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3 subpopul ations) were provided for preventing and treating of M5 and has
been disclosed as suitable for therapeutic use. To reveal the T-cell
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20 etal., Ann Neurol 209:'20-25, 1986). The therapy of relapsing-remitting multiple sclerosis
(RRMS) patients with rituximab a monoclonal antibody, which selectively targets and
depletes CD20+ B lymphocytes, appears safe and effective to sof}ne extend (Sttive, O. et
al.,, Long-term B-lymphocyte depletion with rituximab in pétients with relapsing-
remitting multiple scletosis., Arch Neurol. 2009 Feb;66(2):259-61).

25 Accordingly to that existing scientific background, the appfoach to treat MS using
the immunomodulation with the whole MBP molecule and numerous peptides
representing fragments’? and homologs of MBP protein and its fragments has been
developed during last decade. As it is well known human MBP consists of 170 amino
acid residues. In scientific and patent literature a fragment of MBP is labeled according to

30 positions of itsj first and last amino acid residues counted from'!:”the C-terminus of full
MBP sequence (SEQ ID NO: 1). :
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invention will becone apparent upon 25 reading the foll6wi ng detail ed
description of the invention. SUMVARY OF THE | NVENTI ON In one
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conprising one or nore am no acid sequence alterations in SEQ ID NO 2,
wherein said oligopeptide contains at | east 6 contigious amno acid

resi dues w0 286@46402NO. 2 and is capabl e of bindi ng ESA WBPRA2009/0WM333
2011/ 046462PCT/ RU2009/ 000533 6 In still farther enbodinent, the
present invention provides a fragment of4oligopeptide I or a fragnent of
ol i gopeptide | conprising.onp or nore am no acid sequence alterations in
SEQ ID NO 2, wherein said fragnent has at |least 6 am.no acid residu[es in
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provi des amp‘ﬁ‘él‘? K‘B&’i‘lﬂq ‘i‘:fah/ls'cp&hﬁlgg 'ﬁnrc} © &Ohpt ’sﬂ‘r{’%% lgglhg’ncogglﬁfg‘geﬁtlldﬁg)r{ gg?gnt, a
t her apgyt i §@hdd/n&Eff&S bh R e ARB BBEnd4ntiBOdiel tIBNi M8 phtibreyi ng ami no aci d
sequence SEQ I D NO

2 or _a fragment thereof, or, an oljgopepti conpti sing
one or nore ani pema®fMBRBesstBeniides 2a¢ YRS ‘iaﬁ"l@?dlﬁ‘s[;’%& e\%uageﬁ 3 %"&ﬁent
thereof, as: setnfae - K AIRI0oSoRBiRhe HRAsEhe B8whole MBP
ol i gopepti lea%ss'e]?ée}%ﬁlgagh%?gm 18??%%3’%%@‘5%% hg\??r?g éeq%q‘nce eS.EQ I.[S)?\IQ 3 and
ol i gopept i siguéhde; hhsted peBER lidanMIOGPZ71 Wohmi NBGSA88 fronb bigirasrne Biorsicpeess ent

i nvention provides a, fusion.prot.ei opposed.,of one eph.l.de vin
a sequenceg‘?gl@gf‘ég?n’fcr SWPH%E%‘? (ﬁﬁﬂ’ffﬁ %E’@ %ﬁ)‘t?ﬁ&mlﬂwag%(sgg%ielﬂ% %%)féaﬁ;/[ SEQ )
I D NO 1 Ogeghéﬁ&mm\ﬁevfeh%eﬁgniﬁwmoémcadse Wishedredafient iheké yhdrapieadhe ¢ her

via a peptide or non-peptide |linker in any order, wherein the fusjon
protei n cosgious geverse [exers osrivatilifygopdpyi MS BHOSISERPR éhﬂh){}elﬁ ?}ralasﬁflP‘éMnt

h f. 3 f d di f143] i
or csent i nbRE SR 1€ Sorboetdbob g nnt (e PP B anee 1D SO NG,

present in conpaosSed’o ragnent a sequence : ] t he
fragments HsotieR@nabnddedathéfic peicROMith Q464EAPCTHRPOOLNG 00 BBAnacld residuen a
further enbodi ment of the inventi t hod . for t I |tiple.
sclerosi s P398rSWIBEdDENFY VB ﬁgﬁﬁi}gﬁ&%ﬂﬁog %ﬁ@ﬁ’???g% Q%J%H%F%‘é‘%%“(e\}

dose ob, a”st‘ah1eagg LEAE, offlindeal HAAEBA trédBREROSE profredsifeiaiiplp epleiadts, The a

pha,r maceut | ca osition o t he pl’ psent . I nvention to ;a. Sunj ect in need
thereof. peptidelat daspaf 50 migavasearaitistesert ingavenpasiyrivent $isinonthe IhHBasrRsan f or

treating | tiple sclerasis copprises: ex i : A A
sufferi ngn:éll?%ﬁ‘hﬁ?tt TPty 8’?6‘5?5“ ﬁn% ‘gﬁﬁzﬂé{%?)\f}%&goag%q%? p%ﬁelgf Bglt(tjllbgg%i de,
or a fragmpgietysds PR WEi/eP DREPSIfeWatres, KIGireTaL duirdmsah Joompbef hiromnology,
according to the present invention. I n anot her enbCQdi nent, use

of an ol i g@peptviolid3oNod, PRsBEM8PHet ei n of the present 10 invention for
manuf agt hring_of,a medi can 11083t iRk 36J. /3380 80)i wasDhseM iaded.
BRI EF %%SCRI PTI &%@%EWM“ lb%dg%%ﬂsdés 1H%s hows the am')r_loa aci d
sequence Ofctivetiagiedienmior-fiBRratisinefou treatniEheobieocidary praga¢ssive dyi éa ehasedfifno
acid residues, on hyman. MBP. Al so t.he parts of P - 15 am i guence
whi ch cor r e4wig#ld tﬁlés‘a&%@eﬁ@i‘e&‘% ;%fﬁ&%%XgéY Tt ‘féﬂ’ﬁ? ia\(}?eoro]f}?g})%g%%?{é%nﬁgE %I D
NO. 2) as %Ancﬁa PhsaBllitg @RI SARS KR ABlcaPeROTAE Hewelsions eliGEQsddbNO. 3
and SEQ ID NO. 4, are presented correspondingly. These parts o% VBP ];61411 no
acid sequedaznatie Resoranereinaging (Goedkin, | D.f. ctpl.Jiguaology RORR. Ydedtb dWalfbh of
MBP i n38re512%‘)e of ESAMBPCAA and i nhibition '

Thus the search and selection of novel fragments of MBP, oligopeptides having
therapeutic activity against MS represents non-trivial task and medicinal properties of any

of such oligopeptides with respect to MS treatment cannot be predicted beforehand by a’



20 of degradation in presence of different MBP peptide fragnents (the

hori zontal row of figures correspOnd to positions of first and | ast am no
aci d resiwoeog/aewat ed fromthe Ctermnus of full NMBP ewrane®)000533

Figure 3 illustrAes the inhibition of ESAMBPCAA activity by different
synthetic ol i gopepti des containing anino aci d sequences of MBP fragment
43-68. Horizontal axis- 25 concentration of oligopeptides used in

i nhibitory assay...Vertical axis- relativ SANVBP .activit3'i (ESAVBPCAA
sctivity DR b R Sengp GEPSEERIRIIE HPcititlds w0 81 GoeRtd des
are indi cafegithd, ThEXaéMiRaten and seledibfWF8uch héw %Eﬂ&&gﬁﬁ@@ﬁﬁ?%%@hﬁ%ws
score of DA rats suffering from Experinental Allergic Encephalonyelitis and
treated bythrewgbrlisogeenyl ¢igoyebimmvsopatiwlagical 3gecharisma iprobiedi into Gwpleparsst on
of MDS sco ' ' Ein DA rats at day 24. Maxi numclinical score in
each gr oupingfﬂrrg%{?gggﬂrre ian and 95% confidential interval. Figure 5
il ustrsates supparissiven hate WRSestedrevidenconbai agsmeadperactiontd aBMBiheaiuter ' s
Virus Infection) w.th conbinations. of oligopeptides. WD . .
20117 0464 GBI L SSHII0B 233D BO D AR B AP PP OR e P RO e

DEFI NI TI ONSfeavage of fife, MBI mdRicBleindBFreb@idho Rl iBRABpAHS 02l Bb&Rinist 8Ny
mol ecul e that contains up to about am no acid residues |inked by peptide
| i nkage( s)my¢liredestrugtinn yid propeptiomtel MpdBasoBagnko eiale pnmgaolegy dettoy 183 no
acids in | tgps 4'§D$ )t erm "ol i gopeptide" or "oligopeptides" enconpasses

ol i gopepti'des’as we ? as salts thereof. Suitable salts include sodium or

pot assioum sal t sAavordiaglyi cther opjects pifatiee Sakdedt inventionAds ute detamdtide snovel

description, the.term'oligopeptide’ enconpasses an "ol igopeptide' having
apect f | ed Qigongrtdes wbist HELT e nt (GHARITa FPAMSS LR oBRE ML 010
functi onal anyiabdi@®t Sinte1Ged ARt Bihdid2 GhE NMatWtid RgRAUAESRIPRPIMBP &f BRe! bf ed
sequence wherein the fragment has from6 to 20 am noacids in | ength

provi ded tiragrepgon of dylakipta Salstdsist (ESHAMBPRd ArgpsprVErRCAK, anti MBP fataligied i n
this, descyjpt] i he i ept.| " fer aaf L res

i nvention ﬁ{‘f%‘g)c%n%rb fhs?g)d, 51%# rﬂggﬂ I%%g égbrg%tb 9% Opt;r (‘E:}}g%r‘la@‘toII\)//Iga%1 1é'IPgas egeagrg’h’? 1 8,
pr ef ermbl yolopégiies. 15 about 12, nore preferably at |east about 14, and
nost preferably at | east about 16 or npre coptjguous, am no, acid residues.
Furt her cont enpltit 8Bicst & ?%Fg%%%%% rEpvigliog o Plids mofetiss é%lé%ﬂpemﬂ(}émi on
obt ai ned : L ; i i L 0l ' ch
ol tor ot | or o I B L o Bl b Rt ot

i nsert i onspharmawtutical eomposition detaiding tha tsaidedigopépigley and frsiorcnopeings edhich

| east 6 conti gi.ou ' i ds,of .t.he paren nd i s capabl e .of

bi ndi ng ESRMRRERAESAM BEEAA s GrrisnGal Sl ERANTHEC B SompsF BRN, bty
refergot 0 fdqetiehi GFOGRRIAtER ‘MHti MBP aate Bitiddieisel MR ih@ndii9tdfahe present

ol i gopeptide or a fragnent. thereof, each fused noiety being bound to the

ot her di r eavengiopyhage déssovered (thanleligensatides haying srqyenodsEpmprisingtasrshpigs €25 of
one oligo Lde.-d i t ylJ [ ofy..C- ] nus
of the ot REng Eid LGRS WP SBF BANED S il Hel g P A MR AD ipfioh i

| i nker. Theekpécdddy highmyfidxey setreaiment dfiddf " peptide |inker” or "non-peptide
i nker”. A" petpéihde' | i nker" c{;r%y consi.st of a.se uencq\ﬁont aining from

about 1 to abo t 202 P8 H Y : Pecih P H*_%Bf%sem He&R %PWH) SERCAPRICH B Per by
pepti dg b%é’diﬁé‘%e"fﬁll&@irf@%teﬁ’l@&'d@é&ﬁb’cib’rll bk YeRnBogequence for a protease 30

cl eavage site. The term " non-peptide linker" as used herein refers to any
| i nking noiety having two or nore reactive groups othef than peptide

Tnker. PrahivigRY OF i3 INvENTION

In one embodifhent, the present invention provides an oligopeptide (I) having
amino acid sequence GGDRGAPKRGSGKDSHH (SEQ ID NO: 2).

30 In a further embodiment, the present invention provides an oligopeptide

comprising one -or more amino acid sequence alterations in SEQ ID NO: 2, wherein said
oligopeptide contains at least 6 contigious amino acid residues of SEQ ID NO: 2 and is
capable of binding ESAMBPCAA.



pepti de polynmer. The non-peptide polymer used a linker of the '"Invention is
a polyner carrying reactive groups at both ends, which are capabl e of

i ndependewol2giibi4pcng to WO 2011/ 046462PCT/ RU2009/ 000538 TRW2e@awd3ze gr oups
of an oligopeptide, wherein exanples of reactive group of the oligopeptide
includes a terminal amino group or a terfnnal carboxyl group, a |ysine
residue, a histidine residue or a cysteine residue. Reactive groupg of the
pol ymer include_an al dehyde group, a propionic, al dehyde group, .a butyl

al dehyde group, 1% SH@L cgeemboshitan, the EeHHE Gvenien premegs asfirgmey gf oup,
a thiol grg : Azl I A }ﬂ9&£| g I r :
nitrophenyﬁmgg?@%#%géﬁ?k%%ﬁgkgfgg5@g§&?pggglg?@?group?%ég;?%%%fgﬁg?éégioup,
and succi nsequeleeddterarians e SEQEIAND: &% vdferedu caidriragnaant des ay kastvesminecdcidie

succi ni m dyl. .propi.onat e ( SPA),..sucgi ni mdy| noi ¢ acid (SBA),
succi ni ni d ldg?fr d%ﬁ%@?’ﬁé}sactaéélil% 1PHI§EM%WSUCQ nani de (SSA),
succi nigni dyl SugCian&irthef SShbodithesit) Chie Npreséht| inkahtksN révidend Mhivvdhicentical

succinimde (NHS). The reactive groups at the ends. of a_non-peptide_polymer
may be t heCHBRASItON GUInTiSgAS v agkeslient a therapentically effgGHeAmOuRt ARERYY i de

group at o 3 roup at another end. Low nol ecul ar wei ght
| i nkers i n@ﬁﬁg%g@gg% %h%%ggr S?Ut ar al dehyde. As used in this ‘
descri ption, tdeolignpepti&ESALBAGAAIIne heidsseteersrelGDRGARPKBASGKDSHHUSE QD gous
i mmunogl obul i be,%y,l es circulating in blood of M5 patient which binds
nyelin basic BI}%B I'n”’and catal yze site-specific proteolytic cleavage of the
MBP nojecul e. an oligopeptideisuipristhd dHeSor @256 bindid 8Ad bBfuche Meratidds ik BBQ, ID
"treating," and "treatnment” refer to admnistering wherapy, an_agent, a
conpound, or cURpesyheisi sail aligapsplade; coniainsertilonst ¢ romtigioys amaordidhiesidyey t o
reduce, anelio .2l m . fRLom of the 20 condition
being ttreat ed%@%%ggsli(g'dﬁ ydqg'?t %éﬁfgﬂlgﬁggpg%%ﬁgr any gkilled in the art
by any conventa tragthentatftibeloligepepsda] havinghamindesst SPQIiIOWNOt Beor tadragment of

"Neutralization, .inactivation .inhibition neans,reduction of spegifi
activity ao neleieBReRRd ouRRising s S0 arTal B Gt eyt Einion TESER 1B, ¢ ne
descripfion, "ROteCiihRiREE agnhént BRs AMRHEKE i) adlllirea@@Rtih dengtid ad® is
fragment thereof, or a fusion protein as described above, which upon

admi ni st r at i orcapplle o4 pading BSA g aneliorating or eliminating at |east

one synpto f .bl. LS. i means an
anount cap%%odloaep H%%%%hg?lﬁéécgréﬁ %ir)%\%éllrr?é{E %g(%!r%epﬁnfp%gég \éﬁ‘é%gg?%%bndi tion.
Based on our priaviaacthemosibddiknguthev pedsertl invehtion Jptuvirdds af phamaceitizgly,
2008, 30 180: 1258-1267) .the novel, cl ass _of aa&thg ant i, bodi ef i.nvol ved ipto
recogni t i ofPTRRAEITHBGFIRRILSIHR 2dROMFENT Angradiente aph PSR MK TS meuning

di scovgy ed?lig-g???tﬁiec qt ﬁdvﬁ%%@iﬂoyaﬁﬁ%%%@n&rglﬁ(@(?ﬂ' 196: DeREE&Ihen! Befed]! H04n

fraction o MBP ant | I es, ver it was found that their catalytic
activity cdigopkptidescompirtsiny onr esmpreansina teidofeqiviice Bltestionsd SEQ ID NO: 2,

2011/ 046462PCI/ RU20Q9/ 000533 tificati f anti NBP,autoantilb
o at ed N PPEREYIUPe: ga ety B aB e nd b Soic i wlfhss piq AREpeBAEY
Sur pri si NgdeYoctedeBith lofigERAMBE P aviBPEaE&Ie SBT) YD INMO3 ahd aéddpeptidd 11T having

circulating anti MBP auto-antibodies in M5 the authors of present
i nvention IBiN@o%ered that ' Certain ol i gopeptide , having strong

neutrald zi ng actiyi . S gl
ef fi czicéy i ngt reltélta/r[rlgmér g@bﬁgﬁﬁ%{ﬁﬁ?ﬁéﬁ%@g@ﬂg%i%ﬁ“%ﬁ@é@%ﬁ%&%@h@%&ﬁﬁml
nodel s of ofibdel @ moscpeptidss haviAg aosediange tseletthd fome sken proupwerBEQADINOr 8, an

ol i gopept i i ani | i.d_.sequence PK DS}, SEQ | 2)
is provi deggQHﬁﬁgagé{ﬁi@rﬁQ iﬁr]\?@'s%ghggg‘i"ﬁn S e Tal ’(‘f%@‘ﬁ gf'f’geseqé‘?“gﬁﬁgo
human VBP g oifer i 815oBHal B ehbfigkbile Rfke: ¥ &n6d! witkiSaldialonganeat | de
i s capable of inhibiti'ng ESAVBP . Fragnments” and ~ functi onal

vari ants ofonarisgppidpast dee GRRREPIKRESEKDEPINQ chet ¢ fragmenfribered!. pr ef er r ed
enbodi yient s of present inventi.on. t.he basi s of .the ANVBP .

i nhi bi 1 on assa@‘sa Brg?q{bedae;@écﬁllggnto%g FUh %@@8 & ?%rrd e t85§% %&%ﬁnggn 1%
GCDRGAPKRGRaiidsktHof aghialsl &4 seyurher IDSEQING. Acthd Srapatnts Ro/idoat least 6

ol i gopeptide fra' gnent fb retain its biological activity were established.
Thus, accofainggeidoresiduesindength andJisked srduentially to £36k athed Vi 4 AgHidg W mon-
vari ant of %ﬁdglihlgeqpepti de GGDRGAPKRGSGKDSHH must retaikn at | east 6

conti gi ous’Am no aci d resi dues of SEQ ID NO 2. Based on given disclosure,
it would be readily apparent to persons skilled in 20 the art to determ ne,
enwrically, what variation can be nmade to the oligopepti de sequence
GGEDRGAPKRGSGKDSHH wi t hout ..af fecting the ESAMBPCAA inhibitory activity of

t he pepti de. I n anot her aspect, the present invention provides two
ol i gopepti des havi ng sequences GFGYbGRASDYKSAHK (SEQ ID NO .3) and 25

PNNTT L7 =1 71 NN\ 2NN AA PSS 7 S~ 1




11 GGDRGAPKRGSGKDSHH ol i gopepti de when co-adm nistered to animals and
humans. While not wishing to be bound by any theory, it may be assuned that
this is dwe2o/feat that simultaneous nodul ati on of seveCcalRu2nwN0es33

mechani sms - immune T cell function and auto anti body nedi at ed MBP

hydrol ysis may provide nul'tiplication of7therapeutic 5 effect. Accordingly,
a pharmaceutical conposition is provided which contains the oligopeptide of
SEQ ID NO 2, fragnents or functignal, varjiants th rteof and at_ | cfas one of
two ol i gopept i dbka birthee gmbadienseryhepnygation, fbme@:@% PHRENEMUIiRICSHEPT her
embodi ment ;4 r?\t/iﬁgd, Rﬁ%‘fﬁ]@f%d'cﬂl‘ﬁ ﬁ%ihg'&dmtirﬁﬁeﬁﬁg S0 BERUIRRObE §E@i% ePide, &r
fragnments o unctiional variants thereof are |inked to each othér to forma
fusion 10 pdpemdst thSreoh drus fisiomppgitiddeoro phainsesutingl copbesiterppetheqgiresent
ESAMBPCAA | nactivati ng. noi et%/ tl n g further enbodi ment of the present

i nvention BIVFYSPERAsHRPRErbESTo) or fragnents or functional anal ogs

t her eofs and ol i pppaRiticitar( SEddikeMOof e bivehti@g e tiBethb@feotreating multiple

ol i gopeptide (SEQ ID'NO 4) or fragments thereof _ are hi“nked I? | inked to
each 15 ot #derosip camprisssy expasmgrihmblend el paienp epifering fromymultiple splgrpsis to
pepti de of _pr [ NE . [ | &4 repesify {RS oPfa
ESAMBPCAA ?Igaeg%i%gg? |dr¥)\g§§rr§)j; (%?i g§¥0 gpiégggi)(ra%tf?é e é(%tSE%PI £D %IEOM%Z?Q%%]% epi t opes
of ol i gopepharoiescutiSEQ@ofDobifon aycagicig (SHO préseNOnvationThe i nvention furt her

provi des a pharpaceutical, .co Siti C rLstng. 20 r At I

ef fective amount® FUFH egft’l*(?églﬂi”%lgt [ e&gq‘n %@ggﬁf&i onr\zlaeﬁis?%n&? %&ﬁ)of%lﬂ%.ese% or
fragmerd omnvbmtivit fopfahufaamiiriag of b hesdéaineat fok usatiny muhipbd stlansls & provided.
pharmaceutically acceptable carrier or a diluent and / or drug delivery
system Exanpl es of pharmaceutical acceptable carriers are well known in
the art, ap@rhPPIEERI )@ﬂ? f i ne. The exanples of &ig

del i very sggtlgr?? are iz;?ts(())ﬁwel h%n%%”ﬂr??%e art and include for exanple 25
| i posormes or ' sFignhetli shops| thesmiino reivopapence| efsintaph duolangdBepmplsedleofhe he

present inyention can be prepared.according .o exisidn )
synt hesi zi ﬁ@%wm&&%%m%g@t ﬂﬁ\ﬂonagc@fﬁsh@le% ogclkug?aﬁli @%i%@ﬁ%‘%g %%?%MB ed.
Fusi ongr oh@ineSacitByeqenderviiitls esrrépon enninoarid fybeticafinagye okpepwptide t he
sequence of the selected fusion proteins, as disclosed in the I‘%éiﬁm

0 idnal ,

i nvent i on, (Y8 TP ohrasarell anes dliggnientdesdayinganype apidesaairncs

known Meth egi zin h };ggAp RESS -SRind" ced
can then bglg((f;Isggegy?ﬁ]d?bah%%rgrg%cggg#%ﬁﬁﬁcgn%%h?g es %ﬁsﬁHﬁsed t%ﬁ%nlraa%g#]orm
an appr opr sajuendeasé owttihéd Withptaalidime. t he reconbi nant peptide. Al of the

met hodol ogy referred_to ahgve |s. co tonal and I, 1, - t g .persons
skilled in the Efere 2 gbyvsodagrednbios _ lﬁ?@ﬁ%@@%ﬁg‘“@&?m B PEOEnt i on
furtheg, prgy %&?ﬁaﬁom Reskne 6? ?ffﬁ@édt ',m%l*ﬁéﬁtid@f&g%@n%(ﬂ&! Korioli@] foet bod

conprising admnistering an effective dose of ol gopeptide, or a fragment,
or fusion [figwes deresponditoginsitions efifirst and lashgivis eridiesidussonnted fivande(o a
subj ect in, need ther The therapeutic dose of oligopeptides or fusion
protein foFe@Hgspfﬁgmsegpe%QS may be from about 0,01 ng per kil ogram of

body wei ght to pheué 3i0udabs the inbibitiog bARS AMBROK Avitigity bytdifferentngyathietic on
can be adm nistered intravenously, subcut ag)gousl Y, Int r.%é %gcgl l%ciil IL.n pone
exanpl e of oligepeptidaseeniaiming ArFNacid Reauentrs o3 MPB ATaeR Ak 1P SHEHET D XIS v,
to target §c§1c%ﬂérétﬁ)ql. ) it gﬁgﬁ?ﬁe ﬁg!ﬁ V&R P UhRibitoly Cass TP ORI it N afi@N BRitive

; ; i
adm niStered as a sin equential dose, as may be required. 10Wile
t hi s i nvenESAMBRBC Adsantiviig (ESAMBRGAA activity pracentmllassays €PBE ewers degmed as

preferred i ments thereof, the follaw n xanpl es are offered to

i |lustrat e?g%g)%ﬁ%? ?qgr?P?pt’c‘ﬁéaferW ’r‘ff"ieght}ﬁﬁ{ﬂ%ﬁ%ES 15 Exanple |. Detection of
ESAVBPCAA - aut ofrpa@ sS4 | iTIMARG Sisprediobe DS sedteCbf A deatdnsaffbting drine
protein and catalyze -site-specific proteolytic, cl eavage,; of. the NMBP nol ecul e

in bl ood oExperiménitleABrgisr Baiephabamivelitissansnireatedshy sneatine PheRerHdss #ddhe i on

and charact.erization re _done i r i

(17- 543 oo st Pl SFpGeS50 o P, jotip 35" ol BT OB RS B, 03y 24

st eroi ds oMdxMiumictihaDstoreintdach pfduprofeitamyedian gsl 95Ph eonfBlagiialgntesiad. was
verified and confirned, and EDSS (Expanded Disability Status Scal et) ﬁéues
vere cal cul at edFigueeriikgstiates Pppressiop) s VIS sgpieom SPeng eRPEBERgh MR on,
usi ng cli Nipakiamd j-cal : i@k al., din Neurol

Neur osur g g )t i]erélgngQHJf%%O%?Wﬁ%(éggﬁaglgﬁ ﬁfs&%%g%gtlc%r e isolated fromserum
by thrice-repeated 50% ammoni um sul fate precipitation




25 followed by affinity cbromatography on protein G Sepharose (Anersham

Bi osciences). IgGcontaining fractions were then dialyzed agai nst PBS or
TBS wi t h woQbtviNedNd3 at 4C. The 1gG 'anpbunt was quanti fi edTRwo®t@essar di zed
by ELISA. 19gG purity was assessed by el ectrophoresis followed by silver
stai ni ng, i munobl otting under nonreducihg conditions and by
surface-enhanced | aser desorpt'ion/ionization (SELD ) 30 nmass spectronetry.

| gGs were t : | i nity chromat ography on a
colum w tbﬁwﬁﬁﬁgéﬁﬁgﬁoﬁoh@@@%@&g@ﬁ Amersham) and their purity
was assessparNIBOReS r ophoi esi s fol l owed by silver staining technique. WO
2011/ 046462PCT/ RU2009/ 000533 13 MBP was prepared from bovi ne brain

accordi ng to M Abesed(drdihehe garmaloligonepgige” Rlaves torppitaelecile Biahfeniains up to
encephal omygel itis i.n th 14 0 t;. o I N (1)U E.
ol 1 gan,  ohoute it pTARS inkel AR LA Er R Sl AR R Il
by reveysea Eﬂ@p@otiﬂ@h@ t0r20c@hinomacidd id Bngho Thvkahetolighpeide" Gef oligoppptidss'VBP
hydrol ysis by anti M3P autg anti bqgi es i/vas ass$>§$d[ @s faﬁ)tl‘l.owsc:1 Pur.i fi ed
ant i bodi eseTCOMPATHE PHEMRsPEdes a5 utlh @s salts hespols syutable safty ipgfudg sadinm, G\ o
of - 12-5”k1p(ﬁ§§imﬁ’s %% NedR SYRbsiate@Itd.- 2 nkg of MBP. The sanples were
mxed with Laemm 1's buffer. "The extent of MBP degradation was visualized

by SDS-PAGE i n &si usgl yigi ribisardesanintisnnetheo B f epligapspiadss. uSPMGesiFt i ¥t ve
MBP degr adati on ay, -MBP_ (- . Seol : ] rhodi es
(60 nM in ig0Peptiad; X%%%‘?‘“’%F@#f&% ap@rse_hlg&ﬁé%#ﬁﬁu@ég@%ivgﬁaﬁg&gﬁggﬁ by
addi ng1dl 0% uhERonsD depiapldl Rchde Thy $mpgments ofiche dligoptmidechf opedibef spiustcon
colum C4 4.0/ 15Q (Waters).. The ampu of. non-cl eaved NBP. cal cul d by
absor banceWhetsin Hiei Hagmgnt s %’ﬁ‘ qgo %hea@’é‘gﬁ‘flﬁ% 1%?%1%} ggoevﬁ‘g%fiﬂﬁaﬁ lsrg%%égl.
Tabl e 1: qd'r?%ﬁ@ oP&ﬁ&M%%%AQ&IB?éA’A!' tiple sclerosis patients and
correspondi ng rates of P hydrol ysis by ESAMBPCAA. Patient N Type of

(&

di sease i ESAVBREAretin tisyegopimtipnnthe/teipelay dineperitdsr dragmentpoffheguresent 5 o
Ms2 SP 84, %@gﬁt?ond'fs%orl\l/l%%se%?op & 240 aBodt & preferably at least about 8, preferably at least

15  about 12, more preferably at least about 14, and most preferably at least about 16 or more

contiguous amino acid residues.

Further contemplated are variants of the oligopeptides of present invention
obtained by altering the amino acid sequence of parent oligopeptide. Such alterations can
comptise one or more amino acid substitutions, deletions, insertions or additions provided

20 that resulting variant comprised at least 6 contigious aminoacids of the parent sequence
and is capable of binditlg ESAMBPCAA.

As used in this ﬁescription, the term "fusion protein" refers to an oligopeptide or a
fragment thereof fused to another oligopeptide or a fragment thereof, each fused moiety
being bound to the other directly by a peptide link (the amino groi:lp (NH2) of N terminus

25  of one oligopeptide linked to the carboxylic acid group (COOﬁ) of C-terminus of the
other oligopeptide or afragment thereof) or alternatively via a linkér. The “linker” may be
selected from “peptide linker” or “non-peptide linker”. A "peptide linker" may consist of
a sequence containing from about 1 to about 20 amino acids, which are linearly linked to
each other by peptide bond and which may optionally include a sequence for a protease

30 cleavage site. The term “non-peptide linker” as used herein refers to any linking moiety
having two or more reactive groups other than peptide linker. Ptefened linker is a non-
peptide polymef. The non-peptide polymer used a linker of the'invention is a polymer

L 1
_ carrying reactive groups at both ends, which are capable of independently binding to
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reactive groups of an oligopeptide, wherein examples of reactive group of the
oligopeptide includes a terminal amino group or a terminal carboxyl group, a lysine
residue, a histidine residue or a cysteine residue. Reactive groups.of the polymer include
an aldehyde group, a propionic aldehyde group, a butyl aldeh};de group, a maleimide
5 group, a ketone grouﬁ, a vinyl sulfone group, a thiol group, a hydrazide group, a
carbonyldimidazole (CDI) group, a nitrophenyl carbonate (NPC) group, a trysylate group,
an isocyanate group, and succinimide derivatives. Examples of succinimide derivatives
include succinimidyl p}opionate (SPA), succinimidyl butanoic acid (SBA), succinimidyl
carboxymethylate (SCM), succinimidyl succinamide (SSA), succinimidyl succinate (SS),
10  succinimidyl carbonate, and N-hydroxy succinimide (NHS). The reactive groups at the
ends of a non-peptlde polymer may be the same or different. For example, the polymer
may have a maleimide group at one end and an aldehyde group at another end. Low
molecular weight linkers include carbodiimide or glutaraldehyde.
As used in this description, the term “ESAMBPCAA? refers to small fraction of
15  autologous immunoglobulin molecules circulating in blood of MS patient which binds
myelin basic protein and catalyze site-specific proteolytic cleavage of the MBP molecule.
As used in this description the terms "to treat," "treating," ‘and "treatment" refer to
administering a‘therapy, an agent, a compound, or composition to E‘:} subject suffering from
a disease in ordér to reduce, ameliorate or to eliminate at least one l’symptom of the
20 condition being treated as assessed by attending physician or any dkilled in the art by any
conventional method. As used in this description, the term ‘Neutralization, inactivation,
inhibition’ means reduction of specific activity as' measured with specified appropriate
test system. '
As used in the d‘escription, “effective amount” is an amount of an oligopeptide, a
25  fragment thereof, or a fusion protein as described above, which upon administration, is
capable of reduéing ameliorating or eliminating at least one sympti)m of multiple
sclerosis. Furtl{er, effective émount means an amount capable of reducing or preventing
multiple sclerosis condition. ‘
Based on our previous work (Belogurov at al., The Journal of Immunology, 2008,
30 180: 1258-1267) the novel class of auto antibodies involved into recognition and
degradation of MyelinifBasic Protein in MS patients was discovered. These catalytically
active antibodies repre"éent very minor fraction of anti MBP antibodies, however it was

found that their catalytic activity correlates with progressive state of MS. Thus,
i



1,5+6,0 0 M512 SP 79,0+8,9 4,0 WO 2011/ 046462PCT/ RU2009/ 000533 14 M513 RR
2,0+4,0 Q Ms514 PP 44,9+45,0 3,0 M515 PP 22,3+4,5 3,0 M516 RR 29,3+5,3 2,5
M517 RR NsODLet/ied20 MS18 PCT/RU2009/000533

10

quantification of anti MBP autoantibody mediated MBP proteolysis was suggested as
novel biomarker of MS. Surprisingly, despite ESAMBPCAA represent only minor
fraction of circulating ént,i MBP auto antibodies in MS, the authors of present invention
has discovered that certain oligopeptide , having strong neutralizing activity on
5 ESAMBPCAA, demonstrate unexpectedly high efficacy in treatment of MS both in
humans and in well-established animal models of multiple scle%osis. According to the |
present invention there an oligopeptide having arriino acid sequence
GGDRGAPKRGSGKDSHH (SEQ ID NO: 2) is provided. This séquence corresponds to
amino acid sequence 46-62 of human MBP and is referred hereinafter as “MBP 46-62”.
10  Said oligopeptide is capable of inhibiting ESAMBPCAA.

Fragments and*functional variants of oligopeptide GGDRGAPKRGSGKDSHH
constitute one of preferred embodiments of present invention. On the basis of the
ESAMBPCAA;, inhibition assays using a series of truncated tforms of oligopeptide

15 GGDRGAPKRGSGKDSHH the smallest number of amine acids required for
oligopeptide fragment to retain its biological activity were established. Thus, according to
the present invention, the fragment or functional variant of an oligopeptide
GGDRGAPKRGSGKDSHH must retain at least 6 contigious amino acid residues of SEQ
ID NO: 2. Based on given disclosure, it would be readily apparent to persons skilled in

20 theartto determir{e, en%pirically, what variation can be made to the oligopeptide sequence
GGDRGAPKRGSGKDSHH without affecting the ESAMBPCAA inhibitory activity of
the peptide. '

In another aspect, the present invention provides two oligopeptides having
sequences GFGYE}GRASDYKSAHK (SEQ ID NO: 3) and

25  QGTLSKIFKLGGRDSRSGSPMARR (SEQ ID NO 4), respectively. These peptides
contains well known in'the art MBP epitopes, recognized by immune T — cells and/or by
“conventional” (non-p%oteolytic) anti MBP auto antibodies from MS patients. The
inventors have unexpectedly found that these two oligopeptides (SEQ ID NO: 3 and SEQ
ID NO: 4 synergistically enhance efficacy of the oligopeptide (SEQ ID NO: 2) of present

30 invention in treatment of multiple sclerosis in humans and p;eventing (or reducing)
development of established animal model of MS- experimental alFérgic encephalomyelitis
(EAE). Despite havin;; low inhibitory activity against ESAMBPCAA as compared to
oligopeptide (SEQ ID NO: 2), these two oligopeptides potentiate therapeutic effect of
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GGDRGAPKRGSGKDSHH oligopeptide when co-administered to animals and humans.
While not wishing to be bound by any theory, it may be assumed that this is due to fact
that simultaneous modulation of several immune mechanisms - immune T cell function
and auto antibody mediated MBP hydrolysis may provide multiplication of therapeutic
effect. Accordinély, a pharmaceutical composition is provided which contains the
oligopeptide of SEQ ID NO: 2, fragments or functional variants thereof and at least one
of two oligopeptides of sequences SEQ ID NO: 3 or SEQ ID NO: 4,

In a further embodiment of the present invention, the oligopeptides of SEQ ID

NO: 2, fragmenits or functional variants thereof are linked to each other to form a fusion
peptide. Such fusion peptide comprises multiple copies of ESAMBPCAA inactivating
moiety.
In a further embodiment of the present invention oligopeptide (SEQ ID NO: 2) or
fragments or functional analogs thereof and oligopeptide (SEQ ID NO: 3) or fragments
thereof and oligopeptide (SEQ ID NO: 4) or fragments thereof are linked to linked to each
other in any order to form the fusion peptide, Thus, a fusion peptide of present invention
may contain multiple repetitive copies of ESAMBPCAA inactivating moieties of
oligopeptide (SEQ ID NO: 2) and epitopes of oligopeptides (SEQ ID NO: 3) and (SEQ ID
NO: 4).

The invention further provides a pharmaceutical composition comprising
therapeutically effective amount of an oligopeptide of present invention (SEQ ID NO: 2)
or fragment or functional variant thereof or fusion protein and a pharmaceutically
acceptable carrier or a diluent and / or drug delivery system. Examples of pharmaceutical
acceptable carriers are ;zvell known in the art, and include for example normal saline. The
examples of drug delivery systems are also well known in the art and include for example
liposomes or Synthetic polymeric nanoparticles. The ohgopeptldes of the present
invention can be prepared according to existing methods of syrithesizing oligopeptides
having formula accorciing disclosure provided. Fusion proteins may be produced by
recombinant DNA technology. Knowing the sequence of the selected fusion proteins, as
disclosed in the preseﬁt invention, the appropriate DNA sequence can be produced by
conventional, known methods of synthesizing DNA sequences. The DNA sequences so
produced can then be ¢loned into appropriate cloning vehicles and used to transform an
appropriate host cell to produce the recombinant peptide. All of thj’e methodology referred

to above is conventional and well-known to persons skilled in the art.

v
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hydrol ysi sy, d@QiJxanple 3. Suppression of MBP-specific auto antibody
nmedi at ed hygrofysi s by synthetic oligopeptides containing am no acid
sequences of MBP fragnent 43-68. In order to identify the am no acid
sequence r g%; r}g.g%$or effLcient inhibition of ESAMBPCAA acti vity4the
foll ow ng M peptides were synthesized: 15 Table 2: Am no acid
sequengs Naghfple§l. Dudbas ioff FREMVBPEA Lositblogoud ImkBRbgebulnamiedules which

binds myelin basic protein and catalyze site-specific proteolytic cleavage of the MBP
molecule in blood of M%ultiple Sclerosis Patients
Anti MBP autoantibody purification and characterization were done using the serum of
24 MS patients) (17-54-year-old, mean age 32 years) who had;‘ not been treated with
20  steroids or non§steroida1 anti-inflammatory drugs. The MS diaénosis was verified and
confirmed, and EDSS (Expanded Disability Status Scale) values were calculated
according to Poser’s classification of disease progression, using clinical, immunological
and MRI data (Poser et al., Clin Neurol Neurosurg 2001; 103:1f1 1.). Immunoglobulins
(IgG) were isolated from serum by thrice-repeated 50% ammonium sulfate precipitation
25 followed by affinity cﬂromatbgraphy on protein G-Sepharose (Amersham Biosciences).
IgG-containing fractions were then dialyzed against PBS or TBS with 0.05% NaNj3 at
4°C. The IgG ‘amount was quantified and standardized by ELISA. IgG purity was
assessed by électrophoresis followed by silver staining, Iiimmunoblotting under
nonreducing conditions and by surface-enhanced laser desorption/ionization (SELDI)
30  mass spectrometry. IgGs were further separated by the antigen affinity chromatography
on a column with MBP immobilized on NHS-Sepharose (Amersham) and their purity was

assessed by electrophotesis followed by silver staining technique.

L
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MBP was prepared from bovine brain according to Miller (Miller et al., 1996.
Experimental autoimmune encephalomyelitis in the mouse. In: Current Protocols in
Immunology; J. E. Coligan, ed. Wiley, New York, p. S19.) The resulting protein was
purified by reverse phaée HPLC on column C4 10/250 (Mashery-Nagel, Germany).

MBP hydrolysis by anti MBP auto antibodies was assayed as follows: Purified antibodies
(0.1-1mkg) Wefe incubated at 37 °C for 14 h in the final Voiume é)f 12.5mkl PBS, 0.02%
NaN3 containin,cl,y 1-2 mkg of MBP. The samples were mixed witﬁ Laemmli’s buffer. The
extent of MBP degradation was visualized by SDS-PAGE in Tfis—glycine and Tricine
10  buffer systems. For quantitative MBP degradation assay, MBP (10 mkM) was incubated
at 37 °C with antibodies (60 nM) in 0.1 ml of PBS, 0.02% NaNj; for 12 h. The reaction
was stopped by adcﬁng 10% TFA up to pH 2.5. The samples were further
chromatographed on cowlumn C4 4.0/150 (Waters). The amount of non-cleaved MBP was
calculated by absorbance monitoring at 280 nm.
15
The results are presented in Table 1.
Table 1: Clinical statu$es of 24 multiple sclerosis patients and corresponding rates of

MBP hydrolysis by ESAMBPCAA.

Patient N Type of disease | ESAMBPCAA activity | EDSS score
f (pmol/min/nmol)

MS1 SP 77,6+7,1 5,0
MS2 SP 84,3+6,9 4,5
MS3 SP 63,0+5,8 g 6,0
MS4 RR 45,6+6,0 ; 2,0
MS5 RR 5,9+4.8 1,0
MS6 RR 2.1+4.,5 1,0
MS7 RR . 5,3+5,0 2,0
MS8 RR 3,0+3,9 1,5
MS9 SP 71,2+5,5 3,0
MS10 SP 4541 _ 25
MS11 RR 1,5+6,0 0
MS12 SP 79,0+8,9 ' 4,0
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SP - secondary progressive; PP-primary progressive; RR- relapsing—remitting.

Importantly, the level i_Of the ESAMBPCAA mediated MBP cleavage correlated with
expanded disability status scale (EDSS) range of the patients (+2 = 0.85, P < 0.001 by
Spearman ran1§, correlation). The highest levels of the antibody mediated catalysis
occurred in cases with high EDSS (from 3.0 to 6.0), mostly at the ioro gression stage or the

exacerbation at the relapsing-remitting (RR) course of the disease.

Example 2. Screening for ESAMBPCAA inhibitory sequences.

Twelve DNA fragments encoding human MBP peptides representing different parts of
MBP molecule ( 1-27, 1741, 25-54, 43-68, 53-81, 81-103, 91-114, 107-132, 123—
140, 130-156, and 146-170, were prepared by PCR with four overlapping corresponding
to the linker (S,GGGG)éS. The final PCR products were cloned in-frame into pET32CH
plasmid by using Ncol and BamHI restriction sites. The expression products of these
plasmids that contained Trx fused to MBP peptides were used for cleavage analysis. The
plasmid encoding Trx (Thioredoxin) with linker (SGGGG) 3S was designed for control.
The soluble recombinant His-tagged proteins were obtained by Escherichia coli
expression and isolated by sorption on Talon SuperFlow (BD Biosciences) column,

followed by cation exchange chromatography on Mono S column (Amersham Pharmacia)
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RGAPKRGS@GKBGAH/IMRESGKRGAPKRGSGKRGAPKRGSGKRGAPKRGSGKRGA  PKRBICGH09(00eI3B ai ni ng
repetitive sequence RGAPKRGSCEK, which sequence represents the fragnent of
GGDRGAPKRGSGKDSHH ol i gopepti de-100 nM 30 WO 2011/ 046462PCT/ RU2009/ 000533
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transl ation s}y{_stem www. gbnovya. t The results_of the assa%
present ed #nPHax) @nd SBEﬁeﬁRPntBSI%E’F usion FIHPF’G@%%P%OIHSPP‘@F@MSt%]étlé?d300

preparatio hydr ol ysi s
(prol /m n/%bﬁrm ( e’fl gﬁf{:}"}gak g?%%tl%g%a mrﬁﬁgggait?%en%/ 4 Pgtlent 5 Al (PBS)
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4r, 77,9 65fr75’Ff'AE induced by injection of MBP in complete Freund adJuvant was assessed by
5 SDS-PAGE as specified in Example 1 in presence of 0,5 mkM of different MBP
peptides. The results are presented in Figure 2. The MBP fragmeﬁt 43-68, which contains
sequence GGDRGAPKRGSGKDSHH, demonstrates potent inhibitory activity on anti

MBP auto antibody mediated MBP hydrolysis.

10 Example 3. Suppressio;h of MBP-specific auto antibody mediated hydrolysis by synthetic
oligopeptides containing amino acid sequences of MBP fragment 43-68.
In order to identify the amino acid sequence required for -efficient inhibition of

ESAMBPCAA activity the following series of peptides were synthesized:

15
B Table 2:
Amino acid sequénce Number of | Position in MBP
i’ amino acid | sequence
, residues ‘
Al | RFFGGDRGAPKRGSGKDSHHPARTAH | 26 ”’; 43-68
A2 | FGGDRGAPKRGSGKDSHHPAR 21 \ 45-65
A3 | GGDRGAPKRGSGKDSHH 17 46-62
A4 | GAPKRGSGKDSHH i3 — [50-62
AS GGDRGAPKRQS 11 46-56
A6 PKRGSGKDSH:I'JI 111 52-62
A7 | GGDRGAPKR 9 46-54
A8 | RGSGKDSHH 9 ‘ 54-62
A9 | GGDRGAP 7 46-52
A10 | SGKDSHH 7 56-62
All | GGDRG 5 46-50
Al2 | KDSHH 5 58-62




A3 11,23,5 17,34,1 14,42,2 14,54,4 16,97,3 A4 12,73,6 15,62,9 14,34,4
15,84,9 13,35,9 AS 574,1 59,75,7 44,26,6 45,53,8 55,76,1 A6 7,7+3,3 22,34,2
20, 13,9 240%6118464601, 8 Thus, ol i gopepti de GGDRGAPKRGSGRDSHH20@/00083pept | de
APKRGSGKDSH (a 10 fragment of ol igopeptide GGDRGAPKRGSGKDSHH with 11 ami no
acids length and the fusion pro'tein coidaining repetitive sequence
RGAPKRGSGK,  whi ch sequence represents the ,fragnent of  GGDRGAPKRGSGKDSHH

ol i gopeptide all has potent suppressive effect on MBP-specific aut

ant i body e aligepeptjdbs owersi @S&@dnﬁréhg'r TOteNEE 40 rﬁ@hitbitOESgA@%(;Aﬁ megiated
e e RSB SR P RO P PRk W e
&hghﬁghrﬁgﬁaﬁpﬁﬁtgﬁféfﬁg edcdnfratities dfusstaleptidesbwanahixod witheb@h @ngx‘mdm and
Femal e DA (ﬁatth@ﬁlMﬂﬁg@k@Lg(f)rig%%%E&A%éﬁﬁ@?%i @ﬁ?ﬁﬁ?ﬁqﬁ%ﬁg sampI&C S
I ntrader mal Ly Atnh{8 for 16 1 at 37°C and analyzed on 15% SDS_PAGE. The gels were stained
by Coomassie and analyzed by densitometry with TOTALLAB 2.01 software (Nonlinear
Dynamics, Ltd., Newcastle upon Tyne, U.K.). The data presented'i in Figure 3 shows that
from tested oiigopeptides the oligopeptide A3, comprising : amino acid sequence
GGDRGAPKRGSGKDSHH demonstrates most potent inhibitory activity, having less
10  amino acid residues than oligopeptides Al and A2. Shortening of oligopeptide lengths to
less than 6 amino acids lead to complete lack of ESAMBPCAA inhibitory activity.
Example 4. Suppressio‘iﬁ of MBP-specific auto antibody mediated hydrolysis by synthetic
oligopeptides containiﬁg amino acid sequence GGDRGAPKRGSGKDSHH, fragments
thereof and fusion proteins.
15 . i
Serum samples collected from 5 patients suffering from progressive MS were quantified
for ESAMBPCM mediated MBP hydrolysis as specified in Example 1 in presence of
following substances: ’
Al- negative control: phosphate buffered saline (PBS);
20 A2 - glatiramer acetate?(Copaxone, Teva Pharmaceuticals), 100 nM;
A3- oligopeptide GGDRGAPKRGSGKDSHH 100 nM;
A4- oligopeptide APKRGSGKDSH (a fragment .  of oligopeptide
GGDRGAPKRGSGKDSHH - 100nM; "
A5-oligopeptide SGKDS (a fragment of oligopeptide GGDRGAPKRGSGKDSHH)-100
25 nM; { !
A6- fusion protein
RGAPKRGSGKRGAP_KRGSGKRGAPKRGSGKRGAPKRGSGKRGAPKRGSGKRGA
PKRGSGK (containiné repetitive sequence RGAPKRGSGK, which sequence represents
the fragment of GGDRGAPKRGSGKDSHH oligopeptide-100 nM;
30 ‘ '
The products A3, A4 and A5 have been synthesized by the laboratory of solid phase
organic synthesis (Shemyakin Ovchinnikov Institute of Bioorganic Chemistry RAS. The
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Thus, oligopeptide GGDRGAPKRGSGKDSHH, oligopeptidle APKRGSGKDSH (a
10  fragment of oligopeptidle GGDRGAPKRGSGKDSHH with 11 amino acids length and
the fusion proicein containing repetitive sequence RGAPKRGSGK, which sequence
represents the fragment of GGDRGAPKRGSGKDSHH oligoi)eptide all has potent
suppressive effect on MBP-specific auto antibody mediated hydrolysis
Example 5 }
15  Treatment of EAE by tl;ﬁe inventive oligopeptide and the fusion protein
Experimental Allergic 'ﬂiEncephalomyelitis (EAE) in DA rats is well established animal
model of MS. The animal work was performed in the Pushchino branch of the Shemyakin
and Ovchinnikov Institute of Bioorganic Chemistry, Russian “Academy of Sciences.
Female DA raté: 10-14 weeks of age were anesthetized and injecgted intradermally at the
20 base of the tail with 100 ml of inoculums containing 50 mg of rat MOG in saline
emulsified (1:1) with CFA (Sigma Chemical Co., St. Louis, MO) containing 200 mg of
Mycobacterium tuberculosis (strain H 37 RA; Difco Laboratories, Detroit,MI). At day 8
after a second immunlization, rats were divided into 6 groups (6 rats per group) and
treated during 5 days (days 8-12) according following schedule:
25



Goup 4 49 344 9 ,, 45,9+7,1 45,1+46,3 G oup 5 51,4+8,2 55,4+5,7 62,2+5,7

G oup 6 47,6+6,1 61, 3+7,35 75,2+8,3 Thus, both the MBP-specific auto

ant i body wednatmaisdydr ol ysis and MDS score are nost effiPcraRizbog/®eg3pr essed,

by ol i gopepti de GEDRGAPKRGSGKDSHH i n t he dose- dependent nmanner. Fusion

protein WD 2011/ 046462PCT/ RU2009/ 000533819

RGAPKRGSGKRGAPKRGSCGKRGAPKRGSGKRGAPKRGSGKRGAPKRGSGKRGA  PKRGSGK and

ol i gopepti de APKRGSGKDSH are al so active in_suppression of . speci fic, auto

ant i body netiiuat &d ohigapentidsi @%W@Sg%éﬁﬁﬁe%gﬁ%gﬁﬁnmﬁam

experinmentg] . iler's Virus Infection) wth inventive oligopeptides

and conbi n%c#ﬁ“%/l?tsrg%&ol i gopepti des The BeAn strain of TMEV used in this

study was Qsugr at edigapeptider GRDRGAPKRGBHKDSHIE edt| §0 gmbgnddily byl ipeeeasak

nodi fied Eagle's nedi um suppl enmented with 7.5% donor calf 10 serum For

i.c. infecddyAISIEWOY |1 of virus solution (0.2 x 106 to 6 x 106 PFLT) was

injectad i@}o%Pt’;%h?usri&gﬁfot&ﬁr?bra' hem sphere of 6- to 8-week-old SJL mce (8
g

ani mal s per ou anesthetized with isoflurane. Cinical S
score) 01P HGM@@&%@%%@@%PW@@W%W?W&%@&%%&
grade O, I al 15y 1 i ; 4ng gait or flaccid tail;
grade 2, m&gm%d*ﬁn%ﬂ%gﬁlwg}g@a easgt Adr?rnnl eggétlgﬁlhi nd |inb paresis; and 15

grade 4, s@wsipel-hligopdptidd ARKRGYEKDSHBar I2Mskgrdibsbyvirawekainipistrbon nal s
were quantified for ESAMBPCAA nedi at e P hydrol,ysi i fied:]
Exarrplqe 1 @“ﬂ@c?pé%ﬁ?@%@@?@@%ﬁ&%&ﬁ%@ﬁya%ﬁﬁraﬁ&%ﬂﬂ pliRAtid"
QGTLSKid:KL%? RTGEEMARBASEQ I D NO 4) are known in the art as capable to
nodul ate i nmune

T cell activity in M5, leading to sonme efficacy in
treatnment of MS. 20 At day 14 followi ng infection nmice were divided into 6

groups (30-m ce per .gr ! LRGkedQqdBy§ &fitkSolldwidd)gradin
accordi ng ‘FE‘P‘I%WDYHB’“%E%%%&%@é’ﬁggs%e%ﬁ? ?o 2 PBS Zaiﬁl Y gﬁ Subgugt ane%us
i njection Qapprade 0CAE aXniosl sigxis] stadol,miifd waddlingogeitardtagtidriaitiuaadeny. seYaran
Group 3 Clgg " Pepl i de GGPROAPKICSGKPREH ol 20, TG dalil v, ' SUNEH 1169
15  paralysis. Serum samples collected from animals were quantified for ESAMBPCAA

mediated MBP hydrolysis as specified in Example 1

The results are present§d at Figure 4 and Table 4 below.

Table 4. Influence of treatment on rates of MBP-specific auto antibody mediated

20  hydrolysis (Median for 6 animals; pmol/min/nmol)

Experimental Group | Day 8 Day 16 Day 24

Group 1 42,8+5,5 17,3+5,4 ' 15,1+3,9
Group 2 43,1464 35,6+4,9 46,312,
Group3 45,716,5 48,1474 139,4+4.,6
Group 4 49,314,9 45,9471 45,1+6,3
Group 5 ‘51,4+8,2 55,4+5,7 62,2+5,7
Group 6 47,6+6,1 61,3+7,35 75,2+8,3

Thus, both the MBP-specific auto antibody mediated hydrolysis aﬁd MDS score are most
efficiently suppressed by oligopeptide GGDRGAPKRGSGKDSHH in the dose-

dependent manner. Fusion protein



25i nj ection Goup 4- Aigopeptide GFGYGGRASDYKSAHK at 20 nkg daily by
subcut aneous injection Goup 5- Oigopeptide QGILSKI FKLGGRDSRSGSPMARR at 20
nkg dai | ywbyosulesstaneous i njection 30 G oup 6- O i gopepriRiR009/000533
GCDRGAPKRGSGKDSHH at 20 kg and ol i gopepti de GFGYGGRASbYKSAHK at 20 nkg
daily by subcutaneous injection WO 20119046462PCT/ RU2009/ 000533 20 Group
7- A igopepti de GEDRGAPKRGSGKDSHH at 20 nkg and ol i gopepti de

G-GYGGRASDYKSAHK at 20 nkg and oli gopeptid (GRD t 20
rrrgzgaunL y B(ﬁ@dﬂ&%@l : $€KM%§KRP§&K% A%Kgiﬁ?@& éﬁﬁ%ﬁm "'?-‘ SAHK
a g $ n . b
subcut aneoggﬁlgﬁdé%tgﬁgﬁi#ﬁ%prﬁgsui ts agg presented at Fi glhsr%ggéﬂégré@%%?g %
bel ow. spedidiclagtdbantibolly mediateddfydodysivameMDS ssorerent on di sease
mani festation and rates of auto 10 antibody nediated MBP hydrolysis. G oup
% Animal s affected with disease at day 100 ESAMBPCAA activity at day 100
(prol / g n/ pemhple® oup 1 27 (30) 45,7+46,7 Goup 2 25(30) 39,8+4,1 Goup 3
19(30) 11,4+3,5 Goup 4 25(30) 40+3,1 Goup 5

Treatment of experimental MS (Theiler's Virus Infection) with inventive oligopeptides

and combinations of oligopeptides
The BeAn strain of TMEV used in this study was generated and"':propagated in BHK-21
cells grown in Dulbecco's modified Eagle's medium supplementéd with 7.5% donor calf

10  serum. For i.c. infection, 30 pl of virus solution (0.2 x 10°t0 6 x 10 PFU) was injected
into the right cerebral hemisphere of 6- to 8-week-old SJL mice (8 animals per group)
anesthetized with isoflurane. Clinical symptoms (MDS score) of disease were assessed
weekly on the followiné grading scale: grade 0, no clinical signs; grade 1, mild waddling
gait or flaccid tail; grade 2, severe waddling gait; grade 3, moderate hind limb paresis; and

15 grade 4, severe hind limb paralysis. Serum samples collected from animals were
quantified for ESAMBPCAA mediated MBP hydrolysis as specified in Example 1
Oligopeptides GFGYGGRASDYKSAHK (SEQ D+ NO: 3) and
QGTLSKIFKLGGRDSRSGSPMARR (SEQ ID NO: 4) are known in the art as capable to
modulate immune T cell activity in MS, leading to some efficacy in treatment of MS.

20  Atday 14 following infection mice were divided into 6 groups (30 mice per group) and
treated during 10 days (days 14-24) according following schedule:
Group 1- Control -PBS daily by subcutaneous injection
Group 2- Copaxone daily 30 mkg daily by subcutaneous inj ection’
Group 3- Oligopeptidle GGDRGAPKRGSGKDSHH at 20 mkg daily by subcutaneous

25  injection \ ‘ ‘
Group 4- Oligopeptide GFGYGGRASDYKSAHK at 20 mkg daily by subcutaneous
injection
Group 5- Oligopeptide°QGTLSKIFKLGGRDSRSGSPMARR at 20 mkg daily by
subc{ltaneous injection

30 Group 6- Oligopeptide GGDRGAPKRGSGKDSHH at 20 mkg and oligopeptide

GFGYGGRASDYKSAHK at 20 mkg daily by subcutaneous injection



27(30) 35,3+5,1 Group 6 15(30) 116 5+3 2 ,, Goup 7 ,17(30) 14,1+2,9 G oup
8 25(30) 37,7+4,9 Thus, MBP-specific auto antibody nedi ated hydrol ysis and
MDS scor ewanrelimasic2ef fi ci ently suppressed’ by ol i gopept iPd&/RU2009/000533
GEDRGAPKRGSGKDSHH al one or in conbination with oligopeptide
GFGYGGRASDYKSAHK and/ or 15 ol i gopept i de 20GTLSKI FKL GGRDSRSGSPMARR.

A i gopepti des G FGYGERASDYKSAHK and ol i gopepti de QGTLSKI FKLGGRDSRSGSPMARR

al one or in conbination, has r ti¢c effect, and do. not affect
MBP- speci fﬁw@&@qwmﬁﬁ(ﬁﬁ&%@%ﬁ@&?@fﬁ ot Joag dligaveide

GCDRGAPKRGH A mﬁ@mg%%@ e QGTLSKI FKLGGRDSRSGSPMARR has
nost beneficial therapeutic effect.” | rrpo%?g%rtgl 5, pepti de G GDRGAPKRGSGKDSHH

%EgvietagA ggﬁggﬁﬁﬁlﬁﬁgl(}ﬁmls_BSGgBMR_ @b20 g Zeily bp 468UERETIRUKSEN 000533 21
or .. DSRSGSPVARR. have al so

di sease-prt {,%W{g(' VQH%WBBﬁ?{}g@B&%’kg‘?P%#&@;@& ?’%ﬁ?ﬁﬁg écis%si on of

MBP- speri f QGTUSKIFRNGGROUSR SESPRLARIR fay 00 alkgslatly dpdubdugaicorninjetiohS by neans

of exposing the blood of patient to the fusion proteins according the
i nvention: Three fusion proteins of the follow ng fornulas were synthesi zed

usi ng ABNOWy fedsitsafe fkémild SeFibiRASIATBR S¥abkM (Vvvvw. abnova. tw): 10

Table 5. Influence of performed treatment on disease manifestation and rates of auto

10  antibody mediated MBP hydrolysis. .

Group % Animals affected with disease at ESAMBPCAA activity at day 100
day 100 (pmol/min/nmol)

Group 1 27 (30) 45,7+6,7

Group 2 25030 30,8141

Group 3 " 19(30) 11,4+3,5

Group 4 ‘ 25(30) 40+3,1

Group 5 27(30) 35,3+5,1

Group 6 f 15(30) 116,543,

Group 7 " 17(30) 4 141429

Growp8 | 25330) 377140

Thus, MBP-specific auto antibody mediated hydrolysis and MDS score are most
efficiently suppressedf‘ by oligopeptide GGDRGAPKRGSGKDSHH alone or in
combination with oligopeptide GFGYGGRASDYKSAHK and/or
15 oligopeptide QGTLSKIFKLGGRDSRSGSPMARR.
Oligopeptides C:iFGYGGRASDYKSAHK and “
oligopeptide QGTLSKIFKLGGRDSRSGSPMARR alone or in cofnbinat'ion has moderate
therapeutic effect and do not affect MBP-specific auto antibody mediated hydrolysis.
Combination of GGDRGAPKRGSGKDSHH with GFGYGGRASDYKSAHK and
20 QGTLSKIFKLGGRDSRSGSPMARR has most beneficial therapeutic effect.
Importantly, peptide GGDRGAPKRGSGKDSHH and its combinations with oligopeptide



1) RGAPKRGSCKRGAPKRGSGKRGAPKRGSGKRGAPKRGSGKRGAPKRGSGKRGA PKRGSKK 2) 15
GAPKRGSGKYGGRASDYKSGT L SKI FKL GGRDSRRGAPKRGSGKYGGRASDYKS  GTLSKI FKLGGRDSR  3)
GCDRGAPKREBGKDBHEHGE GY GCRASDYKSAHKQGT L SKI FKLGGRDSRSGSP  MRRIRK12000006333t hese
fusion proteins contain SEQID NO 2, SEQID NGO 3, SEQID NO4 linked in a
different order. Al three oligopeptideg€lwere coupled to CNBr-activated
Sepharoe beads (Pharmacia) at 0, 1 ng of each oligopeptide per 1 m beads

under aseptic_conditions. After coupling, . the 25 oligopeptide- rose was
washed: oxt BROGEPRASDNHCHA Bkvamsios - Sisoptpids DERLAK S SBRI FFENAEH, g

10 mM EDT 1 BSSOGLAT; mat eri al and packed into 400
m col unns.%ﬁgﬁgiegs%ﬁggﬁ%g%ﬁ%pﬁyes?\tg%ﬂ\ivas performed in St. Petersburg
Medi cal Acadeny, Departnent of Neurology. W perforned t he ESAMBPCAA

apheresis [n 181-§ear old 30 patient with rapidly progressing severe
secondary P& €dsive M5, deened being resistant to conventional therapy

(corti opst syréksionnst MBFléE@cﬁﬂQ RURSHEBLEY mediedNBidrélftis Und eexvaitht 5f Mier esi s
cycles, one cycle per week. Patient plasnma was separated by a continuous-
fiow pl asmaeamspfespesing thablaodd papienitte the fukan proieing peseEling Hig ¥ETHSR: fr om 50
to WO 2011/ 046462PCT/ RU2009/ 000533 22 70 ml/m n. Heparin was al so added
with an initial bolus of 5000 U, then, in the first phase, 50 Umn by the
punp. Pl asTeresafaisivhaproteasshef] thdrfollgmingt foemS8kap hweres syntladsined , usimgl ABNONdst  of

bl ood was return to . th atient. The flow . of plasma through the Sepharose
col um was®®¥ F%P'iﬁgﬁtr ?ﬁﬁ)@&%‘iﬁ{f‘eﬁmﬂ{”&%’é&%ti on- desor ption device 5

ADA- Meflj cap. Fol | om ng passage through the colum the plasma returned to
the patient. In each cycle 3000 mM of plasma was treated. The EDSS score
dr opped frbm 6 before the first apheresis to 5.5 two weeks after the | ast

cycl e. Th%@%%@ﬁ&ﬁkc%ﬁﬁﬁ@mﬁm%sﬁkﬁpﬁ@G@G&I‘KR%%‘I@P@@

stabilization e previous lesions wth the reduction of two | esions. No
new | esi onBKRE¥S&Klet ect ed. The rate of MBP-specific autto 10 anti body

medi at ed hgdrol ysis was assayed as specified in Exanple 1 before and two
weeks aftef) the | ast ‘apheresis cycle. The data is presented in the Table 6

bel ow. ;sTabia PRREGVERIYEGR ARDYK $GFE SREUUL GGRIDIRR GAPKRTHGREHGER £8D YKS
hydrol ysis under the treatnent perforned. Paraneter Before therapy 2 weeks

fol | ow ng CAESKITELEGRIAMBPCAA , 87 pnol / min/ nnol 15 prol / mi n/ nnol
3)
GGDRGAPKRGSGKDSHHGFGYGGRASDYKSAHKQGTLSKIFKLGGRDSRSGSP
MARR ,, |
20  Thus, these fusion proteins contain SEQ ID NO: 2, SEQ ID NO:3, SEQ ID NO:4 linked

in a different order.

All three oligopeptides were coupled to CNBr-activated Sepharoée beads (Pharmacia) at
0, 1 mg of each oligopeptide per 1 ml beads under aseptic conditions. After coupling, the
25  oligopeptide-Sepharose was washed extensively with 0.01M Tris-buffered 1.14 M NaCl,
pH 8.0 containing 10 mM EDTA to remove noncovalently associated material and packed
into 400 ml columns. |
The case of ESAMBPCAA apheresis was performed in St.PetersBurg Medical Academy,
Department of Neurology. We performed the ESAMBPCAA aﬁheresis in 18-year old
30 patient with rapidly progressing severe secondary progressive MS, deemed being resistant
to conventional therapy (corticosteroids and immunosuppressants)% The patient underwent
5 apheresis cycles, one cycle per week. Patient plasma was separated by a continuous-

flow plasma separator, the Cobe Spectra, USA. The blood flow varied from 50 to



1 gG 410 ng/dL 395 ing/dL 1gA 53 ng/dL 57 nig/dL 1gM 24 ng/dL 22 m g/ dL EDSS
score 6 5,5 15 Thus, exposing the blood of MS patient to fusion proteins
accor di ngwohelt/oaesnt i on suppresses ESAVBPCAA activity amrdTRU2U09006533
effective treatnent for MS. Al so, certain other fusion proteins containing
SEQID NO 2, SEQID NO 3, SEQ ID NGO 4 22nked in other order (via peptide
and non- peptlde | i nkers) were produced and successfully tested for

T totr ons 2 RRRR o HaRERT Waalih Ried e ahnkil PoRe Soalla)tiren SUMRERRE ng
fragment s o0l 3000RERLE qﬁlﬁgéigl D26 OWvh I AR d/dsh&le hr & H@l'els@ghaasé 8810Hnas:

GGEDRGAPK CKBSHH,  GFG KSAHK and QGTLSKI FKL SRSGSPMARR have been
25 synt hesarziedlebgest o€ Bledsb mes oretpradd o lthed pptiente Toe dlov of sylatre dhrough the

(Shemyaki n h| nn| ov_lnsti tu Bi gorgani.c

bhosphol | pPOURET croltiien e PP EIRE o8 a LRl R bans O gioR, YES ds.

28?-1;)1;)4311 XAWA@—M/ ed@cgl@/ [ﬂ@ﬁ&ﬂi}@t pﬁk&éhgbhﬂirb% EtllE%C):cr)lluIﬂi’Dtd he plalsma returned to the
6462PCT/ RU2009/ 000533 23 Di ol eoyl p osp at i ol i and 1,

2- di ol eoy1pafient. In gaeh gYdenagof Hﬂwoﬁrpg??&?ew'(‘ %Qgg Sioﬁ?oqréPPerd;{)r‘?’B) was

di ssol ved lbéTox"é%é”fifhft Qﬁﬁer@sﬁgdtotéﬁﬁav&%a{soifef me\q@s% cgagvmomoﬁ YeRtblAE

ai gopept I des 1, and wer e di ssolved in phosphate buffered saline (PBS),

PH7, 4 at @negnmnth) ﬁﬁ@ntheatasbnym showed |sta@1hziatiqmlof dhe qupdpey drsiops SVigh 1the ot al

prot ei n) pi h I 2 \ Xi ng
N oh 10 | i TEp SR bl 0 SeBRRPEA M et afRar s My e

Ir es ulht ng %ﬂtibbﬂf rm@lia&ed\ h@dmﬂ;&usmramsSbatyFarasB@emﬁdd ti Eix@mple \hh ladftsr%amdlf two
yophi lize T r was so Ilise ext npr"vvi 5 of , wat er
for inject VEAsE ‘)het%f't\égl?‘?’r‘?sllsa“ryﬁi" #ﬁﬁéﬁta|1%%F¢%? 'ﬁ%fmé%mw/) cont ai ni ng
the _oligopapt '6d6§upﬁr9ss'fa&@8ph\@m& }fa&ﬁﬁ@'a%”ént%d?%écﬁﬁéé ‘t%lfdl‘ysﬁse' ARE HHe

remtting MS with oral |iposomal fornulation of oligopeptides The trial was
per f or ned tetmerpeformed.2003 and June 2005 irf St. Petersburg Medical

Parameter -J Before therapy 2 weeks following last cycle
ESAMBPCAA 87 pmol/min/nmol 15 pmol/min/nmol

IeG : 410 mg/dL 395 mg/dL

TgA 53 mg/dL 57 mg/dL

IgM 24 mg/dL 22 mg/dL

EDSS score 6 55 "'

15  Thus, exposing the bljood of MS patient to fusion proteins according the invention
suppresses ESAMBPCAA activity and provides effective treatment for MS.
Also, certain other fusion proteins containing SEQ ID NO: 2, SEQ ID NO:3, SEQ ID
NO:4 linked in other order (via peptide and non-peptide linkefs) were produced and
successfully tested for ESAMBPCAA suppressing activity and ability to ameliorate MS
20 symptoms and to decrease MS biomarker.
Example 7
Pharmaceutical composition containing fragments of oligopeptide
The three oligopep;’ﬁides of following formulas: GGDRGAPKRGSGKDSHH,
GFGYGGRASDYKSAHK and QGTLSKIFKLGGRDSRSGSPMARR have been
25  synthesized by the laboratory of solid phase organic synthesis (Shemyakin Ovchinnikov
Institute of Bioorganic Chemistry RAS); phospholipids were pﬁrchased from Sigma —
Aldrich and Avanti Polar Lipids. 50g of mixture of egg phosphatidylcholine (PC),



Acadeny, Departnent of Neurol ogy. Under the approval of |ocal Ethics
Commttee 15 totally 15 patients(5 male and 10 fenmale with nedi an age of 32
years) wiwb2oal@pseng-remtti ng M5 (di agnosed accor di ng PPOSRIEN0IANGS33
MacDonal d criteria) with at | east two docunented relapses "within two | ast
years and having EDSS (Kurtzke Expanded EBsability Status Scal e) score from
O up to 5,5 were recruited.to the trial. Patients were treated by daily

oral dosing of |jiposones ﬂLM{), manuf act ured as 20 described in Exanple 8
at 0, 5 ny }BIP legylophasphasicdylebgline (DOFY) and il ghdiolgnd-3+ tamethyammersupeprbpanee d
as nonot her, | Id I [ 2 Srears., EDSS scoring
wer e checkéﬂﬁ%@n@/g%}l?ﬁ m%ialdnng]]to;/]VJ a%rdé%sﬁﬁlﬁ)&?fﬁgﬁ&ggo%rggc Fr\llghf%m o was

denyel i ni zatioved o exgordtidbl Pligaseppided br2rend 8neste eissslyed W0 phaxphite biffdtedsi s

of frequency,. an ratiori"of relapses. was. perforned at:the end of 2-year
obser vgt i oﬁglb‘?eer &@g}i 1%@7’84 658 g@fef"i’“"@%‘iﬁﬁf“%‘, ofgeg uglisgpenfideri o gd- total
bi ochenisst ol THIMKA lkﬁ;mi ifidhe BHDBIIBbR vEs PNy FRoGiaRA B mbife Bagl 10NIAG ang

a A .

the end of 'the trial.” ALl 15 patients have stabl e"EDSS score Wi thin first
nont h of t roéXBrersptidasywluficsrangel Ormincphakiog ab#0 CeThepsultine Epidiyewin eronlsion 7
er year at,j 5] 0 5.:per. e . nd o a ripd,
ICIguri %g 2 yékéérs r*@g?-%?}\‘%ﬁ uttS lp(?a. I”Hll 10‘(’1‘%1aﬂéa$7?%1ﬁi%é&\;\grrh:e ériirg I %%‘;s]&ee?f‘lrv%i Qélggﬁéeﬁaﬁ'e nts
(40% have témapae’ABlthat nil o€ weita fof infjectiah NEWET)te rfommd larde palti-tmhedlaf ipdfonieay e
process st?ﬁM‘}' zat] on -%hei: ]‘ségrren nber of ADL. In 2 patients (13% the ADL
count has i @LOBEMIRG theqoleEsrlidRsnts | nked to i nvesti gational

prepar abi oExaepR 1ot ed. The WO 2011/ 046462PCT/ RU2009/ 000533 24

i mmunol ogi cal paraneters, blood biochem stry and bl ood cell counts were not
si gni fi cant Tipateaeah g€ watients methe rrlpnsingt tesviting YIS pwith el lpesomak foringlagioasdnt ed
I n Tabl e 7.01%@5%3(1&  mmunol ogi cal , bl ood and bl ood bi ochem stry paraneters
at the beginfing and at the end of treatnent (data average for 15 patients)
Par amet er Babdriel tvaegbrfenhedibttevect rAgail mHOB (LASTWAS, 05 Gin6S. Fesrsbintg Nddi€dD4

29, 75+6, 4 25+4 22,87+5,34 ' 25 5+6,2 CD4 1, 37+0, 2 .
9, 75+, 3A%gc’lerr?y, Dggartcrr[l)gnt of Neurology. Under the approvall gP?ocal ;%Ethlcs (?omrmttee

15  totally 15 patients(5 male and 10 female with median age of 32 years) with relapsing-

remitting MS (diagnoged according Poster and MacDonald criteria) with at least two
documented relapses "’within two last years and having EDSS (Kurtzke Expanded
Disability Status Scale) score from 0 up to 5,5 were recruited fo the trial.
Patients were treated by daily oral dosing of liposomes (LMYV), manufactured as
20  described in E)fample 8 at 0, 5 mg of protein per kg of body'wefght. The treatment was
performed as monotherapy continuously daily for the period of 2 years.
EDSS scoring were checked once every two month. Brain MRT check for active
demyelinization locuses (ADL) was performed once every two month. Analysis of
frequency and duration’of relapses was performed at the end of 2-year observation period.
25 Blood cell counts, ESAMBPCAA activity, blood biochemistry and immunological
parameters were checked at the beginning and the end of the trial.
All 15 patients have stable EDSS score within first 6 month of fEtrea’cment. The average
frequency of reiapses decreased from 2, 7 per year at inclusion to' 1, 5 per year at the end
of treatment period. During 2 year follow-up period 11 patieﬁts were relapse-free. 6
30 patients (40%) have less ADL at the end of treatment period. 7 patients (47%) have
process stabilization -the same number of ADL. In 2 patients (13%) the ADL count has

increased. No adverse events linked to investigational preparation were noted. The



1,29+0, 35 I gA 2,88+1,53 2,77+1,46 1gM 1, 59+0, 71 1, 68+0, 41 119G 19; 67+6, 45
16, 00+5, 10 HLADR 23, 13+5, 38 21, 25+5, 88 ESAMBPCAA 45, 1+6,2 12, 5+4,5 HB
128, 86+14W020MAB¢462+20, 08 WBC 5, 69+1, 38 5, 04+0, 98 Lerph(FCSTIlHHO(%OE&329+8 94
25, 36+5,12 ALT O, 29+0, 20 O, 21+0, 07 AST 0,/5+0, 12

24

immunological parameters, blood biochemistry and blood cell counts were not
significantly changed at the end of treatment period. The data is presented in Table 7.
Table 7. hnmunologicqi, blood and blood biochemistry parameters at the beginning and at

the end of treatment (de@ta average for 15 patients) '

Parameter Before treatment | After treatment
CD3 48,75+9,68 52,37+7,37
CD4 29,7516,43 30,25+4,06
CDS8 22,8715,34 25,546,2
CD4/CD8 1,37+0,29 1,29+0,35
IgA 2,88+1,53 2,77+1,46
IgM 1,59+0,71 1,68+0,41
IgG 19;67+6,45 16,00+5,10
HLADR 23,1345.38 21,25+5,88
ESAMBPCAA 45,1+6,2 12,5+4,5

HB 128,86+14,73 126,57+20,08
WBC 5,69+1,38 5,04+0,98
Lymphocytes % | 28,29+8,94 25,36+5,12
ALT 0,29+0,20 0,21+0,07
AST 0, 25+0 12 0,19+0,06
Bilirubin 12,3 6+4,17 10,39+2,67
Urea 3,62+1,67 4,11+1,16
Creatinine 0,07+0,02 0,08+0,01

Lower rate of MBP-spé;:iﬁc auto antibody mediated hydrolysis was noted and that was in
coincidence with significant curative effect achieved. Thus, the oral intake of
oligopeptides according to present invention has favorable therapeutic performance
associated with decrea;e of ESAMBPCAA activity. Under comparison with retrospective
10 data available, results of treatment according the present invention shows better results
than those of Beta-Interferon, which is existing standard of MS therapy. The comparison

table 8 is presented below.



0, 19+0,06 Bilirubin 1236+4,17 10, 39+2,67 Urea 3, 62+1,67 4,11+1, 16
Creatinine 0,07+0,02 0,08+0,01 5 Lower rate of MBP-specific auto anti body
medi at ed Wodnologsics was noted and that was in coi nci deneeTwuzboogiogsssf i cant
curative effect achieved. Thus, the oral intake of oligopeptides according
to present invention has favorable ther@peutic perfornmance associated with
decrease of ESAMBPCAA activity. Under conparison with retrospective 10 data
avail able, results of treatnent according the present invention shows
better resh#te8¢han those of Beta- Interferon, which is ‘exi sting standard of
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Low Johnson KP, Brooks BR, Cohen JA, Ford CC, CGoldstein J, Lisak PP et al.
i Copolyner-1 reduces relapse rate and i nproves disability in
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exhaustive or to limt the invention to the precise one discl osed.

Modi fications and variations are possible consistent with the above
teachings or may be acquired frompractice of the invention. Thus, it is
noted that the scope of the invention is 5 defined by the clains and their
equi val ents. W0O2011/046462PCT/ RU2009/ 000533 27 CLAI M5



1. An oligopeptide having am no acid sequence GGDRGAPKRGSGKDSHH (SEQ | D NO
2). 2. An oligopeptide of claim1 conprising one or nore amno acid
sequence wbteria4swes in SEQ ID NO 2, wherein said ol i gepgRu20®/00ei38ai ns at
| east 6 contigious amno acid resi dues of SEQ ID NO 2 and is capabl e of

bi nding anti Melin Basic Protein hydrolfzing auto antibodies (ESAVBPCAA).
3. A fragnent of oligopeptide of any of clains 1 or 2, wherein said

f ragnent hgi t least 6 amno acid residues in length and is capabl e of

bi ndi ng an A&/‘I@I in Basic:10Protein hydrolyzing auto antibodi es (ESAVBPCAA)

4. A phar mpceut Aga)ic608pRRS iHab 213 é?n%@rabﬁl' &Qué&%r%m&ﬁf(kﬂs@mm@wwm

of an ol i gopeptide of any one of clains or 2, or a fragment according to
claim3 as an acti veIDﬁ’é@e%l)l ent and a phar maceutical ly accept abl e carrl er,
exci pient Qr dr eI [ vercr%51 g 1em 115 5. A Flhar maceut i cal corrpoﬁf tion

clai m 3 whérein °|8F1% Ceutteal” COMBOETEI B hr PRET 2E0Rt &° sS%ﬂuefleast
one ol igopepti OhetesaeioﬁgtlﬁdSEQom ONOgcmesplhéréigssdi@voliwpslﬁm&eman&a@ led3t NO. 3

and SEQ ID NO 4. 6, A fusion peptide conposed of fragnents of . SEQ
2, having at | esfigiousanriee aeidderidussfed nEQOADHE ﬁcfapahlﬁeéb@gﬂwemq all'y

to each other VM%el@r?Bﬁélg?r&Em%Brﬁfmy édtg‘inﬁlbdlﬁ@sr(ESKMﬁPC%M on peptide

conposed of one oOr nore pti havi hg sequence sel ected fromthe group

i ncl udi ng $EQ |4 fi@ment o qule? ofZanyrod Qs 11rNG, whereny said fggroentdias at

t her eof , which I | nk n |aI I ach Vi

non- pept i de. |1 ey 6 AR Rr R0 Ao 2R B Lt Rt bR B0 MR RS e
at | east one Zaa‘otegohﬁiralylzdgdm&yarng)oamGES@MBPCS@A)JenCe SEQ IDNO 2 or a
fragnent thereo phar maceut.i.cal conposition conpri in% a :

t her apeut i ¢al | ShisceFacEh RSP SOTaaN R hsrarefife fim BABOBR o 2t s 6

or 7 as an actigygohGRUeRY cRABSS é‘laﬁﬂﬁl %FQ%&IA ﬁﬁ%&h@é&@&ﬁh@%%ﬁﬁﬁrj A€in
exci pient or drug delivery System treating or preventing

mul tiple scler ostige |1hgr§d1§9bjaed;ta pham@e@lﬁ@ﬁlbs mmrmhlqﬁ eatrirsn excipiet ef Wrughe
sai d nmet hod corT(FrlleesS m nistering to the subject a conposition according

to any one of c e 24 “B“or 8. 10. The use of a conposition according to

any ongs of 5.l ai A8 parnfaceiitidhl i Bompesitimnusacdlaihe ®f whareiididanphirniaoéutical

treating milti pclo?npso(szlltl%iloflsnl'tlsler contains at least one oligopeptide selected from oligopeptides
having sequences SEQ ID NO: 3 and SEQ ID NO: 4.

6. A fusion peptide composed of fragments of SEQ ID NO: 2, having at least 6

amino acid residues in length, and linked sequentially to each other via peptide or
20 non-peptide linker.

7. A fusion peptiée composed of one or more peptides having sequence selected
from the group including SEQ ID NO: 2, SEQ ID NO: 3 and SEQ ID NO: 4, or
fragments thereof, which are linked sequentially to each other via peptide or non-
peptide linker in any order, wherein the said fusion peptide comprises at least one

25 oligopeptide haVing amino acid sequence SEQ ID NO: 2 or a fragment thereof.

8. A pharmaceutical composition comprising a therapeutically effective amount of a
fusion protein -of any one of claims 6 or 7 as an active ingredient and a
pharmaceuticallgf acceptable carrier, excipient or drug delivery system.

9. A method of tréating or preventing multiple sclerosis in a subject in need of such

30 treatment, wherein the said method comprises administering to the subject a
composition according to any one of claims 4, 5 or 8. '

10.  The use of a composition according to any one of claims 4, 5 or 8 in the

manufacture of a medicament for treating multiple sclerosis.



