WD 2012/ 021088PCT/ RU2011/ 000532 A NOVEL CONJUGATE OF GRANULOCYTE

COLONY- STWRIPERA2ABSFACTOR (G CSF) W TH POLYETHYLENE GLY&EI/RU2011/00633
present NEAIIOR AR T B OF ERANUIRROM ECOBONE. M ELATING FROTOR
to new physrologically active conjugates of granul ocyte

col ony-stinul ati ng fact@-GSFHCSFIH POLYEEHYLENE GI¥€0O& new G CSF
conjugate with polyethylene glycol, suitable for nedical use, for
exanple, for the treatnent of |eukopenia, mainly various types of
neutropeni a i PALLERRvdBAT 8 Geltdd tdVRABRUARICBRS AP nfddRAMY, K@Y, to new
patients undergoi ng hematopoietic stemcell transplantation, patients
wi t h chiphpsiclopieally ogeive acorjagdtentos gianhlogytBScelauy-stimulatingf Betor offa-CSF), in

G CSF i . h t ieti wth fact t timl . |1, f I

i 1 or erRpt obrio ARGI R T, SRR Yahar DY e Esphari B bt te, for

| ntr Odu%kﬁrggleo?oﬁﬁﬁgﬁéﬁh@n@bwukﬁﬁé&ﬁﬁsm_ﬁﬁw FariSREGipes @f atiltropenia in patients
n

dose- depe nt increase of neutrophils in peripheral blood (Wlte et
al, 198%reatdr with gnptlosippressios )chemotherapyy pafients C8HeIgeing hpmatepeiaiit stery cell

expressed i cterial  an nal i a l.1S; . F e V. :

Vart ant SeBtPIRRGL PO HURAR e i topie Bty TS and iR gtions
purified (NagRCRFaE 2 dkmatohBR6ic ghouthda&br bt stinhflB6s picdifetien, eiffarkntiation and
1987). There are two variants of rhG.CSF - filgrastimand .

| enogr agudtwption ohigrealdoytm Metelf, 1999)- dpiepdustipg of e¥egenops A{GPF causes rapid,
Filgrastimeonsihsts. {1 acs bl i C afdy, 1985;
has t he SB&HE 335? r§18§%§i£pc? @grgﬁlg%%gseagf gﬁgr dﬁg%liﬁ%{ﬁg%?%%li %68%3}1\%2% nt ai ns

an addi tHefuak et®f 9930 ne residue at the N-term nus of the nol ecule.

Lenograstimconsists of 174 ampo acids, it iis glycosylated and its, .
amino acid séiearce-GaF gemg V’aﬁﬁﬁgP@f’%‘ﬂFxWFﬁd f%g?&ﬁfﬁﬂﬂ‘aﬁ?ﬁmﬁﬁ%ﬁéls’ asa
G CSF. result vYA6UsOWR 1A Co R oRIbAAME hamdh  GESH {hELCSI) BAwChREY| @vieed and
and/ or protéin sequence are avallable for clinical use for treatnent

of neut papéied Nagatuetral.n O &6 Senzattahnt 36t Kpmatsudit abalMi7k, congenit al

and cyclc neutropeni a; [ tr.eat ment .of se e i i i

conbi nat'I} FF 4RF O Xrrianss B{B&Egﬁd f{lﬁmﬁtgﬂtapgg%lﬁ’%f:a\éﬁ%@%gjt%l&tgr(\)?{s]ﬁ'con and CHO
(Mol i neyys, 209@dtively. Filgrkfihe ¢6fisists BE 105 lanii@beit§ it of nothgly@Sklabmisarickas the
limted because of Tapid absorption fromthe subcutanegpus |njecti,on

site, prsameaming acid segushed 43 the nphirg) Ereteiny e containssany adgiiqnghmehipyige residue
cl earance,and .short seru - i ; W e

(oo " E R S PR Gt RIS 7B R K S
dai |y i nheet hfind id epiubi® is dilheatnsisenewith thndf datita) homan Ge€BRg of

conpl ete peripheral white bl ood ce,lg cfgun.ts nust be per;or nmed.

The t her apeutVagiops Fhd=eSF groducesphich fier inglyers3lpligy apd{ofgrotein sequence are

| onger - i i f | | | R LRéMotlBtapg UdRypathic,
o ehemacaqile (B SlificRRie (Bf (Rarlct S Hefidobots Oirkfy AL CRLRODIaRI MUfpath
PEGy| at icong@iitalCariSEydlieattsitrbperimploo viedtredimentaeiievarst infestionsnisy eemligation with
hal f-1ife, . W 2012/ 021088P 2011/ 0 32 1 d cl earance,

reduced @f‘b’@flﬁ%ﬁqddﬁéwdﬁm%ﬁ% Ratepts @2"51{‘}?8"%% , reduction of

| munogeni Ci tryo il HRXEIGiEA usd HEHERESH habdevi linvitddbechise ofifabid Absoetivad
stability (Mdlineux, 2003; Mlineux, 2004). Biological . . . .
pr oper t ifasn dfe sREGt@GOSFinjeniongite.quotgeltic Mstadility depsen@bane shdistgidution, rapid

nol ecul ar wei ght . and type.of.t d acti i eactive
funct | o geaapb Ir e patte RS TENTE: AU 8 WIFa 496, 2

speci fic siteOp gl RELCIFRinUsY b®admthiaedeo patients blaydilylinection fieroptimal
nucl eophilic groups. In nost cases, the pref err%g si,te of b
modi f i cafiectivangsst Hedaddilyomgrisenngm el Fomplste peitphersd wiiedhlapd, gell gpunts must be
pol ypepti gte ch%ion (Kinstler et al. 1996, Roberts et al., 2002). A

wi de r ad§EBFHPEG derivatives has been used for anmine PEGylation,
for exanpl e: TEGhéiap@itiesffibks SUGAISH vardyé improlyed &y etsing longer-acting medicinal

PEG succi ni m dyl succinate, PEG tresyl ate, PEG al dgha/de,
forms, in which the native protein molecule is chemically bound t monomethoxy polyethylene

glycol (mPEG). PEGylation of G-CSF leads to improved pharmacokinetics, increased half-life,
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| . Low nol ecul ar wei ght of the nmPEG conjugated to the G CSF; 2.

For mat i onwof2os202e088] positional isoners, in which PEG waeT/Re%1496is88
wth G CSF nol ecul e through the free am no groups of d'hfferent | ysi.ne

resi duesednsed t tleamnecer Fdeed AHcHRtigns qof concentrpian i dhe Bleogy gdishion of
descri be j i [ ' 1 :

br anc he(’f%g@rli?I %ﬁ@gaﬁ)? %ﬁg@ﬁﬁﬁgg u{ég?éc\%g%ﬁtﬁ \ggo 25?1 Eggel{eagfg?%%%h&@dmeux’
act i vat edobymMadiifduel 2004)r eacti ve groups (succi ni nydyl succinate,

hl -s-triazi , | t jam . Th PEG, G CSF

gon{OLSats cs 'h%éélggiﬁ?@?re%%ﬁ%ﬁeﬁ%@?f%%%&:ﬁga% &% ﬁasegfﬁfrpﬁw on the molecular
r ol onga.i :

P gﬁﬁe‘l@]ﬂ F}él\@éfp%ggg%&%g E@ﬁvzﬁ&?rﬂ@@ the 3Eactif GiHctiGhal tgﬁﬁ]p@%ﬁ‘laé%&ﬂPd EGs

PEG Ha conjugate with PEG 10 000 and unnodifie
G CSF wasn ThedSbeaatthched ® h speafipsitt iougirgteld, saainlymragresmife, atsalthydryl or other

It j.ugat . WD 2012/ 021088PCT/ RU2011/ 000532 :
Sucel ni AYes PP 2roizeoln Peel S8 JRT) ke L OB GhO R etie, o srowp of
succi ni qy&wﬁé&gf !ihgq\l-térﬁliﬂll%vﬁbdl?/pe%ﬁﬂé ¥Rdih QRinktlet BealC 899B0 Robes acald 2002). A

the succinimdyl ester. The polyner backbone contains a second ester
| i nkage witkarangenefi mEE&F denivatines bam peamausednfor aatine HFCalationa 165 stagnie: PEG-

This linkage i i ghl.y. sysc i .ol vsi f 1 t .
has beef! eacﬁ%@'sg8°1¥m8@r ?E? @Pﬁ%“g’r\bﬁd&%‘%‘i&é‘@ﬁ t%ﬂéﬁé}tﬁ’d Ir?%cgg}éségﬁeeédp EG
to | 0Ss affehydig PEEIRLH{droRysubEGinsidt-actvad estdasitetd)he succinate tag that
re mains on the protein after _hydrol g@is .can act as a hapten and | ead

to i munogeniléprpreseverd kpeywaiPRthg-prorelRetitoberts, 2002).

1. Chloro-s-trmya 2Ry S0095014952 YESrBEE pRRLEIPLoCPEGUGRAISE cYUrﬁﬁ%atéésting a
functional groups o ysine and cysteine residues, which |eads to the
ener genceriety ofaytivaaREGs ovith of mwolvicglar avaglthaf #60@rPaem pyrtignlar mPEG-

unst abl e bond., reover, the triazine nPEG derivatijves rren }
not use&“??é‘?ﬂgﬁggbo%“f%f“re’ hi Gﬁﬁﬁﬁ%C&i“‘&‘ylﬁserBWé’é"éla ’Pagﬁ{ﬁ"g%gﬁ mHYY a
The pat epdinfRulioeé 25 8RR tResonfudail HORhGUSE deihddNfrbmi GHONeelEPEES used,
derivatives wth a nol ecular weight of 300 - 30_000 Da. These

PEG G CSPnigimngisgatiad ainind avidsubstiugons wediffersnt pesitiqnssheecsomjugatien repctign was
ranged fro t 0_f0%.0f~t he L id Y OFcknodi f : o

Di sadvaﬁ?ﬁ‘g}]@iejdof‘t Pﬁe-/' esul®t €er51§1 l%:l%\r%él%a(‘? te:sS Fa%ﬂ%#fg%&;ﬁﬁfisgveml positional
act i Vit Ysomers; eack2béiag cohjubired WihG PEGaM00 et delifferand sitesyith eysilonaguhd gobups
in a nunmber of positional jsonmers, sone tglf lﬁhi ch gr e chara t,glgi %E% ByCSF
an unst & Esing Aepidugs rasdyalpha-ammongienp of; the; Ndergupgl, aping 14 Ehe "o
current| eTchRiriHlo LAk b ¥ coNRRQTEPESRnRRSHL |
2005) ; anﬁggtis%g%ﬁggtggyiﬁélo%"fht gcg}rrﬂenge{el%% ]Fn}?/ent icor_l, a PEG G CSF

conj ugat e as Thescis nbeldtai am dchigitp andpurity®f Shedshiainglicqniugarss(ie thz)pateas

been chosen. The, pat ent scrihes the reactiaqn,of reductive
al kyl ati on o DB e psife BRURRE coupettf i Ao ISt pEe wi {1

mol ecul ar  weigihwiholBeflR0wEigheor tRENPEL coMijidatsiinoalsd Gyesigd
pr opi onal dehyde group (ALD-nPEG) . The PEGyl ation reaction wa

was
conduct ed at 2pHoBmatigndefr scueratipesitienadlisomsrs immiahyRIeG vaas| capiygpigd with G-CSF

2 ne Feelipis Hovel e Rinf SR RLAREHN Ty Ph FAREP AR RN ornkB gpine

t hr ough gaigSchi ff base that is reduced in situ to give a stable

secondary am ne |inkage (Kinstler et al., 1996). ., t er,m nal
PEGyl at i on ofThem@I@PEgPpﬁé%?rSédd?rSﬁnb%i %E%@% ﬁ?ﬁllﬂgaﬁiﬁeog%lﬂ?éa“% mPEG of
enpl oyeq, J.1 iegh L Bohit DEY!s0B.210,0005 €5, Bt b
treat rreﬂ{ne%rn%“rhgP%\?‘é%d?g[%reéd)i(’?@egé%‘%}%@%t Weieht DEUL08 210, The
nono- NnPEF&eASkeaaiie) grgase(suadninydyhtedinbte, chloro-stidzimey polyoxyethylenediamine).
chromat ography using a SP Se ose HP col.umn, Bi ol ogi,cal ,activity,of .
he r es MerBEGcor (e BoEesies BaF BoNpIRst CEIoHhe oo O o do5ias B ploi6hgation
G CSF a%dsvﬁc?éndéﬁ?eonc%t Rllechfar WHRMI & 88 GnfudatddPEGE HalS lfd bAPEG-G-CSF
conjugate was no nore than 5% Phannacoki netic paraneters of the

conjugate with PEG 10 000 and unmodified G-CSF was 7.05 and 1.79 h, respectively

Disadvantages of the resulting conjugates are:
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CSF); 2. The presence of unnodified G CSF in the conjugate. The
ai m of t hWOR0EE®Ae88 nventi on was to obtain a new st abl e PRITgRI2911/000532

purified, PEGyl af ed G..CSF j ugate with high activi L.t h nor. .
o1 0l ongOCBRRIDT SRR cd il A0PPES PhIFavn itk Sl SeytRhie anhydride,
par amet ghBowdd b adRhatifRbf SHRNGQFRAK1 Acidfto PR AiFBinahRlyDEstéD ThE pb backb
wei ght of (IDD“IéG a)}r]\% spé}cific acttia\ﬁ}(?tly,mvvi(t)h hi gh deg_ryeeS of pu‘rpi %neéngc one

sui t abl eohainsmestcomd esterdinkage that remaingpafiar ithe eenjvgadion ceagtion withomprotein. This

based on. t he cl.ai.ted conj. te, . robl emi :
Ce et oSBT HESPUHET Sty T B HPRET o5 OBLURERY o tr procin.
conj ugatnot Wnhyhddedqhid Hylid1yals Rhd @ B85 of the b¥RERR df iPBERAttdhfeny bt theauccinate
with a nol ecular mass of 30 000 Da is conjugated with the G CSF

mol ecul dagiharegnaibs en Bisrprotsin afearihydighysiseps aches ahamien and lsed by Bypunpeenicity
the N-termnus amn | iRk ne) resulting in a conmpound with

the fol |"5\knil}i‘enramf*‘%ﬂ’ngl ré’%?ﬂﬂﬁ?‘g@’% CHO -(CH GC SF am where:

i ntegers from@@drd-StriazR0nPEG- dérivatigsarard ablabl-oGnfughte- witlather fuhctional groups

reconbi nant pol ypeptide having the activity of G CSF. . In th .
der i ved of dysinepadecyateineresidugsemhigh lgadsdp dha frasrecrbe i many isgmers, segRfhich
Da is cqni Wt ' u iadi i '

aci d of b LRGN D A n iRl BoR NGBl e iaiRE TP BB o rently
al pha- amonoselHseense ofithearhiglotoxiity (Vercmesd &\Pagutt 20W0gh t he use of

ey e e g0 b 50 & b s 830 35 E PG el
CH2, -) - Q@tﬁ?%%&é&md}-&&ém 00 I 907066 Dd ThiseOPOG-GITSFEigegakedrhaded giolonged

of PEG is about 30 0007- 40 000 Da; in- integer 4; The_opti mal
rati o ofacREGtmit pedifiactieitytangehorpldtof60% of taspetadty afiunmnodificd GiG(-S§-

t hrough t he e of activated nRPEG (1. 1th a value of m4, which
| eads to nor ﬁéﬁ‘g’éﬂ?ﬁ?ﬁé’tﬁh‘f %elslégﬁggémbléat z]ienb"cl ai ned conjugate with
receptors reguldvw Bgecific ddtiithi gher biol ogi cal activity. Reduced

I mmunogeni city, toxicity and inproved pharnmacokinetic parapgeters are
achi eved by iZidsecefsthe mRE (& tmasinecdsrivatives; tat regplteada ap egg%ﬁé@mﬂéwmm

featureg of Jr0RidHWE A ReliZb Y BALBOR Wi Moo vRE, AhOMPRE-BlaBine derivatives
are currently not used because of their high toxicity (Veronese & Pasut, 2005);

As a prototype of the present invention, a PEG-G-CSF conjugate as described in the
patent US 5,824,784 (Example 2) has been chosen. The patent describes the reaction of
reductive alkylation of E. coli derived thG-CSF with linear mPEG with a molecular weight of
6,000 to 25 25 000, with an activated propionaldehyde group (ALD-mPEG). The PEGylation
reaction was conducted at pH 5. Under acidic conditions aldehyde is largely selective for the N-
terminal a-amine because of the lower pK of the a-amine compared to other nucleophiles.
Coupling of aldehyde proceeds through a Schiff base that is reduced in situ to give a stable
secondary amine linkage (Kinstler et al., 1996).

N-terminal PEGylation of rhG-CSF prepared in this manner with PEG 20 kDa was
employed in the development of pegfilgrastim (“Neulasta”) used in the treatment and
prevention of different neutropenic states.

The mono-mPEG-G-CSF conjugate was isolated by ion- exchange chromatography
using a SP Sepharose HP column.Biological activity of the resulting purified PEG-G-CSF
conjugate was 68% of the native G-CSF activity. The content of unmodified G-CSF in the

resulting conjugate was no more than 5%. Pharmacokinetic parameters of the conjugate were
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1. Al dehyde derivatives of the activated nPEG (formula Il) are used
for produ?OiZ9R/EG08he cl ai med PEG G CSF; 2. St ru®CRARII20F1I00A3R a

of the PE CSE conj.ugat e. 4 , . . ' .

he PR ERRERE LD LS5 e P PR TRV SO L cGcion
4. The |gvREGAE-OJFe comjagittiled aot incidayed svhitegbleod cell count5and the PEG-G-CSF
Phar macoki neti c paranmeters are | nproved. The ,cl.al rre%ygeEnGus%gC%Fsingle

conj ugatcenjugats; hge| morsuprolanggd effeethcemparesl i yarogitied -l

charact ey i j ol o] ' I )i 4- 940

of 't he. cltosy o PEEARAAR, WsCeanlent OPHR o6l oth of dyipls FAEhcd i fhum
ther mal sgfeabidey biter infeetieAsthid leed ivais anaiatained idnsng did dry aid then the level of white
prot ei n-degradi ng enzynes, i nproved pharnmacqgki neti ¢ pa ters. .

Al so t hdlendesel dperoast %W%@Pﬁd@%ﬂl p‘ihaf{aafﬁ@ét?ﬁ @&Ctiefgn%giet‘%ﬁ%‘md“mn of
contai n!dﬁ%ﬂ%kf%d@ﬂlﬁ%e%gﬁﬁlﬁ? RBGH [BuldeyR8 i bio8alr URintHikaARR bi¥scRRd after 1
the active 1ngredient. ese conpositions”may al so include

phar nac elay iafted injection ahérathe eontant ofdedcocitas fapidlpdesreasedor gani ¢ and

inorganic acids and their salts, such gs citrate, succinate,
tartrate, furkd# Vé‘}taé?stftt{fh%feé“,‘ﬁ'&ﬁﬁf”éﬂf]&a{eIaffct ate, acetate buffers),

stabilizers (;Sygarspalifieaelivity 4the 8b@fied TonjREA18 (68 DIARS aclvit BPaimodified G-
al cohol, inositol, "polyethyl’ene glycol, polyners of am no acids,
sul fur-rE®H)ci ng agent, such as urea, glutathione, thioglycerol etc.,

pol ypepti des Wt h | ow nmol.ecul ar i .Arot ei n uch as human serum
albumin, ir nr?\é\%ﬁP?Sfﬂqerﬂfuﬂwggbﬁ”l%}cﬁplglt@en%ornﬁ@ ieh as

pol yvi nyl pyr riglei £ansF, théprAsaGa kot &vas 10/ 0btads a fawstebds highlyomeified PEGylated
fructose, glucose, disaccharides such as | actose, nnltose,

: SUcrose,
tri saccHaGSFeoningste with bighr actiaifs, Wil &ose pralener s{Tetle sMBIRYAd é‘é‘g‘hty’ improved
dextran) ' .
penzyl APPSR e D e o RSl v of
di net hy |PH® aay kpeiftoadtivioyc hithrliige dedrennfpludty, andaduitgllni fdemedigbkyde, as well as

par abens), antioxidants (nethiopine, vitamn.E ascorbic acid),

| sot oni d’haﬁwgﬂ‘(a%E@BPO%W‘%M@?%%FEWE‘F&WP@& sorbitol, nannitol,

ar abi tol, Xyll*ﬁeg:irobl Gs t%@lvg?ﬁy QRiafios Hf 4 A&k FFicaaly SQiveaslBd e of the PEG-G-
p wn),

(pol ysor bat e, yol s, ,” co-solvents, fillers (starch), |
chel at i reSRgenjugaté egth GRTAYIVity d$e-GSFarimadéch linear pqule Mathca moligeular

applied in varj farnms,. for.ex | g, ophi | i i qui.d:

£ oF mut a8 of p T Fegh ESniugtey SRATHR oS Rl £581e pofl oty through the
i nvent i ol 2finb PRIYAESheRdbiningSamiholdoR! (Aashisniat) febeltisg &1 areanpound with the
conjugate, in particular, for treatnent of neutropenia. The

cl ai med fPE@yingtferinuda 33F, as wel | as pharmaceutical conpositions and

nmedi ci nal products based on,it can be used fpr the treatnent of
heutropeni a occurring af¢rii obeppicties WEEHQ LNFHVE-CdIerabi ity of

i mmunosuppr essi ve nedi cal diugs in bofhe re transplantation, to

i nprove i nmune status patients suffering fromAI DS and ot her

infections, in particular system c or ifyasive candidi asis.

Conjugate of the fornmula (1) with an optional pharmaceutically
acceptable filler, diluents and / or pharnmaceutically acceptable

exci pi enwkere's adni ni stered intravenously, subcutaneously,

intranmuscul arly_or, by any okBEL, fHHd.abl e means. Route of

admi ni stration vary @épénding, for éxanple, on synptons and age,
frequency ofy; adm nhgpeat 4on and the interval between injections

Dependi ng on the di sease and its severity or the aiim

. . .mof . .
adni ni st r at iINSH-GtGEF apeunataraber seembippaigiolpeptids having terastiyity ef Grfotfnt

of the PEG G i . t r di gm i_O QOOD is
Factors. i 3G kSWEE R 1ilaf PRET ARGl @RAE ST DAT600 D
puri f i edconpearlivwignthe AlpiaanESEroup of gred$términysramine ecidwf GETSE molecule.
"Bi ocad") was used as well as butyral deh}/%e nPEG, deri yati ves of, . .
Selectivity of G-CSF modification via alpha-amino N-terminus amino acid is achieved
through the use of aldehyde-activated mPEG with general formula (II) and the PEGylation

reaction at pH < 5:



To characterize the resulting nbnoPEG G CSF conjugate its purity,
honpgenei WP, 20p¥23088al - chem cal , bi ol ogi cal and pharr nacB&TB&R10/000532
paraneters were investigated in conparison with the unnodified G CSF.

Thepr oposedi nventionisillustr yf ol | owi\ngf res: /i(b. 1.Kinetics
of G CSF PEGylation. Fig. 2. ﬁ%ﬁ@%ﬁ%ﬂi i dﬁﬂb riorgnce liquid
chromat ogram (RP-HPLC) of the PEG G CSF comj ugat €™Fig.” 3. Size
excl usi on high performance |iquid chromat ogram ( SEC- HPLC) of the

PEG G CSF conjugate. Fig. 4.SDS-PAGE anal ygyp of the PEG G CSF
conjugate (line 1) and unnodified GCSF (line 2). Fig. 5@ MALDI nass

spectra of unnodifje P ' '

Conpar i don of _mas édtg%éﬁr%{zgé ﬁ%or ;f/‘ P ?cﬁaﬁlﬁ%ﬁah@%&s@§% a%(ﬁlé%ﬂ 600 - 40
PEG G C®60¢wnj ugate (B). Fig. 7.Thermal stability of PEG G CSF
conjugate (green lLine) and unnodified GCSF (red line) at + (50 2) C

Fi g. g f Prgt eol yti dntegegt 45 ty of PEG G CSF conjugate (green |ine) and
unnodi fied GECSF_(re . oA eact 1 Vi f : :
conj ugate (gre Snoq(t%ag)rbﬁéyng»}& r]?: r%g?o??%% %(rae%)\é}:#i%e?'.c%lzgﬁ.t%ﬁ achicved
Phannac qitongt tesusefortdogy REGHPECSHIY aithugailee 6Dmee R, hhigh) leaditto more effective
unnodi fi ed G CSF (hr;d line). Exanples of specific performnce of ..
PEG G Cémenctetuef therclaimed qwniiggteswith yeesptory resulting in the higher biological activity.

Reduced immunogenicity, toxicity and improved pharmacokinetic parameters are achieved by
increasing the molecular weight of the attached PEG.
New features of the invention in comparison with the prototype are:

1. Aldehyde derivatives of the activated mPEG (formula II) are used for production
of the claimed PEG-G-CSF;

2, Structural formula of the PEG-G-CSF conjugate is new;

3. The molecular weight of the PEG-IFN conjugate is increased due to the weight
of the PEG;

4. The level of the specific activity is higher;

5. Pharmacokinetic parameters are improved.

The claimed PEG-G-CSF conjugate is highly purified, with a prolonged effect and is
characterized by a high specific biological activity (at least 84-94% of the unmodified G-CSF),
the purity of the protein 297%, high thermal stability, increased resistance to the action of
protein-degrading enzymes, improved pharmacokinetic parameters.

Also the present invention includes pharmaceutical compositions containing claimed
PEG-G-CSF conjugate in an effective quantity as the active ingredient. These compositions
may also include pharmaceutically acceptable carriers, buffer agents (organic and inorganic
acids and their salts, such as citrate, succinate, tartrate, fumarate, gluconate, oxalate, lactate,
acetate buffers), stabilizers (sugar alcohols, amino acids, organic sugar or sugar alcohol,
inositol, polyethylene glycol, polymers of amino acids, sulfur-reducing agent, such as urea,
glutathione, thioglycerol etc., polypeptides with low molecular weight proteins such as human
serum albumin, immunoglobulin, hydrophilic polymers such as polyvinylpyrrolidone,
monosaccharides such as mannose, xylose, fructose, glucose, disaccharides such as lactose,

maltose, sucrose, trisaccharides such as raffinose, and polysaccharides such as dextran),
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properties are given below. WD 2012/021088PCT/ RU2011/ 000532 EXAVPLE
1 Prepar aWVORA18421988conbi nant human G CSF(r hG CSF, fi | gr 6TiRY2011/000532

pat ont - R S3FHEAAPIESGh PR 5 DT, ibfac k0L, A AR fbef pRED Clgodith, oBtadecyl
50 m  ofgiketly1s Bérslyi qnuﬁxﬁmmmmmwaaaﬁimmhyﬁrdgdmdwrzekﬁdpteebm) 2@66xidants
m buffer ’Sp@ mM sodi um acetate, pH 5.0 .0.2), contalnlngz

puri fi edmeWh@EEsE, Vltﬁﬂ@fiaEeGSqoﬁbléc@&)da%@“wftgﬁnféxﬂﬁﬁgﬁre goh %és‘?ﬁ“%flu&go“de

t t | t
(e oyt e SRR, SR8, SDTBLBN HEBys e, drgens ol
wer e adgedols] being,anldodwdnis) fillesastatabin, dhiebating agm@t EDrTeﬁc) Thesemahmmetlcal

at (20 2) C_  After varloustlrrem ervals 50 C{ ers S@@S&
ver e t akemppyiBeas $A8 Beoarmlied A YALows OTRREOr REATRPIFlPR %ﬁﬂelﬁﬁ rmulation

conj uga yzed using SDS- PAGE on 12,5%gel in

r educi ngﬁégnéﬁ%ﬁg\% ’?%g't, to the selected sanple 17 microliters

of a buffer dthatpmsantngvé:ﬂﬁnmldonla&@lmeqodrinﬁscﬁ;them%igbﬁﬁnmlﬂimeQ%rﬁDﬁte, in
15% 2- mer cap }oeft hanal , 05% br onrphenol bl ue was added, and it was
heat ed P8FCYIap; HrEﬁat’éleBB‘? NeHYOREN%r bath. Sanples in the vol ume of 5

mcroliters weeediRedeEayred @aebFV\ﬁl Wall af@?rﬁééﬁtm&wofsmoﬂsdn&meaﬁmal

mni Protean System (Bi oRad) The g ned wi th Coonassie
R- 250. Igrovkkisdwsast orGi CBFbeERM far tmrtrqagnesﬁ efneutioprhig ocqurring aftpechemegherapy,
when the conten

was di| &9 Bapreve Eotlrggblr E'q_ ol o\ggﬁm_ﬁrr?sge tg cgalgdgqgs ih *Bgnef_ﬁn%ﬁ'b{wqgmgbléﬁt%& to

EXAMPLE i 3pPeB oiRiEte SRakusC patidugnseffgifid flosRtAIDS and otha'rhmfehtiom eth particular
reaction m xture prepared in accordance with Exanple 2 was | oaded
onto a épitemis gyarvesiyewpndidz®d. ni. of COM sepharose equilibrated with 10

annsoi:c ;J (ranr af(;%a ‘%g{%u %ﬁh HPerl ?lw’he Coﬁ%tl(ﬂfa @39%&550%%{3%?% rTgiablle filler,

unbound dita¢ms i add Wi éh ph5@ﬁhcﬁht1@ﬂlyba¢deptabl% eXcipientsais @dmﬂmantedonﬂrazemausly,
of NaCl in buffer A (6000 s used to E|E e the gonoP GG

fromt héquyﬁﬂ“%?t’s 1PF6‘WJ$ yo‘? Yy ptheg spitapleoeansy ogig g r‘?ﬁm%ﬁr@mn vary
col | ect ed,athdt & épﬁxgﬂpa&?gyﬁﬁtoaﬁoaxﬂ%ezﬁ@qﬁén%}s‘ﬁ%dﬂﬁﬁ@&éﬂdﬁe&d the interval

Fracti ons contai ning proteln were anal yzed by HPLC and SDS- PAGE as
VO 2012/be2keBSRETHR2DEN¢HIRS82 the slisentseand ks szwmy eor2the Rigcef adrginistration

cont ai ni.ng nonpPE G CSE w url t ve SG/Q

pool ed, (@‘%?Pﬁ'?lfdo%ﬁﬂpﬁi‘ggcﬂﬁ W5 ﬁﬂeengSF 928 f g'l 15E@cetcgtliz%%mrtfls selected
pH 4.0 a@co%dm%"ﬂ@fhe%b@%ﬁl&tfdnle&[’zf&dr@n was perforrred and sanpl es wer e
stored at LE 4 Purity anal éSI s of PEG G,CSF conj ugat

r ever se- phasd orohjtingbe plermetheeningai PECchriorat bighhp Ryrifieebr ant fumdn G-

3 b L aRGT, PR R IR Se BBRRES s uRA SR BRCE M RIGKM PEG
conf:en_t rdaﬁi,aﬂeggf ﬂ;r?uvrgtﬂgrvgﬁh €I13 fﬂg?cglafr anks WU-GE]I)G Wr?déa fC?L r ged

n r adi en z
Co i (5. o 6 e SR UOVEP ROt SR e o8 T hermipsches G feducing
the obt %g@ﬁ%hga%gaémgt &bg@@%%& B %ioutmpgdspotaﬁ Res EEfﬁs@r CSF

i's shown ted fromthe colum asasmg
symmet r |'Rhalrean:aah pwmlestso;manbmghb@bpﬁm PAGE] mdg@ttlngjcmdélq@sels by REHPLC.

poa ( Fenor O EneSFTearSt iath Arute PEGY P Fen e R gy e Béin the

mat er i alg£l; Pﬁ Bﬂ:giub@ (LiBo ik GREBK and MHSesirhbIe Toiniteo RGP LSFeedalning two or
can be conc that according to RP-HPLC the purity of the clained

PEG G CSiore whping atf PEG pes proteEnAMIeeuls) by cation-exchange chromatography. MonoPEG-
IFN conjugate elution was performed by linear gradient of concentration of sodium chloride
from 0.05 to 0.2 M in buffer solution with pH below 5. The purified monoPEG-G-CSF was
dialyzed against 10-50 mM buffer solution at pH 4-5, added salt, or polysaccharides, or

alcohols, or polyvinylpyrrolidone, or monosaccharides, and amino sugars, or proteins, or amino
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Purity anal ysis of PEG G CSF conjugate by hi gh perfornmance
si ze- excl WO /@At ogr aphy ( SEC- HPLC). The pur PET&RY2011/000532

P & SRomAR Sic BEERADRCL UL AR 6f HAISL b, burBBPhAn iickbed surface a

concent r4abign of 0. 3 ng / m. Analytical SEC | -1 PLC was perforned
enpl oyi ng a Waters 'Breeze' chromatogr ﬁh on a TSK G3000SWK col um )
(30cm x 7. 8nljo. chara¢tenine dha eesuiting monpRRGrtCSIDGovjusste| its @rEtypfhompegeneity,

oDt e SO 88 S AP o bR e BRSO Rbon

el ut ed fwieHmht hemegifieeG-asFone di stinct syrmet rical peak, constituting
98. 47% Fromthe results presented in Fig. it fol]ows that . the

cl ai med PEG Ghesk esmoseht e Wyediotot dént ai”r‘i‘S‘F‘%‘%‘e mob 1 i etpllovwing-  ligures:

cont ent aggregates in the clainmed conjugate
does notﬁ%xceegtlﬁ?@ ur%&}ﬁ{c}én't he cl ai mred PEGG CSF conj ugat e

accor di IRig.tD) RelversSpfiasdFhigh ipsrfommanct fignid@fomatd@ram (RP-HPLC) of the PEG-G-CSF
2012/ 02108_8PCT/ RU2011/ 000532 EXAMPLE 6 Determ nati on of the endotoxin

| evel i ﬁoﬂﬁéatPEG G CSF conj ugat e The content of bacteri al

endot OX'F” 'E%] é&h&f&% fg}%gﬁ‘%n(%@ NhHidahforiAbRlaf: (SHCEPRLEYof fhe PEG-G-CSF
accordanc was determned in vitro using the Linulus
Arrebocytcenjugstaie (LAL) met hod (nodification of the gel clot test) in

accorda U|re FES 42- 0002- 00, A

corrponeﬁEtSig Cﬁ"‘%}égg’ﬁhﬁ]@ aplys Rgglﬁcf%ge(‘étdﬁ %C@ne%%émd uE‘RErlgtaesgntCSF (line
PYROTELLZ)(r) with sensitivity of 0.03 EU/ nl, Endotoxin Reference
Standard" (CSE, 0.5 ng vial) and water for LAL-test were used

resul t s Fpg.eSeMAD] masahipectia of gimadified KeCBE oneechCEGGGeF Conlugate (B).
PEG G at I
of pr otC?: %Cg\/\}ﬁagwag%o rruch’g?gswt-:'IJ e‘é?% @’tﬁc \Eg[ft d%PI owabﬁ:gF'fj%) rdug?G -GHCSF

based ORohRY ngBpant protel ns. Table 1. The content of bacteri al

endot oxi ns |n t he PEG. G PEG GG CSF . c ate

cont ent és BEB?@W éFabQHMd%fo&EQSé ?Orﬁﬁgaﬂﬁ &%‘?‘h m ﬁgj}eﬂt% g (red
accordl G@ le 3 <3,0 EXAMPLE 7 Purlty anal ysis of the
PEGG conj at € by SDS- PAGE The purified PEG G CSF

conj ugatReg Samotwlytp:r egtligdofl PEG@-@SFacngugete (gredeling) ang uan®difigdsG-CSF (red
anal yzeg ﬁ SDS- PACE as described in Exanple 2. Sanpl es contai ni ng

40 m croffans both PEG G CSF and unnodified G CSF were | oaded into

each veldiso ThGudsleadtRit SéfaPEGOGlMSFWc&gf%é %@eﬁila5pand:hﬁhhb&1ﬁ4:d G-CSF (red
il Iustrates t he SDS—PAGE profile of PE CSE (line 1) and unnodified

G CSF (llimg 2).. The purified PEG G CSF appeared as single diffuse

band w arent. npl e r i {1 ed

band ¥ e 20h SRR TR SR TG LR e [0 o), AR sy
for PEG)(fe@t]gQ% proteins could not be determ ned by SDSPAGE, since
conj ugation of hydr oph| lic PEG nolecules to the protein i ncdran ses

St okes radi udxeniplesef ppesifiapaéorprepeeriPEGO-LSEggpgyctiop metho study fotts
el ect rop Vé{*%é%‘ ?ﬁﬂ%ﬁb% Wof the PEG protein conplex in the gel is

sl oved &6 e value of its nol ecular weight is much higher than
t he sum of nol ecul ar masses of unnodified protein and PEG



WO 2012/ 021088PCT/ R112011/ 000532 EXAMPLE 8 Mass spectronetric
mol ecul ar WReI0§M421088t er mi nati on of PEG G CSF conj ugat e i RCEMUDaN089532

with the unnodified G CSF Natrié)@ip eldlaser desor ption
time-of -fight mass spectronetry (MALDI™ %E) was used to detern ne

of the true nol ecul preppititi ofdfecitrbinanCRImaliC-RISFIERGMS Mettigpeastingr med
with an Utraflex |1 FBr uker Dal tonics) nmass spectroneter equi pped
wth a U/ laser (Nd).. 1 mcroliters of PEG G CSF conjugate sanpl e,

2. 50 i hycr oRyBaisdans PA R Rag perflhed o B ePpy gy e

acetoni pprggyoin water with 0.5% TFA) were m xed and dried in the air.
In the sane way unnodi fi ed G CSF sanpl e was prepared. Mass
spectra were obtained in the positive node M5 spectra, the average
mass errors does not exceed 10-15 Da. gMALAp1 G mass spectra of
unnodi fi ed G CSF and PEG conjugated GCSF in the range m/ z 10 000 -
50 000 are shown in Fig. 5. Prepanatign of pegylated rhibaCSthe nass
spectrum of G CSF contains the main peak corresponding to a singly
charged ion [M with a nolecul ar weight of 18,816 Da. In the nass

spectrum of 6, F&G & gﬁﬁti@ﬁ’@%‘ WERLA dyRfdbokéhyahiawRveed adtied. to 3800 anlsudfed (50

spectral peak wth a center of nmass around 49 600 Da is present. The

broad spedtsadinn scelate, P&l 60ex e coneming, 25¢b ma af pyrified kL PE@repared in
| ies. . ideri th I . i
o BT SE A e ARG Pl 98 95y

vas ver YVetky-HERnButirbldehie) cathcat avedgaapdecalamvedightndD Wliuwkre added. The

mol ecul es. EXAMPLE 9 PEGyl ation site determnation i nm PEG G CSF .
conj ugatenjugation reBetigre MEKiUE@ WS oftineR efog A2uhewWh (20 e Holy ARy various time

trypsin.(Pr a). I n: i -ad i ics of PEG-
e A Sl TR, SRS A b o

probe, [@-€R&r eshjageo fdimgidno wasaaplyzed. usihgl SBISBAGEva@n ¢36% @¢l dutreducing
during 16 h at the tenperature 37 C en 10 mcroliters 0.5 % =N
10% ageeomhipss BOSBRLTD GHF TPk Bl LraTaRe™ §f 4 hTEsP0R g LA Tris
t hor oug W*&8: 2de any, ReRApfoe@enst; C9Bs%abRhpheRs! blue was
pr epar eg*(?l’ %)e(é;g’ %drepél?%rﬂi ggs?%gi/\}e?@ 2(jmal yggd bl; MALDI - VS, hQV\iD =

2012/ 02 h68&Peand Ru26E HAGUSR2 3 min ofhe boiling whteprath: Sigmpiest inothewyqlymg of 5

G CSF nol ecul e was det er.m ned, by .c i :

Crypti o THEpLITEetionid plasie epS RS At WS g ERESk il gtean System
the trypBidRad) P88 belOhad NAnRERiE(omaesia RIS, Kihdties ©f SA0SF PBiylation is shown
peptide corresponding to the portion of the protein wher

a .
modi fi canifie beuileetimel whqrameecgn@ﬁdwswfﬁ&ﬁ%swébé%waiﬁ%i*r 70%, the reaction
experimental tr [ ' i1 Y @Rt &%ﬁgqrgdi BBG G CSF
conj ugat"él?‘ﬁlf%ga%lgﬁ?tgd gﬁgﬁm‘%‘qﬁﬁgwgg&mssée{sagg%%a’ of tryptic peptides
of the unnodified G CSF al nost coincide with those-of the PEG G CSF
conjugate. (Table 2), but in the trypi}g‘%ﬂg&&sﬁd of the PEG G CSF
conjugate there are no peptides with r mass 1432.7, present

in the tryptic digest of the insse:; Ié_@gﬁﬁﬁ attarfidagoh ment al |y
obt ai ned mass spectra of tr%tl C peptides forgunﬁdi fied G CSF and

PEG G CSF conjugate are presented in Fig. 6, which shows that there

is no peptide_wth nmol ecul ar wei ght ,of 1432.7 in.,t t] i
of the' PG G RSt e ion At Piibatsah afsnddints i it Babf P oo a
nmasses Qf | tq dshequgidlat@d with/102nNE4dAium acetate buffer,
corres p%ﬁgﬁsﬁ%gé%kﬁ%%mtje@%ﬁﬁgg %??@o?é Sof clpr ot ei FJW( Table 2 1 ~

. Jts
absence pHh418r (ppffec Adiay dow tite ph0 REC mincgHte dﬁ?@%@gt}%@é‘%ﬁ%l the column was

modi fication of the N-termnu L ' a j t o2 M of
el ght _ofsspELd enter oy Siiral RAtEogEL SLLRRERAT AN Bladih U2 Moo
conj ugatipn iAfhuRECAWEHDO I SFuse® ke eluteethe eestoPEG-GtCShé&onnthy chhmen at flow
am no group present in this peptide - am no group, of the Nj§ erm'%s

rate of 5 ml / min. Fractions (50 mL) were collected and the absorbance at 280 and nm was

determined. Fractions containing protein were analyzed by RP-HPLC and SDS-PAGE as
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PEG G CSF Mass Peptides Sequence 1432.7 - 1432.75 1-14 MIPLGPASSLPQSF
T47. 4 TATWD 204%702368818- 23 CLEQVR 1129.6 1129.6 1129. 61 2@CIRU2011/000532

EQVRKI %Igs%ri]bg’g E%r'l Zixample 2. Fractions containing monoPEGylated G-CSF with a purity of over
95%, were pooled, dialyzed against 10 volumes of 1.6 mM sodium acetate buffer, pH 4.0 = 0.2.

Then sterile filtration was performed and samples were stored at 4 + 2 oc.

EXAMPLE 4
Purity analysis of PEG-G-CSF conjugate by reverse-phase high performance
liquid chromatography (RP-HPLC).

The purified PEG-G-CSF conjugate, prepared in accordance with Example 3, was
diluted with 20 mM sodium acetate buffer pH 5.0 to a protein concentration of 0.3 mg / ml.
Analytical RP HPLC was performed employing a gradient Waters ‘Breeze’ chromatograph on
a C4 Symmetry column (4.6x150 mm) with UV detection at 214 nm. 100 microliters of the
obtained sample was injected into the column. The mono PEG-G-CSF is shown by RP_ HPLC
(Fig. 2) eluted from the column as a single, symmetrical peak and to be highly pure, as judged
by the presence of only minor impurities eluting before and after the main UV-absorbing peak
(FIG. 2). The impurities amount to less than 1,15% of the material eluting in the main peak.

Thus, from the data presented it can be concluded that according to RP-HPLC the purity of the
claimed PEG-G-CSF conjugate is = 98%.

EXAMPLE 5
Purity analysis of PEG-G-CSF conjugate by high performance size-exclusion
chromatography (SEC-HPLC).

The purified PEG-G-CSF conjugate, prepared in accordance with Example 3, was
diluted with 20 mM sodium acetate buffer pH 5.0 to a protein concentration of 0.3 mg / ml.
Analytical SEC HPLC was performed employing a Waters ‘Breeze’ chromatograph on a TSK
G3000SWX column (30cm x 7.8mm). with UV detection at 214 nm. 100 microliters of the
obtained sample was injected into the column. The results of SEC-HPLC are presented on Fig.
3. It is seen that the sample of PEG-G-CSF eluted from the column as one distinct symmetrical
peak, constitutihg 98.47%. From the results presented in Fig. 3, it follows that the claimed
PEG-G-CSF conjugate does not contain free modified G-CSF. The content of high-molecular
weight aggregates in the claimed conjugate does not exceed 1.53%. Purity of the claimed PEG-

G-CSF conjugate according to the SEC HPLC is more than 98%.



1359. 7 1359. 75 42-53 LCHPEELVLLGH 2527.3 2527.3 2527.30 54-78
SLG PWAPLEOCPER2988. 6 953. 6 952.56 55-63 LG PWAPLS 818. 2CB/R31241189(532 1
61- 68 PLSSCPSQ 2033.1

EXAMPLE 6

Determination of the endotoxin level in the PEG-G-CSF conjugate

The content of bacterial endotoxins (BE) in the PEG-G-CSF conjugate sample, prepared
in accordance with Example 3, was determined in vitro using the Limulus Amebocyte Lysate
(LAL) method (modification of the gel clot test) in accordance with the requirements of the
FFS 42-0002-00. A multi component diagnostic kit «Associates of CAPE COD, Inc.», LAL-
reagent PYROTELL ® with sensitivity of 0.03 EU / ml, Endotoxin Reference Standard (CSE,
0.5 mg vial) and water for LAL-test were used. The results presented in Table 1 show that the
BE content in the PEG-G-CSF conjugate sample is less than 3 EU (endotoxin units) per mg of

protein, which is much lower than BE level allowable for drugs based on recombinant proteins.

Table 1. The content of bacterial endotoxins in the PEG-G-CSF conjugate.

The content of bacterial endotoxins

PEG-G-CSF conjugate ]
(EU / mg protein)

PEG-G-CSF, obtained according 20
=3,

to the Example 3

EXAMPLE 7
Purity analysis of the PEG-G-CSF conjugate by SDS-PAGE

The purified PEG-G-CSF conjugate sample, prepared in accordance with the Example
3, was analyzed by, SDS-PAGE as described in Example 2. Samples containing 40 micrograms
both PEG-G-CSF and unmodified G-CSF were loaded into each wells. The gel was stained
with Coomassie R-250. Figure 4 illustrates the SDS-PAGE profile of PEG-G-CSF (line 1) and
unmodified G-CSF (line 2).. The purified PEG-G-CSF appeared as single diffuse band with an
apparent molecular weight higher than that in unmodified G-CSF. It has to be noted that the
exact value of molecular weight for PEGylated proteins could not be determined by SDS-
PAGE, since conjugation of hydrophilic PEG molecules to the protein increases the Stokes
radius of the PEGylated protein. As a result, the electrophoretic mobility of the PEG-protein
complex in the gel is slowed down and the value of its molecular weight is much higher than

the sum of molecular masses of unmodified protein and PEG.
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2033.1 2033.10 72-90 LAGCLSQLHSGLFL 2104.1 2104.1 2104.14 75-93
CLSQLHSGWDQR/2p88. 7 1241. 7 1241. 68 158-167 LQSFLEVSYRPCYMRU2011/000532
2012/ 021088PCT/ R112011/ 000532 EXAI\/PLEQ%& ryvi nation of specific
activity of PEG G CSF specific conjug @ghggrned wi th unnodified

rhG CSF W%ﬁcfﬁ%&ﬂ@hﬁ’(ﬂ@&ﬁar—%@@H@ﬂrﬁﬁﬁﬁfdﬁ' JTPEGQ-CCBIEdhjidgate in

diluted to a concentration of RPM nedi um and t he
serial dilutions of the sa:mpmsscthlib thewnmddifedGi¥pared i n assay
media. Serial dilutions of the unnodified G CSF and international
reference standard of G CSF activity (1-st International Standard

88/ 502, granyipey taSsisteh 0¥r AbddipicH tift@-dfadhe mashu mdﬁNA(MALDIéKOF MS
10000 IU/arrp) wer e z;nal yzed mdi%dér alll el. 100 niscrglajlhtoers of :

di | ut ed wasotsed to detemhios ofishe trd deeieewan weighbef PREFGLC.- M*Afl-}éllt TQEtM8nas

oo ke SN Rl AR s g o

medi a. }Q8)..Mi ch@drblitefss 00 fPEBGES-OSFl conjegee sampleneprepaeidiad dccosiante wéthl the
and the plates incubated at 37

C
e et s o oh e erE ¥ B Rt
simlar m h ?15 ZS%%r it A%E%Lv\rra\g@r itRaded 1oAY wRhdifted HHAURRUAH (h4IL Tn ihesame

sanme condi t’i ons
way unmodified G-CSF sample was prepared.

Mass spectra were obtained in the positive mode MS spectra, the average mass errors

does not exceed 10-15 Da.
MALDI-TOF mass spectra of unmodified G-CSF and PEG-conjugated G-CSF in the range m /

z 10 000 - 50 000 are shown in Fig. 3.
Fig. 5A shows that the mass spectrum of G-CSF contains the main peak corresponding

to a singly charged ion [M]" with a molecular weight of 18,816 Da.
In the mass spectrum of the PEG-G-CSF conjugate that is shown on Fig. 5B, a broad spectral
peak with a center of mass around 49 600 Da is present. The broad spectrum is due to the

heterogeneous population of the PEG polymer species.
Considering the molecular weights of G-CSF (19 295 Da) and PEG (30 000 Da), the obtained

mass of the conjugates (49 600) was very consistent with the calculated mass sum of individual

molecules.

EXAMPLE 9
PEGylation site determination in the PEG-G-CSF conjugate

S microliters of the solution of the modified trypsin (Promega) in 0.05 M NH,HCO3
with a concentration of 15 megxml™” were added to 5 microliters of the PEG-G-CSF conjugate
probe, prepared according to Example 3. Hydrolysis was carried out during 16 h at the
temperature 37 °C, then 10 microliters 0.5 % TFA in 10% acetonitrile solution in water were
added to the solution and thoroughly mixed. In the same way the unmodified G-CSF sample

was prepared.. These tryptic digests were analysed by MALDI-MS.
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The increase in the nunber of cells was determ ned using a mcroplate
reader bywearroizieaasdse of optical density at a wavel engt PCDRU20D/000352

(Boy in 10 1 ThesHEst PaP Goreaih lhg T BPISEHS e oy Somiaing the
speci fi ¢ b %e@ﬂé _%?;tlrygﬁE E\éﬂé}d&s% thEPEG- GHSPEorfogedt afd Ynmodfied GMCSE. In the

bi ol ogi cal  dct1 vi F or GCSF&SU/ m);, C - protein
cont ent tryptid Hzestodfuthe REGG-OBE- w@njigrtectheis- sherld( bayng pentide qepmisporgling to the

Speci fi tivi f PEG G CSF dified E -

e BB o i o BRI A B e o

to Exa”EJgf‘erf%neGl@al Qééﬂcq%%ﬁ&%fd#mdﬁﬁ&ﬂ G SBRn(1PPGLG-UBF) wdifjigatdThe table
88PCTI RUZ011/°000

2012/ 021 532 EXAMPLE 11 Thermal stability analysis of .
PEG G- CSliovisthatothp amdss speokiatdh tyntic peptistes of ghe wonwpdified G-CHF glipgst goigpide with

PEG G CSE ' ' <\ i

wcn 5 TConPEOLCRSP Rbfgrd. CROY 82GE b usBRdBidescof e PEGIL.CSF
pr ot ei NcgQReROtHeR m@MmdipeptidedwB arolecolar mars 1482:7; qulesent i thetigyptibdigest of
at a tenpérature C and at various. intervals of ti

50 2 th .
appear afficeurrnodified; @GS i the RepcsBIanals n‘_’lbtf‘mF N3 otPEFtR stgg’(“ﬁdgeé’&df)%/ for
measuri Elgmé@.%e&*&ﬁgﬁf ?%g@%@é@l?%ju ht@all'@f)ﬂe!’entédgﬁl BibUgywikith SheLdbt there

st abi l'i unno was conducted. |ncubation of proteins at
a t enpeiahorep(dd with) a Grdleadsr weighhef fldB3Rd! inotheofrynties digass| @f the PEG-G-CSF

aggregates, resulti in the i d turbidit .ot ej | i \
R heme et 15 Rt SRR oB BBl 6 o, e
sol uti on.at zﬁfiﬁl@zrmBz.Eicanegpo?ﬁgﬁmw-tmm% fide 6 proteén ETabily2). Whiabdence in

show that the turbidity o e preparation of unnodified G CSF

i ncr eas yptid tigesti ofetho PRGHELEET | aonjugateanatahest medisicatipg at fhenNggrminus peptide,

PEG G CSE.renuai neqd st.able.duri y}h ri ala'}

These dafuch e&F@gﬁgapﬁ% Y {Re Ve %g'F %FEsfggl??hPﬁyduggd%)th cicgiédr/rg%éc tarca. The

PEG G C%&gﬁ%niougﬁtm@ withug (5-08 B hesledutancdubrat! ab fheuortip dick iaednGg RSP present in
r

EXAVPLE 1 oteolytic stahility of PEG G CSF in conparison wth the
unnodi f s peptidgE amino group of the N-terminus methionine.

Tab. 2. Experimental mass spectra of the tryptic peptides of the PEG-G-CSF conjugate

and unmodified G-CSF compared with theoretical values.

experimental peptide's m/z Theoretical peptides
G-CSF PEG-G-CSF Mass Pepftides Sequence
1432.7 - 1432.75 1-14 MTPLGPASSLPQSF
747.4 747.4 747.36 18-23 CLEQVR
1129.6 1129.6 1129.61 20-29 EQVRKIQGDG
1359.7 1359.7 1359.75 42-53 LCHPEELVLLGH
25273 2527.3 2527.30 54-78 SLGIPWAPLSSCPSQ
953.6 953.6 952.56 55-63 LGIPWAPLS
818.4 g818.4 817.41 61-68 PLSSCPSQ
2033.1 2033.1 2033.10 72-90 LAGCLSQLHSGLFL
2104.1 2104.1 2104.14 75-93 CLSQLHSGLFLYQG
1241.7 1241.7 1241.68 158-167 LQSFLEVSYR
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A sanpl e of PEG G CSF conjugate, prepared in accordance with exanple

3, was di Wx28tk/424088 concentration of 0.6 ng / m, then PED/RU2011/000532
mcroliters of 1M Tris-HCl, pH 8.5 MEXWI;@ 850 mcroliters of
resulting sanple, so that the final p e Sanple was 7.4. Then 2
mcroliters QeperMifafidn oMPRIMIALH ity f PHG-CRLCSFHpecificrcanjugatodoniparttl with
stirred, then 15 mcroliters of trypsin (Pronega, CGold) were added to

a final concentration of 0.02 n‘imr@gﬁhé'wd/fhﬁl'(;s%i mlarly sanple

containing u jf G..CSE | €S [

2t a7 ¢ SubbERPECSY rovRter BepeT BcRdne | B aRPR £ REY To bR Bl of
m crol i per g 1RYoPREMBSeddfiamdtthe sériap diliigorisrof plid santpdesctoi bertesiextiwere prepared
SDS- PAGE was perforned, as described in Exanple 1., After

el ect r ofthasses imedige SsripkdiBitions phithe wimadlifigsoHesSl ankinsgpatig! reference standard
densito ' nalysis | [ i tor,
mai n- bah GiesT QRRG Febln At AE SR P AR o] SEuRind e
area of hihan ANV Rafided, N 00OEIT ainp) alerd amtyzedireparail¢lh1 Q0 ppsolitprsadiiy diluted

PEG G ComioD Rmgiecva 3 Tiort 4o st P STRHOUSY T ypLithioe qu bl plate. For

evi dent i L 0%rd B8he@ank rYRShdhdbd 824 BBAUentritéon Y015 x10%/ml in
5015/ 02 PiBgB HESIE S 80 895 el an Hé@? GG CSF and G CSF reduces,
but cl aiRPMI RPEGaGl SEicmiiterg af ¢hd selhouspensiesi vegmnadded torgrach avellogndothe plates

trypsin. in conparisgn. wth t nnodi fi ed. G.CSF. - E E .
| mrunor &3EPRieT @ 33f %(I;E‘Gaéléégg% Fﬁuﬁgcélﬁtgml ch%%ﬁ%raﬁr%b%%}ﬁﬂaiefa%av ell 20
G CSF micmg{ém;@pa}%a%maﬂ Bi@f (bheingiladj fadeRmple OBFICorjeigdial was plates

determ ned by antibody binding activity using a nodification of the
ELI SA asmapatedl uhdarttke spaee esnditiops forofd kasisgent s ProCon G- CSF (" Protein

xanpl e 3. e dneradn e TR b ol FRe B ReR TR SRR oHbichcader by an
140 M NaGkasard op¥edlogensiey € aummaldngti of 565 anc end 630 mat.i Bire efecifiontiglogical
m . Then 100 microliters of the obtained s | e wereijﬁaddeq into the

vel | s ofactivity ofithe tssied spmplea (Bo)dn &N Sy @m"éﬁ‘f WiRs edRBEY Bnal

anti bodi es against G CSF. After incubation at 37 C (60 nm nonocl onal
antibodies to i ndependent epitope, |abdbetd—y. biotin were added into
the wells. The resulting i mmune conpl ex was-detected using

streptavidin, el : 2z viReS OB GARESFRRIG-USE (HeY elgpnent

of col or reag{}{legériﬁlondstpﬁéﬂ\?\gﬁgé]?%g%n“in?raol iters of subst ra(te sog?uti on
(200 mi cr ogr s biolagictlekctivite o NPEGEMLSE oreG-CSS Gdmand 0, 1% 1- 1202

in 0.05 MTB, pH 7,2 dded d i t Al | t
IOP bl ue col orcp‘ﬂﬁ%tefrb‘\":?é!e]%‘?e“é?fl e§°€‘?‘8‘b!nggggéﬁf‘lrj%d%bqénﬁg}&%@e%nﬂé?gIrr?tn ers

2 Msulfuric acid solution into the wells. The results were taken
into account, measuring the absorbance at a wavel ength of 405 nmon a
mi cropl ate rél"atbbr&'swmi%bg@@‘dfy @)EE(SiGTCSEIﬁPQUWdIfWﬁ%T&SgaCti vity of
the unnodified G CSF was studied. Interaction of unnodified G CSF
w th i nmunogl obulins was taken as 100% Fromthe results presented in
Fig. 9, [Tt 1s seen that the inmmunoreactipVity of thepecifaiartieitEG G CSF
conjugate is 25% of Pfegatatiomnor eacti vity| of unnodi fi ﬁb{(j} F. EXAMPLE
14 Detelmination of the PEG G CSF conjugpte stabilitg ¥€hg storage
bt-eparet—acecordi -a'-. 3, wWas difuted tTo I ng /7 ni
‘ : ) 0.2. Fromgdseodiol et sanple
aliquots were takeni@pBdampraed into sterjle tubes with iids, type
"Eppendarf'. These were stored at a-tenpprature {621 —C—Speet+fie
activity and honogrgaeidiffedi-EHG G CSF cohj ugat e wéh,80d&0&hKihed at
different tine intervals of storage. Honbgeneity of the PEG G CSE was
anal yzed using SDS-PAGE and WO 2012/ 021088PCT/ RU2011/ 000532 SEC- HPLC
as described in Exanple 1 and Exanple 5, respectively. Table. 4 shows
that PEGG CSF conjugate is stable for at |east 24 nonths when stored

/]
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18 24 Activity (1U/ ng) (0, 840,09) x108 (0, 750, 15)x1 08 (0, 90, 10) x10
8 (0, 800, w9D)20K1©80880, 860, 07) xI 08 Honpbgeneity by HPLC GPCTARU2019B00535

>95

EXAMPLE 11
Thermal stability analysis of PEG-G-CSF in comparison with the unmodified G-
CSF

A sample of PEG-G-CSF conjugate, prepared in accordance with example 3, diluted
with 5 mM sodium acetate buffer, pH 4.0, containing 140 mM NaCl, the protein concentration
up to 0.28 mg / ml, was placed in a water bath at a temperature (50 + 2) © C and at various
intervals of time the appearance of turbidity in the solution of the protein was studied by
measuring the absorbance at 340 nm. Similarly, the study of thermal stability of unmodified G-
CSF was conducted. Incubation of proteins at a temperature (50 £ 2) °C leads to the formation
of insoluble aggregates, resulting in the increased turbidity of protein solution, which can be
measured by determining the optical density of the solution at 340 nm. Fig. 7 presents the
results of the study, which show that the turbidity of the preparation of unmodified G-CSF
increases with time of incubation, whereas the preparation of PEG-G-CSF remained stable
during the whole period of observation. These data indicate that the thermal stability of the

claimed PEG-G-CSF conjugate is much higher than that of unmodified G-CSF.

EXAMPLE 12
Proteolytic stability of PEG-G-CSF in comparison with the unmodified G-CSF

A sample of PEG-G-CSF conjugate, prepared in accordance with example 3, was
diluted to a concentration of 0.6 mg / ml, then 150 microliters of 1M Tris-HCI, pH 8.5 was
added to 850 microliters of resulting sample, so that the final pH of the sample was 7.4. Then 2
microliters 0,5 M CaCl, were added to a final concentration of 1 mM, stirred, then 15
microliters of trypsin (Promega, Gold) were added to a final concentration of 0.02 micrograms/
ml. Similarly sample containing unmodified G-CSF was prepared. The samples were incubated
at 37 °C. Subsamples (100 microliters) were taken every 60 min and 20 microliters 10% SDS
was added to stop the tryptic reaction and SDS-PAGE was performed, as described in Example
1.. After electrophoresis gels were stained with Coomassie-R-250 and densitometric analysis of
stained gels was performed. The area of the main band was determined by a computer program
GelPro Analyser. The area of the main band in the initial (untreated with trypsin) sample was
taken as 100%. Fig. 8 presents data on the sensitivity of the PEG-G-CSF conjugate and G-CSF

to the treatment by trypsin. It is evident that with increasing time of trypsin treatment the
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>95 >95 Honogeneity by EF in PAGE (% >93 >98 >98 >98 >98 EXAMWPLE 15
Phar macokwioeaiz02ae88| ysi s of PEG G CSF conj ugat e APGT/RIR0O@NEEIB

sanpl e of PEG | EN conjugate, prepared accordjn t le 3, was

i nj ect e@ontaRtly a&é’ﬁ@&éﬁ% and; 6£§§ grefugce, Evfc a&%eC{ %@C{]—(éé)é??@ﬂm&%fe 1s more
parallel,.. r. g M ce LU hid G CSF.

Bl ood sé?rsﬁﬁq%gt[&\;\g]re gg{l(%ﬁg%%%aﬁlrcg of%(ﬁﬁft g?%p%ﬁggpgt(t i fferent

time after injection. Blood serumwas obtained by the standard

nmet hod. The serum sanpl es for Syr | ither native or

m)noP:EGyI ?t ed G CSF were used in the%%ﬁ%ﬁgggégy wi th nouse

nonocl onal i i I b fk | 1PR -
wel I's of thenin%{@ﬁg{o??%rdvﬁa({fg%r%qsgj;%ogwgﬁﬁﬁ%rﬁ ?:lll]onal 'gﬂ;]l?i‘;?gg? S;SCSF
gg?}nst(_(l%B)CSF (230 ng/¥\ell in 100 mcroliters of 20 mM Tri s- HCL

uf fer , . pH 9.0. After_.an qverni | bation at 4 200 .
mcroliters SEMpBOrcagiivity,of g’&n‘ﬁ%ﬁﬁéﬁ'gwl W&J%%F%%aﬁp%ﬁﬁpwe? I%Af}mlb()dy
and 0. 0%%?d]-1’{§§&irv¥hlgnﬂ€ﬁo% 2@ chtiinOot R MEISIAS adsay Bliff kheOfiscnOns RecHT tedgents

bi ndi ng sites. mcroliters of the analyzed serum diluted by .
TB, contPre@®imG-a95 BB soteimicantosdLiwdeREGeS-GHF epnjugate pstpatedoin apcordansg with

e exanees, vk ke 8Glo S TR RREAERE, JiP7 2 Gntatihe 140 mM NaCl and 1%

bovine serum albumin to a concentration of 1 mkg/ ml. Then 100 microliters of the obtained
samples were added into the wells of the microtiter plate previously coated with monoclonal
antibodies against G-CSF. After incubation at 37 %C (60 min) monoclonal antibodies to
independent epitope, labeled by biotin were added into the wells. The resulting immune
complex was detected using streptavidin, labeled by horseradish peroxidase. For the
development of color reaction in the wells 100 microliters of substrate solution (200
micrograms / ml tetramethylbenzidine («Sigma») and 0,1% HO; in 0.05 M TB, pH 7,2 were
added and incubated until the development of blue color. The reaction was stopped by
introducing 50 microliters 2 M sulfuric acid solution into the wells. The results were taken into
account, measuring the absorbance at a wavelength of 405 nm on a microplate reader
«Multiscan» EX. Similarly the immunoreactivity of the unmodified G-CSF was studied.
Interaction of unmodified G-CSF with immunoglobulins was taken as 100%. From the results
presented in Fig. 9, it is seen that the immunoreactivity of the claimed PEG-G-CSF conjugate is

25% of the immunoreactivity of unmodified G-CSF.

EXAMPLE 14
Determination of the PEG-G-CSF conjugate stabilify during storage

Sample, prepared according to the Example 3, was diluted to 1 mg / m! in 1.6 mM
sodium acetate buffer, pH 4.0 + 0.2. From the diluted sample aliquots were taken and placed
into sterile tubes with lids, type "Eppendorf”. These were stored at a temperature (6 % 2) ° C.
Specific activity and homogeneity of PEG-G-CSF conjugate were determined at different time

intervals of storage. Homogeneity of the PEG-G-CSF was analyzed using SDS-PAGE and

15



construction of the standard calibration curve,
of PEG GVORISAZDISE i n the range of 25 ng / m

APCEHPLE ARk

buf f er
wel | s.

G CSF nenesrens
were added into

to renove all
solution (10
hydr ogen per

he wel |

a r-nl nllrnrl react

and 05%. Twe
bExdpleg) A
LigAB1d sl@aﬂﬂé €5t af e st BERtBY WHEMstBRA QX h BB er A0y (agaa)e C

% s sequentially. After incubation and washing

unbound enzynme, 100 mcroliters of the substrate

SaPH ol PR el

PEELCSPes

n20vve

known concentrati ons
to 600 nBCT/RER011/000532

%Po‘ieﬁlhf‘g}f 2?1239%3? (5t hto'&% that PEG-

’coﬁ?l L@l

|ne

E‘(é@zg’

@15%
added to

i nduce
addi ti on
the m g
det erm

ro pfilraégwfsg g/l d

ned _using ca

1
caUootTtT UII PI

H2SO4. The opti cal

Uuubl. .

e

d at 450

stopped—by—the

nmin

er. 0ne Cd
lihration

ncent gat 1 O
curve takj

of G LSk |

into.acco

N serjgm wa
mt the rii

U7

24

"—t—iO!‘.

of the
native
[ m i
t he anc
the cla

studi ed sergym
G CEEti‘dt)ncer

|y Ig?tﬂg unf
di mred PEG G- (

t (OR4E0,09% i
gont a'# i NQ
mdif‘ d G
CSF phar mag

r{0174&0.1 8)xg
1% B

Cdl i bration curve create

{0590, 192K

and |0. 05% Tweent

CSF phar macloki neti cs.
oki netics cjonpared wt

1 with a
1@0/80#?,15)0
20) S u
Resu
n the unno

own
ﬁb%ﬁ#ﬂfﬂxl
sed i Rs

ts o

Hi fi ed

GCSF an
claimalt]
Wth t
t he bl g

e resent.ed
Hemoatn |

e bRGIALT GFT g

od of ani nual

In Fig.
onj ugat e h
1t i 03-96f Nng
S reached

10Q.

as a signifij

Fromthe fresults it

cantly pro

n-noePsi ed |G CSB95its

a maxi num

1 h after

follows th
onged eff
conce®d r at

at t he
eCt .

on ixP5
and

i njection

pi dl Y"decredsed. Wth|the adninisftration of PEGIFN co

£

then r @ nj ugat e,

im.cont. ont

yserved—after—6

bl ood was
L0) fggn

conj ugat e

1
mars vwds U

of GCSF in
respul ts ig
£B?a d PEG bgCSF

hl o ~dl £ H
T O0Uu Ul Al

ow decr eas

Pa a'a ol mllHEEY
\¢ & | NAAIN LILILI
and t hen sl
urs sed

amofers of

a maxir
hour s

T ooOTTC CT)U

FHQHP&%%?/
observgd ER4D hg
phar mag oki etic par
cal cul gt eBAGE@ox egul t s shovad that absorption fronfthe site of
injectijon, volune of distribution, clearlance of PFEG G CSE conlugate

> 98
wer e

were significantly slow in conparison to the unnodified G CSF, which
led to longtermcircul ation of the clai ned PEG G CSF conjugate in the
bl ood (nore than 140 hours). EXAMPLE 16 Conparative characteristics
of the claimed PEG G CSF conj ugat e angxREPIE 1£SF conj ugat es as
described in the prototype nethod The conparison of the
structure, basic physi cd’dhemaedﬂnah@aWES‘l%f:BﬁGnnBtC%Fﬁ&?ﬂﬁét"ers of
the clai ned PEG G GSF conjugate, obtained according to the Exanple 3
wi th PEG G CSF conjugates as described in the prototype nethod was

performed (Tabk enibjograbiesaaigile op PESRITN doijngata irepabed havarding kqthief Exzaple 3,

i mprovement of properties of the cl ?%ang%gfﬁ%IﬁF C?nbﬁ%?éleanonher group of

conpar i 86 inieeted isTapeigianeallyrtoold &
2012/ 02 T
r%ﬁﬁé*&%r {r i%‘é?e% Q0RRRed G- lt?h@%gfgﬁﬁnﬂ%@@ﬁreﬁ%ﬁh&quﬁg&n?ﬁdg}g{fg%hctme

and pha araneters
conpar edt fifferenPifse Git€SHjectinn t@aoéseram whsstdinesiby the staadpd seesh

i e A %&%@@ﬁ@t{é&@tﬁmﬂg@e@d n

(Pat ent tﬁé%élS%?ﬂssZ@@lthCm% thbhdH @8 ifinunoglobulins to different epitopes of human G-

CSF.
A wells of the microtiter plate were coated with monoclonal antibodies against G-CSF (250

ng/well in 100 microliters of 20 mM Tris-HCI buffer (TB), pH 9.0. After an overnight
incubation at 4 °C, 200 microliters of TB, pH 7.4, containing 1% bovine serum albumin (BSA)
and 0.05% Tween-20 were added into the wells to block of nonspecific binding sites.

Then 100 microliters of the analyzed serum, diluted by TB, containing 1% BSA and 0.05%
Tween-20, at a ratio of 1:2, 1:4 and 1:8 were added into the wells. In parallel for the
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filgrastimPEG structure Linear Linear PEG nol ecul ar wei ght (kDa)
30-40 6- 280PBG/@RIB8F conjugate structural fornula H31, BCI/RU2011/000532

speci 11 Eotefion of visstaniisaliplen e kg bieolFbr BEEG-Cp sample in
t he PAGHdfhge of 25 ng / ml to 600 ng / ml in buffer TB containing 1% BSA and 0.05% Tween-20
were added to the wells. After incubation for 1 h at 37°C, a biotinylated anti human G-CSF
monoclonal antibodies and streptavidin-peroxidase conjugate were added into the wells
sequentially. After incubation and washing to remove all unbound enzyme, 100 microliters of
the substrate solution (100 mM sodium acetate buffer, pH 5.0, containing 0.015% hydrogen
peroxide and 0,2 mg / ml tetramethylbenzidine) were added to induce a coloured reaction
product. The reaction was stopped by the addition of 2 M 2M H,SO4. The optical density
measured at 450 nm in the microplate reader. The concentration of G-CSF in serum was
determined using calibration curve taking into account the dilution of the studied serum.
Calibration curve created with a known native G-CSF concentration (in the range from
6.25 ng / ml to 200 ng / ml in buffer TB containing 1% BSA and 0.05% Tween-20) was used in
the analysis of unmedified G-CSF pharmacokinetics.
Results of the claimed PEG-G-CSF pharmacokinetics compared with the unmodified G-
CSF are presented in Fig. 10. From the results it follows that the claimed PEG-G-CSF
conjugate has a significantly prolonged effect. With the administration of non-modified G-CSF,
its concentration in the blood of animals reached a maximum at 1 h after injection and then
rapidly decreased. With the administration of PEG-IFN conjugate, a maximum content of G-
CSF in blood of animals was observed after 6 hours (Figure 10) and then slow decrease of G-
CSF in blood was observed for 140 hours. Based on the results (Fig. 10) main pharmacokinetic
parameters of the claimed PEG-G-CSF conjugate were calculated. The results showed that
absorption from the site of injection, volume of distribution, clearance of PEG-G-CSF
conjugate were significantly slow in comparison to the unmodified G-CSF, which led to long-

term circulation of the claimed PEG-G-CSF conjugate in the blood (more than 140 hours).

EXAMPLE 16
Comparative characteristics of the claimed PEG-G-CSF conjugate and PEG-G-
CSF conjugates as described in the prototype method.

The comparison of the structure, basic physicochemical and pharmacokinetic
parameters of the claimed PEG-G-GSF conjugate, obtained according to the Example 3 with
PEG-G-CSF conjugates as described in the prototype method was performed (Table 5). The
data presented in Table 5 show a significant improvement of properties of the claimed PEG- G-

CSF conjugate in comparison with conjugates from the prototype method.
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100 ** Purity results by HPLC (% >98 ** Purity results by the G-
HPLC (% YO0i2021¥8 content of bacterial endotoxins ( EUPCTiRYROK/A80532

Phar macoki net‘[i:u\(l?)lé3 &rﬁl%er;[u%asph;rrsqgocrhg}n%c%l old ﬁ%ngg%r%t%a%e@goﬁﬁleuaimed

PEG-G-CSF conjugate compared with PEG-G-CSF conjugates as described in the prototype
method (patent US 5,824,784)

PEG-G-CSF conjugates

Conjugate described in the

Parameters Claimed PEG-G-CSF
_ prototype method
conjugates
(Patent US 5,824,784)
G-CSF filgrastim filgrastim
PEG structure Linear Linear
PEG molecular weight
30-40 6-25

(kDa)

PEG-G-CSF conjugate | ¢ {0 /\+0\A/~Met- oS " {~0 /\,]/O\A
structural formula g n Met-G-CSF

Specific activity,% of

84-94 68
unmodified G-CSF
Purity according to the
g & 100 **
PAGE (%)
Purity results by HPLC
>98 *E
(%)
Purity results by the GF
>98 **
HPLC (%)
The content of bacterial
<3 el
endotoxins (EU / mg)
Pharmacokinetic parameters
The ratio of AUC

18 ¥

PEG-G-CSF/G-CSF

*. PEG-G-CSF conjugate structural formula, obtained by the prototype method given in
«WHO Drug Informationy, 2,002, v. 16, N. 1, 102, List 47.

**_ o data.
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*- PEG G CSF conjugate structural fornmula, obtained by the prototype
met hod gi WéR012402188810 Drug I nformation", 2,002, v. 16, NPCWRUi@2/000585t
47. **- no data. WD 2012/ 021088PCT/ %R%%??,Z EXAMPLE 17 Sol ution
for subcutaneous injection 0.6 ng / 2.0m / m, 3.0

my /' M golutien for%béﬂthﬁéblfsqﬁ]eﬁﬂ&?utﬁﬂgpﬂﬂ lﬂhﬁg}tl‘n!’"z 0'aRd @k 38 mg / ml
medi ci ne contal ni ng PEGyl at ed reconbi nant granul ocyte

col ony-sti nul ati ng human factor (PEG G CSF) as an active ingredient

and the additio har ma i cal | cept I t

fol | owi ng rai toé] il 3¢ S&'%é’%a\r\%us x‘a? Gl el %%H %Ea/ﬁg?ﬁ%&r g%rgﬁ % RECylated
gr anul ogdthebHne NyramblosE akdlBsly- B&lﬂﬁl&tlﬁ@mlﬁlﬁﬁar( Rattof> GH)-G-€SP) Gas- ad, @ctive
ng Excipients: Polysorbate 20 - 0, 04 Manni tol - 50 ng Sodjum

acet at e ingrédigniand él&addltmah@ba@la@quapalh(o@@%ﬂd@ Fempenents 1p thetogowjggipito:
for injection -
broduct . for - exiile dPekaay BROYRLE bRt AhCE EBighlHigRing human

obt ai ne%c@&quGl.@g:sH) a3l emg In syringes froma neutral
gl ass of the hydrolytic class I, with sol dered needl es, protective

caps, covered WXFPHHOt ective caps, corked with syringe plunger. O

In vials of ne f hydrol ytic class |, corked by
Tef |l on-coated f (ﬂ rocr)l%llﬁ % 904%%“ | rubber plugs covered with al um num

caps. Mannitol- 50 mg
Sodium acetate trihydrate - 0,23 mg
Giacial Acetic acid up to pH 4,0

Water for injection - up to 1 ml.

EXAMPLE 18
Packaging of the finished product, for example, an aqueous solution containing

PEG-G-CSF, obtained according to Example 3

In syringes from a neutral glass of the hydrolytic class I, with soldered needles,
protective caps, covered with protective caps, corked with syringe plunger.
Or

In vials of neutral glass of the hydrolytic class I, corked by Teflon-coated fluororubber

or butilrubber plugs covered with aluminum caps.

EXAMPLE 19
A set containing the medical drug, for example, an aqueous solution containing

PEG-G-CSF, obtained according to the Example 3 as an active ingredient.

Set containing 1 syringe complete with the piston in the contour cellular packaging
made of the polymer film, along with instructions for use that are placed in a cardboard
package.

Or

Set containing 1 vial in the contour blister made of the polymer film, together with

instructions for use, which is placed in a cardboard package
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EXAMPLE 19 A set containing the nedical drug, for exanple, an aqueous
sol uti on YOrWE/R1¢§ PEG G CSF, obtai ned according to theCERIRMIOIG3AS

an active ingredient. Set cont ainj 1 syringe conplete with
the piston in the contour cellular p%g made of the pol yner

film along with instructions for use that are placed in a cardboard
package. O Set containing 1 vial in the contour blister made
of the pol ymér fhimpnt ogearwdecydd t hcplesy r ustimylasingor fasler wiepaiyeptgd  with

pl aced in a cardboard C e 0 PCT/ RU2011/ 000532 CLAI M5
1. Ahumangr aWBWﬁ’Qé%ﬁ%ﬁ%ﬁgfﬂ%g}gf ﬁglnoéf%é%%%g@gnj ugat edwi t h

nononet hoxypol yeg hyl ene glycolf ofyfornpul a &gﬁ CH3fO -Cl-12- 012 } O
-(CH2) - NaH @ m&-m,%a%gﬂgi:ﬂéﬂ&f 681 to 1 000; integer
4, NWG CSF - natural or raconbi namt pol ypeptide, having the activity
of GCSF. 2. A conjugate according to claim1, wherein the average

nol ecul ar wei ght of pol yethy{ne glycol is from30 to 40 kDa. 3. A
conjugate according to claim2, wherein the nol ecul ar wei ght of

pol yet hxvlh%rnee gl ycol
n ~— integers from 681 to 1 000;
m — integer >4;

N°H-G-CSF — natural or recombinant polypeptide, having the activity of G-CSF.

2. A conjugate according to claim 1, wherein the average molecular weight of

polyethylene glycol is from 30 to 40 kDa.

3. A conjugate according to claim 2, wherein the molecular weight of polyethylene glycol
is 30 kDa.

4. A conjugate according to claim 1, wherein m is integer 4 or 6.

5. A conjugate according to claim 1, wherein the N-terminal group is a methionine residue
(Met).

6. A pharmaceutical composition, having the activity corresponding to that of granulocyte

colony stimulating factor, containing the conjugate of general formula (I) in the
effective amount and pharmaceutically acceptable excipients.

7. A pharmaceutical composition according to claim 6, for medicinal use in treatment of
neutropenia of various origins.

8. A pharmaceutical composition according to claim 6, containing the conjugate of
general formula (I) in the effective amount, polysorbate, mannitol, sodium acetate
trihydrate, acetic acid and water for injection to 1 ml.

9. A pharmaceutical composition according to claim 8, wherein the pH value is from 3 to
5.

10. A pharmaceutical composition according to claim 8, wherein the pH value is mainly 4.

11. A medicinal agent, having the activity corresponding to that of granulocyte colony
stimulating factor, including the conjugate of general formula (I).

12. A medicinal agent according to claim 11 for treatment of neutropenia of various origin.
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is 30 kDa. 4. A conjugate according to claim1, wherein mis integer
4 or 6. 5. A conjugate according to claim1, wherein the N-term nal
group i s ayoebéniopige residue (Met). 6. A pharnmaceuti calergaapasidsson,
havi ng t he activity correspondi ng to that of %{an Loqyte %gLonﬁ] it
stimul atihg fAssoef conpigaigiodforgrulsd) fop Rjeagaten fmijﬁ?}a? A BpYiDe e eIty
in the effect] t ]ﬁgﬁ@y&ﬂ i aePpicadl e excipients.

7. A pharnacéﬁ%%ggﬁﬁg%é%g%??f n accordﬂﬁgk?gm%ﬁggnlﬁ, for nedicinal
use in tteat Rnhetadd rnéuiroppdais oo fregtment 0f newtrayienis, it/olving administration of
phar maceuti cal..conposi tiop.accardin | ahm 6, containing the

conj ugat e of ﬁ@ﬁ@%{;@‘?Wﬂﬂﬁhﬁ c?’?’}'lg%t%gﬁfl%gn@? ?lg'cti ve amount,

pol ysorbate, mannitol, sodium acetate trihydrate, acetic acid and
water for injection to 1 m. 9. A pharmaceutical conposition

according to claim@8, wherein the pHvalue is from3 to 5. 10. A

phar maceutical conposition according to claim8, wherein the pH val ue
is mainly 4. 11. A nedicinal agent, having the activity correspondi ng
to that of granul ocyte colony stinmulating factor, including the
conjugate of general forrmula (I). 12. A medicinal agent according to
claim 1l for treatnent -of neutropenia of various origin. WO
20121021088PCT/ RU2011/ 000532 13. A use of conjugate of fornula (I)

for preparation of nedicinal agent having the activity, correspondi ng
to that of granul ocyte colony stinulating factor. 14. A nethod of
prophyl axis or treatnent of neutropenia, involving adm nistration of
effective anount of the conjugate of formula (1).
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