;e3e&x2GNT 6T2/ WO 02/ 0i 5720 PCT/ GB02/ 00153 *159159* 1 MATERI ALS AND METHODS
RELATI NG TO PROTEI N Amemmmmwm RODEGENERATI VE DI SEASE  Techni cal
field 5 wbhanpsesent inven s cell-based nodel Sp@&%ﬁz}%@f;:;t est
systens for nodelling the aggregati on of proteins associated with
neur odegenerative disease. It further relates to conpounds capabl e of
nodul ati ng such aggregation. 10 Backgraund art Conditions of denentia such
as Al zheimer's disease (AD) are frequently characterised by a progressive
accunul ati on MATESIALS ZNDeMETHODS amiMrtNex'm FROTEIN SXGERASTON O
protelnaceous structures su Y Rd-Qhg Bragues and neuro rbrillary
tangles in the brains of af --3*-‘:-:-- ance of these | esions
‘largely correlates w th pathol ogi caI neur of i bril | ary degeneration and brain
at rophy, melu_%§ %nth cognitive inpairnment (Mikaetova 20 Ladi nska, E. B.
et al. ( athol . Vol . 157, No. 2, 623636) . Both neuritis

pl agues and neur of i br| | lary tangles contain paired helical filanments

(PHFs), n ub ssQci at ed
brot el n 1ac (U0 Sap K Leefane f‘@%%?‘“m%l 0= 6E TEHELE) 4R SR e, "Cont ai n
ext r acel FYUPEI™MY 59 manpl bing fthpr F‘H%r%&arﬁl@édofrmﬁtﬁhésa@ﬁtﬁmteﬁr w&eBsi ng of
anyl oi d ﬁé@ﬁMéand&raa&eé Ni(sAE8e . Kang Mirtddr (40846l Mat Uofpoidrs €333p14N
article b% %%\%tk et al va(c? urobl ol ogy of Al zheiner's D sease', 2nd
Edition 30 T BYs SUTAISEFR9°D°%nd Allen, S.J., The Mol ecul ar and
Cel | W ar Neurobi ol ogy Series, Bios Scientific Publ i shers, Oxford) discusses
in detggék%mrﬁj%qttl ve role of tau protein in the pat hogeneS| s of
neur odeg ntias. 35 Studies of Alzheinmer's disease indicate
that the loss of the normal form of tau (Mikaetova-Ladi nska et al. (1993)
Am J. P@bﬂ@itlor{s‘l%,f aéﬁethas‘éth £ @lznel4h9968)qiNeULab{ ). Agei ng, 16:
409; Lai £ al %D 4 05S720 PCT/ GB02/ 00153 &FQQSb) Neurob| ol . Agei ng,
16: 433): r%%‘f:?ﬁﬁlllyat 8h2ofepac oFBg‘?c%lTocﬁﬁlEEl(W Yvatienidfska et al.
(199, ﬂntramltlulalﬂaandtrgi extetcal luladeénds Deneift baot&inatbousHar ri ngt on

et al. (l@g&@‘&ufé’g S":ll'ChPQ‘g I'leamylé‘lﬁ A%J%fsr an a‘{‘ud&‘:’%&bg}”(]f’(é’ggcéﬁpie%of? 1991)

cit.) and | oss of synapses I'n t cortex
Ann. NeufBf bragns ﬁz?féﬁﬁﬁeeﬂ BeEiGRtH add6crRPRAFaB6gnPEi eesadssineat .
FurthernmaegeipSﬁnﬁﬁlayaap&&& @IEhéybgﬂcdi|neuf&ﬁlbﬁ&ﬂla}yEHEbédé&%t@&n

pyram dal,, elJE éslrg %%@%gfxeff Etweil!t él 1%:?}1? cogfu.ffaave 3888%¥C%1{ﬁag(r1\4¥1’kaetov§—5o)

both corre Siret'ti ¢ Heasures

neur &fF i bLMiiraqflya,peEt Bol egyal wWhi(eA0PhrZm | dl.sPathola Woleclbar Noeveél,, 628- al nost
total regiggjribution of the tau protein pool froma soluble to a

pol ynmerised form (PHFs) in Al zheinmer's di sease (Mikaetova-Ladi nska et al.
(1993), loc. cit.; Lai et al. (1995, loc. cit. ) . 15

Both neuritic plaques and neurofibrillary tangles contain paired

helical filaments (PHFs), of which a major constituent is the

25 microtubule-associated protein tau (Wischik et al. (1988) PNAS USA
85, 4506). Plaques also contain extracellular f-amyloid fibrils
derived from the abnormal processing of amyloid precursor protein
(APP; Kang et al. (1987) Nature 325, 733). An article by Wischik
et al. (in ‘Neurobilology of Alzheimer’s Disease’, 2nd Edition

30 (2000) Eds. Dawbarn, D. and Allen, S.J., The Molecular and Cellular
Neurobiology Series, Bios Scientific Publishers, Oxford) discusses
in detail the putative role of tau protein in the pathogenesis of

neurodegenerative dementias.

35 Studies of Alzheimer’s disease indicate that the loss of the normal
form of tau (Mukaetova-Ladinska et al. (1993) Am. J. Pathol., 143,
565; Wischik et al. (1995a) Neurobiol. Ageing, 16: 409; Lai et al.
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Tau exists in alternatively-spliced isofornms, which contain three or four
copi es of a repeat sequence corresponding to the m crotubul e-bi ndi ng domai n
(Goedert ,wbloz/oed2@l . (Z989) EMBO J. 8, 393-399; Coedert, Wor/dBo2@diss(!989)

Neuron 3, 519-526). Tau in 20 PHFs is proteolytically processed t

0O a core

domain (Wschik, C M, et al. (1988) Proc. Natl. Acad. Sci. USA 85,

4884- 4888, W schik et al. PNAS USA 19882 85:4506-4510); Novak, M,

(1993) EMBO J. 12, 365-370) which is conposed of a phase-shifted

et al.
ver si on of

t he repeaftlod6hhi meummbliyit, hA@@.rtg?,pa&tstla:B)e, iawaﬂnum:jdm biiepstebl®yitay 25 tau

interacti ( 991) 2725 729 Once forned,

PHF- | i ke P?%& iﬁu]?%été’tveasl’gé saksa setjate iz Ef@%qﬁé flﬂf"t Heht dafREF e EmP Frovi de a
t enpl at e &lor (@B@%@)oltgemeotpaoc@,ssam bérfiddtoheagtdl .t g0 9puby eam. (M schi k et
al . 1996 ey N1, 090561 oLEA BB LIPISLLIZARY 1 30 1 Lhe, courseg gf thei

formati on and accunmul ati on al red he ent s ir

S§t ©

‘assenP| e IFaPEL M HhhshBdg- Wf@datcéﬁt?ﬁtweﬁrvhet @&jt-ogl&8d Frmobably from

early taweRirbgoress, \Hmz@hc@@ﬁé)mcet WHBR Al O REEOA ddyniQlvhNihhe: GRYULSe Of
PHF asserrbl%iqél\/bna , et 35 al. (1995) Acta Neuropathol . 50- 56; I\/Ena

R, et aft

FBY e £ SRebf opEIFRES dIct BB eead) ! lﬂﬁasé’lﬁ ) adRchtl9seheR go

on to forpramassi cCaleant BaGces taf Mretn@ur of idesi | Aoy, te%rihgl @§¥cmfhﬂﬂy ssgtate,

WO 021055:1 %9 % CT/ GBO 0153 .t Fs consi ore o

truncated tau

and a fuz7y oUrEr Co&C 85ht &t T ﬁ‘borPEPWeT’élr?gf“ﬁaf‘éﬂes( Ws ERPRTEARIVE | et a.l,
(19949 Id@urofsbtll)lar”FhQaahchecmﬂ,y Wi ok essraild edx ponte et mllecubamsumveg t he

cel lul ar poghngf+ NQsIA rEHﬂéLEJ’:mﬁ:IlohaHf% lt?qugf:c?.%fﬁegfp (¥nl[‘t hesis to 5

~make up the deficit (Lai, ogy

of Agei ng,

Vol . 16, Wdubie w33 zPﬁ?é)"meE’v%?ﬂ t}%ﬂl]my P?EﬁfctlpoﬁéFheFlrﬁ?&’ rsrréhﬁe%ﬁethe neur one
progr eSSE(Muﬂcaetb%-fICHd’ithﬁ eeldl daabhs) ) emd.ngibehimd ar exiracgds)yl ar

tangl e.

tJ1 is highly correlated with the nunber of extracellular

de
tangl es ( scﬁl et al. 10 2000, loc.cit). As tangles are extruded into the

extrdéel l ul ar space, there is progressive loss of the fuzzy outer

coat of

the neur ongr BTVt GARESSPOINUING sLO$Se® i NebEh LT Qﬁlwcﬁﬂﬁ‘éoh@%ﬂ%’h%gt ivity,

but preservation of tau inmunoreactivity associ at e

core

(Fi gure PTr P85 BiEsr Off & YePeat élequeflSe (CPY9aFrIndiNgLtepaht. Exper.
Neuro. . ,ml\&-lotuEBleMndan1(5&né|-ﬁ4)(Goea_Q§t,p|ﬂﬁ$eeShé.ft mhigoh Egs®hserved in

t he repeat_ .d in . of tau jncor t t 0. PHFs eststhat t he repeat
domai npura]3cia r_gggs %%ec}eﬁ&mgd’ co f ngg?éﬁalNeé’ﬁaﬁgi %‘rg\ g5 ncofforidt | gn into

the 20 fidEment. pDrdalytihel bngetoceksAll ztheianebrs dbinsdasdwibthils,

enmi. saged

that this,cqnfoy g)Orﬁlocchﬁgﬁfagggldd BE; | sl gk ed, dy, | 4@%81?'v'q‘£jécriﬁk°fett au 1o

a pat hol ogi cal u strate, suc

amaged or nui t menbrane proteins (see

Figure 24al-al SHAHVEAiL088C, #b 4%Q5'é§10(&9@7)ak|, nM* M et gtlubuyll 893)s B0ated
proteins: 12'10@|6f5|-3'$(§)| QS chnidi & ed &9 @%asé\“siiﬁfteh 7ve§':s§-5'ﬁltof Rneand

Kosi k, K r wood Ac dem C bl i shers, Anst pp. 185-241) .

In the

case of ﬁeﬁ‘?é PRI §é‘ ¥ethEsh F&?Faﬁﬁa?%&é‘ﬁ?ﬁ&%ql %‘h@?‘&p?%@b%ﬁ' ¢a5cused
on s\aipt onmat I1¢1téraattarmﬂt(JefceI;heRJ,Oﬁ: efl. 3 ochol EMBO gy.C 1tor,aps$pB-s5i20n .Whi ch

results f e ratio 9 w. Eng. J.
esul'ts To0m neikogeasnenaly on( Mei B 8l o2 Lo L1909 New Sd. .
pr ogr essi%apPtofret fed dizpvicle foremyplate £px nurtewdlvec mmdessibheyt dmliet

prevent ifengtRergh SSONRI Y Qi dewas dihal . crytqd pREEVIENL the 288!

tlgn of

tau 35 which | eads to neurodegeneration would provide a nore ef% ective
strategy ¥ort3prdphSlaxis or for inhibiting the progression of the disease,
whi cowoul d not require an i nmedi ate know edge of the diverse upstream

events thal il Lhif&e 11 +RAQL CHAIT LS8R kB 12t YR 03093420 A 3N -

filaments (PHFs) first assemble to form amorphous aggregates within

the cytoplasm, probably from early tau oligomers which become

truncated prior to, or in the course of, PHF assembly (Mena, R., et

35 al. (1995) Acta Neuropathol. 89, 50-56; Mena, R., et al, (1996)

Acta Neuropathol. 91, 633-641). These filaments then go on to form

classical intracellular neurofibrillary tangles. In this state,



, Model s and assays PCT/ GB02/ 00153 5 WD 96/ 30766 describes an in vitro
assay for tau aggregation in which a fragnent of tau corresponding to the
core repewd odopgen, which has been adsorbed to a solid phagg/ssiebisate, iS
able to capture soluble full-length tau and bind tau with high affinity
(see Figure 4). This association confers stability against 10 di gestion of
proteases on the tau nol ecul es on the repeat domains of tau nol ecul es which
have aggregated. The process is selfpropagating, and can be bl ocked

ﬁgl lectA i vglhey mwt?grAc@hghy?eozﬂ-itaaflzagslgm it%@hglagﬁattsahd @E\ésghﬂgﬁ odker 1886 Proc
t cad Sci. - . Al though the in vitro assay

descr i beﬁO%a%“é’G%%%%e‘hﬂs‘f&b%& %ersq%dénti Fi g%n'i G &t i M)t 8PS" or

-nodul at ocst of . t et assasisiocipabLons thexpbasetial, Neent@ishdane aéSlular
recogni z ab . I f zheiner's disease-like,protein

aggr egat?%%fmﬁlng%héluggf%l%gg %?J‘%han'gellfﬁ ar o del ga%ost}f%hﬁélgsiéﬂ both in
‘t he prinaeke st ddwei dgfotitcdididake Ywdul acbral of (L1885 aWeggbegabypnor and
in the sgeondar ywoscreening af gospoiids already.ideptified iin the in vitro
assay of,%\o'n%'/ 38766. Furthefnore, #ﬂhe dgrmﬁstral i’oﬁﬁ%%ejtogﬁlaggr egation in

cel | s cotfRPLM&stard Fhe (I TPa. MTIIEESEEntof thfoPRAPt caff |afldr destkubst r at es
whi ch areedvivo} tetiihg shesitRetbatdr ehngathol@gilcabatial AGALRTAL I On, which

substrat coul.d t hepsel.ves be targets for.pharnaceutical _intervention.
However , gc?lﬁ]freglra&tfs? B’éggr%her é’b’ﬁ“g?f nogpt%zcrgfﬁf'g‘é%%%af}? S orsht kuesor
consilr ucZ@00n tdssae) cul Aurtengbee| srehaxe rhided echtioo the nnstacat eunggr egat i on
(see e.g m et . ~Braj - 117) ._.For Lpstance,
3T3 nousse’pfﬁ?éjb'r (;Cb gset%sg%ror%%%%g%'eig%st g? gbgtﬁyaﬁgtﬁu%oa& ggejﬁltqga

cel | ul arP@MRTOTHENY 1R SRfiteRPPREHiLeaht Of Al tsrripel eb@t essed i ndependent
of endogenmusoresevBby | aut Frassieatiicancef cyarimuioseldt iiRes has been
reportedagreé/.i chsl ﬁ.gga&?i gﬁp al . F’1,989; oedert and JakesW 1990; Knops et
al, 1991% TXE AT BO6R, Mod2y EaFT ol uAr. 17 1392 Bppdatety . ¥-1988: dbontej o
de GErci hi9#®4) al.., Ne89dpatFasBikpert Ndurcll®969l. Hewener 2hass-Veu P2/ 055720 5
PCT/ GB02/ O0OLS3 stable | ong termexpression of truncated tau in such cell

|l ines was not achi eved. For exanple, tau constructs for residues 164 or 173
to 338 of'85afied sheft elprdsdsppteived LaethndraResk, dammix) of5taht hough
Fasul o etnédzpdAitzlaeines ' miH3es0g564tsl 398+t Zhe 1953000 L1308 b 20 Si et
expr essi ondof run%at ed tau inhCOS cell,s, data for stable long term

expr essi ORTEFEY HiCT PR T o FRERBM U EFRE S N GROTROSAE L e nEH &85 r om t he use
of tHe tfahmierit- t DanshecthieonnsystemAlzabinptrestiseasof it unscahetlsdged by
itself SUf LG : 0'%@ I i ' npner suitable
f ox tes??ﬁ%ggéhu%g.&%ﬁﬁgﬁ%%%?mt} hghaggrgcg?flali11 #oﬁgo ﬂ%%%hg€e6$a%erﬁggﬁf?% has
only beef acHt éved BAGRYLIFGFAphTEP oG caruebmA CPBASCARE FUtREEH

concent raéhiorend prvtenss (see\Wsghik { 20@0k0 WOschikl t¥. M 15 MD296/ 30I6H)

describes_two. approaches for, studying tau aqqregation in a cellular

envi r onnent \.W'Tcn C{)trﬁl%u?fafas‘?soézﬁS?(?é -o FT'JII”IS-"-f"gﬁ ﬁcattéﬁnﬁr“? rHGREAEs  of tau
wer e25t abtly- expirlessdd, | Braslt), sR. | and [®sigcoKd SppHeaetnd dggregated tau was
transi enphy: { H1ansf, eahede+ 0 Psl_i§5 7130 use of lipofectin. Although both
of these approaches are useful for the study of tautau aggregation, they
have sone limtations. Transfection of aggregated tau into cells using

| i pof ect Tanths @fsevati bl i2erekf 4Ty, casrést WharRa@suetdaon in vitro of
aggr egat gge} . 'Sgsaq:lef folé/ltl)sree ver . thteO CaQ:{;ie %au fragnent, ich is the nost
efficient se o Tali®agyredat PO " T HSURECR B PoxRE WSS Sfably

expr ésseghphineddis trepshirpics Wbhirkxmsedssohrdreveusoddirrssratdonstitutive
expr essi qlapbuihe Lruncal edlody) f hagrEnd. of hbe R, Cosfoiilsd eukaryotic
cells is ditficult to achieve. Transient expression systenms péermt the
“opti m zab'PBRAVST edphesdl ofhorvaaliebrittrerérppberdedeyt BRPETeSFion pRethe

f ragment siseaslersorew@ntd heise toy stelee Hrehisabtrey longet pragments. of tau
are 'Sesggkgxa&,cobv“etryt DeSEnR MRk’ SLLAP! Y 391 oAt ¢ uhen. expregsed, i n

35 which leads to neurodegeneration would provide a more effective

strategy for prophylaxis or for inhibiting the progression of the
disease, which would not require an immediate knowledge of the

diverse upstream events that initiate the aggregation (see Figure



Thus it would be desirable for an alternative nodel systemto be devel oped,
in which the interaction between e.g. tau nolecules and the |Iike could be

i nvest i gawed2essder physi ol ogi cal conditions, in a WO 02/pePayBiR 06153

PCT/ GB02/ 00153 stable and controllable cell line, and which could be used
to screen for potential diagnostic, prognostic or therapeutic agents of
conditions such as Al zheiner's disease.4 5 Disclosure of the invention The
present inventors have devised a stable cellular test systemwhich can be
used to Bwdel the tenplate-driven proteolytic processing of a protein, the
aggregation of which is associated 10 with neurodegenerative disease. In
one test system exenplified with the tau protein, very |ow | evel

const i t utdelegiregsisarsof a fragment of the tau protein was conbined with
i nduci bl e expression of full-length tau. Induction of the full-length tau
lead to its proteolytic conversion to a processed fragnment, confirmng that
.15 "t 2npfat %%%%t%é??ﬁfbb%ﬁ GPedsi nitropsshe fau taas aggregatiing. ifThe system

readily pRishts drhgud8EOEStAL icePr&ipdndensf f6ctin Al SAGY n
i nhi bi tor . t.hr.ou g)zinhel r._inhibiti J(';n g fn p?gductl on%forTe Ee ro?ggé% 12 kD,

fragment ¥ %tFn}i &l ?ﬁ??rkfeéjn&hatsa‘&l 28 EFf’l%lts"s]‘h‘sc?'ﬁ""éestJaﬁ)laé’1§y‘s't>em can be
achi evedcaptwidg rstlabdle nful he enghbrent ahdxbtnanmﬁmtutﬁsmjh tdrrih2e 4D

fragment (bse PRIGUGULAL | VoSl RIdsSL00:1 JiOEohBSLANGER BF eI at ed 1 n the

n?les bel ow,” al t hough partial truncation at T ermini of
full (I’en&%%e’f"a“d’“r efuPreteseeIon Fhaday ﬁO%«ﬁ‘F%#ﬁ%toalbltéeem@élsdeam be 25

mai nt ai Ped timeﬁﬂ.eicﬁmgerbwlﬁi(jﬂlﬁmlaktét@@é@%@ﬂ{ ybﬂiél\@&k’»cteggp%ﬁsggzlyblt )

aggrega er than.bindin cr ot ubu net wor abl e

expr essi gro%$§ oM nalf ord! Pgocltf?‘gﬁﬁéﬁfgl‘éeelnye?oé’t BEOLYgRyat es within the
cytopl as nh@i’m@eﬂutscabuagemns (Sys belmi lc atnef . bEd Mmibrioal Netl. reproduc .
Systems Baseth O qﬁglgpducible expression of the 12 30 kD fragnent lead to

toxicity as a result of unpredictable intracellular aggregation of the
fragllﬁ'b Thus there woul d appear to be a trade-off in stable expression

cel syshemoxbﬁt welanlhndy@wgas@agr@%ﬂlgadam MENGY 3boxs ddap108 the one 35
hand, ng i01 %es ce whi ch are_either variable or nonvi abl e, and

mai nt ai ni'Ag. viabie g8 P Ijrwliﬁrﬁh?rcﬁmfi&ﬁah%{rss £ S praparseeyation,
aggr egat &he Notediertts tanenngrs iaye ¢he iredughbled ttatexpl P9sised fyséEim of the

present bRVEMHOMeS 5091 fe sl ge eXﬁt E}g VR 4/ 5\7:321%901 e GLL 302100153

able_to ErOV|de controlled aggrega I on of oteln use 1 n SCréens and
the P9 keSudydiehilonar Podeke Grlehke disedybe md\hedéalmlmmeenhm afhe 5
mechani Sﬂ’hﬁ)tﬂl(ﬂiﬂd ﬁtﬂdﬁiaﬁ@fé AN th@htd abse Lt bn PRAROLAI @7 RRSIn@irProtein

2y neetle STCkhYalt R, e ihaentl cLAL T (5P Ar i acardhery

as my have uspec
has unex]’ﬂ@c@@iﬁmrﬁﬂ i cﬁur’dmrnfome t tiee cleoboetraisises oifenby dgymagbat bonirand use

of such eeMPOURASH B15B€aid in the identification of normal cellular
25 substrates which are involved in the initiation of pathological tau

aggregation, which substrates could themselves be targets for

pharmaceutical intervention.

However, numerous papers reporting the expression of various tau

30 constructs in tissue culture models have failed to demonstrate
aggregation (see e.g. Baum, L. et al., (1995) Mol. Brain Res. 34:1-
17) . For instance, 3T3 mouse fibroblasts do not possess tau
protein and thus present a cellular environment in which
recombinant tau can be expressed independent of endogenous mouse

35 tau. Transfection of various cell lines has been reported
previously (Kanai et al. , 1989; Goedert and Jakes, 1990; Knops et
al, 1921; Lee and Rook, 1992; Gallo et al., 1992; Lo et al., 1993;
Montejo de Garcini et al., 1994; Fasulo et al., 1996). However the



10 context of the diseases discussed herein. In particular, it shows that
assessnent of diffusion coefficients can provide a val uable screen for

i dentifyivwe ussbe ve i nhibitors, or optimsing the struct gpeg/®o2pbixge of
known ones, because the paraneters inherently assessed by neasuring the

di ffusion coefficient may be highly 15 relevant to the inhibitors' potency.
The assay further shows that use of phemothiazines in their reduced form
can be advant ageous for enhancing their inhibitory properties. These

obser vat isflﬁBléOIdSﬁlg: Fee rbasksréds ifowr bb%zgﬁﬁﬁ%@ﬁst;ﬂf dﬂﬁ%uaheééﬂi 1?iQ1eis“\6§Qt i OE-
I n gener t sent, inventi.on provides a tho or, converting, throug
pr ot eol yt%loti:: pg)rg%gée‘ges%qntg,o TSP s ?up??ﬂséirﬁcgg ‘gorprrc?&&étle?rﬁ@?ré%ﬁ 4P the
-pr ecur softopBéBedn,332n didsrablaxprekk bromsinibed &l Rebkodigempri ses the
steps of: (a) providing a stable cell line transfected with nucleic acid
encod%ngA&ig a tenplate fragment of the precursor protein such that the

-t enpl At e AERGHBRL P LeoREL 74 ut AMBhpiBsprefecdareh tIf@6ceR}t B95-22008vel which

i s not taepertedthentsekht @fskdsisibnt b2 MHACHESOTEA AheiBs MW Gh RQLein is
30 induciflglrys é)ﬁeesj;%%d %En the cell .in rftes%gnse to a stinulus, whereby
interaction o e Terplat® FPAgREnt™ vt F et Pr d@F 96F BROYRI The&ses a
conf or matwicgkaks chamygaded fhen prhecussosf prhet eransiwit asahOreatisd aggeegati on
and prot eabyt Lo, PIAGRSSHAG: AfndheyP teldh L Lheeprodyc
fragnent. 35 Tr%% met hod may | NG uge%ﬁgj{%g{tis%gtvﬁa{e?@glgl SF’gf HETS ittﬁul us
such ' hat'nPHES pF it HISERIPF BRI R Asmanpriossddable tipr debEingiodwessr. i n

enbodi nents where an inducible pronoter is used which causes | ow, WO

02/ 05572Q,.8 PCT/ 2/ 00153 but detectahle |levels of expression even in the
absence %Puf'hgg% ﬁg?r?%%WOPh8fsf?ﬁ'§?l§s tatef” rféﬂf’rl?egé?d P12l Pegdneral | y
speaki ngachheved ecwezonoprpiwiiolagli btabeccone tivh€ land Bt5hygNo, i s capabl e of
under goi Rg,aBL i pduced oLt i.an I hsati,n, interaction (in a
self-gropaaat?ng manneS?Qfea@néﬂuﬁ%f%kﬁﬁgb?gﬁt hleO 'orﬁwla}[‘?bn of aggregates
corrpr1 sed of the product fragnent, and associated with the di sease state.

The product 96y agneEntaesbt abee dvon abpeoda@idiodopr omidlatgheksi fyd: S rigasure of
the 10 pathol Ogifﬂl agﬁ\rrg ation ang pr.oteql gﬁlép rocess _which i'n vivo | eads
e t

to the prodictfon df P t 6% P pridd G Phelot SEEOItE 588, The
product Pragnegmerior ofneawrwensr etebly expreagawnirs joeldh. t hen priesericongt hod
may be taxbeoalh, SLABLY B8 WSEde A AR Y he, patghegj.cal
aggr gati %ﬁ oﬁoce@érlg The protei ng and%inntgrg%n%ﬁggﬁgoﬁn%i%ﬁltghé.&net hod
i s ba%ed“5Fe®di SHRAEEEG Fn nore detail bel ow. The present inventors have
denonstrated that it is unexpectedly 20 possible to constitutively express
the tenphatg Qrmat Jat [ ntrati ich is_not taoxic to the
cell linei. glgl?he c.elo? Fllzi‘ens(é‘J iaiﬁ)%gbg ]Ig)é;s.c_eaﬁgr ag%gd;l T s oW ?:e‘f#yulogr( tau

abnor mal i*&Hed98Fe%atd o8or Fhehdiavce sghe | HinpLad 3076 G ransEegt R oF5

Nevert helgggefeidn tailu @nfér@éﬂ¥%ed@§§?rﬁﬂﬁ@ieeyiéﬁkﬂéid%nvgfiégﬁ% stimilus) it
IS p9§si l%I e,Lo seed t he prlg)cessidng 0 theé{precursor protein to a product
fragfient SCRATER PRy et fhERS A IUGFORYI 4P ddhF0ateRITTEPa R tatditpetEnt t o
t he t enpMatreotengniet rowhi tdu xaghbos, addehul atehd emoat( sEE£DREnthisghar )
concent r giL.0 ' IS +k QX1 C t cel.l and which_corresponds to the
di sease siogt gémi(jizgts]feig%t%%?'n lpsfg\?ihggsp%obnevécﬁf{gﬁtw}lr% ﬁ53§9¥ of rﬁ?c?glefinbnt he
di sease SEate&s akEINgt &6 PV [PrPHesetPecheyed - t Hehys,odeostiteiment, and

assessi ngxpheseideds ehe Mamaienstoh #hRnadapes AtdN pak LHse prpduct _
fraggent. 35 In_vari glis ot ete, enbodi nents the invention provides

corrgg SEFRGYREt hode ' f %sh‘%ff&f%h ‘ﬁ'r‘E? HINGTS s et tig Sn6r © O
pondi nNg 0 or a i Vese ¢ SPGr SEBTRIVION ng t he
pr ot eol ysivetpmecesgiitg thadowpiriigaaliby afgxegassiom off the, phecwhsor protein
to the progddetnf rag®ity ofV¥Bé3%&Qéﬁéﬁ¥% Qenders even these systems
unreliable. Longer fragments of tau are less toxic, but these do
not reliably aggregate when expressed in cells.
35
Thus it would be desirable for an alternative model system to be
developed, in which the interaction between e.g. tau molecules and

the like could be investigated under physiological conditions, in a



PCT/ GB02/ 00153 I n each case the nethod may involve nonitoring (directly or
indirectly) the | evel of proteolytic processing of the precursor protein. 5
I n one enwodizesto of the present invention fibroblast cel lpgTiEER)oEsPr €SS
full-length tau ("T40") under the control of an inducible pronotor and | ow
constitutive levels of the PHF-core tau fragnment (12 kD fragnent). Wen T40
expression is induced in this system i€ 10 undergoes aggregati on-dependent
truncation within the cell, Nterminally at ~a.a.295 and Ctermnally at

~a. a. 390 stahee ednyd p:ro(mthtellmgbiﬂ gleel 1evel sindf whben leodq_la B@Fu&szi e&qdomai n

fragment . d2.KD.fragnent ca Cc [
dose- depeng ?ufn%n%%t%tgtﬁgau HGgrégati dn oA gf“fo?rs t%leﬁagﬁ‘&ltjt%@gents
‘quant i ta?ifoﬁo@@ltll@nsnﬁiubhtw VWizbeinerys ofiseespounds with respect to
proteol ytic generation of the 12 kD fragnent within cells can be described
entirely_in ternms of_the sarre paraneters whi ch describe inhibition of
‘tau-tau tioa extent of proteolytic generation of the
12 kD fragment within cells is determ ned 20 entlrely by the extent to
tau-tau nd| n he repeat dpmajn avall ility of the rel evant
pr ot easeg V\A?Jﬁ‘lg erph %SP%‘Of% ﬁr‘? FFYH‘?AnG SI5F ﬁr%%]rl“BFStE s STl seases
(i ncl udi Hhithuopatds espd2o Asdstlatied ahmpletetheivarn enbicenl yaye be based
around tBgouses o Y aDEebELIL MhENads %St%'na}; l'}’!éhhlg SL58A G S Wi ch
ed con tiona

the pI‘OtEI n. under goes an | nduc neri sati on | nteractl on
Bnevifh M?wdf%@ﬁFthﬁud&ﬁ&PS%hangb oBF Fﬁ%t p?}tﬁt@mm expmplyfiedo
fragrrent wi ber eiod tagi \p&&téﬁ.ﬁﬁ \ieﬁ:yt eeipl Béwed l@bﬁétﬂ@z@% agpregatdroroh

further S rotejn ecu es in at manner. , Once
nucl eat i %‘Eggl(sﬁ\&lq%l i a edtc erlggﬁ?f’ o%on?éf&?gd‘él% “%%&#éfg?’fﬂﬁe@ﬁl%vol ves
t he i ndueédfebhflmnwthi @nal- bmhyﬂrepnsaflm dﬁ-llﬂulermarh peot béad nwl écusl es,

| eadi ng b?o%@@l;ﬁ@.ﬂ'ﬁ@o‘n@@r@ioﬂ% 6 PrOULe o FAYGRE S | Bn 9P HAALES LW ch are

substantially resjistant to further proteol Sl s. e protein aggre ates t hus
formd ar eSMPLFS I /RIDFEIOY 1F MEPFEBIND BtPﬁoE@htwatsooﬁéuﬁrlm%xF cause
of neur odegeaeratadily @Ielrmﬁ.’Cﬁltkde&’eﬂﬁtbmﬂ;ra&]’ianbeEﬂfhd)&tEhf@E@gl&ﬂ|ta$1yrfptOmS of
this gro V5 eferr of the inv ntlon are based
on tau p%g? %ﬂﬁgﬁg’%&ggégﬂ t% OSQ?h%EP{{CéiJr rr::%’%tlgltlon 8 ﬁrocrgecf ar s’ géfneral |y
to any pFB?ePﬁC"?ﬂSE’ter?e taukpr oﬁ@gﬁeﬁ‘arrfmjﬂ lmucﬁﬁof@hréeagbhcm acterised as
bei ng one anong a Iarger nunber of protein famlies which copurify with

m cr%ub:ﬂ_‘eg durtlln at ed £yc | es gf assenbly and 10 di sassenbly

( Shel“anski®st &t a((J SPPOTECINGET . PAGHE SEER NUSA thFGandRE tASG)  and are
known asimherettubuld-capsopesticd prfotike ri2 MAAPShgndvbntier pastiddlamrtigu fam |y
share thgug,fgm@ § eatyr gﬁseén&av digna%ac&%%ﬁrmtehc %xhﬁﬁ%y%el%%gﬁem

sequences_0 roxi mately 50 am no acids inserted In term

segment , 235h %g}érPaa‘?téa&eﬁéP‘bﬁﬁéﬁf‘aPFyeﬁé@ﬂ Hredt | frisraipt aph, fudl-

char act enksgyts tmd&ﬁunepeaﬁ deagi 0InESNS SiHikg @Ea&eorexﬁré@éﬂﬂ{ndaﬁpgats of
31-33.a termonal, tail P2 hepedomna

mcr %’? ug}l}?gngglsrg%l at e%sg ern ﬁ?g FI9E & smt 8?:1%1& K eé}stlﬁf\%(nf‘o

(Mat us, AJITPEAte crrél‘}'th@tlfuflé%ﬂ Wimgans endhe w@ro‘emﬂ]arppetwli-GG Stabha

Wl ey an@x§98551$ﬁ00f|M6331h§€&dﬂé”§faféhfﬁﬁﬂ@%%nhgeﬁgﬂéEQteEOa%é?édgﬂgge'n in
e

t he tanden%heg aIB '%gr? differ substantially both in sequence and
extent of *ERETNERBrP PR 2G8nAT TeLhPndPEr e eXFhET C'(ai’ggﬁ)b%‘l‘alrﬁta&i“ﬁdl?es
25 26, 2k8p22d4}ciiNewer tSlyskess,bazggr egatlicnnducibee taandessisepeattheegpon i s
not ! e&bl ¥eablnd NELAYo! EREAL (ORI L1 cHUS LE Wil e applect ated that

any discussion herein in xelation'to tad protern or au aggregatl on
shoul d bénrtaren! hslae egoiragatido OﬁothaufW@naggregatl on, MAP2- NVAP2
aggregation and so on. 30 Fi gure 5 shows a Table listi ng vari ous ot her

"di sease-associated a atl tel ns d in the present
i nventio B Isnlcgac F\’Be 8 Brt’bﬁl\,& g s ?(n ef‘ﬁjée?srﬁocnipgtellén of

~aggr egat |S(Yﬁtaﬁa\1@¢twnﬁratlmdncorﬁg talqerpgmtmmgt)ndrraynpé ayoxdciby eom sthe one

35 hand, which produces cell lines which are either variable or non-
viable, and maintaining viable cell lines in which tau has a low
propensity to aggregate. Notwithstanding this, the inducible tau

expression system of the present invention is both stable, and yet



35 also listed. The domain or nmutation responsible for the disease activity
is listed, and at | east all or part of this mnimal portion of the protein

woul d pr evercalokyradbe enconpassed by the tenpl ate fragnent wgadcmidobixe
present invention. WO 02/ 0i 5720 11 PCT/ GB02/ 00153 As can be seen fromthe

tabl e, exanpl e diseases which are . characterised by pathol ogical protein
aggregation include notor neurone di seagse and Lewy body di sease. 5 Notably
it is not only Al zheinmer's Disease in which tau protein (and aberrant

functi on apleptocessiitg tBet Lol ledBY gl in’ BECprdiig PaLROgenes| s of
neur odeg%ré%%gtgvaenglt%%rggkes such as Pick's disease and Progressive

Supr anuclear Pal sy” (PSP)~appears to correlate wwth 10 an accunul ati on of
‘pat hol ogi cal truncated tau aggregates in the dentate gyrus and stellate

pyr am daladeelk 5n011l,Ns8COE O as GRS L5k Hoa AN ABMERLL A5, J NCI ude

Pr ont g)-terrpor al derentia (FTD); parKkinsoni I nked 10 chronbsome 17
(FTDP? 17P€CHPBL fRi M BICGAOH et riqtapar kphiddtes i den/dt ichshgthpapines) ( POPAC) ;

15 pal | i garopehh Oadt@gak 168 0N winia@nl ({ PANDY - CHam LS, SYRdhofBhan

pal | i do- ni gro: l UWI an degenerati %UQPNL%)Q ; _cortico-basal degeneration (CBD)
and ot herr§ “BEEE WS AR % et SR MAHOGES PR WPectel ertdel BASHE Kfusskon -
especi al lpritabhet 5. ThisAdisofvahe hesdinsearesedwhiyshi cartd ogbareetigrel zed
primri l I ~Rarf i 20, ahnay; gregat 1,0 re referred to

her ei n a}s(:h'('atl ggbp%étﬁéeésﬁ??}{‘rhg% I t'%vﬁqlglrl %lg&lé%%r égi a éehdféolmﬁoflﬁgs IllngﬁC ®of the
abové?di SEaEErbnOt (Hifd ddReetrs wHarceseshthereineqlt rResrtdciépni se) shlwse t he
enbodi menthatobssdhesniditeBEi QNF AL hes6Ethad ek ENcd@ SRR db0at Rt Jfiakei n or

tau 25 i oteins .a. . MAP2). the descri.pti on should bhe, taken as

appl yi ng %%&Eh %"% 6 g‘glgi’h%‘%’ pprt&téi"ﬁsl‘i‘??&ggﬁd b RPFLEESHRY ( | oi d,
synucl ei rstrpekone et skage of herowmr obes nsoasiaiush tisy paviaeates oinhendetlp a
simlar pakhekegiKplnagdreeatin d&xfﬁgfa?fg%o@memr% Rt r@\%@ﬂ%ﬂge in a

domein critical for propagation of th aggregation, "o i nparts
pr ot 81 ytide¥eabi 19 thyrer dRBH bR egate e s formed (article by Wschik et
al. (in "Neurobiology of Al zheinmer's Disease", 2nd Edition (2000) Eds.

Dawbarn, B, e o3 T | ecul ar .and, Cel | ul ar ,Neur obi ol o
Series, é?gsg%g?éln}ﬁ%’hg%@% ‘?’sskt}zglrasl\{f) uff’(f%géﬁh.e DR 2 So Bt g{‘?ﬁsr rﬁfﬁ‘gﬁﬁd
ref erred £383™ ganhiatvastagepiredar rghehsiegsshpivtigividitoky kewirsetinker e

ment i on ithegBdebi@rRIvloal 4 Ak -tRlULAgYE egati@bhe r Usdd@ sl bkeynd BiasoRY al so
be t gen to bg?%ﬁ)pl i cable to other WO 02/ 055720 12 PCT/ GB02100153

"aggregating: ei n aggregation", such as ~i-anyl oid aggregation, prion
aggregation and synucl ein aggregation etc. Likewi se "tau proteolytic

degr adat iﬁ“'é_eﬂ@ﬁaﬁ?cr%“ pr@sgﬁm e%tgéﬁmﬁelsna F}[{&J}{%H %gre %geltrgﬁg%,s of

the present “invention, the tenplate fragment, conprises, cons
essent | alfAFosED BFOLEHSILAE SPHPCEE 1ngy 2 FREEGHEAPY BFORTIE HPed uprasiucpr ot ei n,
whi ch t ergpaebaE Sof GHeN@ledOr P&if tprokelhe 1Y @l Btabidate1iiS18RLe ha I Nd to
e ddder issaeanoou et S ¥ L0 B R Shebl aBhf g Such
core transfected with nucleic acid encoding (i) a template fragment of
the precursor protein such that the template fragment is
constitutively expressed in the cell at a level which is not toxic
to the cell; and (ii) the precursor protein, which protein is
30 inducibly expressed in the cell in response to a stimulus, whereby
interaction of the template fragment with the precursor protein
causes a conformational change in the precursor protein such as to
cause aggregation and proteolytic processing of the precursor
protein to the product fragment.
35
The method may include subjecting the cell to the stimulus such
that the precursor protein is expressed in the cell. However in

embodiments where an inducible promoter is used which causes low,



15 fragnents are also likely to be those which contribute to the
proteolytic stability of the aggregate. Thus, for exanple, a "tau core

f ragment "wp2@sd7a¢ fragment conprising a truncated tau pr @gidBiSRgisgnce
derived fromthe tandem 20 repeat region and, which, in the appropriate
conditions, is capable of binding to the tandemrepeat region of a further
tau protein or a MAP2 protein with highgaffinity. In the case of tau, the
preferred fragnent is thus exenplified by, but not limted to, the tau

f ragnment gupr §§€@étéﬁlep|ﬂ_g§el(§% e%ﬁ:&@?ﬁ %ve?ei’ﬁ QIHebEb!sgffil{:% ozfIS tth%ngI es) in
A pre t may

Al zheiner' s di sease brains. erred tau fragnmen us be from about
(say) betheBRIB9srthetliifgits aboRtmayobe3onittase “dGAE in Figure 6)
-al t hough variants of such fragments may al so be used, as di scussed bel ow.
30 In th f APP.(anyl.qi d precursor protein), for instance, expression
of a fragﬁgg?g%fytsr?ee “APP°t h%te 3588%%%’%@&?%“&%155’&&%9o‘fhllc-h4016‘r 1- 42
-am no’ acivdgoasia damsibde pf otrelargommy dre ipidetedr eshfo3haCibesl core fragnents
may be basedn&rPsa10 L B is i SCus _Wi f.erence to Figure 5.
Tenpl at e?’frglé‘rr{éntas ma]ilyllﬁﬁgcJ u elra o(rilr'lLal?n&'gl %ﬁ%ﬂ%%ﬁ“‘{%ﬁn ?naen]f‘%%n ]’[e%g,lngf t hese
pr ot ei ns U¢Eingtely tydhgnigrmatigp 0p/oEEEPEtES MOBrEBed/ 001138 Preduot al

I engt h ofrbbeetemimt asboapmt it D aN¥ewhi Chedis  aPREOPEIAIE tO the
assay angr%ggre at,i.on _di,seas p&g%ei n core frggnen,t bei ng used, but wll
q

general | y P e PR B hed RifFdredoiergyn 46, agreagre 6, tBe, 90,
or s&0 anPathategliscdln aggngtdtich Hodeyestddl ysaaepeodeedi #RDES id viRy be
greater , 0, .Lf is Is desired. riv ines 10 In
all i nst%E%gglﬁ%r%%g%f%é??%%nggegn%r%{ gnlor%e( E?Xlgc. pﬁroeblﬁ&s?o?n Seei n,

t enpl at eY6FeRB? eSFatEgERE ) PEAUSr EEpgRaNthekebre ay BosequEnde i s di scussed,
a derivatrugmont Ot RAT tharp Adienef nbbBlod M LBRODEE NG bef REENeHALoLei N (or
nucl ei c ﬁCIeg) ey, t}L%dLisce asofgggro riate, ,prﬁw ded that 1t retains

appropri ate  charAtteriStres £ PRI FBH I LEGAENER . PRRRSFSder i vat i ves
wi || 1al so share sequence identity with the reference sequence. For instance
the protehd P&tk Y anRCh MOS0 1 8%E d M AT e %{e@}anasi W gl extensi on
may be heterol ogous to the protein 20 sequence. Equa Py, T e Fér FVati ve
will be BhECBFSSRELMOER] #rbaddi Beleertion, deletion, or addition of the
reference sequence. For exanple, a tau protein, or tau core fragnent,
derivati will caomprise at | east a partial amno .acid sequence resenbling
t he tandé%er%ﬁee%?nqcr eGSRt FRESt g?f“%fsot(ré‘itﬁg, Kt StnifntRerRATESG Y nore 25
of tRe amrPABihpk: d conshetukivelal espresy thestémelgentsatmere: lkeena repl aced
or del et gd; rof) | AU-MRicH: &1 Rl cAM DG, ACIds; baye é%%e_@eiﬂsf{& °q. gSUER
changes may bg, made tQ _enhance or, abl ate binding activity t%e_ 50 Fatter
case bei A§ sttt For1@Bht r oNo&xHass mentspw YGirs ahagtedittdies €€l eti ons
of sequembessort duminne. o ise@owbar3@fde et phgagmr egati on these may have.
Preferred derivatives nmay be those which incorporate nutations 35
correspondi ng to those known or suspected to be associated with the disease
stat & THEYRIRRSL§Sfcl(§de - cHamgsime opresdsierained ty REO1Sion td4fi rehehe tau

sequence sgsrells Juite i8) po&XNgle Yt 3dd PN z%agsesi%?ay, t RS8R ,P3I0LL,

o7k, SRS VAT 8212V 2800, RAQRD] (see YO 021058720 |

ragme
equivalent, or quite different to the template fragment) which can
thus accumulate to a (second, higher) concentration which is toxic

30 to the cell and which corresponds to the disease state. This in
turn provides convenient methods for modeling the disease state
assoclated with the effects of the product fragment, and assessing

the effect of modulators on the generation of the product fragment.

35 In various other, discrete, embodiments the invention provides
corresponding methods for any of initiating, seeding, or
controlling the proteolytic processing and optionally aggregation

of the precursor protein to the product fragment.




14 al so Wschik et al, 2000, supra). PCT/GB02/00153 O her preferred
derivatives may include tandemrepeats of the corefragnments discussed
above, orwbica@ssvgo domains within those 5 fragnments. Yet f ypctdisgo2@6{ssvati ves
may be based on chinmeric products based on nmultiple, related, disease
proteins in which their sequences are m xed or conbi ned. For exanple
restriction enzyne fragnents of tau 10 gould be |ligated together with
fragnents of MAP2 or even of an unrel ated gene to generate reconbi nant
derivatives. An alternative strategy for nodifying the core fragnments woul d
enpl oy PCI‘R as glescrr d bé et al., 1989, Gene 77, 51-59 or DNA shuffling
(Craneri &t °aF7, “69 ﬁlarf‘ FReR @Ry i5volge. mgpitoring dIAEPat LBt r uct s

Nucl ei c a@ddseottl,y)orthfeoﬂeueb cbm,prblneo;o_,rtﬁs:eptrot@yﬁn{g Qff HRY Hedqurevikded

i solated gpdior purified fromtheir natural environment, 20 in

substanti aI I'y pure or honpbgeneous form or free or substantr ally free of

~ot her Snucl ei ¢ acids of the species of origin. Wiere used herein, the term

"i sol at eqh eﬂ@%mﬁﬁﬁ@énaléf ofnd fﬁ%@eﬂ@@i%v%ﬂézh eSib e hEE Co d5(3%69
encoding the te | east partially synthetic in

t A be at
that it WFFeed Jra'L geﬁﬁgﬁeﬁ: (cTéO Ed‘ﬂ’&?&e*s'h%?%ﬁr@ﬂ 8F e@hotndusihge
t oget her pramog¢xirand downobnstitutdnti buoilsl ¥ bhé RHE-ebrbaves keagmbhgat ed or

ot her wi seteoppi ped, ALk f'rﬁhé‘ﬂ' i Iélgg%éaéscio@lca %g&or%g mt hee%ﬁ{sgn%m

i nvention may bernthefo , rived from
and r8di fPEETFeRY érgcsrgaa‘aewsd%renﬁaet eﬁ@na:éF@IOIanralltdgg tW\efr%lJa BNA sequence

s speci fkeflingi 0 W LD £ e36X eGect 0o Algul €ar UNL 331 60Nt EKL oAU I es

ot herwi se the R equi valent, with U su str uted wher e i occurs
enconpas §é6du3’5n%§u($é‘§ér Loeeil sutsdy &he t e kiUEHBT eorr iddmafmyf erorede .

derivati \PQSdeétm:hle \tﬁél @-ﬂtJSD Sﬂl@"gin@ﬂt hanpbagy) yitdy tihear & &I-eRcengeguences
i n questiaon, Pref the n eLe acid and/or am no aci d sequence In

quest i on "WBIFE ¥ égﬁ?g%%%n JPhERMEC TS 7895t t@G"/@Fﬂ’é‘r‘ﬂt‘iattﬁon oD
02/ 0557ZGnmsthﬁ'#}(B@rZIl@ﬁJwBofMppned@nathyraspécaasﬂo abotéo B0 95% 96%

97% 98%Qhe ggt/gcg{ otfh@hgegyeg; Bﬁgnmlccrﬂlhh eyﬁe%BEriéq%acs&g Simlarity

or honvol og Y be as define etermne program of
Al t schul eé‘ igely (irodepmy. ofipthe I‘la@? pzrEmetegs- ﬂ@lcwﬁlﬁéhri%elthbstaMard
use in the ash taf blaadnghils wiRrohe A akl edxtdhe ot geseééilﬁrl@gr am

Coonet | o9 EeERid U o8 1678 LAGRRE GO RIS aT SRreobiEh, LoA
W sc@fisi #n53731y usithg eheerfeftrultuptawmidndisg Oneougbnibe fagemtl a f or

cal cul at igathe Bid Ia%@mgmliptmﬁd'thé Omervﬁﬁwﬁf&eta%e@cﬂ lyfridization
bet ween nucl ei c. aci d nol ecul es of a specified sequence honology is: Tm =

81.5C + 16 BERG TR+ 0.41 (% G+C) - 0.63 (% formam de) - 600/ #bp in
dupl ex.

Precursor proteins and diseases (including tauopathies)

25
As stated above, the invention may be based around the use of any
protein which is associated with a disease in which the protein
undergoes an induced conformational polymerisation interaction i.e.
one in which a conformational change of the protein, or in a

30 fragment thereof, gives rise to templated binding and aggregation

of further (precursor) protein molecules in a self-propagating

manner.

Once nucleation is initiated, an aggregation cascade may ensue

35 which involves the induced conformational polymerisation of further
protein molecules, leading to the formation of toxic product
fragments in aggregates which are substantially resistant to

further proteolysis. The protein aggregates thus formed are



Nucl ei ¢ acid sequences which encode the appropriate proteins or 15

pol ypeptides can be readily prepared by the skilled person using the

i nf or mat iwo oanss7mef er ences contai ned herein and technl quepcRMIobizst he art
(for exanple, see Sanbrook, Fritsch and Maniatis, "Ml ecular Coning, A
Laboratory Manual ", Cold Spring Harbor Laboratory Press, 1989, and Ausubel
et al., Short Protocols in 20 Ml ecul ar1oBi ol ogy, John WI ey and Sons,
1992). These techniques include (i) the use of the pol ynerase chain

reaction t(hlaﬁB)lttboaamlal byoshigll eauek bhenenﬁba&@éﬁeﬁ“éﬂiloﬁl Cclghthaie. 9. from
genom ¢ SQU. @ nt. hesi r reparation of cDNA
sequences, ng%RIA ald g?%g%ﬂhﬁ% ﬁcégrsé‘mfp%gagre?l% “hhgy 958UBekr at ed and
.used in W%ﬁ??abl e vvay known to those of skilled in the art, including by
t aki ng encodi ng bNA, identifying suitable restriction enzyne recogni tion
S|tes either. sid ortion to be expressed, and 30 cutting out said

portidn Frome fﬁ‘églﬂ}QOdft/BE 5 ot ithAs LPBeRHENpRBE dhaseCe ongtan appoterdaadi ng
sequencedihear beeqlmdaeele, gtheidieny Skhe ﬁl&dt%@hedrémg@ggeggfgllmgwct s 35

Thus the s n_a, further aspect, to nucleic acid
nol ecul e %\égg i ng 693% oprels‘%tlt efa%l%le)éur é{gtl BhY- S PAE e CR7 BRfTREFE sed

pr ot ei ns.2SAPedNS s @Bong | W andieds pumpsr b preseitt famifhes wAMRH20055720 16
PCT/ GBO2/ Q0153 a4 nﬁ"crgtﬁﬁﬁt%mducigﬂ?tféﬁeta% a28gkidy to? aggerhtfi %338

COHDg?ItIQnS co |S|ng two or nore ges O construct are al'so provided.

Nucl 8V c &tiPGSEEHuehdSES IR TN &taBle ALYEDt BFofo Natpl-i Aged- i feiondSds 5 nore
sel ect ed Toost 76Bt168)ar ensvedde kmown é@rmlacr\baﬁbele%ﬂso@@ﬁ%@&lﬁmﬂé%%%t and

Vi ruses. Iﬁg a s vi_ral 2971 91 0s SVA40, 0] adenovi rus, VSV
or BPV) ar erijﬁspe(quﬁJ gfgc JJEE)(r?élhng\L‘vec i r'?hrarﬁén‘?e R‘E‘8¥ gﬂ 2BE5Se 8% on
vectors é”é‘i’fﬁf‘gsﬁn@aafaﬁﬁére‘?’%lca@"éeamlmcaegmedthesreejuﬂnnay of or exanple, be

in the fe@@straklﬁatmqusgbdamﬂ& %%&&bdlnyéftaéd E?ﬁrtﬂé?'N&teBﬁﬁﬂQJr SR ©) her
suit ‘[\Q or ox co st ruct can be taken up by a cell an eXpr essed
appr p 51548 ?Blhelt/teaclﬁgr g tehArabhe Pysianot erhawaatieriistaper abl y
| i nked 15atndemheemaratt eegiemoothsigtingl ef G aei 4 sagueneepoitd rernesty so as
to direct ARNA, h S r ecogni zed by a variety of potential
host cel }agl are (\?\% %ﬁh g%r%ﬁgéﬁy{?ﬁnked means joi ned as part of the
sanme nucleic acid nDIecuIe suitably positioned and oriented for

transcri p]tAponlts Otﬂbe prBibh it hﬁ@ﬂb%mﬁ!@al@a@é@@ﬁ@d p%@ei)n?e{rﬁl%lé l'inked to
i onal control™" pr onot er .

a pr te er_.transcri

Tr angé:nr)l Sf)fn(%n thl\yégtﬁ?%pe} mdl R 54 hést Jc‘el ]D@Cirgt%ﬁ%?ﬁ | (B ang o
exanpl e, apg pioydt ecs . bhpri Ifed 166pnTd e vgeaprrasd cHoni, ruses mezh as pol yoma
virus, foubpe¥myids 180800 dlS LSULh Laa% %8 ;%S tge tan

paplllona Vi rus, avian sarcoma Virus, OVIFUS are ro |Pﬁ§t

hepat i ti SSB10Rr It L Ee i SHPSFRRtGS2dby (@\V@O}n theormeaenee| subestentmef i an
pr onot er sheeNgtetnliG1adClibia i oKRhANL e BT ardd) dafAYA O gyl 4181 Profmtehes and from

heat »sho p RLOVI such pronmoters are _conpatible wth the host

cel | iystilér‘rswggi%zpr es%‘lr%ntqtfce{@t%rs FEFANOBURANPSt FeRHSRTIRSALs (yeast

fungi, ineedrn p$ apt, sahéative hfamahhe oranuwepeat etbreghl s Thomiat ketl be

mul ti cel | abc0f [ ) I S S [, the
lagbak c 0L QNS HE) ay dlS%h%QlSIQrHéaz'Ba@Fl Jz%iq %ﬁﬁoﬂ gﬁ éeg)s%_rﬁ%

term nation of transcription and for st rormter

used for °Fh&E3Perpt ZPETFPAGIREhCRRPEE bR tak6RsES trtﬁlt&\}téng Th$ e tmGﬁBt‘%PZray be
suf fi ci ergbyeweict, h8apPRHEARZ welgrefat Boplaatiesd raxgnment expressed in the cell
is ngy itself (directly) det ect abl e usi ng conventional techniques, other

than (i nd| rectl t3)/) its WO 02/ 055720 17
Figure shows a Table listing various other disease-associated

aggregating proteins which may be used in the present invention.
In each case the disease or diseases in which the initiation of
aggregation and\or mutation of the protein(s) may play a role is
35 also listed. The domain or mutation responsible for the disease
activity is listed, and at least all or part of this minimal
portion of the protein would preferably be encompassed by the

template fragment used in the present invention.



PCT/ GB02/ 00153 affect on precursor protein, |eading to aggregation and
proteolytic processing thereof (i.e. effectively undetectable when said
aggr egat i W g2fssBhi bi ted). Such pronoters may be sel ect ed gdyp/dkBaB18Ki | | ed
inthe art in the light of the present disclosure without 5 undue burden
such as those listed above. In the case of the precursor protein, the
pronoter is "inducible" which is to sayl and as is well understood by those
skilled in the art, expression is "switched on" or increased in response to
an 10 applied stinmulus. The nature of the stinulus varies between

pr onot er S0 i nduci Ie P S cause IItt,I e or undetectable | evels of
expr essi %n CoF ho Eé%(ﬁlr ess II}‘ ”[Iﬁgﬁﬁe B G I4PeRIR® ABPFBpPTate sti mul us.
.Q her i ngheirbFeeptsarbtoar satmﬂs:@mteﬂeprca&mm aggségitﬂdwenexme&ﬁdm in the
absence QftulBRe Sii 4B ILS 1 WNALAY €lg %5 the Jevel of expression is in the
absence of the stinulus, expreéssio Ilr om any i nduci ble pronoter is
increased in the presence of the correct stimulus. In experinents bel ow, a
Lac i ndumblﬂbelprmmwrnohaSnbﬁ@rlzuéeﬂer'ZsO ﬁ&@@egsmmﬂ&%t ers Sfotddie

i nventi on, 0. GO one or nore sel g([%tl on. ?enes. pi cal_ sel ection

genes encé e pro s tuﬁa? ) I BRPETS TS dPgnget d“aé’npilBIIo"t‘l%Qsleor JtRer
t oxi ns epgthagpiesid iaf npovegademersbivotdiecatiers 0$ud:retarsaeyck1meﬂ,1s(ela)se
conpl STEBhaaLX f&ﬂbﬁe aghi sl ench ?SPa9§¥((CE)SP§UQLQILé/aJ.CJ Y egh Jd L3 not

avail able from 25 conpl ex nedia, e. ene encodi ng ani ne ‘racenase
for Blci PP acs&hm‘é%@awne%fp%mqlasﬁé%e#w ee P k@gsfeﬁéteﬁalrm&hean cells
are thoseehhate efighil ahiesteEnivel pgaihiniofceaek! ¢ caPateps ik t ake up the

desired pr di nuc ei c,aci DHFR or thym di ne ki nase. An
appr opr i gt g%% Jf&&eII) Ohs c‘IIE’I[I‘:‘CII‘ttlas i@ﬁ@%%r?%t%rﬁﬁ"@%ax FEYEAcHO cel |

| i ne def i(€FEnt H’EnrlgHFﬁQnaéml Yinked ppepm@wm bY opeRpR-éd) as descri bed by
Ur | aub eulehnhlﬂ%n%hbntf&%xﬁghs%n? %n@%%@oﬁﬂ@%pléxs%ﬁﬁ@)e

sel e§$|on gﬁ for use.in_ye st is the trf?? Dgene present I n the yéast

pl asrif d TR R 98RL & egenﬁéf‘ﬁf%“ FENDIY FUHTRLS RYPGEIRAT et al .

CGene, 7: pAll@d@%Qn)gr@auijsd:hmquneraaion (@ene) ; 1@01&15%0(—3:88@1] The trpI
gene pro el£cf r r tr as mhlch | acks
The abi | LeyRefaP P rieep] I (iheb8l (oWt 28 2 “ep¥Fastess 57 tocpa. 1

[ Jones, Cenetlptalleh: dP.EC(li@J?@) ]— espm@lzlms'ame 38l PCTM:BOQfOlﬂfsﬁié Thus a

typi cal w@@begeéorwm&@l hRel B RC88NLed rﬁﬁ%lrgmyrw ﬂa'}%hgﬁfg,% origin of
ati nore protein sequences) operably linked to a

repli ? ?) one .0 8
constl t ufPH8TB? |II‘ﬁtIhcﬁgt9Ir8 pr ottt éfeaﬁe?p‘gﬁe(SIpFPaIf‘%releP 55t 1 MR s -
term nati on sequence, an enhancer el enent, a marker gene. Construction of

sui t abl e 1get F S,conkal QL Ag YAl Qusuqftl'Ieh%.%.?i&OF}e)%eemanse boxs, 253ndard

| i gati on techni ques are known d artisan.
Tr ansf or rIﬁPFioﬁx‘ﬁF%B ‘”6’@6\% BRREHY FREUPFRS aherHient iWieres the prdsigiehos

produci ngfathtabheertldn boe dsRriBed WEIhAQspscHess rihedrabomMe o Whiagh
nucl eic acid 15

oo ng (TF BETebia E 6r g B SRRt or o b Bel o ket hat & he
t enpl at eaPPétheqtsalddngpl the iorbky pxyreissedisousdml ebbbeate a.l @vel which

is not tamyEol®, thensAlelin, apsdd ket Nes JPIOQ:%Iér SBEoPéﬂIseIleéIII hat the
di sease pro%eln is inducibly expressed in the cel In response to a

sti mul us*™26*Fhe ThtF5Eaeri rlsm\iI;IJliaEhp?rﬁy’]t?é‘l@éﬁe?%qﬁﬂalté?%r“PBéd”{rG‘u\ﬁl Phout
l'imtati cendsriatamsflorcmabyons anaysmempldmtalamaﬂ@ar | ;daloaghecdnigueneFor
eukaryot GG LLS: ot UIdARLE A Sl IYCS. [N 1 A LUdE. gal clum Plosphat e
transfection, - DEAR-Dextran. ctro rI’ i posone %t ed

t ransf ectalgéﬁeaﬁ‘élet?@rﬁsé@é@?@n(%lnéerley I’VU\ﬂth§ @I: ot hdllnvI‘N@Lsx;o}:e.ogogy

vacci ni acar Alfz@éuhé@esctmeegé@ Q%Uh&i/&féhs 213"@6 CRAL WALLLEAL BNL Pl oyi ng
i n Sanbr ook ,, supra, or

“cal cium ¢hl ori dg aséﬁ‘@fcrl

el ect r opdraffon°t g EIPI?/C%IS?I?daPGrC%IWyHﬁééo%IOJ@HHeFe%EEIrs Biipst
contai n sebstanfial Puhélllshwabj BFolay i exsl shivheptooaing by Ags ohaaireiqum

t umefaci ensy,| ed. f. f in plant cells, as described
by Shaw ot QF??%@%e,%rfgI“%??’(n%rgg@ ‘L'QQdQ‘IKzSC%QI’gssw publ i shed 29 June 1989.
For mammal i an cells w thout such cell walls, the cal ci um phosphate 35

preci pi t atikewise} heigkf m@aai\@rmlénﬂaﬁénhéd&fuﬂ%f Vi £@11QGY aggrdebeidar ,(1278)

b I I I t t
[ anst or MR AEe ot hEsy ALELPRoBakPh 17 &< PRPLHTSNG 7, S58 16,

Transformations into yeast are typically carried out



WO 02/ 055720 19 PCT/ GB02/ 00153 according to the nethod of Van Solingen et
a.t., J. Bact., 130:946 (1977) and Hsiao et al., Proc, Natl. Acad. Sci.
(USA), 76w0%38s5473®79). However, other nethods for introdugichgidteisat O
cells, such as by nuclear mcroinjection, electroporation, bacterial 5
protoplast fusion with intact cells, or polycations, e.g, polybrene,

pol yorni thine, may al so be used. For vari ous techniques for transform ng
manmal i an cells, see Keown et al., Methods in Enzynol ogy, 185:527 537

(1990) ar‘l‘dg%da@é)urng@brai:eln Nad 4R 2886084838 hs 19881y 01alQgfOsataehl s

Sui t abl e host cells for use.in the invention may include bacteri a,

eukar yot Fé 881 FLTH7E 138 ?‘r‘h‘?ﬂﬁiﬂ uste AR PYEREIRTLRR | &EC ahd KBUESE oVidius 15
-syst ens. p¥Rirral vy debkatamiesawad ablend n the art for expression of a

het er ol ogous pol ypeptide include fibroblast 3T6 cells, HeLa cells, baby
hanst er ki dney cells, COS cells, nonkey kidney CVI |ine 20 transfornmed by
-SV40 §CO§-6?’P1AWWGES51) Chi nese hanster ovary cells/-DHFR (GHO, Url aub
and Chasin, Proc. Natl. Acad. Sci. USA 77:4216 (1980)); nouse sertoli cells
(T™A4, I\/atIherk EI ol . Re rod. 23:243-251 (1980)); human lung cells (W38,
ATCC CCL 1#spre LRI S OFHERE (X e S8BT 8BRBINt LA s EhfekeRalR teumur
cells (Mﬂlfa’g‘ﬁeﬂﬁ,OFnﬁﬂxprA’sféE CK&:&]l)s‘tsaélﬁkséF&ﬂ)almph@f,s orSichabses prokar yoti c
hosts i nely N t ch as Gram negatjve or
G am posi €108 g 8k U Rt B P IATES, ALl SR CEIEthif) "
Vari d¥is Pargopf P§Pit9ilhstlmfte lﬁubbi%ltyo éwadl h@l@e $rehuasoE. progkinK12
strain MR94n{ATRE 3t A46Da bkel/48 G ain
WB110 (AT 27 325) ang % ?}% 151)% %35@0%%99%%3 %c‘?%ﬁjé:éﬁ%ﬁch as
filanment 868fungi or yeast are al so suitable cloning or expression hosts
for vectors. Saccharonyces cerev.isiae is a 35 commonly used | ower

eukar yot g, BstcdUL 1206980 SN e 581 L0058l N1e, aprgRLial e host cel|

is deemed to be with he art

PCT/ &B02£66 983 5 axer areneli ke de, Pe Hqsiceybheh | sppdmibvhe proihges a host
cel | conpabBedlytiet erabogitys dJehei sg@edghtef the invention as described
above. The nucleic acid of the invention may be integrated into the genone
(e.g. chronosone) of the host cell. Integration may be 5 pronoted by

i ncl usi ofhgk, stpuercaplahi h' pProrore fexguebicfiatls on teiut Kredgeegenone, in
accor danegmpi i i if ahdandcdeshnigu §otéir§ %re&a&hagla'er ilRe BUGH & ent|]f1 rgay be

on aa eXtI’aChI’OfTDSOTTBJ vect or V\At%l n the cel , Or ot herw se I
het el 0§EREBrr89GrP8 gt "I c P thﬁ@pﬂ?épééﬂe R BE L pROduice aBFP be
met hod descbibethabiovehéi tindaucebeat afegivel eF Ca afirdne@nsht Usiote@h be the

ancest or OMAF?QI%@CG(&%I lﬂltlgq{jggqis %@%9 cell, bro%l as%r e 2l g0 provided.

Preferre nes my T 81 2P ne ne e.g. 3T6. is
Host cel P¥etpaird dergnent iy d-‘ri'slfsoﬁﬁéﬁplmﬁwdek]ﬂr dusi @wtolisloed g, vebeor s

descri be@ahefﬁa@nd’ﬂt}é beesshi UL GHrE MY EeRlkORM e Nt HeaRb s MBI A0di fied as

apprqgpri ate romoters, selecting transformants, or afplifying
t he ggneg gﬁi%?ﬁ g %ﬁéggélg??gsg% CEEHUIRIES: The culture conditions, such

as nedia, tenperature, pH and the Ilke can be sel ected by t he ski IIed

artisan w b?@?&rf@%%ueﬂ?gérhmtn%&' A Q?Bﬁr%outpr(sg pxl?g eFxr CO' S

and practical techniques for nmaxim zing ¢ uctivit tures
can be f&&ﬁdei{henwpl aﬁo‘ffelzl908|38ﬂeéﬁﬁﬁ)l SﬁgE a”PrFal@tuFéaﬁ)AQﬂmh@&éh M 25

Butl er, etridits Rrfessich( iBdneraiidmSandrankheetisad, SIRERCuSEEE HRIBLESSI On
can kg confirmed in a sanple directly, for exanple, by conventional

Sout hern blotting, Northern blotting to quantitate the transcription of
MRNA [ Thd@ashe Prae OaRPP At2iel 1IQdid puSpursor protein), for instance,

expression of a fragment of the APP that encompasses the AP domain

of 1-40 or 1-42 amino acids as a fusion protein, may be preferred.

35 Other core fragments may be based e.g. on the domains discussed
with reference to Figure 5. Template fragments may include domains

from two, or more than two, of these proteins (e.g. as fusions).



30 77:5201-5205 (1980)], dot blotting (DNA analysis), or in situ
hybri di zation, using an appropriately |abel ed probe, based on the sequence
of the ag@pagatim@ di sease protein. Aternatively, anti bogcqrcEB)0ix8

enpl oyed that can recogni ze specific dupl exes, including DNA dupl exes, RNA
dupl exes, and DNA- RNA hybrid dupl exes 35 or DNA-protein dupl exes. Cene
expression, alternatively, may be neasyged by~i rmunol ogi cal nethods such as
i mrunohi st ochem cal staining of cells or tissue WO 02/ 055720 21

PCT/ GB02 1 j I I nti tate di tl
1001t $8. 5 e @RSo £ AN %éﬁﬁi’axgéo dli&gaglneﬁy A4y Be Loy Aal ate directly

t he expression of gerie product. Antli usefu I Stochem cal
st ai ni ng®BRUPDF &SP ohe s2iRfve oRALR¢RTSARF1BR ¢it9ser RbpRimFRIreor
-pol ycl ongkaghatt rmidieups@paedwi D1 agehdRIMR be YrEAR¥ENE R |3k 81 to

anti bodi e y,be prepared. again atjve sequence of fhe aggregating

di sease S%P%e%é)’l 03([5\8.” %ﬁtlsgj%’n%%as%tfmg’f dtoheoﬁrgée%’i”tlnf’ne‘éh?? ot 3,?{1 s
‘causihg oHowevew iy sexprewxidmehtonit hemnbel greatani dbadi 5Cused ber ei n,

e.g. 10 RyegUESYr NG Rest; £&fdss Ugder conditions for expression of the gene
(presence of stinulus) so that the product fragnent is produced. The
present invention also enconpasses a nmethod of producing the product

f ragnment petrbeapetdod i ncl udi ng expression fromnucleic acid as descri bed
above. 15 Another aspect of the present invention is a kit conprising a
transforned cell or cell Iine as described herein, plus at |east one

furt her donpbheimtstEnyesanexgjenwhiéoe stnameldabiogeipr deugt i reafrsiolte precur sor
Proteln, pabealn A0RIpILeL SPIRGL! Babliend NGET ACLL A A nadLddle PgCUr SOr.
protein wWwth the tenplate fragnent,” as described in t.ﬂe }o oW ng secti on.
Det ect i oﬁea’fle’é@%rje?ggﬁisﬁl%s%t%l Gr IpFEYRRIYA 0F PERYeFSrAgnanef dihet oxic fra
gmen t 2ookpeypsnditsy esbotimnbsotéhe M0@LE36:iOfadiupt 8 Wd GsRkO6ESSi Ng or

aggregation_(9r. nodul ati on reof -_see belo may .be detected directly or
i ndi rect Iag)pﬁyp%%ﬁ’oﬂrﬁbrl?%}qulgﬁcéﬁt]F%ﬁa}l&ﬁ SP&Wéatﬁnﬁh%ﬁaeCt&“ﬁ%rlgsof t he
fol | &M ngfspbei refendneepsequancer Puch edariviehéve?d wilddatso fstegeent ; any

by- produgkqlieA88 B Mhthi f Mo ihNge b LS Tn@ ag0r egate of any of
these (e. g. based on sedinentation coefficiéents). Thus, as exenplified

with particular tau proteins and fragnents 35 (based on 297-351 fragnent
and T40) rFoaggnegaidenheaprde:imbnistaresy dmcihae basiextehdéacn-easi ng | evel s of

a | 2kDa pr d egci eriv rimarily.fromthe,_precursar protein.
WO 02/ 05§$g§?§§§p§ﬁ{§0§%ﬁ nsglrg%p%? o] eé:lerlfx(ljcé?%%st i'Sn *Het hod€ & e di scussed
i n réfatiseAueBCYerIBIpY esHiogeabvrrivendrd hatdirodivewawrof raagmentsither eof

are usedinBee@bod) nNks:ioh, td1e atBEROGh Ofr the PEESRIRMcel BYGRAQN MRy be
pr oduced bg c?nventl onal techni ugs. Pol%cl onal antj bodi es W 5 raised
e.g. by FAPBRIFhg® (4 BEPFRYboRdi A t EUF At PgRA T niS AR BT St pr ef er abl y

a rabbit coapdipecalverdany & herpikilsenime moidnyagoaddd mesymplind ithat i on, in
whi ch the . pakyclonale aabi BOdY ichePRSSESAL8hs2 SR LimnwLJ@cwegrgé;lJyxhtﬁﬁg@“ gen

is bound and is then eluted in a conventional manner. Pre

i nvedti oRfwithe #R&ERA RABR0RT difel PahRrdbdidss Ofhi th Remeat&chd%re begnt au

epi t opes ey abedpsepiiedely dhantet hpdewfodiekl efimndcMuksherd.peaw tabl e
nonocl on Isgn%E odies to tau epitopes can be nodified by known nethods to
provi de a6 Fraghents or (Fab')2 fragnments, chineric, humani sed or single
chai n anti body enbodi nents. 15

Such changes may be made to enhance or ablate binding activity (the
30 latter case being useful for control experiments). Controls may
contain deletions of sequences or domains to see what effect on

aggregation these may have.

Preferred derivatives may be those which incorporate mutations
35 corresponding to those known or suspected to be associated with the
disease state. These may include changes corresponding to P301S

within the tau sequence (see Figure 7). Other mutations include

G272V, G389R, P301L, N279K, S305N, V337M, G272V, K280A, R406W (see



Ant i bodi es according to the present invention may be nodified in a nunber
of ways. Indeed the term "anti body" should be construed as covering any

bi ndi ng swosharee havi ng a binding domain with the requiredradg@iobisai ty.
Thus the invention covers anti body 20 fragnents, derivatives, functional
equi val ents and honol ogues of anti bodies, including synthetlc nmol ecul es and
nol ecul es whose shape mmcs that of a@4antibody enabling it to bind an
antigen or epitope. 25 Generally speaking, where antibodi es are enpl oyed
for deteghisgny; toe:anti Redy2 @y, GApLy) 8 reporter nolecule. Alternatively,
detection of binding may be perfor rred by use of a second antibody capable
of binding to a first unlabelled, tau-specific antibody. In this case, the
.second arqttihle@d}yréseﬂﬂeraikeldrwaﬁweepmapeindnmldecuhﬁdexﬁckeﬁlahi:boaf asecmeyrbe used

in any impung gaydf%%tem kng(\j/\‘pe [ grtbln@ | ncl ud| n 2ngnot limted to:
radi oi MUN63ssays,  "sand adsays, enzy ¥tbent assays

‘(ELI SA); ﬁﬂaamﬁeteent I Nuno- assays, protein A | mmnoassays, etc. Typically,
an 35 i munobl ot nmethod is used. Preferably the inmunoassay is perforned in
the solid phase as woyld be well known to the skil|ed person. For

i nst ance, % FRAEFBo AP TG thEe 2 d%dt BEPIS % OF. CRHNEAPresrERn bagrd Phe

cel lul ar nﬁﬁlﬂfﬁ)bﬁef’r&tye]tah@ﬂ baiyesdegprvbe Digh nt helenlwmmrsdQﬁence\AOaQB/ 055720

23 PCT/ G%Q.%/ego can% %Tetl On?oxsuelxtaagtle for r%%%?!:hn blmndlf@g?%e s of tau

sol i d- phasé "an any aggre prot et
t aut al@ aggnuéglabe lE@iceagis tpeatiesit MlShwéJsa‘mnémayf MARP tOI‘-reebeImd:ﬁwgtnof

aggr egat gf RLQEEkH ngérfé ttfzsegeeém %Boﬁ]&‘ﬁ{hntte adet st abdy ﬂﬂyaﬁe%hfteo

nmeans, e.g. as exenp above and bel ow. Preferred nonocl onal anh%odl es
are as f A9 BRETY- f%&?&%ﬂﬁ% Yhec GGRE SEFATTERGSt BP P hE™PdPY E¢Re @i nal of t he
tau 10 epidsepebpery tHdTeasHLi NgLasi, beagd my,betweenot romacahedramng f ul |

l ength ta eci es spe |y usef ul e ant i bodi es recogni si ng

hunan- spe@ FP‘S‘ épﬁoagles E&% I\llj%ﬂ" ﬁoﬁ% onal antibody (designated 27/499)
recoghii ses a human-specific epitope located in the region between dy-16

and A n- 2800 gU-; 8 dher ebysPElHst s measurenment 15 of binding between
full-length tau speci es, provided one is derived froma non-hunman source

(Lai (1995); "The role of abnor mal phosphoryl ation of tau protein in the
dﬁvel oprrmicleﬁcneeicﬂg idy,i bragyr padehoh pgyhd rpr/élséheihﬁeren&lahse@s%;é, PhD

Thesi s, Universi.t ose which recognise the core tau
fragnent ¥rUACE ed® %&atéal §3?grﬁi1régéﬁ%lge} T 53 vﬁﬂveﬁonﬁ‘fn%(' 1993),
| oc. 20 t.dn sThesanhialbodpuenabt émdgeretuorfogh, t be f)weredlomgsmkbstamttnamat ed

core tau S A0RRNLLLEF Mkl RYaddq O éﬁel é;%c%e%' akleflgfl HAONRIN -d §sgnat i ng
25 at Al a-39Q, which is not recognise hi's truncation occurs

nat ur al | )}‘%rﬁlPhetE%u"res’%“ of-SPREL séﬁﬁ?’i}p%%fe/ﬂ fﬁé %rtl‘sesﬁl peasPilNgAGSet al .
(1995), (MR96)ie botds @ .tg.~ehova@ingettha. temfE3@3¥rabment Civtilt BDéenra akaat.

(1991), l;%g:tlglh_ Eynt‘}ﬂ%ltc' gga‘lzllxé/t fé’”ﬂ‘](f A% 1 QOURG 1‘@1% %Q?eege%gl%%lcgg”a' A

invitro est pr ot éase pronase) genera ragment
det eciéfsabl"éll@gl RRB 298 fawe Wpgether dn HQItUIlEQgGlO ROt Bin yFonkpgudislynef err ed

aspects ofud h@iRheserd Hdarenthofed 3% bihndAlilefSohBitall RrAkeLih1 NI S
anti body may be used to distinguish the generation of proteolytically

cl eaved product fragnent (G u-391 term nation) fromconstitutive 35
expr essi diuajieltceﬁpkataacctcrraﬁgnento (MeapB8fynt -inTlkoseomtiayh beetngrlies £cam

generic t [ r t e Rhe li ses
an ant body, (o, oo R, 7By EURe SR e DRSS BT ik

acids or nucle:.c ac1d analogs. Where a DNA sequence is specified,
e.g. with reference to a figure, unless context requires otherwise
the RNA equivalent, with U substituted for T where it occurs, is

encompassed.

35 As described above, the nucleic acids may encode derivatives or
other variants sharing homology with the reference sequences in
question. Preferably, the nucleic acid and/or amino acid sequence

in gquestion would share about 50%, or 60%, or 70%, or 80% identity,



tau- MAP2 or MAP2- MAP2 aggregation is to be detected, an anti body which
detects a generic MAP2 epitope could be used. Antibody 7.51 recognises a

generic twi @psipe | ocated in the antepenul timate repeat pefr/dsydooi¥avak et
al . (1991) Proc. Natl. Acad. 5ci. USA, 8B, 5 5837-5841), which is occluded

when tau is bound in a PHF-1ike i munochem cal configuration but can be
exposed after formc acid treatnment (Hairington et al. ( 1990), (1991),
loc, cit.; Wschik et al. (1995a), loc. cit.). Normal soluble tau, or tau
bound t omwistr preberady eanldsestdebeat es0usiong, n¥dr,7.95%, weBost doar giec acid

Foo! o TR GLHRLIII R8N Fhi el 98 Nand O pllda; WIRERLIGEY J1. (19959,

|l oc. cit Ing o ngth aumthe au-tau ndi
.associ at E@MRILPHY peatt ibgl aéc‘é¢@§1€§n apfl defermibeq 15t tdi tPBpéSTISLEPWWmabody

27/ 342 1 egoaniS€5uR J1ORISP sRepbi i CaAanesi s, tas-epit at gd
bet ween Ser-208 and Ser-ZSSEﬁ?ch IS arBtll ally occl udglaJ |ﬁﬂjt?%ﬂeq%03§se of

‘the tau- SAGPPAFErER] iBntheaitt &L EP“E‘ YhisTRAY hhdGsesFeds e sone

m)go_cl ﬁna!taaﬂtar@mhcfg&aar Beﬁtlilmm IwﬂlE]r‘.]ng ®az@ 6t @wm@baﬂsi@rpdmdgbatorz
and i nhi I ribe ve, .the invention is prefe concer ne
Wi th usel?llf%% n':t?s?/sge?%r%mgs pf%b\%i 'S GORRT om%u%le SGF%BH o%?fgro%c&%nﬁﬁ and
i dent i f yiD¥g vehelagieapni cWagesnsin,oShr eVthSrmnSl@fSB'ﬂﬂé deseasewe diefeussed

herein. Aabypbeals rretolaedcmﬁora%@aawgfaﬁﬁ%a@ehia@hgofth@nsagﬁmentc@ modul at e
30 tgg a gre ation and\or proteolytic processing of precursor protein to
u

a product Fé%’b%n%e@ullESefln’f%raé’@t‘*ieBﬁ Wl‘flﬁdézf‘*éw aqeé?w??agﬂ)é?&elcnﬁﬁld
conpri semoaa):up)esvoﬂﬁangpacﬁ:aebi eeqebhcormomellbgy iine ag <iscussed wheveg (b)

subj ect i t e,cgl Q sti USyS th ursor .3 roteln is
expresse ia thegc‘le]l I( a%d zAherdeT}oéIf ﬁ%t%‘?%nca%gg%l of eﬁ@ﬁ%@np?a‘fl §Trxagrrent W th
t he precursor protein causes a conformational change in the protein such as

to cause mgé@gaaém s2BdeRESS 80lihI EnBSRC ST A piRGPHEELE SN Rrotein to
02/ 055720 25 PCI/ .G B02/ 00153 fragment c) nonitoring the

uct
pr odggt i (?ﬁlé’PeFFﬂedepsr §aHcPe t Tghieit PrAPTFRE P’eEIé%csé“&rle%hEmé@%rhtu“Pa)
opt i onal lthec énparmaig ohhens atefe mebicas nechtiainstielpe fecin wntihtackn igfedr ence

val e, Thacial ehence Aual ueosm dig based. QuLs el 1Gal ahoRLY Al A 01 Y

be based on control experi nment arried out In
i nt eger oﬂ“otlﬁéuéé%eﬁ/loetléﬁpl%ltleabforraéﬁ‘éhtMafb‘laécur%@rd Ferpret 6%‘1?#03’5“ mul us

agent) i s.ameehtbed Mes@bsw@g iR Makhesls drekhodssidaschi-ped-alove may

conp e furt step f corelatln the It of step (d), wth the
m)dulg F{f’q§€ﬂ#9ft Oollogﬁ’he dgeftieysay dgs ﬁéé a meth6a g? Pfying a
nodul at orirofludggl £gatheonsefo mreolpenyanmccaahd mdddtiandi(BeRse:d n whi ch

the prot e 1ygeLagns -2l oduiced Ganf armmidianal ; d NEACLEN. o Iy GOMPY | se

perform ng a neth for 1 nduci ng aggregation as descri be ove In the
presence s’2’(3“(‘]’?50né“dr hEFeCaY e rEaspectied 1ot BRTIRFLELAABI @f otPN#pdul at i ng
(e.g. inhidaulenBgspr reversing) the aggregation. The degree of aggregation
(and ,gptionally proteolytic processing) may be observed in the presence or
absence of the agent, and the relative values correlated with its activity
as a nodMt encogdbng e.g. tau core fragments may be generated and used in

any suitable way known to those of skilled in the art, including by
taking encoding DNA, identifying suitable restriction enzyme
recognition sites either side of the portion to be expressed, and

30 cutting out said portion from the DNA. Modifications to the
protein (e.g. tau)-encoding sequences can be made, e.g. using site
directed mutagenesis.

Constructs

35
Thus the invention also relates, in a further aspect, to nucleic
acid molecules encoding the appropriate precursor and template

fragment proteins. As discussed below, these may be present on the



For exanple, a test substance may be added to a cellular system as

descri bed above, and the cells incubated for a period of tinme sufficient to
al | ow bi néio/o8smdot 0 denonstrate inhibition of binding. TheragsR@oisau
conpl ex can then be detected, e.g, using a 30 suitably-Iabeled anti body
such as MAb 7.51 in an imunobl ot of total cell extract, or any other

sui tabl e detection nethod. Where a scregning nethod is enployed for this
purpose, i.e. for the identification of nndulatory/inhibitory conpounds, a

non 35 ceamet bfl&iefwreaerre&tattﬂuﬁesasm iR%nRe Msed- EQE, Jgéf%{ % oh8 2
corrpetltlve assa f thet known in the art, the' e a known

i nhi bi t oF°BP Wt at"Sr °Caf ’gee é’Bﬁf)a?jéocan'?‘ttrHStp?’é%éH@@ BFO‘Q&%ce of
-further test substances or agents, to determ ne the WO 02/ 055720 26

PCT/ GB02 | t anc C ete th the known
i Lo asacr arard peetentdl HEEh B Tkt YR BBt A 10 o0 ded
‘are net h6‘8§eo$ekﬁ%‘€ﬁ§bﬂlﬁgtn@ﬁﬁmsaﬁ®¢sw%bl kglOWlnnlﬁDblat oreg)eby whif dacaeeias

descri begeabeyeanduti AMaEEh i Ehehp SO S ukNE: S ogusing the
nodul at o?eihl S <‘ilrélentll fied. , Speci flloc?ty of %lun |l|§t]?%ﬁ9%69£8c?ée{fehm ng net hods

accor di n§OLEOThi LUPILEUBF e Opr BREhi24en BRI b TR lBRing etPatorscisden f or
conpoundsawhatiederminst r akepidseiph 0-{3@c|5ttdxe£ cofpSEd Rkt lavﬁué_DéTI@taJctlldvﬁs

i nhi biti (e e r egat ay,. tau- MAP2,
or ot herggrsg%:é%léerge%%& Jn%ﬁ \%nolt%hgggﬂ“? %feerqen{ée véotrﬁl gﬁ é:]tﬂsﬁ‘éfj' bi ndi ng
in wi? chcesmifie wr@éuno@étl@h)t @inﬁgparw ciyasbex esujtabae mctmpzxt 0

tubulin, consbyu@nalaeh, cohey tAkeRULS My R @kl Nsnidh bhely bindi ng
partners _insof ar as these are known). gpemflcal ly in the case of tau, a

met hod f 8PPERYRTHHiYig any 20 possible interference of the binding of tau,
MAP2 or a derivative thereof to tubulin by potent| al | nhi bi tors/ nodul at or s,

conpri se ra ulin
t axol_st a’gf‘?f‘)g‘géﬁfﬁ B%gt%ﬁ %e‘gﬁilwtckgﬁgaﬁ 3’[}%%“%? g O%%’f i &ﬁng?dt he
t au- fUbulfPntBe MPERINTBUFPHIN AYFRELC RIS @Beuermcq).qfdp-ngem,d sp5aal 5o, for

exanpl e, dheedenmet rsghedebys aP&@ﬁ%ér&ﬁé&@ﬂh@é@lbﬁlasbéwéw QF as
descri bed |n 8% 1 WO 96/ 766 I\/bigods for g%%étparatl on of tubulin

pr ot ei nsPOF FFaGmEtE tcﬁerseo re W8&Li B n ¢ Y onbe e h M53Rdi ng
partner s;loarledkc'm)mntnOtfh@hearStamandual@Lcd@mldl bete®@ilg, byuSimbada et al.

1976 os n 1 o] l cr ! e
Ly chestel ﬁ%tgﬁigbg?afﬁedggmgfdgfsmﬁ ngTLpfflg?ll1 o B B @%%%7?}‘3212)

Anal é%ou?rﬁ’é‘f’ Qs o BPﬁ’é?bJﬁ’r otBkad %\ﬁ rﬁ’ﬁomEF%’"edsse"uﬁﬁ%lr nor nal '
f unct i ongrenhktriscitmatlo cohosda "skiEl ted pmmlterartwﬁahsbb@ptightfx@fn 35 the

present %é%9§ujf§fmaﬁﬁaklxﬂlarpo'sle L¥115 R 0%/n9§5; £ 2 £ P GHOA OR=3 Wher o

desired, nethods o resent 1nvention C%her i ACTUUE 't RE step of
testing PREMOF&HT qutt)ﬁlﬁﬁdtf@%éb?sgmgfngltwq euphat® prloean and

opt i onal kY rpk£CESWIHoxPROLEE N Rebovhyudis@&Rh as! AddRke rdehydr ggengase assay
i t Q?I Lllloma virus, avian sarcoma virus, cytomegalovirus, a
retrovirus, hepatitis-B virus and Simian Virus 40 (8V40), from
heterologous mammalian promoters, e.g. the actin promoter or an
immunoglobulin promoter, and from heat-shock promoters, provided
such promoters are compatible with the host cell systems.
30 Expression vectors used in eukaryotic host cells (yeast, fungi,
insect, plant, animal, human, or nucleated cells from other
multicellular organisms) will also contain sequences necessary for

the termination of transcription and for stabilizing the mRNA.

35 The promoter used for the template fragment will be “constitutive”.
This promoter may be sufficiently weak that the level of template
fragment expressed in the cell is not itself (directly) detectable

using conventional techniques, other than (indirectly) by its



5 In the case where tau-tau, tau-MAP2 or MAP2- MAP2 aggregation is being

i nvestigated (see above, under “specificity'), this step may al so provide
an i ndi caypoaeda@ny i nterference by the test agent of thedydshResef tau
or MAP2 to tubulin, since inhibition or 10 interference of tau-tubulin or
MAP2-tubulin binding will correlate to sone extent with a decreased ability
of the cells to divide, and thus wth gecreased cell viability. Cell
viability nmay be used to derive an LD50 value for the agent. 15 Preferred
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Figure 9) of at, |east t'est ounds
whi ch ar Erf’ég'f@d“we[ﬁéoﬁné& -\ﬁhl @ﬁfﬁ?tﬁvselé[eEP‘?%‘EFCtt@bé@sEbénf%?rldt he rel evant
-activityagfhegamwidiods eaniiserass . e| bhe pASmBtéPRmayS He€8BSectdl BUCHoLO 25
identify rﬁexvle%hl b| or s/ﬁgodul to tro&?g secondar JSereens in . or der to
study kndwhivhiBi (6FsFRbdtt ?]ﬁ fUr tREr PERAFT LAGEREL Mty the hat ur al
or syht h@ndueobme@abucbrmm’:dse Ans tdxbdbesewhi ch recognl se an Al zhe| mer's
di sease-1i ke protein aggregate 30 and/ or which nodul ate Al zheiner's

di sease-1|i ke protein aggregation formone class of putative inhibitory or
nodul at o} EB%Rﬂf‘r? wig-g?l RRAPEEPTt Brifd naghhe grtiamet epr e eSindugbee lisual |y,

rel ati velwyusmaid ubheﬁycaara&cumaundsn Mrﬁ%@é@@é&dwltﬁﬁsérgkﬁﬁl RRbL R ewlfrl]e .
crossi ng rai arr.ie ted.. &t her qua|t|es ich it
may 35 bé&gém ra dssgtog Een'lg’stasb"fltcfr?te rﬁruﬁB‘ff%?fs‘?ﬂ £ FBEPYREE to an

Si rrull%lt anebusey shilmyluer Hia exa)tumseOi)fthtShetpmterawtvaJrneenbemem ncl ude:

non-t oxi bone 0 r C \ Lty;
R s T R R T e S

oral absdfPELdPT SSRTAEEEANDI (WedOt BXRIRESLPRE FHrile ahaeBee f ths t hose
skilled appiberiafte atemav@d €,0thlesend@ibs eCafode ar Eaﬁaedde%c%_agﬂmr cial

basi s by est.abl i shed net hods, for_.conpoun esired to test
inthis vv\éggqut olrveaeﬁ/)r?%%]lont &t é asﬁsgng ﬂcﬂ?utsg‘tlf“{}i} 3LEYPT where
possilhl ethehéewsy| Wi Bkpyesdidn fiisr $0 Pee dbsennd nedl thegstimomsthe Mer ck

I ndex. Wagpeed diors yhshangce irﬁiu%%wbl&dn@téguw%c&%'a%acmm @h g@gg{;ﬁé@t ed
st ock sol ?tkon n%y be pr %zlare gg 5-20nMM i n PBS. diately prior
S

to use tRAifs BAFHEET BB WY ¢ ‘if&’ec,rﬂlfnf'ﬁ?% k?f’eldiwunﬁt Baﬁlwuél%?kl ng
st ock solpubtmorer.hgs hdeedOfedd.and i ntroduced to cells to give a final
concentration of between O-1OUM for nost conpounds. Naturally, if it is
desired to test conpounds at a concentration greater than 101ZM the
concéht r FKPERSHIoN FECESThirkitly $PBRKEiPsl BeY onsmyFobsainceraedrore

appropri akekytidMhefepckhe @y&siaan%eléétlr&t géatshifdde BHUEOUSs $@kut | TgQﬁ
stock sol uti.ops_ mmay , be propriaf e sol vent (determ ned rom The

Mer ck | ndex of %exsﬁg’ﬁzfaﬁgﬁtt?lar)@l% SQP& h§n8?k?ﬁ XG5 fr IThFP 5 LLER agai n
be dil ut @gonyent imedhoteekata e ometictmdvriedeat 8)ly qompdemént Usxotooghie a

wor ki ng selrlibi Of-iRsg. o@t é)ooé;lMpC}QnEFfElrc%tl' HﬂtrPéH‘:@qx@%da{rQl lI SEEme' eld a
for npst test conpounds. ove, if

final_concentratio e.g I'OoM
conp8lnd$ RRES¥ d"aﬁglat'egt%d' Jihe, SEBR CBHIFARA of Hradngr rﬁ‘ﬁ%‘ﬁa?ﬁfWFt he
concent r dEaicdnlof tone ewankiep2Susohbid ar18cthbhe narteeasedr agamapPLAR! i at e.
cells are those that enable the identification of cells competent
to take up the desired protein-encoding nucleic acid, such as DHFR
or thymidine kinase. An appropriate host cell, when wild-type DHFR
30 is employed, is the CHO cell line deficient in DHFR activity,
prepared and propagated as described by Urlaub et al., Proc. Natl.
Acad Sci USA 77:4216 (1980). A suitable selection gene for use in
yeast is the trpl gene present in the yeast plasmid Rp7 [Stinchcomb
et al., Nature, 282:39 (1979); Kingsman et al., Gene, 7:141 (1979);
35 Tschemper et al., Gene, 10:157 (1980)]. The trpl gene provides a
selection marker for a mutant strain of yeast which lacks the
ability to grow in tryptophan, for example, ATCC: No. 44076 or
PEP4~]1 [Jones, Genetics, 85:12 (1977)].



The skilled person will appreciate that the amount of test substance or
conpound which is added in a screening assay according to this aspect of

t he i nvenypepsang | ndeed the manner in which it 30 is intpeedign@deisgan be
determ ned by those skilled in the art, if necessary by use of a series of
trials. Where the adm ni stered conpound and the cell |ine have conflicting
optimal conditions (e.g. in ternms of pt§ or ionic strength etc.) a variety
of conditions should be tried to find an optinmal, conprom se, |evel. 35
Initial concentrations may be selected to be a | evel which could

listicall th t b l et
pati ont TAHL ©AMRUATS I 0o Aabe Bl Buprol P 1968 FERER O REVpFRSERt
-di scl osuam, o:slmlm afl appYicachoni | dnenctr preseprtotaip seq\@d (5SFROra&S wundue
burden to; oney sk Ll Egnéattul%gv@r(}r 612881 09, AeRALL 22] 16 RETLCB02/ 00153 5

The present inventi on exten urther aspects, to conpounds |dentified
by asscré@n&@%tlﬁadt%@n@@évpaeﬁeWm ahn%fﬂ“taém@én?ﬁ%%fi‘%toné BBEE?T si ng

SUCP i nhi %ﬂaé z;c&ﬁméubaicg{ %fOEuiﬂm(ire@:%g%ggéﬂﬂﬁaQﬂ@ﬁ% pfdmr&lrsl a?t tl}?@sé)l; ?
protein. escribed in anongs e a s found to
e bl & FERATA: SPRERGT GOROARET rRRARd SBORT SFIMEr Ot o FRerPELt | Th of
pr ot ei nstiseicdkids edaartigarcert ai n di am nophenot hi azi nes. Exanpl es i ncl ude
such as thionine, nmethylene blue (MB), toloniumchloride, and di net hyl
-net hyl ene blue (DVMB) which are of particular interest 15 as potenti al

t her HpeufFenagemmasiP8r use in the prevention of tautau aggregation in

di seases such as Al zheiner's Disease. Interestingly, as descrlbed in nore

detail in_.the Exanple% t.he presegt |nv ntors_have used E
descrlbeﬁ RRrRE 95928 deifo REEP ST iqup ﬁﬁ@ hechaf ﬁ?%f %ﬁnPESHqung 2
conpoundstsbmﬂ1qailNBoonu$euﬁmcedmebhﬂ¢na$aﬂeenaibqﬁﬂapnee|swhmqmnpsgchsas

tau-tau 8gbeoald Uel Scopd ! | XaP! Slloduds LIS AdELL TARAILY ablghas

been sho the p t steric in tory effect, e.g
di anthopReretmaziines BAFRlAke: AuaoTeRl RS, the PESAHAEHAL Pﬁ?ntﬁtlﬁ’e SE‘EhdFlPﬂm on
coeffici ent ofmphaCcomperditt iTheowatinuts vielpl omddseaa of theselabseryations

in terns ofﬁfcreeglfl and fornulat£gg qﬁpogggs arl.e glscussed in nore
in

detai | b&FY P gf?%%cngtlcula unexbeete éﬁmﬁon3|der|ng t he

30 descr pprtein ofudthéhat et dtlhease:cmrmpomndsndqﬁubhé prpeRssadt AnThes, for
exanmpl e, -gugh; corneiinds ¥vere RLguieysly known to be useful in the treatnent
of net haenogl obi naem a, where their action has been shown to be nedi ated by
the €atalytic reduction of oxidi sed haenpgl obin by transfer of el ectrons
frOﬁltheTﬁe|inﬁr&thﬂﬂbhlWﬂu&ﬂsu@plyeCﬁeﬂeﬂﬂuagdr¢@ﬂnﬂddn90nwmﬂhﬂﬂﬂ des (see,

Sl haugahibdes Gy 930k Y Ghe L FXR T U1 BPBLIAGOR1 1 287 Ichlns
PharnacoﬁoglcaTIBas IS O erapeutics Fst tion % % &o mah and
G | man: Begoerkarwtid g9b}s Arfadthpble neeFgiigrRErnay IPpOLpge
phosphate transfection, DEAE-Dextran, electroporation, llposome—
25 mediated transfection and transduction using retrovirus or other
virus, e.g. vaccinia or, for insect cells, baculovirus. The
calcium treatment employing calcium chloride, as described in
Sambrook et al., supra, or electroporation is generally used for
prokaryotes or other cells that contain substantial cell-wall
30 barriers. Infection with Agrobacterium tumefaciens is used for
transformation of certain plant cells, as described by Shaw et al.,
Gene, 23:315 (1983) and WO 89/05859 published 29 June 1989.

For mammalian cells without such cell walls, the calcium phosphate
35 precipitation method of Graham and van der Eb, Virology 52:456-457

(1978) can be employed. General aspects of mammalian cell host

system transformations have been described in U.S. Patent No.

4,399,216. Transformations into yeast are typically carried out



PCT/ GB02/ 00153 Notfal | med. 25: Z72; and Cudd, L, et al. (1996) Vet Human
Toxicol. 38(5): 329) and in the prophylaxis of nmanic depressive psychosis
(Nar sapurwo92less70d983) Journal of Affective Di sorders 5: 1%r/d¥igleiss G J.
(1986) Biol. Psychiatry 21:915). Notw thstanding 5 this, M, thionine and
toloniumchloride are actually intrinsically weak oxidising agents and, in
the absence of a supply of reduced pyridi ne nucl eotides, they oxidise
protei ns such as haenogl obin (Mrse, E. (1988) Annals of Cin. Zab. Sci.
18(1): 13)achPa %088 %h%f fnggltiocfaor} an &.[q.r;[g% 'Q@Cfﬂ VatJe ‘é' rgseSlBOaBQGNB has
consequent | een explorted therap In process’ for renovi ng
H Vv and Héﬁﬁ?i t3rd \Hsrlﬁ@ etodd bl c?@dcprféﬁiljct @Cééihaﬁmtan (U§A) ( 1904829

‘Transf usi@p73pdayRRver, VoeREF meShods £ok995) rJ8ROSIH DNEN 1 356 De14Q7) - The

mechanlsm OL actlon of this effect is thought to involve intercal ation of
MB into BNA® FhP%dMToGRT TECHIOIEEH Yy £ESERPRMAtIoBdoRasteti@ by
‘phot oact ipratoplhesindgusiwoenwi th dimdpstbaekl sgowsr polydstighelnd. st at e, produces

si ngl et i i h i ivates it (Ben-Hur, E et

al . (1998&%2?%\%]’&#&%@%?%?%‘% %e%v\%? q\?ol%%(l lﬁ%r Vfrlié NP GGEES Nunno,
H et al fog190a)sfommgngf nemonl 34 Spll80Bee Exphoitatdlon Méthdus tioxi ¢ ef f ect
of 20 ph%@gﬁua@ ed g@i. @th%’f‘eql@bb ) azi Do las - al ﬁoqhbeeﬁ supgesied, por the
treat ment, of cancer. hin cel conmpounds whi c ave been phot’ oactlvat ed
to the oxrdi $&8%)or m can damage mitochondria (Darzynkiew cz, Z et al.
(1988p, Cancer Research 48: 1295) and/or m crotubul es (Stockert, J. et al.
(1996) Caﬁ Qémt her. 25 Pharnmacol. 39: 167) . Thus, on review ng the
prior art, 'S apparent that two possible nmechani sns have been proposed
to account for the action of conmpounds such as MB and thionine on entities

such as @N&t%l@%ﬂ@%ﬂﬁ!% fJ}h%se' 'iﬁttﬁé itR@ncabal iy Q.n'cgg&&tﬂa%ge(}fla? g.

oxi di sed proteins means of transfer of electrons fromreduced pyridine
nucl eot i &g‘§aF)ﬁ°‘fh‘é %9.51|1|s SYAR D AGANR bFh FOE0 YRRRhatR iy i and eacdiogatien,
and dénsegseahsi nactivation of e.g. DNA by a photoactivated, oxidised farm
of conpounds such as MB. In the 35 |light of these two rrechanisms it could
therefore reasonably have been assuned that the inhibitory effect on
tau-tau sepeiban oreldf ldoapouvids ablehimscheBanhstat ssxpaespibutablee to a

r edox acthlevewlo%od/éop%a/ygééf@@e 3hcPedé @%/0@9355 Fhateel S5 'ﬁeﬂg Qb ) Re

assuned ﬁD % 'rg)ounds i nhibit induced confornational pol ymerisation

such as t&4Y “Elm%fsesro TP NCHY S CPAGEHS e BRPERY dF ey S¥tnmtidicor as

cat al§ti creed@crmer dgesved dhs BheC vaRIk 1651§ heChpiresenhahaentodasy in

denonst r gLk @g/tgﬁi;Rt(f&elonegpf.&grg of cﬁ‘#ino,” BrcPr iRy iy stepic i nature,
c

has unexpected | nPI i cations assessment, forntiation and use
of such J3rPalAdEIID I HemeBAE esartofit ¢rlld sE@M4esMaltharus 8éal hdiamined-10 | n

particul am,;:2e8rbsi n< 1mrmwnﬂ§mi1a\aen9eeénlsie<ntmé; efir@s ceeags pl %%rfa%r apeutics
I art assays.

whi ch wo Id have S ed on the result of pri

Speci ficarl'y; W]SC%I %?I’ &i%&%&? 1S Ff“‘?‘@ﬁ%rf‘e‘t?uﬁncﬁgbi M7 that the
conceiit r A608R2 of ARE mllnedarﬁ@manuhobmer&n was hi gher than coul d be
achieved clinically. However 15 the results herein show that the reduction

of MB nodifies its stacking ability in such a way as to enhance its
i nhi bi torssf‘lﬁéf’eﬁtP’a‘?katré’oalf:ef}‘eftsatln\%fl% Ryt Bééoﬁ%‘é dmigreati?y rel evant for

t he treatewbattefis, gsudIﬁusaggéxegﬁgia@mv@S@@@rafueﬁoﬂifSﬁ;@S%rglﬂiéinsl s féirscussed
in nore detail be ation to t of 20_the nvention
concer ne %v?nm % negrg%\éleo%éarﬁ%eﬁa%‘ﬁef ﬁglg ascdn;fet?f fcl"gllla ARG Bh S al so

det er¥i nedraiinspare ptbylntdie goaiicinid), ssadt last §. tOolstmk 'styain PiMpoe 8
shows the(ﬁ%tclbuggugge; of gnl l§0£rp77%f %}Pgec&n%%q nds -whi ch 2§rQav§J3Qel%n tested

in the ce based assay gures nonstr fe f he"i'nCreased potency of
‘certain c@WsSuRds3tH talfftéi ﬂ‘édu&%d(PfT(‘iﬁrerfﬁftﬁ:) -softkasyriris] méonplermdsichThus in

one aspedds gfilbhenps@seninginyenydn hherfds disahbosed 43ty or
: expression hosts for vectors. Saccharomyces cerevisiae is a
35 commonly used lower eukaryotic host microorganism. The selection

of the appropriate host cell is deemed to be within the skill in
the art.



30 in the treatnment of a disease disclosed herein, of a reduced ( |euco')
phenot hi azi ne of the formula: (I) WO 02/ 055720 32 R1I0. R R4 N/ R3 S
N~R~0 | RVOR2DSFAN/ GB02/ 00153 wherein R, R3, R4, R6, R~ agd/dHhab83

i ndependent |y sel ected from hydrogen, hal ogen, hydroxy, carboxy,
substituted or unsubstituted S al kyl, hal oal kyl or al koxy; RS is selected
from hydrogen, hydroxy, carboxy, subst|2t0ut ed or unsubstituted al kyl,

hal oal kyl or al koxy; and each Rlo and R11 are independently sel ect ed from
hydr ogen, Ith§dEBXthe: asbesy, @lﬁbmetsan’edlmﬁenmmgmbsrtqvumeedaahkyd cehal oal kyl
or al kOXyzon%Q:LQIng?‘ Hélﬂéfrgﬁ&féﬂé GRlch ¥ accent abl @héaln g‘.ﬁ??{:gogi %@%&?gagl Y

R1, RO are jindependently selecte rom

- C2H5 orR%€§ﬁ~ e?(?n nRFE)eh‘F\oacF%flloéaFr he nHtseidentmay sl é@f—%@]réﬁrﬁtﬁnlnydrogen
CH? 1g|t®aHsenome G2Hly . ~c1amlndasmes b?dilﬂgﬂh@ﬁt &1, ghgz_ ﬁflorﬁ%ﬁ be
Prefeta | 5, adi;aninophenot hj azi ne which has 0, 2, 3 or 4
net hylg upégg?oé} EQ%EQS i am nopﬂgﬁn i RS Es Fe oo Rt PRI N t he
di am nopﬁéﬁogﬁﬂ@&ﬁrném gcosyaaTster Weah| ytarretahyil bedthigmesg. ,AlodnRitirely,

chl ori dethazgti81fic & hi,on R C n
sel ected tgé?m Njét %ﬁﬁg%ﬁ?m%gl gﬁl %}?n@%acrlo?ﬁ%%ﬁqhxe%?ﬁﬁ MA@‘%I gf&e Azure B

or 1, 9- DCFELhyPRet ReFEREs B t136abhe RATRTR2PHRLS P& faseiom toh&her esent

i nventi omeddy be manufactured by the processes referred to in standard
textgp(e. g. Merck Manual, Houben-Weyl, Beilstein, E I1I1I/1V 27, 1214 ff,
J. Heterocycl. Chem 21, 613 (1984) ) . 30 Instead of adm ni sterlng these
conpound$ i Fett MRy PRepredified by adnetiost deecribeda appee ut sorrobiormod or

CONVer si @,m hoclém: achiveodimdey an @&tﬁh\éaEhBQs%%ff Rreduged 1hn, or

targeted_.t the cells h(_) P WO 02/ 055720 3
Co rresponding cell-lines are also prov1ded Preferred cell-lines

may be based on the fibroblast cell line, e.g. 3T6.

15

Host cells transfected or transformed with expression or cloning
vectors described herein may be cultured in conventional nutrient
media modified as appropriate for inducing promoters, selecting
transformants, or amplifying the genes encoding the desired

20 sequences. The culture conditions, such as media, temperature, pH
and the like, can be selected by the skilled artisan without undue
experimentation. In general, principles, protoceols, and practical
techniques for maximizing the productivity of cell cultures can be
found in “Mammalian Cell Biotechnology: a Practical Approach”, M.

25 Butler, ed. JRL Press, (1991) and Sambrook et al, supra.

Gene expression can be confirmed in a sample directly, for example,
by conventional Southern blotting, Northern blotting to guantitate
the transcription of mRNA ([Thomas, Proc. Natl Acad Sci. USA,

30 77:5201-5205 (1980)]}, dot blotting (DNA analysis), or in situ
hybridization, using an appropriately labeled probe, based on the
sequence of the aggregating disease protein. Alternatively,
antibodies may be employed that can recognize specific duplexes,

including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes
35 or DNA-protein duplexes.

Gene expression, alternatively, may be measured by -immunological

methods such as immunohistochemical staining of cells or tissue



PCT/ GB02/ 00153 treated. For instance, nethylene blue may be adm nistered in
a precursor form or it may itself serve as a precursor of the conpound
Azure A WoShakihe sation of reduced form Sone of these cofRaudstd/00is3
interest are known to circulate in the body predom nantly in the reduced
form For exanple, for a discussion of the pharmacokinetics of MB, see e.g.
D Santo, A et 10 al. (1972) Journal Pharm Sci. 61(7):1086 and D Santo, A.
et al. (1972) Journal Pharm Sci 61(7):1090. Thirdly, only the reduced form
of conpoypds;stich A% %@sh? Jplé@gltguftfﬁ%s EBeqlPA:PﬂCEa'%aa{& %ﬁe( Chapman,
D.M (1982) Tissue and | 14( 47 y. M'i T ef . Act Anat .

144: 39; REPFeRFionr of ?gga)PeodURﬁat Anfyipogligs H%e%@cl?éF H et al. (1952)
-Zei t schr iifuhuholii Naddiveh@esT it igidg 4983 /M lakskey, of. sa(nib@@&)ltf:@ds &ayAﬁat
Enbryol . IIer 998 Hiostol. H stopathol. 13:10

Such’ ref er}g%%é?oans]ct%ggyé aimzg raY bdlfcrggaf:%&n*’bf Ay, MRFRY Unds
‘such a&s KBnveRiesssEit s tQEfm@Hﬂdeearmaspm mceﬂreq‘:agiayaeteptrattlwef ormul ati on
for adm geghtatd W¥ tt(PxeSH?%F&}aStlndef@e%sl%r ?,\lﬂ%géymgeen used clinically in
an oral preparation. Furfher toxicological tests are, however, required
before its clinical acceptability is achieved. The half live of MB and

rel ated 2Husospouiecteoy. tiolpeasen cilwentdey érttat:ﬂl@odawuajowxoxi mat el y Z0O
m nut es. E‘oeé Vé ent. . hat rsIo 6raerlnlealse for '%rﬁsssOf com ounds with
such, refattvel G SRl ﬂlves can Subst aJISIy |ﬁ%rrb?/ Eonpolind

avai ['bi bt yuhﬁdrm@esmewal;ﬁew%r e¢¢nceé;eyn83©oxl:|egc@resa:70rs mfv\EhEhaene

conpoundsgpsdsn@s dhesendi sUSSednberaid gHohhier ﬁ&g@khy #ﬂ%%hrceaxtent of
reduct i oq,hl n_the conditi gés of . the assa Si%apgrox excess, at 120

m nut es) TPRSPERTE Y iGUPET RO SOt AT ORT JHpHe Py P’é%‘ﬂ'lfelﬂ‘guﬁf}%r t hese
condi t i opsedtot ofwagmeal| othelenatiodethickedliial arpredsonedrat endcdeek, adbd and
MB and D\\VB y little reduced. The anpunts of comonly used
reduct ant rgéiﬁ{e%ftglbéghl eve, say, 90~ reduction of the oxidized formin
10 nmilhutes, prior to administration\absorption may not be feasible (e. g.
2000: 1 r ahbenef a&HecItOoMBihe pr‘é@eQZ/ %&Z&Qo%lEq/]@O%éﬂpllﬁn@S figure 18
|IIustrart he e terriét tlon of E g é(L;RFysml olﬂ;tcal condltlons
can be greﬁpf%/ Hee16rat 84 ‘b‘{} FB?\A?‘@dre&‘fﬁ& PAP PSP Pt &ndePREn

| yophi | i shagfefeherdeopdnént m. gThen Saggropifioki satmlzedopesrodduded by 90%in
10 m nut e @I‘é@tﬁrsﬁﬁl whbLE sat 'o(}nahnagé}{p'ﬁo'roa§té@ﬂn%k\:ﬂg ORsh e 1 8a1 gELY

(5mM_HC1) sul es contai ni ng form of the di am nophenot hi azi ne

pre- PRdutBs RF?"?]“%{%CEOPEPEeHbl“Ht&t taerrbenfp&ﬁtﬁ bfagmenty pgpiesited sbitabl e,
i f not ophemadblldwirnylsattoonfor therapeutic use. 10 The sane consi derations
apply to other conpounds, such as thionine and tol oniumchloride, which are
nore readily reduced than MB, but the extent of reduction of which can be
accel er abederhian nehre@igrsdehl as anbapr desvraddedialonasesgbndhausi\ior prefier r ed
forms the.phgapthi azine agents of the present invention are provided as
pre-reduced conpounds e.g. in |lyophilised preparations, optionally in the
pres@ﬁce of a stabilising agent. 20 An agent for stabilising the preferred
form of thevaeidwe amuaansatd, the pré@rdaofost bmwmuedph@d/eimn@ bew
diffusio en hef duced formof the c ) may be
2 reduci %%é%t‘f%? (Eadﬁ:t ?‘8%“%%%%0“ #h%%‘gﬁnt S%a E’es{er\)emﬁéﬁt’ﬂet%er?éo vext one

f orm of ﬂ%éeFﬁhY b?% dinpiEeapbuRyY (ﬂéngtoﬂfﬂg G)hledi:@le@rftmaﬁ}m ot Heved any

pref err edrobi hbes anf the. r811dNagr egeead f ehg) prangd sbe siafild;senkhat
the inhibitory conpound may

pref red reduced) form Alterpativel

be a ed ptr%%%lﬁg 5 %t’ BRY i |ptr§dBF1éf%‘?argéfﬁ¥‘é:§ ryrmegy ABEHYE rdduced) form
so that m@cagentamm:cysgs%vcersam.g méi titeden (Bhe. Comgeound sediddnzaftabm 30
Particul ot ssuitable for use in converting to, and/or stabilising, the
‘reduced formof the actl ve agent (e.g. the di am nophenothi azi ne) conprised
in the formulations of the present invention is the antioxidant ascor bat e.

“Ascor bat ethas aseamﬁ;sﬂlmaé WO paSed ch Da M 86t eRrisdahbVer

éiﬁﬂ%
prot ei.ns (Parkkine (,1 is and Haem)sta5| 75(, 92).
f or m?’lsatl (gn%ag pr o%?%i]gcir’ % enécoﬁflgn?g 5@\95‘5?3@%"6’115[39 Js‘.")é’rﬁé
di am nopieendhhi bashe ofespecea:#:lr;g IWBYeﬂ-@IQJhlaJthahqpnodze,ssE)M\@e)nes,

derived primarily from the precursor protein.



WO 02/ 055720 35 PCT/ GB02/ 00153 thionine, in conbination wth ascorbate, in
sui tabl e proportions, concentrations and dosages. Tn ot her enbodi nents the
reduced (Wwews@is7h®rm may be favoured by 5 the addition or pggl@Esikjo@ixsOf
appropriate constituent groups. Thus aspects of the invention further

i nclude a nethod of preparing a nedicanent for use in the treatnent or
prophyl axi s of a di sease as described apove, which nethod conprises the
step of reducing the 10 conpound (such that it is, say, at |east 50, 60,
70, pref %Bg@' YrdilinIfet ki Y md¥RoEE eﬂl and &4 %B' Elef%{%d ttog

| yophi | i ze nposition in the reduced form prior to admnistration of an
appr opr i &f‘@rﬂ%’%@f‘t gbavpat i'BRre Ankdkefise Pﬁefléad?ﬁ@nt%tbbg%@% agp used

-t her apeutihceméshiinghgbr af i Qe in®tR6ET f alley pkdsént %@Bhﬂ@z@tmégahoéy effective

anount " r apeut i call effe tijve a ase may be,
al t hough® pP%%%eCP 30 °ﬁa§/n% Je%mfng?a%lo(ﬁ i S“gz‘a}i’% SSOTENT | ci ent
‘to shdw bemneéd te .tgo bhelnmmrmuahe dverezpbndd n@anunenddgemiigtter ed, and rate

and time,GoMLEe ﬁjef@ggbﬂysérlaatb'b@ﬂ Wd |re@89§f‘ﬂ1d)rfhteh§n@9§é'ﬁﬁ1 apd severity
of the di sease bel n%yt reated. Prescription of treatnent . deci sions on

dosage ef-BMUNQAL RN EY PR IGaddgRsi BF [HhiFRo Fh%é?Péfyéll"B?%tc’i“i”%llb@ﬁ@r $sand

ot her r’retfblaﬁaéd 2oredoat 06 Sumdnh Wipchatley atnak@&l aioC Mahdoénd s dhsar der to be
treated, g ondl t| on of, the .i ndi VI dual %nrit ES‘he site of deiiver t he
t éjﬁé

net hod ofe 25 s r SOPOR ST ReP F et 513: FRETIHI BN dF
penetlf at monocioB folkibedive sydtbmice aﬁchhentsw atd ctrauhaslbaeens 8@ydescri bed
by Mill %&e%;}?&@ bf%@ A oa k3R] er AR ﬁlfs@él% Bsﬁaeangﬂ@%nbgleﬁgiﬂ as

nor mal netabol i c radation products of MB (Disanto and Wagner (1972a) J.
Phar m S@Ptl%ﬁdleﬁéw ERESRIFORSE PAURS TCE872%Y B kpRYPmreEiqds 62: 1086) .
The phar peeokde etabc Sragettxiod t(yabf) 2 draghemtchlcvindeicn she@psk8 or

di scusse% V\ﬁlg&l st agk__ ?é%);a]ﬁ%%%lh{gﬁ JHuman Toxic 38 (5) 329-332. For

t hi oni ne, I'S 'speci y exenp Ified herein, a daily dosage of
betwd&n 1 and 1000 ng may be suitable, preferably d|V|ded WO 02/ 055720 36

PCT/ GB02/@Q15841dY %clsofr:@:.xgg um tendOpessenthii6hef@ibn TR BXANPhFEicBeiRfat he
same amount. It wll, t?% agﬁgqm ated that these limts %I ven above
dr

can be déPEPEELE rW&%S\Aheﬁn iBadyp fab® GRR¥rTPRE as
conpoundsoetrime dany ehhiibmg ostdtertahharhaximngnanle;nd/xﬂngchloinam oithi gher or

| ower ac}ﬂ ég&}‘e&”sé% Qgyat{ abi Iy +Fl ngv%nJc?oﬁh<?A’\’r“'extsh%P¥%£ lon of tissue

| evel s o ose. e pharnacoki netics ene ue have been
st udi8d ifFaEuRRkY, derdvabteeanduratiotRt BABAKE PR a\?’uﬁlgH@‘F‘OlO\FuPﬁaPﬁ Sci

1972, 61:242860d08) amd1d9irg HHrhe90c T4 cultust ed ndﬁ%%u@és UfHoR@r ¥hape
excretion.in hu s |fsaal SO, AVs | abl e J‘romtl\/i‘;_)gd]é/l c% Bi ol Psych 1989,
0

26: 847- é‘g e I hi ng daf A on ur enabllne%(éretl on aﬁthtl‘ﬁumans it is

possi bl e apdtdeei ve an overal | nodel for distribution of MB follow ng single
15 1D0 ng dose in a 70 kg subject, assum ng instantaneous absorbtion (Fig

19B) ., Uri nar¥ excretion accounts for 54 - 98s of the mgested dose. This
vari @i | iGaPeral i IPRARBPY WRFS GNAPPIT PES PRPLHESY BPF oRetedtRBugh
vari abi | itthe antimquialysnatﬁylmtreberwr:ImstdedulEr o uerinaal yeexcr et i on dat a,

it is posgidl. @1%9 SAIANLIRG ApleeBaL E0 2R LYY, 0L o %ﬂ%@cgﬁd%} JIgotg/ hr
Therefore, the dos req u Ieve an"effective target tissu
concent r &dPeRLefog kﬁm@g 1tq3a rﬁj/rlé@/ ueiaRd 158, n’gwkgs};te@é)flpf antHéodywet e
conpl et e @N$0EREE OruhdHRWBYRE , adtiBAYDOS Y1 i8lkedl to & trdpprékbeafotdtatiet ot al
uri ngxy excr etion, and hence effective bioavailability, is itself a
Antibodies may be used in any immuncassay system known in the axt,
including, but not limited to: radioimmunoassays, "sandwich"
assays, enzyme-linked immunosorbent assays (ELISA); fluorescent
immuno-assays, protein A immunoassays, etc. Typically, an
35 immunoblot methoed is used. Preferably the immunoassay is performed
in the solid phase, as would be well known to the skilled person.
For instance, an antibody may be adsorbed to e.g. an assay column,

and the cellular sample may then be washed through the column under



25 function of dose. The oral dose required to deliver 1.73 ng/kg/day is
approxi mately 2x the dosage cal cul ated on the basis of whol ebody cl earance.
Ther ef or ewbhgsgbeal required dosage is on the order of 3.peTigeds@bEdy. This
is close to the mninmumroutine oral dosage used clinically in humans, eg
in the treatnment of chronic 30 urinary tract infection (390 ng/day). The
mai nt enance oral dosage in humans is thgrefore approximately 225 ng/ day, or
75 ng tds. Peak tissue levels are reached at approximately 1 hr and the

tissue haéﬂialﬂ %u?.@:%’lt Jf%rhgﬂgélm?bwﬁab Jreabetﬁgugofzﬁfgh%sen the charged
bl ue oxidised f orm and the uncharged col ourTess reduced I'eukonet hyl ene

bl ue forMtiedand §H&vaﬂ‘9?é’>?§éit?n’éﬁt‘§}e] PrPhetR| 9% ipharetthe &-4r g8t t2Pssue
-concent r gih Aydregeekl S maguisr edagentpriey eakhé@lawgyr egation dinddfAg ¢fe the
EC50) WO 02/ 055720 7 P /%0210 0153 |s 4 Mfor %educ(gq3 m;lt hyI ene bl ue,
and t hat a??r?%aﬁeﬁieplrguﬁb PwhT e $Br EPER &t PEFTSSECIN A i s shown
by DiSansol taigl argaes, (4972 st haenpbiptied ahvesd \arrgveddvw t he net hyI ene bl ue
recovered in urine is in the reduced form and from anatom cal studies
following 5 iv adm nistration, the only formwhich is bound to tissues is
the col ogF*F%%%rq"%&iﬁ’é‘@ﬂl?’&ﬁfltnan\%%ﬂl%%%ﬁeésoﬁ?Jdlloé"éd to the blue col our on
exposure to air after post-nortem dissection. The only form of methylene
bl ue mhlch cross S he bl oq barri. n t is the
reduced form? tn ri\c?ganl%nat {i ter ‘—’l\J.%QI)}le('r fo\é ?lxgg}Beéc er%alﬁ HQJadbeck
1952)0 Thekedpe eperalial hgasysogbed lprmcrrmgeﬁetb%re Gryngekgd ragst gy lreduced in

the body, ﬁ&gh rﬁ@'s@%c%@s untﬂs{pe@iﬁiﬁ '%fu@%ﬁé tﬂrﬁlgeéﬁég%é& fnli"sEﬁér
chem cal m)dl ficatign which I f

abilises it in uced form
hi ghly | PRBRY-$PRA1 534 PRBTIRSSY | Hn%r%WChaB‘é’BPBf‘?Q?ﬁL PEL4RYSY méagpaFa% y by
the effienegngy) ofeddimticas a‘eﬁhmahi—spedzhfltd’lepﬁ}topé delcat@neimayhet aregthheve
nore rel e i is . thereto b 0 : . et e wth
ascor bi Cngb. %er?\@%q% QH% e P(r%o(r?#l f’lguv” %rntg E? g?%gggﬁg%gghﬁgs?%%\?gbgl on is
rat héy sbémpl@@lmméletwe?Ofltlécké§n3t1ho‘@ﬁfls sPgchehi drevIdest rerfudtsi dgrdred

met hyl eng Bhug Adh-Wak@h boudde (ma@sen@sespf “axe ngolreabifoasﬁomor bi ¢ aci d.
Therefore, the dosage of _net h%g ne, bl ye |likely to ensure

rel i abl e P4BSBPHTY Ny PEpefsy ﬁﬁFkEj/b‘éf fﬁﬁ“@ﬁ’ fue pre-reduced for
at | east nduhofitisrili driyepptlesienye iof AVzingimeg/ dagtlsﬁasaS'GOPchI'raacsii@., 25 It is
al so pos Active at |ower concentrations in man, and
that a r?ﬁgjé’g’é%@| ni cgﬁg ngeam bl e doses would be therefore 20 ng tds, 50
myg td% or 100 ng tds, corrbl ned with 2x ng ratio of ascorbic acid in such a
manner as traoa@hMelV@ FREEgh N t9Q%cdPe IELLIGb Ol itduntatedgasidlan391.
Formul ati_on _and adm ni stration of therapeu S tablec unds such as
those wi ' SXF‘IBP%IJ:&S @sﬁ%%&fﬁ’&yeegrag Jt;lﬁég Srm&dsat i catiy- accept abl e
salts, maptbbodpcergidrest deteqttionc ofpbkée tblmdsnngf g:] Siragpectd cforehé&apr esent

i nventi Orfragheﬁtf%m% i £ td NG Qr39&0%§<5cal tMmiThe CATRAsL LONS I nnCl ude,
in addition'to bove constituents, pharmaceutically-acceptable

exci pPentas, Alam@%elmzes TP PEFCEEB PO BY3 ™R Rr $3%r s, BBFFe INCELARP) j sers
or ot her smuesi ahsuyelly knovime tchLirhasefSM{R lagd el he altheSueh sTateri al s

shoul d be .non- to>&c an satlmuL (%géferle W'E?tth‘i'qo% %@c‘y of the
[

active mdré:‘&lsgn The preci ture of' 't e Carrier or ot naterial may
depend on(1®%3he Loat ecidf. ,aluﬂmén&# rEdt.i 629 Mherle@ct heltc-drrpé@ldﬂmnalsly,

formul at inttgu lp%dﬁceygiaﬂé :%%%H‘ES 5@% fnh%@g&rﬂ Eéé‘iému%ere"f

can be effected parentally such as oral wders, tablets,
coat 88 tmﬂoéqeglsememaggégas%retﬁwetgéf% %‘é‘lgﬁ‘ﬁpﬁed%ﬂoé§ bY¥ VAR i48Rs,

enul si ons stye W%Eﬁﬂﬁl@@%l n@wi;J ylc(ce ci®) . i N hdef pfémesxfremaaabe@w ays) or
rectally ( in the ormof osi.t or adm nji.stration

r
can al so ’H%éa @%Pé@f’éd“b‘éf‘rné?ﬁf’ﬁf I?/s ﬁe&§t?ﬁttr‘2arﬁi‘§c8¥%ﬁv ﬁf?a%frﬁ?
cut aneoustay, =ubeatabealisityngoish nthreagene taniea by ﬂ:&t(e@lyg.lcahly he for m of

. nJeCtlorEfggdgd Qgééuct fragment (Glu-391 termination) from constitutive
35 expression of template fragment (Ala-390).

~ Those which recognise a generic tau epitope in the repeat domain.

A preferred embodiment utilises an antibody (e.g. MAb 7.51). Where



Where the pharmaceutical conmposition is in the formof a tablet, it my
include a solid carrier such as gelatine or an adjuvant. For the

manuf act uwe oefosi7abl et s, coated tabl ets, dragees and hard P@rasodiohizs

capsul es, the active conpounds and their pharnmaceuticallyacceptable acid
addition salts can be processed with pharmaceutically inert, inorganic or
organi c excipients. Lactose, nmaize, stagch or derivatives thereof, talc,
stearic acid or its salts etc. can be used, for exanple, as such excipients

fo][t 25 ltabdzﬂtpspz dﬁ:algeez—mut ?@@@legﬂl@tnl ne g@.&%ﬂ@ﬁ}_ec@lgat ahl %ngfﬁb | ent s for
o) e sules axe, .fo a e oils, waxes,

sem - gol ?}gl ﬁﬁ%l a2 PPV gf‘gé( %&Pgetﬁgﬂﬁg é‘FFfiorP“i*sleﬁYt%é]f or m of

-a liqui drpmrrm@@utal geheBr froumapatopen Lochted lin gerenatéperulelivgesa 1iquid

carrier §H§éh@%f"\@aﬁr (NOEL %'te%lm f"ﬁdﬁ' pPbc Y ‘?\%e qhable, i 1s,; m,ogral, oil or

synth tlg oi I. Physiological saline solution, Xtr0Se or orher satthari de
sol ut B %ﬁédv Wéh%‘ﬁ % oschyredhghy Eap L mapydein 3l BRFolLibe
pol yet hyhm@hm@bamoﬁmrbelbﬂqwtdedn K& halporiddt abler 35 pxei pLepts for

t he manufact.ure of solutions and. sy for exanpl e, water, polyols,
sacchar oge TSRS (HEEERI T &%oge {51%??8?05%199&)0 lefi tablie Bkeeptlerits for

i nj ectionlsoliftdSens ace, 4ir.)exHophel, swatele whgobel saupalusal 8o gl ycerol,
veget abl g, ojd 57 tc 001 ui t abl,e excipients
for suppo%cl(’)]iL otr%i,bels%eé\?eggé g[?e g)%gegf? g uﬂf’ﬂr'ﬁé‘b 2“jn gﬁ%’isit o’%qrglcv\%‘?e% fats,
semi 19 qireptarent dﬁiidrp@ﬂw §te@é 69980 eoles., Ctme phiascreideeti gal

prepar at i psiss 418y 16ent gk p, pr %%Hth%@Qgﬂisleéﬂhu@au ZI?I’ e tau tau
Vi scosi t% | ncrea5| ng SUbSt ances, St abi |1 si ng ag ents, I ng age nts,

emul sify H@eﬁts§aysi1\%eﬁ‘%?ﬂ%@t8@e‘mt§ PééF%ﬁﬂr |°r$tj:lalgeﬁtlsof fihgvobp i ?1961agent s,
salts foepMasps.ng the osnotic 10 pressure, buffers, or coating agents. For
i ntravenous, cutaneous or subcutaneous injection, or intracatheter infusion
into the brain, the active ingredient will be in the formof a

par eht eréﬁts}loaﬂdcéﬁt/éﬂﬂ er SRAIAES S SO neni-gpe whi T IEpESiif$c pyersgde- taee and has

sui t abl eemogesqro@atgatwemnsrs@pudet ¥nd THOSE £f m%ﬁ@ a%%?.fl;lill n the art

are well able prepare suitable solutions usin Ysotonic
vehi cl esog‘illd‘ﬁleéjs 180 R ®NTCHISEr Plethjterian, 1TF§er¥@é?|t1§nl kﬁ*@ot Hen; ¢hetat ed
Ri nger's Inj ection. Preservatives, stabilisers, buffers and/or other 20
addi ti ves lgﬁngngwded as re uir osj.tion accor d| ng to the

. _A con
present | N ention may B HdRORr ST Oﬁla@n%r,?t GHScahdi Wi Y FP5SE her

treattrenfs, either sinultaneously or sequentially, dependent upon t he
condition or 25 disease to be treated. In accordance with the present

inventio t he for Iatlo s provided herein may be used for the prophylaxis
or treat I%%’ﬁ e”dfngAraneIfl?T%‘r‘ g8 MMBEbPTheur on di sease, Lewy body

di sease, Pick's disease or 30 Progressive Supranucl ear PaI sy, or any other

conditio e C nfor rrerlsatlon of a
protein ?Ssociierr%lﬁ%%tae%ﬁ%éee tégghggé@%n 28 pAFT c@?’ v, ca%C élfgr'i’bielﬂ 45F det ai |
bel o, tRE & GiFHEAt RO rPFRKEdse b%e*%ilffroﬁnthenetﬂl’@@kprfgmoqh@mngat po® and

i nhi bi ti memlﬂ@ahbot@gr@@éuttleuﬂ;@%sasf%ece@éamn@%fEXeamlﬁ%eQLeé he
t echni qugs, andegd tocol S menti oned above can be found in "Rem ngton's
Ci

Phar macelt T CHI°“Sci"8h%E8", 16t'' edition, OGsol, A (ed. ) , 1980.

A typical method for assessing the ability of an agent to modulate
30 the aggregation and\or proteolytic processing of a precursor
protein to a product in response to interaction with a template
fragment, may comprise:
(a) providing a stable cell or cell line as discussed above,
(b) subjecting the cell to the stimulus such that the precursor
35 protein is expressed in the cell and whereby interaction of the
template fragment with the precursor protein causes a
conformational change in the protein such as to céuse aggregation

and proteolytic processing of the precursor protein to a product



WO 02/ 055720 40 PCT/ GB02/ 00153 In a further aspect, the present invention
relates to the use of a conposition of the preceding aspect, in the

di agnosi swompesesi s or treatnent of a condition in whichpich@idnedorss
conformational 5 polynerisation of a protein is inplicated. The condition
may be a di sease such as Al zheiner's di sease, or any other condition of the
type described herein. to Use of diffugson constant as a screen As stated
above, by converting a conpound into, and/or stabilising its reduced form
t he i nhi Ertomynppot ency of the conpound can be optim sed. 15 However, as
descri bed in re detail in the exanples hereinafter, surprisingly, the
redox pot'eht '3 l%?rlélgcc% o?ﬁodl]uc%égn%% ta]er BEPMC H@ONPAE 2 sthenhi bitory
-activitypuesaneespedhet agémduced conformati onal pol yneri sation of proteins,
and that,48h 1 vNEl : X] ' nor, o | vit.i.c _reduction
nodel are( Ogég{%\{/agr}ty te %ﬁ%‘fflurﬁlgggp gtg%%%én%%ggg ?ﬁ% l&ctsit\%}ot iégf‘ylctgnﬁounds as
‘tau tau AGGPEFAES O LMKhi bitors. The inventors have found that there is a
strong inverse correlation between the inhibitory potential of a conpound

t owar ds - 25 binding and.the square or third power of its diffusion
coorf1oi GAE. tafiefehed DALDR BEC AR Br 8 s 13 el fte G085 YLt Siro Gt meY

st acki ngbsf based vy gedtnol evuleednant s wattiedeouttxipeparental l¢/.g.t hhs can be
eval Ual ednlbin 1638 Urkel o S 8040 PR Sl Gl | pALoLNE.30 T educti on

potential . The diffusion coefficient I's Invers corfefa With the
degr &% oPTa56FRyaTIgHIBE 13 sdRaReRifiEd er ksfided) species within the
Hel mhol tz | ayer form ng at the cathode. These aggregates form by pi-bonded
stacking.jinteractions,across the enol ring systems. 35 In one nodel, the
| over t hghai TFus6n mggg??l‘?’ c‘ifeesrﬁr,lbgﬁeg&ﬁ Vgeng’r""gt ﬁ%’“ﬁ%ﬁ&eﬁﬁ? oridietcRteRBNd t he
nmor e pot @it coheebyrpouhbe i sesulti nlii bt¢p nigi miltic echec oofiol avdionRakivity

pol yneri sat tRE @i ns such WO 02/ 055720 41 as tau-tau binding, as
refl ?f%t ed by a law K;,. PCT/@02/00153 The stacking of

di amihophenot hi azi nes may be | ess favoured when the nolecule is in the

oxi di sedThoeny metteel blii Sdédorimytiagchatigdataftof aggregation of a

protein associated with a disease in which the protein undergoes an

induced conformational interaction, may comprise performing a
method for inducing aggregation as described above in the presence
20 of one or more agents suspected of being capable of modulating
(e.g. inhibiting or reversing) the aggregation. The degree of
aggregation (and optionally proteolytic processing) may be observed
in the presence or absence of the agent, and the relative values
correlated with its activity as a modulator.
25
For example, a test substance may be added to a cellular system as
described above, and the cells incubated for a period of time
sufficient to allow binding and to demonstrate inhibition of
binding. The bound tau complex can then be detected, e.g. using a
30 suitably-labeled antibody such as MAb 7.51 in an immunoblot of

total cell extract, or any other suitable detection method.

Where a screening method is employed for this purpose, i.e. for the
identification of modulatory/inhibitory compounds, a non-

35 competitive or competitive assay may be used. For instance, in a
competitive assay of the type well known in the art, the effect of
a known inhibitor or modulator can be compared in the presence or

absence of further test substances or agents, to determine the



5 so can be envisaged to repel other, |ike nolecules. This phenonenon nay
thus explain the greater efficacy of the reduced form of

di am nophgoebfosszé nes in the inhibition of tau aggregati opcrads2Bos Fi gure
9). 10 Thus an assessnent of the diffusion coefficient (dependent on
“stackability', which is in turn dependent on shape and charge) can be a
useful step in the devel opnment of effeebive nodulators. One such
sterically-relevant paraneter is diffusion coefficient which can be

di mi ni Shaﬁlbytj?)rd]‘;\/iuﬂmiengedt amimpheeortdqic@m'pees witH Reeler khdwd educed form
Thus, €0 S h her hat the effrc of a conpound in
t he bI oc Pﬁ%ﬁfﬁo u ° I orEtQJI(;)rfor %ggdjfn% | n ﬁ%%e g a'?%ltr “orial
-polynerrsatron of a protern (herernafter referred to 20 as "inhibitory

pot ency” n¢ah PeotiRILd rk mAhRRSBY WMnWS@uia{wrléd?é c}h%,n%tlgﬁtgj:s)

measuring the diffusion coefficient t he conpound

-general FBrEY ¥ g5 Se8RT P @heVen "t‘f’rtO\WPéléE 5“9@%1‘3%13“0‘-’@ st@reeéhfﬁlhg for
an agent of hatoddhdicks t heofiodslaas rothishideint sfi@duced conf or mat i onal

pol ynmeri sation of a protein, which nmethod includes the step of neasuring
the diffusion coefficient of the agent. The use of the diffusion

coef fi ci énecybioety afd ipAipdfidncul ar the square or third power of its

di f fusion coefficient 30 in assessing the inhibitory potency of a

phenot hi azi ne ( as descri bed above) for the treatnment of a di sease as
descr? beﬁcﬁ‘é?refli‘g g‘t?rtr}i’é’ dg PEFIIERI APt SofSPREL (Rl L&t PFPRASHT itBNeRYhen st ep
of meas urnapgbe hesedi foustoger aRirf comenindaf whbeht ésiorageste aﬁaerray be
|ncorpo any, sta f_a large S eeni r.a f or i.fying
or optr ﬁe%l it at |§vesegrgc§ls‘tea€|°f“§%t%t duPatL(B)Jr('J% on]_%g iE[HE Y gﬁg G | |
typi call yrbmtmagqmla@dena%wy teepsans tdes¥hPhedrhetbhén, pn:uterln,t he prior
art (e. gblm&?{ 3QA68Lut ThYSe rdeReanc VR 1G4/ g§97290fh2alpcgim Q_Ql]-@ﬁ;,_&}tﬂe

Iattei\gi cag i nst ance when one, w shes to screen for agents which bl ock,
nmodul at e “6F Pﬁ?t?‘b’fst“t RECESIP RFFEEGHRTST (EhE- nEThGT RG> r*’n‘?:ltd’&fé1 fhe S¥eps
of cont abyi agal&oy,aptaetraprernotseir nportendewii vat tivel nt bénendg qarttaensng t he
tau core g ) bstance to be tested for its ability to
bl ock, mhgﬁa{l’gn%sr t:“ﬁ%?b?t(:gtgﬁbw?zu aggregation; and (c) a |labelled tau
protein or a |labelled derivative thereof which 10 is capable of binding to

the tau pﬁ@befﬂcﬂflysh@.ptﬁa)ca@'e Aft 84 PrOIRt Ao £ G ARELYALA MRy ta'ﬁ?r SOf d\/\hi ch
Inding to

is di trnct fr e tau rot step (a nd capabl e

t he 'tZ§ BPoPE? o]fn setgﬁrf‘g 1§h?h%”bcﬁfnfgu§% a%’o%ﬁc?ﬁn? VB&EBRasur ed
by any stheagdbt tredndulifiorby rrsitant;ealacnamrldnngrsbnctdvelartreraoobornfprh/hes_hy and
Reddy (JcChemtS0% a %eeggea{tl@rae% deg&%erﬁged%&l%@g} tabfYis publication

al so i ncl uded sone determ ned val ues fusion coefficients for

phenot hi §2PRa1 857 SrFOERRUEGhé 5P T%e 33;9&? fi cBPHPvieicBY pivtacdd orocher ei n
by ref er eneetadhtsultihe odi iArssitabuLDefdineiiagt tay-tsiutl 8kl iyihe ngeasured by
cycli,e v y. ague acidic, mediu ere gni tude of
currérgtt ?P%gﬁﬁ&é er)!eg}?xgt‘:e‘?‘%j Q%%% Jfpatde 'T:S"t ﬁerq}f’nwl}cﬁygés}chf atr al 25 of the
conpound diFhEiet g ﬂﬁydt‘—ﬁ@fw tlheE-sf_terfﬂooﬁGbé@"fQﬁ nﬂnghfqlﬂ tiver thests on

the agenprefadatich aﬁcetxtaauh igrSt8pegi 4 errtargmeﬁt@rtﬂer}lab,bl tg;%ssqrbl ;c_iH| at or
mducedggonf or matr ag ‘8‘% nmeri sati on of g gartr cul ar
B

rotein .
tau) or SPECHBE R AE S hBRERETTHI 2FEcEPLEDI ttf?‘eo?rJ%LFF QBRI ty asgan
agent fodeadnibedte .at.i by Bboltaaritnal . (ﬁl@@GsurtprlcsemgMbBﬁrmmg(Ras provi ded
"1 oD | Gatmbhe £ datatatlady 300l 0 ALOPK MLy SBAS! TN OF
y A

i nhi biting i nduced conformational po mEri'sation’ o n i s dependent,
at | east Lraﬁ°5aF?rYrochtlﬁeSHFWQJéﬁ%’HOEOé\‘EM Yoskr BP t1d- aa&.t can be
utilised in the optimsation of an agent's efficacy. The present inventors

“have .
Analogous methods for other proteins having ‘disease’ and ‘normal’

functions will occur to those skilled in the art in the light of

35 the present disclosure.

Cell viability



WD 02/ 055720 established that an agent's inhil confornmational

pol yneri sation of the square or third power of its words, the inhibitory
pot ency oWom2pssyee ding the agent in a formin mnimsed PBEHEERAHZIL53 43
~itory potency towards induced a protein is inversely related to diffusion
coefficient. In other an agent can be optim sed by which its diffusion
coefficient is Thus, in a further aspect, the present invention concerns a
nmet hod of optimsing the efficacy of an agent in bl ocking, nodulating or 10
i nhi bi ti nthdreduseiirennietiads onalthRobys®drts ahirent Din &R ehetmer Whicehaget hod

i ncludes the step of mnimsing . the. diffusion coefficient of the agent. In
a furt herthaesf?g%?,o K& 558 eﬁl‘t]ei rf\?é’ﬁtlil%}’\ Ot)!f(ggfad%%ﬂas BSREPHRE edtS cal
-conposi t itempileket bieo Yeriop By ase i ana 1l y ept emirs oof pretodimdiet. gonby nisshio€ha

i nduced copfarpBblianaloRRbYEBLiSAL QR o faProtein occurs, the conposition
conprising a conpound which is provided in, or converted into, a formin

‘whi ch’its diffusion coefficient is mnimsed. 20 This, and further, aspects

?f the i mtg&hboﬁay\é |v}heb_‘i% 3§il-t-ﬁiu,U&d@FﬁApD%ébMApﬂiI@]Em%@g&@g&b&rf qlsl owi ng
igures and experinent ta, given on way _of. exanpl e, 25 Fiqgures

i our o 1 8 8V SUeRere (Ft TR SRSy ERESLE TR bRl e Bav

hel i cal fdlsarempvideomn dndicheiémmafneshelnitsriyprefceduyr ahiebtést agentangl es

during Prag $38uoRy dr AaehelMites bl $8650 S0 ROL LM ps clibgute 2 shous a
conceptual schenme wherein critical nucleating_ factors provide a seed

whi chtOi niknterdsrente Cfpttarstulintidh crhdhE Hdebipin detrsiddaMit i ccormlptgure 3
shows a pd abinéeepadhoganhca nasietedAiziigitiebEStikkd SRASS. tdagi AGRY, egali on
is a proxiJml cess priar to failure_ of axonal transport and consequent
neur onal o A2 ChHE raeﬁ‘sség%%ig)%t‘fl&r?lll% 02/ 055720 44 PCT/ GB02/ 00153
cascade can be triggered either by a seeding/ nucleation event arising from

upstreamehangesp 01 fy @BEyPhe MBEda Mt aEEORS anNLbbe $AUD8Re. tRe e 4
shows, _how i nduction of full-length tau can lead to its conversion into the
12 k[isfragrrent, provided there is sone preexisting 12 kD tau in the Cell.

Fi gure Saedefshronsd mniiddilterki silhcgyeot etimsrapkeiuthc pladexa (LoBEe/B3D 0 sdeseases
of proteif agaregation., §0g| i aLe .t he di segses thensel ves, the
aggr egat i ngﬁglo%algn ang?llg?&nutggt?%ﬁaqbe%seved 6 Eg’ o .
Choice of test agent
20
Compounds which are tested may be any which it is desired to assess

for the relevant activity.

The methods can serve either as primary screens, in order to
25 identify new inhibitors/modulators, or as secondary screens in

order to study known inhibitors/modulators in further detail.

Agents may be natural or synthetic chemical compounds. Antibodies
which recognise an Alzheimer’s disease-like protein aggregate

30 and/or which modulate Alzheimer’s disease-like protein aggregation
form one class of putative inhibitory or modulatory compounds with
respect to the aggregation process. More usually, relatively small
chemical compounds, preferably which are capable of crossing the
blood-brain barrier, will be tested. Other qualities which it may

35 be desirable to establish in conjunction with (before,
simulataneously with, or after) use of the present invention,
include: non-toxic to bone marrow, minimal deleterious

cardiovascular activity; minimal liver and renal toxicity; good



i nvolved, and the putative (maximun) fibril subunit size. One or nore
literature references for each protein is given. 15 Figure 6 shows a

schemat i owplobmsd7s@t i on of the binding sites of various nopegigHaborss
antibodies to different forns of NN and C truncated tau. Figure 7a-b shows

t he nucl eotide and predicted ami no acid sequences 20 of a human tau protein
i soform The sequence was deduced fromgDNA cl one htau40. Figure 8 shows
the structures of thionine, toloniumchloride, chlorpromzi ne and tacri ne.

25 Figurg. B ginses E%};U'rﬁ:fn ﬁé@@kyoﬂaste% £Qr 1 01 &,BOPEENOINIAZLNES, and a
structurally rel aF ant h roqui none along wth appar ent KI~ val ues,

det er m nERPSSs sd‘éé&?fjbe%l Her 8rh. 205 aREeFi eSS TARES Bt SehEP BN o

further padaRirialBbOsiday heeh esdapilished HMdxheXpr 865 cthpaGhd¥idwyidm a
manner dlgectlﬂy r.el gt d teo t he ondltl ons of the cell-based assay, and

t herefore Fih§ah’ i raicc &t B 5" *he tissue concentration which woul d
‘be reéqui red to achi eve the corresponding activity in vivo. The B50 value is

the concgpy raateggit g& test <8 g&g@ ayeeguw 1he 68l 2 BsSay ke Wi ch rel ative

35 production om f ul en th tau wds reduced to 500 of
t hat obse?smidlen the a%%téﬁééttsfww'a fééﬁﬁo%ode Biged ¢ - sifEpheT?e near
rel ati ongdidgx beigagen amaerema Kibsalnde apdsBhibleat neaqsedud kewstioREGTI FI ED

SHEET (RULE 055720 45 Cellular BSO = 0.0217
ST B0 RS 24558 SE70t GOR0etet e, BESRTRRS S8t (o2 B BrBBinds as
5 t htr apeonedisately pajobecdaser bis cavabeufibtutegn wi D50t daduge culihere

i nhi bi t oYy ALPREY i Gs §H§‘ox§<‘1?ﬂg| SfocPlRMEESH £YTPAUNESy P Tanal | Ni cal use may
be those which have the_hi %est LD50_,val ue. A therapeutic index (Rxlndx)

may be chreirdted t6r cehkkh fg&B‘?rp‘bmlt ég?wtlrﬁt%ﬂ% e lRetysenry d-HyM
fol |l ows: £49 dxdth@ompoliiBd. / NBEGra'Dl(y,CIJIfy ief i hiesdiespousds: stayohpotiasur ed

by cell nber s Xpo the. co tate
dehydr oggﬁaseéoans%yt ngén t]grr%e»e( 8 %&J leMbsg?%n%glgﬁgHg%%%ro O% ggt he
manufiact Wpeking |S|’Fs>tcﬂ<uet>3rleﬁ"i§nameérb¢ yl§7|09feé'ﬁe¢l SFRITRPAga BRI 5. AI ternatively a

kit fromPr onega UK (CytoTox 96) may be used, again according to the

manuf act ) |nst tions. 20 Fi 10 shows_t he esul ts

Tetuced HRFEH:HE FHEPREDER a3eApt | Homiiieonn BaRtoRoia: o8peby 7°

experi meabsutidres miayebeemh@ellh dat apdmprrprbdustliventof deternidekdDEbamd can be
fitted C‘r S Ghdrdy %n%§§eéi’f‘eg<p\é§iﬁéﬁééb 089 eCqr r&lhio@n, goﬁf d Gentrp; 0.9), to

astandar functlon escr |t|on f tau-tau Ing in 25 vitro.
To oPft ai RaRhrgain e Shdubad Withi bhssSiresRtyrodnadyd, INWpedintald BBHRY st ent
Wi th resdbtssd rmquzaea @@J}dmlgaseﬂuema ieNgVi &€ oL 0DuMdEEScerl)ratthBn, and

i ntracel Lyl.ar con tion.of t 1S app mat el 500n 0 2) the

tau-tau Sgﬁ%ﬁln :fﬁqﬁl § Yeisha SHRQETRISE ¥2°80 M-18 ol
most test compounds. As above, if compounds are to be tested at a
concentration greater than 10uM the concentration of the working

25 solution will be increased as appropriate.

The skilled person will appreciate that the amount of test
substance or compound which is added in a screening assay according
to this aspect of the invention, and indeed the manner in which it
30 is introduced, can be determined by those skilled in the art, if
necessary by use of a series of trials. Where the administered
compound and the cell line have conflicting optimal conditions
(e.g. in terms of pH, or ionic strength etc.) a variety of
conditions should be tried to find an optimal, compromise, level.
35 Initial concentrations may be selected to be a level which could
realistically be used in therapeutic context i.e. would be non-
lethal to a patient (see comments on dosages below). In the light

of the present disclosure, such an approach will not present any



usi ng these assunptions, the function for cellular activity predicted via
standard inhibition nodel is: 35 Activity = [tau] / ([tau] Kd* (1 +

[ t hi oni neyolozlekdde Can be sol ved by standard nunerical netpegacBo0f@Ei ve a
val ue for apparent K. As indicated, the value for the reduced form of WO

02/ 055720 46 PCT/ GB02100153 thionine is 100 nM which is essentially the
sane as that observed for tau-tau bindigig in vitro at a tau concentration
of 500 nM . where the Kd value for tau-tau binding is known to be 22nM

Ther ef or g, gt e, @GkhVEL Yo ih9BENG, tBeserthe read-out is 5 production of
the | 2kD truncation product fromfull-length tau, can be expl ai ned

quantitatively on the basis of extent of inhi b|t|on of the tau-tau binding

-occur ri ngckdsough phgotepeainegomain within the cell. This confirms that the
extent of tau-tau binding determ nes production of the proteolytically
stable core tau unit of the PHF 10 within the cell. Al subsequent cellul ar
-anal yses Thé @moddenitt iesentiot keteodspomndsraner repected Tt ddmposade

st andardl a cellular tau
concentra ?Ig%léébﬁ?ito%\% gg%é‘%% ?aﬁg%lg?%?ﬁgkmaegd??%?t%ﬁg Armnlr\t/)g t hrough t he
repeat deambesitHioggr eonnrshigws sugb FBsRiEers GrORIAEPEF oPS IduGRtch t he

reduci ng -3gedtnk hawna 1 bgsnyiditsa@dohioa pxbeksed thionine cf. Figure 10).
20 Again cellular activity is predicted via standard inhibition nodel:

Activity = [tau] / ([tau] Kd* (1 + [Ox. Thio.] / KI)) In this case,
t hi ond ne asodedrasitad appar @ntWKISeVaPUes,0bmo2QSE rille 2§eThé st o Epnset hat the

di am nopﬁ%&‘et@a aﬁ{h%itrsgyﬁs ﬁﬁemahcteaecsﬁp&%achfoﬁam ﬁ&fyrr%‘i&ké(ﬂé(n A

simlar conclusion was deri veé;tfrom analysis of in vitro bi'nding data
(r esul t s oROPTaYRMIP) SuFhgas etap 2r§h69\ﬁtatlﬁa?lwlwr¥?@°?;€a%}’?ﬁj oEXFEP+$% | y
reduci ng 1%@1@@51054dh0@§ ﬁBiJSler%’)emE{:hl_\}i‘leﬁhlépBaﬁé mh m:enenﬂmuc\heorﬂdéhe

cel | based ssa dicted from.l r o, studi iLn_whic

course of? h@l 3'{“? g L luﬁagbbﬁﬁ%) béﬁhs?ﬁefl ﬁftf%ujacrhluégere“q’t
reduasi ors pot&Galilall aheaepewiicy agsnbgdior prediwTttde wravsltﬁandapd Faht bition
model Q%B éc%cyreg tt:L%H] fl &;[ééal'gesKgucl'( ]as+AB.m:Ln{exKls) bisedQ 02/ 055720 47

PCT/ GB02/ the ce assay, the apparent KI value for nethylene blue
is 123 nM which is within the sane range as thionine and tol oni um
chl ori de.rirAsré il rgAted asnd&s @tiitedd in tierec det espandithg Bramplds, Sshe

Do i eRlnf, ey RR sy RS ) dROURL S Bk NBLOLL IR nBOOL AR | on 5 woul d

be 2-3 uM*™® OWs correspondi ng ce ase activity data for
r edudéd td?lfllgnﬁtumtml’c@raltdéhe|Imj¢1‘@e3tlﬁﬁg°%@@itﬁ°flh<af THPopRadi BHdd 2Rl My abe

derived fQMbbd Yddffnkydhes ;faqueelgaﬂ@nt Quars£d ithe-REQUMG@ALO6n 10 the
12 kD fr%%ﬁ%@&miéfﬁgfééerlc 1gt£gtd%g n ééltlonally, i1t has been shown
that the potent steric inhibitory effect, e.g. of the
diaminophenothiazines on tau-tau binding, is dependent on the
25 diffusion coefficient of the compound. The various implications of
these observations in terms of screening and formulating compounds

are discussed in more detail below.

This finding is particularly unexpected when considering the

30 description of the use of the such compounds in the prior art.
Thus, for example, such compounds were previously known to be
useful in the treatment of methaemoglobinaemia, where their action
has been shown to be mediated by the catalytic reduction of
oxidised haemoglobin by transfer of electrons from the cell’s

35 intrinsic supply of reduced pyridine nucleotides (see, e.g.
Hauschild, F. (1936) Arch. Exp. Pathol. Pharmacol. 182:118;
“pharmacological Basis of Therapeutics”, First Edition (1941),

Goodman and Gilman; Hrgovic, Z. (1990) Andsth. Intensivther.



Cellular activity is predicted via standard inhibition nodel: Activity =
[tau] / ([tau] Kd* (1 + [TC] / KI)) IS This provides further confirmation

of the valiodizoys70§ t he nmat hematical anal ysis procedure usegr/da@eissls
shows that DH12 (anthroquinone) which is structurally 20 related to the

di am nophenot hi azines is inactive in the conditions of the assay. Figures
15 & 16 show sim | ar anal yses to those3gi ven above in Figures 9-14, but for
chl orpromazine and tacrine respectively. 25 Using the sanme assunptions (tau

concentr ghiemy Ao, B : ang .t akat atud) ndi g Kd, 23 0nk) . v@f‘%ﬁﬂn' bRl ALlivity
predicted via standardlnhlbltlon nodel : Activity :é uj ( [tau] Kd* (1

+ [cpz] PBRR):)3230 eme Jé’pﬁ&teeﬁfowyledilﬁegfflbarnl&h%?fﬁ A rPéYéi 85t%crine
(2117 nM(mflsa&ﬁﬂ: NM. L. e SEeE) vebyrnar aargmeaéefmeh@ﬂsaﬁaéﬁs patled :fromthe in

vitro st 17 s redyctio arious
conpounds? ?’he By egg%ee@ gT\{\‘Fﬁsﬁ‘—?qblfr ylgi sgﬁ&)ks t et tg'bsg“r?f‘gbﬁgr educt i on
-of MB pl bhied D@B}althsbniﬂte andA@oDQﬁﬂBSMOo#Sde atrico actudBL Wi dtreriins Ccally

PCT/ GB02 53 .Fi. ) n

concent rgtgig%n&o A ﬁﬂ%q%(ﬁ %Qg %lsgéiéo%?gl I% B’égc%feirlrehaﬁgg? romthe
data of BYDISH GUgheCYdRTer tPiQ?‘Q’} W&t PrPERinS ééﬁbe@ﬁ rERsmeedobint hi s

~ order wouylhgrbe achieyesh afnansl ¥rdesage 1ab. Osdil rm/(m 1f>l gur@;i39¢ )i shows a

nodel forthedlstlbut n of MB followi,ng a sin dose in a 70 k
subj ect, S&580Ni TR PAsEE aFr‘Pe&BéC’ibV%*tfsa’rltS rPom. E?Peh% QIRPEHPRELY t he
resulds beenténqahm&aéiﬂtﬁra@e}mtésslbm iof at auod’:arsaaglfemt semawv 33 HANdafiDS- 7

cells baﬁgﬁ N datasf£.9R l%qtogdn;f)%&&ct%pl(e r@a i o?{@q cal experinents.

15 Expres reconbl hant tau Tragments |n eukar yotiC ceIIs was
perfor rreé’raésf'é)?JlQﬂAé’Odﬁ’g?rﬁ 2traWa@@¢|§:t ritcts, %9%?‘)&'—”6:4?59“%;@ essed in 3T3

cell's ands@&s: /opel | @hé\ﬁﬁ&:r@ﬁa%nsﬂ mﬂomﬂogws%&@ewtw @Fhghimmobl ot s.
The extent o{ expression jin e; ch_cell tl:){qp V\ﬁg iven serg&oguantl tatively
on the ba8Velwt BEenErELU¥ © eEEH—%’CO Pno BPEd ekp t6f; £° Fery
weak 15 mmungheactddeixt ytate thy phda%tgaactmraa:a.snngnd,e\mlea_ of qim:spd ibaek down
Innunoreﬁgtigét rouhg Q&Atd? %%du?ﬁ% Jlé&i %pw%hkﬂ %} %Lguﬁﬁ

obtain the results. In a seC| was conlrrre f or eac
const r ucBnByina¢tigazss gl parf@n-grrant i tﬁjdlaés él fstTranefes&an Mgddaine of

tau prot @eli eAPSIA%x, T4, 1haub; B42g01hsShunds3 BNELT4H) . (Kpzak sequences
were absent in the first six contructs, but were present in the cDNA
construcﬂ?a?séﬁﬁFQ? 34(9): 802). Exp101tatlon of the toxic effect of

20 photoactivated diaminophenothiazines has also been suggested for
the treatment of cancer. Within cells, cémpounds which have been
photoactivated to the oxidised form can damage mitochondria
(Darzynkiewicz, Z. et al. (198B8), Cancer Research 48: 1295) and/or
microtubules (Stockert, J. et al. (1996) Cancer Chemother.

25 Pharmacol. 39: 167).

Thus, on reviewing the prior art, it is apparent that two possible
mechanisms have been proposed to account for the action of
compounds such as MB and thionine on entities such as DNA or

30 proteins. The first is the catalytic reduction of e.g. oxidised
proteins by means of transfer of electrons from reduced pyridine
nucleotides in the cell. The second proposed mechanism is the
oxidation, and consequent inactivation of e.g. DNA by a
photoactivated, oxidised form of compounds such as MB. 1In the

35 light of these two mechanisms, it could therefore reasonably have
been assumed that the inhibitory effect on tau-tau association of

compounds such as MB was also attributable to a redox activity.



30 Figure 21 illustrates the inducible expression of full-length human tau

in 3T6 fibroblasts in two cell lines. T40.22 shows | ow | evel background
| eakage ofofoaloks7eength tau in the uninduced state ("U'), agd/ds@holsgvel s of
expression after addition of IPTG (i.e. induced, "I"). T40.37 shows the

same, but |ower |evels of expression w thout 35 induction. Figure 22 shows
aresult of atriple vector system A gector permtting very |ow | evel
constitutive expression of the 12 kD WD 02/ 05720 49 PCT/ GB02/ 00153
fragment thas idt iedugedt i v Qselhbs tHaeSubh ¥hhddhnadygh £l:6 exRLessi on of
full | ength t au had ?I raf% been,achi eyed (in fact cell line T40.22 shown
in Fi gur 8°2°HBE5vET2 L BRF YR8 then | 3f et T U aEEaC - iRd B¥ e2 8% B S ST 0N
of full -kenggdk tidiAting addtsPPG ad dadrengtis maturihguadental. expressi on of
the 12 kD band, and | ow "background | eakage" expression of full-length tau.
As progressively nore full-length tau is induced by introduci ng higher

‘1 evel 3 ofhypTihe work of i mugseot elytantosa. i tn dangesteating tthet12h&D
speci es. ndfndm i @£23c8hONS: 4 e 1hih B 1sek¥ 8f {£Gl3 ok rl%%“%@x%@b@éﬁ ne. In
each set .ofljaqigls ttﬁlere i s i.nduci bl e production of the 12 kD band in the
presence BRI HRTERS AGT BT EHOTER 1 GHETETPRYG FHRILRREChi e MSPedEl s of
T40. As theh tdnmgoundsconcerd raahicext it ither dasedkest hésdbsprddieetian of the
12 kD band from T40 is suppressed. Figure 24 shows quantitatively the
results of Figure 23. In the absence of thionine, induction of T40 at

i ncr édsi A ROACEHLAE | 6REEDIM |cPmEPrRdiddaye heenricespohtkhgs feresiskel
product i eRe Sipd it ck2 wkDeROrodImgaRatbedm di BRi PERE BRGRA06n 21t Mobhi ond e,
there is_still_induction of T4Q, b i/ygit s not converted into the 12 kD
fragment PTE YU 2558KBus %ﬁﬁﬁi&ﬁﬁ?f TSGRtk o*kiFvat dd’ e FdFi ous
conpoundsgpérntetMonThegKl 1¥El uwdatr ehat@nicent het par bifcMb areagisay 26r
conditio L (5001 1. u ] S, - Fi.gure 17). Figures
26 and 2?%%%%"&&?‘%%%%‘?3@? fgfg'tlldé%%t gfgﬁ%%ﬁedbicrlig?%alo 'phgﬁg%m%zi nes
havi &y 0the resgitspoheseiny shovhfhagrdifpsedpespertdfy ¥BymodiFifsgite 28 shows
the deriyeiéinPlapiwetparargicdr § weefdd thoEniBAsLiiag: Ak, jivakk,bi tion of

tau-t iation by.t ds. ,SIB is the,standardi sed bindi
ol at i Ve BT HAY. Shc FRTEha aREERLe P o ORBOUT FANLH o TAC e

observedthe freatdent ofgénd. 3B AggrkmdricbedssorciADe86d30%66,. amhSI B val ue

of 1.0 regpseses ihi RALEGISAUIVELEN D hat; obses vad LihddiGeabsenee of
conpound, whereas .a value of 0.2 indicates that the binding was reduced to

t
a medh of OO RNYIESt CRBRYOIRTH Ve Bh CRRATAETERE of HEiHalam GRGLAECieEED | s
log W Q2410562201560 BT mB02A00153akd , bl athd alomPoofid GOmpauRd; t 8al
produci ng g%% tau-tau bi ndi ng conpared with that seen in the absence of
conpound f % )

Figure 8 shows the structure of only some of the compounds which
25 have been tested in the cell based assay. Figures 9-16 demonstrate
the increased potency of certain compounds in the reduced form,

plus some control compounds.

Thus in one aspect of the present invention there is disclosed use,
30 in the treatment of a disease disclosed herein, of a reduced

(‘leuco’) phenothiazine of the formula:

(I)



Figure 29 shows the rel ationship between STB and LB50 paraneters. S STB can
be shown to be a linear function of the LB50. STB is a |logarithmc function
of the nowero2iosg7e® of conpound:tau at which tau-tau bindi pgricEBoretissed by
50% 10 LB50 is the log of the nolar ratio of conmpound with respect to tau
at which tau-tau binding is 50% of that observed in the absence of conpound
LB50 = 0.05 + (2.65 x STB) r=0.95 15 The determ nation of in vitro B50
requires that there be sonme degree of inhibition of tau-tau binding, and a
50% val ue i s obtagrned By e rapol ati on. Determ nation of STB requires no
such extrapaol atio 6 cedurlé. 20 Fi gure 30 shows conpounds for which both
STB and B50Rra b besm defar mi ned. Assum ng that the total tau
-concentratio i g g oxi mately 500 nM (i.e. the concentration of
ke BSQ qﬁk%es provi de an approxinmation in the in

3

tau usedR h dy) ,
25 vitro ass&y toythe SoncantralNon (i.e. [500 x B50] nM at which the
activity mg be expectedﬁin cegJl systens. Figure 31 shows the fornal

rel ati onshi p Between the in'tvitrg1LB50 value and the log KI value for the
di am nophenot hi azi ne series. 30 Figure 32 shows the rel ati onship between
the nunber of methyl groups in a di am nophenothiazine (NVETH) and the redox
pot ent i avh¢Fgimid, disf f Bsi Gar cReBRficRente (Pidepenpeatlyissddctiedufesm i ndi cat e

correl at hoar&naf,f hal 65d:s, (RUraRy, Pcy 495 SidHitexehust ath RfosMBrudhy Fi gure
33 shows ;Ee I‘?‘l?itl ?o]ggfl gﬁgcmeep t he percentage of conpound that is
reduced, 2a5Y HetErhf e‘i"p ifBfal |y, and the known reduction potential of
t he conpBunad. sEhectet uttomohypotent,i alydrodd,Y@a@BbRS5 7EAbE3 tupeddixct s t he
obser ved,gxt e ok chegiesi 0R 9% .t e di, a0 pophengthiazi nes. F[{ /00153
Fi gure 34a shows that jt:]]t€13;er'eii'l|as no glfear relat'i ontgh%%éiﬁglt%\?\eaen PI%%%I bi tory
pot ency AR@eReElegkE Bnte HIctedd dEPT oy HTOIEBNpNHEPKY  FFEtr e B4I5 ubE bk  tadht

i nhi bi t oby e @REY thsedailidat enalogtksl 3Rl y1kky;eduction potential. Figure
35 shows that .the inhjbitary pote can.be related directly 10 to the

di ffEés?i oﬁrc%e‘?rﬁr&agﬁ’tlju(\:/\ﬁ%%aicgegp%lfsL?Fégoifh‘ﬁ?é’ﬁt‘endency of the reduced
formto stack and aggregate). Figures 36 and 37 show the predicted

ref ati onshlps-HALMCRN 98l 1 4Bt &) 11GS0nd SIIBIAak pBAdemIEy (RESISIE D- oyl ues,

respective 157and reduction potential’ and usi on coefficient, In
whi ch t hePdfFe9rey onCRuef TRt @A/t “FE7gi ven the greater weighting. Figure 38
snows theachyst addd Re streuthdéegerafeniby hyd lenreeBl Aeom 2y drogehe 3H,5hows

tau-{au pinding in { presence of 1nM DTT, as neasured in the solid phase
assagl of ?i% Bg/ Sd(?%'Gggﬁdvm different anti bodies were used to detect tau-tau

bi ndi ng, Radrfebydapgen42 (s op)CHn P4 9G:bot t on) . The vertical axis
represents tau-tau binding, the horizontal axis shows the concentration of

full-length_25 .tau ip the aqueous phase, and t key shows .varyin
concent r FFB%’éab&fy’s%F?dg?JWe? dtéﬁ.‘g TaR°pEeR ,azgﬁﬁ-‘f}é’fhoihﬁ)éi 918 till

occurs i A bhed pregcbgihceroipsDRkound the diaminophenothiazine nucleus.
20 Preferably, the diaminophenothiazine is asymmetrically methylated

(e.g., tolonium chloride, azure A, azure B and thionine).

Preferably the compound is selected from Methylene Blue, Tolonium

chloride, Thionine, Azure A, Azure B or 1,9-Dimethylmethylene Blue.

25
Phenothiazines for use in the present invention may be manufactured
by the processes referred to in standard texts (e.g. Merck Manual,
Houben-Weyl, Beilstein, E. III/IV 27, 1214 ££f, J. Heterocycl. Chem.
21, 613 (1984)).

30

Instead of administering these compounds directly, they could be
administered in a precursor form, for conversion to the active form

by an activating agent produced in, or targeted to, the cells to be



Figure 40 shows various species of tau fragnments and doublets which 30 are
present w thout induction ("U') and followi ng induction ("I") in a cell

line of twe @wesent i nvention. These include species w thpgaiisoioh s

equi valent to 12/14 kD, 25/27 kD, 30/32 kD, 36/38 kD and 42/ 44 kD (see
Exanple 3). 35 Figure 41(a) shows how the 12 kD fragnment arises via

t enpl at ei nduced proteol ytic processi ng3df full-length tau nol ecul es at the
approxi mat e positions shown by the arrow heads. WO 02/ 055720 52

PCT/ GBO2£ 0846 Fi guire i Adfdnjces hRsshyismel Beudhads HeDaapbei S rabi s8saVvi a

t enpl at ej qucedorprf?&eol yi i.(‘t Rl[doclegsélr]ﬂ.g %Evf uls[ -1 engt h_tau OI’ED| Ecul es at the
. approx?nn‘f‘érsposi Cir8hs® s howi %y & T oW heads Pr c‘ﬁ%‘iﬁe 4588 hows a pl ot
-of the appapewmd gedureobilities of the species of Figures 40-41 and their

| engths in am no-acid residues. Figure 43 shows the fragnents of Figures
40-42 are at intervals of either ~34 residues or ~17 residues which is the
‘equi val efitabilisatiod ARGl e2qdused €BEAt, or half of it. All of the fragnents
may be generated from a basic heptaneric aggregate as a sinple set of

prot eol ytic cl ages occurring.at_the positions indicate t he

B ¥ onheatiene 18 AHRARs ST Rn OF hbute Keao SFF oGO 501 1L SRR ALRGERE der of

| engt h ahddy noressiingngey imolshki tgdudddyfoend5 Bhowsanhkd, HdvBai s

surpri si {ent I - LRhi i tar tdvi.ty gou be
seen bot ﬁg%%u'? leoqglgsfleEggekkg}aq:ﬁﬁ#%@%%lnccfu%?i %ﬁ' a%& gé?[g%éna\éltfohdéét%gn (see
Exanil e 4¥. FYlidle Barshdwhare &eii Aty ofl0EhNBR1BaRE | iPne eéxpiessi on of

the 12/ 141k sPe5i18%1 B8LAY e §2pR) SKioe0f @S i gRSy 18garduideq
intracellular tau concentration and in vitro tau-fau bindi ndg_ 25 affinity

used in EPEE 39 compoungs| sufbapsalBi i tipungd be ethiacrelne iRt WhRgata
i nhi bi ti parpodel (craghiax} ty.vs [(Lasd) / r{dd@ubnldde1l 14 (FDMVE]; MukKig}, 3. DVVB

has an a t Kl withi he cell.pf 4.4 nd the cel]ul gr B50 value is
100 nM Eii%}“eéé%t%gﬁe?]a4-??&4%5?%% M%ﬁdé' QV\TD‘?OZ]}#’S%E}?O 53
15 Becker, H. et al. (1952) Zeltschrift fiir Naturforschung 7:493;
Mitller, T. (1995) It. J. Anat. Embryol. 100(3):179; Miuller, T.
(1998) Histol. Histopathol. 13:1019).

Such references as these illustrate that the reduced form of

20 compounds such as MB represents a feasible and pharmaceutically-
acceptable formulation for administration to subjects. MB has
previously been used clinically in an oral preparation. Further
toxicological tests are, however, required before its clinical
acceptability is achieved. The half live of MB and related

25 compounds (e.g. tolonium chloride) in blood is approximately 100
minutes. It is evident that slow release formulations of compounds
with such, relatively short, half lives can substantially improve

compound availability and hence therapeutic efficacy.

30 Figure 17 shows that compounds such as those discussed herein
differ greatly in their extent of reduction in the conditions of
the assay (approx. 500:1 DTT excess, at 120 minutes). As this
figure shows, thionine is completely reduced under these
conditions, tolonium chloride is reduced at an intermediate level,

35 and MB and DMMB are relatively little reduced. The amounts of
commonly used reductant required to achieve, say, 90% reduction of
the oxidized form in 10 minutes, prior to administration\absorption

may not be feasible (e.g. 2000:1 ratio of DTT to MB).



Production of 3T6H cell |ines PCT/GB02/00153 3T6 cells were ECACC No:
86120801 Mouse Swi ss Al bino Enbryo Fi broblasts. 5 For the inducible system
t he experywgRRBloss7eap! oyed Lac SwitchTM rom Strat agene usi n@cirRésoRBors® vVect or
to express the Lac repressor protein and pOPRSVI CAT to express the
full-length tau under the control of the Lac repressor. Expression is

i nduced by the addition 10 of IPTG Inggially 3T6 cells were transfected,
by el ectroporation, with the p3'SS plasm d and col oni es sel ected by
hygronycin resi stance. 5 clones that were expressing varying |levels of the
Lac repressor IS protzi n (determned b irmunocc}/t ochem stry) were picked,
and al so*fhE*FYR difoRedueia e e FRe retenhedt 1 15 %&ﬁﬁr?gd‘fgup%ﬁucti on of
-pOPRSVT4phyetsd g ia1Thendéfli dnmasenh borgrehahy ngedditedatbe WORRIWIGAJ vect or
was prepar y..PCR _w \ent r D i_n I er sh bel ow)
t hat inc?ﬁggﬁp%oq\lé)tvef }élltf ré"ea%r?épghé arsfb%glrlgggg)lg (L:{%go%eglslc%%pfr%g%fi ate. The
‘PCR pf oddyprhti pORRBYEOATS \iasuerdwey @0&utnwi ¢ Huixgttep, agétqsuri fi ed. The

vect or wWas1@sPhosienyhat eshdid iphe VeIt ckenbi gadd ARy adndithesdh hasert
ligated into 1tLhe vect or ,usin stangard protocols. The resulti ng I |$%§j| on
mx was CPRAY ‘“e%t‘ié’dltiaﬁf*bn%o%%&ré‘n? E-Dec G- AN RPFRENGTH R AERT ATeS TR out
on anp platksasdaidr esideste Ppimgkedtisndifgii. dd2drepttesent aa reditabpe pl &t e.

Col ony | i%}}%@fﬁfﬁ‘%@%ﬁ%%%‘%@?“@a%\égg;eﬂﬁﬁ%' on nenbrane (Anersham

and possi ositives se ted by colony hybr 'sation using dGA | abelled
withlf a-3zP) dCTP (Anersham) (using an oligolabelling kit (Pharmacia

Bi ot ech) 1ands @t i ddridd aeRa i d¥aP-a3B1 ¢ ot Pt hePhasiBiindisBi 8h&CM)s) thionine
Hybri di sati.on was, car #Led,é)ut V&}&GﬁC over ni ght % Chur.ch (g ffer 35 fol | owed
by 2x20 APAsTRE¥HEE CRIBRLTTh “RASH. 3B dCEPyES G BT8R CPALEIREIM R t 1T
radi oact ithe probe; ofereddetbot ed Bpiexpes bg ddweldratsedt tn e maynér| m

overni ghtg.at 35 740G+ $H3302Q 54 PCT/ (3B02/ 00153 Positive col onies were
sel ected gnh ag?ovvn, tdﬁenrgﬁéeckeg by PCR and restriction digest to confirm

the pfesence of the insert. The use of a single restriction site for the

cl oni ng maapsih hatefB4Qe@afoimsable pRéMbUbiazYREt Hferits Ot figd prekentati on.
The orientatign of 5 the inserts was determned so as to sel.ect Eglon' es
with the VEEE +°%oafﬁeaipﬁloﬁb S RTERES TS Fe SPMRY TSR & Pont &ryOBQp 3% on.
Prinmers wgedat@tbong' oPtdonplly ist bhe Hesgnceget # citabddigigm ggentgc ATG
GCT GAG CCC CGG CAG GAG- 3" Not | 15 3'-5" T40- Not | stop 20 5 -act ctt aag
ggt cgc ggc cgc TCA CAA CAA ACC CTG CTT GC CAG -3' Not | Sequence
conplzgma af§eRh H90 ssalibiting £henBhRfsaTetaprimE HReastaia cARBOLRSD
codons ar@.sarkefbrrl & Motk tompduadt hatimgaddedwi ¢i 2asibawsocamderkhagd. The

remai nin eq C own .l 0 Sg. Lr_oye to all ow
t he Not %énzgﬁg ﬁ)ﬁ u}s@gk?le%:i entl 3(6;@ ts';i}hél :co\%gég%gfrp%%gpn%ﬁt %r%;e ugzqggquence in
t he hTau4geptasHi enticeidpnto B eaeet fiayd SsEvhi helithgcoforTRetpongefgrm

of the inhibitory compound (e.g. the oxidised form) to the

25 preferred form thereof (e.g. the reduced form), and to stabilise
that preferred (e.g. reduced) form. Alternatively, the inhibitory
compound may be added to the composition in its preferred (e.g.
already-reduced) form, so that the agent merely serves to maintain
the compound in this form.

30
Particularly suitable for use in converting to, and/or stabilising,
the reduced form of the active agent (e.g. the
diaminophenothiazine) comprised in the formulations of the present
invention is the antioxidant ascorbate. Ascorbate has previously

35 Dbeen used to minimise oxidative damage of proteins (Parkkinen J.
(1996), “Thrombosis and Haemostasis” 75(2): 292). A formulation as
provided herein could thus advantageously comprise a

diaminophenothiazine, especially MB, tolonium chloride, DMMB or



30 Determ nation of Insert Orientation Orientation was determ ned using a
restriction enzyne that cuts the insert once and the vector at nost a few

times, angotohess7ed ves a differing restriction digest patteci/densoeash
orientation, Hind 35 Il fits these criteria for pOPRSVT40. If the insert
is absent two restriction bands are produced. If the insert is present

t hree bands are produced and the size @f the bands depends on the
orientation of the insert as shown bel ow WD 02/ 0S5720 55 PCT/ GB02/ 00153

Forward ¢6@bhesd,) i@ cesbatdan5388n byscRBArby i%%uaxaﬁﬁa?ﬁpo@ft&sﬂ& ation
6101 by 381 bX %}{l} b\F/j 5 rcgducti on of cells expressing T40 under the
control GPRERVFHUGED I%n‘gr SHBEEF - The pOPRSVT40 pl asnid was produced and
-purified by CsCl gradient centrifugation. This was transfected (by

el ectroparatj I At a. cel XQr in he _Lac_repressar. protein)
pr oducedggsgggg%:r%“@’ggl%%rgé\}e?tq‘ﬁogf%iﬁﬁéefc(gleﬁggb\é%éﬁsg‘ﬁ@(a:?%df ‘—?onorurSy P si stance
‘to A18 (the BOGL/on pr sebeciignt ofohpRrHAPyinke ccqris¢tlédenhdoxgupsn on. The

| evel of expression of full-length T40 with and wi thout the addition of

| PTG was determined with anti-tau anti bodies by both 15 i munocytochem stry
and West @PHShRRECHS BAuthe ORVERtHIR oIS 1 1nGds AsTE BT 2 P5eBI11RtS

desi g(;ned.aéI meaxgagxﬁe&& ?bﬁtﬁéél ﬁ?t@@rtﬁém&@itDGr tﬁdﬂ@l&kﬂﬁCﬁfﬂjdﬁgéﬁﬁ?m of
tau (residues - - _see he , onstitutive system (pc : rom

| Vi 1 08 EREEREITaRaE S el Do g choh O EL I e HEES LT MRRE T he
ant i B9 ot icompevnd n(suFhetb®ONALY dis/t BR%, radgileaswa®l amdl.i 70 edrigtfgrabymedtise
chain reagti g, (5CRs Wk HPaG! EEa}SJj!l'iQQH?'C:!.@qtﬂ %elgépﬂii{?erds (sense and
anti sense; see below). The sense priner confained an EcoRl site and the
ant i sens&CTROBATAID it Ehe THRAUGEA ARATs REEPE EURIUREGEFAEEODHASNAS. 1 (-) zeo
(I'nvi trogeproplei ey ldasds}o tdhratathadt boemedidgest &tk Waik. ECORI and BanHl . The
inserted DNA is downstream from a cytonegal ovirus pronoter sequence 30 and
upstream of a pol yadenyl ati on signal. The plasm d contains the DNA sequence
for flhe &opressebntiFragaptesd |in and zeocin resistance for selection in
bacteria and eukaryotic cells, respectively. The authenticity of the
inserted DNA was confirmed by full-Iength sequencing_of both strands. 35
Nucl eot i dem4Rds b e aep dP%s ¢¥ 1ord t PEABRY BRFisa Ity ahEefttives391 WO

02/ 05572QnbanPCTé£B0210018Beutically effective amount” (as the case may
gat aat at saaagacql,e6c09930070ACA ALY 5 aAala0L 8L AVARRSERT! | BRCSLARUS?
aggt gacct cdaagt gt ggetcatt agycaa

cat ceft cauddacéeniydgysige chemigFaagt badindi yaduemlget Thacartaaygaoaga 5
gt ccagt cgagdat LgGHL,Cehddg8AlAld tine~course of administration, will

depend on the nature and severity of the disease being treated.
Prescription of treatment, e.g. decisions on dosage etc., is within
the responsibility of general practitioners and other medical

25 doctors, and typically takes account of the disorder to be treated,
the condition of the individual patient, the site of delivery, the

method of administration and other factors known to practitioners.

CNS penetration of MB following systemic administration has been
30 described by Miller (1992; Acta Anat. 144:39). RAzure A and B are
known to occur as normal metabolic degradation products of MB
(Disanto and Wagner (1972a) J. Pharm. Sci. 61: 598; Disanto and
Wagner (1872b) J. Pharm. Sci. 61l: 1086). The pharmacokinetics and
toxicity of tolonium chloride in sheep is discussed by Cudd et al

35 (1996) Vet Human Toxic 38 (5) 329-332.

For thionine, which is specifically exemplified herein, a daily

dosage of between 1 and 1000 mg may be suitable, preferably divided



cacccacgt ccct ggcggaggaaat aaaaagat t gaaacccacaagct gacct t ccgcgagaacgcec
aaagccaagacagaccacggggcggag 10

DNI' KHVPGG48 @387k VDL SKVT SKCGSL GNI HHKPGGGQVEVKSEKL DFKDRVQPEIrfeHobbb 153
HVPGGGNKKI ETHKLTFRENAKAKTDHGAE 15 295 sense prinmer net asp29a 5 - CGG AAT
TCC ACC ATG GAT AAT ATC AAA CAC GIC CCG - 3' EcoRI 20 391 anti-sense priner
stop glu 391 25 5° - C GCG GGA TCC TCBLTC CEC CCC GIG GIC TGT CIT G&C - 3'
BanHl The start and stop codons are in bold and the EcoRl and BanHI
restrictimm ¢l tes8t onbe drdeed wriechurder | foredkxa3D1E| siseieofCithbusanof cel | s

for ass%o;qgl%{?giewglfs% w%érpl\@wag: - Eglﬁé#]%{ Lne YT %@EE’%% /1

gl ucose) echnol ogies,” Sc and. I'S was supplenmentt wth
+10% FCS FReei%eranBbe Serrtices) f5gm Yhen pefneredd RS BOY Riy/apprsprepionyci n,
pl su furghel 3@t cbingdhkd2SrapRE Oifvedl@oh ObtidIe thgheehiindndyRBntigRance of

the relevant plasmd. Antibiotic cancentratjons were 200 ug/ m hygronycin
(p3' SS ?&9@&’1086 ?ﬁﬁer WA Y65Y 055 a§7l1{=%ﬁ“’/ 2/ 00153 mai nt enance), 500

ug/ ml G418( pOPRSVT40 sel ection and nai ntenance), 400 or 200 ug/m zeocin
(p2902955*%99re$§'9e%%9£‘ He %HS@{@P%S) £1 5664 Sle%?cs%?")%& s ?g%oé _a
a |1 ed in cm

hum di fi ed” at nosphere of 5% C02. 5 S are maintaln I shes, and
split when they approach confluency. Mediumis renoved, cells washed with

PBS and med lgharekheasedetics lb)fpﬁé‘iﬂﬂéatnie]?lﬂlw?] thavk BeedfsduaiRsi _m{l BERibfarspl ution
opt 1 Hnal 1574 78 FRRGCOBI AT LET 6% "RPBRTL 8 BER 36 110 ap ok Metls 5000
t o 20000ame|1%/2¢ B} : 1620-10% . t Bettiireg dhtdrogsyricelrysesrmetiloat o humdhsiel |
0 20", P S5t i Shoder S, ooy vy e o o
15 concefmRATEs daER pPesEIHATHI S HINILIPRNGE R dF h¥meRRiuddd IByPReliddi ti on
of PTG & dkriveOan, bdérdlal mbdal esy aiBtiObutidnuithes 24 1keuhg sithidien
g?l()![ gxﬂ_]e.{jog %g %rc]:%leyﬂnsa byO %QSSIIID jectv,\ésatsgﬁﬁir?gl; Oitntsltralgtarlfgo%a akg‘gjlrl%ligg tau
(Fig 19B). Urinary excretion accounts for 54 - 98% of the ingested
dose. This variability is most likely due to variability in
absorbtion, although variability in metabolism cannot be excluded.
From urinary excretion data, it is possible to calculate that whole
20 body clearance is 56 mg/kg/hr. Therefore, the dosage required to
achieve an effective target tissue concentration of 4 uM is 1.73
mg/kg/day (0.58 mg/kg tds) if there were complete absorbtion.
However, from Moody et al., it is clear that total urinary
excretion, and hence effective biocavailability, is itself a
25 function of dose. The oral dose required to deliver 1.73 mg/kg/day
is approximately 2x the dosage calculated on the basis of whole-
body clearance. Therefore the actual required dosage is on the
order of 3.2 mg/kg/day. This is close to the minimum routine oral
dosage used clinically in humans, eg in the treatment of chronic
30 urinary tract infection (390 mg/day). The maintenance oral dosage
in humans is therefore approximately 225 mg/day, or 75 mg tds. Peak
tissue levels are reached at approximately 1 hr and the tissue
half-life is about 12 hours.

35 Methylene blue exists in the charged blue oxidised form, and the
uncharged colourless reduced leukomethylene blue form. We have
shown experimentally in cells that the target tissue concentration

in cells required to prevent tau aggregation by 50% (ie the EC50)



20 Reconbinant tau (clone htau40) and perchloric acid-soluble tau extracted
fromrat and human brain were prepared as descri bed previously (CGoedert, M

& Jakes, Wo0eh999) EMBO J. 9:4225; Coedert, M et al (1993rTRigG00fM3t! -
Acad. Sci. USA 90:5066). 25 Gel Electrophoresis and Blotting Cells grown as
outlined above are washed once with PBS then lysed in 50 ~, 1 (24 well
plates) or 100 W (6 well plates) laent7 buffer. 30 Sanples are stored at
-20C, boiled for 4 mns prior to running on 15% acryl am de gel s using the

Bi oRad i gi Prpf eap L [ i St - to
menbr ane by stern bl %ﬁ?ﬁgﬁgiﬁékﬁg&mﬁsﬁ ?&fgfer%tsi:/%?%{m 1%ﬁﬂo rir anes
&

are i ncubat@y isnpppéeremiraldy GS%‘TR)nIFa’cS nghdenp SR BE SNt wat) Wagnel®s Tween

-20 in PBgofor taatlabprcsm@t@n | 98 ofTake PHOLRI1RNLSHH6d %c%@emdlﬂpubatl ng
t he rrerrbranes Wthgﬁblﬁg % utedl wi th bl ogck buffer for 1-3hrs or
F I -SA19T

over ni ght T Wasti Ag PEEFYy. FOIT %‘ﬁﬁ‘atloﬁ‘&ﬁﬁﬁt?ﬂtj“ﬁst hollapgng
02/ 05857 20v 583IrPGTAGBA 2L G011 5heanhl y nbirse whiREh 11 5 ®00ndi tutumwea bt ofde buf fer

for 1 hr. and h I th, gg%ﬂ 0 |b d S

det ect edc%y Eé\%@rgeggtgf%\% eo\tédénct eg %Eé{&%y\e Feg msr 2er1tb g % fEﬁo]:ts are
scanned P?\t‘?i‘pé’sélb'ﬁ'pﬁ?e@llbr?féeHeW%ft“tmoPﬁelk JGPSS(%F}PEE ’Hl@@@lm Setrecbfcanner
at GOOSpheﬂgdLesla\éedﬁaSwSHicfH cfr};bgés %nﬁhé@dﬁﬁiﬂa\inofaakihfegp Aa%taes/né\sdG&E bigds

is perforped with the Scananal ysis, progr n an e Power c G3.

Drug preparatic ajfﬁ?%n?sngt% éu'f%%%r Eﬂugﬁ]‘ ,Agﬁg %’bafto\rlﬁa?n chttri®de are
all Htepét e@l@@egkﬁrnam@tmmldbenkdoﬂ%m Pflil@reﬁotreuseralllﬁ@abswlrldédiute st ock

is prepaﬁl@glmnlé%%wmmé@ éqgfahﬁlrreaﬁ&éa P ttthb &@eﬂrgl&se' S . For

oxidised drug this i s prepare l'uting stoc SS and

filter s’t“é*f*rji eé‘lcﬁﬁtl%' Wssrléélﬁc‘égffetﬁgﬁéng h@JrIChr@FVI Féeﬁ‘%‘éaa]t &¢IRft eataisor bi ¢
aci d andwiildh tsaapti @l e . SimindaugedddaMeasaor bi ¢ acid 50nmM DTT, this is
allowed to stand for I5mns (turns blue to col ourless) before making the
dilute stock. This is diluted in HBSS to yield 100 E tMdrug, | O™ ascorbic
aci d15 | OV BT highdyf Likeky dtheti vasedbilCey| sn armalt pbadeobi2B wist h the drug at

various gepcsfiikat 19hse1 Py faL &mcrl@qﬁfegf dlrr}mlgh!er@&&@al%hclﬁ%rﬁe ad DTT

concentrations are naintained at I’OUQ hout y using appropriate

quantiti EE20F PBE YALMG ARIdEYS STtk FedbBPhe MESeraE SR st dhrrafere PV
ascor bi ctachy-DERust ookt hyB3Rn8DB1 G lwikheas cayHicr st a . amsl hEmuBﬂ@duotﬁﬁdﬁg

deacr; bed prai osr o (e e Caveap of % e Bl LR R PR soi.
USA 85: 458%6s No@é.’!érsl\/\io etchhjeve( 309 NedEBD Y. oflzcresesle@s lea:leesn Rteat

al. (1991)n E&\@opieséacm@fsm N TTyste] @tfsaw@aﬁolcte\é%hepeﬂqéffetf%réhet&fic ki t
(Vector &abor at, Qri ie

noc al, anti bodi e mAbs) 7.5L,  21. DlO 499
and 342 WRTE used ?Yﬂh éi) d§nigest V@lﬁéﬁ’(()%%%‘%? reliab

absorbtion will be 3. 5mg/kg/day of methylene blue pre-reduced for

at least 3 hours in the presence of 7 mg/kg/day of ascorbic acid.
25

It is also possible that MB may be active at lower concentrations

in man, and that a range of clinically feasible doses would be

therefore 20 mg tds, 50 mg tds or 100 mg tds, combined with 2x mg

ratio of ascorbic acid in such a manner as to achieve more than 90%

30 reduction prior to ingestion.
Formulation and administration of therapeutics

Suitable compounds, such as those with a formula as shown above or
35 their pharmaceutically-acceptable salts, may be incorporated into

compositions of this aspect of the present invention after further

testing for toxicity. The compositions may include, in addition to

the above constituents, pharmaceutically-acceptable excipients,



PCT/ GB02/ 00153 cul ture supernatant fluids. mAb AT8 (I nnogenetics, Bel gium
was used at 1/1000 dilution. Anti-tau mAbs 7.51 (which recogni ses an
epi t ope iwoOtesI7ast repeat; see Novak, M et al. (1991) Pp@@;gﬂ}i%blg3Acad
Sci. USA 88: 5837), 423 (which recognises tau Ctermnally 5 truncated at
residue Qu-391; see Wschik, C M et al. (1988) Proc. Natl. Acad. Sci.
USA 85:4506; Novak, M et al.(1993) EMBO J. 12:365), 499 (which recogni ses
a human-specific tau segnment between residues dy-14 and d n-26; see

W schi K, cxridrset baifeéﬂé%9@5):aBH.D§seﬂ\iato|r- otk maSekiaBAEI: khddsd)to and 342
21 D0 VTR ST e Phe- ACHTaTeEF S RPPALE KL i ontf i ot
-al. (19915hSeikmod 28terBEs) wiTauclBi rdfiicagy Assanelbciies ingzedbent ed out
basi cal |y,&a [ 6), Pr.oc Acad.
Sor . s R A ol S G Uss0 hg T has ok SRR R

pol yVvi nythedtiedef adeimdesitepreienates in 50 mM carbonate buffer at 37C f or
1 h. The plate was 20 washed tw ce vvlth 0. 05% Tween 20, then bl ocked with

2% Mar v in PEST for 1 h at, 637 washi ng ain, the plate was
neubat g‘bdh‘? o t%’ h CSPPSFE R S g‘i@b ﬁﬂaqs’ét‘i ﬁ‘upﬁgrma%%{?l&g?‘/lm in PBST
cont ai ni eerESsigdloat i hhe aldmlnhetm’esentthapr catnl ba, eifddtEHT paasntad 191y added.
25 The phabie aas uashedd wheecant dneyhal od fﬁ%méthaélpa%% Wi Do 499 or

342, diluted with an equal volune of g/ol\/arv t er wasti ng,

hor s¥r ad?s38 e oXPELsEIL SR gt B Garamfel e T geduaien Do @Pul $#ABD0H n PBST)
was i ncuﬁmﬁpﬁhsfmlhsl Ra£d1137 Ce . JFheirpltalee £ 30 xS nwasjne%ﬁ% | Beupaded 1y t
substrat? (g tnb(gp1 cont ¢ ali ry ng teglrt%r}eteg?ll be£|2| di ne glg Q2 .and the rate of
change of absorbance neasur 8- 03T hy X PIAEE ¢ I%F g

Di agnost¢as,alcel pkoehfedteds pdesetd ded Spcleva@uszltyta(n&iaq:ullaxgwon C R et al.

(1990)11°Jtra-|;f8ﬂd>ﬁ9h.y, “@Iﬁne%ggfl@GQubcEQSHe&m%r,' B}e.nln e&qrtt)gé S in 35

trip |caLe and i nciuded cantrols in which both 'solid phase an eous
phas P wer ¢Talb88ntOTRd APdRC A SetthE? R Dne of the two absent. WD
02/ 0S5720 50 Data Anal ysis PCT/ GB02/ 00153 This was perfornmed as descri bed
in Wschik, re f.itted ccor gtoth
Langnui P{heqﬁ%at@%np\i}ﬁ#ﬁ{%tqﬁg gorsg%ﬁg? ysnelrng%% (5’%: phlta 1 égfst at
(SPSS | rfeay igfilesdgoy GG &ﬁrﬁru%# rfpguasi INaion appauomdmmrnaoh For

Curve-fithé ﬁ&rﬁﬁl‘ab@hﬁéld}ﬂ t@geéf_s cnc.eﬁtt%daf@bgt\éendwgéége aoHEes. | O Exanple
1 - ﬁ)onstlf tlve ex truncated and nutated tau
ort

SSI full-
Expressi on 33& PEOH IcofnPﬁ'é’%d%ve?éldsBHE)h’f Rigrgenerterdy-
cel I ul aracnmieiabdfe Baud agFicgahi snltmnden physicgiesgedabittondi tions 15 which

did not suffelcdiqBuing Inemtt amc%%an bkpgég%fllcneéa@e&% e Oﬁ??@@os Thi s

i nvol ves the expression of tau and truncated tau ragménts for
bot h norfit2?%/adf ARt A d@&ﬁ?’?Fh‘@“peFﬂ%@%ﬁi ctahfr afEeRsic 261FuPF dtength tau
Wien norsmltd witc.| eagtie taed( TAS) empuéawé Qﬁﬁcﬁdekai&éz@ﬁ $0£3T3 and

NI E-L15), 14, hay ed 2nd inval ved |n th asseg‘o t he, n crotubul e
net wor k V\%t Hih thegég%s h gg a[tlcrfet i%Ci al ‘Y}l%laflf’gl c BRA®L2 S uncat ed
t au fragﬁ%ﬁtsqfrtomﬁtlh’elr@rcepeﬂlmeare, for example, vegetable oils, waxes,

fats, semi-solid and liquid polyols etc.

Where the composition is in the form of a ligquid pharmaceutical

30 formulation, it will generally include a liquid carrier such as
water, petroleum, animal or vegetable oils, mineral oil or
synthetic oil. Physiological saline solution, dextrose or other
saccharide solution or glycols such as ethylene glycol, propylene
glycol or polyethylene glycol may also be included. Other suitable

35 excipients for the manufacture of solutions and syrups are, for
example, water, polyols, saccharose, invert sugar, glucose,
trihalose, etc. Suitable excipients for injection solutions are,

for example, water, alcohols, polyols, glycerol, vegetable oils,



PHF, corresponding to fragnment 297-391, was transfected into non30 neuronal
3T3 fibroblasts: this truncated tau was selected since it is: (i) present
in the PHyoGRlss724i i) detected as deposits in AD brain ti sgposigiobag t he
early stages of the disease; (iii) capable of supporting the catalytic
capture and propagation of tau capture in vitro. Subsequently, a series of
transfections was perfornmed in 35 whichathe extent of truncation at either
N or C termni was varied, based partly on the i munochem cal properties
of the tag-polecule. Six constructs were created with truncation at the

Nt erm nus (186-441 ; 297-441) at the CG and N termni (186-391; WO

02/ 055720 61 PCT/ GB02/ 00153 297-391) and at the C-term nus (1-391). The
-pattern ehitabnexedetients yfd‘xolsupﬂsrfsasioxm@nstef,um wkatple,| nattedl panel of
ant i bodi |l e i L m N S generated
in this \%% a\@rgeqcr%gi%éns rusgt ?g\cfcvefegeg%(l rqg j}a% I'n 1&%&(%1%1%?'3@%%6 é bot h
‘trans$ ently (using pSG as the vector) and stably (using pTF2 and pZeo as

vectors) yost el e tt'i’a%“%ﬁﬁ%@é@uﬁ‘tlééﬁ SRIRehedoRd e Bash s qa‘rerse%asﬁg%mce to
the antibiotics ¢cin and .zeocjn f.or I F2 an (g)ggZeo ﬁggcu vely.

Epi t ope 2A&RYRi & lﬂ:éF‘FB?'wé’dSSHSb%X:tlélFF H/“%)F;B‘Pé Y fePhs I hg
pRK172 aageﬂnes,vecettcmngFagemes 2@emslsinfringesgéies r evgktenimy agantsus

f ragnent ﬁol%llfll’:;ﬂ;%)ac\%% ?laﬁ%urﬁng etnhfgr L& tf%rsbg % h:%% bB&otic

expr essi on tau in t e sahe cell can a e pattern of
i Munbr eRESF RSy, bPélfeéﬁan?ﬂr €oatbngtagengsexpr essi on of 1 391 and 295-391
results in the appearance of abnormal bundles within the cells. However,

mai nt ai ni ng such cells in a st abl e %ﬁ? ﬁgroduci.bl.e gt ate roved el usi ve.
Mit at ed £80 BEIARCAPETesFetHeFS 198 | BRGHPEU WS HIFEES 0 grener ate known
clinical inttataidrsterThesesiver ensobthoredinnt thelde? igndisdalientr anst ect ant s

gener at ed.i 0y 303 gl\'l:% Q%Az%nftQEafﬂ.ﬂ%@gﬁt%}%%tekggssdl’?ﬁ:llﬂg' ngﬂt\/l 0se

whi ch af ect m cr ot ubul e assenb roperties 25 V3 P301
S, RA@GV\}SaﬂﬂrWr%FEﬁ his é&f—Ea]?JlfPe PH) t é??i'é?“rl\Fété’pF’i“élfﬁgabdfllFﬁe tau gene
i n Vvivo. thesgenerallevaakl skﬂ(lpl‘lﬁsﬁhélgaﬁtuhlre|ﬁél'g]t fth.aUtGQfﬂ‘a{:ia&@ mut at i ons

exhi bi t ed L}gbeil in u%f the m cro%ubu a. r .network an vv@lclesd' sthngw shabl e

from cel P& EPRANSIHE oWt B W9 d* ??p%xatmgle’ CEP T 9 Fed expresssl ng ¢2rtain 30

truncat e@odawnf¢fa]gqm4ﬂes IhhetuidinngRndet isoAs] peovasd Gastatdce RiGoATESZ usi on

TN SUNMMBRY e bPEoEONSlHskW LV By X PEESIST 0 QE , t FuPLAILAnh ALy WidHi-n 35
eukaryotic cells proved diffi cult to achieve. At hough transi ent

tr andP ec BPOATEYRT BRY B&r PRELEESk haS ofRIHFESt i on of expression of tau by
mani pul ati ng the Kozak consensus surrounding the initiation codon for

297-tau, At e LxXPressl AR 8L 4 & fco2Pe 39088 ShiddcsTRARSL pe WO 021 055720
administered alone, or in combination with other treatments, either
simultaneously or sequentially, dependent upon the condition or

25 disease to be treated.

In accordance with the present invention, the formulations provided
herein may be used for the prophylaxis or treatment of Alzheimer's
disease, motor neuron disease, Lewy body disease, Pick's disease or
30 Progressive Supranuclear Palsy, or any other condition or disease
in which induced conformational polymerisation of a protein is
implicated (see Figure 5). 1In particular, as described in detail
below, the formulation may be used for the blocking, modulation and
inhibition of pathological tau-tau association.
35
Examples of the techniques and protocols mentioned above can be
found in “Remington’s Pharmaceutical Sciences”, 16™ edition, Osol,
A. (ed.), 1980.



62 PCT/ GB02/ 00153 suggesting sone inherent toxic properties of the
fragment. Stable transfections reiterated this conclusion. This latter
system dewpnsissabed that truncation at either N or Cterpciiggesisted in a
slightly greater propensity for the tau to assenble in anorphous 5 deposits
rather than in a mcrotubul ar network. Stable expression of conbinations of
tau fragnents al so generated aggregatesowi thin the cytoplasmof cells, but
this systemwas not readily reproducible. 10 Exanple 2 - inducible
expression of truncated tau In a further attenpt to create a stable,

reproduci bl e em _w thout .the toxi.ci SsQci i nsLitutive
expr essi O, ai%&&?ﬁﬁl %S%é?(cgtr’eécglfoﬁr%?el}tlwé‘%%%l?te{%%alfg g’:’:ii?ggr;”\eérét1 tg’% tE T%%a ‘%tf_"? (i.e.
»297 15 38dmpositioh b§ Wi kidecedinataspestedin SheedihoneRifi FregsystL @ f or
expr essi 00 of, BOLI! B Ny;AUIAr YRUIE BelhSulES Sobirbeflat sbiough  he
preferre sys“t‘em was”t he ac swtch" system Tn this system two vectors
‘are i hcorpbymerdathen @b xdnoseinyps dawlycates .or T86CPBYOINaBRE Rhidch do
not exprggse MY RRH0GENDLhd e rPE 04 Bidaseher fadysorththecdiIS oviect orthecodes
for constitutive expression of the lac | gene, and expressors are sel ected
on the b&¥P$ %?sqﬁrﬁgﬂn?ﬁ%nr'esi stance. The second, pOPRSVI CAT i ncor por ates
the DNA coding for the tau protein fragnment 25 under the control of a
strong R3Y PLeMRLAEL (Wi ch, contal 0s 9p&rAakar sequences fromthe . Lac operon.
Cel I's whi'Gh [ ncor por ate this vector are selected on the basis of neomyci n
resi dPance. Cells which have incorporated both vectors have the property
that congki g’e'éii.é(:ﬁ a;%p%gs?i brertafgla woaplenlﬁntc:g jﬁ‘?tlaal’,ﬁaﬁhfdﬂr Cﬁctabheisir}rgh

i ncor porate ot ej I.e.. tau,) controlle t he .Lac operon, e

addi ti on15f F%‘iu%eﬁlggf’rﬁ“PT@ecolr?%‘égééo?%rp°ttﬁ80¥)i%%iléﬁlﬁ S?m?%ucnqo 6 Eﬁe . Lac
operon, apdimbsquermts expression of tau protein. Inducible expression of
the 12 kD fragnent was carried out in tw 35 cell lines. These did not show
appreci able levels of tau protein expression until after 3 days treatnent
wi t h I PTECHEVeRi GF SEaGEIPRYHT BPER IR PR FFePy e 8 pp @8t R br i ng

i ntracel lswhraki@0grggatas whdsh ppreapidly Jei bl eshjdimdcabks ddie qireeesg of

O oo ke orRind 1The RapuRTesE 3001800 \R1n Bt SXPEALGLL TON 1 noAS

pr ogr essi oM I'ow revert expr 85Si-0h 1t o 'sudder accurulati on of toxic

aggr egat esnfipthaitonady pel weerigiaddani oh PueaRiRg tansl &§gtegbltenfodnd toxicity

i NPOssi bl g 1k Qe U @lxi ddPiSn MR ABATa RI2QHL §ESE W RIRY At Acked RRBPEr
control of 5 the system Exan:apl ression of tau in stable cell |ines

e 3-_¢e
accordi n fegevapt £d an_understanggng,oy; GETRESY &duCPBPIWNR 25a tRUT t her
syst em wasiuusggregmtfion ansibiiesue culture cell line DH 19.4.1.4 and cl ones
t hereof were based on 3T6 cells (ECACC No: 86120801 Mouse Swi ss Al bi no
Enbryo Fi brobl asts) expressing full-1length, four repeat human tau under the
control dfhegdnyerfirshhevpr Hawrertbafhdtreimdat 8ds HfReh 1PEETE2 955180192 under

t he colnt r%gtw@g%%m@qs%wtbw ;wt@m]glex .odeal( ESmliec?WcB?c%iwﬂgd; 49?&&@; t he
contr , n . . , were trans cte or. 1 QN .
boet By Hiatladeid 1e saler 1o M5 I eh B8 1 bhF W T Thp0ph Lodileflent.

truncated tau on induci ble expression of full-length tau was bl ot anal ysis

Wi th Mab o, 5k kRG] RIR £RE OTTH€T1s %&&ﬁi@l@dp_g?%'a%%%n‘:eéfSétad&@n%g

zeoci n a background of Yonfirmed by stern Figure 21 illustrates t

i nduci bl feiFeRaTHT FOLeGRE eF etgtth CRERRAR -25 EFBET BIRF AlA Y3 TER ¥ 1598bP8st s in
two cell diadieated4dy =3O WBgl €% current flow in a redox cell at the

30 reduction potential. The diffusion coefficient is inversely
correlated with the degree of aggregation of the discharged (i.e.
reduced) species within the Helmholtz layer forming at the cathode.
These aggregates form by pi-bonded stacking interactions across the
phenol ring systems.

35
In one model, the lower the diffusion coefficient, the higher the
tendency to stack, and the more potent the compound is in

inhibiting induced conformational polymerisation of proteins such



| evel background | eakage of full length tau in the uninduced state ("U"),
and high levels of expression after addition of IPTG (i.e. induced, "I").
T40. 37 shwov2mbe2eane, but |ower | evels of expression wt pegicRid@duasi on.
Figure 22 shows the results of a 30 triple vector system A vector
permtting very low | evel constitutive expression of the 12 kD fragnent was
introduced into cell lines in which inducible expression of full length tau
had al ready been achi eved (T40.22 shown in Figure 21). Figure 22 shows what
happens ubepab-owd eMehsn®f dsPTerasecddtyoducsd #, 0 i nduce 35 expression of
full-length tau. At 0 EEMIPTG there is very |low | evel expression of the
12 kD band, and | ow "background | eakage" expression of full-length tau. As
pr ogr essiTel ytamkiaof vkl dirigibbhtadt i iindacesy be 185 odaed g hivgberthevel s
of I PTG th 4 4 PCT/ / 0 full-length tau is
converteﬁgti)%&tl%e lISZqEDtl)s{gp)eogcﬁgg?ééﬁgo%dr éq’c%f: the i %%ggnﬁsdi%aérgﬁlgigh%?g

‘ol ectl afFowergHe fErFdaesrd tedaseel beltham dbke mpdeghlesn Fiigs ph8namendal) are

producedmay Shixampiath othOfgrbheeprd £ iRaley T40-ineduehhlbgqs el dn loiene .
(T40. 22. é&)i whi ch di ﬂ not contain the vector for constitutive expression of
the 12 kPP OLROME S Fat Pt RS 1IKHIEHRR ¥ oy RBFreFTdREedsas a

truncati engbyFiproeud) .of full-length tau induction. Enhanced expression of
the 12 kD band foll ow ng induction of T40 was seen 10 only in cells with

| ow | evel prior expression of the 12 kD fragnent (DH19.4.1.4.6). That is,
pre- &i sTRRY a2 Jagesepetded Abeefhf Bt moropfbiduientondependnnd o2 kD

fol I owi ngsthexaviduet pnuifcH ulsl 1h engd .debadde) cdddhbhonala doubhel aRy al so

appear w th_a nt . gel, ilit f 25/27 _kD nthe cells aré 1n the
uni nduce es?a&geaﬁu‘é (Sé.gpgl.nn?tg‘et HS¥%§?Rmﬁqtn8fd%§%/%ﬁéf’ BdURRP RS OF 51, 48082 .

Fol | owi ngufhdsiettigralhytbele¥EGt pafametrer isedi&Risdibndoobt £tcsiemry wappear ,
with gel cgRbbLidigs 3043 36438, kD - jes are
shown i ncFi gure l40 BLot h a\%}{(%g&t énd%gﬁaoﬁq?é%rfb%fgggﬁggfgﬁ %%% i nducti on
("1} AFE8UCSPdViP Ere the patterns of imunoreactivity of these fragnents
seen with mAb 342 and a Cterm nal polyclonal antibody T46 which recogni ses
epi t opes..located between residues Ser422 and ug4 2S.The derivation of
t he fragﬁ%lﬁf'é 1§saneeer}?riersie e UNTahg et aséla%lgrﬁrfét%a%ﬂl'i‘ﬁ R HifF28F2% kD) may
be expl aFfeEClyd rigf dhenkloakd nBi guedulktioRi gurmMbig)oshofsidtwetthe 12 kD
fragnent capsasa tichal eoPl AeaiiRduesd o of gewéirp REeeeast Herkihlal £n0th
tau g&;l ecul es at the 30 approxi mate positions shown by the arrow heads. In

the ¢hseddf tHEDSPIY RYFLEC) 681 PhdSstefagietlt @5earnBRthxshédeht di ners
of the thecl2dds! tle spegiEs measutives etHer affend onakeef FiROMCaE ke W th
T46. Thergforg,qa further proteolytic 3S product of the full-length
aggregating tau protein nust arise via cleavages occurring at the

approxi mat e positions shown by the arrowheads in Figure 41(b). WO

02/ _05872]9e55e Plotrd (ﬂ_@%@@&%&d%ﬁbhg%ﬂg, it_m@ugkégahﬁ;( Ehggﬁeiﬁo,p%o)vidggeaf urt her
seri 0 ublets is seen. e _derivation of these further fragpents can
be bgstelrnegﬁ (gros SSERITH ri&Fe B2 Yo tﬁaauPL%C]ifz-ﬂ‘ﬂfiugaﬁsglﬁrel 51RtbUs a
pl ot of thduagpparafiorgetionsi lpotimsridfattibeset fa ggoeets, andi dtheiethbéngt hs in
am no- acidcl g8 slugss skBYi SaliAGuthay e d@@@f?ﬁﬂ}{[ el ToPL e tdfe%h%” Age

understood in ternms of a_characteriStic set of fragment |engths.
i |l ustraf88”Fn AMfureea3t He GELratee Forsgheity yrdugt FMiedival s of either
~34 resi guesiotlard theesqohies omitEbrd Spdvre eguivaldadirueion &drglieitad,

repegg, 9 f_J Qf. .t f ragnent enerated _can therefore be
under st ooé gggésrél)lsr}dntgth?f%lrﬁ%lﬁongl goge cyof&pgo‘? eecl)]loygrlgz%: 2avades®Becurring
at the pggppréhgd above) for the treatment of a disease as described herein

forms a further aspect of the present invention.

The step of measuring the diffusion coefficient of the test agent
35 may be incorporated at any stage of a larger screening programme
for identifying or optimising putative or established modulators.
The larger method will typically further include assay steps as
described herein, or in the prior art (e.g. WO 96/30766). Thus, in



15 indicated by the arrowheads in Figure 43 froma basic heptaneric
aggregate, forned as shown in the figure. In this schene the fragnents

ari se as wbaofsd7ho conbi natorial set of the proposed cl eavaggscEsebissi Nng at
the 3 possible approximate positions shown by the arrowheads at either end
of the aggregate. The corresponding 20 predicted i munoreactivity patterns
seen with mAb 342 and T46 associ ated wdkh these fragnents are al so

tabul ated. Figure 44 shows these sane fragnments in descendi ng order of

I ﬁngt hf anHei NettEAsicagegedr Nkthinty, ﬂém@ulghwlé}%srlealt §~8Eédﬁr? 13%&%8'9&%@' is 25
shown for vieni enc risin re romfull - th tau nol ecul es,
it owill eggppk?leoccﬁ(at eag]f}'ué}t toﬁegf%gi t IFBXIFF%n%‘?ﬁre(?BEFﬂgbetlI%f“@FBBQed
‘Wi t hi n thaypioposid thggseae ©f ceptactiing:sone of the binding partners, and
that the precise pattern of inclusion of these short fragnents in the
aggregate will determ ne which precise 30 fragments fromthe full set
‘predoti ndfe #nFaP FEPERLR BT dnclerivakles dhereohecqntadnény obhoftathicsréani |y
of proteskygmend ragrmats is better understood as a p055| ble repertoire

whi ch ca e_in ntlatdlnvarl wa, in the 35 Example 4 -
i nhi bi to?ype‘?f ei‘fs G} ec‘gorrpbc?un ﬁ %?’bdlyfc?t F‘ ‘hﬁo Y ﬁPoPgB‘F’ﬁ lnb"df’“‘rlé?jﬁe?ﬂf
Havi ng aénphdvied i'aatlsttabl @gc_c@lqatsyst emd n whi ch production of the 12
02/ 05572Q:675 %ﬂ@g&/ 00153 HAegrnagdati G C I wth MB
and g\j/l\/Ble nmet hyl met h leﬁ% ue J@r qmb%éggaeéirel\é\’%%?‘ﬁé él(Peur e%ﬂ?%
prov O b‘éa%atﬁ%r ioZi Hg’f‘ r}?otté’nf: By profeieetd sisgel@) I?”s 3 fRlbi t or y
ac'él Vi t ypeotéih b:e: seenrbed i vien thh%@b&ﬁl@ﬁ 0b dllﬁmgbﬁdﬁﬁéﬂa%hlefi&@uf ol leW ng
i nductio M. DMMVB. e ectlve abo a radati on
pr oduct SBWI I]':IL’I %tte w I]'—aurdt RerC eSHER 8N 28 WI Qh‘bl\t/-l\?é‘ Iﬁ’§§ Ehown
t hat eveﬁfafé)‘ﬁﬁﬁ eﬁEtI base I|ne production of the 12/ 14 kD species is 10
| argely determ ned by aggregation. That is, the constitutive production of
the ﬁ% 3?1 I nt is |tself either below the |l evel of detection by

bl ofe ligél%sé' or: CPeT LGNt BRY Y NSFSHE SR VLS N gFREkRR 0 eaBSas to
r each | efeksinstdriae theorkidg whi ehe castel detm:tte@ Byidi rReade blJochem
Al t er nat I t -1} I o] he_12/14 kD fragnment
seen W tﬁggtylFPél%%i %83%%1?%# a%%%i' néghezlégsgzgg)sof thiSL P&bijtcatloﬁl LS
t au- aggr &§at pepe iSSP B rHaPd V3ERes E déATnated opffenpniedor
aggr egat pﬁandﬂpﬂﬁi@l@t apeodid i1eR Eseradde sl 88ka0s daev el Sn@f @ teroduced in
abseP ﬁ i nduct i og What ever the conbination of factors which determ nes
the Fevel'§TGt" e®i2P9% kD fragment in the base-line condition, its
apparent expression can be essentially elimnated, along with hi gher

mol ecul arnuel ghle aQGEGEALY %e%rfqg%ﬁé,m%}y s@llg%ﬁptbea dLsgald %z RQ!L]EU or

such as DMVB. These results further confirm that pro uctlon I gher
mol ecul al ChEFEHE T (Pl \ATHS Tica gRbfE S MEdd UDs Weyrehy BBFS‘Bag%M& RD) is
al so dependeatt ofilr ithi ateddd-deall bs NEis@di At efRC tre@0 8t 066 Wdtdeng ik ir ough

the pepegt d i shown in Figures 41, 43 and 44. Figure 46 shows the
actlv?ty of gﬁﬁgﬂgﬁ%agée-line expression of the 30 12/14 kD species, using

the sane set of assunptions regarding intracellular tau concentration and

in vitroThauméawodindi mgcp&dé IHHeYsHéﬁdoﬂ @Jel%lfg§mﬂfQ; fu%éhek ntéshﬂss ohaske DVVB
lsfoundto ave ant gare thlnthe cel | nM and the cellul ar

B50 val uegleg 100 hM°TRFS®T EsSPHATISE 73 ""ﬁ’i dﬁI‘j‘/bbB‘?’érﬁr within 35
the cel | mhdnlatér enf iEBdaned &@formenpmabmlghermmbhow afdattisudbr

reduggd apdeoxidised cagpowds., ¥O.02(,Q53720,68 BCLL,E8A2{ 00153

acceptability or suitability as an agent for administration to an
animal.

The surprising teaching as provided herein, that the efficacy of an
35 agent in blocking, modulating or inhibiting induced conformational

polymerisation of a protein is dependent, at least in part, on the

diffusion coefficient of the agent, can be utilised in the

optimisation of an agent’s efficacy. The present inventors have



The mat hemati cal nodel used for the in vitro data was used to = anal yse the

effects of test substances in the T40 . |2kD cell assay. Using the known
val ues fowoOldossteb KI fromin vitro data, the S expressionpidigdoedswas
used to solve for the intracellular concentration of full-length tau (see

e.g. F.igure 10). This was found to be about 500 nM which is in the range
expected fromstudies of tau in brain aad in cell systens. A good fit to
the 10 experinental data was obtained inplying that for some conpounds the

i nhi bi t | eatarﬁlm@uchaammfagbhungaiﬁﬁbtl@urw bdidhyheorelds G_L%BPBSdpr edi ct ed

fromthe nd K values determ ned éxperi nent al In vitro.
15 Exarrpfglp%r%ggg%‘lg%a?o%merﬁsf‘ﬁh?’bl°t oPyPh? bpet tifednpprsely reldted to

-di am nopFehctdHaEA eEsthird povetr of sittsdide$fus hen st factidie | nhi bihor s of
tau-tau Hbrel n&Hed%ﬂhi}Bit%icyWEB‘éeﬁ@ erQHCSg%\IPrc'ﬁ B% h%';&%%gggnm hi azi nes

having 20 OYf'cFEI grou ure shows Yorms of
‘such conB’é?J ng’l’ﬁ@%%??’é’sﬁ&nﬂl E%%d@—ﬁﬁ&lcbwﬁﬁ g fEusies crdfshbent as a
functi onmibfimiodea¥y. ratio with respect to tau in Figures 26 and 27. As shown,
conmpounds of the "desnethyl series" (0, 2 or 3 nethyl groups) produce
approxi mately 50~ inhibition of tau-tau binding 25 (shown on the vertical
axi s) atThbiardmy gt fosthdr Jspect4: ﬂheofpreeapbmdfehamn%ce&ﬂgwa ey scal e

h tle santis 09! & Latio bi_t f tau-t
Ef‘nd”n;,z?ﬂ At ililothy DO SRENaEP G kbt ofp MBI Dl aPod i havi ng

S _gr.oup
4 or ’?rﬁfll @n@ubgg\f‘f% GO%?W?%%%lgP%hﬁ“ﬂr%&@éoa Cbﬁ phasioteantion, with
enhancemefmclnfmettaudt auchidedi he adtdpOWET mEeRNEEITNGAthOMN1 f&Rd 1bRhi bition of
tau-tau pideling 4t B C trations (Figure 27). These conpounds thus
require rruchl. ﬁ?lg te)rgg1 B%rggtlos to effect 50~ inhibition of tau-tau

bi ndi ng. 35 Exami nation of other features of the di am nophenot hi azi ne

conpoundryas ﬁlriﬁeﬁaééﬂ)e&ﬁ Odfe SRR th&&l%f V\}:?ﬁv fgterocyclic nitrogen or
sul phur at ons vva% g to severely interfere I'n |b|tory WO
B2/

02/ 0557 %?S’Slbb?‘én’?ﬂf Shet FecRIYHgsaAder tyckesmere, of emoval  of
the di ammlgn@mpsnmlsldmundut@d hebretnb 8Bsraal pboyhda dathicRi Lery activity.
It thus S-ARRga at..th and heterocyclic NB and,S- structures
are i rrpolﬁ ant %f %r%gg%:{gl vtlhte go&ﬁgeﬂ%n S e EnECTRRRS Frdft o¥S tau 5 tau
bi ndi ng. PO EEnpar i %BrFOWﬁét%th weferysied whack etter miiféushdn bi t ory
activitycdoarfidehauit anindsmsayd. STB is the nmean tau-tau binding observed at
1 ang 10 ug/ M of conpound at standard tau 10 concentrations of 48B nM
LB50 is 1logl0 nolar ratio of conpound:tau producing 50a inhibition of

t au-t au Biifdi mgd( Frgther, 28ppediss stfowhei inferguioa @911 thepatiéra Strong

corr el atiQr Rebwaen,t Ag 0 I, nge of co wth
chl or pr zi ne ,and 3r[| bof e§§5ﬁ%n€%ﬁ%§ ceElae ﬁ]glf gﬁgéféssgea%a S6® gﬁ‘?%saqao and
31). c%ﬁ'ﬁpl‘-:’é'v?n ORl3hibEi ’t"6¥y°%cﬁ’iaV‘PEL? and di ffusi on potential Figure 32
i ndi cat es that there is a correlation between the nunber of nethyl groups
(NMBEH) 2 3Jl.est conmpound and both the reduction 20 potential (E) and

di f fusi icient (DIF). In all conparisons, the Spearnman rank
correlation was used. As shown in Figure 32, a strong inverse relationship

e Seen oy 1 oo by e Ol A PR B b SRR Ske TSt on val o

be seen orléy %% ene blue is éexc
i ncl udi iy §drrBFﬁ§7F efllf}laﬂéntl ttn)c apgpene cl(mmrﬂépammmt\raﬂ aés excl udi ng

et hyl eneudofepriThasy ivatgas esudihgt peBE Y488 BEUL ARIm@r's disease
di spgroopO{\erE%t)el y high reduction potential relative to nunber of nethyl

groups ( in 30 this series. There is also a strong positive
correl ati on between the nunber of nethyl groups and the diffusion

VCOfoiCiEﬂ&hr@DbFshgméﬂH'%oﬁg%ptual scheme wherein critical nucleating

factors provide a ‘seed’ which initiates tau capture, which then
becomes autocatalytic.

35
Figure 3 shows a putative pathogenic model of Alzheimer’s disease.
Tau aggregation is a proximal process prior to failure of axonal

transport and consequent neuronal death. The tau aggregation



( As well as there being no observed correl ati on between the nunber 35 of
nmet hyl groups and reduction potential (Figure 33), it was surprisingly
found t haotoamsevas no observed correl ati on between redugicraigpehat i al
and inhibitory potential (Figure 34b), although the extent of reduction of
t he di am nophenothiazines in the W) 02/055720 70 PCT/ GB02/ 00153
conditions of the assay is highly correl aged wth reduction potenti al
(Figure 33). And indeed, there is no correlation between the extent of

reducti on c%fschheseaﬁ%@%ﬂggeféw diH YT ¥ BOSEARY nhEL 84 LoB4MentOn the
ot her hand, there is a strong inverse 5 correlation between the inhibitory

pot ency off%dSdBEpSEA URAFTERE CHATGRS OR éBB‘F‘fE’%’IW’@’ m‘dﬁ?jt}?n? dHEDS bRE to
‘predi ct egfdn@ated LB50 and STB val ues as linear functions of reduction
coefficient and diffusion coefficient when greater weighting is given to
the diffusion coefficient(Figures 35 36 and 37). Both the LB50.and 10 STB
-val uessar e?lfgumadz;t@hdn& Uhiowf d)nairdlq:t:lct:rWOonfule/EJ]'éﬂhg}ta:I ttes ogntbeahda dekbudi ng

3, but for er NVETH val u r y VETH=4)
there is & E’V ?(l)%%rjtrlltoon\a%el gﬁ‘%ﬁ‘p‘%m%hg '51[ Jgﬁeﬁckﬁrg J[l ve Lo the nunber
of met hyl poeeupstifidni X2 iy tael &t éleo cedé.symetri c pl acenent of the nethyl

groups which interferes with the 15 stacking ability of the nol ecul es, as
measured by the diffusion coefficient. This can be seen, for exanple, in
t he cryst &libiwe Sarkiothawe af taslehllisteng| peoysias whgehep%) a mede in
di am Rgphenathlagi 5e JWIeeH! £5d- S RISGRLT ahl ¥o Fliak candré OENE SilaGkkRy

arrays. The presence of charge in the nolecule, as in the 20 oxidi sed form
prevents tHREMEEITERI dﬂ"eoﬁggﬁ%%a"s‘tngcléloﬁ‘élﬁr?% ©r Fugabion hrdeyedo tBePe he
propensi t)in%ltréﬁ r&dm:&a@ batat Ofe t(RiasiRORP oL 00 shbm s usivest dalki by
relationshi ‘tLhat ete nes t he inhi bit@e% cpt?tencé of the series. 25 The
exper i nenf§ Ea } et ?ﬁ%ncpﬁse &ht “RFRY Rt xAnPhed t he bi ndi ng of

full-] ength tau in the aqueous phase to the truncated repeat domain

frag f, n 0 , f | _kn
W96/ 6%19’@?%%‘ nsgﬁgv]?gss%dlglfg% %\?mltlﬁﬁggtg%‘%‘% §§§ Mﬁ% %ggglsAgkshown
in Fi gur evagiouhenendalonppi @Jaitiktcai}e@Oteoﬂeéfﬂm@ttl dnrvepehdentendal-t au

bi nding iR, hh? Lgsence of a large excess of the standard reduci ng agent
dithiothreito {(JDTT 1 mM). a However, the inhibitory activity of

phenot hi azines is al so denonstrated in the presence of DIT (1 mM in the

standard @Qgﬁrgumlb Mhowk the afRawtdaescandeskatioved(ameho tatmddateQué@dsesSTB
35 ang LBS% The resent %nyento thus concl ude that t edl n gl t or
activif? nﬁo]Pu‘B AT PEOER 'S BPFper 8%, STHFETFE: HoF 1515 F8§‘e¥1%1\3‘0f
t he phenotchbamhesuzlm their reduced form due to an WO 02/ 055720 71
excess of DTT. PCTI GB02/00153 ' In sunmary, the present inventors provide
herein a potential, significantly inproved, systemfor the treatnent and
pr ophyl axFdgpfe § thawsashe strirtares ofebhioninen seharium GkHicgRapr ot ei ns

undergo i @ﬂggggrmig{érgg,aoe@émp@ Jynerisation, e.g. as illustrated in the
case of Al zheiner's di sease by pathological tau-tau binding. The inportant

t eachPhgs of this application, viz that the diffusion coefficient of a
conmpound mgurgpgrgﬁms lcaldelaaf rasm'ajygdhtg ﬂ&c idihmhbplendiotiendyel oWatid s

this i nduced confo e|n sati g are pote |aI
reat hangErpern- Rt sl ea Rl RRCEEH SR W00y SR Sidedl
t her apy f detedinteesess slashrb]sed&lr@lmmer Sn Dilsedsgurés rnaid y‘i;xalupleenbl ni ng

the findi Rdp el th fﬂtge%rﬁéféﬁ’et@c tgﬁorce#%%% ekt Qi&ﬂ JReq U ey

denonstration of Tt Ivit | ﬁ t ase assay at conc n?r ations
subst &t i atkznzbebYowxtmmngre@mﬁ@dywe@atye@rtq fraebaendl tgforisn ofi the dat a,

the inveni.@f$.-Hhayes showy t hal éﬂax%fwlgppyg@l ad 5t bﬁ&f»calells% bk, ¢gQuUl d be

‘used an appropriate redacing formulation for the prophylaxis or treatment
of AD andtﬂéﬁaﬁeﬁom%reéﬂgn wig-ab-werld e rfﬁﬁulred £o achleve the

corresponding activity in vivo. The B50 value is the concentration
of test compound used in the cell assay at which relative

35 production of the 12 kD band from full-length tau was reduced to
50% of that observed in the absence of the compound. There is a

gimple linear relationship between apparent KI value and B50 value

as follows: RECTIFIED SHEET (RULE 91)
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25 vitro. To obtain this fit, two assumptions need to be made, which

are consistent with results from other cell-based and in vitro

studies:

1) the intracellular concentration of tau is approximately 500 nM;

30 2) the tau-tau binding affinity is 22 nM.

using these assumptions, the function for cellular activity

predicted via standard inhibition model is:

35 Activity = [tau] / ([tau] Kd* (1 + [thionine] / KI))

can be solved by standard numerical methods to derive a value for

apparent KI. As indicated, the value for the reduced form of
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reduced form for activity. A similar conclusion was derived from

analysis of in vitro binding data (results not shown).

Figure 12 shows that by using reducing or partially reducing

30 conditions methylene blue appears much more active in the cell-
based assay than predicted from in vitro studies in which the time
course of the assay (1-2 hours) had not been sufficient to achieve

reduction.
35 Cellular activity is again predicted via standard inhibition model:

Activity = [tau] / ([taul Kd* (1 + [MB] / KI))



15 of famlial anyotrophic lateral sclerosis with posterior colum
i nvol venent. Journal of Neuropathol ogy and Experinental Neurol ogy 55,

481-490.

woabbssr2o K., Westermark, P. & Natvig, J.B. (1976pcEHitH0deb@s1 zati on

of anyloid fibril proteins fromnedullary carcinoma of the thyroid. 20

Jour nal

R A,

of Experinmental Medicine 143, 993-998. Spillantini, MG, Crow her,

Jakes, R, Hasegawa, M & Coeder47 M (Z998) a-Synuclein in

filanmentous inclusions of Lewy bodies from Parkinson's di sease and denenti a
Wt h Lewynbth:H e;s-;llpasseg,dim@s appatdr Mat vehad AoadellydénsSeiiaaces,1455A 95,

6459- 647 m,chj i.uepni cks & Benso n 1994)
Her edi tagy rend l% k T gl EF (?velElLi HH TR N#]qd’

0Si S W vartan ™ journal of

-C i ni cal chhemigig gaﬁﬁohn@@atﬁﬁllﬁ%gmsﬁerm kcorIQESpEngsrtg cbtrﬁlty tidmlenson,

K H,

V\éégﬁééfﬁfﬂ%tlg’n-r(lgé ( et sholdyz 1re%.11£é199@3 In%'lﬁ&tagé/d %'

pi np0| nti ‘g amng 30 acid residues linkKed to anyloid fibril gOI’ITB.tIOI’l
-Pr ocevdi K§

rBQLYPSPLI de:
140 95 3NEt onal Acadeny of Sciences, USA 87, 5036-5040. i

Vesternark, P., Johnson, KH, O Brien, T.D. & Bet shol tz, C (1992) Islet
anyl oi d t a_novel tr S bet s research.

Di abet ol gg‘#&llp%gd %§9w§0§ e %857 ﬁ?iox?ge?’ g?/oﬁi%asaf{?ésﬁ%i‘é%?& P.,
Johnson, tgl¢niwn phipghde, MAicao8%s) aSpdnehhet atrhﬁl oirddstted KIr geleev Wit h

enphasi Sde'J.\FLa:I hoganesi §1tﬂ0@:|t'u@ges?h§é$ﬂ Qlaogé’eé; t&%’e@érlw ?Arla'dlﬁct&xl}/l of

Novak
val kéf |

Thnger sen, Edwa Runsw ck ., Jakes, R,

Ehﬁ L2 MY &éﬂﬂen?: £rop fuhl ]ﬁrﬁltﬁgfca‘A iy Reday - Tsol ation of a

fragrrent of tau derived fromthe core of the paired helical filanment of

Al zhei me cee i . ci ences, USA
85 4506 15 R R Dt e T e Ber EbL SO TES YR medEhod. of
proteolytically converting a precursor protein to a product fragnent in a
stabl e cgl;{;lﬂmﬁ,_ Jewhich Pr&&Yr SRd* priotieifici s/ agsgci ated with a di sease

St at ga

in which the precursor protein aggregates pathol ogically, which

conprises: (a) providing a stable cell line transfected with nucleic

aC| d enc@diﬂgprcﬂ:ad(eis) farteeplanéifmagmenbfothe e lgkétyr sorthpr ot ei n such

that the r
i rep AL SATERL BatR0alyd

| evel

20

25

30

35

lllltsieée.l y expressed in the cell at a

Figure 14 shows that DH12 (anthroquinone) which is structurally
related to the diaminophenothiazines is inactive in the conditions

of the assay.

Figures 15 & 16 show similar analyses to those given above in
Figures 9-14, but for chlorpromazine and tacrine respectively.
Using the same assumptions (tau concentratién 415 nM, and tau-tau
binding Kd 22 nM), and cellular activity predicted via standard

inhibition model:

Activity = [tau] / ([tau] Kd* (1 + [cpz] / KI))

the apparent KI values for chlorpromazine and tacrine (2117 nM and
802 nM respectively) are greater than anticipated from the in vitro

studies.

Figure 17 shows the extent of reduction of various compounds in the

~

presence of DTT.

Figure 18 shows the percentage reduction of MB plotted against the



(i1) the precursor protein, which protein is inducibly expressed in the
cell in response to a stinulus, 15 whereby interaction of the tenplate

fragment wiptohokd¥g precursor protein causes a conformati ongereliabgassn the
precursor protein such as to cause aggregation and proteol ytic processing

of the precursor protein to the product fragment. 20 2 A nethod as cl ai ned
in claim1l wherein pathol ogical aggregegion | eads to proteol ytic processing
of the precursor protein in a disease state associated with.

neur odeggnerAtdonpapdificlo.ni cal denmentia. 25 3 A method as clained in
claim1 or claim2 wherein pathol ogi cal aggregation of the precursor
protein in the disease state |leads to proteolytic processing to a core
-dormai n fraguentiogay ihevd empkabe dsamiivpt acomyeicsessate |@agient het tor e
fragment of  the .tenmplate protein,_ 30 4. [ i.h_.clal
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product &0 BhOSPELd Bnt BP §&8dgel £t OXICmgh k4. Method as claimed in
any one of the preceding clains wherein the product fragment is the same as

the tenpl ate fragnent. WO 02/ 055720 77 PCT/ GB02/ 00153 7 A nethod as
cl ai med Fog@ry 1N®) ofhetdiarmodel 0f&r Wher di st butpoor af iNy ©flldvifierent

D Ol gt ARIP N AL LA R0 2 SrfelEl NALuAtaG) PALELCARBOY One O fhe

precedi ng-cfai ns comprisin he step of subjecting’t to the stimnulus
suchltas ebsorelicinhl y express the precursor protein in the cell. 9 A nethod
as clainmed in any one of the preceding clains 10 wherein the production of
at | east one %roduct fragnent is nopitored.. 10 A nethod for identifying a

modul at of 18 @ gt SYER B S FR6r TBFMt oIy Ei EPPrIcesiPRy DPIGTE 1B el sor
protei n assofragrecitei ih 3te ab8 dOSeaseldbabasathivgonndéhadiconpribes: (a)

provi di nﬂigpo%%%ﬂ%aﬁ“%@@%fb%h@ini?ﬁl Mlefe2R04Es OF modul ating t he

aggr egation, performng a nmethod as clained in claim9 in the presence
of 2®¥ the agent, (c) correlating the production of the or each product
fragment cpppét o1 8d oW tEcdlis imdukat of nagaehtyi ity afkakthetagesdilsldbad net hod

oo CLal e B0 98oPloe) 3 Bal) MES. AR (haitu e EPUBLIEEL DY (2
in 3T3 cells and COS-7 cells were examined by immunocytochemistry
and immunoblots. The extent of expression in each cell type was

20 given semi-quantitatively on the basis of both sets of results: -,
no detectable expression; %, very weak immunoreactivity; + to ++++,
increasing levels of positive immunoreactivity. In all cases, mAb
7.51 was used with each construct to obtain the results. In
addition the specificity was confirmed for each construct by using

25 a panel of antibodies against different domains of tau protein
(mAbs 499, T14, Taul, 342, 7.51, 423 and T46). Kozak sequences
were absent in the first six contructs, but were present in the

cDNA constructs 7 and 8.

30 Figure 21 illustrates the inducible expression of full-length human
tau in 3T6 fibroblasts in two cell lines. T40.22 shows low level
background leakage of full length tau in the uninduced state ("U"),
and high levels of expression after addition of IPTG (i.e. induced,
"iv)  T40.37 shows the same, but lower levels of expression without

35 induction.

Figure 22 shows a result of a triple vector system. A vector

permitting very low level constitutive expression of the 12 kD



(b) incubating the cells with the agent for a period of tine sufficient to
entry of the agent into the cells. 30 12 A nethod as clainmed in claim1l11l
wherein twwe age3te i S i ntroduced to the cells to give a fi pal/qpeaRsrati on
of between 150 uM 13 A nethod as clainmed in any one clains 10 to 12
wherein 35 production of a plurality of different product fragnents is
noni t or ed. WO 02/ 0S5720 78 PCT/ GB02/4¥0153 14 A nmethod as clained in any
one clains 10 to 13 wherein the production of the or each product fragnent
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cl ai med idvany oeneprof, Ghadd e rlond Gul8 -l urghercacoRpr tshngticdetst g af2
assessi %t he effect of the agent on cell viability. 20 A nethod as cl ai ned
in clai ffer conprising the step 25 of calculating an LD50 for the
agenta 21 A net hod as clainmed in claim18 and 20 conprising the step of

cal cul atf?&lﬂe eLARELLL G 'lrrxﬁgesﬂ . %@@e@ggrﬂf r30u22a ARG . s, aired in
e

any one 0 preceding clai ns Wher ein recursor protein is a tau
prot ei n. &8 H@Pﬁéd blacks &snéﬂdW%@IeaPﬁ?‘é‘?cW?é‘r efnthtel &hpbard ¥t agment
conpri seghdé @ﬁs%nf:éagﬂemcﬁastﬁgl c&’ieaérétﬂmm@et astel aidedngnhdiedim 23

wher ei n rlses a o] te ng from
am no ac#%% %%gﬁggfg %ng4iT OPUF? engghgf gnér%ieﬁh gﬁ%mm in Fig
7. 150D P29OE5A20 79 PKIE’/IB@@/ 9@165351@51 N?re%%(ﬁil%eéﬁ%‘#fred inclaim?24

wherein the tenplate fragment consists of a fragment of tau extending from

anm no acids 295, 296 or 297 to amno acid residues _390 or 391 of the
fuII-Ien5%$P¥%u?4 shows quantitatively the results of Figure 23.

absence of thionine, induction of T40 at increasing concentrations

of IPTG leads to a corresponding increased production of the 12 kD

20 ' fragment. In the presence of 2 puM thionine, there is still

induction of T40, but it is not converted into the 12 kD fragment.

Figure 25 shows comparative in vitro KI values for various
compounds, in nM. The KI values relate to the particular assay

25 conditions used (500:1 DTT:compound, 120 minutes - see Figure 17).

Figures 26 and 27 show the inhibitory effect on tau-tau binding of
phenothiazines having 0, 2, 3 or 0, 4, 6 methyl groups,
respectively.
30
Figure 28 shows the derivation of two parameters useful for
measuring the inhibition of tau-tau association by test compounds.
STB is the standardised binding relative to that seen in the
absence of compound, taken as the mean observed at 1 and 10 pg/ml.
35 As described in WO 96/30766, an STB value of 1.0 represents binding
equivalent to that observed in the absence of compound, whereas a
value of 0.2 indicates that the binding was reduced to a mean of

20% at test compound concentrations of 1 and 10 pg/ml. LB50 is log



5 protein showmn in Fig 7. 26 A nmethod as clained in any one of clains 22 to
25 wherein the production of an approximately 12, 14, 25, 27, 30, 32, 36,
38, 42 orwéb265%neroduct fragment of tau is nonitored. 10 pef/dBaRbfRed as
clainmed in claim26 wherein the production of an approximately 12 kDa
product fragnent of tau is nonitored. 28 A nethod as clainmed in any one of
clains 22 to 27 wherein 15 production ef the or each toxic product fragnment
is nonitored on SDS PAGE. 29 A nethod as clainmed in any one of clainms 22 to

28 wher ein mwmtait@a of écﬂ%o@hde@% ;;z%ueuw{ WEaﬁL@MnJJﬁ moni tored 20
i mmunol ogi cal | A nmet h as clained in claim?29 wherein the nDnltorlng
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-specific for a hunman-specific epitope |ocated in the regi on 25 between

Gy-16 a (| ECIfIC for au fragnent
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‘repeat d6RRI gan dre §h9yn|%3§pEQ|ﬂneeﬁnnfuaChowﬂspédm@sLB@@0|f|c generic tau
epi t ope | ocat ed betmeen Sex- 208 and Ser-238. 30 31 A nethod as clainmed in
any one of c| ai 0, 30 which conprises the step of selecting the agent
to be provPded B OgétréF]Fﬁ”rﬁ fgTCRECATT ith§ ‘B‘Fl"’tlhéaégén‘f’ft‘?“l?&émﬁaf@l tdte
abi l ity ehiahftagitent bofdiray icoreespandiyng0t o t he core repeat domain, which
has been adsorbed to a solid phase substrate, to capture soluble full 35
length tau. 32 A nmethod as clainmed in any one of clains 22 to 31 wherein
the &yentBPY s piendehi afithe molpD UNIQ557 20r@OURGTHE-BOX TRLE3t 834 net hod
as clai ngd wmléﬂ alaii-82u VI Biny L Bes@OQHt thet yRIYeqd: phanothkagides 5 34 A
met hod for %ﬂfnlng for a nedicanent for use as a therapeutic or

prognost € for the treatnment of a tauopathy which nethod conpri ses:
(a) perfornlng a nethod as clainmed in any one of clains 22 to 33 (b)
selectin dul at@rs hav herapeutlc i ndex ,of, geeater than 10 2 . 35 A
met hod ang?alégégl ?af%?%%xahereln t he "dlsease g%s selected from

Al zhé? mer' s di sease, notor neuron disease, Lewy body disease, Pick's

di sease @ge Pa@germ&iawo@upf agnﬂezlieab B2 $¥quibe3GnAtMehEAd dOlsopeoduci ng a
medi cament for i
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(b) providipg,iha ;ned,ca0ERi29ent in isolated form 37 A nethod as cl ai med
in cIa|n136 further conprising formulating the agent as a medi cament

conpd®ition for use in the 25 treatnent of the tauopathy.
Figure 30 shows compounds for which both STB and B50 values have

been determined. Assuming that the total tau concentration in
cells is approximately 500 nM (i.e. the concentration of tau used
in the assay), the B50 values provide an approximation in the in

25 vitro assay to the concentration (i.e. [500 x B50]} nM) at which the

activity might be expected in cell systems.

Figure 31 shows the formal relationship between the in vitro LB50

value and the log KI value for the diaminophenothiazine series.

30
Figure 32 shows the relationship between the number of methyl
groups in a diaminophenothiazine (NMETH) and the redox potential
(B) and diffusion coefficient (DIF). Italicised figures indicate
correlation coefficients (R) and p values after exclusion of MB.
35

Figure 33 shows the relationship between the percentage of compound
that is reduced, as determined experimentally, and the known

reduction potential of the compound. The reduction potential



38 A nethod as clainmed in claim37 further conprising using the nedi cament
conposition in a nethod of treatnent for the tauopathy. 30 39 Use of a

phenot hi agpeossiz¢ he preparation of a nedi canent conposit ipei/deboiss | N the
treatment or prophylaxis of a tauopathy, wherein the preparation conprises
the step of pre-reducing the phenothiazine such that it is present in at

| east 80, 90, 95, or 990 educed (leucogy form 35 40 Use as clainmed in

cl aim 39 wherein the phenothiazine is prereduced by addition of an
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Figure 38 shows the crystalline structure of Methylene Blue.

20 Figure 39 shows tau-tau binding in the presence of 1lmM DTT, as
measured in the solid phase assay of WO 96/30766. Two different
antibodies were used to detect tau-tau binding, namely mAb 342
(top) and 499 (bottom). The vertical axis represents tau-tau
binding, the horizontal axis shows the concentration of full-length

25 tau in the aqueous phase, and the key shows varying concentrations
of solid-phase tau. As can be seen, tau-tau binding still occurs

in the presence of DTT.

Figure 40 shows various species of tau fragments and doublets which

30 are present without induction (™U”) and following induction (“I”)
in a cell line of the present invention. These include species with
mobilities equivalent to 12/14 kD, ~25/27 kD, ~30/32 kD, ~36/38 kD
and ~42/44 kD (see Example 3).

35 Figure 41(a) shows how the 12 kD fragment arises via template-
induced proteolytic processing of full-length tau molecules at the

approximate positions shown by the arrow-heads.



5 or is a pharmaceutically acceptable salt thereof. 48 Use as clained in
claim47 wherein Rl, R3, R4, R6, R7 and RO are independently selected from
- hydr ogenyo-o88k7200 CzHS or - C3H7; each R10 and R11 are i ndppeiaRbibdixs

sel ected from hydrogen, -CH3, 10 CzHs or -C3H~; and R5 is hydrogen, -CH3,
-CzHs or -CaH~. 49 Use as clained in any one of clains 46 to 48 wherein the
phenot hi azi ne i s a di am nophenot hi azi nggwhi ch has 0, 2, 3 or 4 15 nethyl
groups around the di am nophenot hi azi ne nucl eus. 50 Use as clained in any

one of ckajume 48 (L9 éﬁowmer{oea Rhkhes phenet Bhadi e aird sés dxhaamt'%HPi]EE‘@-t hi azine
which is a%}/%etrlcali%%c | at ed. 20 51 e as_clained 1n_claimb50

wherein tH e RGPHPS CEFFMUMTCAPLFTLRIITR GRR MOLeghire &E e

-t hi oni neap®Aisataspet batimets ishoeh abyntheryapner-dfeaclsai s 46 to 49 wherein 25
t he phenothiazine is selected from Methyl ene Blue, Toluidine Blue O or

1, 9-D et hyl met hyl ene Bl ue, 53 A nmedi canment conposition conprising a

-pre- r%dugéﬁl%é‘ﬁoﬁhpﬁimdﬂ@éﬂ @Esths peparanangelomobétitied of #7eto 52 30
wher ei N bh&chenet i ggiae 45-4at 2h@a3e 1801 89snP9n ahi A9 Ol ths; seduiced
(leuco-) form in conbination with a stabilizer. 54 A nedi canent
conposition as clainmed in claim53 which is Iyophilised with the

st abi | i sBigu3b 4535sAonEdt1wrfmmtgmemtmaﬁi rignras 4f-ai2nedeidt dndepvafds ogf cl ai m
o4 uher eLiufdie SABLLISGLs Ik 2390t DAl fes w02 0IRL200 B3, AL (BP2100153 56
A nmedi canent conposition as one "of crarns use
in the tpERgedrvoreprabhydtbiad fodt dtt-audpht 0l . the7 faagreHed ey b?eat rrent of
a tau?palt,:&yeﬁa%aalfsbﬁga%m hé%oﬁmhxq@rraagr SQIROSIst hoauﬁp%leclsa:cn@é :j n any
one of clains nmet hod ca ¢l ained in any
one of cPErTEP3E roeBSavETed ABREOIIE B HPS PURER EHG Citest REnE oy

pr ophyl arksowwm#sisi.ses ga. ving a prophylactically effective anount or a 10
therapeutically effective amount of the medi cament conposition to a patient
in need of the same. 59 A nethod, use, osition as clainmed in any one
of cllai nE189rs ¢4 shoes athess S@PECF%ﬁ%GSI?smh%r%eretnﬁ‘én?r%‘é%%ﬁF gength
prophyl axhs rbre@EphySEsl gicdingtq. patient in need of same 20 ng tds, 50 ny
tds or 100 ng tds, conbined with 2x ng ratio of ascorbic acid in such a
manner as to achi eve nore than 90% reducti on of the phenothiazine prior to
i ngesti ofilgee 80 Ahpeshbeht BB bs wuwpdsingbn refeokaimethe wedhymorel of
clai ns 39t§0u§2mblcebaynaé@1wtwc@wa% whehebded hg, thealw®McO0hePEPRAYI axi s
conprises g a patient a phenothiazine which.is thionine and this is

gi veddt o1 ‘éc entt Faltowdid yrdusHed dFepet¥@tel 4And 1000 ny optional |y

divided into 1 to 8 unit doses.

Figure 46 shows the activity of DMMB on base-line expression of the

12/14 kD species, using the same set of assumptions regarding
intracellular tau concentration and in vitro tau-tau binding
25 affinity used in Figs 10 - 16.

Cellular activity is predicted via standard inhibition model:

activity = [tau] / ({tau] Kd* (1 + [DMMB] / Ki))

30
DMMB has an apparent KI within the cell of 4.4 nM, and the cellular
B50 value is ~100 nM.
Examples

35

General materials and methods




25 61 A nethod, use, or conposition as clainmed in any one of clainms 39 to
52, claim56 or claim57 wherein the treatnent or prophylaxis conprises

gi ving a welbpmes@ phenot hi azine which is nethylene blue, papdroheodai | y
dosage is approximately 3.2-3.5 ng/kg. 30 62 A process fox producing a
stable cell for use in a nethod as~_ clained in claimin any one clains 1
to 38 which process conprises the steps3of introducing into a cell nucleic
acid encoding (i) a tenplate fragment of the precursor protein such that

the tenmpbat&: 35 da 88N®dy ic2160ns4éd utively expressed in the cell at a |evel
which is not toxic to the cell; and (ii) the precursor protein such that

the di sease protein is inducibly expressed in the cell in response to a

-sti mul us3TRESM I B SHIGATC( RUkE8 8120801 MOLO2/RESE2A1 B8P EREBE2/ 00153 63 A
process ?s cla]é_i d in claim®62 wherein the nucleic acid encoding the
precurso °is operably linked to a lac inducible pronoter. 5 64 A
‘process as claimed in claim63 wherein expression of the precursor protein

s inducgg b([y%él ggldgg%fé %gs%m! P2 aéxp%nmé&mmp@éy@apﬁé)&%%ateﬁmf@an{md in

any one o wherein the nucl ei ¢ acid encoding t
t enpl at eSEFaiAEaRe reinpdigppy ' £F n%%totrota %%%ﬁ?égéf‘%v%%sreﬁrrﬁﬁﬁt’ér
sequencepréfe #h PNACHSBRAG CBfrat BeSxpre ANy hentuf-lehgtnst £2 drﬁe@StWSel’ ein the

nuct ef o aghdencadipg the template fxagueniols d nbodueed a5, 2.k Lenpl ace

vector and the ntcler coaeci'd enco € precursor pro ern 7S N ed as
a separabé Ppre€ursor protein vector. 67 A process as clained in cIa|n166
wherein the precursor protein vector is derived fromthe pOPRSVI CAT vector
into which the nucleic 20 acid encoding the recursor oteln i,s. cloned. 68

A processtisI} A €8 FHIQ derreBrarstahery 6]? VHECEEAPPFRE 1 B AR Fheignent
vector i §3dss|p/mismﬁaomd he> 1phassi e pxardoby I%igneayan redostsiceh the

nucl ei ¢ agjd | 00:4 NS ISCUES O 1,010 0,2, Lot Ghoned: 69 Adpracess as

clainmed I'n any one 0 rein the precursor proteln is tau.
30 705 A protess Eetermimsd by ighanes B oisal et vyt ergueieredadird 2lepcodi ng

the tenpkatendsagmeel escodesra eergiddagaentomadiadn. 71 A process as
claimed in claim 70 wherein the nucleic acid encoding the tenplate fragnent

encodes encodes a fragnment of tau 35 extending from between am no acids

1. 86- 296 Frod300idm broporhevf4dl Meehgth protein. RECTI FI ED SHEET (RULE 91)

WO 02/ 055720

20 The T40 insert for cloning into the pOPRSVICAT vector was prepared

by PCR with Vent polymerase (NEB) using primers (shown below) that
included a Not I site and a start or stop codon as appropriate. The
PCR product and pOPRSVICAT vector were cut with Not I and purified.
The vector was dephosphorylated to prevent re-ligation, and the

25 insert ligated into the vector using standard protocols.

The resulting ligation mix was transfected into competent E. coli
cells and the cells plated out on amp plates. Colonies were picked
and gridded out on a new amp plate. Colony lifts were taken to

30 Hybond-N 0.45um nylon membrane (Amersham) and possible positives
selected by colony hybridisation using dGA labelled with ( «-3?p)
dCTP (Amersham) (using an oligolabelling kit (Pharmacia Biotech)
and purified on a Nap-10 column (Pharmacia Biotech)).
Hybridisation was carried out a 65°C overnight in Church buffer

35 followed by 2x20 mins washes in Church wash. Positive colonies,
labeled with radioactive probe, were detected by exposing the blots
to x-ray film overnight at - 70°C.



85 PCT/ GB02/ 00153 72 A process as clained in claim71 wherein the nucleic
acid encoding the tenplate fragnent encodes encodes a fragnment of tau

ext endi ngvOn03HEL ween am noaci ds 295, 296 or 297 to am npcfgigd2bass dues
390 or 391 of the full-length tau protein shown in Fig 7. 5 73 A process as
claimed in claim72 wherein the nucleic acid encoding the tenplate fragnent
encodes encodes a fragnent of tau extesdi ng between ami no acid residues 295
to 391 as shown in Fig 7. 10 74 A conposition of matter conprising nucleic

a(r:]i d ean_lmﬁiltgfvéi foRohipaphate &¢ngiveat laﬁcfl FhEmpr eﬁaﬁscﬂreﬁmeat ﬂ' m@%mldt halt

the tenpl ate .fragnent | onstituti y_expresse n t.he c at a leve

whi ch i s"fo rlt%)%lg% ?%g%%e%gef??gﬂd\é?’ﬁ BEEhe Br 8gu1;1%%rmﬁfﬁgei PSR t hat
‘the di sedse@ priovéenréstilmgdeonbsiteefpresbedcioninbememid thatre4porese 15 to a
sti mul usyp ieChnBYCLRl Gaghd 15 Aqehi Befedth @y, 08 ¥frichal %ﬁ%éo 72. 75
A manmal i an host cell transformed with nucleic acid of claim such as to
-expr @ss {19 12seEhpl wre Jataghened o efetprevifSorcdoninoMith shevadier t he

t enpl at ecdragmeny TONSIM tuiel ¥elded! odibsvetiothireh ésphisibaxic to the cell;
and (ii) the precursor protein. such that the disease protein is inducibly
in response to a stinmulus. 76 A cell as clained in claim75 which is froma
neur onal Poigtdrs28skdne or a fibroblast cell line. 77 Acell as clained in
claim76 which is selected fromthe following cell lines: 3T3; NTE-115;

3T6; N2A; SYSY; COS-7. 30 78 A kit conprising a host cell as clained in any
one Yr c’f'm%r'sT#B-Fetﬂ? plus at |east one further conponent selected from
an agent for stinulating production of the precursor protein or an agent
for detecting the interaction of the precursor protein with the tenplate
fragment. 35 79 A kit as clainmed in &F&Fm 78 wherein the detection agent is
an anti bo'dywtREET| FEEtEDRSBHEEET JRUIIGOANG GUND A%y 068 7Q%: 8AG80AA-hucl ei ¢ aci d
primer selected from 5'-3" TgQ-Not | PCT/GB02/001 S3 5'-gtc gac tct aga
ggc ggc cgc ATG GCT GAG CCC CCG CAG GAG 3" 5 3'-5" T~0-Not T 5'-act ctt sag
ggt ©gc ggc cgc TCA CAA CAA ACC CTG CTIT GGC CAG -3 295 sense priner 10 5

- CGG AAT TCC ACC ATG GAT AAT ATC AAA. CAC GIC CCG - 3

3'-5' T40- Not I

stop
20 S'—act ctt aag ggt cgc ggc cgc TCA CAA CAA ACC CTG CTT GGC CAG -3’
Not I

Sequence complementary to T40 sequence is shown in capitals, the
start and stop codons are marked. The Not I site to be added is
25 shown underlined. The remaining sequence shown in lower case is a
13 base pair overhang to allow the Not I enzyme to cut
efficiently. This was complementary to sequence in the hTau40

plasmid vector to allow efficient binding of the primers.
30 Determination of Insert Orientation

Orientation was determined using a restriction enzyme that cuts the
insert once and the vector at most a few times, and that gives a
differing restriction digest pattern for each orientation. Hind

35 III fits these criteria for pOPRSVT40. If th insert is absent two
restriction bands are produced. If the insert is present three
bands are produced and the size of the bands depends on the

orientation of the insert as shown below.



391 anti-sense primer 5 - C GCG GGA TCC TCA CTC CGC CCC GIG GIC TGrI CTIT
GGC - 3' RECTIFI ED SHEET (RULE 91) . AF. AY. r.AhL?. A&y. Al U . AAL. AFU . A

{Sy. Al h’ &’A@é/b\ssm\ . A3Us. A3Usy. Al U . AFU . A3hL. A3h" y. A {\ . Ai‘b’i‘/G%OZ/OOIS:;

{& AFUL. AAs. A3 y. A9y. A {L.A3h Y. AlA . A {s.AYhs. A3{ . A

. A{L. A3Ase. AYhs. AFA'y. A{ . A" . A& AUs. AU . A3h" . Ah" . A9. A[s. A". A" 2. AhL. AUs. Ah’
A{s.AlUs. Al{ e. ALU . A9. A9. AL. Ah™ . Al . sgdA" . A{". A{s. Al . Ah .A Y. Al & AhL. A s.
AYUs. Al sL. Al ULR. AYAs. Al {LL. Ah" . ALl . .AIL.A " . A{s.A3U . A sSE. AFAs.AY' | .A".A . A
S.A | =:Fb/ 45 bC

- 28| ~| | 27RYExd DR ph RSP | X~?2722?>~2%6 101 mopf t Wi m@}+~yt oges [Py ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca U c”a] ca] ca] ca]ca] ca U cha]ca U cha
U c”ra Uc”raU ca U cha]caUca' (56;<|}him
‘68>?H } xeneduAiva] o4 cal balexplreal tad dH|0c ahdart ddlec apoaten]amlea)l cal ca] cal ca]
ca] ca] calgalscal Cea}DQ lL.galcal ca] ca] ca] ca] ca! ") 8 AB &+} ~$g
zupke  ZU] caV] ca] caV] ca] ca] ca] caV] ca] ca] ca] caV] ca] ca] ca]ca]ca] ca]calca]ca]cT
aJ ca] ca] ca]ca] ca]ca]ca] cfalcalca]calcalg
The pOPRSVT40 plasmid was produced and purified by CsCl gradient
centrifugation. This was transfected (by electroporation) into 3T6H
10 cells (expressing the Lac repressor protein) produced as described
above. Positive cells were selected for by resistance to G418 (at
500pg/ml) . Resistant colonies were picked and grown on. The level
of expression of full-length T40 with and without the addition of
IPTG was determined with anti~tau antibodies by both

15 immunocytochemistry and Western blot.
Production of pZeo295-391

The plasmid pZeo295-391 was designed to express protein

20 corresponding to the truncated fragment of tau (residues 295-391;
see below). A constitutive system (pcDNA3.l1 from InVitrogen,
Netherlands) was used - the plasmid imparts resistance to the
antibiotic zeocin. The c¢DNA for this region was amplified by
polymerase chain reaction (PCR), using specific oligonucleotide

25 primers (sense and antisense; see below). The sense primer
contained an EcoRI site and the antisense, a BamHI site. The
fragments were subcloned into pcDNA3.1l (-)zeo (Invitrogen,
Netherlands) that had been digested with EcoRI and BamHI. The
inserted DNA is downstream from a cytomegalovirus promoter sequence

30 and upstream of a polyadenylation signal. The plasmid contains the
DNA sequence for the expression of ampicillin and zeocin resistance
for selection in bacteria and eukaryotic cells, respectively. The
authenticity of the inserted DNA was confirmed by full-length
sequencing of both strands.

35

Nucleotide and amino acid sequence for truncated tau fragment 295-
391
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Preparation of tau protein

20
Recombinant tau (clone htau40) and perchloric acid-soluble tau
extracted from rat and human brain were prepared as described
previously (Goedert, M. & Jakes, R. (1990) EMBO J. 9:4225; Goedert,
M. et al (1993) Proc. Natl. Acad. Sci. USA 90:5066).

25

Gel Electrophoresis and Blotting

Cells grown as outlined above are washed once with PBS then lysed
in 50 pl (24 well plates) or 100 pl (6 well plates) laemli buffer.
30 Samples are stored at ~20°C, boiled for 4 mins prior to running on
15% acrylamide gels using the BioRad miniProtean III mini gel
system. Protein is transferred to PVDF membrane by Western blotting
using the CAPs buffer system. The membranes are incubated in block
buffer (5% non-fat milk powder (Marvel), 0.1% Tween 20 in PBS) for
35 1 hr to overnight. Tau protein is detected by incubating the
membranes with mAb 7.51 diluted 1 :5 with block buffer for 1-3hrs

or overnight, washing well with PBS/0.1% Tween20, incubating with
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5 Blots are scanned into a computer on a Hewlett Packard Scanjet
6100C flatbed scanner at 600dpi and saved as tiff files.
Densitometry of the T40 and dGAE bands is performed with the

Scananalysis program on an Apple Power Mac G3.
10 Drug preparation

Thionine, methylene blue, DMMB, and tolonium chloride are all
prepared as a 1 mM stock in ddH20. Prior to use a 100 puM dilute

stock is prepared in HBSS which is added directly to the medium on
15 cells.

For oxidised drug this is prepared simply by diluting the 1mM stock
in HBSS and filter sterilising.

20 For reduced drug the 1 mM is treated with ascorbic acid and DTT to
yield 0.5mM drug, 50mM ascorbic acid 50mM DTT, this is allowed to
stand for 15mins (turns blue to colourless) before making the
dilute stock. This is diluted in HBSS to yield 100 uM drug, 10mM
ascorbic acid, 10mM DTT and filter sterilised. Cells are treated

25 with the drug at various concentrations, but for the reduced drug
the ascorbic acid and DTT concentrations are maintained at 400 pM
throughout by using appropriate quantities of 100 puM reduced stock,
100 puM oxidised stock and 10 mM ascorbic acid/DTT stock.

30 SDS Gel Electrophoresis and Immunoblotting

Standard electrophoresis and immunoblotting procedures were used as
described previously (Wischik, C. M. et al. (1988) Proc. Natl.
Acad., Sci. USA 85:4506; Novak, M.,et al. (1993) EMBO J. 12:365;

35 Jakes, R. et al.(1991) EMBO J. 10:2725). Immunoblots were developed
with the ABC kit (Vector Laboratories). The monoclonal antibodies

(mAbs) 7.51, 21.D10, 499 and 342 were used as undiluted hybridoma
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0%&'() K%L%%%}JJJgé (which recognises a human-specific tau segment between
residues Gly-14 and Gln-26; see Wischik, C. M. et al. (1996) Proc.
Natl. Acad. Sci. USA 93:11213), and 342 (which recognises a segment
10 between residues Ser-208 and Pro~-251). mAb 21.D10 was raised
against the A68-tau brain extract (Lee, V. M.-Y. et al. (1991)

Science 251: 675).

Tau Binding Assay

15
This was carried out basically as described in Wischik, C. M., et
al.(1996) Proc. Natl. Acad. Sci. USA 93:11213. Solid phase tau (0-
20 ug/ml) was coated on 96-well poly(vinyl chloride) microtitre
plates in 50 mM carbonate buffer at 37°C for 1 h. The plate was

20 washed twice with 0.05% Tween 20, then blocked with 2% Marvel in
PBST for 1 h at 37°C. After washing again, the plate was incubated
for 1 h at 37°C with agueous phase tau (0 - 300 pg/ml in PBST
containing 1% gelatin). In the present application, 1mM DTT was
also added.

25
The plate was washed twice and incubated for 1 h at 37°C with mAb
499 or 342, diluted with an equal volume of 2% Marvel in PBST.
After washing, horseradish peroxidase-conjugated goat-—-anti-mouse
antibody (1/1000 in PBST) was incubated for 1 h at 37°C. The plate

30 was washed and incubated with substrate solution containing
tetramethylbenzidine and H,0, and the rate of change of absorbance
measured using a Vp,x plate reader {Molecular Diagnostics,
California) as described previously (Harrington, C. R. et al.
{(1990) J. Immunol. Meth. 134:261). Each experiment was performed in

35 triplicate and included controls in which both solid phase and

agueous phase tau were absent, and also with either one of the two
absent.
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5 curves were fitted according to the Langmuir equation with the
Kaleidagraph (Synergy, Philadelphia) or Systat (SPSS Inc., Chicago)
programs using quasi-Newton approximation. Curve-fitting

correlation coefficients are given in the Figures.

10 Example 1 - constitutive expression of full-length, truncated and

mutated tau

Expression of tau in eukaryotic cell lines was sought to generate a
cellular model of tau aggregation under physiological conditions

15 which did not suffer from the limitations of lipofectin-based
approaches. This involves the expression of full-length tau and
truncated tau fragments for both normal tau and tau carrying

pathogenic mutations.
20 Full length tau

When normal full-length tau (T40) was transfected into cells (3T3
and NIE-115) it was expressed and involved in the assembly of the
microtubule network within the cells.

25

Truncated tau

Initially the c¢DNA for truncated tau fragment from the core of the
PHF, corresponding to fragment 297-391, was transfected into non-
30 neuronal 3T3 fibroblasts: this truncated tau was selected since it
is: (i) present in the PHF-core; (ii) detected as deposits in AD
brain tissue during the early stages of the disease; (iii) capable
of supporting the catalytic capture and propagation of tau capture
in vitro. Subsequently, a series of transfections was performed in
35 which the extent of truncation at either N- or C- termini was
varied, based partly on the immunochemical properties of the tau
molecule. Six constructs were created with truncation at the N-

terminus (186-441 ; 297-441) at the C~ and N- termini (186-391;
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The constructs were expressed in eukaryotic cells both transiently
(using pSG5 as the vector) and stably (using pIF2 and pZeo as
vectors). Stable transfectants are selected on the basis of
resistance to the antibiotics geneticin and zeocin for pIF2 and

10 pZeo, respectively. Epitope analysis was performed on bacterially
expressed proteins using pRK172 as the vector. Figure 20 summarises
the results for various fragments in 3T3 and C0S-7 cells. Further
results showed that the expression of two forms of tau in the same
cell can affect the pattern of immunoreactivity. For example,

15 stable expression of 1-391 and 295-391 results in the appearance of
abnormal bundles within the cells. However, maintaining such cells

in a stable and reproducible state proved elusive.

Mutated tau
20
Mutagenesis of full-length tau was used to generate known clinical
mutations. These were subcloned into pIF2 and stable transfectants
generated in 3T3 and NIE cells for a number of mutations including
those which affect microtubule assembly properties of tau (G272V,
25 V337M, P301 S, R406W) and S305N, which affects the alternative
splicing of the tau gene in vivo. In general, cells expressing
full~length tau carrying mutations exhibited labelling of the
microtubular network and was indistinguishable from cells
transfected with wild-type tau. Cell lines expressing certain

30 truncated tau fragments including mutations proved unstable.

Conclusion

In summary, the constitutive expression of truncated tau within

35 eukaryotic cells proved difficult to achievg. Although transient
transfection systems permitted the optimisation of expression of
tau by manipulating the Kozak consensus surrounding the initiation

codon for 297-tau, the expression of e.g. 297-391 was still modest,
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a slightly greater propensity for the tau to assemble in amorphous
5 deposits rather than in a microtubular network. Stable expression
of combinations of tau fragments also generated aggregates within
the cytoplasm of cells, but this system was not readily
reproducible.

10 Example 2 ~ inducible expression of truncated tau

In a further attempt to create a stable, reproducible system,
without the toxicity associated with constitutive expression,
inducible expression of the core-tau fragment of the PHF (i.e. 297-
15 391 - which is 12 kD) was attempted.

Several inducible systems for expression of proteins in eukaryotic
cells were tried, although the preferred system was the "lac
switch" system. In this system, two vectors are incorporated into
20 cells, typically 3T3 or 3T6 fibroblasts which do not express any
endogenous tau protein. The first, the p3'SS vector codes for
constitutive expression of the lac I gene, and expressors are
selected on the basis of hygromycin resistance. The second,
POPRSVICAT incorporates the DNA coding for the tau protein fragment
25 under the control of a strong RSV promoter which contains operator
sequences from the Lac operon. Cells which incorporate this vector
are selected on the basis of neomycin resistance. Cells which have
incorporated both vectors have the property that constitutive
expression of lac I prevents expression of the incorporated protein
l30 (i.e. tau ) controlled by the Lac operon. The addition of the sugar
IPTG competes for the binding of lac I to the Lac operon, and so

permits expression of tau protein.

Inducible expression of the 12 kD fragment was carried out in two
35 cell lines. These did not show appreciable levels of tau protein
expression until after 3 days treatment with IPTG at which stage
high levels of 12 kD suddenly appeared, forming intracellular
aggregates which promptly killed the cell. The process of
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. clear gradation, making the aggregation and toxicity impossible to
control. This non-linear progression prevented a proper control of

5 the system.

Example 3 - expression of tau in stable cell lines according to

invention

10 In view of the results above, a further system was used as follows.
Tissue culture cell line DH 19.4.1.4 and clones thereof were based
on 3T6 cells (ECACC No: 86120801 Mouse Swiss Albino Embryo
Fibroblasts) expressing full-length, four repeat human tau under
the control of an inducible promoter and truncated human tau (295-

15 391) under the control of a constitutive promoter.

Cells expressing T40 under the control of an inducible promoter,
T40.22.10, were transfected (by lipofection) with the pZeo295-391
plasmid. Positive cells were selected for by resistance to zeocin

20  at 400pg/ml. Expression of truncated tau on a background of
inducible expression of full-length tau was confirmed by Western
blot analysis with Mab 7.51.

Figure 21 illustrates the inducible expression of full-length human
25 tau only in 3T6 fibroblasts in two cell lines. T40.22 shows low
level background leakage of full length tau in the uninduced state

("U"), and high levels of expression after addition of IPTG (i.e.
induced, "I"). T40.37 shows the same, but lower levels of
expression without induction. Figure 22 shows the results of a

30 triple vector system. A vector permitting very low level
constitutive expression of the 12 kD fragment was introduced into
cell lines in which inducible expression of full length tau had
already been achieved (T40.22 shown in Figure 21). Figure 22 shows
what happens when low levelf of IPTG are introduced to induce

35 expression of full-length tau. At 0 puM IPTG, there is very low
level expression of the 12 kD band, and low "background leakage"
expression of full-length tau. As progressively more full-length

tau is induced by introducing higher levels of IPTG, more of the
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intermediate higher molecular weight fragments (described in more
detail in Figs 43 and 44) are produced.

5 Examination of the original T40-inducible cell line (T40.,22.10)
which did not contain the vector for constitutive expression of the
12 kD fragment shows that the 12 kD species is not produced as a
truncation by-product of full-length tau induction. Enhanced
expression of the 12 kD band following induction of T40 was seen

10 only in cells with low level prior expression of the 12 kD fragment
(DH19.4.1.4.6). That is, pre-existing 12 kD provides a template for
production of more 12 kD following the induction of full-length
tau. An additional doublet may also appear with apparent gel
mobility of ~25/27 kD when the cells are in the uninduced state

15 (e.g. in the cell line designated DH 19.4.1.4A.B2). Following
induction with IPTG, a further series of doublets may appear, with
gel mobilities ~30/32 kD, ~36/38 kD and ~42/44 kD.

These species are shown in Figure 40 both without induction (“U”)
200 and following induction (“I”). Also shown are the patterns of

immunoreactivity of these fragments seen with mAb 342 and a C-

terminal polyclonal antibody T46 which recognises epitopes located

between residues Serd2? and Leuddl.

25 The derivation of the fragments seen in the uninduced state (i.e

12/14 kD and 25/27 kD) may be explained by reference to Figure 41.

Figure 41(a) shows how the 12 kD fragment arises via template-
induced proteolytic processing of full-length tau molecules at the

30 approximate positions shown by the arrow-heads.

In the case of the 25/27 kD species, these fragments cannot
represent dimers of the the 12/14 kD species, as these fragments
are immunoreactive with T46. Therefore, a further proteolytic

35 product of the full-length aggregating tau protein must arise via
cleavages occurring at the approximate positions shown by the

arrowheads in Figure 41 (b).



"10%& ()-S F#$109%& () - S! KF#$10988& ()- S a’ F#$10% . & ()-Su}[9g\ = 1
ig! !123;2?0&@0/@/2' 8 113, $10W@/¢(&') ()-118° 3, $109%&%<& () -! @, SLOWWVE () - " S10%
& ()-, 910VREP7U) =2X6g\ = 1 10! N . &$10BB& ()-Y |; . &$109r&noddfss @
| &$10%14& ()- @; 0 ' &$10%<& () - @ YHLO%& () - ! X9! $10%<& ()-11r$4 1
1"S10% & ()-f910% & () -L10% & ()- 10<< 10<< 10<<It’ . &$10%<& ()-Y It
_@S10%Mh& ()-Y 1ZaBr$4 1 1"ssf "10% &ek) - F: $109%& ()-! 1F: $10% (& ()-
10% & ()-s, 10%& ()--s, éog;/&'():&-z;)rfﬁl}wrm 1 1"s*

"109% & (Bo- tdon ob)r he ther
51006 (- E?{Zi“’m A8 oo Wng‘% fg &i :%@lfi_léo/%? °otig2 of glosblgts, | - 5
4$10%<8?( egslﬁﬁs %‘%2‘ %&l‘f 55165 & 9EheEs] mmt(s&'cé‘)‘ & hgrmer

rstood with reference to Figures 42-44,

5 Figure 42 shows a plot of the apparent gel mobilities of these
fragments and their lengths in amino-acid residues, indicating that
the apparent gel mobilities can be understood in terms of a

characteristic set of fragment lengths.

10 As illustrated in Figure 43, all of these fragments are at
intervals of either ~34 residues or ~17 residues which is the
equivalent of a single tau repeat, or half of it. All of the
fragments generated can therefore be understood as arising from a
simple set of proteolytic cleavages occurring at the positions

15 indicated by the arrowheads in Figure 43 from a basic heptameric
aggregate, formed as shown in the figure. In this scheme the
fragments arise as the full combinatorial set of the proposed
cleavages occurring at the 3 possible approximate positions shown
by the arrowheads at either end of the aggregate. The corresponding

20 predicted immunoreactivity patterns seen with mAb 342 and T46

associated with these fragments are also tabulated.

Figure 44 shows these same fragments in descending order of length
and increasing gel mobility. Although the heptameric aggregate is

25 shown for convenience as arising entirely from full-length tau
molecules, it will be appreciated that the 12/14 kD fragment could
be interposed within the proposed aggregate, replacing some of the
binding partners, and that the precise pattern of inclusion of
these short fragments in the aggregate will determine which precise

30 fragments from the full set predominate in a given instance.
Therefore, the production of this family of proteolytic fragments
is better understood as a possible repertoire which can be

instantiated in various ways within the cell.

35 Example 4 - inhibitory effects of compounds on production of

proteolytic fragment

Having achieved a stable cell system in which production of the 12
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This is shown quantitatively in Figure 24. In the absence of
thionine, induction of T40 at increasing concentrations of IPTG

leads to a corresponding increased production of the 12 kD
10 fragment. In the presence of 2 uM thionine, there is still

induction of T40, but it is not converted into to the 12 kD
fragment. '

As reduced thionine is itself toxic, it is necessary to control for
15 reduction in the levels of T40 induced by corresponding does of
IPTG at higher levels of thionine. This can be achieved by
determining the ratio of 12 kD : T40, which permits averaging the
data across IPTG levels and shows a dose~dependent reduction in the
level of the 12 kD relative to full-length tau.
20
The activities of various compounds in the T40/12 kD assay are

shown in Figures 9 to 16.

Results are expressed in terms of the ratioc of 12 kD : T40

25 following induction of full-length tau (T40) by treatment cells
with IPTG (0, 10, 25, 50 uM) in the presence of thionine or

tolonium chloride introduced at the concentrations shown in the

presence of reducing agents (200 pM DTT/ascorbate), or
chlorpromazine or tacrine introduced without reducing agents. As
30 can be seen, thionine and tolonium chloride produce essentially
identical inhibition, whereas chlorpromazine and tacrine are non-
inhibitory in the same concentration range. The effect of the
reducing agents alone was tested in control experiments which
showed no significant difference was seen in the 12 kD : T40 ratio

35 in the presence of reducing agents alone.

The properties of the cell line producing higher molecular weight
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within the cell. Further experience with MB and DMMB has shown that
even apparent base-line production of the 12/14 kD species is

10 largely determined by aggregation. That is, the constitutive
production of the 295-391 fragment is itself either below the level
of detection by immunoblot or else it is stabilised by spontaneous
aggregation so as to reach levels within the cell which can be
detected by immunoblot. Alternatively, the apparent base-line

15 levels of the 12/14 kD fragment seen without IPTG induction and in
the absence of treatment with a tau-aggregation inhibitor may
itself be dominated by templated aggregation-dependent production
from the leakage levels of T40 produced in absence of induction.
Whatever the combination of factors which determines the levels of

20 the 12/14 kD fragment in the base-line condition, its apparent
expression can be essentially eliminated, along with higher
molecular weight aggregation products, by a potent aggregation
inhibitor such as DMMB. These results further confirm that
production of the higher molecular weight proteolytic fragments (ie

25 30/32, 36/38, 42/44 kD) is also dependent on critical tau-tau

binding interactions occurring through the repeat domain, as shown
in Figures 41, 43 and 44.

Figure 46 shows the activity of DMMB on base-line expression of the

30 12/14 kD species, using the same set of assumptions regarding
intracellular tau concentration and in vitro tau-tau binding
affinity used in Figs 10 - 16. In this case DMMB is found to have
an apparent KI within the cell of 4.4 nM, and the cellular B50

value is ~100 nM. This indicates that DMMB is highly potent within
35 the cellular milieu.

Example 5 - comparison of inhibitory effects of reduced and
oxidised compounds
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The mathematical model used for the in vitro data was used to

analyse the effects of test substances in the T40 : 12kD cell

assay. Using the known values for Kd and KI from in vitro data, the

5 expression indicated was used to solve for the intracellular

concentration of full-length tau (see e.g. Figure 10).

This was found to be about 500 nM, which is in the range expected
from studies of tau in brain and in cell systems. A good fit to the
10 experimental data was obtained implying that for some compounds the
inhibition of production of truncated tau within the cell can be
predicted from the approximate Kd and KI values determined

experimentally in vitro.

15 Example 6 - examination of inhibitory properties of

diaminophenothiazines

In in vitro studies, the most active inhibitors of tau-tau binding
identified were the reduced forms of diaminophenothiazines having

20 0, 2 or 3 methyl groups. Figure 25 shows the reduced forms of such
compounds. The corresponding tau-tau binding curves are shown as a
function of molar ratio with respect to tau in Figures 26 and 27.
As shown, compounds of the “desmethyl series” (0, 2 or 3 methyl
groups) produce approximately 50% inhibition of tau-tau binding

25 (shown on the vertical axis) at molar ratios of 3:1 - 4:1 of
compound:tau ‘AMR’ shown on log scale on horizontal axis). The
mean molar ratio for 50% inhibition of tau-tau binding for this

group of compounds is 4:1.

30 Diaminophenothiazines having 4 or 6 methyl groups (the “methylated
group”) have a biphasic action, with enhancement of tau-tau binding
at lower concentration, and inhibition of tau-~tau binding at high
concentrations (Figure 27). These compounds thus require much
higher molar ratios to effect 50% inhibition of tau-tau binding.

35
Examination of other features of the diaminophenothiazine compound
was also carried out. Substitution of the heterocyclic nitrogen or

sulphur atoms was found to severely interfere with inhibitory
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important for activity of the molecules in the inhibition of tau-
5 tau binding.

For comparison, two methods were used to determine inhibitory
activity in the tau-tau assay: STB is the mean tau-tau binding
observed at 1 and 10 pg/ml of compound at standard tau

10 concentrations of 488 nM; LB50 is logl0 meolar ratio of compound: tau
producing 50% inhibition of tau-tau binding (Figure 28). As shown
in Figure 29, there is a strong correlation between the STB and
LB50 values for a range of compounds, with chlorpromazine and

riboflavin being two outliers (see also Figures 30 and 31).

15
Example 7 - inhibitory activity and diffusion potential
Figure 32 indicates that there is a correlation between the number
of methyl groups (NMETH) in a test compound and both the reduction
20 potential (E) and diffusion coefficient (DIF). In all comparisons,

the Spearman rank correlation was used. As shown in Figure 32, a
strong inverse relationship between the number of methyl groups
(NMETH) and the reduction potential can be seen only if methylene
blue is excluded (normal type: correlation values including

25 methylene blue; italic type: correlation values excluding methylene
blue).

This indicates that methylene blue has a disproportionately high
reduction potential relative to number of methyl groups (NMETH) in

30 this series. There is also a strong positive correlation between
the number of methyl groups and the diffusion coefficient (DIF,
Figure 32).

As well as there being no observed correlation between the number
35 of methyl groups and reduction potential (Figure 33), it was
surprisingly found that there was no observed correlation between

reduction potential and inhibitory potential (Figure 34b), although

the extent of reduction of the diaminophenothiazines in the



i04<4<!6\$10@&CtC&f()-!6$10@&:&f()-!Yg#lO%DO& ()-M 10%& ()-, 910%0& () - &0
Y& () -1 OQ2mpAEéBc6M?1 1 10! X' . MP10% & ()-3 ! D. Mb10%&' () -p&T/GB02/00153
ST 9$10%ZQZC& () -!6" 9810%C=0& ()-!69%10%0C=0& ()- $10%& ()-=4>5?5@A5N5(56
V5e5uVv7 1 10! "s10%r& ()- f10%& ()-,L10%m& ()-s10%& ()- 10__ 10
10 'X . MB10% & ()-3 e5556779A<uV7 1 4
101 11" F: $10%&'()-'(F $10%a& ()- F9&$10%m & ()- ! (F9&$10%& () -
0 N
Yo . gpaipieks (o %&}gﬁgﬁ%ﬁ(ﬁ lﬂé}“%oﬂérﬁl“ VRO PP T R rog 100 () -
F: $10%& Botentdak<Ridi@el 330! | And (%fleedl, , QAR 6 ) RO 109K (L pt 141D rbelimen
ig??g:ig? (%%%%%%8%?%T¥¢%6¢§%?%?RETBE%FQSPqupdS and inhibitory potency
Mp10%\ d\ &i(QurS’ s44.0%Er( kha>s @GEaEbadb CHe D ils! Bl 5 SINGKEVEY sV &t 109& () - #
5 correlation between the inhibitory potency of a compound and its
diffusion coefficient, and it is possible to predict estimated LB50
and STB values as linear functions of reduction coefficient and
diffusion coefficient when greater weighting is given to the
diffusion coefficient (Figures 35, 36 and 37). Both the LB50 and
10 STB values are found to be uniformly low for NMETH values up to and
including 3, but for higher NMETH values (in particular methylene
blue, NMETH=4) there is a disproportionately low inhibitory potency
relative to the number of methyl groups. This may relate to the
symmetric placement of the methyl groups which interferes with the
15 stacking ability of the molecules, as measured by the diffusion
coefficient. This can be seen, for example, in the crystalline
structure of methylene blue (see Figure 38). The
diaminophenothiazine molecule is essentially flat and forms
stacking arrays. The presence of charge in the molecule, as in the
20 oxidised form, prevents the formation of such stacking arrays, and
it appears to be the propensity of the reduced form of this
compound to form such stacking relationships that determines the
inhibitory potency of the series.

25 The experiments carried out by the present inventors examined the
binding of full-length tau in the agueous-phase to the truncated
repeat domain fragment of tau in the solid-phase, as described in
further detail in W096/30766. Binding was detected with either mAb
342 or mAb 499. As shown in Figure 39, there is typical tau

30 concentration-dependent tau-tau binding in the presence of a large
excess of the standard reducing agent dithiothreitol (DTT, 1 mM).
However, the inhibitory activity of phenothiazines is also
demonstrated in the presence of DTT (1 mM) in the standard
configuration of the assay described above (i.e. the data for STB

35 and LB50). The present inventors thus conclude that the inhibitory
activity cannot be attributed to DTT per se, but rather to the

presence of the phenothiazines in their reduced form, due to an
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excess of DTT.

In summary, the present inventors provide herein a potential,
significantly improved, system for the treatment and prophylaxis of

5 diseases such as Alzheimer's Disease in which proteins undergo
induced conformational polymerisation, e.g. as illustrated in the
case of Alzheimer’s disease by pathological tau-tau binding. The
important teachings of this application, viz that the diffusion
coefficient of a compound may important in determining its

10 inhibitory potency towards this induced conformational protein
polymerisation, are potentially of great benefit in advancing our
understanding of, and ability to provide therapy for, diseases such
as Alzheimer's Disease. Finally, by combining the findings on the
preferality of the reduced form of MB, and demonstration of its

15 activity in the cell-based assay at concentrations substantially
below those predicted solely on the basis of in vitro data, the
inventors have shown that this compound, and others like it, could
be used an appropriate reducing formulation for the prophylaxis or
treatment of AD and related disorders.

20
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encoding: ‘

10 (i) a template fragment of the precursor protein such that the

template fragment is constitutively expressed in the cell at a

level which is not toxic to the cell; and

(ii) the precursor protein, which protein is inducibly expressed in

the cell in response to a stimulus,

15 whereby interaction of the template fragment with the
precursor protein causes a conformational change in the precursor
protein such as to cause aggregation and proteolytic processing of

the precursor protein to the product fragment.

20 2 A method as claimed in claim 1 wherein pathological
aggregation leads to proteoclytic processing of the precursor
protein in a disease state associated with neurodegeneration and\or

clinical dementia.

25 3 A method as claimed in claim 1 or claim 2 wherein
pathological aggregation of the precursor protein in the disease
state leads to proteolytic processing to a core domain fragment and
the template fragment comprises at least the core fragment of the
template protein.

30
4 A method as claimed in claim 3 wherein the template fragment

consists essentially of the core fragment.

5 A method as claimed in any one of the preceding claims

35 wherein the product fragment produced in the cell is toxic.

3] A method as claimed in any one of the preceding claims

wherein the product fragment is the same as the template fragment.
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method as claimed in any one of claims 1 to 5 wherein a

plurality of different product fragments are produced.

5 8 A method as claimed in any one of the preceding claims
comprising the step of subjecting the cell to the stimulus such as

to inducibly express the precursor protein in the cell.

9 A method as claimed in any one of the preceding claims
10 wherein the production of at least one product fragment is

monitored,

10 A method for identifying a modulator of aggregation and\or

proteolytic processing of the precursor protein associated with the
15 disease state

which method comprises:
(a) providing an agent suspected of being capable of modulating the
aggregation,
(b) performing a method as claimed in claim 9 in the presence of
20 the agent,
(c) correlating the production of the or each product fragment

monitored with the modulatory activity of the agent.

11 A method as claimed in any one of claims 10 wherein step (b)
25 is performed by:

{a) culturing the cells on one or more plates,

(b) incubating the cells with the agent for a period of time

sufficient to entry of the agent into the cells.

30 12 A method as claimed in claim 11 wherein the agent is

introduced to the cells to give a final concentration of between 1-
50 uM.

13 A method as claimed in any one claims 10 to 12 wherein
35 production of a plurality of different product fragments is

monitored.
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Fy$10%& (i)s WBERGhEMEl berforming the method in the absence of the agent.

16 A method as claimed in any one of claims 10 to 15 wherein the
agent which is provided is selected such as to be capable of
10 crossing the blood-brain barrier.

17 A method as claimed in any one of claims 10 to 16 which
comprises the step of selecting the agent to be provided by
measuring the diffusion coefficient of the agent and correlating

15 the diffusion coefficient with the agents inhibitory potential.

18 A method as claimed in any one of claims 10 to 17 Ffurther

comprising the step of calculating a B50 for the agent.

20 19 A method as claimed in any one of claims 10 to 18 further

comprising the step of assessing the effect of the agent on cell

viability.

20 A method as claimed in claim 19 further comprising the step

25 of calculating an LD50 for the agent.

21 A method as claimed in claim 18 and 20 comprising the step of

calculating a therapeutic index for the agent.

30 22 A method as claimed in any one of the preceding claims

wherein the precursor protein is a tau protein.

23 A method as claimed in claim 22 wherein the template fragment
comprises a core fragment of tau.

35
24 A method as claimed in claim 23 wherein the template fragment
comprises a fragment of tau extending from amino acids 186-297 to

390-441 of the full-length tau protein shown in Fig 7.
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4] zX6bC totblists dBEHO¥Raghent ;of kER0EMELdink from amino acids 295, 296

or 297 to amino acid residues 390 or 391 of the full-length tau
5 protein shown in Fig 7.

26 A method as claimed in any one of claims 22 to 25 wherein the
production of an approximately 12, 14, 25, 27, 30, 32, 36, 38, 42
or 44 kDa product fragment of tau is monitored.

10
27 A method as claimed in claim 26 wherein the production of an

approximately 12 kDa product fragment of tau is monitored.

28 A method as claimed in any one of claims 22 to 27 wherein

15 production of the or each toxic product fragment is monitored on
SDS PAGE.

29 A method as claimed in any one of claims 22 to 28 wherein

production of the or each toxic product fragment is monitored
20 immunologically.

Sb A method as claimed in claim 29 wherein the monitoring
employs an antibody is selected from a monoclonal antibody which
(1) is specific for a human~specific epitope located in the region
25 Dbetween Gly-16 and Gln-~26 of tau; (ii) is specific for the core tau
fragment truncated at Glu-391; (iii) is specific for a generic tau
epitope in the repeat domain; or (iv) is specific for a non-species

specific generic tau epitope located between Ser-208 and Ser-238.

30 31 A method as claimed in any one of claims 22 to 30 which
comprises the step of selecting the agent to be provided by
determining the ability of the agent to modulate the ability of a
fragment of tau corresponding to the core repeat domain, which has

been adsorbed to a solid phase substrate, to capture soluble full-
35 length tau.

32 A method as claimed in any one of claims 22 to 31 wherein the

agent is a phenothiazine.
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(a) performing a method as claimed in any one of claims 22 to 33
(b) selecting modulators having a therapeutic index of greater than

10 2.

35 A method as claimed in claim 34 wherein the “disease” is
selected from Alzheimer's disease, motor neuron disease, Lewy body
disease, Pick's disease or Progressive Supranuclear Palsy.
15
36 A method for producing a medicament for use as a therapeutic
or prognostic modulator for the treatment of a tauopathy, which
method comprises
(a) carrying out a method as claimed in any of claim 34 or claim 35
20 to identify the medicament,

(b} providing the medicament agent in isolated form.

37 A method as claimed in claim 36 further comprising
formulating the agent as a medicament composition for use in the

25 treatment of the tauopathy.

38 A method as claimed in claim 37 further comprising using the

medicament composition in a method of treatment for the tauopathy.

30 39 Use of a phenothiazine in the preparation of a medicament
composition for use in the treatment or prophylaxis of a tauopathy,
wherein the preparation comprises the step of pre-reducing the
phenothiazine such that it is present in at least 80, 90, 95, or
99% educed (leuco-~) form.

35
40 Use as claimed in claim 39 wherein the phenothiazine is pre-

reduced by addition of an exogenous reducing agent.
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medicament composition further comprises one or more of the
following: a pharmaceutically-acceptable excipients, carriers or

15 buffers.

45 Use as claimed in claim 44 wherein the medicament composition

is prepared as a slow release formulation.

20 46 Use as claimed in any one of claims 39 to 45 wherein the

phenothiazine is a diaminophenothiazine.

47 Use as claimed in any one of claims 39 to 46 wherein the pre-
reduced (leuco-) phenothiazine has the formula:
25
(L)
R }?5 4

R, N R,

R, o R
10 l S 'l\‘/ 10
11 9 R‘i R11

30 wherein R1, R3, R4, R6, R7 and R9 are independently selected from
hydrogen, halogen, hydroxy, carboxy, substituted or unsubstituted
alkyl, haloalkyl or alkoxy; R5 is selected from hydrogen, hydroxy,
carboxy, substituted or unsubstituted alkyl, haloalkyl or alkoxy;
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49 Use as claimed in any one of claims 46 to 48 wherein the
phenothiazine is a diaminophenothiazine which has 0, 2, 3 or 4

15 methyl groups around the diaminophenothiazine nucleus.

50 Use as claimed in any one of claims 46 to 49 wherein the
phenothiazine is a diaminophenothiazine which is asymmetrically
methylated.

20
51 Use as claimed in claim 50 wherein the phenothiazine is

tolonium chloride, azure A, azure B and thionine.

52 Use as claimed in claim any one of claims 46 to 49 wherein
25 the phenothiazine is selected from Methylene Blue, Toluidine Blue
0O, or 1,9-Dimethylmethylene Blue.

53 A medicament composition comprising a pre-reduced
phenothiazine as described in any one of claims 47 to 52
30 wherein the phenothiazine is at least 80, 90, 95, or 99% of the

reduced (leuco-) form, in combination with a stabilizer.

54 A medicament composition as claimed in claim 53 which is
lyophilised with the stabiliser.
35

55 A medicament composition as claimed in claim 54 or claim 54
wherein the stabiliser is ascorbate.
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59 A method, use, or composition as claimed in any one of claims

39 to 52, claim 56 or claim 57 wherein the treatment or prophylaxis
15 compriser giving a patient in need of same 20 mg tds, 50 mg tds ox

100 mg tds, combined with 2x mg ratio of ascorbic acid in such a

manner as to achievé more than 90% reduction of the phenothiazine

prior to ingestion.

20 60 A method, use, or composition as claimed in any one of claims
39 to 52, claim 56 or claim 57 wherein the treatment or prophylaxis
comprises gilving a patient a phenothiazine which is thionine and
this is given to the patient in a daily dosage of between 1 and

1000 mg optionally divided into 1 to 8 unit doses.

25
61 A method, use, or composition as claimed in any one of claims
39 to 52, claim 56 or claim 57 wherein the treatment or prophylaxis
comprises giving a patient a phenothiazine which is methylene blue,
and the daily dosage is approximately 3.2-3.5 mg/kg.

30

62 A process for producing a stable cell for use in a method as\\
claimed in claim in any one claims 1 to 38 which process comprises
the steps of introducing into a cell nucleic acid encoding (i) a
template fragment of the precursor protein such that the template

35 fragment is constitutively expressed in the cell at a level which

is not toxic to the cell; and (ii) the precursor protein guch that
the disease protein is inducibly expressed in the cell in response

to a stimulus.
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66 A procesg ae claimed in any one of claims 62 to 65 wherein the

nucleic acid encoding the template fragment is introduced as a
15 template vector and the nucleic acid encoding the precursor protein

is introduced as a separate precursor protein vector.

&7 A process as claimed in claim 66 wherein the precursor protein
vector is derived from the pOPRSVICAT vector into which the nucleic

20 acid encoding the precursor protein is cloned.

68 A process ag claimed in claim 66 or claim 67 wherein the
template fragment vector is derived from the plasmid pZeo295-391
vector into which the nucleic acid encoding the precursor protein

25 is cloned.

69 A procesgs as claimed in any one of claims 62 to 68 wherxein the

precursor protein is tau.

30 70 A process as claimed in claim 69 wherein the nucleic acid

encoding the template fragment encodes a core fragment of tau.

71 A process ag claimed in claim 70 wherein the nucleic acid
encoding the template fragment encodes encodes a fragment of tau

35 extending from between amino acids 186-296 to 390-441 of the full-
length protein.
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72 A process as claimed in claim 71 wherein the nucleic acid
encoding the template fragment encodes encodes a fragment of tau
extending from between aminoacids 295, 296 or 297 to amino acid

regidues 390 or 391 of the full-length tau protein shown in Fig 7.

73 A process as claimed in claim 72 wherein the nucleic acid
encoding the template fragment encodes encodes a fragment of tau

extending between amino acid residues 295 to 391 as shown in Fig 7.

74 A compogsition of matter comprising nucleic acid encoding (i) a
template fragment of the precursor protein such that the template
fragment is constitutively expressed in the cell at a level which
is not toxic to the cell; and (il) the precursor protein such that
the disease protein is inducibly expressed in the cell in response
to a stimulus, which nucleic acid is described in any one of claims

62 to 72.

75 A mammalian host cell transformed with nucleic acid of claim
74 such as to express (i) a template fragment of the precursor
protein such that the template fragment constitutively at a level
which is not toxic to the cell; and (ii) the precursor protein such

that the disease protein is inducibly in response to a stimulus.

76 A cell as claimed in claim 75 which is from a neuronal cell

line or a fibroblast cell line.

77 A cell as claimed in claim 76 which is selected from the
following cell lines: 3T3; NIE-115; 3T6; N2A; SYS5Y; COS-7.

78 A kit comprising a host cell as claimed in any one of claims
75 to 77 plus at least one further component selected from: an
agent for stimulating production of the precursor protein or an
agent for detecting the interaction of the precursor protein with

the template fragment.

79 A kit as claimed in claim 78 wherein the detection agent is an

antibody.
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80 A nucleic acid primer selected from:

5'-3' T40-Not I
5'—-gtc gac tet aga gge ggc cge ATG GCT GAG CCC CGG CAG GAG-3!

3'-5'" T40-Not I
5'-act ctt aag ggt cge gge cge TCA CAA CAA ACC CTG CTT GGC CAG -3/

295 gense primer
5' - CGG AAT TCC ACC ATG GAT AAT ATC AAA CAC QTC CCG - 3!

391 anti-sense primer
5' - C GCG GGA TCC TCA CTC CGC CCC GTG GTC TGT CTT GGC - 3!
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