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

BACKGROUND OF THE I NVENTION Field of the Invention [ 0001] The invention
rel at es twotzhsv@mpwati cs and net hods for treating Parki n®OmUS2@096HSe.
Description of the Related Art [ 0002] Parkinson's disease (PD) is a

progressi ve neurodegenerative di sease whose primary clinical features
i nclude notor abnornmalities, such as resting trenor, bradykinesia and
rigidity (Fahn and Sul zer, 2004). PD is characterized by the | oss of

dopam nergi ¢ neurons,l i i , qﬁggﬁt and the presence
of inclusion bodi es%é@ﬁ%?%%@?&b&%ﬁﬁbﬁﬁﬁgun €s, in the surviving
neurons of the sanme region (Forno, 1996). Although it is generally accepted
that the |l oss of m dbrain dopam nergic neurons is |argely responsible for

the major notor synptons, BACKGRGUNIOIOR e MNvENTIAN show ng pat hol ogic

changes in PD patients. Lewy pathology and cell loss first appear in | ower
brain stem nuclei,, progressively ascend to the mdbrain and finally to
corticdlt i edi ctabl e manner (Break et al., 2004).

Progressi ofy ff1 1t PR LeWeRBLOR! PEYaLOs1 S VAELQUSUE G5 0NSa OHL Shdgst REx
m dbrai n may account for the abundance of the Secondary synptons comonly

obser vedrdat Py pgatrkeimson ‘suchi s stepr essi on, denentia, and vari ous

aut onom ¢ and sensory dysfunctions. [ 0003] Al t hough t he cause of PD
remain is alar body of evidence suggesting that
m sf ol GFHaRt—abhot-ra h.e%r-ﬁggféﬁgbf a-synuclein is an inportant

conponent pfpdiepdi-reasenpat hogenssi sppEnst keplbgkageianal yses have

identified three m ssense nmutations in the inherited forms of parkinsoni sm

(Kr ugemeastrafegergost Pot yeveopoulvarss riinapgo el Zhedn L egt yres include
motor abnormalities, such as resting tremor, bradykinesia and
rigidity (Fahn and Sulzer, 2004). PD is characterized by the
loss of dopaminergic neurons in the substantia nigra pars
compacta and the presence of inclusion bodies, called Lewy bodies
and Lewy neurites, in the surviving neurons of 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 to the various regions outside the midbrain may account
for the abundance of the secondary symptoms commonly observed in
PD patients, such as depression, dementia, and various autonomic
and sensory dysfunctions.

[0003] Although the cauge of PD remains elusive, there is a
large body of evidence suggesting that misfolding and abnormal
aggregation of ao-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; Polymeropoulos et al. 1997; Zarranz et al.



WO 2010/ 060073PCT/ US2009/ 065659 2004), and all the mutant variants have
been shown to accelerate either oligonerization or fibrillation (Conway et
al . 2000;wQnrewvisearm et al . 2005). Accunul ation of wild PE¢paSabePniesdein i s
sufficient to cause the disease. [ 00041 Fibrillar aggregates of
a-synuclein seemto be the main conponent of Lewy bodies and Lewy neurites,
and these are now considered the nost reliable PD marker for postnortem

di agnosi s (Spillantini et al. 1998). Because a-synuclein is a cytosolic

pr ot ei

has a urred th t t he eni chan es _and effect duced
by theg&oc?‘t & r?“@gcé\r}-rl R oploash rg‘:r?d e PERt A (e S5 |e§fa5§||

FbV\BVGre,ltll’%(‘zele159tdﬂ[@ﬁszanlc@<Tdra@GJHM18lratarcﬁ'ym¢@rﬁﬂa@' sggast ztohm t he scope
of pat hogeni c action _goes beyond the cytoplasmof its origin (Lee 2008) .

[ 0005] CHrenResefte of- &&pucl éiGFEt 4t agdr égated PG ity gypuclein is

extracel flﬂlacrlefrjeu% wag, Jecept |y demnstrated both in vivo and in vitro.

Extrace ul ar a-synuclein appears to be delivered by unconventi onal

exocyt osi S[Qﬁomnmlaveisleul aggeegynes| ef ny- ajfmlhellgintdn@erexa@tbﬁeth@m@m has

not been charact eréazb Int avesi CGJFJI ar _a-s Ie| n |s Rrone t. o _aggregation
LHUrE 8%1

and i s SHEPSTENS 15 G e i éjrrlageggr eGare hese '6006]"The rol e

of secrRiRd R-SMNUHLIbIt dhe Bxtd ageldatiadr %?d@%ﬂl&&dnﬂfcﬁﬁﬁd}éﬂ@m
st udi es using tissue culture Séstems Several studies reported cytotoxic

ef f ect s{Soft ldbarttedsl (4h &l -a | -ei PRARIS] S iFHBITALThyldy GpIBBIE T ridgnent
(nona%(r%t%l%@@ 534 61\'%%6@4'1&252 dig PJ&? gdoo o\%' %@%@Faqlzéo& they cul ture

medi um ani et al et al 03; El-Agnaf et
al . 199%&fdeord oxmdxeiechlbyZﬂ@)pﬂseEJet ca:tcuIzOl(m ‘tiSe@yetordlasG0R] Bung et
al . 200Q1).. So esh nstrated the toxic effect of_fibrillar
aggr eg t(eléggﬁoes Hne eﬂgl AgIfaf<e r'alre%)S%Wiﬁﬁse Ut her studi es

i denti fd.ed-qrotafi o i1d 1 Amen Old gamid £ aggegalesapd R tdiodgadirit (Du

et al. 2003). WO 2010/ 060073PCT/ US2009/ 065659 [0007] Al pha synucl ein
can rea&ditiipn rﬁ,czﬁs;ad@%}f@d il resfsTRaRe anfd ideh Be Fisund-9ey ic

vesi cl es afyhan the cellomEubians. SJheEecane.ngt s IBoYeLLAsLaUSLURED o

nodel s for | sns of toxicl ecent studres strate a possible
rol e fmxtamcaaljsy]mmlfeluncpmaa Inécearp;rm afdérprridtsrdtred hmt;datimg&enemamcbfln
Parklnson S dlsease Tsigel ny et al 2007; Lee et IIes and
Lansbur¥f t2902)E Ao HHt R Fome r'ﬁcb%é? ﬂf’ﬁ-}c c%yn form

annul aruv%dd%ﬁér&l{a?&qél\l ték@c%ﬁf@'o@%@tﬁé(%éﬁl@ld d-anshiye 20031 cHdhesae

aggregates can bind to nenbranes (Volles et al. 2001) "and their nenbrane
per mealitld AL tacne orainen Jeesh eihdesen at@lraqteswﬂm t i clripeRste fetibraines,

such as, PRaspDoLIpl d ! RgsoEs SYpLLos. £1, alyg 2004 and planany Didaver

menbr anes ¥ aye et alk |on of ese aggregates 1'nto

menbr anes wﬂ@&mmﬁﬁ@ﬁﬁdm§ effect on cell viability due to the free
exchange of ions and small netabolites between the cgto pl asm ang ttfe
extracel | ul%0%phace. *AlEhBhgRERPS SHoRT EYPBFechBdel BXpI GRS FReY

cytot oxd, ity Ofp ate | 8288 - SQIer Qb QORI &5 ag9R9al €5 ud e, RALLS dhe. pore
activity have yet to be denonstrated in biological systens. Another

pot ent i & varechadi s of m@m@(i@ﬂ@/‘c@?ﬁi@xﬁtfmﬂ wiarez-seritl elar and

espect al 11 29918081 e LOLIR,. B, DYO e, NeHrQ) ATl MIRLLY, { §PRONSES
component or NAC) when the proteins were added to the culture
medium {(Albani et al. 2004; Bodles et al. 2000; Du et al. 2003;
El-Agnaf et al. 1998; Forloni et al. 2000; Lee et al. 2004; Seo
et al. 2002; Sung et al. 2001). Some studies have demonstrated
the toxic effect of fibrillar aggregates (Bodles et al. 2000; El-
Agnaf et al. 1998), while other studies identified protofibrillar

or oligomeric aggregates ag the toxic culprit (Du et al. 2003).



[ 0008] Despite the advances made to date in devel oping therapies to treat
PD, there is still a great need for additional therapies.

[ 0009] C twi2or/@h07any docunent herein is not intended a®CarUSaeiosEON t hat
such docunent is pertinent prior art, or considered material to the
patentability of any claimof the present application. Any statenent as to
content or a date of any docunent is based on the information available to
applicant WD 2010/ 060073PCT/ US2009/ 065659 at the tine of filing and does

I ol A B S22 e e ST 0L s, o such g, SLAUGIEN

fil amrerioushaderiRpinge 9mhapse d Frddieatisngndack r$en'ce1di seaseade .
susceptibility to Parkinson's disease, and a nethod for treating a patient

suf f er iITREHS GrcomSuseapt Msild ¢ Patitesomosiediss éage thPDMechhe ireened
I nvol V%%)ﬁﬁ‘d? SURd ARG Qg RS 13 t3olld %”?%ts%li%l%a%e_tre' %BQF‘%@ 1%@' ch

does not spl/ay a manmal i an ¢ i nternalization signal. The
pr esentsyirnyentiiromaalesa ipreowirdes fa phdrarace trhiec ala thanjeosistiisomfcont ai ni ng a

filament oys, bacteriophage displaying an antihaody specific to a

pro-inﬁ%f %W@”%§P6f@%€ éﬁﬁgéz _ oﬁﬁ'@irangﬁpﬁdsFﬁﬁtfgrPépha&go%hich does
not di spliaed iand rEEmRikhan qeld) I ntgfnaldazat iR pdaralthall 0] id@meric
a-synucl ein antigen or asynuclein antibody; (iii) a P-anyloid antigen or

P- any| ¢i-¢yamdlisody cagr o samudmy gy ospasist ive tho sa qemdiadf PaFsat ory

cyt oki n@fol%%gzlzar%g%ggs%ﬂrg\lz%ﬂl_!E I?LI?{%\é'el\@%gregates can bind to
membranes (Volles et al. 2001) and their membrane permeabilizing
action has been demonstrated in gynthetic model membranes, such
as phospholipid liposomes (Volles et al. 2001) and planar bilayer
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 vet
to be demonstrated in biolcgical systemg. Another potential
mechanism of neurotoxicity of extracellular o-synuclein, and
egpecially its aggregate forms, may involve neuroinflammatory
regsponses (Zhang et al., 2005; Kilegeris et al., 2006).

[0008] Degpite the advances made to date in developing
therapies to treat PD, there is still a great need for additional
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 patentability 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



[0012] Figures | A and 1B show a conputer nodel of nenbrane asynucl ein (AS)
aggregate with a perspective view fromthe front of an a-synuclein

aggr egat ewerzbwddew3i n the cell menbrane in a pore |ike CTASRemwdcick? g. 1A)
and a cross-sectional view of the nenbrane, show ng the depth of the
protein insertion into the nenbrane (Fig. 1B) (Tsigelny et al., 2007).

[ 0013] Figures 2A and 2B show the di saggregating activity of phage on AS
fragnent aggregates in vitro as neasured by Tht (Fig 2A) and visualized by

TEM (Fig 2 014] ure 3 is a graph depictin effects of phage
on i a1 GATEHEvEIEm Src ABES0TOT OBOBFIRCH BSIB00 065656 0615p

Fi gur es 1A 2R e4E3 8ROV ReidiedueiierrehtAS aggregates by phage (hel per) as
visualized (Fig 4A) and neasured in an ELI SA (Fig 43) using an a-synuclein

pol ycl onal antibody in an asynucl ei n filter retardati on assay. [ 0016]
Fi gure 5A shows Weéstern bl of ?f Phet PRyERTPEgNE fraction of SH SY5Y
cells, denonstrating the presence of various a- synucl ein (AS) oligoners,

and Fi gur e[0913 ]sttosnspiidsSAc abiseynt Don eesed @eend of lahdgoyey s after ML3
treatnment. In FI . SA, AS is detected with a polyclonal antibody against AS
(Si gma)PRALETECGh a@? e Usifodmt (GEASTS) FGoIer s FY SmCtFE3FEnBFane fraction

Was qu@ﬂécfe'p%qﬂlﬂ ey Eld $A 808G & qurseé%em GRS $haWMhlogh Fake cdebeg i
wi th a nmonocl onal antibody against AS (Sigma, clone Syn 211). A significant

r educt i2ompati erite saddeminef fASmIdyewecsphad e dsued kiinsone smeifseane

fractio f SH-SYS5Y.cells tr ated t.h.wld.t fllarren Qus phages *=
si gni fl@aﬂce E"h% glr e?fcg corrngr ed { mﬁgﬁsttree%t detceltl S ? 6% [ 0017]

Fi gur e f4 lisSnemt@lapbashew ingpHefuahion iddeAS deactiisplty af hemmantlema@ieilan
wi th ML3 phages corrpared to vehicle. The data is expressed as a ratio of
t he avér%nﬁt}ﬁﬁé‘rt fd@6Hal aggregates of AS observed in one heni sphere

of the brajgyqin ﬁ?é %&éﬂt ML3, SOAPEK P'oglé@ox%wp@vf)&e"@ra hed sphese i i ect ed

wi th PBS vehicle In the -ML3 contr bot h hem spheres were
|n]ecteﬁmmnﬁhtﬁBs.w@mUﬂumlng a filamentous bacteriophage displaying an

antibody specific to a pro-inflammatory cytokine and a second
filamentous bacteriophage which does not display (i) a mammalian
cell internalization signal; (ii) an a-synuclein antigen or a-
gynuclein antibody; (iii) a P-amyloid antigen or PB-amyloid
antibody; or (iv) an antibody specific to a pro-inflammatory

cytokine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figures 1A and 1B show a computer model of membrane a-
synuclein (AS) 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-sectional view of the
membrane, showing the depth of the protein insertion into the
membrane (Fig. 1B) (Tsigelny et al., 2007).

[0013] 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-SY5Y cells.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Defi ni ti ons [ 0018] For purposes
of this specification and the acconpanying clains, the follow ng

defi ni ti oNe 2awpleya73 [0019] The terns "patient", "subj @ct/usardosseeci pi ent”
are used interchangeably. They include humans and ot her manmal s which are
the object of therapeutic treatnment. WD 2010/ 060073PCT/ US2009/ 065659

[ 0020] The term"treating" wth respect to Parkinson's disease is intended
to mean substantially inhibiting, slowing or reversing the progression of
Par ki nson' s di sease, such as reducing or_inhibiting the formation of

aggr egat est B HsyagEFeF nP orndi 4Bggreyat gy prect 6P heet BFragaresabes
asynuchgj i spbstiantial v, angld oratidg ang oa)Mif GlddthGalg SHMRIOHE, 1@

Par ki nson''s di sease,” such as reducing inflamation associated with

Par ki ns@@n'ss 4li)seasitig oin suistadlield yodieyesid ngritidappeat ancer-of cl i ni cal
synptons of Parkinson's disease.. [0021] The term "co-adm nister” is

i nt endey 1 Iiddh i ¢ SISTRTGT IR AR of a singl e dosage formor by
means of nydi pl ?igg?éggpf QﬁHiﬁsa@&E‘é%%@QtséﬂHi%ﬁ{@Oﬁ'é’hesﬁgﬁiﬁ% ally or
separately. Prefer y, co-admnistration causes e effects of eac

adm ni sttrreattiiom taf bEH -7 erk 1drs t enewld tsrdieimy tthree atretb catcarm owerdtiaps ng

period of time, nore preferably sinultaneously. [ 0022] The term
"anti b&dﬁ%ﬁ@éﬂ Retleiat isaiites P61 yOIBHA “aht0d &2 Sforrdendior

ant i bodieessuantd Podyr COMRASId ONse Wi ol i dQpe: speg fid Ligs, as is

bi speci fic antibodi es, di'abodies, or other purified preparations of

ant i bodlegse vt redonbd nemty drmridhodirgsibatie agribddires Garomse wholre Fig.

anti bodies,. .e. 0., of._ a isotype (19G - I1gA, . .l gE, | etc. or_ ant i body
fr agms(rjﬁBg’ t%haef n?%%ﬁ% h%%/azﬁioglelrgoo el%nt%?%%t?hgnmeéﬁ% p'\gencel fficrca?dealaoélplv"eaéof an
ant i bodyudiseidk idd the 9 eSerda igpeehnt fion, fdheaandlbpdye o e dioramd ated is an

ant i bOdc?/ haviegcg the 1gG isotype.. Anti hodies can be fragnented using
conventSORItF WtiHerd (i issl S YIRAY ragfdetts psscr&eﬁ’ﬁé'éﬁ'f SFlndiy to

an antigen ofp i i &t 61 cafenalfld ot Anth Doty dHagienis C&’E%dr@és LR

anti gen-binding and/or the variable region of an intact antiDbody.
measured in the membrane fraction of SH-SYS5Y cells treated with
wild type filamentous phages. *= significance difference compared
to non treated cells (p<0.05).

[0017] Figure 6 is a graph showing reduction in AS reactivity
after interaction with M13 phageg compared to vehicle. The data
is expressed as a ratio of the average number of neurcnal
aggregates of AS observed in one hemisphere of the brain injected
with M13 compared to the other hemisphere injected with PBS
vehicle (+M13). In the -M13 control, both hemispheres were

injected with PBS wvehicle.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0018] For purposes of this specification and the accompanying
claimsg, the following definitions apply.

[0019] The terms “patient”, “subject” and “recipient” are used
interchangeably. They include humans and other mammals which are

the object of therapeutic treatment.



[ 0023] The term "anti body fragnent" includes segnents of proteolytically

cl eaved or reconbinantly prepared portions of an antibody nol ecule that can
sel ectivew9 2binmd0d76 a sel ected protein. Non-limting exaopltsg00f6aeh
proteol ytic and/or WD 2010/ 060073PCT/ US2009/ 065659 reconbi nant fragnments

i nclude Fab, F(ab')2, Fab', Fv, and single chain antibodies (scFv)
containing a VL and/or VH donmain joined by a peptide |inker, domain

anti bodi es (dAbs), Nanobodi es (anti body-derived bi ol ogi cal therapeutic
agents that contain the unique structural and functional properties of

nat ur al | y-PPAR Thg Heaby ched 33t i Bod? 55SPefid thi Budf Bt ibsfidse

| 'acki ng & he diige negin@ah TR Sckvs1MRY keieavakent Iy i goreoval ently

| inked to form antibodi es having two or nore binding sites. [0024] In
sone emsodinEns ,theheragtissedypro o fafe ko dy oy &g resedss  a sgiarisz ed

nmonocl on anti body or, fully hymani zed nonoclonal antibody.. The term

" hunan FERE I Ao AT (T B0 PP e (USBY 178 Gifn “C9 & SRS FondT ant | body
from a nepihwmnp %&U%ﬁ%é§§%8d§éﬁﬁg daty Nas Degraldeled Jro gcontai n at

| east one or nore of the™am no acid residues found i'n the equival ent hunman
nmonoc| evalucrtirbodpsdemdrip 1 1A "snd iy daimeng ze¢ wonoclrenall iarceBody” is a
nDnocIonaItgntibqg%,fron1a non-hunan, sourc tha&_ s .been 1t%&F%it%
cont ai W2atH-F the 5%5%?%%9(?!‘%5%%%% foumd %°n @9%%%gi -Sinainﬁ regi on
of the segdoiad et iwmparxietional @andhedy orHymized jantiybedieegnmayigal so

conprise residues that are not found either in the recipient antibody or
t he dordle FRGTIFCETIREs € ligtiFalc SYBHLEa R fh & arede 58 'furtiifeé@Sfef i ne and

Opti m Ze 3dD00ynL uaCH, 0MabLLm; A BULR zed; AnlhhodYe Jyeal so opt ional |y
conprise at least a portion of a human i munogl obul i n constant region (Fc).
[ 0025] Huknitrerah r'agrien Ay amsetsorof oy tokigle' dosfegres ficomamyr fyoimekinamedt or y

cyt oki ne_.i.nv Ivgf in brain inflammtion associ.ated w th Parki nson'

0 seasE VM SerBimny ThAdes H1omd PP T ERer Yy PRHTSHa LY most
preferayd yddately. [ @RRGckhaer MMl listr-6aldn iddesaaldheatirgr csisgnal
refers to any cell adhesi on sequence which facilitates internalization as a
resul t o <t aHHesishedtion Hiferite (e @l thufistldiss Papg treated

2010/0@QPZﬁ?@?&gﬁ%ﬁﬁ%ﬁgﬁiﬁ§%c@.of time, more preferably simultaneously.

[0022] The term “antibody” as used herein includes polyclonal
antibodiesg, monoclonal antibodieg, antibody compositions with
polyepitope gpecificities, bispecific antibodies, diabodies, or
other purified preparations of antibodies and recombinant
antibodies. The antibodies can be whole antibodies, e.g., of any
isotype (IgG, IgA, IgE, IgM, etc.), or antibody fragments that
bind the antigen of interest. In a gpecific example of an
antibody used in the present invention, the antibody to be
formulated is an antibody having the IgG isotype. Antibodies can
be fragmented using conventional or other technigueg 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 proteolytic and/or



manmal i an cel |l adhesi on sequences are known and include the Argdy-Asp
(RA) cell adhesion sequence, the Tat peptide fromH V and pepti des

conpri si yorzhw/weaaence of Arg-d u-Asp (RED), ArgLys-Ly®CrRISE)09/0b389 Asp- Val
(LDV; Hunphries, 1992), Leu-Leu-dy (LLG Koivunen et al., 2001),
Asp-Ady-Qu-Ala (DGEA;, SEQ ID NO 2), Ile-Arg-Val-Vval-Met (IRWM SEQ ID
NG 3; Kosfeld et al., 1993), Pro-Hi s-Ser-Arg-Asp (PHSRN, SEQ I D NO 4) and
RFYWMNK (SEQ I D NO 5; Kosfeld et al., 1993). Many cell adhesion sequences

(al so known as cell_ attachnment notifs are known in cell adhesive nolecules
such as 9%t ifReEdt S, 1%]{%5) f"’ﬁborlzno&@%) 't AFonBBSpSHALHE et c.

[ 0027] The, {rerdfe i@cmie! @d%ﬂntdcgﬁ%mrﬁgeras \ffLoaaa(aBt getbdd QM fuimy
a-synucl ein, where the hunman a-synucl ein preferab has the amnho acid

sequend® ¢f FBEQ® NAr&(INCBlomgeime alrml@meSac@é’éﬁ on NeaobRE366336;
Uni Pr ot B/S Pr at. 7840 " dy’
ni Prot KB SW S8 dre%lvae%ebzs' gbggj{]c%l[ R3.L8 g)eut Il A %J%é%“%ﬁ%'ﬁg %'Pltt'aq(}’l ¥hel S

one whi reco ni-zes and hée a- ynuc a varlant

or mut amidureraafucturall QOR8] fihe-diemal" Qrz&fpéxfﬁldssardiﬂ gentun=afier-s to an
antigen froma plaque form ng "P-anyl oid peptl de", al so known as " QAP",
"CA", Occur]b"rng' Ay d%?ar%chtrlé?ﬁ%?d B;?rdéﬁ?r &Pt&IbG’fjéleﬁ. A

" P-anylol g an idhedyi dge ong W ICh MerogiEes n%!}ﬂ i R hedhe panyl oid

pepti de of na uraI 'y occurrl ng hurran Apl-42 peptide and variants and

mut ant snareredfently 1i0028] A usedn kertdibpdies' glearivac dud cal meseposi ti on”
refers tocﬂlr%l[%p%ratlon of one or nore of the active ingredients described
herein %I{ er-Cheni cal conponents such as physiol ogically suitable

carriers apgheNCipi e8hs. efBOAPUERDSE @meaaﬁhabmpe@fi@@ilwosfagmts to
facilitate adm ni stration of a conpound to a atl ent. [ 0030] The phr ases

"physi o}%gqc% 3P i@ PRI L Xt 18T RaslY "Phdriiece (U AF SRS
carri erant%cﬁ}ﬁ. n%é)ecefﬁp Mrﬁﬁzc&f%%ggd‘i%g/%%y" as used

herein ig a monoclonal antibody from a non-human source
(recipient) that has been altered to contain at least one or more
of the amino acid residuesgs found in the equivalent 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 of the eguivalent 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
constant region (Fc).

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

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

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



i nterchangeably used, refer to a carrier or a diluent that does not cause
significant irritation to an organi sm and does not abrogate the biol ogical
activity wodoprwepesti es of the adm ni stered conpound. PCT[US0®2j065Re t er m
"excipient" refers to an inert substance added to a pharnaceuti cal
conposition to further facilitate adm nistration of an active ingredient.
Non-limting exanpl es of excipients include calciumcarbonate, calcium
phosphat e, various sugars and types of starch, cellul ose derivatives,
gelatin, vegetable oils_and pol yethyl ene glycols. [ 0032]. The term

"W Id-ﬂ%%ﬁ?%iHaéhé?ﬁ%ﬁm§4ﬁﬁﬁ%9q SFRRFECeSs AfSed e it Sheard Uslen &G 4By

oceur 1 idlg M AMBMIAUS HACRILARA0R dhilndes 9@l ated Y dd SRR ity

conponent's with which it is typically associated in nature. The termal so
i ncl udesicc prapericical |gomavaidigly el [sampretois ghédge -Hat-Asre (@Far)actreci-zed as

"w | d- e". 033] . The t "l tivated w | d- fil amento
bacterﬁ‘épﬁﬁ&é’és' (gg&ﬁs’eg‘%%_:}\éﬁpﬁ%}’gan@%gﬁw}%%m & Fi Ilﬁéﬁt’o&e%}&u&l dphage
that is(n@t; geyietircal lat alit.er edoay ,r egeidu IRam1 DNA ame@nsa ;b Echa been
rendered i ncapabl e of replication, such as by UV-irradiation. Any mechani sm
whi ch PEhders i pragel nedpdliite JRVYAD! iSE&E iT8h NBbdt eed st &di stlurb the
fil ament st Lure 1 i r4 g I it i 'quﬁgi
penetrgfgﬂﬁﬁtgﬁ#ﬁe ffé%%fﬁﬁﬁ%ggﬁiﬁﬁé 0 ’a§¥%%§ﬁ§§?§ﬁéy%ﬁ?gggg;tenp éﬁgg by
this i MeMd:@n. Kosf4i0D3A] dlhe t1&xad)".WI Mehggete Ilefegite siomb atdyusiriaka ype

fil anent ous bacteri opha a i nactivated wild-type fil anent qus .
bt o i, B D8 T h i s) S50 e 56 L A B & ol (eSS e
for Usendieclreat mamh and Metibods ofi chrgadd®mnt, vitdRR36]id,n ong-ieedi ment ,

the invention provides a filanmentous bacteriophage for use in treating
Par ki nseWhfissegsEior &usceptibility to Parkinson's di sease and a net hod

of treatin jent _suffering fromor susceptible ta Parkinson s disease
by adm ni SR b b REH AT el T SRR SRR et St SnmShn ¢

bact er i e dfee o N8N 1SIAY whidred tRMARI=aN oCehhukbntehnaliezatdaenysi gnal ,
(ii1) an a-synuclein antigen or asynuclein antibody, or (iii) a P-anyloid
antigemqﬂ-qhqﬂamkﬁqquﬁgbﬁﬁy@nce of SEQ ID NO:6 (NCBI gene ID:662Z,

accession no. NP000336; UniProtKB/Swiss-Prot accession no.
P37840). An “a-synuclein antibody” 1s one which recognizes and
binds to the a-synuclein SEQ ID NO:6 or a variant or mutant
thereof.

[0028] The term “B-amyloid antigen” refers to an antigen from
a plague forming “f-amyloid peptide”, also known as “BAP”, “BA",
“AB” or “APP”, derived from human amyloid precursor protein. A
“f-amyloid antibody” is one which recognizes and binds to the B-
amyloid peptide of naturally occurring human AP1-42 peptide and
variants and mutants thereof.

[0029] As used herein, a "pharmaceutical composition" refers
to a preparation of one or more of the active ingredients
described herein with other chemical components such as
physiologically 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



[0036] In one aspect of this enbodi nent, the bacteriophage is adm ni stered
to the patient as part of a pharnaceutically acceptabl e conposition

addi ti onawbyooawm7Bsi ng a pharmaceutically acceptabl e c®CTitsR009/065659 0037]

I n anot her aspect of this enbodi nent, the bacteriophage is a WI' phage.

[ 0038] Wt hout being bound to theory, it is proposed that the phage utilized
inthis invention bind to extracellular asynuclein or a-synuclein
aggregates in the nmenbrane and reduce the aggregation of a-synuclein in the
cel | menbrane. The present_ inventors propose that this reduction of

a- sy nudl&iat dygiaegatles Used h& siebrtane slag@ilegads ©o dd lveatctthot apes

| ntracelJul an, A0Qr,e0atEs. Of %‘r%%‘éft'ied'nn ’1-100%%5 iobeJ ¥ Shl fd]t id] <L 08¢
equi li i um-of a-syhuclein fromintracellular to extracell dl ar

Never t lélress t anittizo Ut dleigng alownd itva tan wrgaptropel-arn eseclfaninem t he present
filanmentous bacterjophage and nethod are useful for treating a patient

suf f er PG STh e &§€E%PP§re to Parkinson's disease. [0039] In one

embodi ment[odNg thé apenh ousx DAt &ht OPRagerd StaIsef Uind oF dibsaasalaggeq
adm nistration. Intranasal admnistration allows these bacteriophage to

cross e ShIBHEEMRGEHUT Us@dr iICOMPORid 1anD t20 fovrtéee7 SRCT/LUS2069/ 065659

administration of an active ingredient. Non-limiting examples of
excipients include calcium carbonate, calcium phosphate, various
sugars and types of starch, cellulose derivatives, gelatin,
vegetable oils and polyethylene glycols.

[0032] The term “wild-type filamentous bacteriophage” as used
herein means a naturally occurring filamentous bacteriophage that
is isolated away from other components with which it is typically
associated in nature. The term also includes commercially
available filamentous phage that are characterized as “wild-
type”.

[0033] The term “inactivated wild-type filamentous
bacteriophage” as used herein means a wild-type filamentous
bacteriophage that is not genetically altered by recombinant DNA
means, but has been rendered incapable of replication, such as by
UV-irradiation. Any mechanism which renders the phage incapable
of replication, but does not disturb the filamentous structure of
the bacteriophage (retains 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.



phage are then elimnated fromthe brain and body via urine and feces

w t hout adverse effects on peripheral organs. [ 0040] Pro-inflammatory

cyt oki neswoantwicharse to t he neuroi nfl ammat ory synpt ons @®CTRB200MEIBR S

di sease. Renoval of such pro-inflanmatory cytoki nes woul d aneliorate such

synptons. Thus in one enbodi nent, the invention provides a fil anentous

bact eri ophage di splaying an anti body specific to a pro-inflamuatory

cytokine for use in treating Parkinson's disease or susceptibility to

Par ki nson' s di sease and a nethod of treatin patient suffering from or

susceptipiamnantops BReLePIon; adrnisterrhg t thepar of

fil anedxBaEMeAY er i ophage di spl ayi ng an anti body specific to a

pro-inflammatory cytokine. In one aspect of this enbodi nent, the

bact er i ophldfe S1sIadriai stlep@tnent r ablas al hyent roanpréeides peciilamrntous

bacteri o(_ilochcaegfefL i %aaoelamfnirstuesreedinascr%%rttinof P%&hl%r r(rj%qeutdi%aelalsyé %%cept abl e

corrposik%l on addi t i=onal y conprising a pharmaceu i'cal | y acceptable carrier.

| n anothedcaspeil i thhe cardhodsspecidisesdse ard e inkfdmanatfotyceytioki Be i S

of the 1gG class and bears an Fc portion. In still another aspect the

ant i bod®A 4N SAfhiEddyy P&t 19T FHCTADL + S STEnGTReY Sagﬁéé"@sten?y

bact eriophage. ReaNG d e P N aIBLaAth SO 18, 4o8S AMage0 MR %

manmal i an cell internalization signal. [ 0041] When adnini St ered

i nt randgs |hacttehe apittidso dlodsearam @ iphage Wiil)l sbenadmid Meredetld t he brain

wher e t.hety wil.l. be .directed fo .h.e) pro-infl ammat.ory Gyt oel%i nes O(b_y t he

ant i bocﬁ%serdjras]ﬁzaa}el(ﬁ)ri Hereoh;’ t her ebayrl i‘hactiVa e|lﬁlg Suct? cytokines. The

phage particoniof dfeseRhage- disphaked-ant1badi escwiddn Rave-hheidual action

of getting the antibodi es past the blood-brain barrier and directly

i nhi bi tdmgikedynucl ei n aggr egat i on. [ 0042] Accordingly to a rel ated

enbodi nent L nv i vide fi ec i :
otéfhfe]otﬂ ShL! QQ?QEQ Le éh?ﬁ %&Eé?ﬁggng ; @EQ {;éé@é‘?ﬂ%@%ﬂ?%%tls

bact eri oph%oge rusé in tréeatrng an e eating a
suf f er iadninibeaared WO 2010/ R600A3PGH PS40 /0 6Gh GHh rsusceptidalld vt o

Par ki nson' s di sease by co-adm nistering _to the patient a first,

fil anerﬁ%q%p%eerq%myfaﬁetwrgm%@ﬁw %ﬁ%ﬂ&%&ﬁi Fryageutically
pro-i nfl ammtorye dakide; and (b) a second fil anentous bact eriophage,
wherein the second bacteri ophage does not display an anti body specific to a
pro-infl anbtBrlyInysokiher &apeae afpebis ehecdevend. f Ehankeatbesiphhgae
addi ti opsalall%qfo s ot display a mammalian cell internalization signal. In
anot her aspect, 47 'second fil anent ous phage additionally does not display
(i) an asypued €l wianbugebedhgabsynict i thastiy body; ierptoppsad Oclaay| ohd
antigen or P-anyloid antibody. In still another aspect, the second

fil amerieage phaigel e i onal$ yiriost ot Qiinshltey iYracadies &m cel |
internal i zatjon signal 5}%‘%9 an a-synucl ein antigen mgjr a-synucl ein

ant | b RS {JE 4 G S G e sy Py b e oy eoS0aa] 1 n
anot herqjas| redfachhd idamenaus-1kact e epRage 1i1s rdmirst er ethcaapRdnof a
phar maceutical |l y acceptabl e conposition additionally conprising a

phar macewtéentabty mcgepabllstarhierredurtanot kel aspeviclefi ramgofedates
conpositions set .forth ov t he second fil anent ous. bacteriophage is a W
ohape. 1 0% | T ot BEpekTaTs He® SO T Tt Gt St er hage i a
WV-irragiated hacter ipphagde-1ein, possibly by shifting the equilibrium

of o-synuclein from intracellular to extracellular.

Nevertheless, without being bound to any particular mechanism,
the present filamentous bacteriophage and method are useful for
treating a patient suffering from cor susceptible to Parkinson’s
disease.

[0039] In one embodiment, the filamentous bactericphage is
useful for intranasal administration. Intranasal administration

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

- 10 -



[0044] In yet another aspect, the first and the second bacteri ophage are
each adm nistered to the patient intranasally. In another aspect, the
ant i body wWpeeiodiceo780 a pro-inflammatory cytokine is of wPrhE/usg@Inbm®ss and

bears an Fc portion. In still another aspect, the antibody is an anti body
specific for IL-6. In another aspect, the first bacteriophage does not
conprise a mammalian cell internalization signal. [ 0045] Phages can be

made to display the antibodies to pro-inflamuatory cytokines by any
t echni que known to the art. For_ exanple, the antibody can be engi neered as

a si ngRAAERaieA e W20 FU/0600F3PCTros2 69 Be5659 aant Posdy VBY WeTHRek Agfn
techni %ﬁ%samt%%tp%ﬁ% &C%%fe%% %%bg}éqlifﬁh%%ﬁ% ah@ di splay such
c v) on the bacteri

si ngl e-chai n anti bodi es (scF eri ophage surtace. [ 0046]
Anot her waly 040 JcRus eiafhyaghyerantythodine prederatidyca tmondoed onal anti body,

to be displa on a phage is to produce .a phage that displays a
pol ypeﬁiﬁ”{%@ gﬁ“ﬁﬁ?&%& %éf ”i?ioﬁﬁ‘r t%%%%%%‘%ﬁﬁ%g Idt}ﬁﬁlaisﬁls. P %Yi’vﬁ"rjra&g are
known ighdrher@y-ti rinddesrbed ok iREE piliict alean MB2Q0 ELRP5 614 tdsisng such

a nodi fi ed phage, any antibody containing an Fc portion can be caused to be
di spl aydds Hér €re Bnasidigiantootige tinyg e ramridyddiess awifiih afieatsivdge. The

Fc port] : tb%gy i e .Echi ndi ng | ypepti de

di spl ayﬂea%glﬁt«ég% agdel. atfg,nlét ﬁgl &%%é%%%ﬁtp%%lafﬁt%: E%d;%, p(l%(r23 f ragnent

t her eofinfilanfredidrit atyethkine fd304iEe lim anesgninodibaehii naomdlsy peptdge tdhrat

bi nds the Fc por.tion of i noglobulins is protein A protein G a fragnment
t her eofS "S54 M g tthe arftd Bi i o1 B Gt TGO RTATESE " Di*ndi ng
domai n R i@ tPrRtfeidyiGg Hrchn @ istitic i 1@t /i pA 1 RER & BiGeddt @Rot her
enbodi ment, the protein A variant is the variant having the am no acid
sequencelngMiSEQYIDANG T .thahatdierdnts odyarieadiausy bastRe logdiseie i s used, it
nmust be,.dj i i Y2 : ) 0Q48J-Ei nt o .
bact er ?jol%%% slrér %rgpa{grfcolﬁo%ggg s&%%l}(%{l %?gﬁ ya tperl[o a’?L é%l\?’ln!rm%gg)sr V\h%ﬁfctho}{clélr?t'ai n a
Ci r cul am sireglassiatanded DNA egénraiiementhey hao baait ddildphiakel rishost duri ng

productive infection. The phages that infect Escherichia coil caontaining
the F p&smidEshs OOV GEH oty 1 efisY FEP T Tad T Bac & Al do
not i nfiecty IRMAMdaRL£ald Sadd ane ¢rRedimntsi gaak Hidamntaus

bacteri ophage used in the methods set forth above i's indéependently sel ected
from f idcamestidusrp rebiss V31 v coamg ifsdnd @ erieraseectt 1 opidly addamtaldied a
second filanmentous phage are used, ch phage ji.s of t.he sane subtype and is
sel ect éd F1om ¥ i IL%lnean C(%él?lserphaas eesccll\’/ﬂ%}lef Iall,ont%(;#lbtﬁa yd.s%lt}%c 4 pré’

2010/ 06X NIMEE ISRAOQBHEE6GED is of the IgG class and bears an Fc

portion. In still another aspect the antibody is an antibody
specific for IL-6. In yet another aspect the bacteriophage
bearing the pro-inflammatory cytokine does not comprise a
mammalian cell internalization signal.

[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 ¢-synuclein aggregation.

[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 -



[ 0049] Phage that bear either an antibody specific to a pro-inflammtory
cytoki ne or a polypeptide that binds the Fc portion of immunoglobulins are
engi neer edot2o1odiesBay the protein on its surface. This rgpiusaddopeionvol ves
the expression of a cDNA clone of the polypeptide to be displayed, as a
fusion protein with a phage coat protein. Filanentous bacteriophages that
display foreign proteins or peptides as a fusion with a phage coat protein
are well known to those in the art. A variety of phages and coat proteins
may be used, including, but not limted to: M3 protein IIl, M3 protein
VI, NuBoerdtidile Wo B3 ipisoréisn dixeased bivd coi-ndmicest epriogeite phel
(Saggi o _et, al.,, 1995;. .Uppala and Koi vunen, 2000). A l.ar ar.ray _of vectors
are av |%<'§1meéC t(g%praoéﬁc%%sﬁ%afnl?&tgﬁlsprbo dgierl{slo sggngﬁsgﬁaéﬁlp, 7 96;

Ber di chexsbp®t ecifli®Wo andBenhalan2@@by Metbadsef;oandngent ang forei gn
codi ng sequences into a phage gene _are well known (see e.g., Sanbrook et

al ., 1988°nshd BraifntausyPactsggpphage, WHGsELY fPenESE iment, a

POl ypepficde LiRalh R Nds dde Jec 10N LOf ArvTwegl abildins J %odlasfg&@yed by
its fusion to tthe ™ mnor coat protein (protein ITI) of a filanmentous phage.
[ 00511 intllzous toetyi medtcéd nieer eilm alrso dspelaide thisosecnner dild aleatpasi ent i s
identified as jn need.of a articul ar sltaated treatment. Ilcientifyi ng a

pati enP P ESE 52 % ST GaffhéY F ThE jaudgmﬁte of a patient or a
heal t h ig@ree-rofessicnaligird .canrbersitdjeactbdsyedte. $heOpicicnid) or obj ective
(e.g. neasurable by a test or diagnostic nethod). Pharmaceuti cal
Conposiftilgmentous sy addid cdtlet Easodidteft SRy i (Ve 6 provi des a
phar ma i cal. ¢ Siti ), Vg - f.r C ri.sivng: a( . J3r St

i amoneots Tt oS e e 38 R TR o, £ g Both

pro- i nfahanRiroryr é{#tamyill’cbﬁ;d and iPpya seeordifill ameRheus abaeter,i apbage,
wherein the second bacteriophage does not. _di splay an anti body specific to a

pro- i nEesRRg driyt ARG Yfe Phag o el d R0 TG0 PCt/ 9S2E09X0656859 aspect ,
the second fii.amentous phage addidtignalily daes ;not i splay,.amagelian cel |
i nter ngﬁ zéa{lllon signal. In ano?%erl aspelcc/%h,a t'he(lsgcgnd fisi%lrrent ous phage
addi t i emaligerdaes snadyrdicsipliay Jrit)imdye- synuclidiln aaft-agen ool ansyneal eirn
anti body; or (ii) a O-anyloid antigen or P-anyloid antibody. In still
anot heP-agpectid e idhehnd il anent ous phage additionally does not display
(i) am ' L] nal.J i 0 10 b j L gen or
a- synucl 2}@ da%ﬂi ggdé?bg}rlg%i %é;');é%& p- %ﬁ;‘lo?gi%%%#%%%ggk?g%ggyn%@?%gﬁzﬁ body.
administered as part of a pharmaceutically acceptable composition

additionally comprising a pharmaceutically acceptable carrier.

In another aspect of any of the compositions set forth above, the
gecond filamentous bacteriophage is a WT phage. In still another
agpect, the second filamentous bacteriophage is a UV-irradiated
bacteriophage.

[0044] In yet another aspect, the first and the second
bacteriophage are each administered to the patient intranasally.
In another aspect, the antibody specific to a pro-inflammatory
cytokine is of the IgG class and bearg an Fc portion. 1In still
another aspect, the antibody is an antibody specific for IL-6.

In another aspect, the first bacteriophage does not comprise a
mammalian cell internalization signal.

[0045] Phages can be made to display the antibodies to pro-
inflammatory cytokines by any technique known to the art. For

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

- 12 -



[ 0053] In one aspect of this enbodi nent, the second bacteriophage is a W
phage. In a nore specific aspect, the second bacteriophage is a

UV-i rr adiwsioeadionmedrar i ophage. [ 0054] In anot her aspeeCT/ush@oanicsbody
specific to a pro-inflanmatory cytokine is of the 1gG class and bears an Fc
portion. In yet another aspect, the first bacteri ophage in the conposition
di spl ays an anti body specific to IL-6. In still another aspect, the first
bact eri ophage does not conprise a manmalian cell internalization signal.
[0055] In a further aspect, the conposition is fornulated for intranasal
adni ni gfcadiosy. by welldokspwrediesiigqissepopnfothgl RhPeR drEGtadntalsPeati on of

drugs : f d_i.n." 1 ' har. ut.i i "

PUDL T ST R aos e PR D S0e et Ea et gae GhreR [o AGa B8r Seeh hePSin by
ref er ente dadtare opekblyek somiaice .t he art. [ 0057] Pharnaceuti cal
conpositions fqr_use in accordance with the present invention thus nmay be
for mul at ed 004 &4 ARSI Al - reieee h G T G g oy DB 1y
accept iR Q16 L%t BFRK, SitRO HRXGiRERLS a8 auphkiar @S cowbi-ehutackl itate
processing of the active ingredients into preparations which can be used
phar ma®@gdec dihaf. displpees8] PrReraitigiesthati eangy fasaFci pRaFaProAL t he

active .l j faor u ccordjn 0 pr.es i_npyent.i-o .

2010/ 00T IPET LEI00 0656050, CoRrnEnt 1y 08l (0orel ('t ASCT oF oY of*an

aer osolirsmcay pubd s enttdibino Wolomm /& gerass ur iUzedopacikchor aodelidkdzehawet h t he
use of a suitable propellant, e.g., dichlorodiflyoronethane,

trichl 6ot ﬁ!it}rlg%?ét h&ReEadieh At &t PTIGPoEPRaRE GPUEEFDER BFoxi de. A
nasal srgyLayild chedees ML Jiefiiy @AtReIsYr kzed spackder cRebikhzeheas in
an inhal ation spray, can alternatively used for intranasal adm nistration.
I n t he Pd@sge .of Taeprlres poritZien adr dd6l anthdodysage luliet beapdbéydéher ficned by

provi dih val v i vey. £ ung.. ps a cartri.dge f,
e.g., égﬁgﬁfﬁf#§§y%%§%ﬁ#ea%Qf%ﬁe §§{%%h3%%e%%gﬁgglaﬁgﬁ%éo% gi%ﬁhglg%pgﬁger
m x of drhearcgmaeiynd cand racsdritalltefeeajer shaseiduehtasl.l act ose or starch.

[0047] In one embodiment a polypeptide that binds the Fc
portion of immunoglcobuling is protein A, protein 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 wvariant having the amino acid seguence of SEQ ID NO:1. When
an antibody lacking an Fc region is used, it must be directly
displayed 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 productive infection.
The phages that infect Escherichia coli containing the F plasmids
are collectively referred to as Ff bacteriophages. They do not
infect mammalian cells. In one embodiment, each filamentous
bactericphage used in the methods set forth above is
independently selected from filamentous phages M13, f1, and fd.
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 fd.

- 13 -



[ 0059] Pharnmaceutical conpositions suitable for use in the context of the
nmet hod of the present invention include conpositions wherein the active

i ngredi erwOp10/®o@ont ai ned in an anmount effective to aclrCces2eMe6iont ended
pur pose. More specifically, an effective anbunt nmeans an anount of active
ingredient(s) effective to treat Parkinson's disease.

[ 0060] Determ nation of a therapeutically effective amount is well within
the capability of those skilled in the art, especially in light of the
detail ed discl osure provided herein. [0061]Dosage anount and interval
may be adjl99téd Fhadis i derll | 5ean @r@ﬁﬂﬁeﬁ%r%@b@i&él@aﬁlﬁm 9 |sa@ftous
virus disg! cl re_s 0 a n | ef
concengr§gﬁg%a%%gg)Cé*hel%E Cia IalB ?@ ?@Ed%ag agréﬁgggtkg% Fgugggg%gge
est i matosd ifnmomoigi obiutliosd atré. eagsageﬁedecesﬁasplag abhi preteha MRCiwsl |
depend on nd|V|d al charac rlst Dosage i_ntervals gan al so

2
be det éHh r‘i‘é’& usitAg St RYINVES QVOEF’EﬁaFEﬁ Sﬁ?%ﬁ&&f’ BE adrPHPsferas

Usi Ng &f @GiMBR,] 1 g@'p@ld@ilt@; @enal@ abRebeveaks sakawe chhgrMEE: f04,1 18- 80% of
the tine, preferably between 30-90% o the time and nost preferably between

50- 90(3/omﬂfa9teh@0@trr@r@me|l@g t fd leoenseusf becsariephageppthat display

2010/ 0 7 P 0656 0063 h d
respongggéﬁ‘gg oé%%Q%k %§~§%§m&d§%ag§ %E%ﬁgqgkgg?gg %ngpﬁ§ggg?%§n?n dosi ng
can be pafotaisi nglke werl 1a kplawmaltict Y hokeadr nihet pati.ons, vairtBti/he fcphase sof

treatnent_lastin fron1sever2} days to s veral eks or until dlnlnutlon of
t he Parfith$oits PACS&Edds Seat élsﬁém gnggquding, [ AROFhE 1BASGRt TOF a

conposipiizon AR he adm niviteredrwill yrof cm@sgml%%ﬂemndm% ?@ottt%@nsubj ect
being treated, the severity of the affliction, the judgnent o

prescril¥, n@nﬁhi§|@u@@1‘éﬁ@t PrOtFO®6@FI@Dﬁ§@§BﬂDOﬁ§ ased LASFheUmpehed of
t he pres%p i.nventi o eS|red be resen%ed in_a pack 5 dl%%enser
oivinel, %& a%gF awﬁag VeCrors. are alla 1
devi ce, suc prove I h may contai n-one
dosage ﬁx@:rdmeC@Iﬂltc&ll fiuRd drheredtdive i(Bgeediaenter The pa®b6HaBerHQbh@)v@ﬂm| e,
conpri se netal or plastlc foil, such as a , , ,
et al., 1999; and Benhar, 2001). Methods for inserting foreign
coding sequences into a phage gene are well known (see e.g.,
Sambrock et al., 1989; and Brent et al., 2003).
[0050] In one embodiment, a polypeptide that binds 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 pro-inflammatory cytokine. In one
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blister pack. The pack or dispenser device may be acconpani ed by
instructions for adm nistration. The pack or dispenser nay al so be
accomodaweadotwoesn7aot i ce associ ated with the contai ner PoTASR@omssEsCri bed
by a governnental agency regul ating the nmanufacture, use or sale of
pharmaceuticals, which notice is reflective of approval by the agency of
the formof the conpositions or human or veterinary adm nistration. Such
notice, for exanple, may be of | abeling approved by the U S. Food and Drug
Adm ni stration for prescription drugs or of an approved product insert.
ConposPEPERS - c&ﬁﬁrﬁ§Fﬁ@dafﬁﬁéﬂéP&P“&nPéﬁgﬁhédﬁﬁgéﬁpﬁéﬁyféPﬁﬁlBPEd in a

conpat HQE?lB@a%”%%%HFa'ﬁ%h cann| %ht%%%a@h%%tli%np%%%@d phaggdcharan
appropriate container, and | abeled for treatnment of an indicated condition,

as if Bepelér, d@Eaﬁb@@ndbéuéamentop@O@@pgenaddetp@naﬂéuldpeenbgulnent t he
i nventi rovides a kit to Hreat Par.ki nson' s dlsea e.co

AR ey 8a)sv£uf:. i e o B PRI ROTREA LA, BB

anti body ispecigtbgtieia aheige amtgwwyaoghﬂ@bo d (b) 3tiV0 another
2010/ 060073P /U85609/06565 second filamentous bacteri ophage, wherein the

secondaﬁ@@ﬁénl@éha@@cﬁﬁébfﬁéﬁm@m§pwﬁyP@@Eeaa@éﬁﬁ&bﬁéﬁlweﬁpeﬁnﬂéﬁnal|zat|on

I I
oy SERh A, Y BB A0 g e i eniiedys (bt

pro-i nfshz@mte(iﬁ]y Gtk r @(n@yﬁﬁ?)blleﬂfht ety ; descr(iibing aa prainhodiaf
using the kit to treat Parkinson's disease. [0067]Fhving now generally
descri badickea iowéneirydoithensakedwi-1 | be nore readily understood through

reference[%%5 ggaégéigmn gga l@h“@ hbé§1£gﬁy qﬁg q¥(&9¥iof illustration

and is not he present invention. EXAMPLE

[0068]b£beezmm@hagaﬂuﬁ araﬂu@m&gen t irs s.exame! epdendrist bapecthe tekf ect of
fllanentouzﬁghage on di saggr.egation of a-synuclein aggregates involved in

the patRE6§aredieS S IPBRANTeFEr &t iUy I AN OGGS SpHREES IS -

[0054] In another aspect, the antibody specific to a pro-
inflammatory cytokine is of the IgG class and bears an Fc
portion. In yet another aspect, the first bacteriophage in the
composition displays an antibody specific to IL-6. In still
another aspect, the first bacteriophage 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 uging one or more physiologically 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



[0069] ML3 fil amentous phages were prepared frominfected TGL Escherichia
coli cultures with ML3KO7 hel per phage (New Engl and Bi ol abs, Beverly, M)
in 2YT brwOhomawd@Bni ng 50 pg/ ml kanamyci n (Si gma- Al dr i @0T/USR009l06365S, MO) .
Bacterial cells were centrifuged (8300xg, 15 mn), and phages were
precipitated fromthe supernatant by addition of 1/5 (w/vol) of 16.7%

pol yet hyl ene glycol (PEG and centrifuged (14,000xg, 1 h at 4C). The pellet
was resuspended in sterile phosphate-buffered saline (PBS) (3% of the

supernat ant vol une). Residual bacteria were renoved by centrifugation at
6, 000xFHOESTHLY, dedd VERehHaydd e HEFTs fj 8¢t 8315 CPECGPNAEL

preci pihald ot kg, RelEL Yas ddnally &:%%@Lsg%n%e@leib%ﬁ%%ﬂ ao-af chheyge

supernat ant vol une) and phage solution“filtered through a pyrogen-free 0.45
urn filatfera tovitedove rapperldsinduale -lgact erickl oYpldefiloalropledgesewer e gener at ed

by WD,2010/.06007Z3PCT/ US2009/ 0656 i_ncubat i of filanmentous ages in PBS
o N g LT TRy o PG e "R PO o 2Pett | mes
each f@ickids. ovemadall Rpatay, 0RilENeRR! ot R iakd oC pHeishingeddat

18,5000xg for 1 mn. Both aqueous and chl orof orm solutions were |eft
uncoverdFH % REIIFMET 1l 13T HSRIRGLAT E5idles ARad F&pErPai@81and t hen

resuspended 4. B rd.gi | . Rha i ritey i d by
soni cati ng Sﬂ(ﬁ% &%g:‘a%fg%ql(%lldgﬂp ?&gé%l%legln%?lge%ﬁa%% fgf ?m,g%?%g’%%g?%g

ul trasemmosgel,l tdisskdgstegre (UMidr oson Hdeate tSystiens), brampriovgdéing, aNYalusA) .
| nvesti_gatjon _of a-synucl ejn _aggregatjon i.n vitr .0070] The | evel of
aggr eggt%l (Sine%&fveﬁota}“u “{?qﬁegm%@%%ﬁ d ST &?ff &éﬁ&ﬁ&%&ge% (SJ%cs’tm'er'iéJI "dci ds
71- 82 @felthie rhummn wasy nuclLidi RO MY He fdieneredicdwiniedi es, and

t he conpl ete reconbi nant al pha-synuclein protein were tested and anal yzed.
[ 0071] BRI My FF Hhg mwx@ pighe ol iFrdlen Poaie dicsagy regat €Sbot h t he

pepti dq]agﬁqjgéﬂ%xr ecamhipant al pha- synucl ei n was exam ned. The |evel of

a-synucl el n aggregati on was determ ned on the Thioflavine T (Tht) and
protein filat=kli Bnamssagst asatescnpbedt behowsuitable for use in the

context of the method of the present invention include
compositions wherein the active ingredient (g) is contained in an
amount effective to achieve the intended purpose. More
specifically, an effective amount means an amount of active
ingredient (s) effective to treat Parkinson’s disease.

[0060] Determination of a therapeutically effective amount is
well within the capability of those skilled in the art,
especially 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 wvehicle
which are sufficient to treat (minimal effective concentration,
MEC) . The MEC will wvary for each 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 determined using the MEC
value. Preparations should be administered using a regimen,
which maintains brain levels above the MEC for 10-90% of the
time, preferably between 30-%0% of the time and most preferably

between 50-90% of the time during the course of treatment.
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Al pha-synuclein fibrils and fil anentous phages were visualized by electron
m cr oscopy. [0072] In order to evaluate the anti-aggregating effect of
t he fil ameotzouwsepitage, 900 1 sanpl es of a-synucl ei n frageeEntS2&pAIEENgG am no
acid residues 71-82 of a-synuclein were incubated for six weeks at 37C. At
this stage, filamentous phages were incubated with the aggregated peptide
for a period of one week. Two concentrations of phages were exam ned:
1012/ ml and 1011/ m . Peptide sanples were diluted into an aqueous 0.3 11M
Tht solution to a final concentration of 225 [tM Sanples fluorescence WO
2010/ 060073PEP/ ISITTTH 6563 &M ST Y 488 iR Guatsss & A

si gni ficant; A3% Ledycti-on was pdeteetedd Ant ReeSaARk 8neONLBERLEYkhepamunt
of 1011/ nl phages as viewed by a reduction in em ssion at 480 nm (Fig. 2A).
[ 0073] Sarplsésgier erales @ luireded vbp It rdndmissiran iehect wohhnterosevpye( FEM .
Sanmpl es were | oaded _an carbon grids-and were coated-wi th, ur tate. In
Che. sanl e CSRtan R sy Phe rey Bl ey bepteaeradi uhtrrc 3 Laditi s o
conpl exifrikritlisn ®»fa cdense rkanmore e ddekecked telkieg is2Behkefiedpanel ). A
substantial reduction in the amount and conplexity of fibrils was viewed in

the sanpl el GOPGULERR PIPYRE 19812 PHAFRRS 1 Wk & ¢ PT HREWahpt €Tt Ubat'ed S t h
1011 phagfs,e NQf ﬁ%@%ﬁg@; Hdetected ang %Iiylga@%e@%}af, R9Qr egatesyere

visible (Fig. 2B, ri ght panels). SHSY5Y ce cultures as

cel | ul arf rbgelafflict[i@d74]cHee Jnelgmebitastforrhec pirieskcirméige s¥y¥iicgaa good
candi daete to use as PD nodel since it is a dopamnergic cell. The cells
wer e stéctﬁ'y transfected with the wild type human a-synucl ein gene and the

mut ant  a- sy et EnAS3Tt JERE . usad pha- Syd utd ehdy exprassimresvas: det er mi ned by

VbStergéﬁégfion may, if desired, be presented in a pack or dispenser
device, such as an FDA approved kit, which may contain one or
more unit dosage forms containing the active ingredient. The
pack may, for example, comprise metal or plastic foil, such as a
blister pack. The pack or dispenser device may be accompanied by
instructions for administration. The pack or dispenser may also
be accommodated by a notice associated with the container in a
form prescribed by a governmental agency regulating the
manufacture, use or sale of pharmaceuticals, which notice is
reflective of approval by the agency of the form of the
compositions or human or veterinary administration. Such notice,
for example, may be of labeling approved by the U.S. Food and
Drug Administration for prescription drugs or of an approved
product insert. Compositions comprising a preparation of the
invention formulated in a compatible pharmaceutical carrier may
also be prepared, placed in an appropriate container, and labeled
for treatment of an indicated condition, as if further detailed
above.

[0066] In one particular embodiment, the invention provides a

kit to treat Parkinson’s diseage comprising, in separate
containers, (a) a first filamentous bacteriophage displaying an

antibody specific to a pro-inflammatory cytokine; and (b) a
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cells were stained with al pha-synuclein antibody to visualize Lewy bodies.
[ 0075] SH SY5Y cells stably transfected to over-express AS3T a-synuclein
wer e gr ownoi2n101@oarm di shes and mai ntai ned i n DVEM Hanml s PETAISed9¥serwdi fi ed
medi um cont ai ni ng 1% non-essenti al am no-aci ds (NEAAs) and suppl enent ed
with FCS (10%, glutamne (2 mM, penicillin-streptomycin solution

(1% (Bi ol ogical Industries), in humdified incubator at 37C with 5% CO2-
WO 2010/ 060073PCT/ US2009/ 065659 Cel | lysis [ 0076] For separation of
a-synuclein, the lysis procedure was perfornmed using the cell extraction
descri FEFBY (Eed aETHOUS( POGALTASPREFE! | ¥HBFPhENEaB6FaTEry of the present

i nvenj[ @Jra%telﬁri!o%fhla)@e GRS nuer %lirs%'i%?d (\_Ar_'i)t 2y %%maf[lri)éﬁs ibghzed with 1. 5”_“-
trypsin per dish Collected to a 15 tube, centrifuged and washed again
wi t h PB3tfeginadved thyrc oliloeetli;on itlo am Eppendorlfinubetigehl srwere | ysed with

100pl buffer. T (containjng 20mM Tris pH7. 4, 25nM KC1, 5 2, 0.25M
sucr os YL G‘ﬁlt)%%lé“an(&lp}r)otaegs@&yiﬁilfﬁ POF AR GF e ,‘a%/??%’r‘tqed until no
cel | claym$dgmridied,; )nedbated gy egadtignRerat ur @ rbonk nkd afnB« oafhd
centrifuged at 13,000 kg for 10 mi n. Supernatant was collected and placed
in a sepaoiiecEpperdord) tinsd mvmtked sasiesaypbingoee refrdodne fsugéngatant
shoul d | ef i_t.h . | et fy. ion). The pellet with gently covered
with bu ?tert%Ntt COalll:ltt é%ta%?{ﬁgleé&nlﬁ ﬁi%%éf%pH 11.5 and a protein inhibitor

m Xt ure) Wwictoeot Hav khd gnéun dyé metdal e ddever fibgdt tlad  AGrerfii en al dowethriche
proteins _to gentlry resuspend in the buffer. Follow ng the incubation, the

now cl vARAFESeo] Squgh pELEE s &Rd td€scar ded. The

remai nifg 10RLeId &lxdnh I &Hikhe was Rt &3 WRel I8t i1 1The rSuRemnakant sand
pel l et extracts were kept at -20C and anal yzed by Western blot to
quant i tatte itteralesurito dfe dalmiblligcanmd ivhsolnsisend- syrwgeitéiom.. Phage toxicity

EXAMPLE

[0068] The experimental results in this example demonstrate

the effect of filamentous phage on disaggregation of a-synuclein

aggregateg involved in the pathogenesis of PD.

Preparation of filamentous phages

[0069] M13 filamentous phages were prepared from infected TGl
Escherichia coli cultures with M13K07 helper phage (New England
Biolabs, Beverly, MA) in 2YT broth containing 50 pg/ml kanamycin
(sigma-Aldrich, St. Louils, 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
golution filtered through a pyrogen-free 0.45 um filter to remove

any residual bacteria. Spherical phages were generated by
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[0077] Viability of differentiated SH SY5Y cells follow ng incubation with
phage was tested using the MIT reagent. Cells were incubated overnight with
| x109 anaw®edBlbogriages/ well in a 96 well plate. No cel lPCaaskivomessobser ved
followi ng the incubation (Fig. 3). WD 2010/ 060073PCT/ US2009/ 065659 Filter
retardati on assay [0078] For protein aggregate filtration, a
comercially avail abl e sl ot blot device (Bio-Rad Laboratories, Minich,
Germany) was used. Sanples were filtered through a bl ocked nitrocellul ose
menbrane (0-.2 Am pore _size, Schleicher & Scheull, Dassel, Gerpany). _After
filtraftfGHPaddoR ot METSRESHED TR ﬁso?f%?gﬁswlﬁppﬁ5-§§Hﬁ&Igpﬂggég?ggates
vere debaehedd4si NG THae SEReSLENA ARbiRady AL B5A9 i h=:0006) rwit hoag,

secondary HRP-coupl ed goat-anti-nmouse antibody and finally visualized by
cheni | wviere Sc arice atDawsint Gpepeire tgagnt (RT) c andoseat rRARIBRoR twas - pePPBEMed

wth SignmaGel .v1.0. 79]_E I I f r C Lsh were
added §%E'§$W8ﬁbd PgtPegéﬁggg&,%ﬁﬁfF&ﬁ%%??%iﬁ F%gpkgfng,w%gﬁlgkgére treated
wi t h diifeernentecanpunts ofocphage iflorm124 candréZorm reelidsewehedt hen col | ect ed

fromeach plate and | ysed and anal ysed, as _described below. _Differentiated
SH- SY5 PV IS e PeXpIessl g SHFRE e & SPfucreithiowereSthtabdPed ™ th a
total ohJdoel0ld Rhagss fr @B Refdet ofy ik 19veshioght ak 376 15ke

solubl e and insoluble fractions were éextracted and the insoluble fraction
was fi lohewgss tiy GliRgh car G.cBARad thtoceld Wess aisipgb vad e asPié Camsuat  of

2 Synuel.eln, a0ar egRLES S8l A YLk, LG ARRA, OB, pbhe untreat ed

cells ig.
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 a-
synuclein (SEQ ID NO:7), the core of Lewy bodies, and the
complete recombinant alpha-synuclein protein were tested and
analyzed.

[0071] The ability 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 Thioflavine 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 a-synuclein 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*?/ml and 10" /ml.
Peptide samples were diluted into an aqueous 0.3 puM Tht solution

to a final concentration of 225 puM. Samples fluorescence
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ELI SA of oc-synuclein oligoners [ 0080] An ELI SA to detect oligoneric
speci es of a-synuclein (El-Agnaf et al., 2000) was nodified in order to
measur e twe 2armeniz3of a-synucl ein oligonmers in the insolpablus2dmacicson of
SHSY5Y cells. In order to detect only oligonmers of AS, the sane nonocl onal
anti body enpl oyed for coating (conjugated to biotin) was used. WO

2010/ 060073PCT/ US2009/ 065659 [ 0081] A 40% 50% reduction in AS oligoners
was detected in the insoluble fraction of cells treated with phage both
3hr. and overni ght incubation (Fi % 4B). Interaction of ML3 phage with

a- synuEgissiion eél kElanwg@sl suantifdedz] Al ghardfaGersi A3FAspdpstion

nati vely unfolded sprot eij locahized gt iBrgsyRAR! LaoLekmbrah g2 ag readily

i ncorporates into nenbranes through the N-Term nus and thus exists in the
cel |l i phaged eeryiewedeityr ane cdiowndocandnaediiserider ed éposol i(Eifjer AR) -

Accumul at i ta indicate that the nmenbrane formof AS plays.a role in
cel lular t |7gﬁt§?m Ot of THTi T S%a%l?%ﬁn[ﬁ\%nt[ﬁaé}srgjtsﬁfc?rhree]sgcer%oéhded on the
cel | mpbraneand @awse mekiaRe pereabihliely onl tawasnr egeakl ¥ndewenst r at ed

that AS has a propensity for higher ag%regati on in the presence of |ipids
and t h&oatss ey AFEeTNdyPEGaEES -cad i rdGec 6 2H§d e §RNITGA NN It RBLEYLHSOPi¢

form of - Here, L. ul.at| of. A I s fell ow ng
treat meRE i WG Ty e (NES) 1T aerd e ohases TR S SvEy eel e 2
over - exjaressifogmivetet Ylee cAS ads (frigsenrBed 1eThe pamrtin) ane Af sabsitemtdklt he

cells were extracted. using a nmenbrane extractiqn kit .(MBL) for. AS detection
by, VesCEEIGE Ay STORBH Gy RO S o s & e PedPed 6IEAG gl ot s
and tridm sanie alsodelectadd n theoneEy anghfractd ahd Rgped) .

denpbnstrating the existepce of AS oligoners in nenbrane conpartnents in our

cel | ul dmardedled e Teflf0ettPRAgEs | arent dusl bhair o it e Yok rahtdmhy of t he
AS mentyr i j I i Lok ] t i in Figs.
5A anﬁ%&%&@%q%%m%g%%fﬁe%%%ﬁ a(t e 'u%ﬁg%@%ﬁ%oiazldzgﬁyﬁgnd wer e

i ncubatgethedwer.ni ght with wil d-type phages at 111 phages/ m . The nenbrane

fractions were extracted the follow ng day and sanpl es of each extraction
were neasured for. the anmount of AS ol gomersli n an ELI SA designed to

r ecogniSFE oMY wlilysriiireshas seldrlags meds.

[0074] The neuroblastoma cell line SH-SY5Y 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 a-synuclein gene
and the mutant a-synuclein A53T gene.

e alpha-gynuclein expression was determined by Western blot.

¢ cells were stained with alpha-synuclein antibody to
vigualize Lewy bodies.

[0075] SH-SY5Y cells stably transfected to over-express AL3T
c-gynuclein were grown in 10 cm dishes and maintained in
DMEM:Ham's F12 (1:1) modified medium containing 1% non-essential
amino-acids (NEAAs) and supplemented with FCS (10%), glutamine

(2 mM), penicillin-streptomycin solution (1%) (Biological

Industries), in humidified incubator at 37°C with 5% CO,.

- 20 -



WD 2010/ 060073PCT/ US2009/ 065659 5B). A significant reduction in AS
oligoners fromthe nenbrane fracti on was neasured in SH SY5Y cells

f ol | owi ngwDrowmvd7en wi t h fil ament ous phages. The effecPCofusaddomeiogpe
phages on AS aggregation extracted fromthe nenbrane fraction suggests that
the wild-type phages affect AS on the plasnma nenbrane, possibly via direct
interaction with AS through a previously denonstrated region of interaction
| ocated at amino acids 73-85 of the MAC region of AS. It is also possible
that due to the long incubation of the cells with phages, a snal

per cent&dé d¥Se phages are internalized into the cells affecting other
menbr anous conpartnents in the cell other than the plasma nenbrane. Binding
of the phdgesslFdhesagsdtast it hohassiblue liaitrer ndld Zatdien prcquorotve s

cl earance .of alpha-synuclein._fromthe plas menbr ane through activati on of
Voo mE LA BUAC e SHFaIY lof TS AEr REETOn LR, BYa EPnel 8 uei ng
transgenioo s eg mAalr il B3 kihesoRbsrdiksesdser the pPRB84htPRveatsyrucl ein
transgenic mce (D_line) and nontransgenic mice aged 7 nonths received

i ntr a- Fpgdeanmpaelily acticons nicch WWIED pR&ge tatyPERTO £8daid thheé -BFfai ns wer e
anal yz VAW r LHG wi_th  anti e ai : - | e 3
and 1 o o R oo R ST o ARt LS e BoL S ol 5 has
obser vegiaiim alipha-rRfdcldioveby byi oelilkjcedbed twi b EbPenib3 fi muineost ai ni ng

was observed in neuronal cell bodies in the neocortex and hippacanpus. In
the i BEOCEHEE ML St A0y S o do BEadTeon JOFE! HEGFoBTY “The
aver age sapien ofsiewienal, 8995R0aLesc0k , a1 synuet ehNxWaso MBAgURedr EAsbot h
hem spheres of the brain after ML3 injection in one hem sphere and

phosphaté ifpiffosr ad xdaltine EPBS):beghivgite Li ma Ive 1t kempenirepladined and t he
ratio hetwgen I SWI SRS 0 Lhe senar ale hemsspheres d s ghown in
Fi gure gl.c e[dog‘g%&aw ngrg%ﬁ)oewaf ul Iey descri begl't hi's inventi (1)%,e it wll be
appr ecilat,®d obkdt Hege 1SKinired iSugdieaarsintt hats tdd lsaredcamdbela®d in a
2010/ 060073PCT/ US2009 06565%
geparate Eppendorf tube marked as "sup" (note that no supernatant
gshould 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 a-synuclein.

Phage toxicity

[0077] Viability of differentiated SH-S8Y5Y 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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performed within a wi de range of equival ent paraneters, concentrations, and
conditions without departing fromthe spirit and scope of the invention and
wi t hout uworelepEsi ment ati on. [ 0086] Whi | e t his i nveaTiusnookasseseen
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
following, in general, the principles of the invention and including such
departures fromthe present disclosure as cone within known or customary

pract i E&LkPENiF® EBRE34AC™ GSRAFCh the invention pertains and as may be
appl i ed tqohe 8ssentiale fealduassdial ef nhefor &,5ety fQhddeasi 10l ows in the

scope of the appended cl ai ns. [ 0087] Ref erence to known net Hod st eps,
convengivendlabiet kdds $tlepys dekmown (BEth®ds! drebogatenmtiesnaMumerhods is not in

any way, an _adm ssion that an spect, d ripti.on.or enbodinen f the

pr esent’ SHAVERY | 8175 &6 'cI%Eé@ieFaﬁﬁﬁF %ﬁﬁéﬁéé sfgﬁopﬁ%?ﬁebggF%§§nt art.

[ 0088] The riefagilng deseibRineon oof, ot hen $Ree Hiceengedil aerhe sl Echeulill, |y
reveal the general nature of the invention that others can, by applying
know e®§ésfilthiGe @k | AIsRn He lametdionel §dichg SLRE #6t ¥RES o thﬁé

references ged hergin) rfu%ggigy ﬁ@%@je@ét%%d/m@%ea RLfQl VahigUshe
appl i cations such speci fi'c enbodi ts,” w thout undue experinentation,
W t houtmoghegardrialg srrtdrincdye IG&ver dll :doncdt) ofi thhe presediarynV@rt-iconpled

Therefore, such adaptatign d nodif.ications are.intended to be within the
meani n§°&hd FEgE B % QEVl < tsanéi? ﬁlﬁ]@%éiysé"llgélgglgﬁﬁio Yments, based on the
t eachi R eand QUi R esenired hele@imn.c Idudrs itfa e iwrderrstraed tibat whke

phr aseol o or term nology herein is for the purpose of description and not
of |i mbeabsmeds pelfh HaomawE it éilnithol ogy or phraseol ogy of the present

Ceachi nge. S O VB 38107 0R00 3 PCr UBohDST DBS65S" gul dRRCE: b7 CLSHT o Rar el 1.
i n conbiliatweghtw teathe sRAowbedgecotyoneAof tbadi hamg, skellsi nerhe art. - 26
i 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-SY5Y cells overexpressing
wild type a-gynuclein were incubated with a total of 1x10%?
phages for a period of 3hr. or overnight at 37°C. The soluble
and insoluble fractions were extracted and the insoluble fraction
was filtered through a 0.2um nitrocellulose membrane. The amount

of a-synuclein aggregates retained on the filter was higher in

the untreated cells (Fig. 4A).

ELISA of a-synuclein oligomers

[0080] An ELISA to detect oligomeric species of a-synuclein
(El-Agnaf et al., 2000) was modified in order to measure the
amount of o-gynuclein oligomers in the insoluble fraction of SH-
SY5Y cells. 1In order to detect only oligomers of AS, the same
monoclonal antibody employed for coating (conjugated to biotin)

was used.
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overnight incubation (Fig. 4B).

e

Interaction of M13 phage with a-synuclein in cellular models

[0082] Alpha-synuclein (AS) is a natively unfolded protein
localized at presynaptic terminals. AS readily incorporates into
membranes through the N-terminus and thus exists in the cell in
two forms: a membrane bound and a disordered cytosolic form.
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-SY5Y
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 of filamentous phage on
oligomerization of the AS membrane following incubation with
filamentous phages is shown in Figs. 5A and 5B. SH-SYSY 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 gpecies of AS (Fig.
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Press éggggpatlon extracted from the membrane fraction slggests that
the wild-type phages affect AS on the plasma membrane, possibly
via direct interaction with AS through a previously demonstrated
region of interaction located at amino acids 73-85 of the NAC
region of AS. It is also possible that due to the long
incubation of the cells with phages, a small percentage of the
phages are internalized into the cells affecting other membranous
compartments in the cell other than the plasma membrane. Binding
of the phages to the cells with possible internalization may
promote clearance of alpha-synuclein from the plasma membrane

through activation of lysosmal degradation.

Studies of MI13 interaction with a-synuclein using transgenic mice
model of Parkinson’s disease

[0084] PDGF «-synuclein transgenic mice (D line) and non-
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, MI13
and lbal (for microglia activation). 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 neuronal aggregates of a-gynuclein was measured in both
hemispheres of the brain after M13 injection in one hemisphere
and phosphate buffered saline (PBS) vehicle in the other
hemisphere, and the ratio between the measurements in the
separate hemispheres is shown in Figure 6.

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

appreciated by those sgskilled in the art that the same can be
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is capable of further modifications. This appllcatlon is
intended to cover any variations, uses, or adaptations of the
inventions following, in general, the principles of the invention
and including such departures from the present disclosure as come
within known or customary practice within the art to which the
invention pertains and as may be applied to the essential
features hereinbefore set forth as follows in the scope of the
appended claims.

[0087] Reference to known method steps, conventional methods
steps, known methods or conventional methods is not in any way an
admission that any aspect, description or embodiment of the
present invention is disclosed, taught or suggested in the
relevant art.

[0088] The foregoing description of the specific embodiments
will so fully reveal the general nature of the invention that
others can, by applying 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 terminology herein is for the
purpose of description and not of limitation, 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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1. Afilanentous bacteriophage for use in treating Parkinson's disease or
susceptibility to Parkinson's di sease, wherein the fil anentous

bact er i ophagelodiesgBays an anti body to a pro-infl anmat or PCEISOKI0063659

2. A filanmentous bacteriophage for use in treating Parkinson' s di sease or
susceptibility to Parkinson's disease, wherein the fil anentous

bact eri ophage does not display (i) a mammalian cell internalization signal;
(ii) an a-synuclein antigen or a-synuclein antibody; or (iii) a -amyloid
antigen or S-anyloid anti body. 3. The fil ament ous

bact eri ophage according to claim1 or 2, wherein the bacteri ophage does not
di spl ayPa lbamteitan e i OIS 2ati-of -si gR&IeS. K., Elasegawg, “¥pe

fi | ament ous G9&EE&H o phage PACCEYEIVSG St &@/ fdnementorgi ARElg§ignswRérein the
bact er i ophageviys b MEsphiagpe Parkinson's digeaPige afid depsnoas batherdevphage
or use accordgidigst dPrsicaadifigaer dihe tNed dvactle Acspleaye ofs Saigkciesr adi at ed
phage. the Unitegl K dtigstofamthesgcmnd I5 lcadentcads Haovéni.ophage for use
in treating Parkinson's di sease, wherein: a) the first
filamenheds bacter, cakage diglkays .am.antbzhedy ot.om ,préni, nfvl.agnat ary
cytokine; amthung, K. C. Inddctlite ECoRGUn-amerliqusicbact ekl ephage does not
dl) spl ay I(') &ﬁ%ﬁ@it‘ %’hd?ﬁﬂﬁdéltsefdia'dl?ﬁltg-%@rﬁi(f%%?. (J'gukn@zlfl _%éf i

c) synucl ei ny; foppasiug) el 157 4l | -anyl oid antigen or
S-anyl oi d anmiliq{ol(?c?%%g? C(rl?e\?% an éntZira]gg%yMtg ?7& g— i(nfoi%alm‘rat ory cytoki ne.
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7. The filamentous bacteri ophages according to claim®6, wherein the first
bact eri ophage does not display a mammalian cell internalization signal.

8. The fiwameniwus3bact eri ophage according to claim6 oPCT/US2400/063689 t he
second bacteriophage is a WI phage. WD 2010/ 060073PCT/ US2009/ 065659

9. The filamentous bacteri ophage according to claim8, wherein the second
bact eri ophage is a UV-irradi ated phage. 10. The fil anent ous
bact eri ophage according to any one of clains 1, 3, 4 and 5, wherein the
filament ous bacteri ophage displaying an anti body that binds to a

pro- i nflERfdtSoGR-PMEdkiTde furt her di spl ays an antibody bi ndi ng portion of

protein A or protein G I that bi nds A
pro-inflammatory cyt0|%§?%%§ %ﬁ%%qto fﬁ%9%> y b|S§‘ng po%?ﬁbn of

pr ot ei PaAkdmgaroteidi déase or susceptlibillhs f‘dd anphtiosnbaciedeephkage
according tao atélone of clainms_3-10, wherein the antibody that blnds to a

pro-i nf4 YR S P A HS TH O AT O Y 5t 614 @nél ody to a

12. TheAdliarmentous Hacteripphage according to any one of clains 1-11,
wherein each bacteriophage is used for intranasal adm nistration.

13. The fil anent dus Badtidreimsgyiays a@maﬂwna@%@mm@eoﬁmltadamimand

3-12, erein each |Ianentous bact r|0 hage i S ependentl selected from
ML3, %Irk%élsfodl bac lee’rel"ﬂospehage YENd X ﬁr% ﬂgr?( HHsen i

wherein the filamentous bacteriophage does not display (i) a
mammalian cell internalization signal:; (ii) an w-gynuclein
antigen or a-synuclein antibody; or (iii) a R-amyloid antigen or
B-amyloid antibody.

3. The filamentous bacteriophage according to claim 1
or 2, wherein the bacteriophage does not display a mammalian cell
internalization signal.

4. The filamentous bacteriophage according to any one
of claim 1 to 3, wherein the bacteriophage is a WT phage.

5. The filamentous bacteriophage or use according to
claim 4, wherein the bacteriophage is a UV-irradiated phage.

6. A first and second filamentous bacteriophage for
use in treating Parkingson’s disease, wherein:

a) the first filamentous bacteriophage displays an
antibody 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 o-synuclein antibody; (iii) a f-amyloid
antigen or f3-amyloid antibody; or (iv) an antibody to a pro-
inflammatory cytokine.

7. The filamentous bacteriophages according to claim
6, wherein the first bacteriophage does not display a mammalian
cell internalization signal.

8. The filamentous bacteriophage according to claim 6

or 7, wherein the second bacteriophage is a WT phage.



14. The fil anment ous bacteri ophage according to claim 13, wherein each
filament ous bacteriophage is ML3. 15. A pharnaceutical conposition

conpri si YO 2010/060073 a) a first filanentous bacteri ephageodiossbayi ng an
anti body specific to a pro-inflammatory cytokine; b) a second
filanment ous bacteri ophage, wherein the second bacteri ophage does not
display (i) a mammalian cell internalization signal; (ii) an a-synuclein

antigen or asynuclein antibody; a -anyloid antigen or -anyloid antibody; or
(iv) an antibody speg¢jfic.to a pro-inflanmmto cyt oki ne;. an .

c) a pharmaceuti cal | kﬁb% AR s R %?rlOp%%geyacco %}nﬁh e 5tpa% Eir on
of cl aiwRek® frorpd albridbddtdranasirlgeadd Bl str-atierliatWl phage.

2010/ 060073PCT/ US2009/ 065659 17. The conposition of claim15
or 16, wherein tRH® fiThst PdAEitoptrade F6&s ORERIG SHICAY Oa ke lPdn 86! |

intern%ﬁ?%ﬂ&hﬂﬂa%hg@ql4 and 5, wherein the filamentous bacteriophage
displaying an antibody that binds to a pro-inflammatory cytokine
further displays an antibody binding portion of protein A or
protein G, and wherein the antibody that binds to a pro-
inflammatory cytokine is bound to the antibody binding portion of
protein A or protein G.

11. The filamentous bacteriophage according to any one
of claims 3-10, wherein the antibody that binds to a pro-
inflammatory cytokine is an antibody that binds to IL-6.

12. The filamentous bacteriophage according to any one
of claimg 1-11, wherein each bacteriophage is used for intranasal
administration.

13. The filamentous bacteriophage according to any one
of claims 1 and 3-12, wherein each filamentous bacteriophage is
independently selected from M13, f1, and fd bacteriophage, and
mixtures thereof.

14. The filamentous bacteriophage according to claim
13, wherein each filamentous bacteriophage is M13.

15. 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
gsecond bacteriophage doeg not display (i) a mammalian cell
internalization signal; (ii) an w-synuclein antigen or o-
synuclein antibody; a f-amyloid antigen or f-amyloid antibody; or
(iv) an antibody specific to a pro-inflammatory cytokine; and

c) a pharmaceutically acceptable carrier.

16. The composition of claim 15 formulated for

intranasal administration.
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18. The conposition of any one of clains 15 to 17, wherein the second
bact eri ophage is a W phage. 19. The conposition of claim 18,
wher ei n twe 28Bemf3bact eri ophage is a UV-irradi at ed bactPeriuspia®nescso

20. The conposition of any one of clainms 15 to 19, wherein the first
filanmentous bacteriophage further displays an anti body bi nding portion of
protein A or protein G and wherein the antibody that binds to a
pro-inflammtory cytokine is bound to the anti body binding portion of
protein A or protein G o 21. The conposition of any one of
claims 15 to 20, Wher diif ARRARRIBEHY C’tfhétl""Bi”hdg’mtodT a fpr FHeRERBmirdCor y

Cyt oki g it af, ki ibodi ddhatody nes 10 dob- lian cedd. The
conposir}t%i on of any lone O%J]d ainms 15 tg&%ﬁ@ v?hg]rag}mr? elgélh Cof the first and
second ifriteamrentices ivactsaigrgphage is i ndependently selected from ML3, fl,
and fd bacteriophage, .and m xtur.es thereof . . 23.. The

conposi tion of clqggl m E%’,e v%oér}pecisﬁectlﬁél 4 rsatnyar?&les(?Cfor?&aflin]safrlgnt-ggu%7’

bact er ivophage, alte: Mekond bacteriophadfe 1A nREWIOGIRIgd.reating a patient
suffering fromor susceptible to Parkinson's di sease by adm nistering to

the patient in néét t RGBT EifdhFusIFaet & opREge  whéreiS® _
bact er ijpphage date dj W—%&ﬁé&ia&é@%ﬂ%ﬁbﬁlfl_gé nternalization signal;

(ii) an a-synuclel™n antigen or asynuclein an or (iii) a -amyloid
antigen or -anyl ¢ amtlidodynposition of any?2neA gfetdied mf U éat ili¥y a

patient sufferi fromor_susceptible tq Parkinson' i,seasg b
adni ni s“.fkéﬁ‘ﬁehld“ ttg%t S i Em ébgd%a}?gcreéfdfo BRI SUs %ﬁé’%ﬂ &ritophiage
di spl ayd i sesanindyy ten e J8:0-d Midyvatony Gytokiten ¢, and wherein

the antibody that binds to a pro-inflammatory cytokine is bound
to the antibody binding portion of protein A or protein G.

21. The composition of any one of claims 15 to 20,
wherein the antibody that binds to a pro-inflammatory cytokine is
an antibody that binds to IL-6.

22. The composition of any one of claims 15 to 21,
wherein each of the first and second filamentous bacteriophage is
independently selected from M13, £1, and fd bacteriophage, and
mixtures thereof.

23. The composition of claim 22, wherein the first and
gsecond filamentous bacteriophage are M13.

24. A method of treating a patient suffering from or
susceptible to Parkinson’s disease by administering to the
patient in need thereof a filamentous bacteriophage, wherein the
bacteriophage does not display (i) a mammalian cell
internalization signal; (ii) an a-synuclein antigen or o-
gsynuclein antibody; or (iii) a f-amyloid antigen or f-amyloid
antibody.

25. A method of treating a patient suffering from or
susceptible to Parkinson’s disease by administering to the
patient in need thereof a filamentous bacteriophage displaying an

antibody to a pro-inflammatory cytokine.

- 32 -



WD 2010/ 060073PCT/ US2009/ 065659

wher ei
si gnal

bact eri ophage is a W phage.

wher ei

nmet hod of treating a patient suffering fromor susceptible to Parkinson's

26. The nethod of clai m 25,

n the bacteri ophage does not display a mammalian cell internalization

. WO02010/060073 27. The method of claim 24 or 25, wreraiSRo00/065659
28. The nethod of claim 27,
n the bacteriophage is a UV-irradiated phage. 29. A

di sease by co-admnistering to the patient in need thereof:
a first filanmentqus bacteriophage that displays an .antibo to a
pro-infl anmat ory < tolglﬁ?‘?e;meﬁﬁi?adg of i 2DS'b)W &S S HaghrsiRage

bact er iRrhaget Wiensif, thensecand Hacer ophage dors ivel digplay (i) a

manmmal

ian cell internalization signal; (ii) an a-synuclein antigen or

a)

asynucl ei n anti bddy; (The methogmaloidd st idferPor2 S amylegied rarftisbody; or (i v)

[ . -inf ry. cytokine. 30. The nethod of
%%ﬁ%r é?qnaqﬁgel%alrs ah%tgza/er'i ophage does not display a manmal i an cel |l
internalization dgnalThe method of Ahind iy nmettwadciof ttleaibadEmro@hge

an ant
claim

wher ei

t he _second bacteri hage is a W' phage.
qs a UV~irraé£ated P agél phag

29. A method ¢f treating a patient suffering from or
susceptible to Parkinson’s disease by co-administering to the
patient in need thereof:

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

b) a second filamentous bacteriophage, wherein the
second bacteriophage does not display (i) a mammalian cell
internalization signal; (ii) an o-synuclein antigen or o-
gynuclein antibody; (iii) a f$-amyloid antigen or fR-amyloid
antibody; or (iv) an antibody to a pro-inflammatory cytokine.

30. The method of c¢laim 29, wherein the first
bacteriophage does not display a mammalian cell internalization
signal.

31. The method of claim 29 or 30, wherein the second
bacteriophage is a WT phage.

32, The method of claim 31, wherein the second
bacteriophage is a UV-irradiated phage.

33. The method of any one of claims 25 to 32, wherein
the filamentous bacteriophage displaying an antibody that binds
to a pro-inflammatory cytokine further displays an antibody
binding portion of protein A or protein G, and wherein the
antibody that binds to a pro-inflammatory cytokine is bound to
the antibody binding portion of protein A or protein G.

34. The method of any one of claims 25 to 33, wherein
the antibody that binds to a pro-inflammatory cytokine is an

antibody that binds to IL-6.



32. The nethod of claim 31, wherein the second bacteriophage is a

UV-irradi ated phage. 33. The nethod of any one of clains 25 to
32, wher ewpo 20tvebi7Banment ous bact eri ophage di spl ayi ng anPpamtisb@dpseichat bi nds
to a pro-inflammatory cytokine further displays an anti body bi nding portion
of protein A or protein G and wherein the antibody that binds to a
pro-inflammuatory cytokine is bound to the anti body binding portion of
protein A or protein G 34. The nethod of any one of clains 25

to 33, wherein t od h nds to a pro-inflanmmatory cytokine is an
anti body that bi rigs t AT TSR S0 T0P0G0s T ShCT Ba0 osgsEd Y WA

35. Th@aﬁﬁihﬁﬂﬂﬁgrﬁaphayyaﬂﬁ aHmMﬂmsﬁé&dd)jﬁtraﬂm@amlq-each bact eri ophage is
adm ni stered intranasally 36. The _net hod of any one of clains

24 to 35, wherelﬁﬁeacﬁhﬁ Merdinco B 1FEst ficosHage dilEs rdepéndent Mregsiact ed
from ML3.f k5 1and fd, Raglehid Qﬁ:gf‘ac_zﬁ@rl% @rﬁeﬁe‘?ﬁie&%@&e%felected from 37.

The nmethod of claim 36, wherein“each filanentous bact'eri ophage is ML3.
M13, f1, and fd bacteriophage, and mixtures thereof.

37. The method of claim 36, wherein each filamentous

bacteriophage is M13.
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