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1 | MPROVED | NTERFERON POLYMER CONJUGATES Nig )
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conjugates do not demonstrate enough of an increase in the circulating life to compensate for the
loss in bioactivity. Problems can also result when a therapeutic moiety's active site (i.e. where
groups associated with bioactivity are found) becomes blocked as a result of the polymer
attachment. This problem can be difficult to avoid since the polymer and protein are
typically joined in solution-based reactions. Pre-blocking the active sites with materials such as
pyridoxal phosphate has been suggested, but the results have been inconsistent. The problems are
particularly acute with lower molecular weight proteins and peptides. These bioactive materials
often have few attachment sites not associated with bioactivity.

Interferons, hereinafier also referred to as IFN’s, are a particular example of proteins

which could benefit from improved polymer conjugation techniques. See, for example, U.S.



whi ch coul d benefit frominproved pol ynmer conjugation techni ques. See, for
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conposi tion have a polyner covalently attached to a histidine of the alpha
interferon. Pr e{rb?r;)e_@pgpct the present invention includes pharmaceutical compositions containing a

mixture of mono-polymer stranded alpha interferon conjugates. In the mixture, individual mono-
polymer-IFN conjugates are defined as positional isomers, depending upon which amino acid
residue is covalently attached to the polymer. Within this mixture is an isomer which is an alpha
interferon covalently conjugated to a polymer at a histidine residue on the alpha interferon. The
compositions are distinguishable from prior art products in part due to the fact that at least about
15%, and preferably at least about 30%, of the interferon conjugates included as part of the
composition have a polymer covalently attached to a histidine of the alpha interferon. Preferably,
however, the conjugates or positional isomers contain about one pblymer strand per alpha
interferon, regardless of where the polymer is attached.

Still further aspects of the invention include methods of preparing alpha-interferon

conjugates and compositions prepared by the methods. The IFN-polymer conjugates are prepared
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composition containing the IFN conjugates described herein to mammals requiring such therapy.

As a result of the present invention, it has been unexpectedly found that additional
improvements in interferon-polymer conjugate compositions are possible. For example, by
modifying the cpnjugation conditions, it is now possible to obtain compositions containing
relatively high activity mono-polymer IFN conjugates in which a portion of the alpha interferon is
attached at unique locations to polymers. In addition, it has been found that conducting the
conjugation reaction with succinimidyl carbonate and some related oxycarbonyl-N-dicarboximide-
type activated polymers, such as SC-PEG, at pH levels which are more acidic than that typically
used for conjugation, will cause the polymer to attach not only at the expected lysine sites on the
IFN molecule, but also selectively on histidine sites such as the preferred His34 amino acid on

alpha interferons.



attached at unique locations to polyners. In addition, it has been found
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At least 24 interferon al'phas (grouped into subtypes A through H having
di stinct arfofylataimmuserespanse Jiumandnterferons are grouped into three classes based on their

cellular origin and antigenicity: a-interferon (leukocytes), B-interferon (fibroblasts) and y-
interferon (B cells). Recombinant forms of each group have been developed and are commercially
available. Subtypes in each group are based on antigenic/structural characteristics. At least 24
interferon alphas (grouped into subtypes A through H) having distinct amino acid sequences have
been identified by isolating and sequencing DNA encoding these peptides. See also Viscomi,
1996 Biotherapy 10:59-86, the contents of which are incorporated herein by reference. The terms

7 & 93 “

“a-interferon”, “alpha interferon”, “interferon alpha” and “human leukocyte interferon” are used
interchangeably in this apphcatxon to describe members of this group. Both naturally occurring
and recombinant a-interferons, including consensus interferon such as that described in U.S.
Patent No. 4,897,471, the contents of which are incorporated herein by réference, may be used in
the practice of the invention.

The purification of interferon alpha from human leukocytes isolated from the buffy coat

fraction of whole blood is described in U.S. Patent No. 4,503,035. Human leukocyte interferon
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134. The Q&%ﬁ,@bi" Gid ﬁﬂo&fan pytpr{t 'l\ﬁa BpiotEE 3£ Al BfEGStion of hybrid ¢-interferon genes
containing combinations of different subtype sequences (e.g., A and D, A and B, A and F) is
disclosed in U.S. Patent Nos. 4,414,150, 4,456,748 and 4,678,751, Typical suitable recombinant

a-interferons which may be used in the practice of the invention include but are not limited to
interferon alpha-2b such as Intron® A available from Schering Corporation, Kenitworth, N.J.,
interferon alpha-2a such as Roferon® A available from Hoffmann-La Roche, Nutley, N.J., and
Infergen® available form Amgen, Thousand Oaks, CA.

Alternate embodiments, where the foreign «IFN is not completely autologous, may be
also used if desired. A key, however, is that the non-autologous «IFN has sufficient bioactivity or
oJFN effect such as antiviral activity in the target mammal. Other substances including aIFN
fractions or predecessor polypeptides can also be included in the conjugates of the present
invention. As used herein, "o-IFN effect in mammals” means in vivo activity corresponding to

that observed with oIFN's. These substances are prepared by using techniques known to those of
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carbohydrate moieties and mercapto groups if available on the IFN can also be used as

supplemental attachment sites, if desired.

In a preferred aspect of the invention, urethane (carbamate) linkages are formed between
one of the «IFN amino acid amino groups (i.e. lysine, histidine, N-terminal), and the activated
polymer. Preferably, the urethane linkage is formed using a terminal oxycarbonyl-oxy-N-
dicarboximide group such as a succinimidyl carbonate group. Alternative activating groups
include N-succinimide, N-phthalimide, N-glutarimide, N-tetrahydrophthalimide and N-norborene-
2,3-dicarboxide. These urethane-forming groups are described in commonly owned U.S. Patent
No. 5,122,61.4, the disclosure of which is hereby incorporated by reference. Thié patent also
discloses the formation of N-succinimide carbonate derivatives of polyalkylene oxides including
polyethylene glycols which are also capable of forming urethane linkages with lysine amino group

targets.
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such as the foregomg, and the like can be used. Those of ordinary skill in the art will realize that the

foregoing list is merely illustrative and that all polymer materials having the qualities described
herein are contemplated. For purposes of the present invention, “substantially or effectively non-
antigenic" means all materials understood in the art as being nontoxic and not eliciting an
appreciable immunogenic response in mammals.
3. REACTION CONDITIONS

Conjugation reactions, sometimes referred to as PEGylation reactions, are often carried -
out in solution without regard to where the polymer will attach to the protein. Such techniques
are also usually carried out at slightly alkaline i.e. pH 7+ to about 9 for conjugating ¢IFNs. A key
to the present invention, however, is that the retained IFN bioactivity can be maximized if the
polymer is attached to a histidine, preferably His34 on IFNc 2b. It will be appreciated by the

artisan that although various species of the aIFN may or may not have a histidine at amino acid



pol yet hyl ene gl ycol (PEG or polypropyl ene glycols, polyoxyethylenated

- pol yols, copolyners thereof and bl ock copol yners thereof, provided that the
wat er solubility of the block copolynmers is maintained. In addition to
mPEG ([err] alkyl-term nated polymers are also useful. As an
alternative to PAO based pol yners, effedivel y non-anti gem c materials such

as dextra rroligdone

hydr oxypr or%y it %é"‘g%y‘f%ﬁgsw’ "ST%eleﬁvrgtgﬁaé%ﬁn(?’ng? até%ﬁ%c?? %{F@N&%’Eﬁs

pol yners, quamlngmmemfattabhedfaomegaﬂab@lumddethe | i ke can be used. Those of
ordinary skill .in the art. will realize th t th foreqoing.list is nerely

1 ustr ot tve. arle PIRSEsSof s preserk vl esifire fnbfides Teqchlie £ thiytionicouSnlE an | beg
her gl{l a{ eall | r‘rttat%;a\bﬂdf tan dﬁlivhnﬂfraﬁeﬁﬁﬁrbt Gﬁyl-bﬁﬁNm@ﬂﬁﬂir}nlld%bﬁgﬁtéﬁbllymer stach Cood
"substanti a Ive non-_anti ni a rraerlasunersoo
in the ar taség ﬁ{‘]‘h’%ﬂ‘%‘i{? ?“E‘?P ‘”?‘F'h °‘§b‘ﬂ?§°€l‘é’6¢%""ﬂﬁﬁ‘unogenl c

response igitaBiwenbofat ledst apB’E{asil;f@l SihEN\ERs to ahnstldmecﬁi%h BOME B4 beact i ons,

sonetinmes referred to_as PEGy atlon reactions, are often carried - out in

sol ution VFNERRof ﬂ\sgm“ﬂdl@bn&ﬁﬁerpemheu'ﬁo|19mc%q the pH il prefegblytbe S\m}ye. n.

Such t echnjcgiiese s ihan HdubPoahdr¥ p&?e"ra[b\lglisﬁlﬂlin dhbutsd. & &HAlchokt prefeddblyifthe- € PH
7+ to about 9 for conjugating [err] A key to the present |nvent|on

however , irangerpd frompboited: Storgbelt BiBN bi oactivity can be maximized if the
polymer is att a‘i‘ﬂ@% %fbn AHitRink ﬂir@ﬁectnqat Mrﬁﬁkﬂé%lu@@c&nﬁwtﬁ? fe 2b. 11

wi || be appreciate e artisan t various specres of the
[err] | FN rmtpclmenhmctmmmém apouti equiriglardo abouanferhswelz srall molar excess ofythe the

interferon coni ?ﬂﬁ%n ak-és &?{Letwﬁ*;ﬁ lﬁteﬂirg{n %Rg}leg?gadhgg %‘} s‘lﬁ

posi ti onal |so ng a poryner at
The proc esquae:avxtbfabaund -8afoldomolar exceses;tprcferablhdmat bﬁé-foldahaidescesseamd mgst a

sol ution co i,nterfero
oxyonr bony et e s Qi eatesitt Pt onilediin FERBhi ool be Eificd ut py gyt
car bonat e- momutumeedummsac. at ipblsonprefetred thatatié Eduplingreaction beoallolvied &l proczed al ent

attachrrent of at .l east. rti.on th ol yner,.strands. tq, a histidi ne,
such as t HS' FHE 5%’%}‘”??—‘%[‘&%?‘]”25; l'g}'f é’%e e ﬁ'h? raftics HAreAHIOB Ul es. 1 n
parti cul arqonﬂ:hmsmrbMddmismmé ﬂrpatyht,ar-nm pasitighdl ispmes) Hieferably, eachlisvg®r édndinsabout

7.0; nore fsr,,?gflee ;;o? 91/' stran% attaéheg1 to tﬁe i(r)tyetrferon %la%plgnurxrxgsagld résnedfugr ﬁl alltgmlat?vet he

embodiments, there can be more than one strand of polymer attached as a result of the process.

|d| ne.

Solutions containing these conjugates are also useful as is or can be further processed to separate
the conjugates on the basis of molecular weight.

Characterization of the preferred one polymer strand-IFN conjugates (isomers) via cation
exchange chromatography into separated peaks revealed that the polymer can be attached at up to
about eight different sites on the IFNa2b molecule. These sites, representing individual positional
isomers, are Cysl, Lys31, His34, Lys49, Lys83, Lys121, Lys131, Lys134. In some preferred
embodiments, the reaction pools containing mono-polymer-IFN conjugates can contain relatively
high proportions of the His34 positional isomer, i.e. about 30-60%, the Cys1 positional isomer,
about 7-20%, and the Lys121 positional isomer, about 7-15%, with the rest of the positional -

isomers comprising the remainder. It will be understood that alternative IFN’s will provide



range of from about 4.5 to about 6. 8. The reaction conditions for
~effecting conjugation further include conducting the attachnment reaction

wi th from about equi-nolar to about a relatively small nolar excess of the
activated polyner with respect to the alpha-interferon. In this regard, the
process can be carried out with about 198-fold nolar excesses; preferably
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4 T OF REA H UPON P P NAL ER
- DISTRIBUTION

The process of the present invention takes advantage of the discovery that the site of
polymer attachment on alpha interferon is influenced to a large extent by the pH of the reaction
system. As the pH of the reaction solution is varied, the reactivity towards specific forms of
activated polymers of the various functional groups such as alpha-amines, imidazoles and epsilon
amines will vary. Typically, polymer conjugation reactions are carried out at basic pHs in order
to maximize attachment at lysine epsilon amino groups. For example, Zalipsky et al. Biotech, &
App. Biochem, Vol 15, p.100-114; (1992) evaluated the SC-PEG reagent for PEGylation and
reported that the optimal reactivity was at about pH 9.3. The method of the present invention,
however, includes conducting the reaction at lower pH’s in order to allow a portion of the

activated polymer strands to attach to histidine amino groups and de-emphasize, but not eliminate,



at | east about 3, preferably about 6 and nore preferably about 8 pqgsitional
- isomers wll be present. For exanple, when IFN[err]2b is used, the solution
will contain conjugate isoners with the polyner attached at one or nore of
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acid residues (i.e. lysine vs. N-terminal amine vs. histidine). |

5. TIONATI F CONJUGATE

Although the inventive process produces a substantial amount of conjugates having a

single polymer strand, conjugates having varying degrees of polyalkylene oxide substitution are

also generated. Residual unconjugated PAO's and «IFN can also be present. This mixture is

typically in a reaction buffer containing one or more of phosphate, chloride and bicarbonate

anions. The PAO, aIFN and conjugate mixture is preferably fractionated in a buffer solution

containing from about 1-10 mg/m! PAO—c«IFN conjugates. Suitable fractionating solutions have

a pH of from about 7.0 to about 9.0 and preferably from about 7.5 to about 8.5. The solutions

preferably contain one or more buffer salts selected from KCl, NaCl, K,HPO,, KH,PO,,

Na,HPO,, NaH,PO,, NaHCO,, NaBO,, (NH,),CO, and glycine NaOH. Sodium phosphate

buffers are preferred.



t he various polynmer conjugate positional isonmers unexpectedly differs, even
- when each of the positional isoners has the sane degree of polyner
substitution. The met hod descri bed herein affords novel attachnent
of polymers such as PEGto a specific histidine residue in |IFN nol ecul es.
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phosphat e Igc Me‘é rarsnmz%gr fhe 5§Ingrgaﬁydﬁm1able quaternary anion exchange resins suitable for use with

feag
.

the present invention are Q-HD available from Bio-Sepra;, QA TRISACRYL® and
QMA~SPHEROSIL®, quaternary amine resins coé.ted onto a polymer matrix, manufactured by
IBF of Garenne, France, for Sepracor, Inc. of Marlborough, Massachusetts; TMAE650M®, a
tetramethylamino ethyl resin coated onto a polymer matrix, manufactured by EM—Separators of
Gibbstown, New Jersey; QAE550C®, and SUPERQC®,_ each a quaternary amine resin coated
onto a polymer matrix and manufactured by TosoHaas of Montgomeryville, PA. QMA Accell,
manufactured by Millipore of Millford, MA and PEI resins manufactured by JT Baker of
Phillipsburg, NJ, may also be used.

The anion exchange resin is packed in the column and equilibrated by conventional means.

A buffer having the same pH and osmolality as the conjugated oIFN solution is used. The



Dependi ng upon the reaction buffer, the al FN-pol yner conjugate contaj ning
solution may first have to undergo buffer exchange/ultrafiltration. For
exanple, the [err]IFN conjugate solutions can be ultra filtered across a
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The temperature range for elution is between about 4°C and about 25°C. Preferably,
elution is carried out at a temperature of from about 6°C to about 22°C. The elution of the
PAO-aIFN fraction is detected by UV absorbance at 254nm. Fraction collection may be achieved
through simple time elution profiles. The preferred fractions can also be pooled in the elution
buffer.
6. SURFACTANTS
In another preferred aspect, the reaction conditions include the presence of a surfactant.

The surfactants used in the processes of the present invention are ionic-type agents. One



12 conjugate-containing solution is then adsorbed onto the colum. At the
- conpletion of the |loading, a gradient flow of an elution buffer with

i ncreasing salt concentrations is applied to the colum to elute the
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conj ugat e e car for a QHD Colum from
Sepjr agor %\(ﬁg%% BBﬁufeﬁ°éﬁ‘8f‘fr§f’t§"t§8r&aﬁﬂ1c ﬂﬂ%ﬁ%e solution (10 nM
NaP(O err] 7:on) PHE . 7 OSREMBYEERS 10 n1\/| NaPO4 to rem)ve any

unr eact ed PAO gnd .t{égreafter a teﬂg%tﬁ‘gﬁ{g | ution wi .
Elution with 1 Pt o2y, GPROsHiongeft °S€B‘d‘e"éf“i’ﬁ“rf§“‘66‘rﬁ *t?&é‘??é&e%?t h
greater t haiRture Jipblyis-IFN $paciébsin WAh R polymRE strafd(s) is/ar@ anbdhed &(iffehNe Sites on
recovers conj u%at es containing 1-2 strands; elution with 150 nM Nad

recovers Uhhteriesoanolacle. In spite of the,heteragaenus nafiee of Hieqanipgatesethg cpmppsitions

bet ween ah@w a fredicable @ﬁph@gﬁcolgﬁe‘%?{ m@/}uclﬁhéﬁru%} thSthEraputi€ SrRbbr e 2
tenperature of from about 6C to about 22C. The el ution of the PAOI[lFarr]IFN
fraction iistederpct edompositignyefdbe preseatdnventiomontpining JERI¢ peoferehly ineludq atdeastay be
achi eved tRLQUEH; S @n& wﬁﬁgawmo%r%amy'a@ﬁm 008t PR hed h&d plefdbly ANS can

al so be pooled int
least about 40% polymer-Hls conjugates While Applicants are not bound by theory, it is believed

r->

that the linkage for the His-positional isomers included in the compositions of the invention is
relatively labile vis & vis that of the Lys-positional isomers. As a result, at physiologic pH, the
compositions demonstrate a relatively smooth onset on activity after administration as well as a
prolonged duration of effect. This profile allows the artisan to administer the composition in less
frequent doses than with unmodified IFN’s.
8. METHODS OF TREATMENT

Another aspect of the present invention provides methods of treatment for various medical
cbnditions in mammals, preferably humans. The methods include administering an effective
amount of an aIFN-polymer conjugate containing composition which has been prepared as
described herein to a mammal in need of such treatment. The conjugates are useful for, among

other things, treating interferon-susceptible conditions or conditions which would respond



buffer. 6. SURFACTANTS In anot her preferred aspect, the ‘
- reaction conditions include the presence of a surfactant. The surfactants
used in the processes of the present invention are ionic-type agents. One
13 particularly preferred agent is sodluntdodecyl sulfate, (SDS). O her
I onic surfactants such as Iithiuntdodec sul fate, quaternary amoni um -

conpounds, i ac 86 aci etc. can
al so be uspeéﬁv{\f)ﬁptlg‘édﬁ%bl Jﬁ';sgﬁep%% g3 kc%’awﬁn 'g&s 5:21 FEE F_ert?ron)? ﬁﬁgq@e
mat eri al s such Gmdmmisyhmyat&eyteam irsmecdrddnae with thepessant ;nvpmioytare)@hémlyethﬁse

ethers (Tritons be use auer, A Cui

Properti eslhaofr‘?'ﬁe ‘%Efgteabﬁ?'&mfﬂg‘ef‘gﬁ’ﬁ%?p of SEpmple, SHRESR %‘FP?“"%‘P@@z)

Cal bi oc heﬁh@@derbon&mﬁls@dﬁc)i woulll respbhdpitively bhfaviritileasthess tinmsare kidwiingke i N 't he
processes of _%re i nyen |on hﬁﬁa t the do not hﬁ%\ﬁse substant. al

denat ur at i B artsiia int gtngmpsqs iveprian, cRoditions thatgas i on.
The surf acieardated Wit imMErSSH HipHa'ther nicﬁﬂ@ tuoeércdaumtmmwcn tredmatttvﬁmfahom about
0.01-0.5 % preferably fromQ.05-0.5 % and rmst@g‘re erably from about

0: 075- 0. 25mtssTeron alpha sigws pome aificacy, baicyhighmayfokbedragiablesyithdnigifarom alphar
PHARVACCKNDGus 1 He AN i frects outweiph tﬂ&%ﬁsﬁecbf%tmaéaexe Fo?@imﬁxfé Liiodfcl the
present invention contain a heterogeneous m xture of polyner-|FN species: in
whi ch t he #56opaBYing elphatherapy Have virtually ruled-ous treatmentiof Epstein Bamgviresusipg t he

| nt er f er oG uigﬁa BrictRPbf 6 ﬁte,t.ta@re@a% REARAANreliiel b Eclitlinatdiide -
conj ugat es, the conpositions have ictable VI VO p armaco | Cnet i c
profile mf&ntsnammnamdso Memhealapq&mrvl@wememf the interferon. '
Conposi tions of r ¢ :
i nclude at | eas Egglo'&togi‘gﬁp"s wﬂ}éﬁ@“ [tgesgghﬁ:hgt t{mééflr}r%% bLt F gjr)tjb y a(t | east
about  30% eeli grafifesatiop rdsbeleablh yamt:ulare:amer @iz dialmmrdqukélmaﬁﬁapblsx's sarcmyna.lgat es.

Wi | e Appl nt re ound the ,eved | nkage
for the Hi &J.:Sl'l?(%l(l) Sr§1¥e?o eté?usrleétg%erm Jn It? ?o d, bas%tlhceﬁ cargmOSI f 6rr|]aslgr(1) {Enﬁanoma

i nvention m&naledaater\mtayleduam deﬂalymphoxm)vanﬂ vtril&tfeonbnst Neithopslimicesioh, tteaement

| SOMErs. A\%ﬂtﬁm{ rt%ron niay%te u&u){o reat?:gndctlogs Whlcl}\]would benefit from inhibiting the replication

of interferon-sensitive viruses. Viral infections which may be treated in accordance with the

invention include hepatitis A, hepatitis B, hepatitis C, other non-A/non-B hepatitis, herpes virus,
Epstein-Barr virus (EBV), cytomegalovirus (CMV), herpes simplex, human herpes virus type 6
(HHV-6)), papilloma, poxvirus, picornavirus, adenovirus, rhinovirus, human T Iymphotropic
virus-type 1 and 2 (HTLV-1/-2), human rotavirus, rabies, retroviruses including human
immunodeficiency virus (HIV), encephalitis and respiratory viral infections. The method of the
invention can also be used to modify various immune responses.

Variants of interferon alpha are currently approved in the United States and other
countries for the treatment of hairy cell leukemia, venereal warts, Kaposi's Sarcoma, and chronic
non-A/non-B hepatitis: interferon alpha-2b, marketed under the trade name INTRON® A
(Schering Corporation, Kenilworth N.J.), and interferon alpha-2a, marketed under the trade name
Roferon® A (Hoffmann-La Roche, Nutley, N.1.), and consensus interferon marketed under the

trade name Infergen™ (Amgen, Thousand Oaks, CA). Since interferon alpha-2b, among all
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conpositions denobnstrate a relatively snooth onset on activity after
admnistration as well as a prolonged duration of effect. This profile
allows the artisan to adm nister the conposition in | ess frequent doses
than with unnodified IFN s. 8. METHODS OF TREATMENT Anot her aspect
of the present invention prow des net hods of treatment for various nedi cal
condi tionsg r.ef er abl thods Lncl ni stering
an ef f ect ?%Pé%[}g?“ﬁ]bﬂgﬂ“fmﬂaé& gﬁ P‘ﬁ d%ﬁ“é“gc%fzﬂ“éﬁ%ﬂ’ﬂﬁ‘ onposi ti on
whi ch has infk€ion, iriemastpeeféfeddoane ixhﬁdtréhfﬁh&n of ﬂﬁorﬁc epariRIC inAcdvedadcoofitisuch
treatnment. The J,u ates are useful for, anong other things, treating

i nt erferoﬂ%@g&e BYERlQy ndi t i ons or conditions which woul d respond

14 posi tivel yAgminfsBtn@dpthé da&nbaﬂﬁﬁacgeem BFbeéveryloftay, ButlidrefiRBiycate & t S t O

I nt erferon-pbased t herapy tlons that can be treated in
accor danc &vigs %we%é)w%vg@waﬂm&mﬁtw ayes atdeass %1 voekipredbyt ipisetiony o

suscepti bl e t OAlihiaRIARAof Melddsd &h%& {nfatiRod RibButardeBis, MaRMscRlar, OF bl e
condi tions include conditions which woul d respond p05|t|vely or favorably

as these gegeptgble systemicomethody Based oncthie indgment pthe attending clinigian, thelameuntied s ed
therapy. R%aﬁh'\i ﬁ&?anﬁfthé@& dmg\Y; BinteR Bsed WAl QJfEbd?Ebsbé %ﬂ&ﬁﬂﬁe& Cked W th

i nterferon orapy G et 0ose con |t|ons reat nt with
an interf @nbme@%hatomﬂf\ﬂsﬁ patient beifg tregesly the ineutrophil edunh@ag thetsevedtytaf ¢het abl e

W Lh 0 CLERLRER) RDZREGARE AR HRIAL biRifthdhy B | AGn e QBN iFe

benefits 0 exa ects acco
t her apy harestmentras gwliénged byt lochl tmxicity areﬁiyrmttmioﬁdemm WoSzgerampintiasd usi ng

interfero a. PRra ihe. pyentd subst antially
reduced o%eg'{'eg m%ﬁbea‘ﬂ "Hgﬁéq"é'éfnsm R0 ngar egaf‘lc? conv intional interferon
al pha treat rrenConventlonal phmﬂmtmlfommhdoﬁsloambealtuprépamdmsxhgtlteroequgﬂe-vm th
interferon include

imted t ollferatlo di sorders, in
parti cul ar°°‘&t31H'8§F°T%°56‘°“s %é{'] Wes(?gtl 'Pvef“é?jkg%egmnkﬁb |°°‘§‘p'§53raé FRPEULR HNi ¢
nyel ogenouﬁ*edtwkxﬁmmofwintdrmda-pm@{eaaagugbas;aﬂnpmioh t&g’tﬂﬁt Withphadisbeidailgnant

nmel anoma, ovarj.an canc cutaneous T and L.ral ctlons.
W t hout | i® Fﬁ?‘é%‘ﬁ&ﬁﬂefﬁ Eaft%ﬁrlewdtwtﬁafi@\f%fm#nﬁmweaén lupiljzers, é'la\eede
condi t i onsnayide aked\iPthe Pradfcraititte ihvedtion, PRarkiabdutichl E&ﬁpdsﬁﬂhd ofadtérfdtordincluding

[ nterferon sen |t|ve viruses. Viral infections which nmay be treated in
accor dancdhQsf ehthe present invention may include diluents of various buffers (e.g., Tris-HCI, acetate,

phosphate) having a range of pH and ionic strength, carriers (e.g., human serum albumin),
solubilizers (e.g., tween, polysorbate), and preservatives (e.g., thimerosol, benzyl alcohol). See,
for example, U.S. Patent 4,496,537.

The amount of the &-IFN polymer conjugate administered to treat the conditions
described above is based on the IFN activity of the polymeric conjugate. It is an amount that is
sufficient to significantly affect a positive clinical response. Although the clinical dose will cause
some level of side effects in some patients, the maximal dose for mammals including humans is the
highest dose that does not cause unmanageable clinically-important side effects. For purposes of
the present invention, such clinically important side effects are those which would require
cessation of therapy due to severe flu-like symptoms, central nervous system depression, severe

gastrointestinal disorders, alopecia, severe pruritus or rash. Substantial white and/or red blood
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I nvention include hepatitis A hepatitis B, hepatitis C, other non-A/ non-B
*hepatitis, herpes virus, Epstein-Barr virus (EBV), cytonegal ovirus (CW), -
her pes si npl ex, human herpes virus type 6 (HHV-6)), papillonma, poxvirus,

pi cornavi rus, adenovirus, rhinovirus, human T | ynphotropic virus-type 1 and
2 (HTLV- 1/-2), human rotavirus, rabies,16etroviruses including human

i mmunodeficiency virus (HV), encephalitis and respiratory viral

i nfecti ons.cﬁﬁﬁ‘};?@'i"mzme gbpermalities or ansmiaclike canditionp arealso dosedimiting. f y var i ous

| mune response | sous AR . LV,
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15

al | treatment indication. .

I nterferons, has.the broadest approval thro out .the world fqQr treatin
chronic hepatitia® chﬁ?ﬁagﬁmmg{'?@"% f”“pfbj% EPPEHS‘E‘HPW@"PW‘H?@“’ °
treat ment odapsuy lgvbglgliz!&e pénivder ioﬁth@lik? pf:bﬁﬁ@dé d@amgxgwé biethBdsaG4ll l&@wﬁlﬂ)n thbere. 1t

i nvention. . I stratjon of the descrjbed dosages nay be ever
other day, BB° ?@teﬁwgf‘%r@%l Bﬁw'%ﬂff‘iﬁf‘ég'“@%%‘?"ﬂ&ﬁ§%§ﬂyatfyéxﬁwﬂlt?r§l d
adm ni st er edute\aRliough ofabaSihhafutiddrolRS knap 8%b Blusey ddpehdieg UpdR the needs of the artisan.
Adm ni stration of the dose can be intravenous, subcutaneous, intranuscul ar,
or any other acceptabl e systenic net He¥AMBIESY on the judgnent of the
attendi ng clini ghatollotihg erdrpidiiserot tdjgfrb‘ﬂdé‘ﬂmlé?ia?ﬁr@éiﬁﬂn%ﬁﬁhe iREntioh Ba{ 4FE Rt
regimen used wi | I, of course, be dependent on the age, sex and nedi ca

hi story of Me8tIBARY Wi topestricy theefipgtive scopeaf theigventiphi | count (e.g. the

severity of the neutropenia), the Se@Aﬂlﬂﬁfl the specific disease
condition and the tol erance of the patie 0 the treatnment as evidenced by

| ocal toxicity and by s¥spamafion of refdNel i) and frequency

may be determn | AT %&fﬁ' ) f outt £ 0RD) Ny,
Convent i onal phﬁ%&%ﬁ%é&%@%l at’i 2ﬁ’s&g§rr;ﬁbae&§%g8§?ée%%§§ﬁj {Glg‘l’%hg t he
conj ugat e- Cayperafion, KenilwonthdNéw Fenseg wasé canfupated etk adtivated polyétiniene Flyeol-N-

formul ati ong GammE 'ﬁrﬁorﬁté@%[%uats Idgs%‘ll'ﬂl)ex in U.S. Patent No. 5,122,614. The polymer had a

molecular weight of about 5,000.

36 mg of the raIFN was dialyzed into 0.1 molar sodium phosphate pH 7.5 using a
Centricon-10 (a product of the Amicon Corporation of Beverly, Mass.). The final concentration
of raIFN was about 3 mg/ml. 0.1 ml of 10% SDS was added to the reIFN and was allowed to
incubate at room temperature for 10 minutes. Thereafter,-42 mg of SC-PEG; oy was added to the
proiein-SDS solution and stirred at room temperature for two hours and then quenched with
glycine. Next, the reaction mixture was dialyzed into 10 mM sodium phosphate pH 8 to
fractionate the PEGylated IFN using a Centricon-30.



effectlve anount of the interferon-polyner conjugate conposition together

- with pharmaceutically acceptable carriers. For exanple, adjuvants,

di luents, preservatives and/or solubilizers, if needed, may be used in the
practice of the invention. Pharnaceutical conpositions of interferon

i ncluding those of the present inventid¥¥ may include diluents of various
buffers (e.g., Tris-HC, acetate, phosshate) havi ng a range of pH and ionic
strength, carriers (e.g., human ser solubilizers (e.g., tween
pol ysorbate), and preigéﬁgﬁg%gﬁtggiggﬁ Eﬂkﬂﬁ#ﬁﬁﬁﬂ_ﬂﬁsgii%&alCOhOl) See,
for exanple, U S. Paten anoun the [err]-1FN
pol ymer conj ugkuthis Bxarpié, shesstapal of Exampleal werh cepeasediexcens that thepolyethilenerglysob i s
based on nt that
o aut 11 oy pl i it e boye 32087 KR BBk B0 el Bl AT

Al t hough PEESg conjugate. dose mnll cause sone Ievel of side effects in some

patients, the maxi mal -dose for mwm ng humans i s the hi ghest dose
t hat does not cause unmanageabl e cl =i nportant side effects. For

pur poses of the present |nven&hﬁmnmnmnhﬂuﬂﬁhu@nuﬂy i nportant side effects:
are those whic d require cessation. of t 0, Sev e fI i ke
synpt ons, centﬂ’app# ﬂ“"&/’@? saée}g?rgggﬁagﬁo g’ﬁlégﬁ?ﬂpﬁ? bwﬁfe Fed

di sor der s to abtaip ¢ c&sxreae\mce,‘o.g fradtioh U ThOPEGaZN uﬁabmhqmbspahtewﬁrw hdder red

onaror 11 9Bio R QED gaion SRR Pl The 2 BEG fastion was clsubi asredienidom &9 dose

l'imting. 400 mM sodiNi &HicHden 10 MR1 SHRSPRERPHE. THRQ-PEG fridtion WA drifled using size
conpositions will vary sonewhat dependl ng upon the [err]IFN nmoiety and

pol yner sd&kgesioashromatogeaphy and  however, the conjugate is administered in
anount s rqmﬂgmggﬁfon1about 100, 000 to about several mllion IUnferr] per
day, based on the mammal's condition. The range set forth above is
illustrative and those skilled in tEXAMPLE4 determine the optimal dosing
of the conjugate sel ected bas%ﬂuﬁ&ﬁﬁﬁdllﬂﬂﬁ ence and the treatnent

i ndi cati on. The pharnmaceuti ca conp05| |ons may be in the formof a
sol ution, susp&hepalymericaningates of Example? wespdisptionhted in thomerner dascritied in i ke,

pr epar ed nown in the art. It is also
contenplateg )gb%ﬂ%&%?%???ﬁﬂ%?%ﬁ&%?ééuch conpositions will be chiefly. by

the parenteral route although oral EXAMBOES 5t8 on routes may al so be used

dependi ng upon i trl]\gse%%a?rg ﬁes addﬁt{%%al E%J{'etp'arsafl iotis of PEG,, o4o-r¢IFN were prepared as described

previously except that no surfactant was used. Following the conjugation reactions, the samples

were tested for retained activity and PEG number. The results are provided below in the table.

Table 1
IFN-PEG;; 00 ACTIVITY (CPE)

PREPARATION % OF CONTROL PEG #
Example 6 _ 26 1.2
Example 7 26 1.3
Example 8 24 1.0




EXAMPLES The foll ow ng exanpl es serve to provide further
-appreciation of the invention but are not neant in any way to restrict the
ef fective scope of the invention.

EXAMPLE 1 Preparation of r[err]IFNNPEGerr], in
presence of SDS (0.1% In this ex3®ple, reconbinant [err]|FN 2b,
(r[err]IFN), a product of the Schering-Pl ough Corporation, Kenilworth, New
Jersey was conjugated with activat edM@g@ ene gl ycol -N- succi ni ni de
carbonate (SC-PEG as described in @oﬁpargffw;eqjyta'\b 5,122, 614. The pol ymer
had a nol ecul ar wei ght of about 5, 000. of the ral FN was

di al yzed i nt o 0. thissixample, dbe Mndtphgfsﬁmmpb 3p($D/S-ZrP5§rsﬁh§ra§’1‘ﬁe RtBE@eereIfN (a

product of h

concentration o‘fme?gr rcF%Engwas a 8““@%8%%’“‘%%%"’ e;ﬁ ggg}h 'g%lés &ggm‘én
to the r| erus]xgml‘éiwsawazethem%m challenging, A 54%chuman huog warciserpe cells.u€izculasing m
mnutes. T DS
sol ution an 585"?" e %4%3%@%%@?%&?@% Mﬁ}%bﬁgﬁgﬁ% éa?sal?lgim%g%&%{ﬁeh ?hed
with glyci rmxlhomlmnlts, wﬁthamle«pamtsltdcennvermdaﬁ was dialyzed into 10 nM sodi um
phosphate pH 8 to fractionate the PEGyI | FN using a Centricon- 30.

17 MPLE 2

Preparatiorffol rlerrJiFNPEG §rr], I n presence ol S [ L% h this
Exanpl e, t steps of Exanplell gpeqt e Eﬁtoth tihyl ene
P o A i e e Stk

gl ycol had nmol ecul ar wei ght 00 on

the sanme tg| provide the PEGefr] conj ugate I
EXAMPLE 3 Ffacti O(REF)_UT’aml on

‘ll’l

r]1FN

In this Ex eEGigat es prepéfed i) accorddnce wi| wer e
fractionat |nthe dewredgoPEGB[err]frgStlon I FN in
sodi um phosiptra 5t 8 +—nwas—tpadet—onto—atOHB—antor—exet The

2- PEG fract| oniFmas_el uted with a gneali ent |from 0150

This data clearly shows the advantages of the inventive process. Retained activity is over
twice as great as that obtained using standard techniques.
EXAMPLE 10
In this example, various pharmacokinetic data was generated using 2PEG-raIFN
conjugates prepared according to the methods described above. These samples were compared to

unmodified IFN according to the protocol set out in Table 4. Sample B was prepared with SDS.

Table3
SAMPLE PEG MOLECULAR CPE ACTIVITY
WEIGHT (% CONTROL)
A 5,000 35
B 5,000 69
C 12,000 26
D 12,000 26




400 nM sodi um chl oride in 10 mM phosphate pH 8. The 2-PEG fract i.on was
- verified using size exclusion chromatography and SDS- PAGE.

EXAMPLE 4 Fractionati on of 2PEG

[err]r[err] I FN The 'pol yner conjugates of Exanple 2 were fractionated
in the manner described in Exanple 3 ark? verified in the same manner.
EXAMPLES 5-8 In these exanpl es, additional preparations of

PEJ err] r[err]E‘FN"W@ prepared as descri bed previously except that no
surfactant was used. Follow ng the co #‘# on reactions, the sanples were
tested for retained activity ansififd ‘ PRE results are provided bel ow

in the tabl e. ANIMALS: Sprague Dawley (3 rates/tlme point) Table 1

| FN- PEG12, 000 DOSE: - 10k UN FN/ratpE) PREPARATI ON

% OF CONTROL ROUTE: Subcutapeogs 8.C.) Exanpl e 6

26 DRUG: 1. 2-PEGHFNs 5006 and 12,000 mol. wt. PEG 26
1.3 Exanpl e BIMEPOINTS: . Omin, S min., 15 min,, 3024in., 1 hr, 2br, 4 hr,, 8 hr,, 24 hr,, 48 1.0
18 hr., 5 days, and 7 dayEfoliywing dgug administration.

Conpar at i ve DaASSAY: | n t hCBE dssaprphing serunesampled ircan ENMIC FicasgndAS39 human
(SDS-2-PEG [err]r[err]I FN), bngp&®fisomd.r[err]|FN nade in the absence of a
surf act ant andAUGcoAjea §daCuryes Crl. I Thit:, Miesfc- alldevehicir ganerally aspribed snedsivgsr ni ned

using a &% (Ve rus chal | engi ng A549 human |ung carci noma
cells. Grc ‘?'?f‘m{oseowrdﬁ' S et erm ned using an average val ue obtained from

the blood of 3 rats in a group receTableéfdndd | [ ion units, with tinme points
taken over 7 days. Summary of Pharmacokinetics Data for PEG-Interferons Tabl e 2
| Table 5
IC,, : % Cmax
SAMPLE (pg/ml) ACTIVITY AUC (IU/ml)
NATIVE IFNo 1.52 pg/ml (N=6) 100% 145,720 | 60,000
A .| 4.0 pg/ml (N=3) - 35% 348,920 | 24,433
B ' 22+05pgm(N=3) |  69% 351,037 -
C 58+22 ngl(N=3) 26% 1,574,682 | 62,750
Table 6
SAMPLE Ty (hr) | T, « PHASE (hr) | T, p PHASE (HR)
NATIVE JFN¢, 1 0.17 -
A 4 : 6.8 48
B 23 5.8 -
C 8 12.1 33

The foregoing data provide the following conclusions:
2-PEG-raIFN conjugates prepared with both 5,000 and 12,000 molecular weight have
distinct advantages over unmodified interferon in mammals. In the case of subcutaneously

administered compositions, T,,, is substantially increased by the conjugation of the protein with



VI RAL Cl RCULATI NG ACTIVITY (9
- PROTECTI ON HALF LI FE

ASSAY I err] [err] PHASE

(pg/m) (HRS.) A [IFNSDS 2-PEJ err] 69

2.2 _ 5.8 B. IFNPEG 20 30 4.0
6.8 C

| F o 100, , e '
0.17 sbout PEG For %T%WW‘%?M“%E«@N%?&%@&“‘SP“%%"W%F&W@ |
process. Rgit3bdufthgd@ininistrations Sudte he lenlitieRind 6f Gé BdrhtichoflelTett. BRnahdied USi ng
standard techni ques. ) EXANMPLE 10

In this exuigspestedyhoveserswitthe RelchkiZrRRGronaiistipiarefbinde spagedediyigorease
2PEG r[ er r KiicyQRBY 10681de ThRIGRMMANE therrekar stedighdeOht BEveRARE Prop6riohd! BS@e

above. These sanples were conpared to unnodified IEN according to the

prot ocol s@dditionel polymerweight4Cleatlyntherapeytipadvapteggs arergalized by thypgnexpected

Table 3 increase. Ret ai ned Activity

SAMPLE PEG MOLECULAR CPE ACTIVITY \WEIGHT
(% CONTRQL) ‘ A EXAMPLE 11 5, 000

35 B Effect of pH. 3,]&38 " 69

C 12, 000 26 D
12, 000 In order to probe thid 6ffect, the polymer conjugation (PEGylation) reaction of Examples
19 4

E%rwﬁ)l(@p@tlefﬁsing MPEG,, oo (no surfactant) at four different pHs, 5.4, 6.5, 8.0 anJ ?(H).e
The ratio 0f 2.6 grams of SC-PEG;,, o to 1 gram of IFN (molar ratio 3.9:1) was used for the
reactions at pH 5.4, 6.5 and 8.0 while the ratio of 2.1 grams of SC-PEG;; o to 1 gram of IFN
(molar ratio 3.2:1) was used at pH 10. At the end of the reaction, glycine was added to quench
any residual PEGylation reagent. The product from each reaction was then purified using a Q-
hyper D resin at pH 8 with salt elution to remove unreacted ingredients.

The purified conjugates obtained at the different pHs were evaluated for their biological
activity, hydroxylamine sensitivity and distribution of positional isomers. Biological activity was
determined by specific activity (MTT-CPE assay).

Hydroxylamine sensitivity was undertaken to determine what percentage of the conjugates
were PEGylated at histidine sites, including the IFN-His34. Hydroxylamine is a known reagent
that we have found to selectively cleave PEG from IFN histidines. An aliquot of each of the
samples (50ul) was diluted with 0.45 ml of 10 mM sodium phosphate pH 7.0 An aliquot of this
protein solution (150 ul) was treated with 150 ul of 0.5 M hydroxylamine and incubated at room
temperature for 60 minutes. Thereafter, a volume of 75 ul was loaded on.a Mini-S column
(Pharmacia Biotech) for cation exchange chromatography. Mobile phase A included 10 mM
sodium acetate pH 5.3 buffer and 25% 2-propanol. Mobile phase B contained 500 mM sodium
chloride dissolved in mobile phase A. The flow rate was set at 0.5 ml/min and the eluted protein |
was detected at 214nm. The individual PEG-IFN solutions were diluted with 10 mM sodium

acetate pH 5.3, containing 2-propanol (5%) to 1 mg/ml protein concentration. Injection volumes



Phar macoki neti ¢ Prot ocol . ANl MVALS: Sprague Dawl ey (3

rates/time point) DOSE: 10x10[err] UN I FNrat ROUTE:
Subcut aneous (S.C.) DRUG 2-PEG IFN[err]'s 5,000 and
12,000 nol. wt. PEG TI ME PO NTS: Omn., 5mn., 15 mn., 30

mn., 1 hr., 2 hr., 4 hr., 8 hr., 24 hray 48
hr., 5 days and 7 days follow ng drug adm nistration. ASSAY:
CPE Assay ramsedn@ors 89 tm3tsitindependinigrupam thelprotein conserdration\sA indargradient was used.

| ung CarC*r}lQFE@ulfsl set foft tﬁeﬂb‘?@7U€i§lF‘in@x{'i= {derr] Tlerr]ferr],

Tlerr][err ave elr genera asc d meani ngs known to those of
ordi nary ski | | Figure 1 shows the overlay of the chromatograms obtained fronTthy Miano<S cation 6

Sunmar >5/ Okme@%%{oﬁ%kf éoh% & tﬁé)&iﬁ'ggrr?&fire}%aﬁ:}i&? £r%9|§cts. The sy}g of polymer

Tabl e
Cmax corfpigaEbrtfor each positional isomer (wag detérnined by digestion\GXTihdividival peaks froMUC

I U/ mi J1 VE .| EN 1.52 Ll ((N= . 0% 145, 720
ESO, OOO) ANAﬁon exchange[c‘la‘xr nlatography Bsxwrmegl?(@%z;mes??rypsm, ggﬁo(%easg h% S
24, 433  Bor subtilisin), isolation of PEG{lated frélgrivenpsgdridl aaiilysty) by N-terfafddb sequencingdiml, rhi3y’

S 5.8 2.2 pg/n (N=3) 6% 1,574,682 62,750
Table 6  SPECURSRPY. F Tlerr] (hr) Tlerr][err] PHASE (hr) T[err]
[ err] PHASE (Hiy seeNﬂﬂ'thé/EgdrE Mecdistdibution of thé p%s|t18onal isomers changesignificantly aZ éhe 5

A
2_ 3 pH of the reacgogchanggs The higher the pH, the less Hisg4-linked PEG-IFN and, lesf> 1
33 drahi@cdlg) @ PiliRd PHGRIFN SHautes ddifroliRkd.OWi Ng concl usi ons:

2-PEG r[err] I FN conj ugates prepared with both 5,000 and 12, 000 nol ecul ar
wei ght have di SebleZ suaierriaes theypscifc bipactinoasidetemninedising the MATIGPE Rioaveys. | n

the case @ BNQRUHRARBYR OF mﬂfaeﬁéeﬂhﬁéﬁﬁeaﬁﬁém%h b'sﬂlf‘%adr%ﬁﬁ\h]e'f& 2 hours at
subst anti aI I g i ncreased by the conj u%at I on of the protein wt
for the different conjugate products. These findings confirm that the dlfferences seen in

Figure 1 can also be related to different biological characteristics of the products. When the
conjugation is conducted at a higher pH (i.e. 8 or 10) the products formed are less bioactive and

more resistant to hydroxylamine, which therefore means that at higher pH’s, less polymer is on

His34.
Table 7
Bioactivities and Hydroxylamine Sensitivities of PEG-IFNs Generated at Different pHs
Reaction pH Specific Activity % of Conjugate
(CPE assay) Converted to IFN by
MIU/mg Hydroxylamine
5.4 61.8 56%
6.5 74.5 4%
8.0 33.3 8%
10.0 27.8 < 1%

The above resuits indicate that pH is a key variable of the conjugation reaction and that

the relative distribution of the positional isomers varies dramatically with pH. Unexpectedly, the




20 about 2 PEGs. For chronic conditions, longer T[err]'s are desirable
-and allow clinicians to space out recurring admnistrations due to the

| engt heni ng of the duration of effect. Even nore unexpected, however, was
the fact that 2-PEJ err conjugates are able to unexpectedly increase AUC by
over 10-fold. This dramatic increase in aeea under the curve was not
proportional to the additional polynmer weight. Cearly, therapeutic

advant ages bioactivitpéfi themdsubtant (PRGN eixprecofipdsitional isensess is also affected.

EXAMPLE 11 fect of pH on PEGyl ation

In order to probe this effect the DWE% ugatlon (PEGyI ation)

reacti on of Exanples 5 purisort ¢flifrethae LlinkageF ayiing ¢dPolymeard act ant) at

four different .he ratl

SC-PEJerr]to 1%?‘3%’8?‘”" ef‘rf%lpgrmrrg”(cﬁ%" %"“5'1_335 Wasol gar%d lfzsm% 91;] “ég’E’F i ons

at pH 5.4, ofdrethid lﬁk& to\kde lifthé dveivating igroup hadany roje indetenhiniBGtHesith ef’ pdlymer 1

gram of 1FN t.io.3. 2:1) wa 0. At end. t he

reacti on, F%NF’H ioaftty- %‘%ﬁ‘@ﬁﬁ%%%%&?%ﬂy‘ﬁﬁéﬂ@"m&ﬁm %ent The

gr oducr:]t flroaars@ﬁl {t MWer2, 000 {[SCPEG,| Qﬁ)hswglltﬁdaﬂleuaiaﬁ@leﬁw@cdﬁmﬁﬁdvﬁ!hr esin ag pH
with salt elution to renpve unreacted ingr i e

conj ugat es awthaxypaly(ethyleng glyeal)-2-pyridyt cagiqa M’@v‘ﬁ’i&? B Chagro) ¢ J??E &L

bi ol ogi cal muu\s'mésmgiwﬁ\af@drﬁey&eﬁ%ageheé Iférynte&éioxdalﬁ{aubtmtmo Thef

positional isoners. Biological aCtivity was determ ned by E{')GCI fic act| vity

( MTT- CPE as §enjugation reactions yyefe eargiedsqut fx bewbrreagents i SGPE g At &t B Gno: &t p

determ ne Wgalan@eh, se@r.@&%dﬂtnstl}agdﬁ ﬁéﬂﬂ@hﬁ& maseg?ﬁ@um% £6¥ b
sites, including the | FN-H s3 Hé@ [am ne is known reag}gnt t hat We
p

have found wen IS@GRE(iﬁedo@@@lHeﬁa%é) am@FNGtﬁ §l S PR Eks.000 @ PH |10 Quitnd D
each of t heﬁé?ﬁg}: éﬁ)ﬁ[ l%rd Ith %ac“ﬁfl 68 Ll &3, Wotlhn&aﬁﬁud%f I‘EfG o A SRdi |

phosphate p protein solution (150 [err]l) was
treated w t lkach®B 100 ¢asé, a@fz DmalaMah«ydeﬁmlafnvmxsﬂndrhemméﬂe@ veare ghesen to

t enper at ur ele\f/a?Jate(qgﬁfﬂhHéﬁtcggf Eﬂ%&&% Lﬁ Ca)url P&Mﬂ?c&ﬁro&ﬁmﬁ thd AR rohu?&ded on

a Mni-S co armama ot ec |on exchtange chronat ogr aphy
Mobi | e phase A i Tied codiagatédmarbfial ﬁdmwmhaemlem eonditioh was teudvlémd apchtdsted for

2- propanol . ' eg. 0. mV.sodi u chI ﬁ‘ sgolved in
nobi | e phas 8]\% qﬁ“{?&“ﬁ’é&/"ﬁéf%" ‘ip°§ fsg’%lmcﬁ'. qﬁ’f‘ﬁlt}ona P "Hsds ¥ gl&*" ?ed prot ein
chromatography assay.
The PEG-IFN generated by reacting IFN with PC-PEG;, o, at pH 6.5 had lower biological
activity than that made with SC-PEG;; o, in spite of both reagents forming urethane bonds. Thus,

..U

it was shown that in spite of the similarity between the linkers, SC-PEG, an oxycarbonyl-oxy-N-
dicarboximide-activated polymer, more preferentially attaches to His34. Interestingly, however,
the PEG-IFN products generated b)} carrying out the reaction at pH 10 with both PC-PEG,;, o
and SC-PEG;, o, had similar biological activities. In both cases, however, the activities were
lower than that obtained for SC-PEG;, o at pH 6.5.

Mini-S chromatography assays showed that histidine-34-linked PEG-IFN is the major
positional isomer present when using SC-PEG;, o at pH 6.5. Lysine-121-linked PEG-IFN is the
major positional isomer present when the reaction is carried out at pH 6.5 using PC-PEGy, o0. At

pH 10, Lysine-121-linked PEG-IFN is the major product using either reagent. See Table 8.



was detected at 214nm The individual PEG IFN solutions were diluted with

- 10 mM sodi um acetate pH 5.3, containing 2-propanol (5% to |l ng/m protein
concentration. Injection volunes

21 ranged from10 to 30 [err]l, "dependi-ng upon the protein concentration.
A linear gradient was used. The results23re set forth in the Table 7 bel ow

and in Figure igure 1'shows the. ove of , t.he chropat ograns
obt ai ned from tj‘rh'és' R §Fat‘:'§'l°i and g g °B¥%’r°5¥f§llt"g %P&H?‘Qﬁ'ﬁqtﬁﬁﬁgg?l e

di f f erent Ii:e_stm, b@ﬂucg:ro?ﬁiugété‘s-vaﬂél;ﬁrﬁ(hlﬁ@e?fo@&k %Mi&h Siﬁﬁ-afj weﬁl :b@&bﬁa Ejf;' each
positional jsoner was deternjne , digestjon of individual peaks from
cation exct ing ﬁ?%ﬁ?%%dfgv'ﬁﬁg testralmes such a5 RePEGiza0ia place of

V8- pr ot eassc.pgt}xl trypsin or subtilisin), isolation of PEGyl ated fragnents,
and anal ysi s b%_ term nal sequencing and nmass s ectrosgogé. . .. As seen
in the figure, Theabayr sateriplscontainedriess Han Sthdptal drPRG and soulti-BECHEN s indicated

si gni fi cargytie da-dxBBsiEPLC hfigy. r eaction changes. The higher the pH, the
| ess Hi s34-1inked PEG|IFN and,” | ess dramatically, Cysl-linked PEG |FN

products are produced. Tabl e 7 Xabledari zes the specific bioactivity
as determ ned using the MIT- Dl APSIShis REsal Risidfad the amount of | FN
rel eased upon treatnment with O “Aydr oxy NE 2 hours at 25[err]C for

the different conjugate produPEAK NUMBERf-(AgaRstcentdnfirm t hat t he

di fferenc en in Figure 1,can.also pe rglated to diffgrent biological
characterie%nlﬁ%ﬁs of the odugt S. he ?onj u'gatiozg isgconduct ed at a

hi gher pH §C-PEG; 8615 10)2.t he 6fr odN®X s G.Or nddl.8ar £6| esk4 bi ddsdti ve and nore

resi st ant draxyl am pne, j ch t hergf or ans t a i gher pH's, less
pol yner i sﬁgﬁﬁﬁr g@ﬁé NG W ;9 geg BIS % ESB Table 7
Bi oacti vi t S@PEGnpHIYdr oxtybanmNm Seas8i tind t 585 09.5PEG.1 FNS.8Gener at ed at

D fferent i tio H eclfic tiyity % of
Conj ugat e %EG"%% 'NB” XD 96 13%35'3555@? 357778 Converted to
| FN by M U ny

Hydr oxyl a%?not%étﬁcted 61. 8 56%
Peak Assignment: Peak 2: His-34 linked PEG-IFN ; Peak 4: Lys-31 linked PEG-IFN;
Peak 5: Lys-121 linked PEG-IFN; Peak 6: Lys-49 linked PEG-IFN;
Peak 7: Lys-83 linked PEG-IFN; Peak 8: N-terminus (cysteine) linked PEG-IFN
EXAMPLE 13

ion Exch hrom hy Ch rization
In this example, analytical separation of several batches of PEG-IFN product produced

using the procedure of Example 11 (pH 6.5) was carried out using cation exchange
chromatography in order to determine the sites of polymer attachment and identify the individual
positional isomers. The cation exchange apparatus was a Mini-S column (Pharmacia Biotech).
Mobile phase A included 10 mM sodium acetate pH 5.3 buffer and 25% 2-propanol. Mobile
phase B contained 500 mM sodium chloride dissolved in mobile phase A. The flow rate was set at
0.5 ml/min and the eluted protein was detected at 214nm. The individual PEG-IFN solutions
were diluted with 10 mM sodium acetate pH 5.3, containing 2-propanol (5%) to 1 mg/ml protein
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Table 9

r rcen ntification of PEG-TFN Batch ion Exchan hrom raph

Batch | Peak 2 | Peaks 3/4 Peak 5 |Peak 6 |Peak 7a | Peak 7b | Peak 8

1 2.6 53.2 53 14.2 6.5 34 17.2

2 1.5 54.7 33 12.6 6.1 3.2 18.6

3 1.6 55.3 24 11.9 5.5 32 20.1

4 1.7 55.1 2.6 11.6 53 3.1 20.5

5 1.7 543 27 11.8 56 32 20.7

6 1.7 54.5 26 11.8 53 29 21.1-

7 1.9 542 23 11.6 52 32 215

Main Peak Assignment: Peak 2: Lys-134 linked EPG-IFN; Peak 3/4: His-34 linked PEG-
IFN; Peak 6: Lys-121 linked PEG-IFN and Lys-131 linked PEG-IFN; Peak 8: Cys-1 linked PEG-

IFN.



activity than that made wwth SC-PEJerr]in spite of both reagents form ng
- uret hane bonds. Thus, it was shown that in spite of the simlarity between
the linkers, SC-PEG an oxycarbonyl -oxy-N di carboxi m de-activated pol yner,
nore preferentially attaches to Hi s34. Interestingly, however, the PEGIFN
products generated by carrying out the #®action at pH 10 wi th both

PC-PEJ err] and, SC-PEJ.err] had sim,|ar_biological a jties.. In both
cases, however Ihespeesulisiflusirate that g apiorify pfithe RSP SEEe DR inpes nd 4 (s

SC- PEQ e 13l Fihkd VG- The resultsMsB ishow hBY QAR & Whil Yvas &M Ed, TRKEdnd hat

hi stidine-34-1inked PEG|FN is the major positional isomer Er esent when
usi ng’ SC- PRUPRAtesT7ese fogppd@yatta{wth@mer t9 yhigtidinoratherthan one ofthe fysing pmino
posi ti Onalgi'é‘l?’ g@ner present when the reaction is carried out at pH 6.5 using

PC- PEJ err At pH 10, Lysine-121-1inked PEGIFN is the major product using
e| t her reagent ! iseemtmdyn@t@f the i mventxon will be apparent to one skilled in the art from a

oxycar bo nycg OXY- twgf@%(rasg%iﬁc%&d g ctivat g‘éq‘“ﬁ“‘“ d's‘:losefd heregjc-lﬁﬁé,'tendedt fte
conj ugat eshedpedificatiomandrexspopleghecdusidesedal pmptam with thetpreadepsadd bpirit of

?ﬁbfﬂt :’iggt LP%%EEE&%%?&%St o@%"t"n% .ng activated pol ymer such as PC PEG

ertals contained | ess than 5%t ot al
di -PEG and nulti-PEG | FN as indicated by the size-exclusion HPLC assay.

Table 8 Summary of M ni S Assay Results

PEAK NUMBER - (Area Percent) Sanple - 1 2 3 4 5
6 7 8 SC-PEG pH6.5 2.1 63 "ND 0.7 11.8 5.6 3.4

13.3 PC-PEG pH 6.5 ND 4.8 9 9.6 33.8 13 3.8 25.9

SC- PEG pH 10 ND ND 14.8 11.2 57.6 9.5 3.1 3.8 PC-PEG pH 10

ND ND 9.6 13.8 51.7 13.7 3.5 7.8



ND: not detected Peak Assignment: Peak 2: Hi s-34 linked PEGIFN, Peak 4:

- Lys-31 linked PEG I FN, Peak 5: Lys-121 linked PEGI|FN, Peak 6: Lys-49

| i nked PEG I FN; Peak 7: Lys-83 linked PEGIFN, Peak 8: N-termnus
(cysteine) linked PEG | FN EXAMPLE 13
Cati on Exchange Chromat ography Characte@bzati on In this exanple,
anal yti cal separation of several batches of PEG | FN product produced using
t he procedEAbIS SLAKNE (pH 6.5) was carried out using cation exchange
chr omat ogr aphy 4 n or, ] a: : g&{%% and
identify the i nldi Vi c?uaa"‘?)agglﬁﬁlggg})&??g’%@% aemgxg??g%d@?gﬁgﬁge appaerr atus
was a M ni-S col unm ceniegatenositionabisemers, Whereigsiie o€ saishposisional jspmpns geriprises #n\]

sodi um acetate pH 5 %9%1 08 o ' ﬁ%ﬁi ggm. i.ned
500 mM sodi um chl or F%gpicr}l{eg@{?flve %ﬁ/&%@?@@%@ga%@h@n]&?o r°§t° vvag %set
at 0.5 m/min and t histidhenesiduegnnceidialphpimterfdeonect ed at 214nm The i ndi vi dual

PEG | FN sol uti aps m%ﬁﬁ%&eﬁ' :)rtg?}égowﬁo&gonrg}dcﬁﬂgi,%ﬂe?efnestaﬁta?phgﬁtéfe;’dn gont ai ning

2- propanol (5%9to |
24 concentration. lmerfcdn dpha®bl unes ranged from 10 to 30 [err]l, depending
upon the prot el ConpeRtl Aldcaal chifoliib H4a¥, WG it B0 slis:s Y55
0 100 4, The pharmaceutical composition of claim 1, wherein said mixtubt3of said alpha 7
50 83

inlte7rferon positional isomers comprises at least about 3 positional isomers.

' 5. The pharmaceutical composition of claim 4, wherein said mixture of said alpha

| interferon positional isomers comprises at least about 6 positional isomers.

6. The pharmaceutical composition of claim 5, wherein said mixture of said alpha
interferon positional isomers comprises at least about 8 positional isomers.

7. The pharmaceutical composition of claim 6, wherein said alpha interferon is alpha
interferon 2b and the positional isomers are selected from the group consisting of
Cysl, Lys31, His34, Lys49, Lys83, Lys121, Lys131 and Lys134.

8. The pharmaceutical composition of claim 1, wherein said polymer comprises a
polyalkylene oxide.

9. The pharmaceutical composition of claim 8, wherein said polyalkylene oxide is a
polyethylene glycol.

10. The pharmaceutical composition of claim 8, wherein said polyalkylene oxide is a

monomethoxy-polyethylene glycol, (nPEG).
11. The pharmaceutical composition of claim 1, wherein said substantially non-.
antigenic polymer has a molecular weight of from about 200 to about 35,000.
12.  The pharmaceutical composition of claim 11, wherein said substantially non-
antigenic polymer has a molecular weight of from about 1,000 to about 15,000.
13.  The pharmaceutical composition of claim 12, wherein said substantially non-

antigenic polymer has a molecular weight of from about 2,000 to about 12,500.

L
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The results are provided in Table 9 bel ow and graphically illustrated in
Figure 2. Table 9 Area Percent
Quantification of PEG|FN Batches by C&7 on Exchange Chronotography Batch
Peak 2 Peaks 3/4 Peak 5 Peak 6 Peak 7a Peak 7b Peak 8 1 2.6
53. 2 145 3 The pharmaceutical congosjtion of claimg 1,swherein saidjpolymer isxselected frams
54.7 3.3 esktPand 55.3
> 4 11. 9 the é'gupﬁcon%stﬁhg%f polypr%pyﬂngglicol d %oly\gnyl gyrrolxglo&s 5 6
11.6 5.3 yolyacryl amideg, polyvingl alcohols 1nd7°arbohmtebased polymers.7 11.8
5 ol eyt cbfolin iy gy e
21.5 Mai n imtedfironpalyman conjagatepetierein at|lsast abowA %4 of tearomogateN:  Peak

5 5230 1 e el Bl oL B 15 1

histidine of said alpha interferon.

16.  The composition of claim 15, wherein the alpha interferon portion of said
composition is alpha interferon 2b and said histidine is His34.

17.  The composition of claim 15, wherein at least about 30 % of said conjugates
include covalent attachment of said substantially non-antigenic polymer at
histidine-34 of said alpha interferon.

18.  The composition of claim 17, wherein at least about 40 % of said conjugates
include covalent attachment of said substantially non-antigenic polymer at
histidine-34 of said alpha interferon.

19. A pharmaceutical composition, comprising a mixture of alpha interferon 2b-
polymer positional isomers, wherein from about 30 to about 60% of the positional
isomers include a substantially non-antigenic polymer conjugated to the His34 of
said alpha interferon, from about 7 to about 20% of the positional isomers include
a substantially non-antigenic polymer conjugated to the Cysl of said alpha
interferon and about 7 to about 15% of the positional isomers include a
substantially non-antigenic polymer conjugated to the Lys121 of said alpha
interferon.

20.  The pharmaceutical composition of claim 19, wherein about 55% of the positional
isomers include a substantially non-antigenic polymer conjugated to the His34 of
said alpha interferon, about 15% of fhe positional isomers include a substantially
non-antigenic polymer conjugated to the Cysl of said alpha interferon and about
15% of the positional isomers include a substantially non-antigenic polymer

conjugated to the Lys121 of said alpha interferon.



25, These results illustrate that a majority of the conjugates were
found in peaks 3 and 4 (His- 34 |inked PEGIFN). The results al so show t hat
contrary to what was expected, nost of the conjugates were fornmed by
attaching the polynmer to a histidine rather than one of the |ysine am no
gr oups. Ot her enbodi nents of the?Bnvention will be apparent to one

skilled in the grt fro onsi deration of this specification or practice
o the invent: Al di &MORIHATRERPRITE e Terteron SOREHES FORPTENE caescng Fedbtar
and exanpl es be consitéferddvifica AR aioinOsTlai oxybhibbnyl-bLy-NrdirtoxiiEge-and
spirit of the invention Reingir‘ldicate_db hefo(llowin% cl ai ms. .

26 WWHAT |'S CLAI MED3ftigated substantiafly “°"‘a'5§l8ﬁ1'ém&m€éﬂ? e gnditigRwhirh rg ufficient
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al pha interferon cobistidisgofgaid dnpaigierferant o a substantial ly non-antigenic
polymer at a 22 The method O cHith 211 \eherdidafiiiiyifoonGilsky AY-Bidarbbiifak fser on.

2. The pharmaceutical conposition of claim1, Wwherein said al pha
interferon is succinimidyl cyrbenatef er on al pha 2b. . 3. The
pharmaceuti cal 0§k jn 16 30 "itereiV Q& ShdtisiRiitbidak Soddd! gsidue is

H s34. 4, qﬁ%}eh@ﬁ%gfngaﬁlgu?’l carelcorrposimt"?‘gﬁ of g{’ai l7n!|ﬂi%,‘e)£l§\/ner ein said
m xture of sai d al pkentacting at a pH of less than abasst 7.8r on posi ti onal isoners
conprises at |egst . 1 A e .

phar maceut i cal Elzg'orrpzisllg |tg§d gﬁcﬁémg?’r%,ré&v\%er%ﬁﬁtl%néilléflur%eg?nﬂl ‘étm gai d al pha
i nterferon positionabntacsiogetrap offfss tlmeabatt 68east about 6 positional

i somers.

25.  The method of claim 24, wherein said conditions include conducting said
contacting at a pH of from about 4.5 to about 6.8.

26.  The method of claim 21, wherein said activated substantially non-antigenic
polymer is present in a molar excess with respect to said alpha interferon.

27.  The method of claim 26, wherein said polymer molar excess is from about 1 to
about 8-fold.

28.  The method of claim 27, wherein said polymer molar excess is from about 1.5 to
about 7-fold.

29.  The method of claim 28, wherein said polymer molar excess is about 1.75 to about
5-fold.

30. The method of claim 21, wherein said substantially non-antigenic polymer
comprises a polyalkylene oxide.

31.  The method of claim 30, wherein said polyalkylene oxide is a polyethylene glycol.

32.  The method of claim 21, wherein said substantially non-antigenic polymer has a
molecular weight of from about 200 to about 35,000.

33.  The method of claim 32, wherein said substantially non-antigenic polymer has a

molecular weight of from about 1,000 to about 15,000,

W



6. The pharmaceutical conposition of claim5, wherein said m xture of

- said al pha interferon positional isoners conprises at |east
about 8 positional isomers. 7. The pharnaceuti cal conposition of
claim6, wherein said alpha interferon is al pha interferon

2b and the positional isoners are sele@Ped fromthe group consisting of
Cysl, Lys3 1, Hi s34, Lys49, Lys83, Lysl 2I Lysl 3 1 and Lysl 34. 8.
The phar maceut3®eal Tbbﬁ'ﬁ@&i’?f%mé? whesginsaid s“hﬁ%'}"'éﬂ)h“%‘aﬁnﬁgwwe B#¥iori ses a
pol yal kyl ene oxi de molcautar weight of frork Aout BRDORFHE f2¥ooCOMPOSI Eion of cl aim 8,
wherein said pol yam( ei ene o0 e1s pol yet hyl ene gl ycol .

10. . The phariﬁaceaﬁleuthéoﬁ'{!UmZthUhﬁremsa;ddphﬂl@lerfmwmsentﬂf@mdpfpdbyal kyl ene
oxide is a F RIS

11. The phar rraceu l|m(e:th d(():orrpo P@ﬁ%‘eé?ﬂ#gﬁawgg&\?ﬁgbﬁﬁll%?d Su ?%tl ally
non- adwmintstegegiarceffeoivermmoutad a sompisition bfelaimell. ght  of from about
200 to about [ e . pasi L on.of claim
11, wherein sal i Sgibmfth nc% ?f trefxtxx}gnan mte&:g'gn-gm&pgﬁg é’nditno% in '%a'”ll":g coTny I8 has g
nol ecul ar wei ght ofadmmstmag)mutﬂ‘em\&&ﬁxount cﬁboornpdbmoﬁ@ﬂclanm 15. The

Bt goni o por yifer  RegeaoR iR et ABreoRE oo Bins 56 t:lc%*n'aﬁis”"”'

12, 500. admlmstermg an effective amount of a composition of clalm21'9 14. The
phar maceut i cal , conposition of claim1l, whereip said S sel ected
from £ 5 or Gh BB RE e g B reptek e aiding
pol yvi nyl pyrrol i dangsethod of claim PRl yacryl am des, pol yvinyl al cohols and
car bohydr at e- based pol yners. 15. An al pha i nterferon-containing
conposi tion, conprising a plurality of alpha interferon polymer
conj ugates, wherein at |east about 15% of the conjugates i ncl ude
coval ent attachrrent of said substantially non-anti genic polyner at a

hi stidine of said al pha interferon. 16. The conposition of claiml15,
wherein the al pha interferon portion of said conposition is al pha
interferon 2b and said histidine is Hi s34.

J
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17. ,The conposition of claim 15, wherein at |east about 30 % of said

© conj ugat es i ncl ude coval ent attachnment of said substantially
non-antigeni c polyner at hi stidi ne-34 of said al pha interferon. 18.
The conposition of claim 17, wherein at |east about 40 % of said conjugates
i ncl ude coval ent attachnent of said subst3htially non-antigenic pol ynmer at
hi sti di ne-34 of said alIMPROVEDe INFERFERON. POL¥MBRaCONIUGATEA| conposition,
conprising a mxture of al pha interfengsTRRAECT ‘pol yner positional

i somers, wherein fmmpahﬁws coftaihiflg @piRlihte@Edh &dnjughed ROSdubstaiirily non-
i soners include a sub i ant i aIIy nQen- ant i genlﬂg poly rrer conj uglat ed to the

H s34 of antigemicp areidjsclased & which tlcas Zopofiths coniyes °528‘%d<9f the '
positional i SOdgR4ientialtsdhkER of the alpha ﬁue?féaittamelsais{amm RomBMdl &ay e
conjugated to the Cysl of said al pha interferon an a 7 to about

15% of the postistidisaaAlsp diselesed is srpessefoppreparing thecopjugatest iThe pry)cm nncMﬁ geni ¢
pol ymer conj u%&xﬁ@ﬂx{gchntalfbg% @n with a%ﬁééﬂmﬂi’dﬁ%bonate-actwkt% ﬁﬁ)%tﬁﬁtﬁﬂy pOSI i OThe

pharmaceutical conposit claim19, wherein about nal
i somers incl uo@ttsprmmwm@Hyhnbﬁsaﬁctmgémfaeﬂlmﬂoyﬁéfrnte@w}mgmowwt o the

Hi s34 of Em%a 4 out 15% of the positional isoners
i ncl ude a subsg nt bﬂrﬂis{?ﬁﬁeéﬂﬂﬂ gﬁ“gﬁfe{ggm c polynmer conjugated to the
Cysl of said al pha |nterferon and about 15% of the positional

i soners include a substantially non-antigenic polyner conjugated to
t he Lys 121 of said al pha interferon.

28 21. al pha-interferon conjugates, conprising
contacti ng an %Qﬂlﬁaﬁép@ié}{%feron with a sufficient anmobunt of an

oxycar bonyl - oxy- N- di car boxi m de- activated substantially

non-anti geni c pol ymer under conditions which are sufficient to
facilitate coval ent attachnent of said substantially non-antigenic polyner
at a hi stidi ne of said al pha interferon. 22. The net hod of claim

21, wherein said oxycarbonyl - oxy-N-di carboximde is



succi ni m dyl carbonate. 23. The net hod of claim 21, wherein said

“conditions include conducting said contacting at a pH of less than
about 7.0. 24. The met hod of claim 23, wherein said conditions include
conducting said contacting at a pH of less than about 6.8. 25. The

met hod of claim 24, wherein said conditions include conducting said
contacting at a pH of fromabout 4.5 to about '6.8. 26.. The nethod of
claim 21, wherein said activated substanqh?lly non- anti genic pol yrer
is present in a nolar excess with respect 1o said al pha interferon. 27.

The net hod of claim 26, wherein said polyner nolar excess is from about |
to about 8-fold. 28. The nmethod of claim 27, wherein said polyner
nol ar excess is fromabout 1.5 to about 7-fold. 29. The met hod of
claim 28, wherein said polyner nolar egxcess is about 1.75 to about

5-fol d. 30. The met hod of cl aim 21, &%erein said substantially

non-anti geni ¢ pol yner conpri sesza pol yal kyl ene oxi de. 31. The

met hod of claim 30, wherein said pol yallkyl ene oxide is a pol yethyl ene

gl ycol . 32. The net hod of claim 21, erein.said substantially

non-anti geni ¢ pol ynmer has a nolZ2cul ar wei ght of from abo 200 to
about 35, 000. 33. The method of claigh32, wherein gaid fsubst ially
non-anti geni c polymer has a nmolpgbwl ar wer g &)of fAom abfut 1,000 to
about 15, 000. 0] A P 26 34. The

= N,
met hod of claim 33, wherein said subsggﬂfiall ngnCatLgeni ¢ ppl ymer has a

nol ecul ar wei ght of from about 2,000 tojaboutgl2 580/ oet hod of
claim 21, wherein said al gha interferon}is i nterferdn afpha 36. A
met hod of treating an int&feron-suscepfi ble~Copdition/in | s,
conpri sing O " o
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FIG-1
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adm ni stering an effective anmount of a conposition of claim1. 37. A

‘method of treating an interferon-susceptible condition in mammal s,

conpri si ng adm ni stering an effective amount of a conposition of
claim 15. 38. A method of treating an interferon-susceptible condition in
manmal s; conpri si ng adm nistering an effective anmount of a
conposition of claim19. 39. A substantially non-antigenic
pol ymer-interferon conjugate prepared according to t he net hod of

claim 21. 2/2
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