PURI FI CATI ON OF RECOVBI NANTLY PRODUCED | NTERFERON Fi el d of the Invention
The present invention relates to the purification of interferon produced by
reconbi nawo 2010gERissnNs. | n particular, the present inventcorusec@vassassto the
chr omat ogr aphi ¢ separation of desired interferon isoforns, e.g., isoforns
that have a desired secondary disulfide bond structure and | ack chem cal
adducts, fromundesired interferon isofprnms produced by such organi sns.
Background of the Invention Interferons are cytokines that exhibit
antiviral, antiproliferative and i munonodul atory activities. Because of
such activities, different types of interferons have been approved for
treating di seases such as hepatitis, various cancers and nultiple
sclerosis. The interferons (I FNs) nay be divided into three main groups
based on their biological and physical properties. In humans, Type | |FNs
consist of five classes: al pha (IFN a) beta (I1FN-b) , epsilon (I FN-e) ,
cappe (1 PN 19 PORIETGREGN QIEREQOMBINASHTLS, BRATMREL INKERTERGN he onl y
known Type Il interferon. Type Ill includes |IFN anbdas. See, e.g.,
Antonelli, G, New Mcrobiol. 3 1:305-318 (2008). Miltiple subtypes of

| FN-; proteins are expressed i Ridldrofrthedndemtioly ot her species, with 12
different mature subtypes identified in humans (Bekisz, J. et al., Gowh
Factors 22(4)r: 243-251 (2004); Antonelli, G, supra; Pestka, S et al.,
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| FN-a are between Cysl-Cys 99(98) and Cys29-Cysl 39(1 38), with

Background of the Invention

15 Interferons are cytokines that exhibit antiviral, antiproliferative and
immunomodulatory activities. Because of such activities, different types of
interferons have been approved for treating diseases such as hepatitis, various
cancers and multiple sclerosis.

The interferons (IFNs) may be divided into three main groups based on their

20  biological and physical properties. In humans, Type | IFNs consist of five classes:
alpha (IFN-a), beta (IFN-B), epsilon (IFN-¢), kappa (IFN-K), and omega (IFN-w).
Interferon gamma (IFN-y) is the only known Type Hf interferon. Type Il includes IFN-
lambdas. See, e.g., Antonelli, G., New Microbiol. 31:305-318 (2008).

Muitiple subtypes of IFN-a proteins are expressed in humans and many other

25  species, with 12 different mature subtypes identified in humans (Bekisz, J. et al.,
Growth Factors 22(4):243-251 (2004); Antonelli, G., supra; Pestka, S. et al.,
Immunol. Reviews 202:8-32 (2004); Diaz, M.O., et al., J. Interferon Cytokine Res
16:179-180 (1996)). Human IFN-a subtypes share 75-99% amino acid sequence
identity and a mature sequence of 166 a.a. except for IFN-a2, which has 165 a.a.

30 due to a deletion at position 44. Also, some IFN-a subtypes exist in variant forms,
such as IFN-a2 which has at least 3 allelic forms: IFN-a2a, IFN-a2b, and IFN-a2c.



t he residue nunbers in parenthesis referring to IFN-a2. The single
disulfide bond in IFN-b, is between Cys31-Cysl14l . The IFN-a

Cys29- CyswB2maBy1sand | FN-b Cys31- Cysl4l bonds are appRCEiskeoownss4Bs cal in
bi nding of these IFNs to the Type | I FN receptor conplex and thus in

mai nt enance of their biological activities (Bekisz et al., supra). Wile

| FNs may be obtained fromtheir natural2 sources, reconbi nant techni ques
permt the production of large quantities of these proteins from nonnatural
sources, such as bacteria and other m croorgani snms that have been
transforned with a DNA nol ecul e encoding the desired | FN protein. The
production of |IFNs by reconbi nant organisns typically includes a nmulti-step
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of IFNs by recombinant organisms typically includes a multi-step purification
process, including chromatography on various media, to remove contaminants

15 originating from the host organism or culture media as well as structural isoforms of
the IFN protein intended to be produced. See, e.g., US Patent Numbers US
4765903, US 5196323; European Patent Numbers EP 108585, EP 110302; EP
118808 and EP 0679718; Staehelin et al., J. Biol. Chem 256:9750-9754 (1981); and
Secher et al., Nature 285:446-450 (1980).

20 For example, non-purified and patrtially purified recombinant IFN-a
preparations frequently contain a mixture of structural isoforms of the IFN-a subtype
to be produced. Structural isoforms may be divided into three main classes: (1)
disulfide bond isoforms, (2) chemical adjunct isoforms and (3) mixed isoforms, which
have an altered disulfide bond structure as well as one or more chemical adjuncts.

25 Disulfide bond isoforms include: an oxidized IFN-a monomeric isoform, which has
each of the Cys1-Cys 99(98) and Cys29-Cys139(138) disulfide bonds; partially and
fully reduced monomeric IFN-a isoforms that lack one or both of these disulfide
bonds, respectively; fragments of IFN-a monomers; and IFN-a oligomers, i.e.,
dimers, trimers and tetramers formed by intermolecular disulfide bonds. Chemical

30  adjunct isoforms, which contain one or more chemical groups attached to the IFN-a



group of the N-termnal amno acid residue of the IFN-a protein is
condensed with the carbonyl group of pyruvate; and a nethi oni ne adj unct
i sof or m (Woteromasisenal Patent Application publicati on WeCOA/S2@946843%). S.
Pat ent No. 5, 196, 323). Exanples of structural isofornms of reconbi nant
| FN-a-2b are shown in Figure 1. For therapeutic interferon conpositions,
the presence of significant anounts of 3 soforns other than the oxidized
nononeric IFN isoformis typically undesired due to concerns that such
i soforms may negatively affect the therapeutic or imrunogenic properties of
the interferon conposition. Various techni ques have been described for
converting undesired structural I soforns into the desired i soform For
exarrpl 0,
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pyruvate groups from chemical adjunct isoforms and oxidation of reduced sulfhydryi
groups to disulfide bonds. However, while such isoform conversion techniques

15 typically improve the yield of the desired IFN isoform, significant amounts of
undesired structural isoforms may still be present, even if anion exchange
chromatography is performed after the conversion step. Thus, a need exists to
improve the separation of the desired native isoform, e.g., oxidized, from undesired
isoforms in recombinant [FN preparations. The present invention addresses this

20  need.

Summary of the Invention

The present invention is based on the inventors’ surprising discovery that
25  subjecting a substantially purified recombinant IFN-a-2b preparation to
diethylaminoethyl anion exchange (DEAE) chromatography using a novel biphasic
elution procedure rather than the standard single phase elution procedure allows
efficient separation of the desired, oxidized IFN-a-2b monomer (Isoform 1 in Fig. 1)
from undesired isoforms, in particular the pyruvate-adjunct, fully reduced monomer
30 (Isoform 4 in Fig. 1). The first elution phase facilitates elution of the desired IFN-a-2b

isoform while the second elution phase suppresses elution of the undesired



isoformwhile the second el ution phase suppresses elution of the
undesi redi soforms. This bi phasic elution procedure results in a highly
purifi ed WBNoB/@bB15pr eparation in a | ow el uate vol unme andChitgkoopioes4ds of t he
desired i soform The inventors herein expect that this novel

chr omat ogr aphi ¢ procedure can al so be used to efficiently separate
structural isofornms of other |IFN a subtypes and other IFNs. Thus, in one
aspect, the present invention provides a nethod of separating an oxidi zed
nmononeric i soformof an IFN fromundesired isoforns of that IFNin a

m xture of reconbinantly produced isoforns of the IFN. The nmethod conpri ses
providing the IFN m xture in a first buffer solution and a chromatography

| that is -gr.eat 15 | engt.h ked. wi
exchangsorumie HiEBFaslarog pidiedlys Frliidd A BES SR eBbRN EaR er
sol ut i O@repsmuobuﬁfaeroeﬂew\é whmel A hﬁgh' yviadest tRadeskoe iseimmTaed then the

| oaded colum is washed with a wash sol ution. Next, the first elution phase
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colum 2 to 20 bed volunes of a weak elution solution. The elution solution
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hi ghly purrti esire orm a plurality of eluate fractions
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I sof ina mxture of reco |nant produc i sof ornms of
| FN- a2b. The buffered IFN solution is loaded onto the column and then the loaded
column is washed with a wash solution.

Next, the first elution phase is performed by applying from 1 to 10 bed
volumes of a strong elution solution to the washed column. The strong elution

15  solution is buffered with a first phosphate concentration of 10 to 30 mM and has a pH
of between 5.4 and 6.6.

The second elution phase is then performed by applying to the column 2 to 20
bed volumes of a weak elution solution. The elution solution is buffered with a
second phosphate concentration that is less than the phosphate concentration in the

20  strong elution solution.

To obtain the highly purified desired IFN isoform, a plurality of eluate fractions
containing the desired isoform is collected. Optionally, the eluate fractions in which
the amount of the undesired interferon isoforms is less than a desired purity criteria
are combined.

25 In one preferred embodiment, the present invention provides a method of
separating IFN-a2b isoform 1 from IFN-a2b isoform 4 in a mixture of recombinantly
produced isoforms of IFN-a2b.

The IFN-a2b solution is loaded onto an equilibrated DEAE chromatography
column in a loading buffer that consists essentially of 10 mM Tris, 40 mM NaCl, and

30 has apH of from 7.5 to 8.0. The DEAE column is at least about 20 cm in length and



The 1 FN-a2b solution is | oaded onto an equilibrated DEAE chromat ogr aphy
colum in a loading buffer that consists essentially of 10 M Tris, 40 nM
NaCl , anawbase107pti9of from 7.5 to 8.0. The DEAE col umm iP€TAIS2000A6843Rbout 20
cmin |length andequilibrated with a buffer solution which consists
essentially of 10 MM Tris and a pH of 8.0. The loading flowrate is 2 cm
per mnute. The | oaded colum is washedg with 3 bed vol unes of a wash
solution at a flowrate of 2 cmper mnute. The wash sol ution consists
essentially of 10 MM Tris and 13 mM NaCl, and has a pH of 8.0. Next, 6 bed
vol unes of a strong elution solution are applied to the colum at a flow
rate of 1 cmper mnute foll owed by a weak elution solution at a flow rate

of 1 cmper, mnute, The str el ution solution.consists entially, of
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essenti@fd.§. ThedoadhgIdnwirmtd o3 Rhaper diniagl 5. 85. Fractions of colum eluate
containing | FN-a2b isoform 1 are collected and optionally only those
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| FN-5a- 218 ping INUGl] soadias il piog 8.1 | lustrates the results of performng the
standard, single phase elution of IFN-a2b isoforms froma DEAE Sepharose

Fast Fl ow chﬁﬁn6(bE§’rNQQU'@§s(9fr)a %&W'EWW@HGFW&H@B‘%B{ e colummatacl , pH
6 as elyt] fof er, i t:h Fi | ; radi uring
t he el uﬁv{éﬁé}gﬁg,%ipﬁ@ﬁugﬁwﬁéﬁt éwévfggl‘ iteh(}g“oglr_go %’@55?%?'5‘?'?%‘%%% md
]SI FN- a) pamndinusef mhmsﬂrohg%m)ﬁraMU%rg?oﬁﬁstsfwﬁeb ' ntjalhyhg PuBiniy seidiumndi vi dual
ractions. Figure 3 shows the pH profiles qgbtaine urin tandard DEAE
Ch ot DISRIRE HEPH G POAAR RS BRRKEITRN S0l BamEP B oSl abs o T |y
purigf i eghdifiN ghospRaky &35 &tapn (1FN) in the same |oading buffer as feeds.
Fractions of column eluate containing IFN-a2b isoform 1 are coliected and
optionally only those collected fractions in which IFN-a2b isoform 4 is less than a

desired purity criteria are combined.

15 Brief Description of the Drawings

Figure 1 illustrates the four structural isoforms typically found in recombinant
IFN-a-2b preparations.
Figure 2 illustrates the results of performing the standard, single phase elution

20  of IFN-a2b isoforms from a DEAE Sepharose Fast Flow column (1cm x 23 cm) using
20 mM sodium phosphate, 20 mM NacCl, pH 6 as elution buffer, with Fig. 2A showing
the pH gradient that forms during the elution step, Fig. 2B showing the elution
profiles for isoform 1 (IFN-a) and isoform 4 (1ISO4) and Fig. 2C showing the purity of
individual fractions.

25 Figure 3 shows the pH profiles obtained during standard DEAE
chromatography using loading buffer only (Control) or a substantially purified IFN-a-
2b preparation (IFN) in the same loading buffer as feeds.

Figure 4 illustrates the effects of the internal pH gradient on IFN-a-2b elution
from a DEAE Sepharose Fast Flow column using the specified elution conditions,

30  with the graphs on the left showing overlays of the A280 absorbance, conductivity



Figure 4 illustrates the effects of the internal pH gradient on I FNa-2b
elution froma DEAE Sepharose Fast Flow columm using the specified elution
condi ti o0 20id1stshe graphs on the |l eft show ng overl ay CofUSRINE/06£389

absor bance, conductivityand pH profiles and the graphs on the right show ng
the resolution of isoform1 and isoform4 as determ ned by RP-HPLC assay.
Figure 5 illustrates the characterizatigpn of material that was not el uted
during standard DEAE chronat ography of a substantially purified |IFNa-2b
preparation, with Fig. 5A and Fig. 5B showi ng the analysis of fractions
stripped fromthe colum by RP-HPLC and SDS- PAGE, respectively. Figure 6
illustrates the absorbance at 0OD320 and OD320/ 280 of uneluted material that

tri f th I d to t i_ndi cat ed. . Fi 7
T ust r RSB RBles AR SRR 86 BN heifioh TG cBs SRSR! Bhlosmor8Em x 20
cm col ugBfortd 4 Bs defermifed BQWRPGIPLITE aBsh@r adi ent and absor bance profile,
Fig. 7B showing the elution profiles for isoforms 1 and 4 , and Fig. C

showi ng t he Ppigpteehillugératgs thegtharacteriaaiipniof maierial Higd veauaetelbteddurngs.

R A A e e L
contzai niFigg 5AGrEMFig0 e BWHORINS itk RalgSis Ve tibnd 2@ipdeY frok theVtsIa iy
phosphat e/ 20 mM NaCl (10/20) or 5 mM sodi um phosphat e/ 20 nmM NaCl (5/20).

Fi gur e BPrPLStangt 8BStReGEnsasredivelt uti on buffer concentration on DEAE
chromat ogr aphy, ,of ?'ilm'g?& '%1%' %O%%—f?%én ! 55%36%?@\/&5??28{53&?1%?\‘ WHeigidht

concentration¥on the absor bance, p conduc es generated by

el ut i ngmaktdvial 2imtfwasstep PedFroo theadlogmagity exmdssintoi the dndithtedpHel ut i on
buffer containi ng_20 mM sodi um phosphate and _a salt concentration of 20 mM

NaCl (20/20)Fi986° ruslieres 5&/‘\? roneatagiaRky Ik en IrierS) perParatiehen afdence of
e, P20 PRSBR il L AL SR TBA LAl SbEOll B ot 2001 1
and 4 fFignvB dbiBNENg the elution profiles for isoforms 1 and 4, and Fig. C showing the
percentage of isoform 1 and 4 in various eluate fractions.
Figure 8 shows absorbance, pH and conductivity profiles obtained by eluting
IFNa-2b from a DEAE chromatography column in a pH 6.0 elution buffer containing
15 20 mM sodium phosphate/20 mM NaCl (20/20), 10 mM sodium phosphate/20 mM
NaCl (10/20) or 5 mM sodium phosphate/20 mM NaCl (5/20).
Figure 9 illustrates the impact of elution buffer concentration on DEAE
chromatography of IFNa-2b.
Figure 10 illustrates the impact of salt concentration on the absorbance, pH
20  and conductivity profiles generated by eluting IFNa-2b from a DEAE chromatography
column in a pH 6.0 elution buffer containing 20 mM sodium phosphate and a salt
concentration of 20 mM NaCl (20/20), 10 mM NaCl (20/10), 5 mM mM NaCl (20/5) or
in the absence of NaCl (20/0).
Figure 11 illustrates the impact of different ionic strengths generated by
25  different salt concentrations on elution of IFNa-2b isoforms 1 and 4 from a DEAE
chromatography column.
Figure 12 illustrates the effect of NaCl on elution of IFNa-2b isoforms 1 and 4
elution in a 10 mM sodium phosphate buffer at pH 6.0.
Figure 13 illustrates the effect of buffer and salt concentration on separation of
30 IFNa-2b isoforms 1 and 4.



chromat ography colum. Figure 12 illustrates the effect of NaCl on el ution
of IFNa-2b isoforns 1 and 4 elution in a 10 nM sodi um phosphate buffer at
pH 6. 0. RAvOuew/315p| | ustrates the effect of buffer and PalfUuSC@I®EsIBI at i on
on separation of IFNa-2b isofornms 1 and 4.Figure 14 illustrates the pH
effects on I FNa-2b el ution using a standard single phase el ution process.
Figures 15 -27 are described in the Exanples. Detailed Description of the
Invention | . Definitions. So that the invention rmay be nore readily
understood, certain terns are specifically defined bel ow. Unless
specifically defined bel ow or el sewhere in this docunent, all other terns
used herein, in particular scientific and technical terns, have the neaning

t hat woul d bge. under s one, Qf dinary skill .in,the.art to
which thi s i RSB a5 bR e ST i N B E b st Haddias e
her ei n. wéséjéﬁqoﬁ%rr@éé},s [ ncI udi ng the appended cl ains, the singular forns
of vvords such "a," "an," and "the," include their correspondi ng plural
references uﬁigels@ﬂﬁeﬂ:erﬂ gescrifieginithe dixanyiles ot herwi se. " About" when used
to nodify a numerically defined paranmeter, e.g., flowrate, pH, sodium
phosphat e concentration, neans that the parameter may vary by as nuch as
10%sabove or bel ow the spa{aemmggé,iipgbn\@lmg.|m‘}'é1,§ﬁ°ne. g., the term"a flow
rate of about 2 cmimn” NMeans that the fTow rate may have any val ue between
1.8 cm'm andpgsdiigRE M n. Simlarly, the term"about 10 nM Tris" nmeans the
Tris concentratl on may have any value between 9.9 nMand 10.1 mM "Consi sts
essent| ally 86 thaﬂheamweittmnsaysbehna& readilg uatie sstemh tdeatalry tepis are

"consistin tiall used tt e speC|f|c tion and clains,
i car SPERIAN ERE pelaw o e Sctecdicali Agped B BLpISBRMEr RS, and
the;Ppt 88 #heht) &l e3h& terms used herein, in particular scientific and technical terms,

have the meaning that would be commonly understood by one of ordinary skill in the

art to which this invention belongs when used in contexts similar to those used
herein.
As used herein, including the appended claims, the singular forms of words

”

15 such as “a,” “an,” and “the,” include their corresponding plural references unless the
context clearly dictates otherwise.

“‘About” when used to modify a numerically defined parameter, e.g., flow rate,
pH, sodium phosphate concentration, means that the parameter may vary by as
much as 10% above or below the stated numerical value. Thus, e.g., the term “a

20  flow rate of about 2 cm/min” means that the flow rate may have any value between
1.8 cm/m and 2.2 cm/min. Similarly, the term “about 10 mM Tris” means the Tris
concentration may have any value between 9.9 mM and 10.1 mM.
"Consists essentially of" and variations such as "consist essentially of" or
"consisting essentially of" as used throughout the specification and claims, indicate
25 the inclusion of any recited elements or group of elements, and the optional inclusion
of other elements, of similar or different nature than the recited elements, which do
not materially change the basic properties of the specified composition or item. As a
nonlimiting example, a weak elution solution consisting essentially of 5 mM sodium
phosphate and pH of 5.85 may, e.g., also contain minor amounts of other agents,

30 e.g., potassium phosphate, which do not materially affect the pH, buffering capacity



of other elenents, of simlar or different nature than the recited

el ements, which do not materially change the basic properties of the

speci f i edwoanpagstshon or item As a nonlimting exanpl e PCa/Use@i/ 068433 i on
solution consisting essentially of 5 nmM sodi um phosphate and pH of 5.85
may, e.g., also contain mnor anounts of other agents, e.g., potassium
phosphate, which do not materially affegt the pH, buffering capacityor

ot her properties of the elution solution with respect to separation of the
desired IFN i soform from undesired i soforns. "lIsol" or "ISOL" neans |FN-a2b
isoform1 shovvn in Figure 1. "Iso4" or "ISO4" neans | FN-a2b i soform4 shown
in Figure 1. "NaPi" nmeans sodi um phosphate. Oxidized |IFN m)norreri c i sof or nf
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aci ds i [N heiheh yrgﬁpuh@@slgaqggfor,ﬁg natural disulfide bond structure i's
nmeant that the nunpber and | ocation of Cys-Cys bonds in the isoformare the

sanme as in tH&Ohamnj‘II&DHyrrteqmlSéEMb m@vmﬂ@m\owhhnsl:lglaeg1 an oxi di zed

b h ' d f b 31- 141
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Cys29- Cys139hamdmeaRe deerin bhtspeaxeneri ¢ i sof ornt neans a single
pol ypepti de chai n that has Iess than the native nunber of disulfide bonds

for the subj &exidizen IENdnhagmMescdsrfatroameads @winglediolypgptigei ahaimtiialdasn t he

Fui 3R GO Stue i RRIRE S bt RPN s Pl B

bonds. dhusy a@m@o acidiarthe @oiypeptide aedin. AdY agturapdisnmkite Gonsastictaredsks
ei ther the Cys98 bond or the s29-Cysl1l 38 bond, while a fully reduced

I FN— a2bmegof %“ﬂ%@lémb@étaﬁdd‘f’cqtt%‘s GYyneys bOWﬁé‘&ithqzﬁofﬁfﬁbW@rtihé Sagit or ni
d| su fi 8§'lrﬂ1§tnedr§é)(ﬁ Q%rggsb @téw%pﬂarmﬁﬁas at "fgg@ Ztegﬁgﬁjgémwncg] aci |r nOI he
pol ypeptisofenthas a gnmgiefdlsmﬂdm bbnd betverarc@ls3tiOysdd 1, While Besxidizdgd IBiN-of
Preferr ega Enngr?gr:werlc isoform has a Cys1-Cys99 bond and a Cys29-Cys139 bond.
“‘Reduced IFN monomeric isoform” means a single polypeptide chain that has
less than the native number of disulfide bonds for the subject IFN and has no
15  chemical adjuncts on any amino acids in the polypeptide chain. A reduced IFN
monomeric isoform may be partially or fully reduced depending on the number of
naturally occurring disulfide bonds. Thus, e.g., a partially reduced IFN-a2b
monomeric isoform lacks either the Cys1-Cys98 bond or the Cys29-Cys138 bond,
while a fully reduced IFN-a2b isoform lacks both of these bonds.
20 “Mixed IFN monomeric isoform” means a single polypeptide chain that has
less than the native number of disulfide bonds for the subject IFN and has at least

one amino acid in the polypeptide chain modified with a chemical adjunct.

. Description of Preferred Embodiments

25 The present invention provides a chromatographic process for separating
desired IFN isoforms, e.g., oxidized monomeric isoforms, from undesired IFN
isoforms, e.g., reduced IFN isoforms, in recombinant IFN preparations. The process
is suitable for the purification of a desired isoform from any recombinantly produced
IFN that is naturally expressed by any human or non-human animal species,

30 including any Type |, Type Il or Type Il IFN, or chimeric or mutant forms thereof in

which sequence modifications have been introduced, for example to enhance



The present invention provides a chromatographic process for separating
desired I FN isofornms, e.g., oxidized nononeric isoforns, fromundesired |FN
i sof or ms,we.2¢10/0788duced | FN i sof orns, in reconbi nant | FRCpruSp@oasssdhs. The
process is suitable for the purification of a desired isoformfrom any
reconbi nantly produced IFN that is naturally expressed by any human or

non- human ani mal species, including anygType I, Type Il or Type IIl IFN, or
chinmeric or nutant fornms thereof in which sequence nodifications have been
i ntroduced, for exanple to enhancestability or activity, such as consensus
interferons as described in U S. Patent Nos. 5,541 ,293, 4,897,471 and
4,695,629, and hybrid interferons containing conbinations of different
subtype s ences. as described in U.S Patent s. .4, 414, 4 6, 748 and
2. 678 7aEDMEPLagiY 50t As P etuR/BioseRue s FBSais TU S SatdhNosoi r eq
and undsgiqneghy w0dar 481 BhaM 6658091 Aed hi/brid MSHERAs BoReaihingfd¥Pbinations
Particularly preferred Type' | 1'FNs are reconbi nantly produced | FN-a

pr ot ei nef diffagnisubtypersequences agatescebeq iroddurkPategt Blobt 4,444, 158N- a1, | FN- a2,

| FN- a4 = l, F | FN-a7, IFN-a8, IFN- al0, |IFN-al3, |FN-al4,
| FN- a16l,1’415|§kt@%'?d f‘lj—#ﬁ:ggh allelic variants of any of these subtypes, or
any gonsensuprdfbPitiy, RREiRidhtive prbicsds it higead Bepafits deshE@RRe UMdeshPegn
desi gned by selecting at each position the am no acid that nost commonly

occurs iofarmsa frgpgpeemhinamtly meodusacdblispabtiNe Paricalasiymrgiessed Mpel

or e i ol kORI Lo INSGNS 0B BRIl e |

| FN- a2bocdlreingasbtypegdRNsam ,UBRida2 dF B4 gF8l-ahelFNsaeniFiNant FN=bS niEN-be a

prokaryote or eukaryote, e.qg., E.coli, B. subtilis or Saccharonyces
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| FN-a2 profn@liRgntySproduced IFN-a protein employed in the present invention is an IFN-
a2 (2a, 2b or 2c) and most preferably it is IFN-a2b.

15 The host organism used to express the recombinant IFN may be a prokaryote
or eukaryote, e.g., E.coli, B. subtilis or Saccharomyces cerevisiae, preferably E.coli.
The conditions of cultivation for the various host organisms are well known to those
skilled in the art and are described in detail, e.g., in the textbooks of Maniatis et al.
("Molecular Cloning", Cold Spring Harbor Laboratory, 1982) and Sambrook et al.

20 ("Molecular Cloning-A Laboratory Manual”, 2nd. ed., Cold Spring Harbor Laboratory,
1989). In particular, the recombinant production of human IFN-a2 proteins is
described in Pestka, S. Arch Biochem Biophys. 221:1-37 (1983); International Patent
Application publication WO 2004/039996; US Patent Numbers US 5661009, US
5541293, US 4897471, US 4765903 and US 4530901; and European Patent

25  Application publication EP 032,134.

The recombinant IFN protein may be extracted from the recombinant host or
the culture media using any of a variety of procedures known in the art. For
example, suitable methods for extracting IFN-a from microorganisms are described
in U.S. Patent Numbers US 4315852, US 4364863, and US 5196323; European

30  Patent Number EP 0679718; and WO 2004/039996.



described in Pestka, S. Arch Biochem Bi ophys. 221 :1-37 ( 1983);

I nternational Patent Application publication WO 2004/039996; US Pat ent
Nunber s U802008100G9 US 5541293, US 4897471 , US 4765903 PamaskiHAs6901 ;
and European Patent Application publication EP 032,134. The reconbi nant |FN
protein may be extracted fromthe reconbi nant host or the culture nedia
using any of a variety of procedures k in the art. For exanpl e,
suitable methods for extracting IFN-a from m croorgani sns are described in
U. S. Patent Nunbers US 4315852, US 4364863, and US 5196323; European Patent
Nunmber EP 067971 8 ; and WD 2004/ 039996. After extraction, the reconbi nant

| FN preparation, which conprises a mxture of structural isoforns, is
preferably s ected to a set of purification steps to produce a
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prepar ation ed from such tandem chromat ogr ap typically Conprises a

buf f er epusfidatiohacheDesdtraiwrginothetdrearsosptabie fayihisfpurpose.s8lial somemas wel |
as the | EN concentrati pn therein, it nay, be necess to prepare.this | FN
ol b oy Madiad By PR Rosp e g o B e difarebOPRE PRESH st

i nventi gas¢hbethUs sl BIOEEE3 96 Wre8B08 OEPWBYV748, hRhE veomupagidgboel a | oadi ng
buffer appropriate for anion exchange chromat ography. This adjustnent may

be per f or nedThg substanitiglieputenibhhpiateiniwepanation sibtaipedifrginy sueh tandem

pur {8 el aiBlanhy B PP ol s, EleBRheRy . E¥n on
exchangeom@dbition fofthiesaliion, as il sxagiengNstricentraeiyn aasrem, it rhappe0 to 100
mM of salts such as NaCl, KCI, and sodium acetate. A preferred | oading

buf f er BEeRISENY tepERRre His JFisoltigntfon pagingrents, the anipmexchange column
used in the present invention by adjusting the solution to comprise the components

of a loading buffer appropriate for anion exchange chromatography. This adjustment
15 may be performed by techniques known in the art such as dialysis or ultrafiltration.
The loading buffer may be any biologically compatible buffer that does not
impact binding of the IFN protein to the anion exchange resin. For example, the
loading buffer may contain from 0 to 100 mM of salts such as NaCl, KCI, and sodium
acetate. A preferred loading buffer consists essentially of about 10 mM Tris, 0 to 40
20 mM NaCl, and has a pH of 7.0 to 8.5. A particularly preferred loading buffer consists
of 10 mM Tris, 40 mM NaCl and has a pH of 8.0.
The concentration of the IFN in the loading buffer may vary substantially.
Typically, the volume of the loading buffer is adjusted to achieve a convenient
loading volume, e.g., from 0.5 to 1 bed volumes of the chromatography column, and
25  avoid precipitation of the [FN. In some embodiments, an IFN concentration of
between about 1 and about 5 mg/ml is employed. For an IFN-a2 preparation, a
preferred concentration of iosoform 1 is about 3.5 mg/ml. The various isoforms
present in recombinant IFN preparations may be identified and quantified using
techniques known in the art, e.g., such as the RP-HPLC and pyruvate assays
30  described in WO 00/29440.



mM NaCl, and has a pHof 7.0 to 8.5. A particularly preferred | oading
buffer consists of 10 MM Tris, 40 nM NaCl and has a pH of 8.0. The
concent r avpanwoaf7stshe | FN in the | oadi ng buffer nmay varyPSTRESR@a0-8IB3 y.
Typically, the volunme of the |oading buffer is adjusted to achieve a
conveni ent | oading volume, e.g., fromO0.5 to 1 bed volunes of the
chromat ogr aphy col um, and avoi d precipjfation of the IFN. In sone

enbodi ments, an |IFN concentrati on of between about 1 and about 5 ng/m is
enpl oyed. For an IFN-a2 preparation, a preferred concentration of iosoform
1 is about 3.5 ng/m . The various isoforns present in reconbinant |IFN
preparations nmay be identified and quantified using techniques known in the

art, e.g., sych as the RP-HPLC and ruvat e ,assa scrlbdln
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at | east 20 cmin length. Qher colum sizes suitable for use in the
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preferred enbodi nent, the colum is equilibrated with a buffer consisting
essenti AN 39 6% QUMK Tris, 0- 40 M NaCl and a pH of 7.0 to 8.5. In anot her

D 87RO TP BGR A4 1RC8 pB T SfpRanchahas Bl 9 L, B
and equebuiibeated with seqqeedusshuffasiitable for tHe alBichekchahgeressig Bn.theof 0.5 N
NaGH 1 W—l %;Le equEflbratlon buffer may be the same or different than the loading buffer. In
one preferred embodiment, the column is equilibrated with a buffer consisting
essentially of 10 mM Tris, 0- 40 mM NaCl and a pH of 7.0 to 8.5. In another
15 preferred embodiment, the equilibration buffer consists of 10 mM Tris, pH 8.0. If the
column has been previously used, it is conveniently regenerated and equilibrated by
sequential washings with: 3 bed volumes (B.V.) of 0.5 N NaOH/1 M NaCl; 5 B.V. of
H20; 3 B.V.of 0.1 N HCI; 6 B.V. of 0.2 M Tris, pH 8.0 and 15 B.V. of 10 mM Tris, pH
8.0, all using a flow rate of 5 cm/ml.
20 After the buffered IFN solution is loaded onto the column, a wash solution is
applied to the column to remove unbound contaminants. The wash solution contains
a biologically compatible buffer that does not impact binding of the IFN to the
column. For example, in some embodiments, the wash buffer has the same
composition as the column equilibration buffer or loading buffer, e.g., consisting
25  essentially of 10 mM Tris, 0 - 40 mM NaCl and a pH of 7.0 to 8.5. In a preferred
embodiment, the wash solution consists of 10 mM Tris, 13 mM NaCl and has a pH of
8.0.
The desired isoform is then eluted from the column using a biphasic elution
system. This biphasic system is established by applying sequentially to the column

30  two buffered solutions: a strong elution solution, e.g., with a high ionic strength



H20, 3 B.V. of 0.1 NHCl; 6 B.V. of 0.2 MTris, pH 8.0 and 15 B.V. of 10 nM
Tris, pH 8.0, all using a flowrate of 5 cmmnm. After the buffered IFN

sol uti on W 2bwadeFIont o t he col unm, a wash sol ution i s &pplise@nesiBhe
columm to renove unbound contam nants. The wash sol ution contains a

bi ol ogically conpati ble buffer that does not inpact binding of the IFN to
the colum. For exanple, in sone enbodi{wents, the wash buffer has the sane
conposition as the columm equilibration buffer or |oading buffer, e.g.,
consisting essentially of 10 MM Tris, 0 - 40 MM NaCl and a pHof 7.0 to
8.5. In a preferred enbodi nent, the wash solution consists of 10 mM Tri s,
13 mM NaCl and has a pH of 8.0. The desired isoformis then eluted fromthe
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will have an acidic pH, preferably in the range of 5.4 to 6.6. The skilled artisan may
readily test various combinations of buffer, salt and pH for each of the strong and
weak elution solutions to obtain a biophasic system to use for a particular type of

15 IFN.

For preparing phosphate buffered elution solutions, one or both of

monosodium phosphate and disodium phosphate may be used and the pH adjusted
with a suitable acid or base such as HCI or NaOH. Other phosphate salts such as
potassium phosphate may be used in addition to or instead of sodium phosphate.

20 In a preferred embodiment, the biphasic elution is performed using a strong
elution solution consisting essentially of 17.5 mM sodium phosphate, pH 5.85 and a
weak elution solution consisting essentially of 5 mM sodium phosphate, pH 5.85.

The amount of strong elution solution to use before switching to the weak

solution is typically from 1 to 10 bed volumes (B.V.), but may be emperically

25 determined for any particular IFN and set of elution solutions. A test
chromatography is performed using the chosen strong elution solution only and the
eluate fractions are monitored for the presence of IFN. One less bed volume than
the number of bed volumes of strong elution solution that are required to elute the
first IFN-containing fraction in monophasic elution would typically be the maximum

30  volume of the strong solution used in the biophasic system. In one embodiment,



For preparing phosphate buffered elution solutions, one or both of
nonosodi um phosphat e and di sodi um phosphate nmay be used and the pH adj usted
with a suwoablw7asPd or base such as HCI or NaOH O her pphaspioanes4sal t s
such as potassi um phosphate may be used in addition to or instead of sodium
phosphate. In a preferred enbodi nent, the biphasic elution is perforned
using a strong elution solution consistjng essentially of 17.5 nmM sodi um
phosphate, pH 5.85 and a weak elution solution consisting essentially of 5
nmM sodi um phosphate, pH 5.85. The anpbunt of strong elution solution to use
before switching to the weak solution is typically from1 to 10 bed vol unes
(B.V.), but may be enperically determ ned for any particular IFN and set of
elution solutions. A test chromatography is performed using the chosen
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several factors, such as the equipment to perform the chromatography, the type of

anion exchange resin, size of the column, the protein concentration in the IFN

solution, and the composition of the elution solutions. Suitable flow rates for each

15  step may be readily determined by the skilled artisan. In some embodiments, the

loading buffer, wash solution and elution solutions are applied at flow rates of 1 to 5

cm/min. In other embodiments, the flow rate is from 0.5 to 2.5 cm. Preferably, a

flow rate of 2 cm/min is used to apply the loading buffer and wash solution while

each of the elution solutions is applied at a flow rate of 1 cm/min.

20
Examples
The following examples are provided to more clearly describe the present
invention and should not be construed to limit the scope of the invention.
25 The inventors performed a series of experiments to investigate the

mechanisms involved in separation of recombinantly produced IFN-a2b isoforms
using DEAE-Sepharose Fast Flow chromatography. Various elution conditions
including buffer concentrations, salt concentration, and pH were tested to elucidate
the interaction of IFN-a2b isoforms with DEAE Sepharose. Two distinct mechanisms

30  were found to be involved in separation of isoforms 1 and 4.



solution, and the conposition of the elution solutions. Suitable flow rates
for each step nay be readily determ ned by the skilled artisan. In sone
enbodi merwe,20tgs158adi ng buffer, wash sol ution and el ut POm/GSe0Q05838F ar e
applied at flowrates of 1 to 5 cmimn. In other enbodinents, the flowrate
is from0.5to 2.5 cm Preferably, a flowrate of 2 cmmn is used to apply
the | oading buffer and wash solution wy4e each of the elution solutions is
applied at a flowrate of 1 cnimn. Exanples The followi ng exanples are
provided to nore clearly describe the present invention and should not be
construed to limt the scope of the invention. The inventors perforned a
series of experinents to investigate the nechani sns involved in separation

of reconbi nant |y produced | FN-a2b J sof usi n - Se se Fast Fl ow
chr onat ogr anhye T TE ST SR Ssina pHEe B ERRur R TR R R3etne r at § ons,
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column during elution of isoform 1. The inventors discovered that isoform 4 binds to
the column more tightly at lower buffer concentrations in the absence of salts, and
15  thus could be effectively separated from isoform 1 under these conditions. However,
the elution efficiency for isoform 1 was reduced at lower buffer concentrations; thus,
the volume of pooled fractions containing isoform 1 was invariably larger than desired
for an efficient commercial protein production process.
Thus, the inventors carried out a second series of experiments {o see if they
20 could identify conditions that would allow a robust and efficient elution of IFN-a2b
isoform 1 while suppressing elution of IFN-a2b isoform 4.
These two series of experiments are described in more detail below, with the
results shown in Figures 2-27. in these figures, the terms IFN, IFN-a or IFN-alpha
refer to IFN-a2b isoform 1 as shown in Fig 1, and the terms iso4 and ISO4 refer to

25 IFN-a2b isoform 4 as shown in Fig. 1.
|. Experimental Procedures

DEAE Sepharose™ Fast Flow Chromatography.
The AKTAexplorer™ (GE Healthcare, Uppsala Sweden or Piscataway, NJ
USA) was used for running DEAE chromatography at 4°C. A 0.5x20 cm column (3.9
30 mi)or 1 X 29 cm column (23 ml) was packed with DEAE Sepharose™ FF resin (GE



the columm nore tightly at |ower buffer concentrations in the absence of
salts, and thus could be effectively separated fromisoform 1 under these
condi ti orwOHowWa7EYSY t he el utson efficiency for isoform PCRAS2000068488 at

| ower buffer concentrations, thus, the volume of pooled fractions
containing isoform1 was invariably |arger than desired for an efficient
commercial protein production process Tfwis, the inventors carried out a
second series of experinents to see f they could identify conditions that
woul d al l ow a robust and efficient elution of IFN-a2b isoform1 while
suppressing elutson of 'FN-a2b isoform4 These two series of experinents
are described in nore detail below, with the results shown in Figures 2- 27
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NaCl, 5 B.V. of H20, 3 B.V. of 0.1 NHCL , 6 B.V. of 0.2 MTris, pH 8.0,
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MM Tris, 40 MM NaCl, pH 7.5-8.0. Standard Chromat ography Procedure The | FN

sol uti ogtafardl TiHREHBEbPBLB, PRscRlsiMm equilibrated with 10 MM Tris,
The IFN solution was injected onto the column equilibrated with 10 mM Tris,

pH 8 at a flow rate of 0.4 ml/min for the 3.9 ml column or 0.8 mi for the 23 ml column.
The volume of IFN solution loaded was 75% of the column B.V. Three B.V. of wash

15 buffer (10 mM Tris, 13 mM NaCl, pH 8.0) were used to remove unbound materials
from the column at the same flow rate. Finally, 9 B.V. of 20/20 elution buffer (20 mM
sodium phosphate, 20 mM NaCl, pH 6.0) was employed at a flow rate of 0.2 mi/min to
start the elution step. Fractions were collected at 20% B.V. per fraction (0.8 mi).
Isoforms 1 and 4 were analyzed by RP-HPLC. Resolution of the isoforms was

20  calculated by dividing the distance of the two isoform peaks by the sum of the peak
widths at half peak height.

Test Chromatography Procedures
In order to examine the behavior of IFN elution, DEAE chromatography was
25 performed using the standard procedure but different elution buffers as described in
the Results and Discussion section. The flow rates were identical to ones in the

traditional procedure unless otherwise noted.

Il. Results and Discussion — Experimental Series |
30

A. Formation of an internal pH gradient during IFN DEAE chromatography
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initiation of the pH gradient is referred to as saturation volume, which is illustrated by
an arrow in Fig. 2A. The saturation volume could be related to buffer strength and
pH as well as the type of resin.

15 IFN did not appear to contribute to formation of the internal pH gradient as a
similar pH profile was observed on “blank” runs, in which loading buffer only was
applied to the column (Fig. 3). This result indicated that the driving force for the pH
gradient formation was dominated by the interaction between the elution buffer
species and the DEAE moiety, while IFN played no significant role. Unlike the pH,

20 the effluent conductivity started to change right after approximately one bed volume
of elution but was relatively constant after an initial decline (Fig. 2A).

These data suggest that the pH gradient formation is critical for the proper
elution of IFN-a2b isoform 1. The quantitative analysis of IFN-a2b isoforms 1 and 4
by HPLC assay indicated that they were not completely resolved (Figs. 2B and 2C).

25 Isoform 1 and isoform 4 were eluted at approximately pH 6.3 and 6.1, respectively.

B. The impact of pH gradients on IFN elution

To assess the importance of the internal pH gradient on IFN-a2b isoform
resolution, chromatographies were run under various elution conditions without

30  changing other parameters. The use of a pH 6.0 elution buffer containing 10 mM
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(Fig 4B, lef £th Sy ng resolution of isoforms 1 and 4 was observed with either of these
citrate/phosphate elution buffers (Figs. 3A and 3B, right panels), as the pH gradient
slope was abruptly increased within the region of pH 6.4 to 6.0 (Fig. 4A and 4B, left

15 panels).

Elution with a 40 mM phosphate buffer (40 mM sodium phosphate, 20 mM
NaCl, pH 6) produced a sharp IFN peak (Fig. 4C, left panel). However, isoforms 1
and 4 were poorly resolved (Fig. 4C, right panel), and the pH gradient was noticeably
sharper than that in standard runs, even though both the test elution buffer and

20  standard 20/20 buffer had a pH 6.0.

These data suggest that the proper pH gradient is critical for effective
separation of IFN-a2b isoforms 1 and 4, and that the slope of the pH gradient can
greatly influence the resolution of the column. A sharper pH gradient facilitated
elution of both isoforms, but with poor resolution.

25
C. Chromatofocusing of IFN on DEAE Sepharose column

As discussed above, we discovered that an internal pH gradient was

generated within the DEAE Sepharose column during the elution step and that this
30 pH gradient was critical for the column performance. Therefore, we hypothesized

that chromatographic separation of IFN isoforms on DEAE Sepharose



Little to no resolution of isoforms 1 and 4 was observed with either of
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the column. The proteins will be eluted from the column according to their isoelectric
points. When proteins reach to a pH in the column that is equivalent to its pl, the
charge of the protein will be net-zero and thus lose its binding affinity to the column

15 and start to elute. As it migrates down the column, the protein front will rebind to the
column as pH of the column increases above its pl. Meanwhile, the protein at the
backside of the sample zone continues to flow down the column to catch up to the
protein front, as it is still uncharged or positively charged. As a result, the protein is
focused. The process will be repeated continuously until the protein finally elutes

20 from the column.

Unlike the polyampholyte buffer used in conventional chromatography, the
elution buffer in IFN DEAE chromatography consists of only phosphate, which
contains three different ionization conjugates of pKa 12.3, 7.3, and 2. However, our
data demonstrated that the simple phosphate buffer in the standard procedure was

25 able to form a near-linear or concave pH gradient within pH 6-7, the range between
the elution buffer pH and the second phosphate pKa (7.3). IFN was eluted within

this narrow range of the pH gradient.

D. Selective binding of IFN-a2b isoform 4
30
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charged. As a result, the protein is focused. The process will be repeated
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DEAE column when the standard procedure was used.
To understand why the uneluted materials bind to the column so tightly, we

15 examined some properties of these materials. Figure 6 shows determination of
absorbance at OD320 and OD320/280 after the stripped material was exposed to
various pHs. OD320 is a useful parameter indicative of aggregation or precipitation.
0OD320 or OD320/0D280 markedly increased as pH decreased to around 6,
indicating that aggregation had occurred at pH of approximately 6. Aggregation at

20 low pH may partially account for the strong binding of these materials to the column
during elution.

Based on the above data, we concluded that IFN-a2b isoform separation on
the DEAE Sepharose column occurs by two distinct mechanisms---chromatofocusing
due to formation of a pH gradient, and selective binding of isoform 4 to the column

25 under standard elution conditions.

To reduce cycle times for the loading, wash and elution steps, we examined
the possibility that the column size could be scaled down to a smaller DEAE
Sepharose FF column (0.5 cm x 20 cm, 3.9 ml). The small column was able to
generate a similar pH gradient as the 23 ml column and the UV profile for IFN-a2b,

30  and separation of isoforms 1 and 4 using different elution buffers were also similar to



fromthe colum, while alnost 2X nore isoform4 remained in the colum than
were eluted (data not shown). Thus, isoform4 had greater affinity than
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aggregation or precipitation. OD320 or 0OD320/ 0OD280 mar kedly increased as pH
decreased to around 6, indicating that aggregation had occurred at pH of
approxi mately 6. Aggregation at |low pH may partially account for the strong
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m colum and the WV profile for |IFN-a2b, and separation of isoforns 1 and
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Elution was performed using 20, 10, or 5 mM sodium phosphate in the
presence of 20 mM NaCl, pH 6.0. Figure 8 shows the overlay of chromatography
15 profiles obtained with each of these buffers. Clearly, as sodium phosphate
concentration decreased, elution of IFN peaks from the column was delayed and the
peak broadened (top panel). As expected, at low buffer concentrations, 10 or 5 mM
sodium phosphate, formation of the pH gradient was also delayed and the slope was
shallower than observed with the standard 20/20 elution buffer (Fig. 8, middle panel).
20 RP-HPLC assays demonstrated the broadening of the peaks for both isoforms
1 and 4, but improving separation of these isoforms, as the elution buffer phosphate
concentration was reduced from 20 to 5 mM (Fig. 9, top 3 left panels). The total
amounts of isoform 1 and isoform 4 that eluted were similar for each of the 3
phosphate concentrations (Fig 9, bottom left panel).
25 The relationship among phosphate concentration, pH gradient and isoform
resolution is shown in the bottom right panel of Fig. 9. The significant improvement
in isoform resolution with reduced phosphate concentrations is consistent with
conventional chromatofocusing, which shows the best resolution at lowest mobile
buffer concentrations. The reason for this is that low buffer concentration helps to

30 generate a shallow pH gradient, which in turn increases the resolution.



phosphate concentrations in the elution buffer on the pH gradient slope and
I soformresolution. Elution was perfornmed using 20, 10, or 5 nM sodi um
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gradi ent was al so del ayed and the sl ope was shal |l ower than observed with
the standard 20/20 elution buffer (Fig. 8 , mddle panel). RP-HPLC assays
denonstrated the broadeni ng of the peaks for both isoforns 1 and 4 , but
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their resolution were similar under different salt conditions.
Since we had determined that resolution of isoforms 1 and 4 could be
15 improved at low buffer concentrations during elution, we assessed the effect of
reducing salt concentration (either 20 mM, 10 mM or 0 mM NacCl) in a 10 mM sodium
phosphate, pH 6.0 elution buffer. The results are shown in Figure 12.
Similar to the results observed using the 20 mM sodium phosphate elution
buffer, the isoform 4 peak eluted with the 10 mM sodium phosphate buffer
20  broadened as the NaCl concentration decreased from 20 to 10 mM while the isoform
1 peak was little affected (Fig 12, top 2 left and right panels). However, as salt
concentration was further reduced to 0 mM, isoform 1 eluted as two distinct peaks
(Fig. 12, 3" left and right panels), but only a small amount (1.6 %) of the total isoform
4 co-eluted with the first isoform 1 peak (Fig. 12, 3rd right and left panels). In
25  contrast, 36% of the total isoform 4 co-eluted with the isoform 1 peak using the
standard 20 mM sodium phosphate/20 mM NaCl/pH 6.0 elution buffer.
Quantitative analysis indicated that the total amount of isoform 1 eluted from
the column was unchanged by the salt concentration at 10 mM sodium phosphate,
while isoform 4 elution was greatly suppressed as the salt concentration was
30 reduced (Fig. 12, bottom left panel). These results suggest that the DEAE

Sepharose FF column has more affinity to isoform 4 than isoform 1 when elution is



isoform4 elution fromthe colum was reduced in the absence of salts. The
pH appeared rel atively unchanged by salt concentrations (Fig. 10 mddle
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eluted fromthe colum and their resolution were simlar under different
salt conditions. Since we had determ ned that resolution of isoforns 1 and
4 could be inproved at | ow buffer concergrations during elution, we
assessed the effect of reducing salt concentration (either 20 MM 10 nM or
O MMNaCl) in a 10 mM sodi um phosphate, pH 6.0 elution buffer. The results
are shown in Figure 12. Simlar to the results observed using the 20 nM
sodi um phosphate elution buffer, the isoform4 peak eluted with the 10 nM
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that almost all of the isoform 1 fractions eluted using low buffer concentrations (< 15
mM sodium phosphate) contained a very low percentage of isoform 4. A transition
15 point for isoform 4 binding to the column occurred between 15 and 20 mM of sodium

phosphate, likely due to increased isoform 4 precipitation at this phosphate

concentration.

G. Effect of pH
20
Because pH influences the net charge and distribution of surface charges on

protein molecules, changes the anionic makeup of the mobile buffer and may
modulate the charge status of anion exchange resins, we assessed the effect of
varying pH from 5.8 to 6.3 on elution of IFN-a2b isoforms 1 and 4 with 20 mM
25  sodium phosphate/20mM NaCl (20/20) or 17.5 mM sodium phosphate/0 mM NaCl

(17.5/0) elution buffers. The results are shown in Figures 14 and 15.

Elution using the 20/20 buffer produced very similar profiles for both isoforms
at pH 5.8, 6.0 and 6.3; however, a broadening of each isoform peak was observed at
pH 6.3 (Fig. 14). The total amount of each isoform that eluted from the column was

30 also very similar at each pH (data not shown). These resulits indicated that IFN-02b
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The total elution of isoform 1 under all conditions described above was very
similar and close to 100%, while isoform 4 elution was dramatically reduced at
15 sodium phosphate < 17.5 mM in the absence of NaCl. However, the improved
resolution of these isoforms achieved with elution buffers containing < 17.5 mM
sodium phosphate/0 mM NaCl as compared to elution with the standard 20/20 buffer
has a significant efficiency cost: a significantly larger volume of fractions would need
to be pooled to achieve high isoform 1 yields, e.g. 290%, with low isoform 4
20  contamination, e.g., <3%, due to the slowed or delayed elution of IFN peaks.
Thus, additional experiments were performed to attempt to identify elution

conditions that would achieve high resolution of isoforms 1 and 4.

Hi. Results and Discussion — Experimental Series

25 In the second series of experiments, several different substantially purified
IFN-a2b preparations were used, and are listed below.
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(1.77 mg/ml and 3.49 mg/ml) using the standard 20 mM sodium phosphate/20 mM

NaCl elution buffer to elution volumes obtained for these [FN concentrations using

lower buffer concentrations in the absence of salt. The results are shown in table HA

10 below.
Table HIA. Elution volumes for isoform 1 peak under different conditions
Elution conditions IFN Preparation 1 IFN Preparation 2
(NaPi/NaCl, mM) (1.77 mg/mi Iso1) (3.49 mg/mi iso1)
20/20 20 ml (5.1 BV) 23 mi (5.9)
15/0 27 ml (6.9 BV) 48 mi (12 BY)
12.5/0 39 mi (10 BV) 61 ml (16 BV)
10/0 64 ml (16 BV) Not determined
For IFN preparation 1, the elution volume for the isoform 1 peak increased by
15 35%, 95%, and 220%, with elution at 15, 12.5, and 10 mM phosphate, respectively,
compared to the elution volume using the standard 20/20 buffer (Table IlIA, 2™
column). A similar pattern of increasing elution volume with decreasing sodium
phosphate concentration was observed for the IFN preparation that contained almost
twice as much IFN (Table llIA, 3" column). However, the magnitude of this effect of
20 sodium phosphate concentration on elution volume was increased at the higher [FN
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| acking NaCl, as isoform1 fromeither batch eluted as two broad peaks with
little co-elution of ssoform4, the majority of which remained on the
colum (data not shown) b IFN elution volume was independent of buffer
concentration at pH 5 85 As discussed in Section Il G above, the pH
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suggest gislohfasgraphpp@tedite on IFN preparation 1 using elution buffers containing no salt
15  and sodium phosphate at 17.5 mM, 15 mM, 12.5 mM or 10 mM at pH 5.85. The results
are shown in Figures 16A and 16B.

The elution of IFN was progressively delayed as the phosphate buffer
concentration decreased from 17.5 to 10 mM (Fig. 16A, top panel). As expected, the
conductivity reduction and pH gradient formation were aiso delayed at lower buffer

20  concentrations (Fig. 16A, middle and bottom panels). However, when the IFN elution
profiles were overlayed (the IFN peaks for each buffer concentration were normalized to
the same fraction for comparison) we observed that the shape of the isoform 1 peak was
sharp and remarkably similar among the tested phosphate concentrations, while isoform
4 was increasingly eluted in the later fractions of the IFN peak (Fig. 16B). The

25  observation that lowering the buffer concentration at low pH (5.85) did not significantly
broaden isoform 1 peak as it would at higher pH (6.0-6.2), suggested that a lower pH
and lower concentration of buffer might be useful for elution of isoform 1 without

dramatically increasing the elution volume.

30 {V. Biphasic elution — Rationale, Results and Discussion
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isoform 1 peak, i.e. via a two-step or "biphasic” elution procedure, suppression of
isoform 4 elution would occur in the second half of the isoform 1 peak, thus allowing
15 isoform 1 to be eluted in a smaller elution volume. To test this hypothesis, the
standard DEAE chromatography procedure described above was performed on the
3.9 ml column except that the single elution step was replaced with a two-step, i.e.,
biophasic, elution process. In step 1, a strong elution solution was applied to the
column following the wash step and in step 2 a weaker elution solution with a
20  different composition was applied. The flow rates were the same as used for the
standard single elution step. The results obtained with various compositions for the

strong and weak elution solutions are described below.

A. Biphasic elution with different phosphate concentrations at the same pH.
25
1. First phase elution with 20 mM phosphate, pH 6.1; second phase elution with

15 or 12.5 mM phosphate, pH 6.1.
A biphasic elution of IFN-a2b (IFN preparation 2) was performed with 6.7 bed
volumes of the strong elution solution (20 mM sodium phosphate, pH 6.1), followed by
30 19 bed volumes of the weak elution solution (15 mM or 12 mM sodium phosphate, pH

6.1). The results are shown in Fig. 17.
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A very different profile was obtained when biphasic elution of IFN-a2b (IFN
15  preparation 5, loading volume of 3.2 mi) was performed using two different phosphate
concentrations at pH 5.85. The first elution phase was carried out with 5 or6 B.V of 17.5
mM sodium phosphate, pH 5.85 followed by elution with 19 bed volumes of 5 mM
sodium phosphate, pH 5.85. The results are shown in Fig. 18.
in both experiments, essentially every fraction eluted across the isoform 1 peak
20  with was greater than 87% purity, with less than 0.5% isoform 4 (Fig. 18). However,
isoform 1 eluted as a much sharper peak when the first phase elution was performed
with six instead of five B.V. of strong elution solution. The isoform 1 peak fraction was
2.5 mg/ml IFN-a2b, nearly twice the IFN concentration of the peak fraction (1.3 mg/ml)
obtained in the standard procedure. The table below shows a detailed fractional
25  analysis comparing the yield and purity achieved with the standard single phase and the

biphasic experiment using 6 B.V. of strong elution solution.
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anal ysis conparing the yield and pursty achieved with the standard single
phase and the bi phasic experinment using 8 BV of strong el ution
sol ut i onTwbl2e10007589 Conpari son of Standard and Bi phasi c PEraiseem/ob¥40z edur es
St andard Procedure Biphasic Procedure Cone (ug/m) Purity (% Cone (ug/m)
Purity (% Fraction ISOL 1SO4 1SOL | S Fraction I1SOL 1SO4 1SOL | SO4 20

37.5 0.0 9 1.9 0.0 28.0 34.4 0.0 100.0g3 0 23 139.6 0.0 97.8 0.0 30.0 56.8
0.0 100.0 0.0 26 446.6 0.0 98.7 0.0 32.0 96.5 0.0 98.4 0.0 29 970.9 8.8

96.4 0.9 34.0 169.8 0.0 95.6 0.0 3 1 1281.9 15.5 95.6 1.2 35.0 264.2 0.0
95.9 0.0 32 1331.3 19.9 95.0 1.4 36.0 1030.1 4.9 96.3 0.5 33 1329.8 24.4
94.4 1.7 37.0 1684.4 7.6 97.0 0.4 35 1075.3 34.6 9 1.3 2.9 38.0 2512.9 12.0
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pH proflile in the biphasic elution procedure using 6 B.V. of stron% el ution
sol uti qn dermpR%1r at 8d-3sevet Al pki-8i splodtlenent 288nes f¥rded 8Pqng'%®Re | e‘h%q h
of the |col um?Zduri ng%€he A-Ufi of78Fi g.0-019). TRREe zom¥EsB cor PAIjat®80to O
conduct{i vity éhange46§uri Myl el ub8-6n (%, 19, 3F8ver 1l ) . O [sh&By 0.0
di spl acement £9 ont %F88ur r et bet Aeén pl-%S| 5 and4PH 6. 1698 | soPBrim PSkas 00
rapidly el uted!at 185 &hdl| nof28 dovir t he cdPlimm, &8P beclftlg f 98@sed &
t he pH|di spl aé2ment33Bont 19-Ther 8%6r e, or mat i 3A-Cqf APkt et e49 96.3 0.5
33 1329.8 244 94.4 1.7 37.0 1684.4 97.0 0.4
35 10753  34.6 91.3 2.9 38.0 2512.9 12.0 97.3 0.5
36 782.2  40.4 86.8 4.5 39.0 2168.2  10.2 97.5 0.5
37 504.2  44.2 79.9 7.0 40.0 1680.7 7.7 97.5 0.4
39 151.5 454 546  16.4 41.0 1192.6 5.3 97.4 0.4
41 50.5 435 300 258 42.0 868.9 3.7 97.9 0.4
43 329  39.0 218 259 43.0 532.7 0.0 97.7 0.0
46 23.8 289 196 237 440 318.6 0.0 98.2 0.0
49 10.3  18.8 140 254 45.0 182.2 0.0 96.2 0.0
47.0 61.3 0.0 95.4 0.0
The pH profile in the biphasic elution procedure using 6 B.V. of strong elution
solution demonstrated several pH displacement zones formed along the length of the
column during the elution (Fig. 19). These zones correlated to conductivity changes
5  during elution (Fig. 19, lower panel). A sharp displacement front occurred between pH
5.5 and pH 6.1. Isoform 1 was rapidly eluted at pH 5.5 and moved down the column,
and became focused at the pH displacement front. Therefore, formation of discrete
pH fronts explained the fact that isoform 1 eluted as a sharp peak during biphasic
elution.
10 It was noted that some precipitation, dissolvable by adjusting the pH or salt
concentration, occurred particularly at room temperature in several fractions with high
[FN concentrations, likely due to the low conductivity conditions in the elution buffer. The
total recovery of isoform 1 in fractions pooled according to a desired purity criteria was
as high as 99%. Similar performance was obtained with different IFN-a2b preparations
15  and column lengths (data not shown).

C. Biphasic elution with different pH at the same phosphate concentration
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r espect ifviglst phtibe elgoul with ar.é rabigyirosiohafel, gt & 820sectindpHaisp ledgion vethut i on
procedur us'M*ug 6.5 B.V. of strong elution solution generated an RP-HPLC
anal y5|§ le for isoforns 1 and 4 that was simlar to the profile

obt ai neghiﬁé}% el? rg\/l sodi um phosphate, pH 5.85 alone (Fig. 20, panels A

and O oug e | FN purity (>96% and pool able yield were inproved
over the st afﬁdar[lE/kE cokdur eas doddnd it Uit podparsiodrotiiN greplavdtedh 4 antthe | atter

S TR A A LR R
latter frpghi @ps ®B\Lhe 1'7.9§W Bbdium phosphate, pH 5.85 followed by 19 B.V. of
17.5 mM sodium phosphate, pH 6.3, respectively. The results are shown in Figure
20.
This biphasic elution procedure using 6.5 B.V. of strong elution solution

15 generated an RP-HPLC analysis profile for isoforms 1 and 4 that was similar to the
profile obtained with 17.5 mM sodium phosphate, pH 5.85 alone (Fig. 20, panels A
and C). Although the IFN purity (>96%) and poolable yield were improved over the
standard procedure, a low amount of isoform 4 eluted in the latter fractions of the IFN
peak. Shortening the strong elution step to 5 B.V. did not improve isoform

20  resolution; instead more isoform 4 eluted during the latter fractions of the isoform 1
peak (Fig. 20, panel B).
2. First phase elution with 17.5 mM phosphate, pH 5.85; second phase elution with
17.5 mM phosphate, pH 7.9.

Since the high pH phosphate buffer (pH 6.3) did not overcome isoform 4

25  eluting in the latier part of the IFN peak, a still higher pH was tried for the weak
elution step. For this experiment, IFN-a2b preparation 5 was used. The loaded and
washed column was treated with 6.5 B.V. of 17.5 mM sodium phosphate, pH 5.85
and then 15 B.V. of 17.5 mM sodium phosphate, pH 7.9. The results are shown in
Figure 21.

30 isoform 1 eluted as a sharp peak in a small volume, but surprisingly, a large

amount of isoform 4 also eluted in this peak (Fig. 21, panel A). The resolution of



peak (Fig. 20, panel B). 2. First phase elution with 17.5 nM phosphate, pH
5.85; second phase elution with 17.5 nM phosphate, pH 7.9. Since the high
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el evated within the second half peak of isoform1, especially after a short
first ehlitases, spegutiity R22i ngpan%cbrsfim Declirdi, E)vérmaoffra@débe@ inaneades],
conduct jfo\il"gntir}/g g%&'p%%atpg%vay\eﬁlér groundcme isoform 1 peak. However, the bottom size
of the cup varied with the bed volumes of the strong elution. The cup became deeper
and larger as the length of the first elution step increased, especially when pH 7.9
15  buffer was used for the second elution step. More importantly, conductivity elevated
within the second half peak of isoform 1, especially after a short first elution step (Fig.
22, panels A-D, and E). The increase in the conductivity during the weak elution
step correlated well with the amount of isoform 4 that co-eluted with isoform 1. This
suggests that conductivity played a critical role in iso4 elution. High pH buffer, in
20 particular, the pH 7.9 buffer, significantly increased the conductivity of the effluent,

and thus enhanced the rate of isoform 4 elution.

D. Use of different phosphate concentrations at different pH values.
As higher conductivities likely accounted for isoform 4 elution, we performed

25  biphasic elution on IFN-a2b preparation 5 using various volumes (2 to 6 B.V.) of

strong elution solution (17.5 mM sodium phosphate, pH 5.85) followed by a second

phase elution with 15 B.V. of a much lower phosphate concentration (5 mM sodium

phosphate) at pH 7.9 to test the possibility that this elution would suppress isoform 4

elution. As expected, a much lower conductivity (0.73 mS/cm) was detected during
30 the second elution phase under these conditions (data not shown). The elution

results are shown in Figure 23.
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Taken together, the biphasic elution procedure with 17.5 mM phosphate, pH
15  5.85 and 5 mM phosphate, pH 7.9 provided significant improvement over the
standard DEAE chromatography procedure. However, one or two of the latest
fractions in the isoform 1 peak still contained a higher percentage of isoform 4 than

would be acceptable to allow those fractions to be pooled with the earlier fractions.

20 E. Effects of additional parameters on biphasic elution using 17 .5 mM and 5 mM
phosphate, pH 5.85
Several additional parameters were examined that might affect the column
performance, including the amount of IFN, second buffer concentration, column
length, and flow rates.
25 1. Loading
Effects of the IFN concentration loaded onto the column were examined by
varying the feed amounts from 0.5X, 1X, and 1.5X of the standard loading
{approximately 3.5 mg/ml), which is 75% of the column volume. First phase elution
was performed with 6 B.V. of 17.5 mM sodium phosphate, pH 5.85 followed by second
30 phase elution with 15 B.V. of 5.0 mM sodium phosphate, pH 5.85. The results are

shown in Figure 24.
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4in 0.5X and 1X). These data suggest that the column performance is very
consistent within 0.5-1.5X range of the feed loading.
2. Phosphate concentration in the weak elution buffer
Different concentrations of phosphate in the weak elution buffer were examined

15  to further examine isoform 1 elution following the first phase elution step and the
results are shown in Fig. 25. Interestingly, phosphate concentrations ranging from
12.5 10 5 mM at pH 5.85 were able to inhibit isoform 4 elution from the column. Most
of isoform 1 fractions contained less than 0.5% isoform 4. However, the peak height
for isoform 1 decreased from 2.5 to approximately 0.8 mg/ml as the concentration of

20 the elution buffer increased from 5 to 12.5 mM. Therefore, the weak elution buffer
concentrations within the tested range (5-12.5 mM) affected the focusing or
sharpness of the isoform 1 peak but were still sufficiently low in conductivity to
suppress isoform 4 elution.
3. Column length

25 Biophasic elution on DEAE chromatography was run on 0.5 cm diameter
columns of three different lengths (5, 10, and 20 cm) and on a 1 cm diameter x 29 cm
length column. The results are shown in Fig. 26.

Clearly the length of the column had some effect on the isoform 4 elution.

Although the sharpness of the isoform 1 peak displayed similar profiles with these

30 columns, the separation efficiency of isoforms 1 and 4 differed with column lengths.
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adj ust | pgfémeared or salt concentration as stated previousiy. These results
suggest that a colum length of approximately 20 cmis required for
sati sf aftbloy e f ormance. 4 Flow rate

The impact of the flow rate on the biphasic elution using first phase elution with
17.5 mM phosphate and second phase elution with 5 mM phosphate, pH 5.85 was
examined by running the column (0.5 x 10 cm) at 5 cm/min or 0.5 cm/min. The results
15 showed the flow rate did not significantly alter the prospective of the separation under
these conditions (Fig. 27). However, running at lower flow rates appeared to improve
the separation efficiency. This is consistent with the general observation that the

lower flow rate improves the column performance.

20 Conclusions
Based on our data in the previous report, a two-step or "biphasic” elution

procedure for IFN DEAE chromatofocusing was developed in this study, allowing the
effective separation of isoform 1 from isoform 4 in a small elution volume. Use of
high and low concentrations of phosphate buffer at pH 6, or low and high pH buffer at

25  different concentrations resulied in significant improvement over the single step
elution used in the standard DEAE chromatography procedure, although some very
late fractions in the isoform 1 peak contained relatively high percentages of iso4. The
combination of a first elution phase with 17.5 mM phosphate at pH 5.85 followed by a
second elution phase with 5 mM phosphate at pH 5.85 yielded the most satisfactory

30 results in terms of the final isoform 1 purity, recovery, and pool volume.
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The present invention is not to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the invention in
addition to those described herein will become apparent to those skilled in the art

15 from the foregoing description. Such modifications are intended to fall within the
scope of the appended claims.

Patents, patent applications, publications, product descriptions, and protocols
are cited throughout this application, the disclosures of which are incorporated herein

by reference in their entireties for all purposes.
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Caim 1. A nmethod of separating the oxidized nononeric isoformof an
interferon (IFN) fromone or nore undesired isofornms of that IFNin a

m xt ur ey nmbi nant® produced isoforns of the IFN, the nethod
conpr|5|ng zﬁﬁf providing the m xture of IFN isofornms in a first buffer
solution; (b) providing a chromatography colum that is greater than 15 cm

in length ang. paCKeﬂet\hbtﬂbf@@pamtm@ B OXRNES] reiomdritabofosmesfuid | brated with
the first or a second buffer solution; (c) | oadi ng the buffered I FN
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t he strong e(a)tpromdmglthteimimwerqﬁnmsé@ofarrﬁs irsh ﬂpehctmﬁ’reabelwlonpentrati on of 10
to 30 mM and has a of 5.4 to 6.6; f applying to the colum fromstep
(e) a weak emtﬁr%\‘idg@l%f’h@ﬁ“? ﬁgﬁf‘é(rﬁﬂh‘f%‘nttﬁg ‘Sl%g@tefg‘afb %QH‘ PoPBs of the
col um, M\‘ﬁ‘ﬁé@k | ?ﬁeﬂoﬁle'k h R |§ﬁgmhn%ﬁéd FithQRERFstRipesPhat e

concentr at ss t irst p ate concentration and has a
pH of b5sdcdmal @Jfﬁer sohdiopg) col | ect| ng a plurali ty of eluate fractions that

\f\ﬁgf : 2 Eﬂg Xll%lfpwd | FHﬁigDrpagFN é:cgbufporf 8r[1trc7)]th<23 anlon exc tam%% coc}clur%I aim 1,
(d) washing the loaded column with a wash solution;
(e) applying to the washed column a strong elution solution in an amount that
is 1 to 10 bed volumes of the column, wherein the strong elution solution comprises
a first phosphate concentration of 10 to 30 mM and has a pH of 5.4 to 6.6;

15 (f) applying to the column from step (e) a weak elution solution in an amount
that is 2 to 20 bed volumes of the column, wherein the weak elution solution
comprises a second phosphate concentration that is less than the first phosphate
concentration and has a pH of 5.4 to 6.6; and

(g) collecting a plurality of eluate fractions that contain the oxidized IFN

20 monomeric isoform.

2. The method of claim 1, wherein the anion exchange resin is a

diethylaminoethyl anion exchange resin.

25 3. The method of claim 2, wherein the anion exchange resin is DEAE Sepharose

Fast Flow.
4. The method of any of claims 1 to 3, wherein the IFN is a Type | IFN.

30 5. The method of claim 4, wherein the IFN is an interferon alpha (IFN-a).



di et hyl am noet hyl ani on exchange resin. 3. The nethod of claim2, wherein
t he ani on exchange resin is DEAE Sepharose Fast Flow. 4. The nethod of any
of cl ai msw@ 20w/@B5159wherein the IFNis a Type | |IFN. 5. Pha#/usewos433 cl ai m
4, wherein the IFNis an interferon alpha (IFN-a) .6 . The nethod of claim
5, wherein the IFNis an IFN-a2 and each of the first and second buffer
solutions consists essentially of 10 m\6lris, 0-40 mM NaCl and has a pH of
7.0 to 8.5. 7. The method of claim6 , wherein the first buffer solution
consists essentially of 10 nM Tris, 40 mM NaCl and has a pH of 8.0, the
second buffer solution consists essentially of 10 MM Tris and has a pH of
8.0 and the wash solution consists essentially of 10 nM Tris and 14 nM NaCl
and hasga p i 0 i L pst
hosphate Contentard ShoialE, et €0 A P FARER 2o SeERTl T IRt
concent sexddnarbufieraiotudions aokisists edserrttially wi @mdMebid) 0a40 nid NAClaargl aslaweak
el ution sol ut ] ng has a pH of 5.85. 9. The nethod of claim8, wherein the
IFN is & qul\égé ',5't he strong elution solution consists essentially of 17.5
nmM sodi um phosphate and the weak el ution solution consists essentially of 5
MV sodi #m p I ,nceach
of o epl (o) T etfiod SPclaly, SFHeOf (b sREVbyHer SoRBR cbrk 1S s 43RERy 81 575
crﬂdm( 3) 1(1]nM'IThisf, dotrhiidNaCl al}myhafs acﬂ)faiolfrfﬁ.o], th&:)dsécowmbgﬁémcﬁaﬁ?n od)n§i$tez)s) (c) .
an are performe .a flowrat 2 cmmn and each of steps (e) an
(f) areSpafigive 19@%4%50%4 he's 2t o1 8. anh iherwash el USERIFGASIIS of ai m 11,
wherein LIRNAEF 801 : I IFN-a2b isoform 1 in
the TEnpadmtianyof f nlbﬁgtﬁe%g%ﬁd;ggh?ﬂlﬁ%pﬁ@ hfis B Bl 8 0™ 222 ng/m . 13. The
met hod of claim 12, wherein the concentration of IFN-a2b isoform11 in the

| FNIsol 8t i onThe nadthodi o8 clairmgbndr. 7, 4vherein thetfirsidpladsphilase oordékntadtiends n t he
anount of the strong el ution solution L
about 17.5 mM anhd the second phosphate concentration is about 5 mM to about 7

mM and each of the strong and weak elution solutions has a pH of 5.85.

9. The method of claim 8, wherein the IFN is an IFN-a2, the strong elution
15  solution consists essentially of 17.5 mM sodium phosphate and the weak elution

solution consists essentially of 5 mM sodium phosphate.

10.  The method of any of claims 1 to 9, wherein each of steps (c), (d), (e) and (f)
is performed at a flow rate of 0.5 to 2.5 cm/min.

20
11.  The method of any of claims 1 to 9, wherein each of steps (c) and (d) are

performed at a flow rate of 2 cm/min and each of steps (e) and (f) are performed at a

flow rate of 1 cm/min.

25 12. The method of claim 11, wherein the IFN is IFN-a2b and the concentration of
IFN-a2b isoform 1 in the IFN solution is between about 1.75 mg/ml and about 5.25

mg/ml.

13.  The method of claim 12, wherein the concentration of IFN-a2b isoform 1 in the

30  IFN solution is about 3.5 mg/ml.



applied in step (e) is 6 bed volunmes and the anmount of the weak sol ution
applied in step (f) is 15 bed volunes. 15. The nethod of any of clains 1 to
14, wher eWo 20100799 une of each of the eluate fractions ®OIIUSCM0H68483 St ep
(g) is about 20% of the bed volune. 16. The nethod of any of clains 1 to
15, wherein the IFNis IFN-a2b and from about 3% to about 20% of the
isofornms in the IFN solution conprise IFN-a2b isoform4. 17. The net hod of
claim 16, wherein from6%to 10% of the isoforns in the IFN solution
conprise IFN-a2b isoform4. 18. A nethod of separating isoform1 of
interferon al pha-2b (1 FN-a2b) fromisoform4 of IFN-a2b in a m xture of
reconbi nantly produced isoforns of |FN a2b, the nethod conprising: (a)

provi di a i i I i ; col um
Phat 1o a1 Caghthadbropitive, (Herh (e bt R pRp et STRPRRARY, o

sol ut i capplieiddh steméa)9¢ & esberiumals| andotheldmobdhtTafitse svechkesaiddiarf aplid iGb)

| oading the I FN-a2b m xture onto the DEAE colum in a | oading buffer that
consi st ¥eR4Bdn{PAGAVAIYMES. MM Tris, 40 mM NaCl, and has a pH of from7.5 to
8.0, wherein the IFN-a2b m xture is |oaded at a flowrate of 2 cm per

.0 W | e is |oaded a |
at & 11 0w 1l e Do B phP RIS M R0 TR oo BB 1 o1

essent i hétionsfcollectal ifrstep (lis abdufl209\NEbedaintirhas a pH of 8.0; (d)
applying to the washed columm 6 bed volunmes of a strong elution solution at
aflowrate of 1 cmper mnute, wherein the strongNel ution solution

consi st $6.essEhe mgthgd ef any obclawns ddouth, prwseindhe |aNds HalN-gbpandfrom 85; (e)
appl yin §r : . | g . | .uti

o ut 1 ofooft 38 SRHERYH S S el i e BN S o hoSe bR et s
soligi o consists essentially of 5 mM sodi um phosphate and has a pH of
5.85; and(f) collecting a plurality of eluate fractions that contain

i soform 1. ) _
17.  The method of claim 16, wherein from 6% to 10% of the isoforms in the IFN

solution comprise IFN-a2b isoform 4.

15 18. A method of separating isoform 1 of interferon alpha-2b (IFN-a2b) from
isoform 4 of IFN-a2b in a mixture of recombinantly produced isoforms of IFN-a2b,
the method comprising:

(a) providing a diethylaminoethyl (DEAE) anion exchange chromatography
column that is at least about 20 cm in length and equilibrated with a buffer solution

20 which consists essentially of 10 mM Tris and a pH of 8.0;

(b) loading the IFN-a2b mixture onto the DEAE column in a loading buffer that
consists essentially of 10 mM Tris, 40 mM NacCl, and has a pH of from 7.5 t0 8.0,
wherein the IFN-a2b mixture is loaded at a flow rate of 2 cm per minute;

(c) washing the loaded column with 3 bed volumes of a wash solution at a

25  flow rate of 2 cm per minute, wherein the wash solution consists essentially of 10
mM Tris HCl and 13 mM NaCl, and has a pH of 8.0;

(d) applying to the washed column 6 bed volumes of a strong elution solution
at a flow rate of 1 cm per minute, wherein the strong elution solution consists
essentially of 17.5 mM sodium phosphate and has a pH of 5.85;

30 (e) applying to the column from step (d) 15 bed volumes of a weak elution
solution at a flow rate of 1 cm per minute, wherein the weak elution solution consists

essentially of 5 mM sodium phosphate and has a pH of 5.85; and



19. The nmethod of claim 18, further conprising conbining the collected
eluate fractions in which the amount of isoform4 is |less than a desired
purity crwoenin759. The nethod of claim 18 or 19, wher @Ch/ush@9ed4ade of
each of the fractions collected in step (f) is about 20% of the bed vol une.
2 1. A nethod of separating a desired isoformof an interferon (IFN) from
one or nore undesired isofornms of that 38N in a m xture of reconbinantly
produced isofornms of the IFN, the nmethod conprising: (a) providing a
chromat ography colum that is at |east about 20 cmin | ength and packed

wi th a diethylam noethyl anion exchange resin that is equilibrated wth a
buffer solution, wherein the buffer solution consists essentially of about

10 nM Tri s i@ﬂc&e‘&%@{aﬁnﬁ%ﬁy gftg %bf)raﬁmls% Qgcérn?m |g(l)\*o'rr$\%or mmixture to

t he ani on exthange c ng sol u ron o out mM Tris and
about 40 mM NaCl and which has a pH of about 8.0; (c) washing the colum

from step (bThéWﬁélh@@@ﬂaaﬁnh@dfwesﬂﬁbﬁnmfsu vePbirtey tHd edllectdtbelebte t he wash
sol uti on consi sts essenti al é of about 10 Tris HCl and about 13 mM NadCl ,
®

and hasfractigisdn wiiehuthegamouptiof ispleiryi shis less than aslersed poribneritaBadut 6 bed
vol Wres of a strong elution solution at a flowrate of 0.5 to 2.5 cnimin,

V\/nereln trong, el u Iut n has f|r co centratlon of
et e 520 T Wt B cBlin B o 18 DutiRirting Vot B AR BREG R i BSERAIST | O,
from steRiectbd mbaed 3% Q@&t\@%@%@begvmke elution solution at a flow
rate of 0.5 to 2.5 cnimn, wherein the weak elution solution has a second

phosphat e concentration thajt is less than the first phosphate concentration
and has2h pHAdnhetbetdwéerparatingraldesited isafadm( ¢f) arc nteréeronrf- ) fpvmrarls mry of

e AT SR el BT AP 1

i sof or ngf thg IFRS thd Methdd Q@ﬁbﬁgﬁgpurl ty criteria.

(a) providing a chromatography column that is at least about 20 cm in length
and packed with a diethylaminoethyl anion exchange resin that is equilibrated with a
buffer solution, wherein the buffer solution consists essentially of about 10 mM Tris

15 and a pH of about 8.0;

(b) applying the IFN isoform mixture to the anion exchange column in a
loading solution of about 10 mM Tris and about 40 mM NaCl and which has a pH of
about 8.0;

(c) washing the column from step (b) with about 3 bed volumes of a wash

20  solution, wherein the wash solution consists essentially of about 10 mM Tris HCI and
about 13 mM NacCl, and has a pH of about 8.0;

(d) applying to the washed column about 6 bed volumes of a strong elution
solution at a flow rate of 0.5 to 2.5 cm/min, wherein the strong elution solution has a
first phosphate concentration of 15 to 25 mM and a pH of between 5.7 and 6.1;

25 (e) applying to the column from step (d) about 15 bed volumes of a weak
elution solution at a flow rate of 0.5 to 2.5 cm/min, wherein the weak elution solution
has a second phosphate concentration that is less than the first phosphate
concentration and has a pH of between 5.7 and 6.1; and

(f) collecting a plurality of eluate fractions that contain the desired IFN isoform;

30 and



22. The nethod of claim2 1, wherein the desired isoformis the oxidized
nmononeric isoformof the IFN. 23. The nethod of claim2 1 or 22, wherein
each of swepsim¥isand (c) are perforned at a flow rate @®@CTAISCHNIPES43311 nut e.
24. The nethod of claim 23, wherein each of steps (d) and (e) are perforned
at a flowrate of 1 cmimn. 25. The nethod of any of clains 21-24, wherein
the IFNis an IFN-a2, the strong el uti @® sol ution consists essentially of
17 mM sodi um phosphate and has a pH of 5.85. 26. The nethod of claim 25,
wherein the weak el ution solution consists essentially of 5 mM sodi um
phosphate and has a pH of 5.85. 27. The nethod of claim 26, wherein the
concentration of IFN-a2 in the IFN solution is between about 1.75 ng/m and

50 The 2o e Bbmeifing 10€ oHRIION sRlaté raGHbAY n WAERLE it e | EN 220

r econbi naddsireddFBrisaforms is less than a desired purity criteria.

22. The method of claim 21, wherein the desired isoform is the oxidized

5 monomeric isoform of the |FN.

23.  The method of claim 21 or 22, wherein each of steps (b) and (c) are

performed at a flow rate of 2 cm per minute.

10 24. The method of claim 23, wherein each of steps (d) and (e) are performed at a
flow rate of 1 cm/min.
25.  The method of any of claims 21-24, wherein the IFN is an IFN-a2, the strong
elution solution consists essentially of 17 mM sodium phosphate and has a pH of
5.85.

15
26. The method of claim 25, wherein the weak elution solution consists essentially

of 5 mM sodium phosphate and has a pH of 5.85.

27. The method of claim 26, wherein the concentration of IFN-a2 in the IFN

20  solution is between about 1.75 mg/mi and about 5.25 mg/ml.
28. The method of claim 27, wherein the IFN is IFN-a2b.

29. The method of any of claims 21 to 28, wherein the IFN is produced in a

25 recombinant bacteria.



