WD 2012/ 011836PCT/ RU2010/ 000529 THE NEW STABLE PCOLYETHYLENE GLYCCL
CONJUGATE OF | NTERFERON ALPHA, REPRESENTED BY ONE POSI TI ONAL | SOVER

DESCRI PTh{)2012/011836The present invention is related to pbaRiBeRAWHIBAl S,
nanmely, to physiologically active conjugates of interferon, in particular,

to new conj THEINEWOSTABLE POLYETHYLENE GENMOYOECONIVCATE OFANTEREERGN be
for treatnment o i i nmunol ogi cal and

used in nedicine, for a e f viral

oncol ogi cal di seases‘.LSﬁA%%E@TEPSBYIW POSITIONAu FSOMER.o| ogi cal | y
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response to viral infection or as a result of inpact of certain chem cal
and bi ol ogi cal substances on cells (lsaacs & Lindeman, 1957; Pestka et al.,
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A PEG | FN-2a conjugate with linear PEG with nol ecul ar weight 1-5 000 Da is
known (Patent US No. 5,382,657, 1995). For the conjugati on MPEG et hanedi ol
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proteins can be seen (Delgado et al., 1992), resulting in increased biological activity in vivo
(Bailon & Berthold, 1998). PEG structure also affects the biological activity and

pharmacokinetic properties - conjugate with linear PEG has a larger distribution volume than

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



conjugate Wth functional groups of other am no acids - serine, tyrosine,
threonine, and histidine in addition to free am no groups, which |eads to

the emer geneM 2011858y i soners, some of which are char a@t;e,rmg@ﬁ;/omgzan
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12 kDa was obtained, which is currently on the market for treatnent of
viral hepeliawss under the trade name "Pegl ntron" ("Schering-Plough", USA).
I't was found that t@éa% R el alin@diBl-& PJaH:E &(ﬁ%ﬁi oA hORculke@ti %BJ(Q"Sobo Da).
consists of 13 position isoners, each of which contains one nol ecul e
conj ugat edswi resnlvphamamkprtic sanametelrfeofiihoPEGFﬁFMoeuwa@ a(ll\i\amgloetﬁedIIFNzra@@nly
G ace et al 2 PEG nol ecul e
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Lys 49, Lys 832. LysFdmhbtioh¥ba la?de ml-xt(BerliB%osmMﬁal isdfheld With diffedgnt 3petifisibity,
but al so through histidjne imdazole ri n%p (H s7, H s34), tyraqsine nyr 129)
and seriné umlgl’r%ﬁﬁmee@%e’e) h angii\ malecyle thrapgh,freq aminp ghtwps of didiereatlysingtn o) 8
(Tyr129) to 47 % (H s34). Antiviral activity of Peglntron consisting of 13
position isoners is 28 % of the native protein. Specific activity of
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also with the functional groups of other am no acids. As a result, obtained
conjugate consisted of a mxture of 13 positional isoners, differi ng in
antiviral specific activity; 2. Formation of an unstable

i mi dazol e-carbonate (carbamate) bond3in the mai n (Hi s-34) isonmer of the
PEG | FN conjugate leads to the fact that after "Pegintron" admnistration
the conjugate is hydrolyzed with rel ease of the native IFN, which exerts
its biologi caI effect Thus, t he drug " Pegl ntron' |s best regarded as a
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(1) where: n - integral values from 227 to 10 000; m- integer 4; |FN -
nat ural or reconbi nant pol ypeptide having the activity of |FN al pha.
I n the oky@hmemdise ugate linear PEG with the nol ecul apc\givdhiondé32£00 - 40

000 Da ro of the N-term nus am no acid of
| FNa. 'S %gﬁg%’gﬁi’&“ﬁ?ﬁ’gﬁ‘fﬁawﬁ%ﬁi f@ﬁﬁeu‘%??]‘@?’fe? E’ielﬁf\’/l,"é"’sal pha- ani no group
of N-term nal am no [BEgedof sresyddtt evedivaivdsher daRart Iﬂﬁ’ﬁ@h%ﬁ tﬁQtHa}faﬁt‘§q dﬁg:) ZES

of general fornul via reaction of PEGylation at pH
CH2g CH20-33E39 SPF‘)“(O ess thafel0gmingtes. Pisvioyslalit hasl heen Sh@W@QW the in@BOGoN sf)

that nol eqhlsamhie®eaes %@@E(ﬁ with %&&éﬁ?‘% Qh¥itidd 1 ﬁ‘l[% stabiloaxglag e nds trlpm&g}] G

4, The optinumratio of ecul ar wei rvira
i s achi evﬂoummﬁghletshﬁam&e bomdsan:d: alvmf(mnhed/BEﬁs& Rl)lppM‘tt h995a,| ue of m 4.

Reduction of i no Clt tox as, | rov

phar r nacoki net ?guparga Per trﬁ? atﬁcaﬁl Q} %ng' Y"Hhrpé%tginﬁ fiRde ﬁ]b‘PB%*hPIérSt%iﬂ@ht
of the conjcugsibRdirRE mindepyoladillysise i(RoIRA al, sgamoﬂ Milch h&d@&@&&t fb%a@&?of
I n conparison vvlth prior art the novelty is as fol dehyde

deri vati vegVegHl F%?é‘tt‘ioi}%lt‘%‘dn?’fﬁEGs were used for pr oduct| on of PEGI FN
t 3 2. nove
conj ugat e; 3. C§B&d&ﬁ}1 i IPWPEH&I%U&E r& gﬁ‘%rl 5 él? gg{lsj\lgi[%?eg rgbﬁ ?r(érijoonlk))f’g

3. Produced PEG | FN conj ug te IS represente I'so
4. A bond tb@t@ﬁ@éﬁllﬁE@ﬂwdteeduIIENamucmﬁl\l nmol ecul e is stable;

Mol ecul ar mass ,of P G- on f the SI ze f the
bound PeG 4" 6! SgRRuC SRk S led RECEAE T8 TN uation reiedth Gnolar
ratio of PEG / protein was 50- 100/ 1) leads to the high cost of the obtained product;

There is a known PEG-IFN-a2b conjugate obtained by conjugation of native IFN-a2b
with branched triazine derivative MPEG with molecular weight 7500 - 35 000 Da (Patent RU
2298560, 2004), the total antiviral activity of which amounted to 6,4% of the activity of
unmodified IFN. Data about conjugation stability, the number of positional isomers and their
specific antiviral activity are absent.

The disadvantages of the obtained conjugate are the following:

1. The use of triazine-chloride derivatives of activated MPEG, which are able to
conjugate with functional groups of other amino acids - serine, tyrosine, threonine, and histidine
in addition to free amino groups, 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-a2a conjugate, obtained by conjugation of IFN-a2a 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



For production of clained PEGIFN conjugate the reconbi nant human | FN-a2b
(produced by ZAO "Bi ocad") and butyr- or pental dehyde derivatives of nPEG

correspoRb Be2loPiskermul a (11) with nol ecul ar nass of 20c0RQ260@/0¥p€ used.
The conj ugat i t hLor t .pl-1 bel 6.0 . with a reducing
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carried ouihgﬁ?chr% raphy on cation-exchange sorbents. MoNnoPEG | FN

el ution wa 07 ‘%’g )gr adi ent concentration of sodium WO

2012/ 011836 PCT/RYARAN AN the BbiainkdlBordii R fe @2 fofoRinmg: M i n buffer
solution with a pH below 6. The purifi eé_ monoPEG | FN product was dial yzed
agai nst 10-50 MV bufhensesef Nthydrpxasuqsinimidsesigr dithgteslaPEG leads to conjugation with
pol ysacchay r .0 A rxol idone, or nosacchari des,
and am noaagluggﬁcsa,u?oarc%sgrg%%g%’?\lgfo grrolaglfh ahsoyé%:g‘lwst?lgé) ga"ﬁ% nf%rﬂ'il%a?edés[ gr“&lé‘ﬁi’es ogr‘?d
st ored i n iginags,idiffeinggh apifiioddtiveeg. Wit h siliconi zed surface at the

t enperature of 42 . . To characterize obtained nonoPEG | FN- a2b

conj ugat e st udies cc){“oYVtaEt‘}S‘fP-r[iaf?‘f‘tyH%ﬁ%"g%lﬁ%‘P? ConMAALS ¥ T e heni cal |

bi ol ogi cal , anghp RRGHEO HARth FenfiDRTARE PEGSIFNCS Y'Y & {I?é?] i
conparison with ugm)dl ied | I%N. nThe proposelgﬂl\fnventrﬁ%%%fé |E usl'%l?}}aqt%aée%ys
f ol | owi ng %9def7¢s 1999. For PEQylatibn rkaqtioni ac Enaaf MAEES |detivaed? by cocinigdadeecarbonate

formation ri eactio ith b ral de derivatjve. .

Fo o e MR R nSfhalot Mol Ko, £ PO R A i, Ay o e
" Symmet ry deddibed 4nebhod ADIFNTOnjagdtetWith PEG withi iflele@ularSR@ssRAGE AD@WKS bbtaftfed,
the purified PEGIFN a2b caonjugate conpared to unnodified IFN-cc2b. Fig. 4.
MALDI - M5 aWHFR df cugienthn pgd it airkernon dratiment pGYirginbepsiitis owdgy dhe trade name
Fig. 5. Lo | Qe \ g ite in the PEG | FN-a2b conjugate.

Conpar i sonpgélhﬁgns(s)(f 2%’5????‘%%“%‘?& pepti des of unnodified | FN-a2b (A)
and PEG | FN- cc Bbw4sBound that ¢lais #EGIENve2b ang@gare /(medit 2106 TRE@htrohlgeonSists of 13
Thermal stability of the PEG.I.FN-a2b conjugate and unnodified | FN-a2b. Fig.
7 Pr ot eolFEiEh SPHBTS FI v TisHbooRen SRS oSS p G o EaiH "INk SrPR] G of the

| FN-cc2b. protein méib@ile BVarid'@ al. MUYDOGR0E 66 1Y 2001; mngs_@g?elt EilN2 . E N3k YR hat
conpared with unnodified 1FN-a2b. Fig. 9. Pharmacoki netics of the

PEG | FN- a %G Bijasalsteasconiyanied with imterterasndtioaly thraughpes amino lysirgs ghysB &sLyst
specific R a d i t r t f t\u I
properti es4 EaGrL gL:gB Vgﬁs ng’o%%t 151 mP%mngﬁ %%ﬁ'j‘g ulgé‘? éusuti gﬁygﬁ’e%o@%%t%gﬁh) :
whi ch ar e histidinebjreidazodd rinige (Jhis@s Elit34),nyeorineo iT wrd29)b endi sexind dpigedipc Serl163).
medi cines for preventing.and / or treat viral djseases, hecause in
Rad £ 1 on (SHTEAT SRR PR PiARSE CErbHogRHoct o HRRE) RagBraghy oF
antiviral paghittéhtcpnsidlngOof PhpssTRGELbEA!is 28MRQTithd aa%qﬂefem. YpREfidac@ity of

active ingredient an effective anmount of conjugate
2012/ 01183shNidrel-isoneyg gadsbom 11 to 37 % of the native IFN-a2b (Youngster et al, 2002). The

main isomer conjugated with PEG through His34 has the highest specific activity (37 % of the

native protein). The free amino group of IFN has been conjugated with PEG by a stable bond,
while in the main isomer, comprising about 47%, PEG was conjugated with the histidine
imidazole ring (His34) through the unstable (in aqueous solutions) carbamate bond (Roberts et
al., 2002).

Pharmacokinetic parameters of the conjugate were better than that of unmodified IFN
(Silva et al., 2006).

The disadvantages of the obtained conjugate are the following:



of formula (1) produced by well-known pharnaceutical nethods, can be used
separately or in conjunction with other therapeutic agents (e.g.,

ri baviri Ryohbh@h/if3ss preventi on and / or treatnent of vi li)@f[/ﬂ[]@ﬁﬁﬁ)t)dsgﬁs (e.g

chronic activeh t I [ 1y hepatjti nd 06;

McHut chi son et afq%gi!@%@? Sg‘gcliel}no 53 %a(a{? %f lvaﬁﬂé’?éﬁfmphgfg‘%}e(f@ﬁ ‘éﬂtéééhea TRy
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roduction of a_therapeutically ef)f ective anount of

B, includi n
cl ai med co‘tht} %fi‘é’“&fgafeo‘i‘f‘fﬁﬁt&d ©f § mixture of 13 pqseiopaldspmerpdiffenmg ia aahutral specrﬁc
PEGy| at ed 4catRy;f eron-a can be used as i munonodul ating agents for treatment
of cancer, in partl cular, |leukem c reticul oendotheliosis, |aryngeal
papi | | omat osi s 2. fietmatiomeo! anematablegmidazaleaiartomale (parbamate)) medlqarthcamaifa@ﬁs-l?ﬂ)s

arconma r t a002: B . nt
Al 2oo§3qg‘ﬁ‘gdu‘léfsth% PEG-IF ﬁz‘t?é‘!%‘ga%aé%\éfsefo it %f‘ thﬁbi%“jr e BRIesgHop e
wel | - knommmgmegehmbsyzed withesleasdi oF elxs efive MEN, Waicharertd ﬁmﬁldgfcal Eﬁ%@ Bifus,
wel | as co S e for treatment of these diseases, the objects of the
pr esent rfB‘lieHgf % %ﬂ’goﬁl SPerearaisbss apr-HHaridealir GIHFCt@@rfbbEéYPIYé%WHh the
cont ai ni ngoﬁﬁ%ﬁmﬂ%'a@ﬁ%n%&%t)ﬁelp 5@)4)%@ d fhe %ta%ﬂ oF th\éqz%j"ﬁﬂ& cz)equ%ate in

possessi ng anti pr oli fer ative and | mTunom)du at or
used to prselnsien "Begintronsrdosagseforne irstared aml lmtf@efamsf bzsplubzaitmudvdmrt h primary

: |
o Zarensey SIS 55 L5 BT i

di seases astoity of BN-wlphd) cbﬁslst&rg}bf(bhe POSIOOKhR i soreAMMRDRSrb eddesidbylity] With wiubai

i ntroducti,on of therapeuti c(g gii effectl ve amount of conjugate P G | FN-a_of
the for nuliBmynpgenicity, lmEISWF garrmagekingic Ragamelers, With thg ety copbinsian of PEG
phar maceuthgigddiy @6 ﬁtpﬁrﬁmnﬁlvﬁﬂal b&fvitydie HERbLAjuBRE, fulﬁﬁle%ﬁmﬁphﬁec%glvyell as
accept abl e exci pi ents i's adm nister &d i ntraveRous y, subcut aneousl

i nt rawscmhmgﬁemcabﬁﬁnmquns hased onithese PEGr N @mjug'awr exanple, in the form
of capsules, s a o i njeect | R up 05| Rout e a
admi ni strati on)f\i}gg%bdég %’&Vedq)yf%eatloncl §17%EY O nCt r?‘g I%fgéa@g CORIERE &R

of adm ni Shtb&énoﬁml}&mdactlh@y,Ilmmwh&he bﬁéaﬂﬂﬁﬂbdﬂt%ﬂﬂﬁ@@vﬁﬁ@ﬁtﬁed@dﬁnﬂ@ﬂ@ﬁﬂlm@)mn
the di sease and its severi tg{Nor the ai mof admnistration (therapeutic or

pr ophy! act'? 80 §8@Pa ingowrdta Lk Nemalesulsbygrstabiebermdnirictiyshepupl alpbel aminoosraimef
to the ab ept abl e exci pients
may be | nyg‘%ﬁgﬁ %gg%é %ﬁ'gl?{r}%cne%ﬁ%pquﬁg?&@ﬁwinﬁ%&?‘hgg&}I FN-a: buffer
salts (e.g. acet at citrate ro arbgnate phosphat e buffers),
stabilizers (e Cﬁsﬂﬁt @b‘ﬁ%g yl pyrollidone, dextranes,

r aox n

human scrum al bum et hers 20| C aci d al cohol s (e.g. benzyl

al cohol ), phenols, sorblc acid), antiseptic conponents (e.g., benzyl

al cohol ), a regul ator of osnot i(B pressure (for exanple, sodi um chl ori de,
pot assi um chl ori de, polyols, for exanple, glycerol, arabitol, sorbitol,
manni tol, WO 2622/ 61 iBSGHGRIUNZORDZIIN0IRDODACt ose, dextran), surfactants
(e.q. HSA pol yvi nyI pyrrolidone, |ecithin, polysorbate 80,

pol yoxyet hyl enBL pBY§e8%s 3¢ opy| ene copol yner, casei n), surface-active

subst ances (eg I e oxide,
propyl ene oxi d{aFPgnggtﬁraﬁgf%%béﬂsei&?lgg;obgk%#etq%ﬁl ?céﬁ? g onﬁ@-\ﬁrpg\?t ol ester,
pol ygl ycerol fhtthg Mmbdeanwgateclmmrﬂ’ﬂ@ @El&tlhaamptebulauwcghelo A& ardd| G0 ke is

st earyl ene | auri.c et.he | yoxyct hyl ene,

pol yoxyet ﬁ’)‘??{’e‘ié’%@%%&&aﬁ@flgﬁb %f‘%g‘? ‘@‘f%f’%?"‘%ﬁtﬂf*’ear ate, glycerol
di stearate, sorbitol nonopal m tat e, sor bi tan nonool eat e pol yoxyet hyl ene,
sor bi tan nonol aur ate pol ¥oxyet hyl ene m)nostear ate and propyl ene gl ycol ),
anti oxi dant s ( aglectivity| §it'N, medifigation; strictlysia plphe-aming group 96& -grmiagkningasid
gl utathio r ogt.h , I (o]
nonohydr at? g?c}gg\?ca)r (E:H ea‘géle ghﬁ’dﬂ)@b tagde\gdttgg ?Ig%gi S, oﬁ%&g‘%; %h[g\%g (ﬁfbfa fehilfon of
2012/01183’6‘]@1’?1@!1124@&11/3)6)0529 Exanpl e 1 Production of PEG | FN-a2b conjugate
usi ng butyral dehyde MPEG derivative 16 mM of 1M sodium

cyanobor ohydri de solution were added to 785 m of buffer solution (100 nM
sodi um acetate, 150 nM sodi um chloride, pH 5,0), containing reconbi nant

| FN-ca with the concentration of 1,7 ng per nm, then the solution was
stirred and 5 g of dry butyral dehyde PEG derivative wi th nol ecul ar wei ght
of 20 000 Dal ton was added. The m xture was thoroughly stirred and

i ncubated for 22 hours at the tenperature of 17+3 C. 50 pl aliquots were
sanpled fromthe mixture after diffeent tinme intervals, and the kinetics
of production of the PEG |FN a2 conjugate was anal yzed using the

el ectrophoresis nethod in polyacrylamde gel in the presence of

dodecyl sulfate For this pur pose, buffer W|th pH 6 8 in the armunt of 1/3

Y - o . A N~ ~NSN N7



The diluted solution produced in exanple 1 was placed on a colum with a
cati on-exchange adsorbent (CM sepharose, 300 m ), equilibrated wth 5 niM

sodi um agedasebighd er, pH 5.0, (buffer A) at the rate etrRUID10P6Is20M N. The
adsor bent col umm was washed consecu |ver with buffer A and buffer A

cont ai ni ng NaCl e nt ®m 0,05 to 0,2 M Aliquots were
sanpl ed from ea% 3 @ QHa(?rﬁ? r t ur H of sanple analysis using the
el ect rophoresi s nethod in polyac e gel as described in exanple 1. The

fractions that contained the m)noPEGyI ated PEG | FN-a2 conjugate were
conbi ned, dialyzed with 10 voiDnres of 20 nM sodi um acetate buffer,

contai ning 150 mM sodi um chl ori de, then steri le filtration was perforned
and the resulting solution s stored at 42 Exarrple4 Purification of

t he monoPEG | FRIMEEH "corplgs ab&‘fsrfdﬁne%@gh’é?nb%o%%mabg? praromags of PEG is
cation- excagg%ggnﬁg?qb%ot_m 000 Dathe diluted solution produced in exanple 2
was placed on a colum with a cation-exchange adsorbent (SP sepharose, 50

m ), equilibratedindgeh=9%; MM sodi um acetate buffer, pH 5.0, (buffer A) at

the rate of 5 pet mn. sor be t col umm, was shed consecuj | vel

W th burter A AREOBImETate LG Fieg AEIe BB L SOy RaMErtd il theos
to 0,3 M l@ébm&pﬁewf@émﬁ‘ﬁlvgmg&ﬁa}cﬁ fraction for the purpose of

sanpl e anal ysi s using the el ectrophoresis nethod in polyacryl anide gel as

descri bed i n eRadystien of iffinendgenisity end taxvaty as ovetlais neplrowerephmm@lk'aphat ed
PEG | FN- a2 _con ate were conbi ned. .. di aI d wi.th UNes

sodi um acé)taa%ét%g?ﬁcélf VB RingTeRng Bg W%‘i‘}ﬁlv{fﬁ%}?g Hggﬂf’ Caalug?tﬁ%ﬂﬁg teri I e
filtration V\IaSNlaelrfézﬁﬁmdl euitbdriden vath Whd pro@tygelard:i on was stored at 42 C
Exanpl e 5 Reversed phase-HPLC anal ysis of PEG I FN conj ugate The

PEG | FN- a2 conrruaﬁﬁ;an@dsmuﬁeaorm&e&m&reyéamrowsl uted with 20 nM sodi um
acetate buffer, pH 5.0, down to the concentration of 0,1 ng per m and 100

0 of this sanpje weAaeﬂg&eC@avqavésra %MWE%&V& uyémfo@g) @a&%&& m EGIPR

assay was perforned at 214 nm using reeze romat o actur ed
by the V\atcenjsrgﬁe,rrpany Based on results WD 2012/011836Mr/ R112010/ 000529

represented on, Fig C c;or ding to RP-HPLC findings
of, the purity?of tﬁteucé‘ilrﬁ% @Qgpﬁgﬁpﬁ\gc%ﬁa 9131“8"?[?3 over 99% Exanple 6
Det er ni nat i on of enPRUGEIPHEYEN coxlgugate Khepre ey cheipasition isomet el 2l
endot oxi ns (BE) in sanples of the PEG |FN-a2 coni glgte produced in

eﬁu

accordance wit i exafiproad betwege PEG pglegide ardiiibero iif #eblgy neans of a LAL
test (gel-clot %mé A%}ééﬁfa?g‘?%‘l o'f’PE%‘P‘I? 43R atWrithr&ng e §f9rL &4 gpaan

Phar macopoei a 14. A agn it manu actured
Associ at edoond EEGE COD, Inc., LAT reagent with sensitivity of O, 03 EU per

m , Endot oxin ferﬁnce Stan ard #V% in a gi al) and water for the LAL
test were used’in t ‘é&’& %"ﬁs ESUMPLOYFE presented in table 1 we nmay
concl ude that BE content in conjugate sanple is less than 1,5 endotoxin

units (EU) per ng of protein, which is nuch |ower than the BE level that is
al | oned for drtigs pbrahxetiommfr ela'mmi PHG-INY otomjupste Tiab Irecoinbiimn demtana i oL 2bf

bacterial endotoxins in the G.I FN-a2 conjugate PEG.IFN- a2 conjugate
prepar at i dBrogRedttyEMOC @mceﬂt) a(né@uper Ol RFEM degwﬁ daryptipsef THEG opeRtRg Y n

accor danc qoith i FXAPhIu s PG RAvBE Mg ed 11 accor dance i th

exanpl e
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



<1,4 Exanple 7 Electrophoretic analysis of the PEGI|FN a2b conjugate as
conpared to unnodified IFN - cab. A sanple of the PEG I FN conjugate

produced w286 001s8@nce with exanple 3 was anal yzed usi pgriR#8010/000529

el ectrophag i i ryl am de gel as.,descrjbed in _exanple 1. The
el ectr opho{hgozidg f\f/\%é%g)grtf) orbr’ir)re%%l\% lffKGr P lggo%g"éi‘(? ?Ii{g‘e]%f” %Pﬁlee‘?qﬁ‘ﬁﬁérmwpﬁ%wa‘]er
non-r educiprgdwondd i dilgzedPragaiasn 10B00MMQ buffel REIGBH WEAHIESF OTaBR WL o

Coomassi e R-250 dye. Sinultaneously, electrophoresis of unnodified | FN-a2
was perforﬂ?é’éf?‘cc'hﬁégqﬁ e Oigoﬂf PRJ5YIBY M=olidose coy apgnegacgharifles rradgamieb §ugaty, o3,
track 1). Bossd oNaslBCidaphad 4ok REG: j AT
unnodi fi ecﬁ?‘FN_- a2, as repdr%glsagn?gdl@g% (I%{ter.éags, msgﬁgéé_géggﬁ?ﬁa%g%&ags %E@ef Ii‘wha
conj ugat e silzonged sgleee anthk coupepatunemif gh? 'Ct han unnodi fied | FN-a (Fig. 3,
tracks 1 and Zé,. Lf&‘ ou%ht to be noted that it is inpossible to determ ne
the exact nol edQl &IREFHR  Bftaippdy MongBEGUPNowAD/ eonfemtpCitndie 02/ 400829y,

proteins ygj 1de e ) PROK ism?({%m , Ltiap. of t ilic
PEG nol ecul keﬂa){g 8 é?ﬁl’e g?%\sﬁaea?n colﬁili dgr a yg’i n%?ejg)ggﬁ%cﬁgmg{l%kglgar?%%lgsﬁgpof'v “the
resul ti ng petfapoeshid comparsonexith wnmebfieghFN. of the PEG protein compound in

the gel is slowed down,, .and .its .nol ecul.ar ight.is seens to be

consi derably h?@%8¥°p9%d§d“‘_{%8°';mﬁ§?“aﬁ"@|bgcﬁﬁnﬁ\”g\%eﬁggws of the protein and
the PEG ExanpFg. 8. Reie@ESHIPHG-DIN-GDL¥BhjAEAE BSrmaBbOBrif tht Rech&EGVIEN: ot 2b
conjugate as conpared to unnodified IFN -ct2b using the nass spectronetry

net hod  butyraldeliyds MiJiG@ deriivative PEG | FN- a2b conj ugate produced in
accordance with exanple 3, and 0,3 pl of solution of the

2, 5- di hydr oxybEigz 3i Reweieephasd HPLC rapdlysisgk pudifiédnPEAG-IBN axcdt conjugaiel o 'iSymnadtgr
with 0.5 %.urani etrafluoride) were m xed together and air-dried. A
sanpl e of q}#ma)(gld#’fn)e ‘Tllfﬁl-‘:%]?“%s prepared using a sinilar method. The
mass spectra were obtained on Utraflex |l BRUKER &Ger many) MALDI - TOF mass
spectronet er e§i& phedPWilA R awalysigsel thaugprifiqh PhkidEN-oRdc eoniugats compersi ned

inthe I|i r ik ve on node; the average wei ght neasurenent error does
fifoafied FRME. 1 9 9 . :
not exceeg5 8{1@ Iﬂa]lkIton. The results of mass spectronetric analysis

of unnodi fied ghl t he PEG. | FN- jugate. in t z range of 10
000 to 50 000 ‘rge%%iéﬂp‘gﬁ By afmw%ﬁ&%ﬁ%ﬂgﬁa%ﬁ“?@-lgﬁé&msw B Fig.
4A we may conclude that the mass spectrum of rhl EN-a2 contains _a base peak
correspondi ng 8 ?eocpiign-ofitfife eachmment 9i¢ iptherP Bl wi2hcopiupgrt Conparzon b
Dal t on. t . | EN- a j e &asS. . shawn.on
Frg. 4B witiasP s S R BAGR i aOTa (A R B P PR B
monoval enthd @ngennt/lx 1208-1#400.ecul ar wei ght of 40 498 Dal ton. The diffusion of
the peak is caused by the heterogeneity of nonomet hoxyPEG preparations. The

neasured nlz VRjpUE. TiRimhin@abik(rol fHY PRG0S coRjubfe aR®akmbBEEIHN-6420. 498
Dal ton) coincides with cal culated sum of nol ecul ar weights of IFN-a2 (19

295 Dal ton) ang: t : lgﬁ#f‘ Orrip . g@f?%lﬁ ? \Zati on of
the PEGyl ati onpllg’l ?.?r?%&?ﬁg@%%@ ggg%glgﬁ lﬁgg? genju p Odo e%?rﬂgializ(??géd
trypsin solutign (Pronmega) in 0.05 = Wi th concentration of 15
pgxm -1 were agﬁeg‘ {l‘@e ggﬁlﬁo%flwftﬁé)fyﬁgbgéﬁﬁ g(-)%%lh&(gynégageam%argi B'&Bd’élﬁlq%f'ﬁed
accor dancgrnidap. exanpl e 3. Hydrol ytic deconposition was perforned for 16 h
at 37 C, then 10 p.I of solution of 0.5 %uraniumtetrafluoride in 10 %

sol ution of ﬁgﬁgg‘f@%g@k%ﬂ@ﬁth%ﬁGW&Z@@oqu&@%rc%ml@é Wi unmodified TFN-

2012/ 011836P
o2b.

Examples of specific PEG-IFN-a2b production methods and results of the study of its

properties are given below.

PEG-IFN-o2 conjugates of the formula (I), which are the object of the present invention
can be used to produce medicines for preventing and / or treatment of viral diseases, because in
addition to high stability and reduced immunogenicity, they have high antiviral activity. Also,

pharmaceutical compositions containing as an active ingredient an effective amount of conjugate

8



stirred. A sanple of unnodified I FN was prepared using a simlar nethod.
The resulting solutions were used to obtain MALDI nass spectra. The

| ocal i zatyW@Ro@fp1ighe Site of PEG bond with the |IFN nol e@@lr@(mgﬁmgﬁgﬁ_rpj ngd
by conpari the PEG | EN-.a2 conj ygat e, an nmodi fi ed,
"En oz at aropfa (PR RRER e Sl cholfy Rigrins bt GAPLIT B of S Eeridn iy
| ack the pepjindéorcwith espothdiapguticagetie (92 tibafirik)er MePrdieRtion dMir¢Ratment of

nodi fication occurred. In table 2 you my see nass spectra of experinental
Trypti o i QL EEEdiont fisey b it FARUHS MR Bl PN B Gh gt el 8ed

on resul t SVBHASKBEE: 16098 TR FRYrERREINER dnltatDBSH fB%‘r%\';e%t hd / or
tryptic digests of the unnodified |IFN-aZb virtual 1'y coinci de Wit R mass
spectra oftreat yipal idiscesieg suchgis diepatitie (PEG lepatiisa, indnding atted(¢tixnl «f a2heraprovieal Br

t he tryptie?fe@@ix%?ﬁljé)c%u%g%ﬁ géf}g%d (}I}lkl%zatecoqr}j)#rglz%ﬁ).l acks the peptide with the

nmol ecul ar wer g I's pres in the tryptic digest of the
unnodi fied I FN-a2 (see al ig. .. According to the anal ysis of _

t heoreti cal me?tg‘ﬁtki“’w tﬁﬁglgi‘gw%aé%&t?ﬁw Q-0 ERdepEsk apimmuppngdulating
1313, 649 GEAteSRRNEGatenAINcARER Rl paPi QIR Nel@RLd %ﬁéﬁlé&ldﬁth%%i?sfié,t %qncgeal

absence in the tryptic digest of the PEG |FN cc2 conjugate tes I'es
nodi f i cat irgRlllematosis, melagpmpnighalreP tcatsinomeh inoieloid tevisemiag Kapesi's earcdya (Becatris

i ght of HES. of: t a, PEG bi ndj t he
VEN ol ecdt o a0z A dhiig UL 260, Yipk R PaRARE'd U AOEPLodar eI KBl e
the N-ter rid,r24ll0x st the besisnt te Welbkpown phthegedesiEsPekiotindasds amSHe spRElche 6

tryptic digests of the PEGI|IFN 2 conjugate and of :the unnodified IFN-2 as
conpar ed ggﬁﬁé&? avsllay conjreptes uB(B’értFQ%gW’ﬁqufh%s@F%%ﬁa pegebigets qf Vg present

Sequence. 13T oy e IR SR P e A R MBS o b e REER Bmincaise

13-22 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 thé 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 ().

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,



RTLMLLAQWR 1076. 598 1076. 558 1076. 5955 14-22 TLM_LAQWR 910. 463 910. 463
910. 5066 24-31 | SLFSCLK 2225. 976 2225.928 2225. 9999 32-49 DRI LDFGFPQEEFGNQ

2459. 264 wd 58248836 2459. 3002 50-70 PCT/RU2010/000529
lactose, 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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AETI PVLHEM QQ FN 772. 447 772.421 772.456 99-106 VI QGVGVT 902. 471 902. 443
902. 4941 113-120 EDS1LAVR 1030. 590 1030. 546 1030. 5891 113-121 EDSI LAVRK

741. 431 %43 261311896l . 4042 121- 125 PCT/RU2010/000529

Example 1

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

16 ml of IM sodium cyanoborohydride solution were added to 785 ml of buffer solution
(100 mM sodium acetate, 150 mM sodium chloride, pH 5,0), containing recombinant IFN-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-02 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 mli, 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 622 °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.
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KYFQR 750. 492 750. 476 750.4760 126-131 1TLYLK 1337. 695 1337. 651 1337. 6670
134- 144 KYSPCAWEWR WD 2012/ 011836PCT/ RU2010/ 000529 1209. 565 1209. 539
1209. 57243 36nb#dsYSPCAVEVWR 1481. 783 1481. 735 PCT/RU2010/000529

Example 3
Purification of the monoPEG-IFN-a2b conjugate by ion-exchange chromatography on a

cation-exchange adsorbent

The diluted solution produced in example 1 was placed on a column with a cation-
exchange adsorbent (CM sepharose, 300 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 0,05 to 0,2 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 4
Purification of the monoPEG-IFN-o2b 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 NaCI 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 442 °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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1481. 7594 150- 162 SFSESTNLQESLR Exanple 10 Determ nation of the specific
antiviral activity of the PEG | FN a2b conjugate The sanpl es produced
i n accor dah s ishs exanpl e 3 and e_xanplﬁ 4 were testedp_i;g,chligmmisbg:E - opean
antiviral I Ml % th t roce i e Eu

Phar macopodi %ée}tgﬂse ? %Srgl Fgg?&f%@gg@gfcl%ﬁaeg g%{gaec ° oigﬁj@ ig:ret?&cﬁ‘fgs\?g t{’%pur‘ty of the
al pha- t ypelaim¢EPE@IBN-@hchriugawd ik aver 9P, vesi cul ar stomatitis virus (VSV).
Tabl e 3 presents the results of study of the antiviral activity.

I nternational reference standard was used as the reference |evel. _
Proceeding fromtable 3 we may concl uqﬁa;l&g“ despite of the conjugation
with the PEG nolecule with its nol ecular Ight of 20 000 Dalton, the
antiviral activity of the prodDeedniampugfitetotetgimpveses 42-45% of the
activity of unnodified IFN-a2. It is necessary to note that the PEG |FN

conj ugat es desThé batentfution®f BRI ¥REot6BANATE) if QRthFieD b PEG-HIN-B2 L Gs ML ar
weilgh'? of 12 000 Dalteon,1 possessed | ower agi?)\}ity 28-305: ) Tlg,t]#e ?5{835

Speci fi c ®4ueedial aca@timﬂet\ximxaméesé@dlﬁwaa@tm}im@a_t\ét_r?hy mrtqlljiamf@(erAD)tesg

of the actiUery et SRR U8 erREgs Fiak sy Foktroenby, Bisefiaosd o0

conj ugat e Aptidd ddelt. iAndiagmmtid ditasanmfichured ByPssociatés f GARBE @O Unc., 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-0.2 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 <14
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-a2 was performed. The PEG-IFN conjugate
was represented with one band (Fig. 3, track 1). Based on electrophoregrams of the PEG-IFN-o.2
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-o (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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horogenei PiEseTied piaFigr éfayampy Ronsjudedhpishomarppsofmnco b Riogcqoniitior eask eak
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non-r educi ng SCri I N exanp ased on results
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of (6 2 t he PEG | EN-a2 conj.ugate i table for at |east 24 nt hs,
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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-o2 (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 pl of solution of

0.5 % uranium tetrafluoride in 10 % solution of acetonitrile in water was added and thoroughly
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Table 4. PEG | FN a2 conjugate stability at the tenperature of (6 2) C
Paranmeters Storage life (nmonths) 0 3 6 9 12 18 24 Activity (11U per m)
0, 7x10a Qv@2%2Pisds 7x108 0, 75x108 0. 72x108 0. 7x108 0, 7pc¥&R¥B010/000529

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-a2 conjugate and unmodified IFN-a2 after tryptic
digestion. PEG-IFN-a2 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-a:2 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-o.2
conjugate (table 2), however the tryptic digest of the PEG-IFN-a2 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.

Exp erimentcz[lgfzi;{vedp eplides 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
2225976 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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Honogeneity, % (RP-HPLC) 99, 67 99,28 99,61 99,30 99,6 99,21 99, 35
Honogeneity, % (SDS-PAGE ) >98 >98 98 .?, 98 >98 , >: 98 98

WO 2012/011836 PCT/RU2010/000529
1209.565 1209.539 1209.5721 135-144 YSPCAWEVVR
1481.783 1481.735 1481.7594 150-162 SFSLSTNLQESLR

Example 10

Determination of the specific antiviral activity of the PEG-IFN-a2b conjugate

The samples produced in accordance with example 3 and example 4 were tested for
specific antiviral activity in accordance with the process described in the European
Pharmacopoeia using a culture of passaged MBDK cells sensitive to alpha-type interferon and a
culture of vesicular stomatitis virus (VSV). Table 3 presents the results of study of the antiviral
activity. International reference standard was used as the reference level. Proceeding from table 3
we may conclude that, despite of the conjugation with the PEG molecule with its molecular
weight of 20 000 Dalton, the antiviral activity of the produced conjugates comprises 42-45% of
the activity of unmodified IFN-a2. It is necessary to note that the PEG-IFN conjugates described
in the prototype method, containing PEG with molecular weight of 12 000 Dalton, possessed
lower activity (28-30%).

Table 3. Specific antiviral activity of the PEG-IFN-a2 conjugate as compared to unmodified

IFN-a2.
Specific antiviral activity
Preparation
(IU per mg) % of th.e activity of
unmodified IFN-a2b
IFN-0:2 2,1 x 10° 100 %
PEG-IFN-a.2 conjugate produced 0,7 x 10° 40%
in accordance with example 3
PEG-IFN-a2 conjugate produced 0,9 x 10® 45%
- in accordance with example 4
Example 11

Study of the PEG-IFN-0a2b conjugate thermal stability

5 ml of the PEG-IFN conjugate sample produced in accordance with example 3 were
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Paraneters PEG I FN conjugate C ained PEGI|FN conjugate Conjugate
described in the prototype nethod (US 5,951,974) IFN IFN-a2 b IFN-a2 b PEG

st ruct ur gy h#eaiisbé near Mol ecul ar wei ght of the PEG ( kpalir@Bdi10/086%24 2
Structural for r'sfléulbile ZP.fPEG-IFN-OLZ conjugate stability at the temperature of (6 + 2) °C

Storage life (months)

Parameters
0 3 6 9 12 18 24
Activity (IU | 9 7¢10® | 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 pl
(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 [FN 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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* the PEG | FN conj ugate H3C-h..../%o-interferon alfa 2b n H3C O

Nunber

NDA O Interferon alfa-2b Specific activity, % of native IFN 40 28
ofwoesiloigsal isomers 1 PCT/RU2010/000529

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-a2 conjugate possesses significantly prolonged
effect. After injection of native IFN-a2, 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-02 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-a2b 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 conjug:g,ate as compared to the

conjugate described in the prototype method.
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13 Type of PEG connection to the protein Stable Unstable (for the main
isomer linked to PEG via H s34) Stability in water solutions Stable

Unst abl e vwhasimmeRls neti cs paraneters Rati o AUC PEG | FiNciRY26@lobéx29 50

Table 5. Basic physical, chemical and pharmacokinetic parameters of the claimed PEG-IFN-

a2b conjugate as compared to the PEG-IFN-a2b conjugate described in the prototype method

(US 5,951,974).

PEG-IFN conjugate
Conjugate described in the
Parameters . . '
Claimed PEG-IFN conjugate prototype method
(US 5,951,974)
IFN IFN-a2b IFN-o2b
PEG structure Linear Linear
Molecular weight of 20 12
the PEG (kDalton)
Structural formula of ) i
the PEG-IFN" H C{o\/a} AN 0. |
. 3 T -interferon alfa 2b ‘ §
conjugate | A H;C "O Interleron alfa-2b
Specific activity, % of
native [FN 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
PEG-IFN/IFN ratio >0 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

conjugate
(A)
PEG-IFN-a2b in 10-500 pg
accordance with example 3
Sodium acetate trihydrate 1 —5 mg
Glacial acetic acid up to pH 5,0
Sodium chloride 8 -9mg
Polysorbate 80 0,01-0,1 mg
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3-10 * - The structural forrmula of the PEG I FN conjugate produced
using the prototype nethod is given under the reference "WHO Drug
| nf or mat iv@@zmzi@@ﬁéﬁ v. 15, N 3-4, p.206. Exanple 17 Epeimmuasionbhos2e

phar maceut tﬁflene 9 itions b@sogdg%ﬂlt he cl ai ned PEG | FN-ot 2b conj ugate (A)
g1l-5nguptopHS50

PEG | FN- a ﬁance W t 3 Sodium acetate trihydrate d aci al
@ %f e 81% grbate 80 10-500 u
¢ OI“HﬁC“"W) 2012/ 041"886PCT/ RU2010/ 000529 Et hyl enedi ami ne0, 01-

acetic aci

8 -9 0,

0,1 rrgngt etraacetate disodiumsalt Water for injectionl,0 m (B)
(B)
PEG-IFN-a2b in 10-500 pg
accordance with example 4
Sodium acetate 0,4-2,0mg
Acetic acid up to pH 5,5
Mannitol 50 mg
Dextran 15-30 mg
Polysorbate 80 0,01-0,1 mg
Ethylenediamine 0,01-0,1
tetraacetate disodium salt
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 UptopH 5,5
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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PEG | FN-a2b i n accordance with exanple Sodi um acetate Acetic acid Mannitol
Dextran Pol ysorbate 80 Ethyl enediam ne tetraacctate disodiumsalt Water for

i nj ecti oRyQ bé2k/oPiESs | FN-a2b in accordance with exanpl e $cPadi2bi¥og6ses at e
Acetic acid Mannitol Human serum al bu_rE'rﬁng'éP)?I ?or bat e 80 Et hyl enedi am ne
[

tetraacetate disodiumsalt Water for Exanpl e 18 Contai neri zation
of a nedicinal agent_containing PEGI|FN cz2b A nedi cal agent
containing an ef f ectGRPEAEFEALiER 8f a pedicinaliogenf coeminipg PESG LK. le 17) is
to be dispensed in sterile conditions into syringes fromneutral glass of
the 1st hydrolytic class with brazed-in needles covered with elastic or

hard protective gegisal feal @utalhihy af QEELHBR MibudtbY PEGU RR&erbh HMQJQE (Example
laminated with a fluoropolymer with the volume of 0,5 0,8, 1,0 a 1,2 m
hy;irgle(’plc alass

(for 100 Ad) |5dP bmdlsaegss@@) stepleondjtigns intoygals Awnpnantiel glasspef thot’

d f 0
dos ggg)ﬂng ed il B ruthed gaﬂgzzles%m%ﬁ RbbAdvE R tefon L05AE A ghtent® with

aluminium caps with the volume of 0,5, 0,8, 1,0 and 1,2 m] (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).

Example 20
A kit including a containerized medicinal agent containing PEG-IFN-a2b

The kit contains 1 or 4 syringes together with plungers (1 or 4 accordingly) / or vials in

an blister made of polymeric film together with a prescribing information, placed into a

cardboard pack.
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dosage) , 75 and 0,9 m (for 200 jig per n dosage), 0,5, 0,6,
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2. Conjugate according to claim1l1, in which mis an integer equal to
4. 3. Conjugate according to claim1l, in V\:hi ch interferon-ais a
natural or reconbi nant interferon-a-2h Conj ugate according to
claim1, in which average nol ecul ar nasgLW%ol yet hyl ene glycol is
from10 to 40 |cDa, 5. Conjugate according to claiml, in which
N-term nal group is represented by cysteine residue (Q/s) 6.

Phar maceut i cal cohposﬁﬁtlﬂ%ﬁonjmm oly 8HEyleted dhterfeon-tpob Farfrelaall), wensinging one
i mmunonodul at i (%tfbﬁ'ié y, containing conjugate of general formula
(1) in effectl e quan y and pharmaceutical ly acceptabl e exci pients.
7. Pharnmaceuti cal npositio cori ng to claim6 for application as
a drug for treat OOCHy'ﬂHa Q—E 8BIRN di seases and di seases
associated with prinary or dar mmnodefl ci ency.

S. Phar maceut i cal conpositi on accordi ng to claim?7, where viral

di sease is hepatitis C or hepatDtis B. 9. Phar maceut i cal

conposi tion according to claim7, where oncologic disease is a

myel oi d | eukeni &vhere: 10. Phar maceuti cal conposition according to claim

I+ ther o oncol og} ulhdCARE: ho 2RI ARARR. 11 Medicinal

preparation, inc conj ugate of fornmula (1), having antiviral,
antiproli feratl vie—integer Aunonodul at i ng activity. 12. Medi ci nal

preparation, 4 imll, including buffer, isotonic agent,
stabilizer and @‘gfld’?’mm‘% Ogﬁbdl cinal preparation, according to

claim 12, includi ng SOdI aceta ydrate, acetic aci odi um
chloride. pol ysétbaf® E?f%ngiﬁaf’f@ F P‘*‘?Hﬁ&bﬁawfegm% todise of
conj ugat e of fo oduction of nedicjnal preparation,

mul f
havi ng anti Wal ; n&?'é\’%?ﬁ g‘(é‘Pg{“?gvé" SR b iR BIEh lBfeaEToRY A & Bateryl. or

recombmant interferon-o-2b.

4,  Conjugate according to claim 1, in which average molecular mass of
polyethylene glycol is from 10 to 40 kDa.

5. Conjugate according to claint 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 claim 6 for application as a drug for
treatment of viral and oncologic diseases and diseases associated with primary or

secondary immanodeficiency.

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

hepatitis C or hepatitis B,

9, Pharmacentical composition according to claim 7, where oncoiogic disease is

a myeloid levkemia,

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

melanoma,
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15. Use according to claim14 for production of nedicinal

preparation, having antiviral activity with regard to hepatitis C or
hepatitis B. 16. Approach to prophylaxis and/or treatnment of

viral diseases, j.,ncluydjng.introduct] op of therapeutically effective
quantity of conjtiga edb"r’gal{ d¥PRaFakion, including zconjugate pf omaladDi davingianiiviral,
16, where Vi r asntigiofifaative asd MeRMbmbartag@btigPat i tis 13. 18. Use -
according to claim 16, including additional "introduction of.

t herapeutical ly eff ' ' ' af : . ach

Pr ophyl axi 5 andl o 1 EsHl BV acbedy 05 Kl 1, inol e R AR bR,
secondary i mmugiebiizer @devasy. i ncl uding i ntroduction of therapeutically.
effective quantity of conjugate of fornula (D 20. Approach to
prophyl axi s and/lgr Medisinabprepeiationcaicaging ©i eleias &%, inbnding diodiym acetate

i ntroduction qf: | Ly e Y ngd f .conjugat e of

ormia (1), e aBaa skt Rh R IHACY, B0 NEB B oG ease

[ loid | ' 22. Us ' t | ai m 2

1)?] cgl gg? colji s e:;ilé.e r??%o%qnﬁl%tﬁa? fo%&%ﬁr(ﬂl falgproguc%or? of 1 me&&ingw p?gp%ration, having
antiviral, antiproliferative and immunomodulating activity.

15.  Use according to claim 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. Useaccordingfo claim 16, where viral disease is hepatitis C or hepatitis 3.

18, Use according to claim 16, including additional introduction of therapeutjcally
effective quantity of ribavirin,

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

of conjugate of formula (). _

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 claim 20, where oncologic disease is a myeloid leukemia,

22. Useaccordingto claim 20, where ancologic disease is a melanoma.

27





