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used in nedicine, fOAWPREGENTEEBEQNDPOSIIHONAWMERJ cal and
oncol ogi cal di seases. Interferons (IFN) are a group of biologically
active proteins or glycoproteins that are produced by various cells in
response to viral infection or as a result of inpact of certain chem cal
and bi ol ogi cal substances on cells ( 'l@deman, 1957; Pestka et al.,
2007). Conjugation of IFNwith cell receptors Teads to induction of a
nunber of intragel predcat idveatieh AS rd el (BBMhahRcaiddly | IW%R%&J&

and antiproljfer atﬂljve | FN effects (Pes‘tml?gl et al. 'S r{E@Helyl?netkl Sz aﬁSrOJchve
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chronic course |l eading to severe outcones - liver cirrhosis and
hepat ocel IBekisE. 2¥4¢i nona (Mdi & Li ang, 2008) According to the Wrld
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ti ssue, |arge VAdlmpesnbflayisedicdtions dmasedrm aiterfeby arowseslt inbiliniday prachioe to treat a

wthin a FERROUED ARedsesiand Pt bt st tratist fchosaRdatrN mediiatons ar

admi ni st r aidspWidelyided foF @éhtﬂ%nﬁmlﬂthéﬁéﬂﬂﬁf g@ﬁévahw& Panvlbﬂagy tzloonl wWhi@SiERné 8f
observed, and the interferon coul d not et ected E asma already after

24 h si ncéhd mosicierigns saialtrspbiemst Teqiay 1119@99re albawi 215(6@@1 ion ehesidaly énfeeted rwith
concentra Vi lal gase
viral par {hlk%{hélssq%g%%%%tl r g?djm?ﬁlf) ﬁ%aﬁé ts “ilt% hefgtg 66{%3‘%‘% d?nggfﬁle%er tge world

need for fHepatittNC ih mibst ises bisfrs aahaatic ewmeefeﬁemglw Seldn€ batoenits Cllver c1rrh031s
concentrati‘?ns in bl ood pl asma, resulting in dose-dependent side eff

Because ofN{ hhepainsaibyl hrercawn%va i & Hapagi £0Q8)C Aeaeding ton thlq:NNQHQbHealth
during 12 e S 0,

of pati ent L EU ANk Snt e L CUROAL I alAs BOBLGRIACIPRTEE coll Ol Yeali e U
ef ficacy, and Westlire Eurapramvesintris modyedrivceal 1 6th talsth Qcmtldmt(Marcdbm 2093l .

1998 t herapeutic efficac FN C e enhanced
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chem cal con ugatlon of interferon nDIecu e with the polymer - for exanpl e,
nnnonethoi? tial 200€).gl ycol (MPEG), consisting of repeating residues of
et hyl ene oxide with a nethoxy group at one term nus and a hydroxyl group -
at anot her. NMPHEe raffeetivinessnafy mediceatistisf éaatatning mMatiee GFHris ihigdd bamsbidl @sorption
stereochemi cal structure (linear or branchedé For the PEq%Iatiqn reaction
hydroxyl dF@uphatubcRianesns puqvpeiesivolume Pl disgtbuipnyielatiygly fosaetebifity, short hali-
f unct | onal;griguR b bl bPBREI 0).CA% Lk SRR 8ol Pattr the
protein in one or seve cations; pen on‘the hature of

activated group and the reaction condltlons (Zalipsky & HUTi S, 1997;
Roberts et al, 2002). | FN PEGyl ation | eads to better pharnacokinetics,
increased half-life tine, reduced fluctuati ons of concentration in the

bl ood, reduced i nmunogenicity and toxicity, increased activity in vivo
(with decrease in activity in vitro); increased stability (Que et a

2000 Reddy et al, 2001). Reduced act|V|ty |n the |n V|tro system
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1 Usage of the ethanediol-activated MPEG wi th | ow nol ecul ar wei ght (< 5000

%ﬁﬁl/qtj. ar macoki neti c paraneters of the PEG %%ﬁ% o968 and

unm)dl f| onI a sl | hh gl fference. Dye to this su conj ugate
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of positi opgl ek GPEBEIE it t ! Y u

conj ugati on vrm th an I FN rygl %é%ﬁ??ﬂ 185‘3 %rgé gﬁ%rn%‘t hr%%&sﬁﬁ#agﬁgﬁmelu{ et al,
lysines. 1999). Rapd alealine hﬁmfaﬁffrdoﬁbmt)ormqusgatresunmimmwfnechl brgplication and

conj ugation of native 2b with linear (pat 11930, .2004) or
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2012/ 011836PCT/ RU2010/ 000529 act i vi tg/ are absent. The di sadvant ages of
these conjeRsarved abalb(MeHpishinsemet al., 1998)1. Usage of tresylate - derivatives
of activated MPEG with the half-life tinme in aqueous solutions |ess than 20
m nutes. Previ (Ttl&ltkerﬂt)edtﬁ&fﬁ%y aftIBNrcah et enhandeld evlient wirgciusaimedfreleh@sdtugd, 6n
derivatives of P elns in a ntothesable am de bonds

t hrough anPafecuae ylaﬁét BiscMewns ahk gg%érﬁ%d%na%a,f?&ﬂﬁeéw@a &, 2001)
Ruppert, 1898} ated IFN Qslt%}ﬂlcnanfesl Wligd 6f Akdrfefét RIS Wikt E}Hﬁénsf
i s made througﬁeall gtreirul cal acce55|§1% l?éee ar?tfeno groups \ﬁf? Plylﬁsi)lr e or
(Roberts etxaaiple, lZl@GQr)if:thvxhymhydtbgdcm tetycohe(MBRIEGRt cansistihg sefy eepdatipg siesidoesalof
i soners; the | EN PEGyl ati on r.eaction,at hi va
(pH = 10) Yaviens pRE N LmE B BB T RIS AP ThEkTO! BiRep b ahoiner: Mt
Si gni fi canhoR¥€1eSHa prhaa@tdlﬂateﬁd iSRG uths I W %hi Afd Ith&N sRIEEJchaiic@D str@@Gfd @fhear or
(ol ar ratio of / protein was 50-100/ | eads to the hlg’ﬁ cost of the

obt ai ned pbre@ﬁli@d) For the Pﬁ%ﬂ@lqnsreactmmrmgrm avihecen o MREGHS artieatedhy

R R e e R R

antiviral iacérhevor sevefal Wbdationg ndeperidinig toa the 44ueé of hike activawdt groap andrbelirédcedn
| FN. Data about conjugation stabili the u er of positional isoners and
their spec‘fOF’fiEw&ﬁ? 43)ippky &alét“ir\?t {%/97 h@b Pe di sadvant ages of the

obt ai ned conj uQ?ﬂIePﬁf}ela& }8% f g\/l b@ Pargla'g/g,lé&et]_&e i rgas%Il h%ﬁ llfe tlme reduced

triazine-chloride der rves o vvhlc are

conj ugat e flduimtibous cifi wmat:ntgmup@ ttn% Elbb@rredﬁitddolrﬂ@iud@gemcﬂ@ranaletoxﬁ(yﬂypsind’teased
threonine, and histidine in addition to free amn ps, which | eads to
the emer geE¥itHn HEA(With dpesease in 6??8’1%’”M’(Q?hmat?eése@n%?‘%\h‘tye(ﬁl%ﬁ ah209}; Reddy et
unst abl e b n%b $/br eover, triazine derivatives are currently not used
because of hi gh tOXI city (Veronese & Pasut, 2005); 2. Low
speci fic acti viReduedd tah&wBEGhI féN oorvytugastyetsm dependfhem ethe sSPRGkmolacular  weight.

PEG | FN- a2 at.e, | E with b ed PEG
i th ol ecPAREHETge TS AR piskeebis il lesoe i o500y Cauti g arness
Nhydr oxy s uggivity W dgneStGracd @F 'aYaQ®05§ PharliZebdyRmmit! SRl phitinaEbkeRkie Chropiti¥s of
interacts with the available free am no groups of protein to form stable

ani de bondPEGylated queteinsreontainiop REGT ved ch prisy and of annpdiisndr proteinst eed!3: @ffer

rati o of EG / r oleg action has en p nd ob ned

con] ugat e maguBh Y M BRI R B R SR SR E BB bigtogiop
of the purddivig zﬁQﬂlrblga%t@ reast 40irdificiehincdripngationswith tthe redepgir Nbet hﬂﬂnPE&e a
conj ugate consisted of six positional isonmers, each of which was canj at ed

with one PEERIfiganIPEOYSPneat Of AheEnasekinetinad gharmacodypimls properbes of pled
- Lys31, Y 3 L y 0;
Foser et ;‘?( rgge%o%# ﬁei sorregjé{%ad%j eﬁgaaf gggi\/& %Hgg}é ahisﬁgﬁeg%@ll %/lg{b Rl %M% Qllvwo
positions (Bailon & Berthold, 1998). PEG structure also affects the b1010g1ca1 activity and
pharmacokinetic properties - conjugate with linear PEG has a larger distribution volume than

conjugate with branched PEG structure (Caliceti et al, 2003).



WO 2012/ 011836PCT/ RU2010/ 000529 31, 121, 131 and 134 forned 94% of the
total cony e activity of the total conjugate consi.sji
N 9315150 BRI Rl

position I"SOner s, s. 1- 7% of. Ehe native. | FN-a2a (Bai [¢

Boul estin et alAntyegsictiviysiids Rotagisal gippsrics\af BHG-AEN | spnjugates dgpendoalse enghe
conj ugat e } et . ] I I it h .
o i ed TER (TR, aFNa(eTMEEGE s PRERRCiLR af e SR B8R allilio magiy
on t he mardiftrennprotein hmirtor axitbrasaimes dibigatiy 3y pe @ff dhdondend bbyds ' foiahédraith-thaprotein
Roche"). The, di sadva es of the obtained conj e the follow ng:
1. The use(%&P?f&iﬁ rgé‘f?gug%ﬁ Ry gegdpgn %&VP@QE@@@E@W&%ébke&%cemuagtstwh
with all st&@r b@dld Broips s gwt&nsar&mn&!t OQpidgly @8edd (dubdiintidt NGrkohRl NEkkinimide
conjugate is a mxture of 6 isonmers, differing in specific activity.

2. Low antsugeipate, teietlateitrigzing, hydwxppicaininidlecoiefs. gidehyderacetal, ets. ). The

prototype of thig inv k QR h EG FN-a2bh conjugate described in the
patent US 5, 95?@9&?‘@3@%%8%@%@3?@% ikgﬁwfggglei ?#1%{%1 i near MPEG acti vat ed
by succi ni ni de AcaEanraL@mwg@ga(t&QiME@r PEGhviPRtdeLRE warights H0PDRSs R Bvn

to 12 000 Da was used. According to the described nethod an | FN conj ugat ed
wi th PEG WPatsnigh ¥ lSai82sds 1895)1Boikiba cepisgatianaMRES ethivadioldsrigatives iware used,
t he market . . of Vi hepatitis under the tra nme

" Pegl nt ror%hé ?éaééélgﬁa%{abf%u%%ét%& .%l ata roopy gvr{l/é’gr#l%rﬁ nfrr t8 gsé{]%ﬁﬁss For the IFN
PEG | FN- aAEGyajisrg@hetidn e ild akéessn of PEGI wis @ed) Inabh sorilittordfusdd thoBintingvf PEG

i soners, each_of which contains one PEG npol ecule conjugated with varius
parts of tAdIPF SERITFdnBiRctee 2psratihiliby offrexamimo eyoxpe ot different Jysones (Lys-31,

Youngst er , S I kol e
nt ort er oot et e by e RIS RO L1370 38 195) End B Pt o relch
121, Lys XDf¥tarbapsdelBéhdsl(vonkardh et alyl99THhAJhuaNPEGAYN-dda cdnsistedl o inkntone @i the
hi stidine imdazole ring (H s7, Hi s3gi], tyrosine (Tyr129) and serine )

OH group (TSBHtERpositEgnal semest of REGUIFALaPa Fewneste Whare saclt isemeD contaimed 2 zuiele
to 47 % (K : VAT £ Vi 4 LSt 0 ik ion
somers 1 2135 Wicsftpliidn Bl A khodiild nE I ERRELAN B Hopth; BN WM
i somers Vvai% ¢fbr iyem2) to #0%3Tor%h. w138 hd heabtal specHly-adibity ¥ tirgstitsihedtorghgate that
2002). The main iSchE{ conj ugated w th PEG throfqu£ Hi s34 has t he highest |
speci fic S SPMBPSERet b} Someke Wasti e ob st wmpdifice Y. adiviy ¢fdheie sqpiugrtes pN
has been G URFUESkntEA bn BEGnBLodarh BBhEOAIRT andihb el (439 [T} BSIPOHPEG) to
conpri sing about 47% PEG was conjugated with the histidine imdazole ring
(Hi s34) tS8udin theecasesif il 80¢ iDm BEGe.ollke slidadvantagsy of ahb aesiltengh orrjugaRo ber bs
et al., 2(%0&3 ) Phar macoki neti c paraneters of the conjugate were better
than that ‘8F°Ytinodi fied IFN (Silva et al., 2006). The di sadvantages of the
obt ai ned conj ugat e @sgod §1hé elkAiBIGictiviIQ! RLIRG WidBRARGIIBMAPNEIROQ52R0 Da),
1. The use of succinimde carbonate activated PEG conjugating not only with
the free M hssyit phaymagekingtig pasarnetarssy thy PEGIRY qonericand ungrodifipst IGN fndrpady
am no aci ds,; . I ai.n ol i . i re of 13
posi 1 onal® §igBrdiftercighthus B AR LIR FRNARNE PR EH Chufl Mtk © ©)
Formati on of ag. unsFabhaionifdaagearnddychof positigrabisomess with diffidentpédific astivity,
(Hi s-34) isoner_of the PEG | FN conjugate | ead o the fact that after

" Pegi nt r orfiue4g) REf %J%Pi‘%wfthé‘“égﬂj'ﬁ‘gﬁ e fheoyghifres a3iag ShuPs 0? diftezens Tosines ne
native | FN, which exerts its biological effect. Thus, the drug "Peglntron"
is best regarded as a pro-drug which after injection is hydrolyzed with the
formati on of adheneeare khewh G IFFasdbecon)fats) obthined by cohpmgatiat abndtiveyIFdFa2b

the form ant Jlst (e BLoasH 30, 208H s Gansren (aEThIBLchs2D A 00 S MEEG
to obtain fhswVes Al xﬁo!é‘a%} At 1 Db ;ﬂow@a.arsﬁé eégéabnq{vas' @bg&ﬁ& pH 9.5 for

consi sting of one positional iSoner, w I nproved stabilit reduced
i mmunogeni&di hoprs (fopthe ledarpBEfB oo ki pldti. & fydi2ahmtrse(fer, thaibranchéde MARG )nasing a 50-

conbi nat i 0 EG nol ecul ar wei ngd anti vi ivity of th .
con ugat e 1000 I mplaT Fyresiehmetya dCREBL As ik BRGHAN auitaretia s shbingds
based on tihesRalPievidiNag ity UFalBich varied frbRE2PHOBBRIDS the wRliVied oP ¥in@b&idEell QRN
of a new functionally active PEG IFN conjugate with interferon-alpha
activity, Patawhpethcarhegatd sabMityypthe cuinebes fof prsitiginglhisemicesc amd thewm spectficoantivral
000 to 40 000 Da is bound to IFN-a nol ecul e by a stable bond strictly

t hrough al pha ami no group of N-term nal cysteine resulting in a conpound
with followng formula (1): 0-CH2-CH2 )o (CH2) NaH | FN nm where: n -
integral values from227 to 10 000; m8 integer 4; |IFN - natural or

reconbi nant pol ypeptide having the activity of |FN al pha. In the

obt ai ned conjugate |linear PEGw th the nol ecul ar weight 10 000 - 40 000 Da
is bound with the al pha am no group of the N-term nus am no acid of |FNa.

~ 1 4 B 1 o - o o . 4



WO 2012/ 011836PCT/ RU2010/ 000529 CH3-(0-CH2-CH2 ) 0 (CH2 T‘IIT'. /Lnl f
where: n gal val ues from 227 to 10 000, so that SaBbA00lBSS ©
PEG i s ap%%%%@’ky 10000 - 40 000 Da; m - integer ? % | q%_e

opt i mum r af§tyigRIprEe Ry he disadvapiseene! thers caniveetes ale asdollawsy i s achi evedf

t hrough t he usey of I G_({al:),2M J f - eq%l] ti.on.of .
i nmmunogeni ci tyelénd ﬁiﬁggﬁ@gﬁgﬁ \lt/:\c}el fdeggawﬁé:%oﬁl/gg%gﬁgr% @kiw.ﬁtgt ﬁlﬁg ?rléfgett’@? gn
are achi evagiichbys soleti@mdessghamn 20 muhetesi| Rreviveslg it ha3fbeeheheomjithig at 6 REGcEdRWF

f eat inc r.son w he. prototype are: In conparison with prior art
the novel t je BIRger gyt oG ol bRt iy Bhglten 4 eriaprsarie dvnds roushmron
wer e used I\%@ﬁpﬁr;g@umg‘mnﬁie llggqug Ll}él\glégpﬂgg hﬁggg@éisgc%,ép@eﬁ#@%uctural formul a

of PEG | FN conjugate is novel; 3. Produce hj ugate is
represented by %ne pgiuidingoof irexylate activajed PEG with préteinerisi nizelt ik@nglPRlb sterically

nmol ecul e Lecule is stabl e; 5 cul ar. mass. of PEG- | FN
conj ugat ea%&geglsﬁ)@% g%g:a RN Ogﬁys(“?‘uee(%(?bfgsﬁ af-’ﬁ%&;guwélcgag%ds to tﬁe %Tatlon of
Phar macoki seetiaCpgditichiabisemsrsper e i nproved. For production of clained
PEG | FN conj ugat e the reconbi nant human | FN-a2b (produced by ZAO "Bi ocad")

o]

and butyr- or pent allcwdpetingdbe LNt BE adatimn repetrcetrhigh pbindilveg (PH £ dPnfdra long

(') with wer e used. The conjugation
reaction V\t/glﬁgé er %E%%gﬁg%t%ﬁg@:eﬁgt\%u@swth a reduci ng agent at a
tenperature at 4or b&ignifidht €xcélhef notivted REGodwingPHS IngPEGﬂhﬁoM@éal cﬁor?(éprdar
|. Control of FN conjugate formatjon was perfornmed using polyacryl am de
gel el ect r'8pH8 Egps/ p(gg@ya %'{%{HF%%@@ heh sorof e obipirsg preductat e ( SDS)
in reducing conditions and reversed-phase high pressure liquid

chromat ography (RP-HPLC). Purification of nmonoPEG IFN fromthe reaction
products that ilheteudedknowm PEG-EN-Eb canjﬂxguuedﬂmiinablbg cb?jmgﬁid:mf oﬂDEaﬁv_k:FI(ﬂ:?N-azb
containing t or re PEG npl ec er_protein nolecule, was carried out
by chr omgﬁ@bvgmh%notr@é{“ieﬁflgi%W;@§£WFtBéﬁ?@FUI%WS‘IgEG’]Wﬂ\r 8b OPP dp (Ratent RU
per f or med ysgs@RdoRal, GRMBN AritlvirAN aQlvigOof Which Bnounted to 6,4% of the activity of
D012/ 01183600 BUpSLG SeoREn A irelallviBROF Wil amounted to, 6.4% of the activity o
sol uti on wnmpdifigsHS| Bata giboTheonpugatibn ethbitspoMEGunktdr pf pdsitibnaleasordéralapd ebeir
agai nst 10-50Q buffer..solution at pH 4-5, adding salt, or _

pol ysacchai ?%ngn%vr‘méf‘%%‘ﬂ?% gc a@ “€o| yvi nyl pyrrol i done, or nonosacchari des,

and am no sugarmhe dd¥ad Pin@dgRk B5the ObtaBdOnAGhESre RdoMGWIngNi ¢ det ergents and
stored in plastic or_glass bottles with siliconized surface at the

tenperature of 142 CIhe use ofgrigring-shloside Asrisyives mérctivaePBPFGNwhih are able to
conj ugate c%h}élggt%gﬁim ﬁintcﬁﬁl&"l' ‘rg%‘c%u%)s ((:)E 8ﬁgggrgﬁfot%ﬁdsgk%ﬁhg fogilr;xg,ﬁxrxceeghilnﬁ, and histidine

bi ol ogi cal, ar macoki n aracteristics weré per
conpar i sonnwaidibontofrdé funem grédps, which leads to the emergence of many isomers, some of which

are characterized by an unstable bond. Moreover, triazine derivatives are currently not used
because of their high toxicity (Veronese & Pasut, 2005);

2. Low specific activity of the PEG-IFN conjugate.

There is a known PEG-IFN-02a conjugate, obtained by conjugation of IFN-02a with
branched PEG with molecular weight 40 kDa (patent RU 2180595, 1997). For conjugation a N-
hydroxysuccinimide-ester derivative of MPEG was used, which selectively interacts with the
available free amino groups of protein to form stable amide bond. The reaction was conducted at
pH 9,4°C for 2 hours at the 3:1 ratio of MPEG / protein. The reaction has been stopped and
obtained conjugate has been purified by the sorbent Fractogel EMD CM 650 (M). Yield of the
purified conjugate was 40-45%. In this case, the obtained IFN-PEG conjugate consisted of six
positional isomers, each of which was conjugated with one PEG molecule by a stable bond
through free amino groups of lysines - Lys31, Lys121, Lys 131, Lys 134, Lys 70 and Lys 83
(Vailon et al, 2001; Foser et al, 2003). Isomers conjugated with PEG through lysines in positions



The proposed invention is illustrated by follow ng figures: Fig. 1.

Ki netics a2b conjugate formation during the | i
but yr al de‘ﬁg E%Eé%zeri vatj ve. ., Fig. 2. Reverse- haggiﬁi‘%@éﬁﬁzgsi s of
purified 14 1ddnd o‘n’ﬁ“u@&?@d 87 o, theetora) conimeate4 The activty afhjheciotalimnnjugate

Fig. 3. SDSs VS5 rifd €d,,PEG | EFN- a2b ' e.conpared to
Chaart i et e IIPS’.SE&?I*I“NIEE‘%F? %gngﬁy)gi(g%‘f: e ke BRI S H 001S
PEG- | FN- a2Bouglestjiigadl £2006). Dedpi. thd lowe@avirfihcalitfEEvatd, M6 ®eRugsE Had lifiptdVed
PEG | FN- a2b conj ygate. Conparison of nass spectra of tryptic peptides 8f
unmodi f i edPlapma e{lA)Pr%Hngq?SEGCPFmﬁaw vith vaBepifigdtlEN; (Silvaet ala 2§86 MBoulestin et
1200- 1400. Fi i r |l t I a ohj . ugat.e an

unnodi fi edaII Ig%koggg?gglggmfnﬁ%?ﬁ etI(I) %I}Iéetsplg%ﬁ?%y@ﬁe ﬁ %38 Pgég%li(ﬁl- é%r@guced by
conj ugat e ‘dheffmammpbia Rioeltk™).FN- a2b. Fig. 8. The i munogenicity of the

PEG- | FN- a2b conj,ugat e conpar wi,.t h upnodi fied | FN-gc2b. Fig. 9.

Phar macoki neti ¢ egﬁsaﬁﬁ@t%@ofgﬂmn?g?ﬂwe@rﬁEII?HQII%Y{“’IEI th unnodified | FN-
azb. Exanpl.es OfheSREGN-fyBEGdENnARAe RERALGH LeaL S
of the study of its preoperti e_syargegyg;i vgn lbgl oW. I‘Ia%PII;E}G(I-;IIIQZ%I-%aIgQg@III %‘EIIé‘t‘g"sth
of the foratuistgrically aqdebsible saneinp hgroups, @sta ofsultithe pbesestd comugae iva maubeof 6

used to pr QIH&% mhgl eseg‘:i 1rcat\%ﬁ(.nt' ng and / or treatnent of viral

I.
di seases, l%ecauSe P addieron &8V gh stability and reduced i munogenicity,
they have hi gh 2anti Viowadntavidal adtivity ofkieobtahel sonpigitd makrs0onposi ti ons
containing as an active ingredient an effective anmount of conjugate WO
2012/ 011836 PCT/agruatonpe @b fos svertggmisitke PEG-IFNowRl: eehjbgatevddsicrikeroimthe patent US
phar maceut § t Sg. . C .used separqat el in.caonjunction with other
Phor apout 10 ayahE 502 B PRORRORT Fre PR A Bied ¥l AbiBAl RG e Gimfi Ao
of viral igrbeg(SOMPEE) gith@hsleilsr aeizhtvo PG00 thi 19 (IDADA nal udéd. W dasatg ol the
B and C) (Jay. et al, 2006; MHutchison et al, 2009). The object of the
present i rifsfrivedrmethod pr dFY coapeatsdovith BEG with molesuler mags QA FakDajves pbeagned,
such as hepai.j, ti.s ! Fod j i 0 1.Qn
t her apeut F\(QISII:II yISe?I&%II ?vg?gﬁ%uﬁé&g f(t)IngI% %Iyrg%n?rgof g%grlllj ggg%lglgoﬁéﬁ%ltéadf I Ilz.lme
It is knowPeghdon! ElScberanpeP1BEgl BISAJ. | nt erf eron-a can be used as
i mrunonodul at i g}g ag?nts %Or trga&m& t of cancer, in partjcular, |eukemc
reti cul oendot héf MaEfund that this.BE: pIgBI'WIbﬁ%JBéfI% (mgdicatiinel cglniren’) e@nsists of 13
carci nomg, : § i :
Bkoveki - O Isotys G SAOTb Annit ARG R P ol B oh) ol il i oy of he
Kaehl er etprafejn 20k0)le (Brangleealba800; (ohicd dial y2001; Koongsterat hlp §eomdsit svasfshave gt

di seases t he experience of |EN-a wel | onj tes use for

Cr oat mont 1HO ISHIGES SUd e e B ongrot oRy Greliee puBRTURS A &) Lis
medi ci nes gnd yrhgy, MGeutl g3k QMRS 1330Mgs A3ALAILRL NG4) BRd dEGL BT 86 £I0HItkaLEe
PEG IFN-a in an effective quantit , _posséssing antiproliferative and

i munonodutbigiding l@ldaé@bstmﬁ\/rﬁfbﬁ,céﬁ%b tysasihet ngrﬂ%ﬁIbeand aadng Q-groupat(Ser163).

cancer and-dj 58S 1:4SS.0C] Wi t i Q copdar ¥ i odefi.ci ency,
ae vl | 2 ER T RGPRERC ARG Weled R PR 7 12D S8R ™y AR R RO or
and / or tRegaitr@néonsistiB@be @B paBitiofliis@asess a8 90 oif Ak Hativel Frofin. IBYeYifieractivity of
secondary i mmunodefi ci ency, incl udi n%_i ntroducti on of therapeuticall

ef f ect i ve iadiifdvel spmernyangd fionptste Bi% affthe AativiedFNup3b (Yyungster et EIQBIIQ?Qa'thc

of the for i t f ticall ccept.abl e filler,

di luents an IIII S(I)IIruIrp(IIIII1 a%gﬁ I)ncIe)lﬁI}f/[ Lﬁ@%ﬁpﬁ%f@“e@% ihf)éIl S%tsé’ eIIslca?aﬁYlIII ?t7e{"e° the
i ntravenousitiye psotbia) tEheefeeesiniinoi dibilip 6 HNIhag bsenOgonyiigatednyit PEE by Wistadld ond,
routes, for ,(fxarrpl e, in.the formof capsules, SP£UpS’ sprays, drops, .. .

i nj ect i onsVife &t &ain dsazeer, pemprsigg abaut AV PG grasy eenjugnsese Mathnthe higtidine
exanpl e, : ; I i ni ) i I
bet vpen ¢ oS an A (RGN (RAURDRNC b U ShiBhLAR-BRE Bind I Alckele
t he ai m ofalad®2)i stration (therapeutic or prophylactic use). An effective
anmount of PEG IEN-a is. selected accarding.to the abovenentioned factors.
Phar maceut i cal I'V2ERACHNERT BIRCEHRT Qﬁtﬂge ﬁ&?u@é" MYES B%Eﬂ‘i o1 unmoditicd IFN
phar maceut(sqaas ecANPOS i on with PEG I FN-a: buffer salts (e.g. acetate,
citrate, hydrocarbonate, phosphate buffers), stabilizers (e.g.,

pol ysor bat e, Effhadissdyaniagey pf the obtdinedmonjugdeare thedsllowimgan ser um al bumi n,

et hers paraoxybenzoic acid, alcohols (e.g. benzyl al cohol), phenols, sorbic
acid), antiseptic conmponents (e.g., benzyl alcohol), a regulator of osnotic
pressure (for exanple, sodiumchloride, potassiumchloride, polyols, for
exanpl e, glycerol, arabitol, sorbitol5s mannitol, WO

2012/ 011836PCT/ RU2010/ 000529 | actose, dextran), surfactants (e.g., HSA,

pol yvi nyl pyrrolidone, |ecithin, polysorbate 80,



pol yoxyet hyl ene- pol yoxypr opyl ene copol yner, casein), surface-active

subst anceg 0(23%/01%3§ck copol ymers of ethylene oxide and el ﬁﬂ’f“ ﬁggbde
XI

propyl ene 0o et hytleene oxi de, sorbitan nonol aurate, sor ester,

pol ygl ycerol f a}t cabseleRicginimide carhopate(genvatad REG sempeatiag rwtwabbwam the free
stearyl pokiayshiy 6reril BRVAIENSidl | |

pol yoxyet hyl eneglge%! et her, Agcryslglr%‘agﬂéndlo%w gﬁ)oﬁg mnos?@éﬁé%%llax fgél rgpult,
di st ear at epbtgined p@mhga’m nmmdteﬂ ofat mjxteerdfilB gositionaldb@nadrs, d)ffbxymg(manhyir@lr@ec;ﬁc
sor bi tan npnol aur ate pol yoxyet hyl ene nonost earate and propyl ene glycol ),
ant i oxi plan?% ( g, Trilon B, L-cysteine, sodiumsulfite, sodium ascorbate,

gl ut at hi one, 2- moe@aﬁ&eahamhstam trmoqme%tb%ate qyﬁsﬁglﬁ@) BRI AGHE Malisf Bris-34)
nonohydrate, ascorbic acid) and diluents (e.g

2012/ 011836muyy RO BEGOH Qomsatplleadi tPrtdefe¢t| that @ﬁerPE@ginﬁNn'aaBrrmustral@attﬁe

usi ng buty d i vatiove

cyanoboroh&)g’ﬁ&gt(;ey go yd{ f\édmelrt}éreac?a%affhe %geﬁf ?Vgﬁ’ﬂfef‘g‘?‘ g%H@?%%l cipe s,
sodi um acethatdeyg EERIntdns slbestnredatdudi e perd'nlg Svhidh, affed Mdjadtitne hiy @ORFRH RAM the
|FN-a2 with the concentratlon of 1,7 t hen the sol ution was

stirred an@BaPnet aftiye prfesferan &@%é&%&a Reg 10\/%? inseabylity lof st REGHIBN opsjughie in
of 20 000 s d Rk d
i ncubat ed %‘a;l!rlﬁ&l urt'lfg)qatggsta ge- t errp)é{roa dﬁ?ﬁewg} &1?3512#%{'1}/&81? {d’&q |(%lrr]ot S were

sanpled fromt h”léhenalm of theafresmt dnvichBor masttb rmntalmtaemevab&blea]mt}ylh&dkllﬁnewlm&he

of productl n. of GI|IFN-a2 c ate s anal yzed using t

el ect r ophot% é{}t% Ofr\r[.*]%}ﬁ@g’ anconsisiiag P‘gerrg ‘SPPFef A3 %@Yﬁf’ét@f‘ht% with reduced
dodecy! sul fnah@hogERicity,NinSproddPeemaddiki detit ﬁMJnkbt&'s" @'ztﬁ tben )St'i}ﬁaladm%atf&;l N FEG
of the total volune, containing 125 nM of Tris- o glycerin, 3%
dodecy! sul haleeulap wgEvoand mph@doactxmm of thrasoadg@d, slmtabhefomnxddunaé uaq casheell @sl

of  prepar iSRS Gbus it yr s BB TN ehiellL Tophor osi s vas

performed in t h&leﬁfreﬂeﬂiﬂ@ solved Bfi eeaatisnlbf atrew fﬁﬁétﬂfmaﬂ%ﬁ@ﬂl@t PEG-IPN dofugate with
el ectrophoresis, the g was colored with Coonmassie 250. The kinetics of
product i oninF equbalpb_fgathmyagx whish thedinear mofesplecfd) rﬁ(éwltbnncplp@lar]mas,a\tfrogm 0 000

poi nt whe R T [ eac tur

i1 ut ed 10°0 000 T EERLATlG BRTRAEEO KT B Iedd S AhisEn ot difad Boup of
Product i orN-aémfiE-clyfidine 2esuliify il @btpdGhd 9/ithEBlGWige Mysieuld (IREG derivative
2,05 mM of 1M sodi um cyanoborohydri de sol ution were added to 100 m of
buffer sol utio 0] sodi um chl ori de, pH 5,5),
cont ai ni ng recoﬁ%égghwlzﬁﬂg b0 éﬁa}TeN%lg g‘ﬁﬂtrati on of 2,2 ng per m,
then stirred; 0,9 g of dry peéhthal al’dhyde PEG derivative wth nolecul ar
wei ght of 20 000 Dalton was added. The m xture was thoroughly stirred and

i ncubated for 24 hours at the t@)rperature of 62 C. 50 pi aliquots were
sanpled fromthe mixture after different time intervals, and the kinetics
of production ofherhe -PEGgrakMaloenfromaXd tod8 086l yzed using the

el ectrophoresis net hod | pol yacryl am de gel as described in exanple 1. At
the point when PEEPEN =bnt ent conprised over 70% the reacti on m xture was
di luted 10 ti MgpNWidabhral JFYeQDmbiRa Pmyg&ﬂfcﬁth‘:av ftflceﬁotlvﬁlj"o?lﬁ\l alph

2012/ 011836PCT/ RU2010/ 000529 Exanpl e Purificdtion of " the rmr‘FoPEGI FN- a2b
conj ugat e by i dmtlexobbtaimge conjugata tiogaraPB§ with thecmbleowlaeweighh §@ 080sct00@0tk Da is
The di | ut oduced in e 1. was | ace colum with a
ot on- excirufe B e BhA G ol REAER erbit R 658 o Mo o w th 5 ni
sodi um acetate buffer, pH 5.0, (buffer A) at the rate of 5 m per mn. The
adsor bent col unn_ was vvashed consecutively with buffer A and buffer A

cont ai ni ng NaCiSelesheignof BN wdgﬁ%p@ﬁtrlwlwm @l,pbs apincgrpupiof N-feqmistab amiénoeacid
sanpled fr; _ e th

el ectropho?(ragscﬁlgg&1 nggé |uggﬁf£%§/(§ép§? am fe%‘ﬁgrcral atg{e)é ll%g% “‘géﬁz qgrea FOnl' ﬁe
fracti ons REGylatenitggth€d: t he nonoPEGy! at ed PEGI FN-a2 conjugate were

conbi ned, dialyzed with 10 volumes of 20 nM sodi um acetate buffer,

contai ning 150 mM sodium chloride, then sterile filtration was perforned
and the resulting solution was stored at 42 C. Exanple 4 Purification of

t he nonoPEG | FN- a2b conj ugate by ion-exchange chronmat ography on a

cati on- exchange adsor bent The diluted solution produced in exanple 2
was placed on a colum with a cation-exchange adsorbent (SP sepharose, 50
m), equilibrated with 5 mM sodi um acetate buffer, pH 5.0, (buffer A) at
the rate of 5 nml per mm The adsorbent col um was washed consecutively with
buffer A and buffer A containing NaCl concentration gradient fromO0,03 to
0,3 M Aliquots were sanpled fromeach fraction for the purpose of sanple
anal y5| s u5| ng the eI ect rophor e5| S rret hod i n poI yacr yI am de gel as

—— r o, o o " . . e~ 1 a1 1



The PEG | FN-a2 conjugate produced in exanple 3 was diluted with 20 nM

sodi um a er, pH 5.0, down to the concentratio er
and 100 E‘?b%ﬁ{(ﬁ%tsanpl e were placed on the Synmetry C?gele?OPO/JJ?SjQleSO

mm) . The assay was /perforned \at mu (Dg the "Breeze" chronmatograph
manuf act ured by Hﬁ%%ﬂrg}bm@a‘é %s gn results WO
2012/ 011836PCT/ RU2010/ 000529 /nepresermdd on Fig. 2 we may conclude that,
according to RP-HPLC findings of, the purity of the clained PEG IFN a2
conjugate is over 99% Exanpl Det erm nati on of endotoxin |evel The
concentration of bacterial endotoxins (BE) i,n sanples of the PEG IFN a2
conj ugate produced in accordance with exanples 3 and 4 was determned in
vitro by neansfvdferea ﬁALim@éhal tgats €loat 20®tiborDd 0@{{ ,Sd00that irﬂolaﬁﬁégr faRC of VDiEChk is
requi renents of European P copoeia 6.0 Article 2.6.14. A diagnostic kit
manuf act ur@ﬂ’r‘B‘;}mﬂ@L}’ EQ@%“@PH@P Inc., LAL reagent with sensitivity
of 0,03 EU per gl ; «Endetpxin Reference Standard (0,5 [tg in a vial) and
water for the LAL test Were used in the assay. Based on results represented
intable 1 we rithy o@dm&mdtﬁoblﬁaﬁmﬁoleonﬂaewmghﬂamjﬁugalta'btisﬁyrtsl #hiesed dssughhhd
1,5 endotoxin units (E of protein, which is nuch |lower than the BE
| evel t hatUse&faFthalRddMP F}(éﬁ') ‘{?é‘éee‘éf%ﬁ‘?econbl nant proteins. Table 1.
Concentration e

PEG | FN- a2 conjqiugHﬁgnpéﬂeg%?ﬁgggégﬁn%ﬁtﬂggﬁcwgsogltl:éfefﬁ% ﬁ%@e&&%ﬂ@#ﬁmgl& ei n)
PEG | FN- a2papametec ade adlmeazed <by dﬁme&m@ thé nmmmmlr eveight bf BleEEﬁiugEbH aEGpr oduced

i n accordance th exa <1 5@%{6 El ectrophoretic anal ysis of
the PEG | FN-a2 Bﬁ%&lécaglp%w&a‘?’ t d’fﬁfﬁﬁ@&aﬁ ed | FN - cab. A
sanpl e of the PEGI FN conj ugate produced in accordance with exanple 3 was
anal yzed usi ng I semparisenapghienasristherpevaly is as fodloyacr yl anmi de gel as
described in exanple 1. The el ectrophoresis was performed with | oad of 40
pi g of proteinlper wWddé¢hydaderivators o€doivangl mBREGstwaasisedPfontpeoductioh of PEG-IEN
t he gel was erfor med with Coonmassie R 250 dye. Simultaneously,

el ect r ophdP8&188%f unnodi fied | FN-a2 was performed. The PEG | EN conj ugat e
was representeg wt *Stﬁ@ﬁré?@&%xﬁfbﬂPE@JFNﬁ%ﬁjﬁ hieis Bgogd on el ectrophoregrans
of the PEG | FN-a2 conjugate and of unnodif (% | FN-a2,” as represented on
Fig. 3, we may3see tPneducedBEGHEN mwga&nﬁjr@rgaseeteldd)y cmemoglltnen isppieeonlyar

i gh h dif h b
mot It g et A fdhd et fen B maleendd SRS mBROWE e sie O 10 oF

PEGy| at ed 5. Molecular mass of PEG-IFN conjugate is increased because of the size of the
bound PEG;
6. Pharmacokinetic parameters were improved.

For production of claimed PEG-IFN conjugate the recombinant human IFN-02b
(produced by ZAO “Biocad”) and butyr- or pentaldehyde derivatives of mPEG corresponding to
formula (II) with molecular mass of 20 000 Da were used.

The conjugation reaction was performed at pH below 6.0 with a reducing agent at a
temperature at or below 20 °C. The molar ratio of PEG / protein was 2,5-5 : 1. Control of PEG-
IFN conjugate formation was performed using polyacrylamide gel electrophoresis (PAGE) in the
presence of sodium dodecyl sulfate (SDS) in reducing conditions and reversed-phase high
pressure liquid chromatography (RP-HPLC). Purification of monoPEG-IFN from the reaction
products that included unmodified IFN and undesirable forms of PEG-IFN, containing two or
more PEG molecules per protein molecule, was carried out by chromatography on cation-

exchange sorbents. MonoPEG-IFN elution was performed by gradient concentration of sodium



WD 2012/ 011836PCT/ RU2010/ 000529 proteins using the el ectrophoresis nethod,

as additi hydr ophili ¢ PEG nol ecul e to the protgj i bly
i ncreases tqu. t gs radi us of the resulting cor}Round. ig@gﬁgg%ﬁﬁz@
hler & pk;

novenent of HPviePA Monputfauselntiempity Selomovethedpwified amendPESG-IFN

mol ecul ar haht W t o Hhd b ' . 1 han e, sum qf

mol ecul ar ﬁm&gygﬁt ;J a%f a?ﬁ)’e}‘é%rg%a@lﬁﬁ ggbt ﬁéMPkéf@Eggﬁﬁ%P}é gt Be&_{]eé%ﬁfi naéigin(gn sglf, or
mol ecul ar peygphchavides, lve alRBI®I1S Fix-pol3inydpyrralgishe, dsnaeeRBh&tteks Carldriimidd ki@els, or
| FN -a2b usi t he nmass spectronetry t hod 1 pi sanple of the )
PEG | FN- azlEf"{c]ii i Sbéi‘{%“%f’%‘gﬁrcaé’d‘ P%‘%‘%ﬁﬁ@é&f@éﬁ #d proesdainpplastty, ofigass bptties with
sol Ut i N OfiliddiPzed sarsl W MORMPENARL 6¢ ) °C (Al drich, 10 mgxm -1 in 20 %
acetonitrile in water wth 0.5 %uraniumtetrafluoride) were m xed together
and air-dried. T sempdcterk wibaintidf | @dné MG APNVEED pépaiaesd siadivg of Sitd pafity,
nmet hod. The mass spectra were obtained on Utraf|ex || BRUKER

(Ger many) IgRqsensity: mhysicalrdemicaleRiplogisal psed \ahemmasolguetie s harpotenisticyhavere
mass spectyis : &ﬁf’?ﬁ W i ositive ion node; the average

wei ght rrealgeﬁr()\gﬁéﬁ%rperroar%g%ke@h&%tﬁmlgﬁ%ggh}go- 15 Dal ton. The results of
mass spect r onetThepropraéd siventadn is mlhasttated g foldvwiNg dizusssd t he PEG | FN- a2

conjugate int .range_Qf 10 000 to 50 0Q0 are presented on Fig. 4.
Based on resul ég'gr gé%‘?’i’tcgﬁf gﬁGéiFBI.‘“ ComugAly iematen dwingthe fﬁaﬁﬁoﬁrﬁ@g
spectrum q;ut%l;jdlg_ [chDh @P@@c}ri@ﬁti@e.base peak corresponding to the [M+

nonoval ent ion w nol ecul ar wei ght of 19 295 Dal t on. In the nmass

spectrum of the,. PEG;,| FN- a2, conj te.as sﬁ; I 4B we may see,

di f fused min %‘ 'k%'gg?’?ré% 88%58%%8“‘%1%%5? Yt “"ﬁg’rﬁg@gﬂéfﬁ%‘% SR o ymmetry
ol ecul ar QS g6 Rl s@ehmdPblaht on. The diffusion of the peak is caused by
t he heterogeneity of nonomet hoxyPEG preparations. The neasured niz val ue

w U cal oul at o0 Sum oP ro CRu I e i B 25" 1 o Ol L oftieg o

attached REb@dd2QcdFN-82bt on). Exanple 9 Localization of the PEGyl ation site

in the PEG | FN-oab conjugate 5 [11 of nodified trypsin solution
(Pronega) in 0595 sMAMHDCRE M ysicantanidifmid mm-aiba&iﬁﬁ@zqm&z%&ﬁuga@&ed to
5 j.tl of the PEGIFN conjugate sanple produced in accordance wth exanple

3.  Hydrol yti i1i f f t 37 thea 10 j . t1.of
Sl ution o 0, SEEIPASCRP PRLRERRORTRE il B rHtIinGiocs foppeehBelamPerisondt
vat er was raskd 8flectadifyprio peitides oMmEdiAt P I8 30BCA) R PLOLIBRASZS (9} donjidte if

sanpl e of unnodified 'FN was prepared using a simlar nethod. The resulting
sol uti ons theragesedz 10K n MALDI nass spectra. The |l ocal i zation
of the site of PEG bond with the I FN nol ecul e was determ ned by conparison
of mass spect r &igf6. ThenfAEGabifily: a2the PRGN -e2hcdnjupate dnd ierdodifbE 32N -af2ber
tryptic digestion. PEGI|IFN a2 conjugate tryptic digest should |lack the
peptide corres IP'g%‘!d". P tdyddRatiBfylofPhe PBG-IPNO&SH BonjhdhtdMHdCthniRfidd Ga-L2P.

a

occurred. Int e 2 you may seé nmass spectra of éexperinental tryptic

di gests of theg hid. F . FN,a onjugate. Basgd on ..
results pr esen% rgl?ﬁ'hteH@%%E@rﬁ@%éﬂ%ﬁ%ﬁ%&lﬁé&%%éﬁu %S %IB%%rF‘rPé{V ‘%’f u‘{“r‘%/dﬁ ied,

di gest s offFNbg2winnmodi fied I FN-a2b virtually coincide with nass spectra of

tryptic digests of the PEGIFN a2 conjugate (table 2), however the tryptic

di gest of the I ] I St i i . :

weioht of 1313 g ThapoRbMARE e HREFICAZHPERNR SMleRr o\ RhROMARE 1PN

unnodi fi ed2bFN-a2 (see also Fig. 5). According to the anal ysis of

t heoretical weights of the IFN-a2 tryptic digest, the peak with mz

1313, 649 corr egRamprestd? specific PECIINUG2BI Rb&IdHORGREthE® AdderRk@ts2df thelstudy of its

absence in the tryptic digest of the PEG|FN-a2 conjugate testifies to

nodi f i cat ipsepeotiestdse ginen delovhal pepti de, which, beconi ng heavier by the

wei ght of the PEG falls outside of the spectrumarea. PEG binding to the

| FN nol ecul e o@R@G-ILo2rtohfigaRs oy tifer Remaki (N0 whidhUiRe eSSt off fhd presenP @Rlehtieh

the N-termnal cysteine amno group. Table 2. Experinmental nass spectra of

tryptic dicgedessed to predwmeanedisings oo mrevgaties and/ of treatmentrafoidial disehsesNegause in

%ﬁg?;??cgﬂd%@‘gﬂ:&%@fg Fﬂﬁk}‘_ﬁ?@%ﬁf redﬁ%féjde {rﬁlgﬁ%gaeln{c%yf) %)? rh‘é\%j hpg%patnltlglﬁrgl Lcl}/iltlll_tryl; Also,
pharmaceutical compositions containing as an active ingredient an effective amount of conjugate

8



PEG | FN conj ugate Mass [ MATT Peptide Sequence 1313.649 - 1313.6266 1-12

CDLPQTHS 20 1232. 673 1232. 6966 13-22 RTLM.LAQYR QY 076. 558
1076. 595ﬁ§°%ﬁ%ﬁm 910. 463 910. 463 , Bronitsz
) produced by well-known pharmaceutical methods, can be used separately or in

of formula
conjunction with other therapeutic agents (e.g., ribavirin) for the prevention and / or treatment of
viral infections (e.g. chronic active hepatitis (particularly hepatitis B and C) (Jay et al, 2006;
McHutchison et al, 2009). The object of the present invention is also a way to prevent and / or
treat viral diseases such as hepatitis C and hepatitis B, including introduction of a therapeutically

effective amount of the claimed conjugate of formula (I).

It is known that IFN-a and PEGylated interferon-a can be used as immunomodulating
agents for treatment of cancer, in particular, leukemic reticuloendotheliosis, laryngeal
papillomatosis, melanoma, renal cell carcinoma, myeloid leukemia, Kaposi's sarcoma (Decatris
et al, 2002; Bukowski et al. , 2002; Qintas-Cardama et al., 2006; Loquai et al., 2008; Kaehler et
al, 2010). On the basis of the well-known pathogenesis of these diseases and the experience of
IFN-a as well as conjugates use for treatment of these diseases, the objects of the present
invention are also medicines and pharmaceutical compositions containing the declared conjugate
PEG-IFN-a in an effective quantity, possessing antiproliferative and immunomodulatory effects,
which can be used to prevent and / or treat cancer and diseases associated with primary or
secondary immunodeficiency, as well as the object of the present invention is a method of
prevention and / or treatment of cancer and diseases associated with primary or secondary
immunodeficiency, including introduction of therapeutically effective amount of conjugate

PEG-IFN-a of the formula (I).

Conjugate of the formula (I) with an optional pharmaceutically acceptable filler, diluents
and / or pharmaceutically acceptable excipients is administered intravenously, subcutaneously,
intramuscularly or via any other suitable routes, for example, in the form of capsules, syrups,
sprays, drops, injections or suppositories. Route of administration vary depending, for example,
on symptoms and age. Frequency of administration and the interval between the injections vary
depending on the disease and its severity or the aim of administration (therapeutic or
prophylactic use). An effective amount of PEG-IFN-a is selected according to the

abovementioned factors.

Pharmaceutically acceptable excipients may be included into a pharmaceutical
composition with PEG-IFN-a: buffer salts (e.g. acetate, citrate, hydrocarbonate, phosphate
buffers), stabilizers (e.g., polysorbate, EDTA, polyvinyl pyrollidone, dextranes, human serum
albumin, ethers paraoxybenzoic acid, alcohols (e.g. benzyl alcohol), phenols, sorbic acid),
antiseptic components (e.g., benzyl alcohol), a regulator of osmotic pressure (for example,

sodium chloride, potassium chloride, polyols, for example, glycerol, arabitol, sorbitol, mannitol,
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actose, dextran), surfactants (e.g., HSA, polyvinylpyrrolidone, lecithin, polysorbate 80,

polyoxyethylene-polyoxypropylene copolymer, casein), surface-active substances (eg, block
copolymers of ethylene oxide and propylene oxide, propylene oxide and ethylene oxide, sorbitan
monolaurate, sorbitol ester, polyglycerol fatty acid ester, cocamide DEA lauryl sulfate,
alkanolamide, stearyl polyoxyethylene propylene glycol, lauric ether polyoxyethylene,
polyoxyethylene cetyl ether, polysorbate, glycerol monostearate, glycerol distearate, sorbitol
monopalmitate, sorbitan monooleate polyoxyethylene, sorbitan monolaurate polyoxyethylene
monostearate and propylene glycol ), antioxidants (eg, Trilon B, L-cysteine, sodium sulfite,
sodium ascorbate, glutathione, 2-mercaptoethanol, dithiothreitol, cysteine hydrochloride,

monohydrate, ascorbic acid) and diluents (e.g., water).
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Example 1

Production of PEG-IFN-02b conjugate using butyraldehyde MPEG derivative

16 ml of 1M sodium cyanoborohydride solution were added to 785 ml of buffer solution
(100 mM sodium acetate, 150 mM sodium chloride, pH 3,0), containing recombinant [FN-o2
with the concentration of 1,7 mg per ml, then the solution was stirred and 5 g of dry
butyraldehyde PEG derivative with molecular weight of 20 000 Dalton was added. The mixture
was thoroughly stirred and incubated for 22 hours at the temperature of 17+3 °C. 50 pl aliquots
were sampled from the mixture after different time intervals, and the kinetics of production of
the PEG-IFN-a2 conjugate was analyzed using the electroi)horesis method in polyacrylamide
gel in the presence of dodecylsulfate. For this purpose, buffer with pH 6,8 in the amount of 1/3
of the total volume, containing 125 mM of Tris-HCl, 20 % glycerin, 3% dodecylsulfate, 0,005%
bromphenol blue, was added to the mixture and heated for 3 min on a boiling water bath.
Samples of 5 pl were placed into wells of prepared 12,5 % polyacrylamide gel slabs, then
electrophoresis was performed in the presence of dodecylsulfate. After completion of the
electrophoresis, the gel was colored with Coomassie R-250. The kinetics of production of the
PEG-IFN-a2 conjugate is represented on Fig. 1. At the point when PEG-IFN content comprised
over 70%, the reaction mixture was diluted 10 times with 5 mM of sodium acetate buffer, pH

5,0.

Example 2
Production of PEG-IFN-a2b conjugate using pentaldehyde MPEG derivative

2,05 ml of IM sodium cyanoborohydride solution were added to 100 ml of buffer
solution (100 mM sodium acetate, 150 mM sodium chloride, pH 5,5), containing recombinant
[FN-a2b with the concentration of 2,2 mg per ml, then stirred; 0,9 g of dry penthalaldehyde
PEG derivative with molecular weight of 20 000 Dalton was added. The mixt{Jre was
thoroughly stirred and incubated for 24 hours at the temperature of 6+2 °C. 50 pl aliquots were
sampled from the mixture after different time intervals, and the kinetics of production of the
PEG-IFN conjugate was analyzed using the electrophoresis method in polyacrylamide gel as
described in example 1. At the point when PEG-IFN content comprised over 70%, the reaction

mixture was diluted 10 times with 5 mM of sodium acetate buffer, pH 5,0.

11



KYSPCAWEVWR WO 2012/ 011836PCT/ RU2010/ 000529 1209. 565 1209. 539 1209. 5721

135- 144 1481. 783 1481. 735 1481. 7594 150-162
XSBAENBe SRR

Exanpl e ermnation of the specific antiviral activi
PEG | FN-a2b conj ugat e The sanpl eEXdmpleded i n accordance with exanpl e

PEG | FNt a2b t | e grapleded in accor dan
i i tho. pr dcAREE of PRiafn % GIRREL) Eolbhek i BEchabet Yoo R o
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in polyacrylamide gel as described in example 1. The fractions that contained the
monoPEGylated PEG-IFN-a2 conjugate were combined, dialyzed with 10 volumes of 20 mM
sodium acetate buffer, containing 150 mM sodium chloride, then sterile filtration was performed

and the resulting solution was stored at 4+2 °C,

Example 4
Purification of the monoPEG-IFN-a2b conjugate by ion-exchange chromatography on a

cation-exchange adsorbent

The diluted solution produced in example 2 was placed on a column with a cation-
'exchange adsorbent (SP sepharose, 50 ml), equilibrated with 5 mM sodium acetate buffer, pH
5.0, (buffer A) at the rate of 5 ml per min. The adsorbent column was washed consecutively with
buffer A and buffer A containing NaCl concentration gradient from 0,03 to 0,3 M. Aliquots were
sampled from each fraction for the purpose of sample analysis using the electrophoresis method
in polyacrylamide gel as described in example 1. The fractions that contained the
monoPEGylated PEG-IFN-a2 conjugate were combined, dialyzed with 10 volumes of 20 mM
sodium acetate buffer, containing 150 mM sodium chloride, then sterile filtration was performed

and the resulting solution was stored at 4+2 °C.

Example §
Reversed phase—HPLC analysis of PEG-IFN conjugate

The PEG-IFN-a2 conjugate produced in example 3 was diluted with 20 mM sodium
acetate buffer, pH 5.0, down to the concentration of 0,1 mg per ml and 100 pl of this sample
were placed on the Symmetry C18 column (4.6x150 mm). The assay was performed at 214 nm

using the “Breeze” chromatograph manufactured by the Waters Company. Based on results
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protein. Article 2.6.14. A diagnostic kit manufactured by Associates of CAPE COD, Inc., LAL reagent
with sensitivity of 0,03 EU per ml, Endotoxin Reference Standard (0,5 ug in a vial) and water
for the LAL test were used in the assay. Based on results represented in table 1 we may
conclude that BE content in conjugate sample is less than 1,5 endotoxin units (EU) per mg of
protein, which is much lower than the BE level that is allowed for drugs based on recombinant

proteins.

Table 1. Concentration of bacterial endotoxins in the PEG-IFN-a2 conjugate

. . Endotoxin content
PEG-IFN-a2 conjugate preparation (EU per mg of protein)
PEG-IFN-a2 produced in accordance
. <l,5
with example 3
PEG-IFN-a2 produced in accordance <1.4
with example 4 -

Example 7
Electrophoretic analysis of the PEG-IFN-a2b conjugate as compared to unmodified IFN —
a2b.

A sample of the PEG-IFN conjugate produced in accordance with example 3 was
analyzed using the electrophoresis method in polyacrylamide gel as described in example 1. The
electrophoresis was performed with load of 40 pg of protein per well under non-reducing
conditions. Protein coloring in the gel was performed with Coomassie R-250 dye.
Simultaneously, electrophoresis of unmodified IFN-a:2 was performed. The PEG-IFN conjugate
was represented with one band (Fig. 3, track 1). Based on electrophoregrams of the PEG-IFN-a2
conjugate and of unmodified IFN-a2, as represented on Fig. 3, we may see that the PEG-IFN-a
conjugate has a higher molecular weight, than unmodified IFN-a (Fig. 3, tracks 1 and 2). It

ought to be noted that it is impossible to determine the exact molecular weight of PEGylated
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spectrometer equipped with a UV laser (Nd). The mass spectra were obtained in the linear
positive ion mode; the average weight measurement error does not exceed 10-15 Dalton.

The results of mass spectrometric analysis of unmodified rhIFN-o2 and the PEG-IFN-a.2
conjugate in the m/z range of 10 000 to 50 000 are presented on Fig. 4. Based on results
presented on Fig. 4A we may conclude that the mass spectrum of thIFN-a2 contains a base peak
corresponding to the [M]+ monovalent ion with molecular weight of 19 295 Dalton.

In the mass spectrum of the PEG-IFN-a2 conjugate as shown on Fig. 4B we may see a
diffused main peak corresponding to the [M]+ monovalent ion with its molecular weight of
40 498 Dalton. The diffusion of the peak is caused by the heterogeneity of monomethoxyPEG
preparations. The measured m/z value for the PEG-IFN conjugate in the peak maximum (40 498
Dalton) coincides with calculated sum of molecular weights of IFN-a2 (19 295 Dalton) and the

attached PEG (20 000 Dalton).

Example 9
Localization of the PEGylation site in the PEG-IFN-a2b conjugate

5 pl of modified trypsin solution (Promega) in 0.05 M NH4HCO; with concentration of
15 pgxml™ were added to 5 pl of the PEG-IFN conjugate sample produced in accordance with
example 3. Hydrolytic decomposition was performed for 16 h at 37 °C, then 10 ul of solution of

0.5 % uranium tetrafluoride in 10 % solution of acetonitrile in water was added and thoroughly
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stirred. A sample of unmodified IFN was prepared using a similar method. The resulting
solutions were used to obtain MALDI mass spectra.

The localization of the site of PEG bond with the IFN molecule was determined by
comparison of mass spectra of the PEG-IFN-a:2 conjugate and unmodified IFN-o2 after tryptic
digestion. PEG-IFN-a.2 conjugate tryptic digest should lack the peptide corresponding to the part
of the protein, in which modification occurred. In table 2 you may see mass spectra of
experimental tryptic digests of the unmodified IFN-a and the PEG-IFN-a2 conjugate. Based on
results presented in the table we may conclude that mass spectra of tryptic digests of the
unmodified IFN-a2b virtually coincide with mass spectra of tryptic digests of the PEG-IFN-o2
conjugate (table 2), however the tryptic digest of the PEG-IFN-a.2 conjugate lacks the peptide
with the molecular weight of 1313.649, which is present in the tryptic digest of the unmodified
IFN-a2 (see also Fig. 5). According to the analysis of theoretical weights of the IFN-a2 tryptic
digest, the peak with m/z 1313,649 corresponds to an N-terminal protein peptide (table 2). Its
absence in the tryptic digest of the PEG-IFN-a2 conjugate testifies to modification of the N-
terminal peptide, which, becoming heavier by the weight of the PEG, falls outside of the
spectrum area. PEG binding to the IFN molecule occurred in the only free amino group present

in this peptide, the N-terminal cysteine amino group.

Table 2. Experimental mass spectra of tryptic digests of the PEG-IFN-2 conjugate and of the

unmodified IFN-2 as compared to.theoretical values.

Experimenta[lg Jroll;i;{:ved peptides Theoretical peptides

IFN-a2b PEG-IFN conjugate | Mass [M+H'|" | Peptide Sequence
1313.649 - 1313.6266 1-12 CDLPQTHSLGSR
1232.720 1232.673 1232.6966 13-22 RTLMLLAQMR
1076.598 1076.558 1076.5955 14-22 TLMLLAQMR
910.463 910.463 910.5066 24-31 ISLFSCLK
2225.976 2225.928 2225.9999 32-49 DRHDFGFPQEEFGNQ
2459.264 2459.239 2459.3002 50-70 AETIPVLHEMIQQIFN
772.447 772.421 772.456 99-106 VIQGVGVT
902.471 902.443 902.4941 113-120 EDSILAVR
1030.590 1030.546 1030.5891 113-121 EDSILAVRK
741.431 741.424 741.4042 121-125 KYFQR
750.492 750.476 750.4760 126-131 ITLYLK
1337.695 1337.651 1337.6670 134-144 KYSPCAWEVVR
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conjugate as conpared to the conjugate described in the prototype nethod.
Example 11

Study of the PEG-IFN-02b conjugate thermal stability

5 ml of the PEG-IFN conjugate sample produced in accordance with example 3 were
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Study of thermal stability of unmodified IFN-a2 was performed in a similar manner. Creation of
insoluble protein compounds led to occurrence of turbidity and to increase of optical density at
340 nm. Results of the study are presented on Fig. 6. During the period of observation (28 hours)
the PEG-IFN-a2 conjugate remained stable, whereas unmodified IFN-a2b precipitatéd almost
completely after 28 h.

Thus, the data obtained in this study allows to draw the conclusion on substantial increase

of the PEG-IFN-a2 conjugate thermal stability as compared to the unmodified protein.

Example 12
Study of the PEG-IFN-a2b conjugate proteolytic stability when treated with trypsin

150 pl of M Tris-HCI buffer, pH 8,5, 2 ul of 0,5 M CaCl, solution and 15 pl of trypsin
(Promega) with concentration of 20 pg per ml were added to 1 ml of the PEG-IFN conjugate
produced in accordance with example 3. The samples were incubated at the temperature of 37°C.
100 pl aliquots were sampled from the mixture after different time intervals, and 150 pl of
trifluoroacetic acid solution were added to stop the reaction. Samples containing unmodified
IFN-02 were prepared using a similar method. Thereafter, the samples were analyzed with
reversed-phase HPLC with determination of the area of the main peak. The results of the study
as shown on Fig. 7, demonstrate that in case of treatment with trypsin the proteolytic stability of

the PEG-IFN-a2 conjugate is higher than that of the unmodified IFN-a2b.

Example 13
Determination of the PEG-IFN-02b conjugate stability during storage

Aliquots were taken from samples produced in accordance with example 3 into sterile
Eppendorf test tubes with caps. Protein concentration in the PEG-IFN-a2 conjugate was 1 mg
per ml. The samples were placed into a refrigerator at the temperature of (6 + 2) °C. Samples
were taken after predefined time intervals and analyzed for specific antiviral activity and
homogeneity of the preparation by means of RP-HPLC and electrophoresis (Eph) in
polyacrylamide gel in the presence of dodecylsulfate at non-reducing conditions as described in
example 1. Based on results presented in table 4 we may conclude that during storage at the

temperature of (6 + 2) °C the PEG-IFN-a2 conjugate is stable for at least 24 months.
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Table 4. PEG-IFN-a2 conjugate stability at the temperature of (6 :i: 2) °C
Storage life (months)
Parameters
0 3 6 9 12 18 24
Activity U | 9. 7x10% | 0,75x10° | 0,7x10° | 0,75x10° | 0.72x10° | 0.7x10° | 0,75 x10°
per ml)
Homogeneity,
% 99,67 99,28 99,61 99,30 99,6 99,21 99,35
(RP-HPLC)
Homogeneity,
% >98 >98 >98 >98 >98 >98 =98
(SDS-PAGE )
Example 14

Study of the PEG-IFN-a2b conjugate immunogenicity

PEG-IFN conjugates produced in accordance with example 3 and example 4 were diluted
down to the concentration of 5 min. IU per ml and injected intramuscularly in the dose of 200 ul
(1 mln IU per a mouse) into ICR mice with body weight of 20-22 g once a week for 5 weeks (5
groups with 5 mice in each group). Simultaneously, samples of unmodified IFN were prepared
similarly and injected into mice at the doze of 1 min. IU. At the end of the fifth week blood tests
were taken from the mice by means of retroorbital paracentesis. Blood serum was received using
the standard method. Antibody titer in sera obtained after of immunization of mice with
unmodified IFN and PEG-IFN conjugates was determined by means of direct ELISA technique.
For this purpose 100 pl of the unmodified IFN-a2 solution with concentration of 200 ng per 100
ul were placed into wells of microplates. The antisera obtained from different groups of animals
were placed into the wells of the plate in series from consecutive dilutions in duplicates. For
detection of the resulting immune complex, antimouse antibodies conjugated with peroxidase
were used. Antibody titer after administration of unmodified IFN was 1/1024. Antibody titer
after administration of PEG-IFN conjugates was 1/128. Results of the study are presented on Fig.
8.

Thus, based on the results obtained, we may conclude that the immunogenicity of the

claimed PEG-IFN-a2 conjugates is 8 times lower than that of unmodified IFN.
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Example 15

Study of the PEG-IFN-a2b conjugate pharmacokinetics

A sample of the PEG-IFN conjugate produced in accordance with example 3 in the
amount of 1 min IU was injected intraperitoneally to male mice. Simultaneously, unmodified
IFN-02 was injected to another group of mice. Blood samples were taken from animals after
predetermined time intervals by means of retroorbital paracentesis. Blood serum was obtained
using the standard method. Presence of interferon in the serum was detected based on antiviral
activity. Results of the pharmacokinetic study are represented on Fig. 9. Based on these results
we may conclude that the claimed PEG-IFN-02 conjugate possesses significantly prolonged
effect. After injection of native IFN-02, its concentration in the blood of the animals reached a
maximum after 1 h after injection, and then decreased very quickly. After injection of the PEG-
IFN conjugate the maximal IFN concentration in the blood of the animals was observed after 12
hours (Fig. 9), and this level was preserved for 50 hours, and only then a slow decrease in IFN-
a2 concentration was observed for 350 hours.

The area under the curve (AUC) for the claimed PEG-IFN conjugate exceeded the
respective values for unmodified IFN by more than 50 times. Notably, in case of the prototype
PEG-IFN-a2b conjugate coupled with PEG with molecular weight of 12 000 Dalton, the value
of the AUC exceeded the IFN AUC by 3-10 times only.

Based on the obtained results (Fig. 9) the primary pharmacokinetic parameters were
calculated for the claimed PEG-IFN-a2 conjugate. The results have shown that intake from the
site of injection, volume of distribution, the clearance of the PEG-IFN conjugate are
considerably slowed down as compared to unmodified IFN, which ensured prolonged circulation

of the claimed PEG-IFN conjugate in blood (over 14 days).

Example 16
Comparative characteristics of the claimed PEG-IFN-o2b conjugate as compared to the PEG-
IFN-a2b conjugate described in the prototype method

Comparison of the structure, basic physical, chemical and pharmacokinetic parameters of
the claimed PEG-IFN-a2b conjugate as compared to the PEG-IFN-a:2b conjugate described in
the prototype method was performed (table 5). The data represented in table 5 testify to
significant improvement of the properties of the claimed PEG-IFN conjuéate as compared to the

conjugate described in the prototype method.
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using th r nmet hod is given under the referenceyy
ewazeh%%s%g v. 15, N. 3-4, p.206. Exanple 17 Exgﬁpqﬂeasz

conposi tions based on the claimed PEG | FN-a2b conjugate (A)
PEG | FN- aZbabkle &cBasidphgsicalj theneixa mpldepharhasikineia pataatcters loff el tRirged P BGLIFIN-
acetic acid Sodium chloride Polysorbate 80 10-500 pg
eonugaie ayepppared i 183BEGTIFNI22U 000gBe desripd em et protargtk, Hithod
injectionl,0 m :

msalt Water for

formul a of the PEG I FN conjugate produced

(¢560529
0

1- 5nuptopHS50

(B)

accordance with exanpl e Sodi um acet ate

PEG-IFN conjugate

Conjugate described in the

PEG-IFN/IFN ratio

Parameters . .
Claimed PEG-IFN conjugate prototype method
(US 5,951,974)
IFN IFN-a2b IFN-a2b
PEG structure Linear Linear
Molecular weight of 20 12
the PEG (kDalton)
Structural formula of ] i
the PEG-IFN” y C{O\/\} AN 0. |
- 3 ~"T0 -interferon alfa 2b i ‘ i
conjugate i : HiC "O Interferon alfa-2b
Specific activity, % of
native IFN 40 28
Number of positional 1 13
isomers
Type of PEG Unstable
connection to the Stable (for the main isomer linked to PEG
protein via His34)
Stability in water Stable Unstable
solutions
Pharmacokinetics parameters
Ratio AUC 50 3-10

* - The structural formula of the PEG-IFN conjugate produced using the prototype
method is given under the reference “WHO Drug Information”, 2001, v. 15, N. 3-4, p.206.

Example 17

Examples of pharmaceutical compositions based on the claimed PEG-IFN-a2b

(A)

PEG-IFN-a2b in
accordance with example
Sodium acetate trihydrate
Glacial acetic acid
Sodium chloride
Polysorbate 80

conjugate

10-500 pg

3
1-5mg
up to pH 5,0
8 -9mg
0,01-0,1 mg
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Acetic acid Mannitol Dextran Polysorbate 80 Ethyl enedi am ne tetraacetate

di sodi umgal for injection (C PEGIFN-a2b in a i} h
exanpl e 4‘§ ?zlgumi%%et ate Acetic acid Mannitol Human ser%ﬁﬂe{{{{%gﬁ)ﬁqwzg A

Pol ysor bat &t Sl?nﬁl ¥nedi ani nelPbtH4a%t at e di sodium salt Water for

i nj ection telrsackiptcedisgdivmsali neri zati on of a nedicinal agent contai ning
PEG | FN- oaWater for injgciestli cal agbfitmlcont ai ni ng an effective anount of the
claimed PEG | FN-a2b (Exanple 17) is to be dispensed in sterile conditions
into syringes fromneutral glass of the 1st hydrolytic class with brazed-in
needl es covered with elastic or hard protective caps, sealed with nozzles
on butyl reggber plungers lamnated with a fluoropolymer with the volunme of
0,5, 0,8, 1,0 and 1,2 m (for 100 tg per m dosage), 0,5, 0,6, 0,75 and 0,9
m (for 2 pey,. . dosage) . 0,6, 0,8, 1,0 and 1,2 m (for 300 ps
per m doglgE(lg;)z.ﬁN'% 121012/(f1 83 %i‘?%zolol 000529 Exanple 19

Cont ai nerig%%? Brce o B eXABRIE fnal agent cont ai ni ng PEG | FN- a2b A

nedi cal ag¥ftuR8ffafni ng an eanéC‘t%sQ/@garmunt of PEG interferon al pha-2b
(Exanpl e 149eticgcids be di spensedp ©orpHsdérile conditions into vials from
neutral glMgenl the 1st hydroi@mgc class sealed with fluoric rubber or
nozzl es orD&utapl rubber cover slSaB® gt ef | on coating tightened with al um ni um
caps w th Rdlgsovteitai®® of 0,5, 00,81-01,€gand 1,2 ml (for 100 p.g per ni
dosage), (Ethylefeddamihe75 and O0,®omndo,{for 200 1..tg per nml dosage), 0,5, 0,6,
0,8, 1,0 apgastetdtedisddieh sa890 |ig per nm dosage). Exanple 20

Water for injection 1,0 ml

©)

PEG-IFN-a2b in 10-500 pg
accordance with example 4

Sodium acetate 0,4 -2,0mg
Acetic acid UptopHS5,5
Mannitol 50 mg
Human serum albumin 10-12,5 mg
Polysorbate 80 0,01-0,1 mg
Ethylenediamine 0,01-0,1
tetraacetate disodium salt

Water for injection 1,0 ml

Example 18

Containerization of a medicinal agent containing PEG-IFN-a2b

A medical agent containing an effective amount of the claimed PEG-IFN-a2b (Example
17) is to be dispensed in sterile conditions into syringes from neutral glass of the 1% hydrolytic
class with brazed-in needles covered with elastic or hard protective caps, sealed with nozzles on
butyl rubbervplungers laminated with a fluoropolymer with the volume of 0,5, 0,8, 1,0 and 1,2 ml
(for 100 pg per ml dosage), 0,5, 0,6, 0,75 and 0,9 ml (for 200 pg per ml dosage), 0,5, 0,6, 0,8, 1,0
and 1,2 ml (for 300 pg per ml dosage).
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A kit including a containerized nedicinal agent containing PEGIFN-cz2b
The kit t or 4 syringes together with pl ungers

accordi ng\ﬁa 29;2'})2}8]3\6“ als in an blister nade of polyneric ?"i:quﬁryz?%béog?sr%er W th
a prescribing information, placed intokE éami‘dﬁgard pack. Bl BLI OGRAPHY
Patent RU 2311930, 2004; Patent RU 2382048, 2008; Patent RU 2298560, 2004;
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3. Conjugate according to exanple 1, in which interferon-a is a natural or

reconbi na‘gbzbﬁy(ﬁF&gron-a-Zb. 4. Conjugate according ?gmgﬁl{@o%& IkBa

whi ch average noplecul ar nmass _of pol yet hyl ene glycol is

5. Conj ugat ke Sorlgianss: tloDexWalereMiE (293%1‘@@&&1@ iiterfdrgn-bikkp ciykines, and their
r epr esent e§cepforsyJtreunelogios Baeev P8y 8-32. 6.

Phar maceut i cal conposi tion, havi ngantiviral,antiproliferativeand

i mmunonoduf %tkang-r(rg(&ﬁ)-v‘ iTihg intederoas:Hidrygarsafientieiraliwbverendesl is fuchmicae {d learinh, J
ef f ecti ve Bighrithemy, 13r2B20M12084261i cal | y accept abl e exci pi ents. 7.

Phar maceuti cal conposition according to exanple 6 for application as a drug
for treat 0 hJ7al « h e dl I»Seas soci.ated with
primary op}pj;f?lgfa% 2ldrgy?;'i_ P%Hﬁg gfn ?J(I:I:agekrll(%llgé éﬁﬂg?éﬁﬁlggﬁ Prlgicéu e aqpajglocrrr%%gfi tion
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to exanpl eheraPyfrspatients sitddiuladsiphia shromosamgmeg#iiednydeprolifesiive gierdsHEE T
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12. Medicinal preparation, according to exanple 11, including buffer,

i sotonic agent, stabilizer and water. 13. Medicinal preparation,
accor di ngvoaoexanmsbe 12, including sodium acetate tri hydcatraonmebize acid,
sodi um chl ori de, pol ysorbate 80, EDTACLAIMS for injection. 14. Use of

conjugate of formula (1) for production of nedicinal preparation, having
antiviral, antiprolsifiss abhiiga@net PEEHATDHILALLAS AP b (. cdRiintfBE one
according to exanple 14 for producti on of nedicinal preparation, haV|%g
antiviral actpositipyisgiteh regard to hepatitis C or hepatitis B. 16
Approach to prophyl axis and/or treatnment of viral diseases, including ‘
i ntroduction of a tigcall Ctiy ntity of conjugate of formula
(). 17. Ubécggég%gﬁﬁdtﬁbééigﬁ%ﬁggig;ﬁﬁﬂﬁ?e viral disease is hepatitis C
or hepatitis B. 18. Use a€cor'di nd®t o exanple 16, including additional

i ntroduction of therapeutically effective quantity of ribavirin. 19.
Approach to prophyl axis and/ or ®reat ment of di seases associated with

primary or secondary imunodeficiency, including introduction of
t her apeuti cal | yhef€ective quantity of conjugate of fornula (1). 20.

Approach to prggp%%%éi§M?&Q§@ﬁgbzﬁ$ggﬁ . of oncol ogi c di seases, including

i ntroduction o peutica e quantity of conjugate of formul a
(. 21. Usen ageesedling to exanpl e 20, where oncol ogic disease is a
nmyel oid | eukem a. 22. Use according to exanpl e 20, where oncol ogic

di sease is a md Hnldhe- interfergn-aCont ai ner, hernetically and aseptically
seal ed and conpliant to storage condition requirenents, including

phar maceut i cal 2con@osjughtencaediapdd Bghriple ¢Xiargiich M is an iltdger & ner
according to exanple 23, where specified container is a prefilled syringe,

vial or autoingect epineate2Recoliihe thNELAQY] € iiper: d% o! |.e
24 and prescribing i%?'?ﬁatfgn} %7 SUBS ITUTEggh2E¢€€ﬁ%ﬁ§R%% 9 & ChafA:
recombinant interferon-a-2b.

4. Conjugate according to example 1, in which average molecular mass of

polyethylene glycol is from 10 to 40 kDa.

5. Conjugate according to example 1, in which N-terminal ~ group is represented

by cysteine residue (Cys).

6.  Pharmaceutical composition, having antiviral, antiproliferative  and
immunomodulating activity, containing conjugate of general formula (I) in effective

quantity and pharmaceutically acceptable excipients.

7. Pharmaceutical composition according to example 6 for application as a drug for
treatment of viral and oncologic diseases and diseases associated with primary or

secondary immunodeficiency.

8. Pharmaceutical composition according to example 7, where viral disease  is

hepatitis C or hepatitis B.

9. Pharmaceutical composition according to example 7, where oncologic disease is

a myeloid leukemia.

10.  Pharmaceutical composition according to example 7, where oncologic disease is a

melanoma.
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11. Medicinal preparation, including conjugate of formula (1), having antiviral,

antiproliferative and immunomodulating activity.

12. Medicinal preparation, according to example 11, including buffer, isotonic agent,

stabilizer and water.

13. Medicinal preparation, according to example 12, including sodium acetate

trihydrate, acetic acid, sodium chloride, polysorbate 80, EDTA, water for injection.

14. Use of conjugate of formula (I) for production of medicinal preparation, having

antiviral, antiproliferative and immunomodulating activity.

15. Use according to example 14 for production of medicinal preparation, having

antiviral activity with regard to hepatitis C or hepatitis B.

16.  Approach to prophylaxis and/or treatment of viral diseases, including introduction

of therapeutically effective quantity of conjugate of formula (I).
17.  Use according to example 16, where viral disease is hepatitis C or hepatitis B.

18.  Use according to example 16, including additional introduction of therapeutically

effective quantity of ribavirin.

19.  Approach to prophylaxis and/or treatment of diseases associated with primary or
secondary immunodeficiency, including introduction of therapeutically effective quantity

of conjugate of formula (I).

20. Approach to prophylaxis and/or treatment of oncologic diseases, including

introduction of therapeutically effective quantity of conjugate of formula (I).
21.  Use according to example 20, where oncologic disease is a myeloid leukemia.
22. Use according to example 20, where oncologic disease is a melanoma.

23.  Container, hermetically and aseptically sealed and compliant to storage condition

requirements, including pharmaceutical composition according to example 6.

24. Container according to example 23, where specified container is a prefilled

syringe, vial or autoinjector.

25.  Kit, including container according to example 24 and prescribing information.
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