WD 2010/ 060073PCT/ US2009/ 065659 METHOD FOR TREATI NG PARKI NSON' S

DI SEASE BACKGROUND OF THE | NVENTION Field of the Invention [ 00011
The i nventywoofi@lstdzeS to therapeutics and nmethods for tﬁ@a@gzmmﬁﬁw
Par ki nson' s di sease. Description of the Related Art [ 0002]

Par ki nson' s di sease (PD) is a progressive neurodegeneratlve di sease
whose primary clinical features include notor abnormalities, such as
resting trenor, bradykinesia and rigidity (Fahn and Sul zer, 2004). PD

is characterized by ss_of ] ' QNS | e
substantia nigra par?ggghﬁang Eﬁﬁgﬁﬂkyg#gﬁéﬂﬁg&gg ﬁﬁ%ﬁ%%?on bodi es,
called Lewy bodies and Lewy neurites, in the surviving neurons of the
sane region (Forno, 1996). Although it is generally accepted that the
| oss of m dbrain dopam ner GACKGROUNINSOF STHEAITgIENTEENponsi bl e for the
nmej or notor synptons, this is not the only region show ng pathol ogic
changes LI fﬁ)d%akh. nyen%mgnpathology and cell loss first appear in
| ower 1ﬁ++fﬁ1ﬁﬁﬂﬁﬂ;5a———ﬁﬁegreSS|ver ascend to the m dbrain and
flnally t 0 pwoili]CEte alreamtvnarblghty poethetahe ivenand hBthads efor
al ., 2004 Progressi.on of the Le pat hol ogy to the various regions
out si de tHEHIWbLAR lﬁﬁ?naﬁc t#t23%r the abundance of the secondary
synpt ons commonly observed in PD patients, such as depression,
dement i peANd pALNOWE 2ULORONA Ced k- tSENSOrY dysfunctlons

[ 0003] Al'though T he cause of PD renmarns el usive, there is a large body
of evi dencel E\gd BTG INHES FiLsPBFEI AGP AntE abriviasesadyeegat i on of

& SYNUCl gl e lROVLARE sCOMPANRML. Ol st ks A8 PAUIANBNAS ihe1uge

Genetic |inkagé anal yses have identified thrée mssense nutations in
t he i nhemdta sopopmadi tpaeki ssdhi smyestuger teemgk, BoOFkinesia and

gg;%?%%%%%%ﬁ%%?ﬁéi%%@lé§§6§§;%%%aQﬁK§%daglP wﬁ;cﬁﬁf%F e%%??antsthave

been sholwweg @fa@O@laBuaEegect hefmrcms gtorre:rhez&ulbenaotlalrbrgﬁd atdmon

“(Conway et al . 200 eenbaun1et umul ati-on of  wi | .
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and Lewy neurites, in the surviving neurons cf the same region

{(Forno, 1996). Although it is generally accepted that the loss

- of midbrain dopaminergic neurons is largely responsible for the
major motor symptoms, this is not the only region showing
pathologic changes in PD patients. Lewy pathology and cell loss
first appear in lower brain stem nuclei, progressively ascend to
the midbrain and finally to cortical areas in a highly
predictable manner (Braak et al., 2004). Progression of the Lewy
pathology te the various regions ocutside the midbrain may account
for the abundance of the secondary symptoms commonly observed in
PD patients, such as depression, dementia, and variocus autonomic
and sensory dysfunctions.

[0003] Although the cause of PD remains elusive, there is a
large body of evidence suggesting that misfolding and abnormal
aggregaticn of o-synuclein is an important component of the
disease pathogenesis. Genetic linkage analyses have identified
three missense mutations in the inherited forms of parkinsonism

(Kruger et al. 1998; Polymercpoulos et al. 19%7; Zarranz et al.



[0004] Fibrillar aggregates of a-synuclein seemto be the main
component of Lewy bodies and Lewy neurites, and these are now

consi der edywbhgofieeis r el i abl e PD marker for postnortem dicaaR@6ioMessso
(Spillantini et al. 1998). Because a-synuclein is a cytosolic protein
it has been assuned that the pathogenic changes and effects induced
by the protein occur in the cytoplasmand are limted to the single

cell. However, recent studies of extracellular a- synuclein suggest
t hat the scqpe of. patho en| c_action the | asm of
o i n GO 5508 51 A GG e h e POV e DSERy HATLLnF ARFalpgate

aggr egatee_ctﬁeer mlgamext_ Eacebh Ld:lal'fifl:lr_lill(ia\&aﬁml’ eceﬂt&y gle naans taroatoed
both in vivo and in vitro. Extraoellular a-synuclein appears to_be

del i ver SFIRRFHEORveRt 0P lex o ARTEIE 351 ORn Pl alfest cfRf CHSymGdreinis

al t houghy e 8xaet reeehant shadas Notsdeen characteri zed.
I ntravesi cul ar a-synuclein is prone to_aggregation and is the

potential sP@O4d Bibrekdtlngc appurantaggpegatBgiuclein geen] tThee righe Win
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extracel l'ul ar a-synucl ein, and especially its aggregate forms, nmay
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SUMVARY OF THA | NVENTI ON [ 0010] The present invention provides a
filanmentous bacteriophage for use in treating Parkinson' s di sease or
suscept i biwbtyiolegoo7ar ki nson' s di sease, and a net hod f orpctiRaédo/dEsedo
patient suffering fromor susceptible to Parkinson's disease (Pp).
The nethod involves admnistering to the patient a fil anmentous

bact eri ophage whi ch does not display a mammalian cell internalization
si gnal . [0011] The present invention also provides a
pharnaceutl ﬁ qg) ition ontalnln a_filament ous bacterioph

di spl ayi ng dnth g’&ysé’BBE PLE B a PRG-I ETREERY S cyR ki r?aleaq'

second faidoﬁf&@lt %Sfbaﬁaem%hwwlv@aldqzeg a@a @Imsai@yce(lu) membrane.
mammal i an cell internalization signal; -synucl ei n_anti gen or

asynucl &HFEEn o8yt W@?Y)W%lb%ﬁm%veegnwa%%s o?mp-%hﬁuf%ﬂ%laaﬁﬁmﬁoa@
or (iv) t@:ﬁkl%'ltt'yb()dﬁeéé)ﬁ@éﬂﬁdf@s %mr@t&aEgamé@éybthéﬁ%orB&E&-
DESCRI PTI ON OF THE DRAW NGS 0012] Figures 1A and 1B show a
conput ersyrpdie isf pavabE B jihaiid s( AB) thggp@@m@ewsm &t

per spect A\ Lr f f a-,synu j te e ded
o the. capeitel b e g e Yl 20 TH o0 5 g 1420625

cr oss- séctlilemakndi ansbuthe m@%ﬁnanémesMQdﬁhgprﬂaosEﬁnﬂhaﬁ:Gﬂheomeric

protein |nsert|on into Isi gel ny et .al
Doory . 1S eE B0 RN STt i eh e Rl PR ER vi 1y
of phage(vwllAS hndghensbagyrEyedles ITﬂne\set aggmgamasmaad HiyndTht (Fig
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WD2010/ m&w&gu&@@%&&mi&m% ElyguresidAnadsl 4Rnsewethesuch

i f A h hel | Fi g 4A
raﬁgu?rga%r%. %@qsghg :gajﬂgposgmg g el(le% ggr%las C\)/CI)ZLS)uaaxlldzepciiLa(nalr bllg‘tyer

membranes (Kayed et al. 2004). Insertion of these aggregates

—— into the cell membrane would have a catastrophic effect on cell
viability due to the free exchange of ions and small metabolites
between the cytoplasm and the extracellular space. Although this
toxic pore model explains the cytotoxicity of at least some
oligomeric aggregates, the pores and the pore activity have yet
to be demonstrated in biological systems. Another potential
mechanism of neurotoxicity of extracellular o-synuclein, and
egpecially its aggregate forms, may involve neuroinflammatory
respongses (Zhang et al., 2005; Klegeris et al., 2006}.

{0008] Despite the advances made to date in developing
therapies to treat PD, there is still a great need for additicnal
therapies.

[0009] Citation of any document herein is not intended as an
admission that such document is pertinent prior art, or
considered material to the patentabiiity of any claim of the
present application. Any statement as to content or a date of

any document is based on the information available to applicant



(Fig 4B) using an a-synucl ein polyclonal antibody in an asynuclein
filter retardati on assay. [ 0016] Fi gure 5A shows Western bl ot

anal ysi s ofyotheoserypr ane fracti on of SH SYSY cel |'s, denmmgtsadoogsss he
presence of various a-synuclein (AS) oligoners, and Figure 513 shows
ELI SA assay for neasurenent of oligoners after ML3 treatnment. In Fig.
5A, AS is detected wth a polyclonal antibody against AS (Sigma). In
Fig. 53, the anmount of AS oligoners fromthe nenbrane fraction was
quantified in an ELI SA_specific_for AS oligonmers which are detected
with a rfonddi% ér“eaﬁfi Ea@gzn%g%ﬁl% OSRS TIPS GRESTEFBhe %Igyrﬁéfilﬁs_mﬂ as to
si gni fi ca JoedeetheBsi Bft BeclRDWHat@ineAB .0l i goners was neasured in
the nmenbrane fraction of SH SY5Y cells treated with wld type
filanmentous phages. *= significance difference conpared to non
treated cells (p<0.05). sth@Rk?] oFi Bt enbrigrrorgr aph show ng
reduction in AS reactivity after interaction with ML3 phages conpared
to vehi cl e. [CPAE] THren Hiresexpr dayedt den pratideofe tfidameatage nunber of
neuronaliggg[ o] SEr Vv, ' n ] gre the ain

i nj ect edb Wt ﬁ%ﬁégggnﬁgr gég%)oﬁlti h%deodttﬁg% %g%ﬁg}ﬁ%‘g?eéi%%ecat%d O\?vir th PBS
vehi cl e {uaMERFiblihitiete M3rkomardls disebshenmspherestiwel €amjteetedng
wth PBS yenicle. DETALLED PESORLPTION.OE, THE LIWENTI ON DeCl mitigng

[ 0018] Fo purposes of Ths specfflcatl ntand e acconpanyli ng

cl ai ns, tH® .f orThewnaghdéf inrélwvss ajpphy stering004 9 hd heattiemns a

"patient,. "subject) anpd "recipient" are used interchangeabl .The
Pel ude HARRECRAS BRRRFT TS o Sars PHE BbFRLTY of TERERLSED: Fell
t r eat meninter¥012034.04 8660973RET( US2009/ 065659 [ 0020] The term
"treating” with r%%pect to Parkinson's disease is intended to nmean

subst ant i al AP 1EAAS BERGERE dRMVRRE B reARS SHRYICRE Br BRERRGTH gl
Par ki ns aibngpodii $€a8coftn 88y raeoﬂc:ﬂaﬁ)r@n%pisniahbi:éw@pﬁ%@ famtieRg0hn

aggregates of asynuclein, or disaggregating pre-formed aggregates of
- asynucl el ibedysERAELALF yEank R ARG BRECEY FpEekEle fikhe SeRPRENs

of Par KifiSQme 88 CBSE: eSS AT AAVE BBeLNHLANHBLL DL, 38506 Ahhdlahi L]
Par ki nson' s di sease; or substantially preventing the "appearance of
cl i ni calcahyinpnéasnalirarkihsoignaldi ddasean o-sypoRligithentdoen or o-

"co-adm nister"_is_jpntended,to nean admnistration b ans.of .a
Single GOER5ECiB REIPRSY hebhe of BGATY bPbS dBeaten GFrd BV REE: er ed
si mul t aneauidody ; sequeént) ahh yamrilzejakgtel ¥icPeef erghd yinflammatory
co-adm ni strati on causes the effects of each adm nistration to be
exerted DY ¥HEScel I's being treated at an overl appi ng period of tire,
nore preferably simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figures 1A and 1B show a computer model of membrane a-
synuclein (A8) aggregate with a perspective view from the front
of an a-synuclein aggregate embedded in the cell membrane in a
pore like structure (Fig. 1A) and a cross-sectiocnal view of the
membrane, showing the depth of the protein insertion into the
membrane (Fig. 1B) (Tsigelny et al., 2007).

[0012] Figures 2A and 2B show the disaggregating activity of
phage on AS fragment aggregates in vitro as measured by Tht (Fig
2A7) and visualized by TEM (Fig 2B).

[0014] Figure 3 is a graph depicting the effects of phage on
viability of SH-SYBY cells.



[0022] The term "anti body" as used herein includes polyclonal

ant i bodi es, nonocl onal antibodies, antibody conpositions with

pol yepi t opwosoaisiizei ties, bispecific antibodies, di abaditess2o@fossEsher
purified preparations of antibodies and reconbi nant anti bodi es. The
anti bodi es can be whol e anti bodies, e.g., of any isotype (1gG |gA
IgE, IgM etc.), or antibody fragnents that bind the antigen of
interest. In a specific exanple of an anti body used in the present

i nvention, Ehe aﬁnti body to be fornulated is an anti body_havi ng the

| gG i sot ypel C%%m'i BrAfes® &dh B fPagheht BB uSTHY TGRy &it PGnaPIBRIBEHer
t echni queg d hewfiirareRtSvesngenesh f ofi Piandi BEdt ReaPupdd | GehrPiELISA
i nterest. nerally, an antibody fragnment conprises the

anti gen- fimli4R) amdigr anhe-vaniabe tn reglhonlafalapnchbady amtadbody.

[ 0023] The Ler mi"nar}tiiﬁ%d rf;;ag(gent " _includes segnents of

prot eol VIV EEHIS I daved 87 raddbThait 1Y prepared portions of an

anti Fody mof cacid JeF L dhate ]Eﬁaan ﬁmh CWieEelleynbbDndt B?aﬂymlseoﬁedhar ae@bhane
Non-limting exanpl es of suc roteol ytic and/or. WD ,
2010/ 060‘257&3%6@% i §§§§5§ejr£%on‘§?rf‘éhﬁt?ar%§ﬁeﬁ?§ PREFPRRIE® R, various
F(ab") 2,q Fauc1BMn and) sbngbem&hal nantdikRdi-esp( sehyd ©OMEAI NG FoWL
and/ or VH domain joined by a peptide |inker, domain antibodies

(dAbs), MeRRBFEHEY Cancilbeayeder i B8 dgicgamenher apeul1g- dfont?$ is
that co i hque I @tgg: i o] i of -
nat ur al Ir%/%o%:bc%%&fi"}rjl'g%hhga\?éggggéﬁégn?| oﬁcgg)cafglagﬁglcug? Bg%{%gg)s _ in Fig.
(ant i bodres tlec kimpguithefhAfigel ieghers . Le tdeFrsmhmyndef caoval @ntwas or
noncoval ent |.y. d.i_nke ant i bodi es. havi two or re .bi ndi ng
e et i Lo E LA R s e

f r agnentdat=cr ddunanitz ed moonotboahl amnibdihdypgeinktl A§ hedwns zedlone Syn
nonocl onal . .antj bady., .-The term. "humani zed .nonocl opal i hody" as used
o e n 1 L o B SaRE BRMC TS 2 oI RORHACSBErne O Sasian bpe
-t hf’;l'([;i"ﬁa&r_\etmrre;’ﬂ ti@,{]I @thet mﬁmbﬁaﬁqa nf:laécﬂﬁﬁstommel-eﬁs}sm&@::_m ﬁ?tgé& RA.th
acid residues fou in the equj val ent human nonocl onal _anti body
(donor) .Wﬁffﬁmey r}H&ﬁﬁﬁPEBHSg%U%%%?%na"F IR i) A E gl Hotortehgfompared
anti bodyd nm aer=busan soypee. §hat has been altered to contain all
of the am no acid residues found in the antigen-binding region of the
equi val ent HfHe Tadises dhdls anBirBBay Shetkasi SRWAicrbési 88 wapchishty
Conpr | 56 651 dUR% LAk oAl §: BRI PUMLAIL Neindabelineor fehpLANL aid Rady
or the donor antibody. These nodi flcations Can be made to further
refine arfl opdadsAs ast rboayie uptt ilthavaspgeAniuheni e onewmrdirody may
al so opt';&ﬂae[ ri,se t. ti] hygan, i paunagl |
const anté eglgléabrg:e FE‘%%. a3 Og%%%gélffhlg #g% rﬁe%{&rsg)@lfa% I‘gmmt%ry cg}?o%ﬁlr%gtgd
refers twlEmMiy cionfhardator yhe yoohkénerdmagheed injdcaed wifh 2Bt i on
associ ated w-th inson's_dis , ich preterably includes |L-6,
e L R "anam Sttt PR sROnYobREE e
term " mampddtad celth iPBSeranl¢ration signal” refers to any cell

adhesi on sequence which facilitates internalization as a result of
cell adhesion/attachnen 1%5”2 the cell. Nunmerous WO

2010/ 060073PCT/ US2009/ S Hr MTERAR T8N OB dHEs i BV EETP&hces are
known anskfingGldidend he Argd y-Asp (RGD) cell adhesion sequence, the
Tat peptTde from H V and peptides _conprising the sequence of '
Ar g- A u- As pl QRED) FonrRjisReSeps of REEKF, SPeal Asgrivam euBvEhpuApRPTEaRYing
1992), Ll Gt CohGo kb VADRIL AL Al af01) . AP Gy LAl a
(DGEA; SEQID NG 2), Ile-Arg-Val-Val-Met (FTRWM SEQ ID NG 3; Kosfeld
et al., 1993019 Padd w186y -"ArgiAnp” ( PHSRNje@EQArE N@ed) pandt RFYYYMAKED
(SEQ I D ; et , cel_|l -a pon_s ences

(ol o kb e RReRady e Rhen, gias S shan e PREL e BB AR ave
nol ecul eshes wihj eas lcdnmcherapéibi onectatgenti .t ronectin, fi brinogen,




[0027] The term "a-synuclein antigen” refers to an antigen from hunman
a-synucl ein, where the human a-synuclein preferably has the am no

aci d sequewoeiosizs) | D NO 6 (NCH gene | D: 6622, accescaydife/os3659
NP000336; Uni Prot KE/ Swi ss-Prot accession no. P37840). An "a-synuclein

anti body" is one which recognizes and binds to the a-synuclein SEQ ID
NG 6 or a variant or mutant thereof. [ 0028] The term "0-anyloid
anti gen" refers to an antigen froma pI aque form ng "P-anyloid

pepti de", lﬁeﬁlﬁ' as " :, "AP" or "ADP", derived from
hunman arryl of c? &5 Tpr GFéF‘ﬁlnﬂ W%‘?qﬂecﬁl’&c&nﬂ:iob%ﬁkl%o%n% e e

recogni zes ﬁﬁﬂzn@eadﬁot@e&ﬂ%@ns@é’ﬁfdﬂlciypﬁﬂhhgftﬁﬁg ad k@l seccurring
human AP1-42 peptide and variants and nutants t her eof . [0029] As

used her@‘f?rsdngpﬁ&?nﬁé‘é@ﬁ?%%}o%d?ﬁ)@ﬁrt}il@ﬁonr ef @i geae a $Héparat i on
of one t eser LLh other
chem ca%recdc?rgﬁglﬁo sgg}ac hysr orgﬁ:tgl ﬂygguégi]g?%ﬂ% ?’.fé“r s and
exci pi erﬁymucmeenpproeeS@égﬂeqmammqmﬁ ifo@ine 8 oOfesed At I o
facilitate adm.nistr trono ound to a patient. Q030Q] The
b Bses STHTSITog PP St dBT (I 89 oBRe® iR e red! 1 y
accept alentids of, bawhi oty DEse MR ZQ&QhoﬁgofécE{EHir&éS21Q&a/a%§5658n

i nterchangeably used, refer to a carrier or a diluent that does not

cause siFRiTIicaTE Wi ERt BRYISHIR h Brigases nPAne o’ Hetl 1ab PE§HERT 1A

bi ol 0gi Gale aidewirb¥icands péppﬂéapssﬁ[fptto%e 8dnMb ARl RS £RAUAM.
[0031] The term "excipient"” refers to an inert substance added to a

phar maceut i @A21d SsodietoicPoafini pheteF acid ilmgeadadnt-ai Bezati on of an
active ifgQf; ‘?ﬂ's‘%%t:r%‘f%nbﬁ'rﬁéé é‘%iﬁ@@l'n%%eofiogééé PESHE Sod B8} WdEne of

cal ci um carbonate, cal ct um phosphate, various 3Sugars and types of
st ar ch, mdltigiesdodege vé@rm%sadrgmmuerredvegeuhmzeew?d&/,arﬂﬁquent ially

pol yet h I . T 0
bact eri }é!prﬁ 5% régglhrged %leer&e\g%;gr%é@mg% atagignghr%{rgt%%%urgﬁgn%a%gﬁ %Y'JS
“bactert @rﬂﬂ@g:e:m hdminsstsot ahed away cxeamedt bBI‘th@TKFEﬁ’ﬂ&’lﬂtﬁél\mgt hreated
it |sty|call ﬁsocratedrnc?aqérte The term a % dei 1
COMET Ci VarraBbety i Yank phage"Phat Pay e%%y CgtlérPJi Fagegesly -
bwi | d- typﬁ [0022 'I{fﬁ)%?]anThantebBﬁyf n@@tue?/agi %M?d?hypﬂdé§|@w&lﬁt&l
acteriophage” .as used herein means a wi type._fil ament ous

gt etb

bact er i GRS PLRAGIOYEhATTHAY S5 t BREHPRYY r &I IR SDRACR
means, gidily*@it@génspéﬁﬂﬁ@&ié]é?allﬁ_@p%c@fflée&htfﬁédﬁb UGHoASeBY or

UV-irradiation mechani sm whi ch renders the phage incapabl e of
repl i catdtdEr Wlééee RERPR 3t 17 (He 0L BRBRED ARG tFIRATHE2FE t he

bact eri gphageJiket ai @ﬁe'éﬁt%c&iéé’ 4@ BeNGhE AL exh i id e brea? , of any
through the olfactory pathway) is contenplated by this invenfion.
isotype (IgG, IgA, IgE, IgM, etc.), or antibody fragments that

bind the antigen of interest. In a specific example of an
antibody used in the present invention, the antibedy to be
formulated is an antibody having the IgG isotype. Antibodies can
be fragmented using conventional or other techniques and the
fragments screened for binding to an antigen of interest.
Generally, an antibody fragment comprises the antigen-binding
and/or the variable region of an intact antibody.

[0023] The term “antibody fragment” includes segments of
proteolytically cleaved or recombinantly prepared portions of an
antibody molecule that can selectively bind to a selected

protein. Non-limiting examples of such precteolytic and/or



[0034] The term "W phage"” refers to both wild-type fil anmentous
bact eri ophage and inactivated wild-type filanmentous bacteri ophage.

W2010/ 060§ é3ehisd?20091065659 Fi | anent ous Bact er i ophaggHodoBesesn
Treat ment and Met hods of Treat nent [ 0035] In one enbodi nent, the

invention provides a filanentous bacteri ophage for use in treating
Par ki nson' s di sease or susceptibility to Parkinson's disease and a
met hod of treating a patient suffering fromor susceptible to

Par ki nson' s di sease by adm nistering to the patient a filanmentous

bact er | PR I RAEr EFASTRRE Batt e Gphiage 085 hét Ep dy+(#pdasingle
mamal i amh L8l lanikAbegnaki 718&reN Shiitahing b) vaneds Mg @bdk 8N tigeR or
asynucl ein antibody, or (iii) a P-anyloid antigen or P-anqulg®

ant i bodypy a repGdde] 1inkere 1 ippPd cenislibarentNandpedies

bact eri ophageJas, adYE PLSt £1 Sthd Q-41he RALEENE 185208 s Ak contain the
pharmaceutically acceptabl e conposition additionally conprising a
phar macewniqw ley ractepadbhrd chundigonal prppegries nomnsithealaypect of

this enbodi a | opha i h . I;t hqut
bei ng béﬁ%ﬁ togphgg§§? ?%g#% pro%%gg Sﬁhggnﬁhgg%%%%ﬁfﬁnn %ﬁgé ﬁ%gthis
i nvent i arediing; theektingeetéulam) asylhgclseFrsomag- 5y nuctadiemtdggregat es

in the nenbrane a reduce .t he regat.ion.of a-synuclein_in the cel
rerbr and PR FEEdH: T HGE: o7 of b goce peRaE ey i EREdu fentare

a- synuclgidiiaggeegakes in the nmenbrane also | eads to a reduction of
intracel lul ar_aqggregates o -synucl ei.n, pqgssib by shifting.the
qut | br | UniCR - o P A RERHE e | STSAPey G, FACERN apfadment
Nevert hel £58 hutahhedll Rehog1 A didita rady par ELLU) atufichRd sidhothenal
present filamentous bacteri ophage and nethod are useful for treating

a pati ert*SiHEEri ngher BRFBr "BiRFERGhMenesLparki ARbHPAIY $Saseed
[0039] Iyne.one, grbadinBBALichhE did ARt eyenbachenl RRRAYS dus-cesef ul for
i ntranasal adm nistration. |Intranasal adm nistration

-—— {recipient) that has been altered to contain at least one or more
of the amino acid residues found in the ecquivalent human
monoclonal antibody (donor). A “fully humanized monoclonal
antibody” is a monoclonal antibody from a non-human source that
has been altered to contain all of the amino acid residues found
in the antigen-binding region ¢f the equivalent human monoclonal
antibody. Humanized antibodies may also comprise residues that
are not found either in the recipient antibody or the donor
antibody. These modifications can be made to further refine and
optimize antibody functionality. A humanized antibody may also
optionally comprise at least a portion of a human immunoglobulin
congtant region (Fc).

[0025] The term “pro-inflammatory cytokine” refers to any
proinflammatory cytokine involved in brain inflammation
associated with Parkinson’s disease, which preferably includes
IL-6, IL-1, IL-17 and TNFua, and is most preferably IL-6.

[0026] The term “mammalian cell internalization signal” refers
to any cell adhesion seguence which facilitates internalization

as a result of cell adhesion/attachment to the cell. Numerous



al l ows these bacteriophage to cross the blood-brain barrier. The WD
2010/ 060073PCT/ US2009/ 065659 phage are then elimnated fromthe brain
and body wya ioiee7end feces wi thout adverse effects opdaars:RERLs
or gans. [ 0040] Pro-inflammatory cytokines contribute to the

neur oi nfl ammat ory synptons of Parkinson's di sease. Renoval of such
pro-inflammtory cytoki nes would aneliorate such synptons. Thus in
one enbodi nent, the invention provides a filanmentous bacteriophage

di spl ayi ng an anti body specific to a pro-inflanmatory cytokine for
use in twaéyﬁlﬁ@npgﬁ%#nééﬁeglw SERETGESs 3SCe bRPWR | 3RY i Ipgiekithsofire-
di sease @ndaymkied ebiirsalddihd fRRfURE, SHALE e NG IS OMD From HIV
susceptible to Parkinson's disease by admnistering to the patient a
fi | ament®s ERELELEOPREGEL B P ItHE FFRENERt PBobiyd spetifdare (RFEDa , Arg-
pr o-1 nf | BTRL ar Yrgkd OKL,BE. adfL PN @EREC.GbRLILS. Citodi Mant, - rkhes)
bacteri ophagé is adm nistered intranasally. In another "aspect, the
bact er i ofigge Kod vadannest @t ed ¥ 1par Aspf-GaypRan nbbeutDdEd ;| BEQ ID
accept ahle .Go ition. additic I ) SN har naceut.i cal
acceptagkgzgérggérékgnvggg?%%ﬁ&%éﬂégﬁ, hgﬁgn??gggg?%ggﬁﬁ%ﬁg'Fg él"
pr o- i nf |I&wkat, oPyocecHt oksae-Asgy-Hst N@HSEE ;ckagsIaM bBarss1dARFIYVMIK (SEQ

portion._ln still another aspect t antJj body is an antibody specific
for IL-6D %r?'%ét kﬁﬁg?hgregs%gt't ltgi?g bac S‘P%éﬁ%\gea%é%ﬁ]ioﬁ]g F s
pro-i nf | @t Ghywaykektsel dogsadRienGtOMPILise) daf@MMdWwanC@ldll adhesive
internali athgn Si ngl. OO41§_£pen adm nistered intranasally,

t he ant i“ﬁ’éﬁ}?— &5r FRGDpRA gL M b TPEPREEF &8 t BRI WHEFE "PHEY -
w1 be whr-gebedohaihheepso-infl ammatory cytokines by the antibodies
di spl ayed thereon, thereby inactivating such cytokines. The phage
portion of [0REIé Wieaderdi Sprayrec ki Fodiieenii FEfanyete Hn dudligget i on
of getti t ant i bodi e ast e blood:hrain barrier .and_direc

P tiAeh SR PP SRS idS LRI B T A L AU SEERELLY

1 el ated hersbatiemant not heid nventdrar prfovEdesDaNdt 6 SINGBT geerond: 5622,

filamentous bacteriop 0 edn treatin nd a net had of

treat | NG eERtP BT oL PN D 1 1 BT Pt NAO SO0 Bitio PRCRRISI08S 065650
suscept if3l7e4l9 . Pagki ﬁ&%ﬁuﬂ'eﬂ_@ﬁ%ﬁt@bo@?" agdy s stafildrg Aeobhe zrat heat
(a) a first filanentous bacteriophage displaying an anti body specific
to a prdédingsl demtbher ¢-syrwkiisder SEQd IPbNOas set ondrddilaaeproowtant
bacteri gphage- wherein the second bacteriophage does not display an
anti body specific to a pro-inflanmatory cytokine. In one aspect, the
second fil duenBduhephage afdimyonal landess netfdisptayad dradiid &rom
cell internalization signal. I.n another aspect, the second

fil amentold2FHEgECRBERE | O} CdBeBeRbLdal sptEsPe (FoPwan 28sy RBET ei IR
anti gen Qh~a-SYyRuEhLI it - Of. (1]) - [ i

B Ayl o ant body C1 RerTio RherEphe lafy o ATU-RLU A0 BERCOL &
phage adg@i-amghalifiyadotisodyot i spkayhich actegmmbid=amnteblinds to the -
internalizatiqn signal; ii) an _a-synuclein antigen or a-synuclein
ant i body"YoPgi PEPTAR- AimATiHr i GERUSELDIamIDt o Bhtddhdgptide and

[0043] knrandetBennaspecint £adirdddranent ous bacteriophage is
adm ni stered as part of a pharnmaceutically acceptabl e conposition

addi ti onal I[fOR8AFS 3i5eg AepRER ner elRhaxGdE ideapt apreoeh ¥or] refers

to a preparation of one or more of the active ingredients
described herein with other chemical components such as
physioclogically suitable carriers and excipients. The purpose of
a pharmaceutical composition is to facilitate administration of a
compound to a patient.

[0030] The phrases "physiologically acceptable carrier" and

"pharmaceutically acceptable carrier," which may be



I n anot her aspect of any of the conmpositions set forth above, the

second fil anentous bacteriophage is a WI phage. In still another
aspect, theoxeogach7ti | anent ous bact eri ophage is a UV-i recadiab@sssso
bact eri ophage. [0044] In yet another aspect, the first and the

second bacteri ophage are each adm nistered to the patient
intranasally. In another aspect, the antibody specific to a
pro-inflammatory cytokine is of the 1gG class and bears an Fc
portion. In still another aspect, the antibody is an_antibod

speci f i ¥ GIrInargeapiyaneferraspedic & FErKiest obart €kt eiHagdadodsees
not  CONpIdiS & A B BTBLE 8086t | 1 hPfe{Rl] 28t LANSEANBLn ana WALt
Phages can be nmade to display the antibodies to pro-i nfrf anmat ory

cyt oki néPAsgahey thec RaP{oel kb virr i itthye aadt prepexrekemphe, thehe

ant i body, s a single-chain WO

2010/ 060807 %&%ﬁ%%%bgﬁgéﬁg%% anti body by well-known techni ques and

t he phage vig6i3dr Ban ttemidiktipdesb"” asefaxrditsplay isgeh subhgt@&zahaidded
anti bodi.es (sGF n the bact eri ophage surf ace. 046] Anot her
way to ctaous?e%glr%\/gnﬁllg\%kbﬁ?lfi%%%?Sl&le ngblergﬁ%n%%‘F%ﬁaﬁa@a%ti body, to
be di spleayeichignrarpbagefi snta-praduceradpbage tieh - Th wid By ekamples of
pol ypeptide t.ha bi.ndg éhe Fc jroorti on of immnogl obul i ns.. Such phage
are knoWit G 1 Sar FOIRES (Rt T He F TP oBEFepubf t CHET RRSEBBOFr 0586164S
Usi ng susfyzargmeaidl kegephapestamyh anid1lnedyse0at al vhngvad), Re1Rehhi on
can be caused_to be_di splayed thereon by sinply contacting the

ant i bodiVEFShAH et R 1 Bnale. Prhe B 1551 98HCB8ESt he anti body will be

bound by t hgdzelitdd nerpohypent i gse di SPlRGRY LERE Ph8ERagd NS R8
bi ndi ng of an antibody, or fragment thereof, is facilitated.
[0047] HeI&HE ERBOEI frehdt e poly mstizdd nohal L prerdecth oIt gydrphage othat

| MUNogliehuld NS ced REAY ©f Forfd otHM QicpGnefit b 30MRNLILETR0N ¢ onically
containing the antibody binding portion of protein A (i.e., bi Adi ng
domain BEsecigitedein Grtwre a iy asrroklppotethudenrepmetsiialGy | n

anot her LAent:, i ri.a i i havi ng .t he
ani no_ a4 agkTen EL1ARERRY Bidh VRl lke SbpRe B Al AU ERa
regi on itypeded, it nust be directly displayed by the phage.

[ 0048] Fil bact er i,ophages _are a up of .structurally rel ated
Vi ruses m?‘gﬁ@éghﬁ’aﬁ %egmci %gﬁ? FaTH |‘*’el-13’{*?t¥§8eé%ﬂt&ea‘é%%e. They do
not ki | baldteiricbbagetuss ngsqd aditetiiny mebnkest 01d - thAse phiagesntbak

i nfect Escheri.chia coil containing the F ?I asm ds are collectively
ref er r e@3F5 3¢ OPP2BECRT ophdifds ToRREY C8o TR0t L F 1Rt (P haRrarPaRcRE] PR

In one eprbed Meot, heachednh | AdrRnteus iPRebebl OphRgeisRt didbd, heuaBt hods,
set forth above is independently selected fromfilanmentous phages
ML3, fl SVaddTRdiaraoBne HEpSCIAHSR Yhirhstergrrs e si@oe Fafepible

phage apg weedic88¢Bnphage dsedindtheisanen sl YRe A S8k eGheGre of
fromfilanmentous phages ML3, fl, and fd

W2010/ 6660 P3ptpuse PebEEmmins its ability to penetrate into the
brain through the olfactory pathway) is contemplated by this
invention.

[0034] The term “WT phage” refers to both wild-type
filamentous bacteriophage and inactivated wild-type filamentous

bacteriophage.



[ 0049] Phage that bear either an antibody specific to a
pro-inflammtory cytokine or a pol ypeptide that binds the Fc portion
of 1 nmunoglveidigase7ar € engi neered to di splay the proteigriamk:bdoBsseso
surface. This typically involves the expression of a cDNA cl one of

t he pol ypeptide to be displayed, as a fusion protein with a phage
coat protein. Filanmentous bacteriophages that display foreign
proteins or peptides as a fusion with a phage coat protein are well
known to those in the art, A varlety of pha%es and coat proteins nay
be used,E3Ipasndions SagEeniephage t{oF [Use KA - L2 aiedrog s,
VI, Nﬁ@ﬁﬁﬂ&ﬁﬁﬂh VI, M3 protein IX, and fd mnor coat protein plll
(Sagglo et aI , 1995 Uppal a and Koi vunen, 2000). A |arge array of
vectors ar el0fH] Hblane erposdneat s ubke f et isropeis desee Kahamgntous
al ., 1996, - Berdieheusky elsal in tlﬁe%%m@n@a%mﬂe&n go@ﬂgeag\@mods for
inserting forel gn coding sequences I1nto a phage gene are well known
(see e. FusGEHHIdOktEL tal Parli%@:m ‘andliBeent andah. neOPB)of treating a
[ 0050] e olvp t . hi -C r

| munogI BB Re o hPEhr of B ey | g int: 5ot RET R Codk 5P aberR
(prote|radmidlsMErangitanEheqpstphagexfllamEﬁGSﬁkNbatmmmnahﬂag&eawedreln
her ei n S0 .in Iude hose .wherei n patient is |de tified.as in

need of WD aPhaTas ST Eo AL BT aARL | FyPREPSLIAR (e | n need
of such inmteatdAtzacaonbeighal he(jldgirent sohualpahi entigdn arheal th

care professional and can be subjective (e.,g, _opinion) or objective
(e.g. nEBRSHANE BPLAPPE¥t oF H’rja’g)nc?stﬁl emﬁﬁ@h%dantw fEc Bopingapid
Conposi t4:0n%0dy. [0052] In a related enbodiment, the invention

provi des a harnaceutlcal conposition (e.g., pyrogen-free)

conpri si ng: EEH|QQﬂ:aﬁpﬁﬁﬁeﬁﬁoﬁbl%a@ﬂéﬁhéﬁﬁﬁget@ﬁsbﬁ@?¢¥@PRﬁﬁge is

ant i body, §ps |f| o] gp@ﬁg yiLekLn ): ond

fllanentousqﬁégfgfﬁog age, %ﬁgieln fﬁ gc%%débg%?gﬂggé éégdgggs not

- di sptay arrepitebiiedyospesi tient addi progsilall aomarosyngyd gliamacentonelly
WO 2010/q%$3%%P§£/y§€9224065659 aspect, the second fil anentous phage

addi ti ona 0és no isplay a manmal i an cell internalization

signal . | n gcethem aspetier theesecofdcid amridduwenphagke adak té0iedtage

does not, d|s§ﬁ§% g g an a-synucl ein antigen or a-synuclein antibody;

or (||) 5rd antigen or P-anyloid antibody. In still another

aspect’, the{aeond thiduameat ays bﬂhﬁ@et@dﬂ‘lédanalﬂty idogsopotediSthe

(i) a mamualian cell internalization signal; (ii) an asynuclein

ant i gen Bage sfddéretniant bddinvesrtian g)mé boatit B enitliege f-or

P- anyl oi e t enho e

second cteﬁfb%héaea|%yé§%§§%ﬁ1%ﬁgygaa@égn%%egé%ég%@?c as%égfggdﬁkg

second b@hﬂeagg&pbageonSOﬁ dMesyuddiiat édl baet ecl bphagerane. B854 ekant

anot her aspect, the antibody specific to a pro-inflammtory cytokine

is of th@‘i‘?j’@oé]sa%oaﬂﬂeb%"f‘% L FE SR, Of nt yRYNUHGIRe PIFEFERESS

the firsiy had eli@PhAgCal Bo tNE1&OMRPSI tealcdl SRI 8Y Si AN A11RAY-
specific to IL-6. In still another aspect, the first bacteriophage

does notagaygwetss af nansehicalevel Ipdsstibl maby zalhi Hnind gl equilibrium

of g-synuclein from intracellular tec extracellular,
Nevertheless, without being bound to any particular mechanism,
the present filamentous bacteriophage and method are useful for
treating a patient suffering from or susceptible to Parkinson'’s
disease.

f0039] In one embodiment, the filamentous bacteriophage is
useful for intraragal administration. Intranasal administration

allows these bacteriophage to cross the blood-brain barrier. The

- 10 -



[0055] In a further aspect, the conposition is formnul ated for

i ntranasal adm nistration. [ 0056] Techniques for formulation and
adm ni st r aiviooBi1lsodrs Ugs may be found in "Rem ngton's Pharieseislos£ad
Sci ences, " Mack Publishing Co., Easton, PA latest edition, which is
i ncorporated herein by reference and are well known in the art.

[ 0057] Pharnmaceutical conpositions for use in accordance with the
present invention thus may be fornmulated in a conventional nmanner
using one or nore physiologically acceptable carriers conprising

exci pi erﬁ@%ﬂ@rﬁjﬁgﬁ%ﬁlé@m%@@hﬁmltﬁq Hreipr se@skety wia e ngcende
i ngr edi p S %Bﬁgutlcally

[ 0058] E%%ﬁgéﬂﬁgﬁgP?a??g%k 5 %gggﬁﬂinhaﬁg gﬁggaﬁ tive ingredients
for use accldidiodgPra irnfd presenty Enveninen corgridte to the
20107 05004 HHew3pRd 20005 0omo CONY &Y SN ABLY Ko £dd D the Lot mnof,
aerosol ‘spray presentation Poma ressurlze pack or a ne TI}lzer

W t h t hesuse pobo anﬁllatnalbterpropm]«t:ama weordd, atetbbouodi flarorpmetthbane,
trichl orgf| uaronet han dichlorg-tetrafl uoroet hapne or_ car.bon di oxide. .
A nasal TBFayn MR RPGBESTRRT ot P SR PBSBEP T YeSE facic GTSEUR zer
as in amdodaliaphagespiaplagaily arl emtdlbiossl ¥peaedid ofo lant;fxanasal
admnistration. In the case of a pressurized aerosol, the dosage unit

may be dgt TREGTEy CEFBHLTR ntPR V& 5eaEENT PR R 6 WRSGRE. OF

Capsul esg g@abtlnudgeaoofaarﬁugson'gselcﬂtsleasfeoanasg hétodlicPeneRlk ifBY a
be formul ated containing a powder m x of the conpound and a_suitable

powder ti%?stéeé’lfrcﬁ"u§§elré880§é°‘6ro%t%’rsé%‘FPtlble[ bO5B8FriphagarE e Hiseaise by

conposi tifNsis¥ktabbecbornysgad fdihe eantexhohist Bec et Qe the
present invention include conpositions wherein the active

i ngr edi eHitsPIRYEEICBAt alnhéBody spedfdentoehf pEeT Vel amaditay evttipkine.
| nt ended Py ROSE M § SQESE%- %ﬁ@@fdfl%en%” %Haeﬁébt'gr% NeAans an

amount of activer ingre |ent ective to treat son' s
di sease.adminisgesed Deteanasation dih anchéeapespéctl |yhefdfeatianiophage

anount is I, it f. those.skilled in tt1 art,
espemaljly\él@qull %?k F ?§é8%9¢ i%§h¥ﬁ%§3%8§8§é§%%i |%ﬁ§fpheF§in
[0061]Dasag@sanﬂuntadddtnomaibyucdmpwlhéngdhughaﬂmi¢mﬁamdﬁhﬂylpct@ptable

rovi de brai.n Iev | s of the fllanent s V|r s .di spl ay_vehi cl e whi ch
D6 suf fTALME -t o 1Py BAPERRT rFTRAC ot (06 PUb HOREeNRT a5 CVEP T OThe

MEC Wi | linfamyrbebreachrpkeparad icm thb:UtIgGaﬂlQQS eshd Bt THOMd N
vitro data. Dosages necessary to achieve the MEC wi || depend an

i ndi vi dRATEREr actBr FEEF¢sanOthey GEPELBosagearhtertalis @é{h 2t HoGY
det er m ng Mgy sbRe1NVEE, vat Me,etPreRrhall aBpeshouhd he-rdnidymsier ed

using a reginmen, which maintains brain | evels above the NEC'for
10- 90% dTePHESt THE, PHPel BE MR IStV 05019090 1P A9THRE ided anpst

pref er ablpnRet WeeRe $9- 9020 Alaihe i AUhbNg the course of treatment.

[{0041] When administered intranasally, the antibody-bearing
phage will be delivered to the brain where they will be directed
to the pro-inflammatory cytokines by the antibodies displayed
thereon, thereby inactivating such cytokines. The phage portion
of these phage-displayed antibodies will have the dual action of
getting the antibodies past the blood-brain barrier and directly
inhibiting o-synuclein aggregaticon.

[0042] Accordingly to a related embodiment, the invention
provides a first and second filamentous bacteriophage for use in

treating and a method of treating a patient suffering from or

- 11 -



WD 2010/ 060073PCT/ US2009/ 065659 [ 0063] Dependi ng on the severity
and responsi veness of Parkinson's disease to be treated in the

patient, deei0geersbe of a single or a plurality of adinShioRkiceNns,
with the course of treatnent lasting fromseveral days to several

weeks or until dimnution of the Parkinson' s disease state is

achi eved. [ 00641 The anount of a conposition to be adm ni stered
wll, of course, be dependent on the subject being treated, the
severity of the affliction, the judgnent of the prescribing

physi ci @wsagpEible tpOBast iGN s idisneseudedod nedhienistdridicoftot ke
present _jnv i Yl i : i ; r

di spensgra%é'gé\?ll cg%)ggcﬁl%tgﬁ ;fﬁ%fso\%%%%?%sghﬁ?%ﬁdl yll%c?%rl%tgaﬁﬁ one
or nor e amiitbodiys agech 6i ost € ont@aiar ingf lisheadotyveyioigiredii emtd (Bheapack
may, for exanplie, .conprl e 1Bt al, gn, lasthe Loll ., such. as, a blister
pack. The pack or ai spenser Hevi & ‘be accorrpan? eaecby I nstructions
for admizicslerdbipbageTHeepatdkc alidblspenrseanibyody S€odel fiec ammadated by
a notice sociated with the container in a formprescribed by a
Gover neRIETEGoREy FRGOFLAS ng Lhe ThaRERCEar he \RE e digrgpicous
phar mac gi-iealasidivhbehl Dptdsss 1o efilpativa aimappiayvaleldy the agency
of the form of _the conpositions or human or veterinary

adni ni stiPsEreRl 18EACROEITRAL f orl e IHET AEYSRer 0FRS ARy approved

by the YiSareeduandnbytoaidnt M siinaf iR sl bt PEESSTAPTi0n Ly wgs or of
an approved product insert. Conpositions conprising a preparation of
t he i nvennived efior ankaved on @ sowpdtain enphhedrnceer | Gal) cafrpayioby

I b d I i . i_at t ai , d lab df
o o0, be LSBRLE: L 35001 0. ARRLEPT LB B PO Ay AL abeLed Tor
[0066] lsrcomel Fantmettans esbogh neniitidnalipvents amprandmdes aikik to

treat Parkinsqn's disease conprising, in separate containers, .(a) a
first fi 8ﬁs°8<ﬁt é??%ﬁ%@%ﬁ éﬁigﬁaﬁén(hh’ti%c?y'ss‘”ﬁ’éﬁ il§,1 to a

pr o= T L ARTRIAr b rC ¥t 85hiS] e AN h{Bbdy ;VOr2Q10{ PEOGY.IRE/US2Q004 65659
second fil arment ous bacteri ophage, whérein the second bacteri ophage
does nof}-dimgpbayg éhyilbodmmmalian cell internalization signal; (ii) an

g;]ts%’“uc' ei rtgfi‘a'l%gﬁ{‘ &1%@:%65%958&@1 “eé‘.%ﬁ i?ﬁ%en%kgg)bgcféf%&éde is
gen or anmylol d antibody; of’ (TVv) an anti body Speciti a
pro- i nf le@miatietyreyt eki pert and § Qharmsiceuct tahby desoiptablg aocmpbhdtion
of USin%d%g%i%Eglag Eé%g%iéfgédénélgf%égg% %gglly acceptable carrier.
In another aspect of any of the compositions set forth above, the
gsecond filamentous bacteriophage is a WT phage. In still another
aspect, the second filamentous bacteriophage is a UV-irradiated
bacteriophage.
[0044] In yet another aspect, the first and the second
bactericphage are each administered to the patient intranasally.
In another aspect, the antibody specific to a pro-inflammatory
cytokine is of the IgG class and bears an Fc portion. 1In still
another aspect, the antibody is an antiboedy specific for IL-6.
In another agpect, the first bacteriophage does not comprise a
mammalian cell internalization signal.
[0045] Phages can be made to digplay the antibodies to pro-

inflammatory c¢yvtokines by any technigue known Lo the art. For

example, the antibody can be engineered as a single-chain

- 12 -



[ 0057] Havi ng now generally described the invention, the same wll be
nore readily understood through reference to the follow ng exanple

whi ch is pwovb@@dohy way of illustration and is not i ntpenasdodaciae
limting of the present invention. EXAMPLE [ 0068] The

experinental results in this exanple denonstrate the effect of
filament ous phage on di saggregation of a-synucl ein aggregates
i nvol ved in the pathogenesis of PD. Preparation of filanentous phages

[ 0069] ML3 fi | ament ous_ phages were prepared _frominfected TGL
Escher i GHitabogyi PEuve Lt Skt 1 SAiSKAPCReRPer Cih B INSRERY §AB Le

Bi ol absfmcﬁel\f%hyso'\@ td &%@wtﬁ&oe&ﬁ?ﬂé%é& gq{e‘ﬂboi&%@wgeﬁv on

(Si gma- Al dri ch, Loul s Bacterial cells were centrifuged
(8300xgﬁh@5bﬁphyrleﬁ@a a@@%ﬂvkie preC|p|tated fron1the super nat ant

DLt L P AEITR L 0 A e Ry
st Fri I ;arrm;mﬂbaaé anltt{mcad. sal ilree d(iIBBS)ay(aG%lmfatttgfi'mgsmfer rtLaat ?ngdgc(:)% a
vol ume esi dual bacteria mer s nt r i.on_a

for ‘16 BREtaHat nd Titud 4 R ERETEar BYed e 8 sPoelrfat o
The pel lieimunag 1 bbnalhy. r esudpenced Iam'ePBﬁox(Jﬂ%zoftHé’leixﬁ:uBﬁﬁnaéaﬁflbed
vol une) .and haggésolutlon f|| 6(red t hrough. a p rqgen fre

filter 68 F PR IO G APSAIa - ST g drd Bhege,

gener at eghyb¥ntYEbEP 186 DE0GAIRCHIUS2008,-0666 501 Nsaihatised @b be
filament ous phages in PBS with an equal volune of chloroform The

sol ut i o FRd aVEFHt BREFEIT O | TP lga CREBF L 100 sthe\ At IPodigsaviFBoble
t enper atgyage( RTrhande Gedtd1dlead e 18:20808¥%9.f0r v MWohndBelhcaguUeOUS

and chl oroform sol utions were |left uncovered in the hood until al

chl or of &@diasi BoEsPeRE & apcirdteedakd EherPragtuspdifed ithepBEndbng ref
ori gi nal,val uiB,aPhage #nlsard xh\@aﬁao@l s&y%g&ma&%@ cating 500 al

of 1 x 1013 phages in PBS ©on ice for sec using ultrasonic cel
di sruptor (INMO&7bsen cHeaemSydt et a:a?crhm@énée Nvat Usig)ds the Fc

InveSti%§§J€1gnogfaiﬁ%ﬁﬁgaf%ﬂhf%ggf%%abkggeiﬂ.thﬂf%tein G, a fragment
thereof containing the antibody binding portion of protein A
{(i.,e., binding domain B} or protein G, or a variant of protein A

- or protein G. In another embodiment, the protein A variant is
the variant having the amino acid seguence of SEQ ID NO:1. When
an antibody lacking an Fc region is used, it must be directly
digplayed by the phage.

[0048] Filamentous bacteriophages are a group of structurally
related viruses which contain a circular single-stranded DNA
genome. They do not kill their host during preoductive infection.
The phages that infect Escherichia coli containing the F plasmids
are collectively referred to as FL bactericphages. They do not
infect mammalian cells. In cone embodiment, each filamentous
bacteriophage used in the methods set forth above is
independently selected from filamentous phages Mi3, f£1, and Id.
In one aspect, when a first and a second filamentous phage are
used, each phage is of the same subtype and is selected from

filamentous phages M13, f1, and f£d.
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[ 0070] The | evel of aggregation of both a 12 am no acid fragnent
corresponding to am no acids 71-82 of the human asynuclein (SEQ ID
NG 7), thewoane/mbozhewy bodies, and the conplete reconmydiamnzoososseso
al pha-synucl ein protein were tested and anal yzed. [ 0071] The
ability of filanmentous phage to prevent and di saggregate both the
pepti de and the reconbi nant al pha-synuclein was exam ned. The | evel
of a-synucl ein aggregation was determ ned on the Thioflavine T (Tht)
and protein filtration assaés as described bel ow. Al pha-synuclein

fibrils and%KPhihRcsushphagesr vetidiss sunlantdgogy epeeifioh to a pro-
nlcrosccﬁﬁﬁlammat5997g £ bR: QL der o@&ﬁgﬂéiﬁetEﬁéé”ﬁlnd%thggﬁE'Bgrtlon

effect of the fil amen%'ous phage, 3)00 al “sanpl es of a-synuclein
f ragmentofs palwrlﬁglalmlh@nacwe resiigeesedl1t82dbfp s Yo Ipeoiewsr en its

i ncubat lLeSi Xop Y/ LS $489 f nt.Qu e
were i n(;%q'bxfaf%eg Wi t éy%ggil at e&o%te}p e f%jr{praéé%rn(}l%og%o% gﬁgg‘v\éle e
Two concentthat pohspeptpdhagtss hmrths@ﬂ,agededaslé)lﬂﬁsmbra@d-otaiﬂn/ with a

Pepti de sa Ies iluted,into _an aq aM Th qutl nto a
Fihal CcOTiuR Fael oRtareshs i el P Preb et et "atkptdy
2010/ 06G»&2RGH PB3089196665%licesi aB at Fd8Qonnmyings Lwaatifl tedt A
significant 43%redu‘giJ on was detected,in the sanple containing the

anmount ST OF612/ fE® pRages A i WEdF§ 47 ERGctTon ith VaritssYoRt aPRagRs

nm (Fi g.andAkoat pr{a@@ﬂaé AL 2501 € 1 b $0dvheneshbhder angAtL88i 88:
el ectron m croscop i] h&%’é% npl es were | oaded on carbon %I’I ds and
t

wer e coé"flédp\ﬁpf:ﬁlﬂré Aeipn VERE . skl REREHi iV nfLénPyoEREn

asynucl ey pegt Eeemlﬁbgnecia@a&tot@mua&hof(sgggmea%faubrl hsokn BpdeDse
formwere detected (Fig. 211, left panel). A Substantial reductlon in

the amowitd Erdveoapl exP89) of P |ll§’1f9|esa\‘ﬁﬁ§Yv©§V\7é%ICW¥ﬁ lrres aifpiiéable to
I ncubat ed- 1.8 %Qéﬂ B ngsEQeKé 1 ncybatedpui 10 103 &/

phages, "no fibrils were et ecte only gm)rp fious aggregates were
-~ visibte gtFiad.- 212399 i @h@lcﬂeB%rrmarr,l @Iﬁ@lp)anenghOWB}is\iw@trtlugl faresgas

Cel ! U| ar ragg. se uel[lggg4:1 T hgﬁéo C\?éil l}énr(li) A9 éYSY I S a
good candi e°F3"lise" as ce | s @ dopam nergl cCearr.
The cel |ssmwepekseabay. 1 rm&‘?;e(amidBwenb ¢heal ) dzuque human

a'sy”“C'eiWOQEB?I%D%nEhSmH“5§Qéna'S ””ik%%%té tggpebinds the Fc
portion of immunoglobulins is displayed by its fusion to the
minor coat protein {(protein III) of a filamentous phage.

{0051] Methods delineated herein also include those wherein
the patient is identified as in need of a particular stated
treatment. Identifying a patient in need of such treatment can
be in the judgment of a patient or a health care professional and
can be subjective (e.g. opinion) or objective (e.g. measurable by

a test or diagnostic method) .

Pharmaceutical Compositions

[0052] In a related embodiment, the invention provides a
pharmaceutical composition (e.g., pyrogen-free) comprising: (a) a
first filamentous bacteriophage displaying an antibody specific
to a pro-inflammatory cytokine; and (b) a second filamentous
bacteriophage, wherein the second bacteriophage does not display

an antibody specific to a preo-inflammatory cytokine. In one
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al pha- synucl ei n expressi on was determ ned by Western blot. cells
were stained with al pha-synuclein antibody to visualize Lewy bodies.

[ 0075] SHw¥¥10Rbd7$ Stably transfected to over-expressdaikboososssse
a-synuclein were grown in 10 cm di shes and nai ntai ned in DVEM Hami s

F12 (1:1) nodified nedi um containing 1% non-essential am no-acids
(NEAAs) and suppl enented with FCS (10%, glutamne (2 m\V),
penicillin-streptonycin solution (1% (Biol ogi cal Industries), in
hum di fied incubator at 37C with 5% CQO2.

2010/ 06GFPSPET/ B32089F08S 650 amsint oups page afléa‘?mnqﬂdry §o6&r &#PFon of

a- synuclgigp athg hx)ﬁﬁhﬁl%z@“@éiw 6 WasrReh LAt Bl &5 therCahbiher
extraction deScribed by Lee et al. (2004) as nodi i ed by the

| abor at gpestt, tﬁéeps%@ml FihAIenGOslS BhRER| gddtielemr er gloeisnsel wit h
PBS, tr ry:psi di.sh.c
m%hqfaége anﬂ l\:’)}(va%(:ﬁedéléé.rl)1 aIPltR 'Een b% %(%%15%%1 ta91t§ éé? on to

t ube, cent agaln w y col
an Eppendanf at GbenyCeld sameirgen psed- mmyhoﬂ;ﬂ)os(rﬂtzbmfd&er Tn( sonlhiamdither

20MM Tris pH{7. 4, . 25mM KC Cl2, 25M crose,. 1% Triton X— 100
2nd pr oPBREE S nkRE: PO X LG ge PREESURETT T EdY CEenpet
r emai nedi sipleyhat edaahamomm drepanatinte rhat i 18 pém. siapdicenti) f uged-

at 13,000 kg for 10 m n. Supernatant was collected and placed in_a
separ at € YEFSRdSr PRt Lgen e leFyadicledy anhobedy hadr nd iddper Rapantoid

shoul d Qe tt%f%‘ \fg%tp %\];5?10 »el Let i %%t_l on). The pellet with gently

covered w ontarning 0.1m Na2CO2, pH 11.5 and a protein
i nhi bi tor mMoRGAlen wrichaspeot xohgtlaie emimdiated , ovbe ngegdwndt 4C. This

al | owed .t h r.ot gins to resuspend in_the buf FoIIo t he
hcober paneeRiabRa0e 19 S9P ARG hOok Sactid & astckovthg

tip and sdiceaar &edteflneph@gmum raguv&hmalhatadtmmxh@pzragelmr ked as
"pellet". T pernatant and pel |l et extra re k t at -20C and
anal yzed by[%%‘slhle_[rlh I effoaﬁ]ﬁg 1t e ﬁé’uﬁPGSf o113 BT

i nsotubligfaaspadeke Bytbhage 100 ichy 196 F084]and afddrst ynofre

differentiated SH- SY5Y cell s foll ow ng incubation with phage was

tested BSTHGPhe FMRTYRRaGRDCTCASPS Sher ENPNELHAL e?f‘%?éﬂﬂp&ﬁﬁewl?hthe

1x109 angm-xkQilonhagsesi g lad %r@l%@d%ggeehaié tNorrce) | deakhinas
observed follow ng the incubation (Fi
another aspect, the first bacterlop age does not comprise a

mammalian cell internalization signal.

[0055] In a further aspect, the composition is formulated for
intranasal administration.

[0056] Techniques for formulation and administration of drugs
may be found in "Remington's Pharmaceutical Sciences," Mack
Publishing Co., Easton, PA, latest edition, which is incorporated
herein by reference and are well known in the art.

[0057] Pharmaceutical compositions for use in accordance with
the present invention thus may be formulated in a conventional
manner using one or more physioclogically acceptable carriers
comprising excipients and auxiliaries, which facilitate
processing of the active ingredients into preparations which can
be used pharmaceutically.

[0058] For administration by nasal inhalation, the active

ingredients for use according to the present invention are



WD 2010/ 060073PCT/ US2009/ 065659 Filter retardati on assay [ 0078]
For protein aggregate filtration, a comrercially avail able slot bl ot

devi ce (BiwoRathideaaor atories, Munich, Cermany) was usetcraddilofssceer e
filtered through a bl ocked nitrocellul ose nmenbrane (0-.2 Am pore

size, Schleicher & Scheull, Dassel, Germany). After filtration, each
sl ot was washed with 0.1% SDS. Al pha-synucl ei n aggregates were
det ected using the nonocl onal anti body LB509. (1:10,000) with a

secondary HRP-coupl ed goat-anti-nouse anti body and finally visualized
by chenidaisiESeédvedepbreTedntt rike @aft PEi 8Bt pRFORPL PAE® ot was

per f or mgd- M dit 281 GPBERbM Ve - Pressuri JL0E3LKEGYAl RLNRE! 5 .0%,:68l LBP8Ee

10 cm di'sh were added and allowed to réach 80% confluency. At that
time, cef & rigablearedrolidnti i «r-endighdanesibiuphrertfane, 24 and

72 hr. | §h W8l 1t,he t e, e

oAl ysedt AR LBEREOLAEE] T CRPERED Bt RSB R Wbon

over exprdEssiifg .wi Rdneppe spsynucileiah weee nntubagetraid prestorakedf
1x1012 s for.,a-period of 3hr.. qr -.overnight at 37C. .The sol.ubl e
In L o RGeS, Aepf BEEL 0% Ol S 1 Peg AR, RBb R b TR 8E s
filteredigent diegh iatBaRAsani ddmceidtudadennenbnatkee déwe asuntprebsurized

- | ei t tained on the filter s, hi gher, j.n the
int 1 oat AFTRETY FPEQaSaASe 1Y SAD BF SERGETEPACoRY gorgriding a valve

[ 0080] At EldeSAviee demecbredli gadid C SROEeLEss0hnd- Syl Bidx CEl - Agpaf
et al., 2(5%% was nodified in order to neasure the anpunt of
a- synucl<% 0 §8FfeP§ei hot e SREGISRH 8o REt FORMSF M ISHEVEPRIEPRES fn

or der tggdimeac&niecnbf Oht JOPRESA A3 Q@i%éﬂ?e@&ﬂ%&@%eﬁ@hbﬁogéf

enpl oyed for coati ng (conjugated to biotin) was used.
2010/ 060GFHCT 8526091685659

[0059] Pharmaceutical compositions suitable for use in the
—— context of the method of the present invention include
compositions wherein the active ingredient{s) is contained in an
amount effective to achieve the intended purpose. More
gpecifically, an effective amount means an amount cof active
" ingredient (s} effective to treat Parkinson’s digease.

[0060] Determination of a therapeutically effective amount is
well within the capability of those skilled in the art,
especislly in light of the detailed disclosure provided herein.

[0061] Dosage amount and interval may be adjusted individually
to provide brain levels of the filamentous virus display vehicle
which are sufficient to treat (minimal effective concentration,
MEC) . The MEC will wvary for sach preparation, but can be
estimated from in vitro data. Dosages necessary to achieve the
MEC will depend on individual characteristics.

[0062] Dosage intervals can also be deterxmined using the MEC
value. Preparations should be administered using a regimen,
which maintains brain levels above the MEC for 10-3%0% of the
time, preferably between 30-90% of the time and most preferably

between 50-920% of the time during the course of treatwment.
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[ 0081] A 40% 50% reduction in AS oligoners was detected in the
insoluble fraction of cells treated with phage both 3hr. and

over ni ght ywacehakben (Fig. 48). Interaction of M3 phaggwdheosseso
a-synuclein in cellular nodels [ 0082] Al pha-synuclein (AS) is a
natively unfol ded protein |ocalized at presynaptic termnals. AS
readily incorporates into nmenbranes through the N-term nus and thus
exists in the cell in tw forms: a nenbrane bound and a di sordered
cytosolic form _Accunul ating data indicate that the menbrane form of
AS pl ays a [0§6e] ihereadingpaPit BRE cF¢ YL Mo eed FREPSREAERFAnnul ar
struct urgsenhedded; 98408 C2le MRARLRAC ANELEANSE JRTDIRREng can be
pernmeability. It was recently denonstrated that” AS has a propensity
for hi gl caggredat ponai Blutrl e sénednshipt pigtonthd witkdt thgecourse of
menbr an t [ gati.gn, of y ic. f f
S et e e R e A A

t r eat mermtimiintlh imnl dft ylpe FadiB)ndan @amdiitease phbges io SHi8Y8Y.cel | s
over - expr essi| .1 d-type AS.is presented. The,menmhrane fractiqn-.of
the cells ngéﬁ%ic eﬁnﬁsPﬁgaagﬁgﬁﬁ?gﬁéméEPrggt?@%l%}?tiﬁﬁifﬂ'%ﬂ R
det ect i arourge\ébtedapbhdéntanal wsiss sufeconbyingrerdd apnaier severity

det ected,_ bhut A Lners and trinmers wer so detected in.the .
ronhr e Bs PORL(EELOm RS GUGIBEEaPEnGE HE Sh it DhYSAg1an.

ol i gonersg:-d.n nenbrane conpartnents in our cellular nodel. The effect
of filanmentous ?hage on qligonerizatiqgn of the AS nenbrane foll ow ng
i ncubat i on Wi°€R qu“@!?éﬁltéeélspﬂﬁﬁ‘ésm S h ST R PFgEI:le SREEHISS.

SH SYSY iGRIdns 1 Wl Badl fierendiated HesiREcbRELAOLE AR WEBenser

i ncubated overnight with wild-type phages at_|ccu- phages/ m . The
menbr anéleiigeri GHShwes e xEP ARy Xvse Kok oWi-heh dey HRNteampPes oF
each extfAct QR WBEE2JEABYHRY d QI LiRS n8MPHAt 20 1 A5 Qld-A0MMRNS 1 NTas
ELI SA designed to recogni ze only ol igofreric species of AS (Fig. WO

~ 2010/ 060G E3PORY 1152009465659 SBPrigesimghnl | earplasdiwctliodd .i supl as a
ol i goners, .f me [ ' - :

ol ow 1 TReBnRrc S wiih §iThntn BaptiRsreasvlod b, bk Skpkbihna o
phages dmsASuaggeegafoonadxiniadtred iformom The pacbrane forscisiegnmay also
suggests that the wld-type ages affect. AS on .t | asnma .nenbr. ane,
po9s bl PR caTPESREF: B KRR ER SR LHP QUG h Ty Eaueryee LA
denonst riatrad piregbonbedl byt £r@std-oienteat adeaty argna acdids tha- 85 of
the NAC region of AS. It is also O?Fible t hat due to the Iong ,

i ncubat GHGRCEHESc el FS %tE‘rFﬁﬁh PRAFTERENT DR Trerit SPHAE pRages
are int eddrld-zedel Btoaﬁbﬁbﬂo@ﬂ l1s, affeealyeRgy0bhefndersaREUE ne
conpartnents in the ce ot her than the plasnma penbrane. Bi nding of

the phad¥&PCsitREnEePT shWidh PosE e rRRY eR AR LTV Fay FHGRoPEELCE:
cl ear anc®,,0f.xakpha; syaychei &k firguithe BLasH%e e .y .oegld and
activation of |ysosnmal degradation. Studies of 3 interaction with

a- synucll&iuy @€invagistansieni Foninesssderion fuvgs ek o s@pgeved

[ 0084] RiXHaReSYRUELEl N ESANRBANId bRt Pal hhe) AN NONLLANSGERLE
m ce ag 7 nmonths received intra- |ppoganpal inj'ections wth M3
phage atirvweb@isnafdrithkabediits avsrogpandbyeephyroaysitiatedr dey riEE Way h
ant i bodi es, agai nst_al pha- ucl ei n, n m.crogli.a

Bt vat IS R ARGRAT N TP arh 28t PP E e s Core e aReiy "™ Labe1ea
al pha- syfuicleeenthgnt o8 amj Boiiethtwd koIt idl 3 dsmihdstraiheimgenasled
observed_.in neuronal cell bodies in the neocortex and hi ppocanpus. In
the hip Afpus ML3 i mmunost ai ni ng was al so abundant in the neuropil.
The aver agegpéahermn enengui-enahl 2goERG @GR, ahsyHeLet loNasrseaiy ed
in both hem spheres of the brain after ML3 injection in one

hem sphefid &9d tERa5pRAFEIBEMT F U SEAEnECTPRE] 1R@hi &t SSRFERE ot her

hem spherg Apdrkhe (Eat ) of peimeen e BRaSHL SR Soidyd RE $ARYF&ECan

antibody specific to a pro-inflammatory cytokine; and (b) a

v
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WO 2010/ 060073PCT/ US2009/ 065659 perforned within a w de range of
equi val ent paraneters, concentrations, and conditions w thout

departing {bOmoiddgzspi rit and scope of the invention angdhekseso
undue experinmentati on. 10086] while this invention has been

described in connection with specific enbodinments thereof, it will be
understood that it is capable of further nodifications. This
application is intended to cover any variations, uses, or adaptations
of the inventions followi ng, in general, the principles of the

i nvent i Giecand fAcPBENREUS URRCRIpaNFgEs heKeERe Y e3ITAdi scl osure
as come W thi g ‘hC Lt hl N rt to which
the i nvéjw'lﬁtc?cgrﬁ{aL 8%?1? %ngégﬁéﬁ %‘grggla%?]%é/a gtpj)'p))l ?eﬁgrﬁl@é%héerh:csegelnti al

f eat ur esirii@rsipdbehdienseigiakt h(ids feel bowsninlehe stowgerofornt he
appended_cl ai,ns. .1 0087] , Ref.erence to known nethod steps, .

P hvont I A P3R5 LRPBRE. hriowrr Meamb e B e iRt o Rar T RAT B s i s
not in amyivadyanoadiissi on ditatboaly spepe€lic €6SLrpydlinTleimatory
embodi nent of, the re?ept, invention is di sc#osed, t aught aor suggested
in the &t ﬁLF"af“g‘?'- ) YHYEEC RS GrEGoT @n%]e%d?%%{qdoﬁfof-lstl the

speci fi gienbedi-pent Sp-kinssh falldikaz@weal the general nature of the
i nvention that others can, by appli/i % know edge wthin the skill of

the art (i AOPEdl FFHiRg &6t ERRSToF LY HEESUTidednEBs YUt et eitile same

readi |y ymdi ¥ ARALOL-848D} [ie MAJSAUS nEBRLH CALE ONs RHGR, speci fic
enbodi nents, w thout undue experinentation, w thout departing from

t he gendcdlopéngepranple Hehirlesentrionidat by. wIheplefigrlaistagghon and is
adapt at i.ons . ifiLcati LAl e i e i3 N he meani ng
and rané%raoflﬂg%ﬂﬁggl JEé!rjlt}géo ﬂt&htglr% §3crflt gggdgg%g%%?%‘{%ﬂggéed on the
teachi ng and gui dance presented herein. It is to be understood that

t he phraseol ogy or term nol ogy hereiBXaM@LEor the purpose of
description and not of limtation, such that the term nol ogy or
phraseol ogyl 00F 8f IEhepreepentmepesl f reatliton irs thd sbexamp b piatadtnatiche

skilled artisan in Light of the teachings and W . _
2010/ 06 ?39&??892869%6%@6@@2% d%ﬁ’@@ B%eééﬁ%%@r%fem Gfh a-synuclein
conbi natigeReWhtBst havknewk edgepf erecetnesdings yeskill in the art.

Preparation of filamentous phages

[0069] M12 filamentcous phages were prepared from infected TG1
Escherichia coli cultures with M13K07 helpex phage (New England
Biolabsg, Beverly, MA) in 2¥YT broth containing 50 pg/ml kanamycin
(Sigma-Aldrich, St. Louis, MO). Bacterial cells were centrifuged
(8300xg, 15 min), and phages were precipitated from the
supernatant by addition of 1/5 {wt/vol) of 16.7% polyethylene
glycol (PEG) and centrifuged (14,000xg, 1 h at 4°C). The pellet
was resuspended in sterile phosphate-buffered saline (PBS) (3% of
the supernatant volume). Residual bacteria were removed by
centrifugation at 6,000xg for 15 min, and the phages then
subjected to PEG-NaCl precipitation. The pellet was finally
resuspended in PBS (2% of the supernatant volume) and phage
solution filtered through a pyrogen-free 0.45 um filter to remove

any residual bacteria. Spherical phages were generated by
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W02010/ 060073PCT/ US2009/ 065659 REFERENCES Benhar et al., Phage
di splay of single-chain antibodies. In: J. Colligen (Ed), Current

Pr ot eocol syighelodgsae! ogy, Vol . 10.19B, John Wley & Sonsgyab
(2001) Berdichevsky et al., J. Immunol. Methods, 228:151- 62§}§0985§§)§9

Brent et al., Current Protocols in Ml ecular Bi oI ogy, John Wley &

Sons Inc. (2003) El-Agnaf, 0 M Jakes, R, Curran, M D, Mddleton, D,

Ingenito, R, Bianchi, E et al. Aggregates frommutant and w | d-type
al pha-synucl ei n prote| ns and NAC peptide |Induce apoptotic _cell death

I n hunarnfebadEras enhl LaTeREBis MAASES 6R BPSbE Bl stiedugrdd volume of

arryl oi chHJ]"cﬁ:Jﬂo&%”Emrﬁe FEERR 161 LRSS vott@xdd- g 12 éﬁ%’é)eac@ fégn@f) 0.
. FASEB J. 20, 419-425 (March 1, 2006, . Fahn &

SuI zer FeNSundde genepan i vrmeark ivalsr dpot andi @ﬁnt‘rwﬂlweld r@@ﬁ%ﬁ@é%@s
NeuroFu foflll%gn%54Bg€HO4%ueous and chloroform soluticns were left

uncovered in the hood until all chloroform residues had
evaporated and then resuspended in PBS to the original volume.
Phage integrity was disrupted by sonicating 500 ul of 1 x 10%
phageg in PBS on ice for 15 x 5 sec using ultrascnic cell

disruptor (Microson Heat Systems, Farmingdale, NY, USA).

Investigation of a-synuclein aggregation in vitro

[0070] The level of aggregation of both a 12 amino acid
fragment corresponding to amino acids 71-82 of the human d-
synuclein (SEQ ID NO:7)}, the core of Lewy bodies, and the
complete recombinant alpha-synuclein protein were tested and
analyzed,

[0071] The akility of filamentous phage to prevent and
disaggregate both the peptide and the recombinant alpha-synuclein
was examined. The level of a-synuclein aggregation was
determined on the Thicflavine T (Tht) and protein filtration

assays as described below.

Alpha-synuclein fibrils and filamentous phages were visualized by
electron microscopy.

[0072] In order to evaluate the anti-aggregating effect of the
filamentous phage, 900 pl samples of o-syanuclein fragment
spanning amino acid residues 71-82 of a-synuclein were incubated
for six weeks at 37°C. At this stage, filamentous phages were
incubated with the aggregated peptide for a period of one week.

Two concentrations of phages were examined: 10*2/ml and 10''/ml.
Peptide camples were diluted into an aqueous 0.3 pM Tht solution

to a final concentration of 225 puM. Samples fluorescence
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Forloni, G, Bertani, |I., Calella, A M, Thaler, F., & Invernizzi,
R Al pha-synucl ei n and Parki nson's di sease: Sel ective
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neurons in vitro and in vivo, Annals of Neurol ogy, 47:632-640 (2000).

Forno, L. S. Neuropathol ogy of Parkinson's disease. Journal of

Neur opat hol ogy and Experinental Neurol ogy, 55:259-272 (1996).
Greenbaum E. A. Gaves, C L., Mshlzen-Eberz, A J., Lupoli, M
A., Lynch, D. R | ander, S. W, et al. The E46K nutation In

al pha- syﬁmkﬁ%%Q¥ ﬁﬁcﬁgas@@ Wy | DranFifed- £ 8r AhgRdhlicTBuriddl refuction

Bi ol ogi C\,?As q&@&%&ylnzgﬂe g&%%%ﬁt@%@ﬁﬁ% FE@%&@@ 10?@.@“%

recognition motifs involved in the binding~of integrins to their
| i gands, pikighteys| Niewadt Pynal yedic G458 8a9enioolyn Kaly 440 aim (FRaagehr) .
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Zhang, PmLCﬂdﬂympye (TBM) . Pet@maghlesS.were loaded on carbon grids and were
coated with uranyl acetate. 1In the sample containing only the o-
synuclein peptide, significant amounts of complex fibrils in a
dense form were detected (Fig. 2B, left panel). A substantial
reduction in the amount and complexity of fibrils was viewed in

0™ phages, while in the sample

the sample incubated with 1
incubated with 10%*? phages, no fibrils were detected and only
amorphous aggregates were visible (Fig. 2B, middle and right

panels).

SH-8Y5Y cell cultures as cellular model

[0074] The neuroblastoma cell line SH-SYSY is a good candidate

to use as PD model since it is a dopaminergic cell. The cells
were stably transfected with the wild type human ¢-synuclein gene
and the mutant .o-synuclein A537T gene.

e alpha-synuclein expression was determined by Western blot.

*» cells were stained with alpha-synuclein antibody to
visualize Lewy bodies.

[0075] SH-8Y5Y cells stably transfected to over-express A5S3T
ag-synuclein were grown in 10 cm dishes and maintained in
DMEM:Ham's F12 (2:1) modified medium containing 1% non-essential
amino-acids (NEAAs) and supplemented with FCS (10%), glutamine
(2 mM}, penicillin-strxeptomycin solution (1%) (Biclogical

Industries), in humidified incubator at 37°C with 5% COs;.
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& McCeer, P. L. Alpha-synuclein and its di sease-causing nutants
induce ICAM1 and IL-6 in hurman astrocytes and astrocytonma cells.

FASEB Jour wal201048002900- 2008 (2006). Koi vunen et al ., "lpii2bdoResced
132 integrin-nedi ated | eukocyte cell adhesi on by

| euci ne-1 euci ne-glycine notif-containing peptides, The Journal of

Cel | Biology, 153(5):905-915 (2001) Kosfeld et al., "lIdentification
of a new cell adhesion notif in two honol ogous pepti des from t he
COOHterm nal. cell binding domain of human thronbospondi n* The

Jour nal < IBH#PdGi cal Chenistry, 268(12):8808-8814 (1993) Kruger, R,
Kuhn, W, Miller, T., Witalla, D., Gaeber, M. Kosel. S et al.

Al a30Pr 0 miv&f6drFdm Sepergsnenent ot el lsiia, syhacles s ipr@a?ddmmbs

di sease 8 Gg 1 06 8
GCRAERLCSY é?fl }&Qﬁ% &%E‘ L %%1#7 :

Lee, %F“ Jg:h 9 §° JeR&? t aILoeglyanl ne’
tetras uI foo0a) es safibd 1edizeb:1ant;heolleh1:fomarn:atyoaf atige qy:te:ﬁemu cdirtvgnabrs.
al pha- synucl B chem str %’23 9%1 % 200 . e, . H J C.
I R s b e e e S
Origins tmj@sehf p@tfsdmfshea«brmcﬁielwltaf a- syhuctebs, éémiﬁlqﬂige@’l&ntinwashed
Par ki nson' s Dlseg e, J, ﬁ)l. Crrﬁ:i}’ 34:17-22 (2008) |\/BS|I%h et
al.. EfPEELS UFTA. ERUEPLIR S niinieRIe R PR GO bRsppendoxt tu

Cells were lysed with 100pl buffer T {containing 20mM Tris pH7.4,
25mM KCl, 5mM MgCl,, 0.25M sucrose, 1% Triton X-100 and protease
inhibitor mixture), pipetted until no cell clumps remained,
incubated at room temperature for 10 min. and centrifuged at
13,000 kg for 10 min. Supernatant was collected and placed in a
separate Eppendorf tube marked as "sup" (note that no supernatant
should be left with the pellet fraction). The pellet with gently
covered with buffer N (containing 0.1M Na,CO;, pH 11.5 and a
protein inhibitor mixture) without mixing and incubated overnight
at 4°C. This allowed the proteins to gently resuspend in the
buffer. Following the incubation, the now cloudy buffer was
removed using a small pipette tip and discarded. The remaining
material in the tube was marked as "pellet". The supernatant and

pellet extracts were kept at -20°C and analyzed by Western blot

to guantitate the amount of soluble and insoluble e-synuclein.

Phage toxicity

[0077] Viability of differentiated SH-SY5Y cells following
incubation with phage was tested using the MTT reagent. Cells
were incubated overnight with 1x10° and 1x10 phages/well in a 96
well plate. No cell death was observed following the incubation

(Fig. 3).
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Pol ymer opoul os, M H., Lavedan, C., Leroy, E., lde, S. E., Dehejia,

A, Dutra, wo.z208b6ed73 Mutation In the al phasynucl ei n gengtngandslobised
in famlies with Parkinson di sease, Science, 276:2045-2047 (1997).
Saggio et al., CGene, 152:35-39 (1995) Sanbrook et al., Mol ecular
cloning: A laboratory manual, Cold Spring Harbor Laboratory, Cold

Spri ng Har bor NY (1989) Seo, J. ti.. Rah, J. C., Choi, S. H, Shin,
J. K Ki m S., et al. Al pha- synucl ein regul ates neur onal
SUr Vi vaIF |t§rB&'ft§rf’§ﬁ11?‘§ %5§f#%ssi on and Pl 3i Akt ki nase pat hway. NBSEB

Journal, 16 ob&%@ FJ&Q% @Q%) agg{i‘\%i@é%ﬂ@.@%@%ﬁ I HS26RAé BEDLS,

Spi || antl ni ow her A., Jakes, R, Elasegawa, M,
Goedert avwl&béﬁa%yhuél@t ev-9e | @enReds LrReratewiRs oMWdRP bodi es

from Pardsaog) S ydlsSease anhASRNtjceneicLevy bodhes, Br oaeediags of

t he National Acadeny of Sciences of the United States of Anerica,
95: 64691164’!@0@1998)>S€Staﬁtgbra]ne Y(O- . mn porpabkze S Squleipdier, &) SCF—-Eull

Ahn, Y. 3 gganngIS §g¥‘ fy}éy;ogeuéggﬁlsfé%l %E%I with

RabSAdepenS'ent’ en ha- synucl ei n. Journal ol ogi cal
Chenlstmy1623@8274A1pﬂ§4§§n4dlﬁm@.aggregates were detected using the

monoclonal antibody LB509 (1:10,000) with a secondary HRP-coupled
goat-anti-mouse antibody and finally visualized by
chemiluminescence. Densitometric guantification of PAF blot was
performed with SigmaGel v1.0.
[0079] Egqual numbers of cells per 10 cm dish were added and

allowed to reach 80% confluency. At that time, cells were

—— treated with different amounts of phage for 24 and 72 hr. Cells
were then collected from each plate and lysed and analysed, as
described below. Differentiated SH-3Y5Y cells overexpressing
wild type c-synuclein were incubated with a total of 1x10%
phages for a periocd of 3hr. or overnight at 37°C. The soluble
and insoluble fractions were extracted and the insoluble fraction
was filtered through a 0.2xm nitrocellulose membrane. The amount
of o-synuclein aggregates retained on the filter was higher in

the untreated cells (Fig. 4A).

ELISA of a-synuclein oligomers

(00801 An ELIBA to detect oligomeric species of oa-synuclein
(El-Agnaf et al., 2000) was modified in order to measure the
amount of a-synuclein oligomers in the insoluble fraction of SH-
SYS5Y cells. In order to detect only oligomers of AS, the same
monoclonal antibody employed for coating (conjugated to biotin)

was used.
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Vesi cl e permeabilization by protofibrillar alpha-synuclein:
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i Beace. | B QORI AP 1. TE49Cr 578 T205)>) GOIREs, VRF Jeceqed in the
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J., CGonez-Esteban, J. Lezcano, E, Ros, R, Anpuero, |. et al. The
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derrentla Annal s of Neurol ogy, 55:164-173 (2004). Zhang, W Wang, T,
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al pha-synucl ei n acti vat es m croglia: A process |eading to disease

progress'on[dg%fz'?aﬁxk g0 &'iéﬁ@s §A§'§B Jﬂaﬁﬂ%z%%éﬁ%e%‘%&%@%)

CLAI V5E: nt o acterlo age for use I'n treat
Par ki nsdwcldizedasé presysapptd bqenntlylatl@ Pas ki esdil s Jmcsve:a:sveatwhenem

the filapgalous b%ﬁtg” RP @I%%eN 408%,79L dl épL%X e;lls‘?ts TRk .an E?' bn

|nternaI|zat|on SI (II a-synucl ern an I gen or a- synuc In

ant i bodywoort ofrinisi: )aam(eﬂb:emryé d])Cderi'ltaI‘g]EIa disbrdarsd Ol}d:cai’dﬂllbl()dprm.
Accumulating data indicate that the membrane form of AS plays a
role in cellular toxicity. Protofibrils can form annular
structures embedded on the cell membrane and cause membrane
permeability. It was recently demonstrated that AS has a

-.— . propensity for higher aggregation in the presence of lipids and

that the membrane aggregates can induce aggregation of the
cytosolic form of AS.

[0083] Here, the modulation of AS oligomers following
treatment with wild-type (M13) filamentous phages in SH-SYSY
cells over-expressing wild-type AS is presented. The membrane
fraction of the cells were extracted using a membrane extraction
kit (MBL)} for AS detection by Western blot analysis. Not only
were AS monomers detected, but AS dimers and trimers were also
detected in the membrane fraction (Fig. 5A), demonstrating the
existence of AS oligomers in membrane compartments in our
cellular model. The effect ¢f filamentous phage on
cligomerization of the AS membrane following incubation with
filamentous phages is shown in Figs. S5A and 5B. SH-SYS5Y cells
were differentiated using retinoic acid and were incubated

overnight with wild-type phages at 1%

phages/ ml. The membrane
fractions were extracted the following day and samples of each
extraction were measured for the amount of AS oligomers in an

ELISA designed to recognize only oligomeric species of AS (Fig.
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2. Afirst and second fil anentous bacteriophage for use in treating
Par ki nson' s di sease, wherein: a) the first filamentous bacteriophage
di spl ays awoemntd/idsoxty specific to a pro-inflamuatory cytmEkiviooaesksy b)
the second fil anentous bacteri ophage does not display (i) a mamal i an
cell internalization signal; (ii) an a-synuclein antigen or
a-synuclein antibody; (iii) a anyloid antigen or O-anyloid anti body;
or (iv) an antibody specific to a pro-inflamatory cytokine. 3. A
phar maceutical conposition conprising: a) a first filamentous

bact er i GfHage AdEdpnafi ey anrediIHicdy 18paEi P EIPBeEs pitev HhiearsRPERYS

Cyt oki n&rac)iof 9850RLatdl &Me QS RaGt gLl 0RNAGE: oWMIR] Gidubie 1 8RCHNGN
filamentous bacteri oghage does not display (i) a manmalian cell

i nt er nalfiiZameahovbgphdges i | )Thi sifipvtcPEi nildat t e WragessymuéPein

ant i body; z | Qi i - i i - or (i

ant i body SSEsErEr oty SErBPLe @ Al o AKELAL PELARR iladileth Eflac
phar maceultsl eallbytgpeephadde afadteAS ondthéA pbapoesinsmraher, preatbhy

a patient. suf.ferin rQmor Ssus. ible to Parkinson' s .di sease

Shorei n e SoREbe TRt hes ol EEE B i ahdab ot T et Y AR Rs eratea
wher ei n ddag ohi banment enscbihet erdptmye tdaasndoictdsplmmBy iof ahe NAC
manmal i an cell i.nternalizati si gnal ; %i i;l an_a- st}/nuilt?ei n_antigen or
a- synucl&EHOmPEbday: OF ¥Fi3)5% RPS#hPLsi Gaht fdRn- - dmPoi d

anti bodyincubatIbg 6F| enenésLss haclehepbagea ofdmgl Rigarhentagehes the
pharmaceutical conposition of claim3, wherein_the filamentous

bacteri FPRLGE 6F§pFﬁ'§/‘FW@|a]ahz%ﬁ1t3ir}§6’_tijh§p§€Hfcaf%e%tlﬁ?‘—’o-ﬂtﬁ‘fePfaf?ﬁEPBFE}ous
cyt oki ne.figRschehcdi SR el acdBMBHAN 168k that ST M ZRIRANS. INBknding
6. The filanentous bacteriophage, pharnmaceutical conposition or
conposi tAfoiki6f PAAFEBNEC of e | 2l 1itd Bosahlblei HtHOFizate ANoBY

bact eri Qphage et Pak, 988 NOF SRl &Y ol e8n MBITR! 1180 Gldna membrane
internal’ization signal; (11) an a-synuclein antigen or a-synuclein

- ant i-bodyshrenghi pEFlvatBorngd cixbaameEilgdegordetiamyl oid antibody is a
WI fil anment ous bacteri ophage.

Studies of MI3 interaction with a-synuclein using transgenic mice
model of Parkinson’s digease

[0084] PDGF w-synuclein transgenic mice (D line) and nen-
transgenic mice aged 7 months received intra-hippocampal
injections with M13 phage at 1x10* and the brains were analyzed
7 days later by IHC with antibodies against alpha-synuclein, M13
and lbal (for microglia activatiocn). Abundant M13
immunoreactivity was observed in alpha-synuclein Tg mice injected
with M13. M13 immunostaining was observed in neuronal cell
bodies in the neocortex and hippocampus. In the hippocampus M13
immunostaining was also abundant in the neuropil. The average
number of neurcnal aggregates ol «-synuclein was measured in both
hemispheres of the brain after M13 injection in cne hemisphere
and phosphate buffered saline {PBS) vehicle in the other
hemisphere, and the ratio ketween the measurements in the
gseparate hemispheres is shown in Figure 6.

[0085] Having now fully described this invention, it will be

appreciated by those skilled in the art that the same can be
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7. The filamentous bacteri ophage, pharnmaceutical conposition or
conposition of claim®6, wherein the filamentous bacteriophage is a
UV-i rradi awecofadseorent ous bact eri ophage. 8. The fi | anmenrdmows2009/065659
bact eri ophage, pharmaceutical conposition or conposition of any one
of claims 2, 3, or 5to 7, wherein the filanentous bacteri ophage

di spl aying an anti body specific to a pro-inflammatory cytokine
further displays an anti body binding portion of protein A or protein

G and wherein the antibody, specific to a pro- inflammatory cytokine
is bound”enréotrﬁ‘@da‘r‘iﬂa:lﬁb’dya th”rffﬁp FG56T CroRIBE VPt Tt RPRWESF ot ein G

9. The fddmrBRtauscRact &fid iRt RRAWIBESUL | &8baLOMRO FirlhORNe! spirit
conposition of any one of clainms 2, 3, or 5to 8, wherein the .

ant i body$hEEPPRc °f 0t Be pF e infardo My tEHB KIS LXRPTARNENE88Y R hat

binds to IL@ge)dhirENentil! anpotous, had] &ldophagcrPbad "Be &ldiltion
conposition or conposition of any one of clains 1 to 9, wherein each

fil amentodd Baeréfioprabed iragenttieyeadm AFsvekedd ninderaesabpythay 1it
The f11 aenious, Bagk bl OHA0GoRANAIRABIL! Caby LOTRARI {00 I 5
conposi tion any one of claims 1 to 10, wherein ach 1l ament ous
bact er i apttegdegr ésentves dmdependdrioy , sebest edr fadapidi3d onkl pfahdef d

filamentous bagler Eophage,  and, mxtyres thereol, 1. The ft';n'ea”%r}éf%’ison
bact eri oﬁlhage, phar mECeut i tal cotposi ti'on or corrpcPS|et| om of celarm 11,
wher ei n ageic inkilhdiregt sush bdsiartiwupiadeopr ekenpréserMl AiscldsuTheas come

filament Qus ,bacteri ophage har maceuti.cal conposition or _conpositjon
of any SHETR EREPHEDT Sostaley RARGFdeh PHEAFR | SHbmisuge Wnah Lhe
bact er i apRege ibhapedogsn®indisphay be) applisdetd athe @ldsential
internaljzation signal; (ii) an ot-synuclein antigen or asynuclein
ant i body-S3GM T EFi ?‘)"rﬁl’FﬂP‘? oI dMGtGeASof O ARy | Bt FIEnticH88y °*aF 8%
does notaghietiBkay clhyhsan antibody specific to a pro-inflammtory

cyt oki ne. 14. The use of filamentous bacteriophage in the

manufact ur d 088 74 RAdareafentof brovhaneiihad mérPSof CPRYRIRLUIRL A d04Se,
wher ei n deheof | L3RRt QUEHARC TS IQRRAGR 19083 ROLndISPl @Y infany way an
manmmal i an Cell I nternalization signal; (i1) an a-synuclein antigen or
asynucl gidmigstipboliat opny idgpect 0davgirdptiant pyermiprditR®ngmpiorttie
antib0d¥uesent invention is disclosed, taught or suggested in the

7 relevant art.

[0088] The foregoing description of the gpecific embodiments
will so fully reveal the general nature of the invention that
cthers can, by appiyving knowledge within the skill of the art
{including the contents of the references cited herein), readily
modify and/or adapt for various applications such specific
embodiments, without undue experimentation, without departing
from the general concept of the present invention. Therefore,
such adaptations and modifications are intended to be within the
meaning and range of equivalents of the disclosed embodiments,
based on the teaching and guidance presented herein. It is to be
understood that the phraseclogy or termincloay herein ig for the
purpose of description and not of liwmitation, such that the

terminology or phraseology of the present specification is to be

interpreted by the skilled artisan in light of the teachings and
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15. The use of claim 14, wherein the nedicanment is fornulated in an
adm nistrable formfor injection into the brain. 16. The fil anentous
bact er i ophegezo1qaiseg7saceut i cal conposition or conpositi ofcipfis20domissesd 3,
wherein the filamentous bacteriophage, pharnmaceutical conposition or
conposition is fornulated in an adm nistrable formfor injection into
t he brain. 2011034 (, PA( YgexeAct 2009- 11- 24Sequenceli sti ng
SEQUENCE LI STING <110> SO_O\/U\I, Beka Di I\/El\ﬂ' Hai m M <120> METHOD
FOR TREATI 1\53 PARKI NSON'_S DASEASE <130> A. PCT

guida ted

nce presen ereln, 1ln com 1natlon w1th the knowledge of

one of ordinary skiil in the art.
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<150> Us 61/117,446 <151> 2008-11-24 <160> 7 <170> Patentln version
3.5. <210> 1 <211> 235 <212> PRT <213> Artificial Sequence <220>
<223> syntWwetzw/oedl9> 1 PCT/US2009/065659

REFERENCES

Benhar et al., Phage display of single-chain antibodies. In: J.
Colligen (Ed), Current Proteocols in Immunology, Vol.
10.19B, John Wiley & Sons, Ingc, USA (2001)

Berdichevsky et al., J. Immuncl. Methods, 228:151-62 (1999)

Brent et al., Current Protocols in Molecular Biology, John Wiley
& Sons Inc. (2003)

El-Agnaf, 0 M, Jakes, R, Curran, M D, Middleton, D, Ingenito,
R., Bianchi, E, et al. Aggregates from mutant and wild-type
alpha-synuclein proteins and NAC peptide Induce apoptotic
cell death In human neuroblastoma cells by formation of
beta-sheet and amyloid-like filaments. FEBS Letters, 440:71-
75 {(19%8).

El-Agnaf, O. M. A. et al., FASEB J. 20, 419-425 (March 1, 2006,

e —— 2006) .

Fahn, 8., & Sulzer, D. Neurodegeneration and neuvrcprotection in
Parkinson disease NeuroRx:, 1:139-154 (2004).

Forleoni, @G., Bertani, I., Calella, A. M., Thaler, F., &
Invernizzi, R. Alpha-synuclein and Parkinson's disease:
Selective neurodegenerative effect of alpha-synuclein
fragment on dopaminergic neurons in vitro and in vivo,
Annals of Neurclogy, 47:632-640 (2000).

Forno, L. S. Neuropathology of Parkinson's disease. Journal of
Neuropathology and Experimental Neurclogy, 55:259-272
{1996) .

Greenbaum, E. A.. Graves, C. L., Mishlzen-Eberz, A. J., Lupoli,
M. A., Lynch, D. R., Englander, S. W., et al. The E46K
mutation In alpha-synuclein increages amyloid fibzril
formation. Journal of Biclogical Chemistry, 280: 7800-7807
{(2005) .

Humphries, Peptide recognition motifs involved in the binding of
integrins to their ligands, Kidney International, 41:645-649
(1592)

Kay et al., Phage Display of Peptides and Proteins, A Laboratory
Manual, Academic Press (1996)

- 27 -



Mt Gn Gn Ser Ala Phe Tyr Gu Ile Leu Asn Met Pro Asn Leu Asn

151015

Gu Qu Gn Arg Asn Ay Phe Ile A n Ser Leu Lys Asp Asp Pro

ser 202530w@w1m@0073hr Asn Val Leu Ay A u Al a Lys Lys m@Euus380d/063s59
Ser G n 354045 Ala Pro Lys Ala Asp Asn Asn Phe Asn Lys Gu Gn Gn
Asn Al a Phe 505560 Tyr GQu Ile Leu Asn net Pro Asn Leu Asn Au GQu
Gn Arg Asn Ay 65707580 Phe Ile G n Ser Leu Lys Asp Asp Pro Ser G n
Ser Ala Asn Leu Leu

Klegeris, A., Giasson, B. I., Zhang, H., Maguire, J., Pelech, 5.,
& McGeer, P. L. Alpha-synuclein and its disease-causing
mutants induce ICAM-1 and IL-6 in human astrocytes and
astrocytoma cells. FASEB Journal, 20:2000-2008 (2008} .

Koivunen et al., “Inhibition of B, integrin-mediated leukocyte
cell adhesion by leucine-leucine-glycine motif-containing
peptides, The Journal of Cell Biology, 153(5):905-8215 (2001)

Kosfeld et al., “Identification of a new cell adhesion motif in
two homologous peptides from the COOH-terminal cell binding
domain of human thrombospondin” The Journal of Biological
Chemistry, 268(12):8808-8814 (1993)

Kruger, R., Kuhn, W., Mullex, T., Weoitalla, D., Graeber, M..
Kosel. S, et al. Ala3CPro mutation in the gene encoding
alpha synuclein in Parkinson's disease. Nature Generics,
18:106-108 (1998} .

Lee. EN , Cho, H. J , Lee, C. H., Lee, D , Chung, XK. C , & Palk,
S. R. Phthalocyanine tetrasulfonates affect the amyloid

formation and cytotoxicity of alpha-synuclein. Biochemistry,
43:3704-3715 (2004).

Lee, H. J., C. Choi, S8.-J. Lee, J. Biol. Chem. 277, 671-678
(2002) .

Lee, S. J., Origins and effects of extracellular §-synuclein:
Implications in Parkinson’s Disease, J. Mol. Neurosci.,
34:17-22 (2008)

Masliah et al., Effects of a-synuclein immunization in a mouse
model of Parkinson‘s disease, Neuron, 46:857-868 {2005)

Polvmercpoulog, M. H., Lavedan, C., Leroy, E., Ide, S. E.,
Dehejia, A, Dutra, A., st al. Mutation In the alpha-
gynuclein gene identified in families with Parkinson
disease, Science, 276:2045-2047 (1997).

Saggio et al., Gene, 152:35-3% (1995)

Sambrook et al., Molecular cloning: A laboratory manual, Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY (1989)

Seo, J. ti.. Rah, J. C., Choi, 5. H., Shin, J. K., Min, ¥,, Kim,
d. 8., et al. Alpha-synuclein regulates neuronal survival

via Bcl-2 family expression and P1l2iAkt kinase pathway. MSEB
Journal, 16:1826-1828 (2002).

- 28 -



859095 Ala u Ala Lys Lys Leu Asn Qu Ser Gn Ala Fro Lys Ala Asp
Asn 100105110 Lys Phe Asn Lys GQu Gn Gn Asn Ala Phe Tyr GQu Ile Leu

H s Leu
Ser Leu
Al a Lys
Lys Phe
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Asn Lys Au Gn 165170175
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Page 1 2009-11-24SequenceListing Gn Asn Ala Phe Tyr Qu Ile Leu Hi s
Leu Pro Asn Leu Thr Gu dJu 180185190 G n Arg Asn Gy Phe Ile G n Ser
Leu Lys Asp Asp Pro Ser Val ser 195200205 Lys Qu Ile Leu Ala Qu Ala
Ly Lys Leu Asn Asp Ala A n Ala Pro 210215220 Lys Gu A u Asp Asn Asn
Lys Pro AIIcAMA: Al a 225230235

1. A filamentous bacteriophage for use in treating Parkinson's disease or
susceptibility to Parkinson's disease, wherein the filamentous bacteriophage does
not display (i) a mammalian cell internalization signal; (ii) an a~synuclein antigen

or a-synuclein antibody; or (iii) a S-amyloid antigen or S-amyloid antibody.

2. A first and second filamentous bacteriophage for use in treating Parkinson's
disease, wherein:

a) the first filamentous bacteriophage displays an antibody specific to a pro-
inflammatory cytokine; and

b) the second filamentous bacteriophage does not display (i) a mammalian cell
internalization signal; (ii) an o~synuclein antigen or a-synuclein antibody; (iii) a 8-
amyloid antigen or 8-amyloid antibody; or (iv) an antibody specific to a pro-

inflamnmatory cytokine.

3. A pharmaceutical composition comprising:

a) a first filamentous bacteriophage displaying an antibody specific to a pro-
inflammatory cytokine;

b) a second filamentous bacteriophage, wherein the second filamentous
bacteriophage does not display (i) a mammalian cell internalization signal; (ii) an o-
synuclein antigen or a-synuclein antibody; a S-amyloid antigen or 8-amyloid
antibody; or (iv) an antibody specific to a pro-inflammatory cytokine; and

c} a pharmaceutically acceptable carrier.
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<210> 2 <211> 4 <212> PRT <213> Artificial sequence <220> <223>
synthetic <400> 2 Asp Ay GQu Ala 1 <210> 3 <211> 5 <212> PRT <213>
Artificial Sequence <220> <223> synthetic <400> 3

4. A composition for treating a patient suffering from or susceptible to Parkinson's
disease, wherein the composition comprises a filamentous bacteriophage,
wherein the filamentous bacteriophage does not display (1) a mammalian cell
internalization signal; (ii) an o-synuclein antigen or a-synuclein antibody; or (iii)

a B-amyloid antigen or S-amyloid antibody.

5. The filamentous bacteriophage of claim 2, or the pharmaceutical composition
of claim 3, wherein the filamentous bacteriophage displaying an antibody
specific to a pro-inflammatory cytokine does not display a mammalian cell

internalization signal.

6. The filamentous bacteriophage, pharmaceutical composition or composition
of any one of claims 1 to 5, wherein the filamentous bacteriophage that does
not display (i) a mammalian cell internalization signal; (ii) an a-synuclein antigen
or a-synuclein antibody; or (iii) a $-amyloid antigen or §-amyloid antibody is a WT

filamentous bacteriophage.

7. The filamentous bacteriophage, pharmaceutical composition or composition of
claim 6, wherein the filamentous bacteriophage is a UV-irradiated filamentous

bacteriophage.

8. The filamentous bacteriophage, pharmaceutical composition or composition of
any one of claims 2, 3, or 5 to 7, wherein the filamentous bacteriophage displaying
an antibody specific to a pro-inflammatory cytokine further displays an antibody

binding portion of protein A or protein G, and wherein the antibody specific to a pro-
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Ile Arg val val net 15 <210> 4 <211> 5 <212> PRT <213> Artificial
sequence <220> <223> synthetic <400> 4 Pro H's Ser Arg Asn 15 <210> 5
<211> 8 <212> PRT

inflammatory cytokine is bound to the antibody binding portion of protein A or

protein G.

9. The filamentous bacteriophage, pharmaceutical composition or composition of
any one of claims 2, 3, or 5 to 8, wherein the antibody specific to a pro-inflammatory

cytokine is an antibody that binds to IL-6.

10. The filamentous bacteriophage, pharmaceutical composition or composition of
any one of claims 1 to 9, wherein each filamentous bacteriophage present is

administered intranasally.

11. The filamentous bacteriophage, pharmaceutical composition or composition of
any one of claims 1 to 10, wherein each filamentous bacteriophage present is
independently selected from M13, {1, and fd filamentous bacteriophage, and

mixtures thereof.

12. The filamentous bacteriophage, pharmaceutical composition or composition of

claim 11, wherein each filamentous bacteriophage present is M13.

13. The filamentous bacteriophage, pharmaceutical composition or composition of
any one of claims 1, or 4-12, wherein the filamentous bacteriophage that does not
display (i) a mammalian cell internalization signal; (ii) an o~synuclein antigen or o-
synuclein antibody; or (iii) a S-amyloid antigen or §-amyloid antibody, also does not

display (iv) an antibody specific to a pro-inflammatory cytokine.
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<213> Artificial Sequence <220> <223> synthetic
2009- 11- 24SequencelLi sting <400> 5 Arg Phe Tyr Val Val Met Trp Lys 15
<210> 6 <211> 140 <212> PRT

14. The use of filamentous bacteriophage in the manufacture of a medicament for
the treatment of Parkinson's disease, wherein the filamentous bacteriophage does not
display (i) a mammalian cell internalization signal; (ii) an a-synuclein antigen or o-

synuclein antibody; or (iii) a S~amyloid antigen or f-amyloid antibody.

15. The use of claim 14, wherein the medicament is formulated in an administrable

form for injection into the brain.

16. The filamentous bacteriophage, pharmaceutical composition or composition of

claim 13, wherein the filamentous bacteriophage, pharmaceutical composition or

composition is formulated in an administrable form for injection into the brain.
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<213> Hono sapiens <400> 6 Met Asp-Val Phe net Lys Ay Le?@?gaét{yg,
Ala Lys Qu dy Val Vval 151015 Ala Ala Ala du Lys Thr

Val Ala Gu Ala Ala @y Lys 202530 Thr Lys Au dy val f/w MC@)
Gy Ser Lys Thr Lys Qu @y Val 354045 val H's Ay Val A hr Val

Ala Gu Lys Thr Lys Au d nqé@ ]&1@@&55,@&@?{%3& Gy Gly Al a val
NC

val Thr @y Val Thr Ala Vae TETENG
<110> SOLOMON, Beka o
DIMENT, ain . ||II4I|MHIII|IIUIH|I\ IIIIIImIII
(<120> METHOD FOR TREATING PARKINSON'S DISEASE *176176*
130 18 :
o vt e e HIMIHIHHI!IM/lllllﬂl!!ﬂlllﬂﬂl
<151> 2008-11-24 - —___ _*ACTION*
<160> 7 T

<170> Patentin version 3.5.

<210> 1 -
<211> 235
<212> PRT
<213> Artificial Sequence

<220> ]
<223> synthetic

<400> 1
Met G1n GIn Ser Ala Phe Tyr Glu Ile Leu Asn Met Pro Ash Leu Asn
‘1 5° 10 _ 15

——e——@&GU G1U G1N ggg Asn Gly phe Ile ggn Ser Leu Lys Asp ggp Pro Ser

Gln Ser ggr Asn val Leu Gly Ggu Ala Lys Lys Leu ﬁgn Glu ser GIn
4

~Ala 550 Lys Ala Asp Asn ggn Phe Asn Lys Glu ng Gln Asn Ala Phe
. . 0

Tyr Glu Ile Leu Asn Met Pro Asn Leu Asn Glu Glu Gin Arg Asn Gly
65 : 70 75 80

Phe Ile Gln Ser ggu Lys Asp Asp Pro ggr Gln Sser Ala Asn ;Eu Leu

Ala Glu Ala Lys Lys Leu Asn Glu Ser GIn Ala Fro Lys Ala Asp Asn
100 105 : 110

Lys Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu Ile Leu His Leu
115 . 120 : 125

Pro Asn Leu Asn Glu Glu Gln Arg Asn Gly Phe Ile Gln Ser Leu Lys
130 - 135 140

Asp Asp Pro Ser GIn Ser Ala Asn Leu Leu Ala Glu Ala Lys Lys Leu
145 . 150 155 : 160

Asn Asp Ala GIn Ala Pro Lys Ala Asp Asn Lys Phe Asn Lys Glu GIn
165 170 175
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65707580 Thr Val Gu Ay Ala Ay Ser Ile Ala Ala Ala Thr Ay Phe Val
Lys 859095 Lys Asp G n Leu Jy Lys Asn Gu GQu Ay Ala Pro Gn Gu .
Gy Ile 100105110 Leu Qu Asp nmet Pro Val Asp Pro Asp Asn-Qu Ala Tyr
"G u Met Pro 115120125 Ser Au GQu Ay Tyr Gn Asp Tyr AQu Pro Au Al a
130135140 <210> 7 <211> 12 5449._11-24sequenceListing

Gln Asn Ala Phe Tyr Glu Ile Leu His Leu Pro Asn Leu Thr Glu Glu
180 S 190

GIn Arg Asn Gly Phe ITe GIn Ser Leu Lys Asp Asp Pro Ser val ser
195 200 205

Lys Glu Ile Leu Ala Glu ATa Lys Lys Leu Asn Asp Ala Gln Ala Pro
210 215 220

Lys Glu GTu Asp Asn Asn Lys Pro Ala Ala Ala
225 230 235

<210> 2

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic

<400> 2
Qsp Gly Glu Ala

<210> 3

<211l> 5

<212> PRT

<213> Artificial Sequence

<220>
"<223> synthetic

<400> 3
ITe Arg val val ?et
1

<210> 4

<211> 5

<212> PRT

<213> Artificial Sequence

<220> ]
<223> synthetic

<400> 4

Pro His Ser Arg Asn
1 5

<210> 5

<211> 8

<232> PRT

<213> Artificial sequence

<220>
<223> synthetic
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<212> PRT <213> Hono sapi ens <400> 7 Val
G A Lys Thr Val 1510

<400>

5

Arg Phe Tyr val val
1 5

<210>
<211>
<212>
<213>
<400>

Met Asp
1

Ala Ala
Thr Lys

val His
50

Asn_Va1
Thr val
myys Asp
Leu Glu

Ser Glu
130

<210>
<211>
<212>
<213>

<400>
val Thr
1

6
140
PRT

Met

Homo sapiens -

6

val
Ala
Glu
35

Gly
Gly
Glu

Gln

Gly

Phe

Glu

20

Gly

val

Gly

Gly

Leu

100

Met

Gly

Met

Lys

val

Ala

Ala

Ala

85

Gly

Pro

TYr

sapiens

val

Thr
5

Lys

Thr

Leu

Thr

val

70

Gly

Lys

val

GIn

Ala

Trp

Gly
Lys
Tyr
val
55

val
ser

Asn

ASp

val

Lys

Leu

Gln

val

40

Ala

Thr

Ile

Glu

Pro

120

Tyr

Ala

Ser.

Gly
25

Gly
Glu
Gly
Ala
Glu
105

Asp

Glu

GIn

Lys Ala

val Ala

ser Lys

Lys Thr

val Thr

75

Ala Ala
90
Gly Ala

Asn Glu

Pro Glu

Lys Thr

pPage 3

Thr Gy Val

Lys

Glu

Thr

Thr

Pro

Ala

Ala
140

vail

Glu

Ala

Lys

45

Glu

val

Gly

Gln

Tyr

2009-11-24sequencelListing

Gly
Ala
30
Glu
Gln
Ala
Phe
Glu
110

Glu

val
15

Gly
Gly
val
Gln
val
95

Gly

Met

Thr

val

LYS

val

Thr

Lys

Ile

Pro

Al a Va

Al a



