based onpthe; results gfs Lhe nethods

descri bed above using the strat eg mentioned above.
Exarrpl e 7 The antivPead8 activity %/ Theranti vi r al
activitywas esti n‘ated—by—l—rrprorerch—ve‘effect on

Madi n- Dar by bovi ne 15 ki dney (NMDBK) cells against the

Thé Retlisute Rrites illustthad by tienfatlowing figuress (VSV) and
conpared wth a PEG | FN al pha 2a standard. Sanpl es and
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fAgm- ?ﬁ?f»gé\ﬁ“h]é ney cells (MDBK) with vesicular

stomatitis virus was tested accordin t he t hod
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Figure 3: A/B: SDS-PAGE analysis with Tris-glycine (16%), the samples were
electrophoresed under reduced conditions. The gels were stained for protein with
Silver Stain. Lanes: M, molecular weight marker proteins/ 2, Peak 1/ 3, Peak 2/ 4, Peak
3/ 5, Peak 4/ 6, Peak 45/ 7, Peak 5/ 8, Peak 6/ 9, Peak 7/ 10, Peak 8/ 11, 1x PEG-IEN
standard/ 12, 1.5x PEG-IEN standard/ C;, IFN standard.

Fig_u_ré 4: Size Exclusion (SE-) HPLC was used to determine the amount of oligo PEG-
IEN forms and aggregates in the different IEC fractions. SE-HPLC was performed with
a TosoHaas TSK gel G 4000 SWXL column (7.8 X 300 mm).

Figure 5: MALDI-TOE spectrometry was used to determine the molecular weight of
each isomer in order to ensure that the PEG-IFN molecules were still intact after IEC

chromatography and to confirm the monopegylation.
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Silver Stain. Lanes: M nol ecul ar wei ght marker
proteins/ 2, Peak 1/ 3, Peak 2/ 4, Peak 10 3/ 5, Peak
4/ 6, Peak 4a/ 7, Peak 5/ 8, Peak 619, Peak 7/ 10,
Peak 8/ 11, Ix PEGIFN standard/ 12, 1.5x PEG I|FN
standard/ Cl1, |FN standard. Figure 3: A/ B: SDS-PACE
analysis wth Tris-glycindy16%, the sanples were

el ectrophoresed under reduced conditions. The gels
were stained for protein with Silver Stain. Lanes: M
nol ecul ar wei ght marker proteins/ 2, Peak 1/ 3, Peak
2/ 4, Peak 15 3/ 5, Peak 416, Peak 4a/ 7, Peak 518,
Peak 6/ 9, Peak 7/ 10, Peak 8/ 11, |x PEGIFN
standard/ 12, 1.5x PEG I|FN stigrgard/ Cl, |FN standard.
Fiore 4; Size Exclusion (SE-) HPLC was used to
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4, A method for the isolation of positional isomers of pegylated interferon alpha
2a, characterised in that the pegylated interferon is

. 4) separated into its positional isomers on a preparative liquid chromatography
- colunm with a weak-cation exchange matrix; and

b) the fractions are further scparated and purified on a preparative columsn with a
strong-cation exchange matrix

5. The method of daim 3 or 4, wherein the chromatographic step a) is conducted
by epplying a lincar pH gradient from about pH 3,8 to pH 8.0, of increasing sodiura
acetate concentration.



nunber. 15 Cdains .1. The positional isonmers of

pegyl ated interferon al pha 2a selected from PEG
Lys(31), PEG Lys(134), wherein the average nol ecul ar
wei ght of the polyethylene glycol noiety (PEG noiety)
in said pegylated interferim is from about 26, 000
daltons to about 66,000 daltons, especially of about
40000 daltons. 2. The positional isoner of interferon
alphg egylatedatLys(lZl) (PEG Lys(121)), wherein
t he dve éﬁ@ am%vagWDCGRMMMﬁgmﬂdﬁﬁhyhﬁm&nhﬂﬂm
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of Ctb@ﬁ%hn&ﬂﬁé@hﬁﬁ%&&?yﬁa“ rised in that

erferonis a

pegyl ated i nt rated intoits
positional isoners. on a preparative liquid
chronatography colum with a weak cation exchange

mat i x; _ Bbeioshod trerdingioklanine, chirecdtitd Sk 8RRBIOBIRH- AL

g%ﬁ‘fﬁ%ﬁge A ol RGN SOOBIIE I By B} b t'atoa”
posiFH é"@ﬁ%‘:ﬁgt@ Gegyl ated interferon al pha 2a,

characterised in that the pegylated interferon is a)
separated into its positi onal isoners on a preparative

[igeid LONRL %9 .col umm with a,_weak-cat
exg_glh'an ?gm FiX, &}’ O8ioRscempFisng 7 pasition é“’fnﬁ"r?fﬁ‘ﬁﬂmd

sepAteRieeg ) haZﬁmqrqhnetd awrong of claipa at 2 wsd <thkapontivdlly nedt
st rangercat i on exchange matrix 5. The nethod of claim3
or 4, wherein the chromat ographi c step a) is conducted
by applying a linear pH gradient fromabout pH 3,8 to
pH 8.0, of increasing sodium acetate concentration.
169 6. Plrivmacentitabebmpositiond fmghmea&mgnt omopﬁylaﬁs afns 3 to
5, i 0 I C
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is conducted with |Inear .
bufBPrsing a positional isomer of pegylated mte.rfc:on alpha 22 according to any one

of daims 1 or 2 and a therapeutically inert carrier.

10. A positional isomer of pegylated interferon alpha 2a according to any one of

daims 1 or2 for the manufacturing of medicaments for use in the treatment of
illnesses,

11 The positional isomer of claim 10, for the preparation of a medicament for
antiproliferative, antiviral and immunomodulatory uses.

12. Thepositional isomer of claim 10 or 11 for the preparation of medicaments for
the treatment of viral diseases. '




(A) to a potassium phosphate buffer (B) starting from
an initial pH 42 to about 4.6 to a final pH of about
pH 6.4 to about 6.8, said buffer solutions containing
in addition up to 12% ethanol and up to 1.5%

di et hyl ene glycol 7. The yp4hod according to claim6,
chargct et sed |n that the chromatographic steps are
carr @e £ uss of apaskiinpad isamnen of pedylagdd duteciddh dipHaQa 8261ding 35
C rmlaﬁmercefhlasmsatm 2 for HRIFPGLA 0,89
Phaog?ﬁ%#ﬁ&&?k 03|t|onsa%%ﬁg?%§?%§ kfgo 4%ﬁﬁmnmnt
i sone pegy * interferon al pha 2a according to
any one of claims 1 or 2 and a therapeutically inert
carrier. 9. Pharnmaceuti cal conpositions for the

t r edd.merTheGise ¢HRRNYS BXiLS nﬁﬁufa%‘??ggpﬁ% alt.s g(}rygg?}?rgl}fgrauve,

dis astic ases or
d|s%gggginggﬁ%u?%?%§P§”$E§Ttional i somer of pegyl at ed

interferon al pha 2a according to any one of clains 1
or 2 and a therapeutically inert carrier. 10. A

poslstl ormbuge%paﬁfnlgfo REYi4 fero .pha 2
% one. of c%é\ﬁgrr% &P%"%E‘e’m?"”he
nufac unﬁﬁfﬁ di canents for use in the treatnent

of i1l nesses. 11. The positional isomer of claim 10,

for the preparation of a nedi canent for

anti prouferative, antiviral and i munonodul atory uses.
12. The positional isomer of claim10 or 11 for the
preparati on of nedi canents for the treatnment of vira
diseases. - - ---- --- -- 16a 13. The use of a
positional isoner of pegylated interferon al pha 2a
according to any one of clains 1 to 2 for the
manuf act ure of nedi canents for use in the treatnent

or prophylaxis of illnesses. 14. The use of claim 13
for the manufacture of nedi canents for
antiproliferative, antiviral and inmunonodul atory
uses. 15. The use of claim13 or claim 14 for the
manuf acture of nedicanents for the treatnent of. viral
di seases. '




