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. ™~ kd fragmenty in a stable cell line, wherein the precursor protein is associated with a disease state in which the precursor ?rote?n‘-

aggregates pathologically (e.g. a tavopathy), and the methods comprisex(a) providing a stable cell line transfected with nucleic acid

" encoding: (i) a template fragment of the precursor protein such that the template fragment s constitatively expressed in the cell at

== level which is not toxic to the cell; and (i} the precursor protein, which pretein is inducibly expressed in the cell in response (o a

stimulas, 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 prodact fragment. The .method is

preferably used to screen for modulators of the aggregation process by monitoring production (or moduiation of production) of the

~» product band or bands. Also provided are materials for used in the assays, plus medicaments, and related uses and processes, based
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20 Ladinska, E.B. et al. (2000) Am J. Pathol. Vol. 157, . 623- "636) -
Both neuritic plaques and neurofibrillary tangles contai n’\%%n'"f'éao Ohel | cal -
filaments (PHFs), of which a major constituent is the 25
m cr ot ubul woaassizat ed protein tau (Wschik et al. (1988)

4506) . Pl aques al so contain extracellular (err)-anyloid fi EEL%&BL&@%IF ved
fromthe abnornmal processing of anyloid precursor protein (APP; Kang et
al . (1987) 'Nature 325, 733). An article by Wschik et al. (in

" Neur obi ol ogy of Al zheiner's Disease', 2nd Edition 30 (2000) Eds. Dawbarn,
D and Allen, ERIELS Avpl BEEHons autafeht Ubdprobeii Hickagyr SeThes,

Bi 0s. Sci ent i f| c Publishers, %fu?aogﬁ: discusses 1 n de ive role

vof tau protein in the pat hogeres P REGeNERATIVE MISEASEAt i ve dementias. 35
Studi es of Al zheinmer's disease indicate that the loss of the normal form
of tau (I\Aygél%gggflﬁgl ska et al. (1993) Am J. Pathol., 143, 565;.Wschik

=etal. (1 . Ageing, 16: 409; Lai et al. -- --------- 15 July
2005 5\/\002/055720 PCT/ GB02/ 00153 2 (1995b) Neurob| ol . Ageing, 16: 433),
accumul at Tied ©fe Natthohe Mikaet adi.nska et al. (1993), Ioc.
cit.; Harrj E?l;n &&&%h cgl);lg%%r(rrent ?Lg B FedetaraichgtbaT etest |
(1994b) AWSH ng?rthB‘PdﬂlfA?S the 7399 nRosEhPk pabteu(slg%a):;at@@ wigitt . ) and

- f 50 ratihe disdak tad 1
e e T S e, b
e

Furt her rmre | oss of “synaps P-et al., loc. cit.) and | oss of

pyran]i dal -cells (Bondareff et al. (1993) Arch. Gen. Psychiatry, 50- 350)
)both cor reddid-abinkin 2001 phonet ri ¢ neasures of tau-reactive 10
neurofibrillary pathology, which parallels, at a nolecular |evel, an al nost
total redistribution of the tau protein pool froma ! soluble to a

pol yrer i sfénldlm:mn(stlESQement&zQ&tm&rs a1ghsBRses §IMIARt Q¥gy Ladi nska et al .

(1993) |f¥éqd§ﬂfly Egérégfe§£3eé:%y & progressive accumulation of

15 intracellular and/or extracellular deposits of proteinaceous

structures such as Bwamquid prlagques and neurofibrillary‘tgngles in
_the brains of affected patients. The appearance of these lesions
largely correlates with pathological neurofibrillary degeneration
and brain at;ophy, as well as with cognitive impairment (Mukaetova—
20 Ladinska, E.B. et al. (2000) Am. J. Pathol. Vol. 157, No. 2, 623-
636) . -

| ‘Both neuritic plagues and neurofibrillary tangles contain paired

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

c 25_LImlcrotubule—a85001ated‘protein-tau {(Wischik et al. (1988) PNASZ Usa
B5, '4506) . Plaques also contain extracellular Bramyloid fibrils
derived from ‘the abnormal processing of amyloid precursor protein
(APP;_Kang et al. {(19B7) Nature\325 733). Bn article by WlSchik.
et al. {in ‘Neuroblology of Alzhelmer s Disease’, 2nd Edition

30 (2000) Eds. Dawbarn, D. and Allen, S J., The Molecular and Cellular
. Neurobiology Series, Bios. Scientific Publishers;: Oxford) discusses

. : 1n detail the putative role of tau protein in the pathogenesis of '
‘ neurodegenerative dementias,

'35  Studies of Alzheimer’'s disease indieate that the loss of the normal
_form of tau (Mukaetova—Ladinska et al. {1993) Am. J. Pathol., 143,
565; Wischik et al. {1995a) Neurcbiel. Ageing, 16: 409; Lai et al.




loc. cit.). 15 Tau exists. in alternati vel‘y-spl i ced isoforms, which
contain three or four copies of a repeat sequence correspbhdflingo®d t he

- m crotubul e-binding domai n (Goedert, M, et al. (1989) EMBO J. 8, 393-399;

Goedert ,wkdg2/08572al . (1989) Neuron 3, 519-526). Tau in 20 IRHFEB§2400153
proteol ytically processed to a core domain (Wschik, CM, et al. (1988)
Proc. Natl. Acad. Sci. USA 85, 4884-4888; Wschik et al. PNAS USA 1988,
85: 4506- 4510); Novak, M, et al. (1993 EMBOJ. 12, 365-370) which is
.conposed of a phase-shifted version of the repeat domain; only three
repeats e¥¥ibivyeveehiql t Bgednabl 6t #3325 acnwmupnbiertobpatiakesicaR | et

cal. (199, EMBO ot d0s 1563 3584281 - 21 NG Gl OF MRAL,.  BHE: ] i%{ﬁ%ﬁ}:g@%@gat es

act as seeds for the further capture and provide a te

prot eol y&fc 6{9@éé$sﬁ7¢fgefﬁ?laffum-2 endtrriputen Gterd - (WTHk 2er & . 1996
Proc NatpaAcad ,S¢ihs USAB3, willRiR-dd2L8) (188540 the. - c£oUW $8d0iodheid |
formationand accynul ation, paired helical filanents EPH s) first assenble -
to for m 2AIRSuL alyyt éb‘é{“ggfoﬁf?ﬁi?Prtteﬁe(qéeil’f’ii’pleésﬁ]r° pkbbal ¥ from early tau
ol i gonergewdich bBegcob®?) taoumedted pitiOrskociddfed Bofihet CoIris@adimeRHF
assenbl y, na, R, et_35.al. (1995) Acta uropathol . 89, 50-56. Mena, R,
ot ol UTooa R fat SraekarBregreess R H P TAR, 7T dnahi o o lgo on
to f or mpywiraskilcabllnt (oghiral freheur ol L993)l lAach - t @egl essydhiatiy s St-at e,
15 July 2005 bl G3LOSHARD L HOMARISE. chddiceBHEe CaNSIabeolea core o

truncated tau anc uzzy outer coat containin ength tau (Wschik.,
C. MP? ereurofipradbyry rathodpgy) whith patalisily prbcegseiacegpotefitial ,
consum ngn tdmenceel kotar rquehkrabutdéiels thactdwpabtéon Basl ifduci ng new tai

synthesis 19 .5 make up, the .defi¢j el 8l 45.1995), -

Lur obi PO CeAGel p et oo b e gy Bl endl Biarahl iUt onal
' {Mukaetova~Ladinska et al. (1993}, lIoc. cit.; Lai et al. (1995),
loc. cit.).
15
Tau exists in alternatively~spliced isoforms, which contain three
or four copies of a repealt sequence corresponding to the
microtubule-binding domain {(Goedert, M., et al. (1989) EMBO J. 8,
393-399; Goedext, M., et al. (1989) Neuron 3, 519~526). Tau in
20 PHFs is protedlytically processed to a core domain (Wischik, C.M.,
et al. (1988} Proc. Natl. Acad. Sci. USA 85, 4884-4888; Wischik et
al. PNAS Ush 1988, 85:4506-4510); Wovak, M., et al. (1993) EMBO J.
12, 365-370) which is composed of a phase-shifted version of the
ﬁepeat domain; only three repeats are involved in the stable tau- .L)_
25 tau interaction (Jakes, R., et al. (1991) EMBO J. 10, 2725-2729}.
Once formed, PHF-like tau aggregates act as seeds for the further
“capture and provide a template for proteolytic processing of full-
length.faﬁ protein (Wischik et al. 1996 Proc Natl Acad Sci USA 93,
11213~-11218).
<) S _
-In:the-coursé‘ef-their-formatién-and accumulation, paired helical o
filaments'(PHFS),fitst,éSéemble to form ambrphéué éggﬁééates withinlrh' .
the cytoplasm, probably from early tau oligomers which become
truncated pribr:to,'or in the course of, PHF assembly {(Mena, R., -et
| 35  al. (1995) Acta Neuropathol. 89, 50-56; Mena, R., et al. (199g)
| Acta NeUrqpathoia 91, 633-641). fThese filaments then go on to form

_classical intracellular neurofibrillary tangles. 1In this state,




i npai rment of the neurone progresses to the poiit of cell""geath, Teaving-
behind an extracellular tangle. Cell death is highly corré?d‘f"@@ @th the

. nunber of extracellular tangles (Wschik et al. 10 2000, loc.cit) As
t angl es Fyded into the extracellular space, there ressive

-l oss of ?Hgogﬁ%g%/{pout er coat of the neurone-PHF with corréé@g%ﬂ?g%ﬁba | oss of
N-term nal tau imunoreactivity, but preservation of tau i munoreactivity
associated with the PHF core (Figure 1z also Bondareff, W et al., 15
(1994) J. Neuropath. Exper. Neurol., Vol. 53, No 2, 158-164). The phase

shift whieh degr-0BSREYED c:!fnat Qc?ré ec&e%truggg@ec{] tau L& gy I LCOr P! ated 1 nto PHPs

suggests that the repeat domai n under goes an Ut €t "UEKY oP Wt 6RAE change
, during i #EIeLag ballreaothet20 ischakentC. Eﬂurlﬁg ahe (anset lafc. :

Al zhei el i seaseastduhy pRuLsAgad ckbaieddlls, oo phalohgage could

be initiated bfy the binding of tau to a patho ogl ca substrate, suc

. damaged R mittafei™e hetchhenst dtat fed( & FHingupev 2tau Syssheyistiok, C M
et als. (dde7)up Ithe"cMef:IcﬁItubLIJaB assqci al plepraat. @i n§99£ﬂfod|lvfe|u§§£§i v Bf
di sease” 20 ed%olAvn% - B%ar_pl fas) R- and Koi K. S.. (Harwood~ Academ c
Publ i she? & Krst ot d g 185 2450 n heETERed e WnAtdrhel s di sease,
current pmim@@@tpéathe tnlaeraqm EESTC@Irest@SUSEGthenpcsMﬂJTo&TY&éLC dg=eat nent of
the | 0ssy&fvimeOp S iC .0
30 QHQ&&%Q'}{E::&&@I&SWB% hglg%%% EeifE&éa %5 sl\)g‘ogm.oyu

neur odegener ation (Mayeux, R
1670- 167‘@3“%%?’“%tﬁﬁoﬁ&hb%%éfavéFF%JéwlﬁéatW dBLashify ogr essi on of

t he 10di sEB=e fiek. Uptt o sus,Xta@gi.éwla\te aphthed Lhey ©R Rk REEMRAL,I t. The
)dl scoverg of dr uas. that coul d ent tgeté%ngre ation of tau 35 which

| eads t o HBurodegenet At SAZ ot VcF 64i @ PBZRFTEES FRat @i &P&gy for
prophyl| exguwrompe-PBF vt oriagpedtdngr dgsessi dnrtefnirhkd tdusease, which woul d

not I equidufindtehBUEF @t e pkoow 840608 of Ner t%\/ﬂ gvents that
initiate the aigregati?)(i)n (scelégr Fi gurae 15 Jul O\Lk%%%%%’?sno
PCT/GBOZ?%R?E&? with the PHF core (Figure 1, also Bondareff W. et al.,

15 (1994) J. Neuropath. Exper. Neurol., Vol. 53, No. 2, 158-164).

The phase shift which is observed in the repeat domain of tau
incorporated into PHFs suggests that the repeat domain undergoes an
induced conformational éhange during inceorporation into the
20 - filament. During the onset of Alzheimer's disease, it is envisaged
that this conformational change could be initiated by the binding
of tau to a pathological substrate, such as damaged or mutated
membrane proteins (see Figure 2 - also Wischik, C.M., et al. (1997)
:;) - in WMicrotubule-aSSOC1ated‘protelns modifications in disease”™,
25 eds. Avila, J., Brandt, R. and Kosik, K. §. (Harwood Academic
Publishers, Austerdam) pp.185-241).

In the case of Alzheimer's disease, current pharmaceutical
therapies are focused on symptomatic treatment of the loss of
30 chblinergic transmission which results from neuroéegeneration
' (Mayeux, R., et al. (1999) New Eng. J. Med. 341, 1670~1679).
e - However, although the available treatments delay brbgression of the
disease for up to six to: twelve months, they do not prevent it.
_.' ' " The discovery'of,drugs that could prevent the aggregation of taun
' 35 which leads to neurodegeneration would provide a more effective
strategy for prophylaxis or for inhibifing the progression 6f the
disease, which would not require an immediate knowledge of the

diverse upstream events that initiate the aggregation (see Figure




. 3). ' Mddels and assays 5 WD 96/ 30766 describes an in vitro assag for tau
aggregation in which a fragnent of tau corresponding to t reJely 28 ¥ epeat
domai n, - whi ch has been adsorbed to a solid phase substrate, is able to
capture YOPEHIB7II | -1 ength tau and bind tau with high af PCmiaBpa¢isee
Figure 4). This association confers stability against 10 di gestion of
proteases on the tau nol ecul es on the repeat domains of tau nolecul es
whi ch have aggregated. The process is gel f- propagating, and can be bl ocked

- selectively by prototype pharmaceutical agents ((Wschik et al. 1996 Proc
Nat | Acaél Sci USA 93, 11213-11218). 15 Alfhough the in.-vitro assay
described in WO 96/ 3. 0766 enables the identification of inhibitors or
nodul ators of tau-tau association, the present inventors have al so v
recogni zZ¥eFsfattrdefFodE%ed nodel s - of Al zheiner's disease-1ike protein
aggregation would be useful. 20 Such cellular nodels could be used both in
the pri Y, r i of .. candi date nodul ators of tau-tau aggregation, and -
in t%re g@%o%%gpi%gsgg%%ﬁq?gq &' ¢BnPddRdes Y ey tedeATRFFERT 1OR gﬁe invitro
assay of whidb 96/£36F66nt Faf tther por eespicheli ¢ M siheatdord 8épdall jaggiggati on in
cells co I Ld. i identjfigation of normal cel]ular 25 substrates
whi ch argﬂliljcrﬁcl)ﬁ%\%egle??\ étl?]%acn:l%r%dt i]‘%gt'%‘oéﬁjclégi ’g}é?%eol%‘lglsgﬁﬁt?auls fg’dFeg‘&ti on,
whi ch sup@Rtucesoéndle f'Hdmdenvel b paddgeind fion wpbhrnbgewtiféaity ,

interventsan Fikoweves. MHEY QUSoPAN8LE FERALLd NG alRE] BY I LSSIsen of various

tau 030 onstructs_.in tissue culture nodels 'have fajiled to denonstrate

aggr Bgat FHITSHEEE 8 PrUSIRCSL O etP% et molagyss pEy ther ERRPARedOnRINS . 17)

For i nstehdeu 893enplse Whilphobhastayadtegaodd poddes prbasss protsein-and thus; ) -

present Whak, enya r t i _ LN t can be expresséd
d@réﬁﬁda i gogéﬁﬁ QTR bigcﬂga ggl%gtfiéggﬁ%yoﬁgéﬁoégﬁe

i ndependent” of endogenous nouse 35 tau. Tran rious cell lines
has beenPRESCeEdLcHE AAVUS  (Fkaeik et al- 199P08goc Pt Acagndcl di&s,
1990; Kngps @R13-11218) . '

15

‘Although the in vitro assay described in WO 96/30766 enables the
identification of inhibitors or modulators of tau~tau association,
the presentiinventors have also fecognized that cell-based models
of Alzheimer’'s disease-like protein aggregation would be useful.
.20 Such ceilular‘models could be used both in the primary screenin§ of
candidate modulators of tau-tau aggregation, and in the secondary
screening of compounds already identified in the in vitro assay of
WO 96/30766. Furthermore, the demonstration of tau aggregation in
o éells.cbuld-also aid in the iQentification of normal cellular -M)
25 substrates which are involved in the initiation of pathelogical tau
aggregation, which substrates could themselves be targets for

pharmaceutical intervention.

However, numerous papers reporting the expression of various tau

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

35  tau. Transfectibnrof various cell lines has been reported
prefiously {(Kanai et al.r, 1989, Goaderﬁ énd Jakes, 1990; Knops et
al, 1991; Lee and Rook, 1992; Gallo et al., 1992; Lo et al., 1993;
Montejo de Garcini.et al., 1994; Fasulo et al., 1996}. However the




“of thesef8

al, 1991; Lee and Rook, 1992; Gallo et al., 1992; Lo et al.,, 1993; Mntejo
de Garcini et al., 1994; Fasulo et al., 1996). However the1ﬁ{'§”1313995 2005 WO
02/ 055720 PCT/ GB02/ 00153 5 stable long term expression of truncated tau in

-such cel ybighRssMps not achieved. For exanple, tau const ppeiSobRgiss €si dues

164 or 173 to 338 or 352 did not express protein (Lee and Rook, 1992). 5
Al t hough Fasulo at al. (Al zheiner's Research 1996, 2, 195-200) reported

transient expression of truncated tau ifn COS cells, data for stable |ong

term expression of this tau was not shown. These workers concluded from
the use gtabhe 1é&aNYeeRl ctgARshignt boN SHRheRy {hAtneXRESSSLON 166 LM Yogat ed

~tau by itself was not sufficient to 10 induce tau aggregation in a nmanner
y g [
r

sui t abl e™PEr 2ERETTSYy EPEgE @™ PHRus PR Urconeushy ricFatPehdets sttusre 1¥du in
vitro hascolBy beeit2 déhimvecxzprdes portainysied egidcabogponodddjons and at
high concentrations (reviewed in Wschik (2000), loc. city 15 WD 96/ 30766

‘descri bes two approaches for studying tau aggregation in a cellular

envi ronnmBathonght Frsulpr st abpriddeheimer’|s Rengptrht 49960r2 f refim@Mos of tau

vere stabkyoekpsessetdibht COlJresskBnt HE 5860RFa 3RR 98CKes a&@ﬁ%&%ﬁgat au was
tran5|entl% transfected into cells b use of |ipofectin. t hough both
p

by 20,
Phakho o oMot R P PB L PR S 70 (4G, RO RGHe JAEREN. t hoy

- have soneolkkarsatéenindedramnsf ebbi afe 0df tagQtegadiettt adak st -Gl SyUEERAY

aggregat éd tal Feover, Tau fragment; whiichis Phe nost
ef fi-8] entndeed t3wraggandaigpredat pomarmer syihebYeo flow texiinavremgst abl y

lipofectign.i s, 0f VAlhaBt & ARSEELCLENGY, 18815108 Rreduction fn yitro of
tselrt. the core g

;—:)expressed in cells, leading to | ow expression levels. Thus, constitutive

~cells is

expr essi og of the truncated tau fragnent. of the PHF core in 30 eukaryotic
THEPT FRE t Y15 2EBHT R OB TP AT Bl ce kY eWkiVEATOShRT AR Yp&ERIt t he
opti m zatcbhheoéd expleas sonipinfsibadgital ddweitions and at high

concentrations (reviewed in Wischik (2000), loc. cit).
s
WO 96/30766 describes two approaches for studying tau aggregation
.in a cellular environment. In the first approach, full-length tau
or .fragments of tau were stably expressed in cells. In the second
approach, aggregated tau was transiently transfected into cells by
20 use of lipofeétin.

Although both of these approaches are useful for the study of tau-

-tau aggregation, they have some limitations. Transfection of

_ﬁ:) K aggregated tau into cells using lipofection is of variable

25 . efficiency, as is the production in vitro of aggregated tau itself.
Moreover, the core tau fragment, which is the most efficient seed
for tau aggregation, is found to be toxic when stably expréessed in
cells, leading to low expréession levels. Thus, cénstitutivef
e#pression of the truncated tau fragment of the PHF core in

30 eukaryotic cells is difficult to achieve. Transient expression

systems permit the optimization of expression of tau, but the .

inherent teoxicity of the fragments renders even these sSystems

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
devéloped, inuqhich the interacfion.between e.g; taﬁ‘molecﬁies and

the- like could be investigated under physiological conditions, in a -




. ‘i nherent tOXICIty of the fragnments renders even these systens unreliable.
Longer fragnents of tau are less toxic, but these do not F2¢l¥BP Pg5

aggr egat ressed in cells. 35 Thus it would be de :
alternatﬁge %@fzﬁpsysten1to be devel oped, in which the |%F&%§%Vm& betmeen
e.g. tau nolecules and the like could be investigated under physi ol ogi cal
conditions, in a 15 July 2005 - WO 02/05p720 PCT/ GB02/00153 6 stable and

control l able cell line, and which could be used to screen for potenti al
di agnost i €ap 1y %91@0%5%::911&61@ aReyt] g ag%ﬂhswhoéh cond |t£ons ct“%h as
Al zhei ner's di sease. Di scl osure o e Invention the prese “nvent or s

have devi$&rFh f§’traBI°’éeEEH‘JuIde‘ﬂa%@%‘@l%ryﬁr@mwﬂm'erplcé;hemepeasied: tagenbdel the
t enpl at esflrdateii Hiodeohyh i £&5 MNEAEHESHNY Akeasprotein, the aggregation of
which is associated 10 with neurodegenerative di sease. In one test system
exenplified wth the tau protein, very |low |level constitutive expression
of as friagyehiswie bifethauinprapttébn was conbi ned with induci bl e expression J
~of full-length tau. Induction of the full-length tau lead to its

proteol ytic conversion to a processed fragnent, confirmng that 15

"t enpl at B prstsedity EnEeptoredsivagleofsache saabimscddoleri ngst Byetemyst em

readi |y peydh teadt Be des@nsd matikbonad dhgi1stlestsf L8 ﬂg&r gation
inhibitors throll;1 h their inhibition ofé&%r oduction ofp Hﬁo ggessed 12 kD,

f r agmentPFTOMm T u8§daf3ﬁ?tq¥?ﬂgf%e AFTeIG ARt OS IBH R 8% abiwecdpsedm can be
achi Wved gt wistvstiapdhartive dishesent hoxhe PEOpesyisices, afxdrpa ikRe4D

f ragment t I ur, S I.Ns as denonstrated in the
Exanpl es‘ﬂrjlbtzh E))‘%re Lt%'d ﬁﬂ;é’ léarvfe!&g iéwulﬁggél coné%l NS SRR e 8F nfni of )
full- | e%‘@%grﬁ“@cf’éu °|fe§BPt%a‘i wr@émn | Yafesophinpd c&hl’@t dbHecixly esgirenstan be 25

mai nt ai nefl, filesenbongesiu CoRShEulds SMeW0RhY1 A MRAK RLOPENRS kY- 1£9 J

inding to the m crotubul ar network. Stab
aggregalpr gégfq%&ctgggvééghon go a8 processed fragment, conflrmlng that

15 "templated proteolytic processing” of the tau was occurring. The
system readily permits the demonstration of the effects of tau
aggregation inhibitors through their inhibition oflproduction of

the processed, 12 kD, fragment from induced full-length tau.

20 That such a stable systam can be achieved notwithstandiag the
inherent toxic properties of the 12 kD fragment is particularly
surprising. For instance, as demonstrated in the Exaﬁplea below,
~although partial truncation at either N- or C-termini of full-'
- length tau results in cell lines in which stable expression can be -ip)
.25 maintained, these longer constructs show only a weak propensity to )
' aggregate, rather than binding to the microtubular network. Stable
expression of comblnatlons of tau fragments generates aggregates
within the cytoplasm of cells, but this system cannot be maintained
reproducibly. Systems based on the inducible expression of the 12
- 30 kD fragment lead to toxicity as a result of unpredictable

intracellular aggregation of the fragment.

Thus there would appear to be a trade—off in stable ekpression cell
systems between 1nduc1ng aggregatlon and hence toxicity on the one
35  hand, which produces cell lines which are either variable or non-
viable, and ma1nta1n1ng—v1able-cell llnes in which tau has a low
- propen51ty to aggregate Notw1thstand1ng this, the 1ndu01ble tau

expre551on system of the present invention is both stable, and yet




expressi on of conbinations of tau fragnments generates aggregates within the
cytopl asmof cells, but this system cannot be maintained ¥FedihdeRs bly.
Systens-based on the inducible expression of the 12 30 kD fragment lead to
toxicity as a result of unpredictable intracellular aggregation of the
fragnent. Thus there would appear to be a trade-off in stable expression

.cell systens between inducing aggregation and hence toxicity on the one
35 hand, which produces cell |ines mhicg are either variable or non viable,
and maintaining viable cell lines in which tau has a | ow propensity to

aggr egat g;piNotwi L hst andi hi t he inducible tau expression system of
the present i nve%ti O%él scggg%ﬁig?%tﬂgg,regﬁﬁl%f’flgr‘amvl ABE5UsT Ehie to

provi de cBHSOF| 88 ddigr dgéei on of protein for use in screens and the |ike.
Additional ly, use of the assay has provided evidence that the 5 nmechani sm

of acti O%d&fit‘,{gﬂé in inhibitors (e.g. phenothiazines) of protein
aggregat i on -8 PP Er U5y 8f eFhe 359N abas erovadedretivemceesienttal | y redox,

as may hagshbebsm fspetied of ddreahasishiofi thhe (ep.rd.or;_ah%![-lBFhi-lm -%e%i)sﬁgvery
t -

has unexpeeted, i fpld-catk 9ns; the., chai ce, assessment, formlatiofi*and
use of s%ﬁ corrlrpéc?jjno?g{gi n thleé %ﬂglgﬁ S FE R dladddCes ratkeudded her ei n.

In parti EGPERTI3HYs KEAeX  thatmays begs neren chspkdddisionn taeefidad et spcan

provi de arvakuabd.e TaEse@sdBferdyd8RE 1 NG 18 L nbibitors, or
opti mi si fggoi he structure or setrlgfe, of kr?bmﬁp%ﬁngy,p\iﬁ“‘e:g’éﬁg‘és ttot?€ baFanet er s
y

i nher ent A%'s 65585 Y re SRS L4 e a80F RER i adh seebf Fpupantdsmay biee hi ghl y
15 r#l evanattext tofe thahiinderes' dpetesBd hdhei sy phHE L BEr,,Shous &%t use of

. . . . , S .
phenot hi ggiPes;dedLbBgL " . form_can, be advant ageous for “enharici ng
their inhibitory Broperc{fir gi(si. iﬁ%%eco(%fsé%edﬁso%nf BFfY 14 yalsalkte furt her

aspects BFTTHe Preddmtingnpuketion. inhilganesal ot heppreisanl tiwention
pr ovi desswrustitedof asanver khon ordB OHOROLRS! YL G988 N,
p, Q£s§g§§€§ By measdrin %he di i i i .
g iffusion coefficient may be highly

15 relevant to the inhibitors potency.

The assay further shows that use of pPhenothiazines in their reduced

form can be advantageous for enhancing their inhibitory properties

These observations form the basis of further aspects of the present

20 . invention.

In general the present invention provides a method for converting,
through proteclytic processing, a precursor protein to a product
_ fragment of the precursor protein, in a stable cell line, which
- 25 method comprises the steps of: (a). providing a stable cell line
t;ansfected 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 téxic
to the cell; and (ii) the precursor protein, which protein is
30  inducibly expressed in the cell in response to a sfimulus, whereby
interaction of the template fragment with the preécursor protein
- causes a conformational change in the precursor protein-éuch as to

cause aggregation and proteolytic processing of the precursor
protein to the product fragment. : ' : ¥




fragment of the precursor protein, in a stable cell line, wich 25 nethod
conprises the steps of: (a), providing a stable cell line 19/uREPeted with
nucleic-acid encoding (i) a tenplate fragnment of the precursor protein
such that the tenplate fragnent is 7aonstitutively expressed in the cell at
a level which is not toxic to the cell; and (ii) the precursor protein,

whi ch protein is 30 inducibly expressed in the cell in response to a

- stimulus, whereby interaction of the tenplate fragment with the precursor
~protein causes a conformational change in the precursor protein such as to
cause aggredat iaon spetcpr otfealhyt i eREREESS Qf t recursor .protein to
the progdughyf rgament. (J)lgt\]uly 26’%5 7a ’?ﬁbg}%lg’gﬁeg?‘e%F t'Re PHPELETt 2

i nvention, there is providediyy FEPROBEHIY protissioprieal Iprotenrerds ng a

pr ecur ®5Pdprotiagmeot ain pr adisel of c@0MBNL N a stable cell line, which
precursor protein is associated with a. disease state in which the
precursor protein aggregates pathol ogically, which nmethod conprises: (a)
providing a stable cell line transfected with nucleic acid encoding: (i) a
t enpl at e {1( aﬁ? PR JFSCHESPE cRiRtstin protsiavinted wial o e seh6OPLAHE fragment -
i s const Fhich vidiey pea@iesme priotel 65 evel .whjch is not toXxic to
the cell: andwﬁi(j:l') mtelaﬁo rggurs,or pr%ﬁjee:gﬁ?g%\ﬁiac ho\.érogf.‘\é\%liﬁxfs i nduci bl'y
expressecﬁj in the cellT Tn r%psrplﬁrﬁe to a stinulus, (b) subjecting the cell
to the stfmPisyidien asteblendeti Hiye eXHASTbhC PEEGHI S PLQl i N in the
cel |, whetsling:nteraction of the tenplate fragnent with the ~precursor
protein Auses .a fonformati onal change in the precursor protein such as to
cause agéregat PO Hhtd TprRETeRt yaf ther prewsisey pfotdiie SRICBCUhePrLHy Otein to

t he pr Omlﬁtagfm!’gtuenfhﬁsm&irmq_t@yvém|e§g§e§§g3cl Sl i.ng E:Qflcell to the |

- at a
stimul USeSENvhich is not toxic to the cell; and

. {(ii} the precursor protein, which protein is inducibly expressed in
‘the cell in response to a stimulus,

(b)  subjecting the cell to the stimulus such as to inducibly

€xpress the precursor protein in the cell,

7 whereby‘interaction'of the template fragment with the
precursor protein causes a conformational change in the precursof
_ protein'such as to cause aggregation and{proteolytic processing of
the precursor protein to the product fragment.

The method may include subjecting the cell to the stimﬁlus such

that the precursor protein is expressed in the cell. However in

embodiments where an inducible promoter is used which causes low
. r




- that the precur sor proteln IS expressed in the ceII Fbmevg .

enbodi nents where an i nduci ble pronpoter is used which caus @JW5%P0§5 July
2005 WO 02/ 055720 PCT/ GL102/00153. 8 but detectable | evels of expression
even ‘i n e 0yPEeHte of the stinulus, then the stinulus sPEF/GRALOBES.
omtted. Generally speaking, the precursor protein will be one which, in 5
vivo, is capable of undergoing an induced conformational polynerisation
~interaction (in a self-propagating manner) leading ultimately to the
formati on of aggregates conprised of the product fragment, and associ ated
wi t h t hePHl séeisectsideeleHe pfoduptessiqragivent inbtlai nedehae tdie tet hod

provi dedshengiws | SHRNTBRS W8 mih uk h&é& A Bl 99 ﬁ i Galy aggregation and

proteol ysis process which in vivo leads™to the productlon of one or nore
toxi c products and the disease state. The product fragnment (or one or nore

~of the Géﬁ@f@ﬂﬁ)epe@klh@e t}]?d’eeﬁEQ&uf@f\QQ:o%EYnb@lﬂloﬁecongrwﬂ% S'l'ﬂpl y be
used as an i ndl cato thol%%l cal, aggregation process. 15" The

prot 6 ns "' and’ i tit et @Pﬁ‘Sn% d’ﬁ‘g‘ﬁr%% FhéBFRBdCEpRaEHCRRE  di scussed in

nore det Bplyivelowmtibheipreosentonhnyantors:iltapeosermist ﬁ&@deﬁ)haltealdtml;s

unexpect hna S t I xpress .th | at e fra ment
pect gel ¥ 20 P LRL efcirﬁa%?@ﬁ of Lhr#&\é% Yt &% p%omprﬁgege?fntﬁ}%gro 8‘3 t he

at a (first) concentration TOXT ¢
cel | |inET?EsAtapIaed ReFodeésd ‘t’ltlsﬁéw cdiseabarstadgor Bag i pretiasf  the sort

shown e. gragnileﬂ/’d)cﬁﬁ/a(iﬁ&@@uﬁ'ﬂ:h@ Be2fhd Provileyerdahess A%&sﬁ% a ttxﬁ@
predFOt erm acld iition of the- stinmnmul ui)ﬁilﬁ is possible to seeg

processi hg o? &r:lecaprsggt iog, BpLiRFYtEod &Rﬁceﬁﬁa@h’e?ﬁ iR may be

t he saneleddpadi y-heeguodaitént, oﬁromuctnenﬂn:taf eseid prodhbes tamplkake fragment

whi ch cag;sdhus %q:lérm&.ﬁ)é %r%ﬁu §Leacgqr[giil 3 gh(en% gopcentration which is ™~
S

toxic 30 _to. the cel correspon PEea%k %ate. This in
turn pro@F%&e‘&ﬁ’?vé’ﬁl Eh? H?@?ﬁﬁﬁsm‘t‘é?o%@el bﬁgtct?h@ dipsepse simtly be

used as an indicator of the pathological aggregation process.

15
The proteins and interactions upon which the .method is based are

discussed in more detail below.

The present inventors have demonstrated that it is unexpectedly

20 possible to constitutively express the template fragment at a
(first) concentration which is not toxic to the cell line i.e. the
cell line is viable. Nor does it show cellular abnormalities of

the sort shown e.g. in WO 96/30766 at Fig 29.

25 . Nevertheless (e.g. at a time predetermined by addition of the
stimulus) it is_possible to seed the processing of the precursor
protein to a product fragment (which may be the same, broadly
equivalent, or quite different to the template fragment) which can
thus accumulete to a (second, higher) concentration which is toxie

3¢  to. the cell and which_corresponds to the disease state. This in
turn provides convenient methods for modeling the disease state
associated with_ the effegts of the product fregment,yand asseesing

" -the effect_of‘modulatore on the genefation of the product fragment.

35 In varlous other, discrete, embodiments the invention provides
corresponding methods for any of initiating, seeding, or
controlllng the proteolytic processing and optlonally aggregatlon

of the precursor protein to the product fragmenk.




associated with.-the effects of the product Tiagrent; an assessrng
ef fect of nodul ators on the generation of the product frag ity 2485 |
various other, discrete, enbodinents the invention provides corresponding
met hods f initiating,. seeding, or controlling the roteolytlc
proce55|ngﬁaﬁgﬁhg%lonally aggregation of the precursor pﬁgigg %81%he
product fragnment. 15 July 2005 WO 02/055720 PCT/ GBO2100153 9 In each case
t.he net hod may i nvol ve nonitoring (diregtly or indirectly) the level of
proteol ytic processing of the precursor™ protein. 5 In one enbodi nent of
the present invention fibroblast cells (3T6) express full-length tau
("T40") under the control of an inducible pronotor and |ow constitutive
| evel s of Qtﬁ?chFa%%ﬁ%“%aﬁth?%gﬁ%MUHVQﬁﬁemﬁmit@gmmmt&umﬁﬁenyTﬁo expre35|on

i's inducethdirethi§) Syt @RQkelt o d G rouRdesgee epen
truncation within the cell. N ggfnln Iy %ﬁgggéa ggg% g ecuﬁfﬁﬁlly at

~a. a. 390, Ifqnereby produci ng hi gher levels of the 12 kD PHF-core domai n
fragmént. Production of the 12 kD fragment can be bl ocked in a

dose-de DRONG e on |n lblt [ ndeed t
quantthSFg%B%f 15 |ng¥bF?gF%9 é%?§$% 701 5ﬁbj%ﬁ5§ WiE h ?%@ﬁeé?Tﬁb

pr ot eol ytF®regentibtilenosh tde @TRDO flrra@n?ehhe vidittinolcek| sn cadubestescri bed

entirely prombes sai ﬂbbeCSﬂQEaﬂﬁﬂiageié¥éisWBkC%hé“%ﬁ%’bB?e'EﬁU B L LoD, Of
tau-tau be@plpgfln R That extent of proteolytic generation of the

12 kD fragent Wthin &el faey sTitfef’éP’fﬁWDZBs erftducedy ipythife sgstent i
tau-tl@u Biderage: roughat henrdgpeatienddmintat Ide vavaihabhé i da119f wt he

rel evant .pr thin i S non -limting. Precursor proteins and -
')dl seases %rﬁ%ﬁé‘ﬁg@t auopa%%ees“% b- ’?fmlﬂé‘ £ ft'%ed ”éb‘i‘bv%gort fréeFeRient i on may

be based FErduaing Heghse bévaly of the 12 kD PHF-core domaln fragment .
Production of the 12 kD fragment can be blocked in a dose~-dependent
manner by tau-aggregation inhibitors. Indeed the quantitation of

15 1nh1b1tory activity of compounds with respect to proteolytlc
generatlon of the 12 kD fragment w1th1n cells can be described
-entirely in terms of the same parameters which describe inhibition
of "taun—tau binding in vitro That is, extent of proteolytie
generation of the 12 kD fragment within cells is determined
200 entirely by the extent to tau-tau binding through the repeat

domain. The availability of the relevant proteases within the cell
is ngp-limiting.

&;) . Precursor proteins and diseases (including tauopathies)

As stated above, the 1nvent10n may be based around the use of any
protein which is assoc1ated with a disease in which the protein
undergoes an induced conformational polymerlsatlon interaction i.e.
- one in which a conformatlonal change of the protein, or in a
30 fragment thereof, glves rise to templated blndlng and’ aggregatlon

of further (precursor) prote1n molecules in a selfuprOpagatlng
manner. T T

Once nucleaticn_is initiated, an aggregation cascade may ensue

35 which involves the induced COnforméticnal poiymerlsatlon cf furthér
protein molecules, leadlng to the formation of toxic product
fragments in aggregates which are substantlally resistant to

further proteolysis. The protein aggregates thus formed are




protein which is associated with a disease in which the prote| n_ undergoes
an i nduced confornmational polynerisation interaction i.e. DY 280%hi ch a
conformational change of the protein, or in a 30 fragnent thereof, gives
rise to #&y@@ted bi nding and aggregation of further (prEausssiniarotein
mol ecul es in a self-propagating manner. Once nucleation is initiated, an
aggregati on cascade may ensue 35 which involves the induced conformational
pol ynerisation of further protein nolezules, leading to the formation of
toxi c product fragnents in aggregates which are substantially resistant to
further pieigal tsibe. a“ﬁmxmmmed;amaeeg@lfegahﬁﬁetgleueréwmd Ahaiddé July 2005
-~ WD 02(05 / Q15 0, t hought _to proxi mal cause of
| neurodeg‘g%%%l{g %Q t(r%l (J?a?)até()lo ag‘ Xfﬁ%t%‘{shé’ﬁf ;% thol SY¥Cc& synptoms of .
t hi s grodpsofsesd seases. 5 Pref erred errbodl ments of the invention are based
on tau protein. \Were used herein, the term"tau protein” refers generally
to any 8rote|n of the tau protein famly. Tau grotei ns are characterised

as béi ng” b Hthrac T drges Afinbs Jd’F’eBFb?‘elaﬁFef AFEE e v@ﬁ’i“cﬁr@belfpuri fy
W th m cwnéndouim Heird ing Itﬁpeaéﬁd u:)ezll gSOfJénﬂ's&eme:y @é}f&r]a@.lgll saSH/ND

Shel ans et. al A973), Pra 11Aca Sci 768 and
( bofdidor % ‘% é:gg?:ll ate ot el HE P FIWJ-’%% alf\?eﬁsl&rgc‘ﬁ? ’t%ﬁgtau

are known as m cro
fam |y saarkeinwe Oeen«'vrrmegf gatargsr Gfumbhavpﬁ@@tehara@u@rmsst wbidh ter-ni nal

- Segment, pSRHMEREeS mcmmxweéef%&%@@am ?bﬂésléeearstse%w ihe
"N-term nal segnent, whi ch are_devel opnent a regulated in the brain, a

char¥ct eﬁi’r%‘?s’tst?mbtlénﬁ%tfﬁlraé‘ﬁéét eFe@%odlé’aﬁgl%W%gNBFle rad Sghdefiiepeat s of

.31- 32 gmn,o TGHEI—dSS)agﬂlcﬁaeet Eﬂimmaslhs hatfotd\ﬂﬁﬁadassa&mﬂyde@@&m B

-mcrotu SSO ed pr Ln_in e. 20 _somm endritic.c ar t ment .
REPSUREREs B E e oS S G TR omn

(Mat us, crotubul es”
VVIey an@ag*ng;a Nﬁyra¢nqq}stlc —terminal segment, sequences of

approximately 50 amino acids inserted in the N-terminal segment,

15 which are developmentally regulated in the brain, a characteristic
tandem repeat region consisting of 3 or 4 tandem repeats of 31-32

amino acids, and a C-terminal tail.

MAP2 is the predominant microtubule-associated protein in the

20 somatodendritic compartment (Matus, A., in “Microtubules” [Hyame
and Lloyd, eds.} pp 155-166, John Wiley and Sons, NY). MAP2
isoforms are almost identical to tau pretein in the tandem repeat
region, but differ substantially both in the sequence and extent of

the N-terminal domain (Kindler and Garner (1994) Mol. Brain Res.

L

25 .26, 218-224). VNevertheless, aggregation in the tandem-repeat
region is not selective for the tau repeat domain. Thus it will be
appreciated that any discussion herein in relation to tau protein
or tau-tau aggregation should be taken as relating also to tau-MAP2

‘ aggregation, MAP2-MAP2 aggregation and so on. .

30 B

Figure 5 shows a Table 1lstlng various other dlsease-assoclated

;aggregatlng protelns thch may be used in the present invention.

In each case the dlsease or diseases in which the initiation of

aggregatioﬁ 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 Ieast all or part of this minimal

'portlon of the proteln would preferably be encompassed by the

template fragment used in the present invention.




isoforns are alnost identical to tau protein in the tandemrepeat region,
but differ substantially both in the sequence and extent ofSJ¥lE08Et erni nal
domain (Kindler and Garner (1994) Mdt. Brain Res. 25, 26, 218-224).

Nevert hel esgoz/@ggegati on in the tandemrepeat region is'ﬂQﬁw%&k%ﬁégve for
the tau repeat domain. Thus it wll be appreciated that any discu di on
herein in relation to tau protein or tau-tau aggregation should be taken
as relating also to tau-MAP2 aggregatizn, MAP2- MAP2 aggregati on and so on.

+ 30 Figure 5 shows a Table listing various other disease-associated
aggregating proteins which may be used in the present invention. |In each

case the gi sease 0L di es, | ich the initiation of aggregation and\or
mutation of the pr (g)te%:ln(s§ﬂ Eoe nca] 'SP YRS §issasgsyhicktete The dommin or

nut at i on FESPGeTrbred flr paltbotisieadepractiny iatyrégaticst edc1and @fcoheast al

or part afedrhing Bk BpLAR angotg‘i,jprbogfy Lbhg. protein woul d preferably be
enconpassed by the tenplate fragnent used in the present invention. 15

July 2005 WD 02/055720 PCTI GB02/00153 11 As can be seen fromthe table,
exanpl e dicteddesinhicmar enle nalrzal@méj:s&dn@éaeétﬂplvﬁl%galca@;p%%@ﬁ
di sease. 5 Notably

aggregatiQd . r.,..neurone di sease and Lewy bo )
it is notelglnl yB%\Fg %?ﬁféu%cglﬁl s6afE° TR W% AEERP I Jadi HXaX @hdodBer r Bime

funct i on PRATSPEREEE? mf tiferedddermaytpraydiaordbes sthe apabhoagenasksa ol
- nNeur odegemer atbyee s S dapsastaRaaspll &K' (PPl SEase  and Progressive
Supr qpucla%ar chrlugi/aé PSP) aggear s to COI‘QI‘(E‘(?S??E %?Ef%rfogﬁnc%%%}ﬁ%fea‘ﬁ%‘h of
pat hol ogi-cal “ErURcarsd PavPaygilegical tmncaked det apergyates andtséel | at e
'a;’-"‘)pyr am dalkdepébks a¥rushendestelliaex, pyrasprct bvel ¥ .o fOLher pdammntias i ncl ude

~“front o-t eapaELa ifenent igpef K X ki nsonism |l inked to chronosone 17
(FTDP- 17)_(-F£3:|i_J§i nhi bi tPgﬁ-éedr%e?)ﬁFFg?%alf CﬁHQ%nf’]é‘fﬁtgﬁf}8‘P%‘ifh‘y eBRPFEX ( DDPAC) ;

-parkinsonism linked to chromosome 17 (FTDP-17} ;
| disinhibitionvdementia~parkinsonism*amyotrophy complex (DDPAC) ;
15 = pallido-ponto-nigral degeneration. (PPND); Guam-ALS syndrome ;
n‘pallido—nig;o—luysian degeneration (PNLD); cortico-basal
_degeneration (CBD) and others (see Wischik et al. 2000, loc. cit,
for detailed discussion - especially Table 5.1). 2all of these-
diseases, which are characterized primarily or partially by

20A abnormal tau aggregation, are referred to herein as “tauopathies”.

Thus it will be appreciated, in the light of the above discussion,
_‘ | {and except where context requires otherwise) where the embodiments
;:) of the invention are described with respect to tau protein or tau-
. .25 like Proteins.Iexg-"MABZL‘thend@scription should be taken as
applying equally to the other proteins discussed above {e.g. p~
amyloid, synuclein, prion etc.) or other proteins which may
initiate or undergo-a_similar pathological aggregation by virtue of
| conformational change in a domain eritical for propagation of the
-.7‘30 aggregation, or which imparts protedlytic stability to the
) aggrggate this formed (article by Wischik et_é;. {in “Neurobiology
_f_' of Alzheimer’s Disease”, 2nd Edition (2000) Eds. pawbarn, D. and
;-Allen,VS.Jfk The Molecular and Cellular Neurobiology Series, Bios
. Scientific Publishers, Oxford). All such proteins may be referred

35 to herein as “aggregating disease proteins.”

Likewise, where menti i : .o Nk e o o
’ ention is made herein of “tan-tau aggregation”, or

the like, this may alsd be taken to be applicable to other




15 pal l'i do- ponto-ni gral degeneration-(PPND); Guam ALS syndrone;

pal | i do- ni gro-1uysi an degeneration (PNLD); corti co-basal b@g‘éhgﬁ?ﬁfil on
(CBD) and 8t hers (see Wschik et al. 2000, loc. cit, for detailed

di scussi dh0¥ #cially Table 5.1). Al of these di seaseRCH@RI¥MIGT e
“characterized primarily or partially by 20 abnormal tau aggregation, are
referred to herein as "tauopathies". Thus it will be appreciated, in the
| ight of the above discussion, (and e}Eept where context requires

ot herw se%) wher e .t he enbodinents of the invention are described with
respect t B3I &Y BPePRO TR AFIregating prychi #5 frenyloMAR)gtegetion,

descri pt pohoss hagréghei dmkeni a@naﬂmlaym ngoeayation t@ct hgiplhele PEQhL el ns

di scusse OVi&, I,,0| d nuclein, prion etc.) or other proteins
whi ch rragr@?n?tltégeg%?’g%%a e%o an SI s pat hoI ogi cal aggregation by virtue

of conformational change in a domain critical for propagation of the 30
aggr egat irgfp1 He wa%]eh]g@arts pr ot eol yt| c stability to the aggregate this
formed (article by schik et al. (in "Neurobiology of AIzhel rrer S

D sease", 2nd Edition (2000). Eds. Dawbarft, D. and Allen, -The

Mol ecul arn anbGalkul ézﬁbdN&We@ll&bobﬁgﬂhes%frbgént Bi %n¢$6h SN 1S gﬂe{é shers,
Oxford). éll q:ch'c roteins maéﬁée referred 35 to herein as gregatl ng

di sease progf el n WkeWw e PES MEWEPERATY PdeRef s s © a%u tau

aggr egat T enre fmﬂgm@he” | ¢k &het prscumssoralpsotdin t ahénht tehie wyHRIrkcab | ehd0

ot hefo L5paid 1o 2085 p 03 053£20s PHCROZLANI S ohe oAYALEDRt Lngc prot el
aggregat ) on, such (err) aggregati on on aggre atron and

- synucl ei ° agtteghei ?ﬁl %ﬁ%ageﬂ:&ewe*eeo'ltyaas %F@GFW?’@le‘egﬂﬁadatﬁcmﬁecand so,
on. 5. TaEmpleaate Fragnments In preferred enbodi nents of the present

i nvention, the terrpl ate fragrrent conprises, consists essentially of, or
consi sts of a "core fragnent" of the precursor protein, which termrefers
to that E® Per cage ehelimegsei prebaitnd ghabh eadarebrhd, tsnctthe:omeecur sor

prot®i N fragments are also likely to be those which contribute to the
proteolytic stability of the aggregate.

Thus, for example, a "tau core fragment™ is a tau fragment

_ comprising a truncated tau protein sequence derived from the tandem
20 repeat region and, which, in the appropriate conditions, is capable
- of binding to the tandem: repeat region of a further tau proteln or
o a MAPZ protein with high affinity. In the case of tau, the
' preferred fragment is thus exemplified by, but not limited to, the
N tau fragments present in PHFs (and, ultimately, neurofibrillary . J
25 ..tangles) in Alzheimer’'s disease brains.

A preferred tau fragment may thus be from about (say) between 295-
297 extending to about 390-391 (see ‘dGAE® in Figure 6} although
5 variants of such fragments may also be used, as discussed below;
30
| In the case of APP (amylold precursor proteln), for 1nstance,
rf'expre551on of a, fragment of the APP that. encompasses the Ap domaln

of 1-40 or 1~42 amino acids as a fusion proteln, 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).




to initiate or propagate proteolysis and aggregation as descrlbed above.

In the case of disease proteins which aggregate, such coreldd4uly28@%ents are
also likely to be those which contribute to the proteolytlc stability of
the aggred¥®62055M¥s, for exanple, a "tau core fragment” %, dggggnent
conprising a truncated tau protein sequence derived frontt

repeat region and, which, in the appropriate conditions, is capable of
binding to the tandentrepeat region of g further tau protein or a MAP2
protein with high affinity. In the case of tau, the preferred fragnent is

t hus exerfhid fuoe;albyené;nn mothé I HAtAd +£0 t fra nment resent in PHFs
- Eﬁ ebOrrddin é‘%ﬁ % Hgt(ﬁbr"% di sease

(and, ultipmt fibrillar tangl es
~ brai ns. épre?er)ri?g Jq;htera ?@f‘ltg"’r?ﬁ?gﬁﬁﬁ%a"dé’nf F‘b?ﬁaeﬁ?omm(:eaxy)cdaﬁ ween 295-
297 ext endid¥ers Bobra 1890, 391t (iwdad gdﬁ@ﬁuynbgl GHR H0) tﬁ-éut h&U% uayaf,ants
of such fab&glrtelzt)s sBy @R, Sepbesyises gcussed bel ow. e case of
APP (any! recur sor. prot ei n), for |h dn85 Soé%BP€s§FbﬁSOH1dﬁnﬁthgnent
of the AP tﬁ’g' L EhcUsastedentaPioney e ghedtstO thanli @, arione aci ds as
"~ a fusi on9gvent é0A, hBycHie .psedarired. 35 Qther core fragments may be based
e.g. on the domains discussed wth reference to Figure 5. Tenpl ate
fragments may include domains fromtwo, or nore than two, of these
prot ei ns Ye&iFatdges usi ons). 15 July 2005 WD 02/ 055720 PCT/ GB02/ 00153 13
The total length of the tenplate fragment may be any which is appropriate
to the a§%a¥ nd aqar gatl on di sease protein core fragnment being used, but
Wil genéFaPly b GISEE ehet9Han “Berequalamed aboistin2@e. 30,pdQur50r 60, 70,
)80 90, eroselammmatdsw mdrenggagmer&)Hgmeyegedlreagolg@c ganbodipents it may

be great 86qhbRBe 100.4;200- 0y gven, 500, if this s desi red.” DaFiVat i ves

erivative or other variant of the
corresponding reference protein (or nucleic acid) may be used as
approprlate, provided that it retains appropriate characteristics
i5 of the reference Sedquence. Such derivatives will also share
sequence identity with the reference sequence.

For instance the protein used may include an extended N- or C—
terminus, which extension may be heterologoue to the protein
- 20 ~ sequence. Equally, the derivative will be one by way of amino acid
insertien, deletion, or addition of the reference sequence. For
example, a tau protein, or tau core fragment, derivative will
N comprise at least a partial amino acid sequence resembling the
i:) | tandem repeat region of the tau proteins, but in which one or more
23 . . of the amlno acids of. the natural tau or its fragments have been’

replaced or deleted or into which other amino acids have been
inserted.

Such changes may be made to enhance or ablate binding act1V1ty (the
30 latter case being useful for control experiments}. Controls may

”contaln deletjons of sequences or domains to see what effect-op
aggregation these may have. . . o

Preferred derivatives may be those which incorporate mutations

35 corresponding to those known or suspected to be a58001ated with the
disease state. These may inelude changes correspondlng to P301s
,wlthlp the tau sequence (see Figure 7)f Othexr mutetlons include

G272V, G389R, P301L, N279K, S305N, V337M, G272V, K280A, RA0EH (see




10 In all instances herein mhere a naned protein (e g. precursor protein,
tenpl ate or core fragnment) or a recited nucleic acid sequénddlyi2805

di scussed, a derivative or other variant of the corresponding reference
“protein (,mozrugg-}zgl c acid) may -be used as appropriate, prav/epehdopat it
retains appropriate characteristics 15 of the reference sequence. Such
derivatives will also share sequence identity with the reference sequence.
~For instance the protein used may inclyde an extended N- or C termnus,
~whi ch extension nay be heterol ogous to the protein 20 sequence. Equally,
the deriyalj vesuhit e AnesByonay,nhyamno acid insertion, deletion, or
‘addi tion of the reference sequence. & exanple, a tau protein, or tau
core fragment, derivative will ~conprise at |east a partial amno acid )
SeqUenCﬁ)ﬂ}%ieﬁbbf@@:é&&ie}thvhaﬂd@é’nﬁa@peﬁ&ldc&git‘éﬂd@fu the=dm@u o&r h&iddse-but in
whi ch ong or nmre,. d E g of, the, natur tau or its

f ragnent’s"3fave Se%lsc$§ﬁ3 ageav%?(ﬂé éP e qﬂﬁaﬁpg WA EF ani no aci ds
have Sheefragmesést ed. Such changes may be nmade to enhance or abl ate binding
activity (the 30 latter case being useful for control' experinents):
Controls may contain deletions of sequences. or domains to see what effect
on aggr&fativaithenederitm) gy enapier brred WeahiReriespradrdse bavask ofhi ch

i ncor por;aélle;ﬂmtﬁat E@I&te’iﬁ GOEELSPANDItAPnt Oid h@xi%hklﬁﬂe\é\l[\r Ofeplespestad to bg
assocl at e t t ease_state., These uae C S, CO sponai ng
o Pa01 S R PRt R e e B ST o) ShETe S MASR o AR udle
(R72Y,  G389R b|@3®141at¢q2Metseeaf\ithvzzamer@mw MKRBOA, RADGVS (mee 15 July
2005 VQ&ZJl%%%EZQeEﬂoG%%%EQQéé%:ec%ﬁb%é& Wesghi:ki 6L al ’AnZQQQerM%)

Cther preferred derivat,ives na i ncl ude tanden1reﬁeats of the core- ~}
f ragnent $-ditsgus{en ’“a%‘\ﬁé(lngr F 5y TR HS WPERAT e GYe FERf #Aignent s.
described by Ho et al., 1989, Gene 77, 51-59 or DNA shuffling

{Crameri et al., 1998 HNature 391).

15

Use of nucleic acid constructs

Nucleic acids of, or for use in, the present invention may be
provided isblated and/or purified from their natural environment,
20 . in substantially pure or homogeneous form, or free or substantially

free of other nucleic acids of the species of origin. Where used
herein, the term “isolated” encompasses all of these possibilities.
Nucleic acids e.g. encoding the template fragment, will be at least
‘bartially synthetic_in that it will comprise nucleic acid sequences },

- ~25--.which are not feund;tegetheﬁ-inmnatufe~(demﬂet"rﬁﬂ~eentiguously} -

but which have been ligated or otherwise combined artificially.

Nucleic acid according to the piesent invention may be in the form
of, or derived from, cDNA, RNA, genomic DNA and modified nucleic
30 acids orrnuqleic acid analogs. Wheré a DNA sequence is specified,
. .e.g. with reference to a:figﬁref;unless.context requires otherwise
the RNA equi#alent, with Ufsubstituted for- T- where it occurs, is

encompassed.

35 BAs 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 question would share about 50%, or 60%, or 70%, or 80% identity,




Yet further derivatives may be based on chineric products based on
“multiple, related, disease proteins in which their sequencd®Jdyed0%i xed or
conbi ned. For exanple restriction enzyne fragments of tau 10 coul d be
ligated together with fragnments of MAP2 or even of an wunrelated gene to

- generate reconbi nant derivatives. An alternative strategy for nodifying
~ the core fragnments woul d enpl oy PCR as _ described by Ho et al., 1989, Cene
77, 51-59 or DNA shuffling (Craneri ettdal ., 1998 Nature 391). 15 Use of
‘nucleic ggifd ructs Nucleic acids of, or for use in, the present

i nventi on rnatyg)g‘gagfo“"rcC)i i 8gd£‘?%§ﬁ APeYtaPf 0P Spurdds e d 7k omst hei rogmag pir al

envi r onmee, Seggence spbat enidialihy PUEEadd igoﬁﬂ%‘%{‘eoggﬁégggt or free or

subst ant ibakdoY o @6 yOheOL HEY leic acids of the's orfgin. Were
used -herei 0tﬁe t&‘e)rfn il soef%?l(eé 2B Fihsruined Ay the TRBRETY)@seibid,i ti es.

n
. Nucl eic 3%: BLLRHL @fcadi ngl I ventib At @ibLagnent 40wl b be,ah §east
cpartial | prayabhetdse iR thatsddd %','ax&? ;.Lissnga nucl ei c_acid sequencens 2-5
.- whi ch arg not, found t-qgether in’pature- (o9 16t Prefrrednttbguousl y)  but
whi ch havé been FGIt¥l B> Giher fhieh denbrrfedfatbif it @dsin phEIRI C aci d
accor di ngerdiethe, pFesntbdmiont | o(cdmyibs ddd t.he. f d,;g{}(P O%Jéor derived from
s or’

CDNA,  RNAri €N %G s NA i fied nucleic 30 aci | BFEET4E d
anal o0gs. Where a DNA sewg%%ﬁggg?'s [ng)‘écfvff‘écdlsme.sé?lw tusimgf €hentFaiine a

figure, PUMUEECENt e roguPr efomnter o5 altheaBlily ey Wik efendy th U
subdfi t wedtiftdond - vhprieeut tOCEM Svel AybSNE9N gssgjr. 35 As descrirbed above,
. . ! T o ¥ 1 —d

t he 'nUC|n?d'1“ec%§legso Sencoge erivatives of Ot hét° V&FPaRtslSitarrig

honol ogy_wi th the 't ef PElite S qifaERS® i homodems tiison T Pr ed Brsabl ¥/, 16t BEoguUC] €i C

aci d_andM6*larti fothdiFdGseluerceds ia geesidag Wuod SHar ¢, aboyt 50% or 60%

or 70% or 80%identity, 15 July 2005 15 nost pr e(ergbﬁy atf&ast  about
90% 959 (360 97% 98% or 996 of the sequence upon which the variant is

g bas%j. I m Fé—_?i?%,l%ﬁequences which encode the appropriate proteins or

- Polypeptides can be readily prepared by the skilled person using
the information and references contained herein and techniques

known in the art {for example, see Sambrook, Fritsch and Maniatis
r

" : q
Molecular Cloning, A Laboratory Manual®”, Cold Spring Harbor

Laboratory Press, 1989, and Ausubel et al., Short Protocols in

20 Molecular Biology, John Wiley and Sons, 1992). These techniques'

include (i} the use of the polymerase chain reaction (PCR) to

amplify samples of the relevant nucleic acid, e.g. from genomic

sgurces, {(ii) chemical synthesis,.or {1ii) preparation of cDNA
sequences.

DNA encoding 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

- Tecognition sites either side of the portion to be expressed, and
[3

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

- using site
directed mutagenesis.




honol ogy may be as defined and determ ned by the TBLASTN program of

Al tschul et al. (1990) J. Mt. Biol. 215: 403-10, which is1$a‘1|52§9§ndard
use in the art, or, and this may be preferred, the standard program
BestFit, which is part of the Wsconsj Package, Version 8, Septenber
1994, (CGenetics Conputer G oup, 575 Science Drive, Mdison, Wsconsin

USA, Wsconsin 53711) using the default paraneters. One common fornula for
‘calculating the stringency 10 conditions required to achi eve hybridi zation

bet ween nucl &n carattitetr aBpEEt &S t8k Brs fai ence hopology is: T. =
81.5C +, 14, 47«93911:1[0'}{6‘;3 + 0,41 (OtA) G+O) chge elé‘%’?&??%?fn&%eas)% BHOTHHSS i n
dupl ex.® NucTei ¢ 8 s efubiftesComntdl isac swslebe appdopniatiengr aigi as or 15
pol ypeptitdateadrbememadit i @pacadsby LAG Sk Elugg Eﬁggo&eusé%%mttge .

i'n the

i nf or mag,i apd, references contained herein and techni ques
art (for a%)%laerrgl &> ggrés I}:ﬁ%ﬁB’SEY BRi%fdadd vhAi aell, at "dblecul athichoni ng,

A Laboridt gy Manialte @l dedprimgn HarihokneLah r s, 1989, and -
Ausubelipet gake S<§£k91{c;[t Rrogocol s in. 20 Ml ecﬁl %@Bsi%gl 85{;?%“%8#% |t8?tand
Sons, 1992). Tﬂes Yechni quet"MHNYdEXPT§s39tk imséhef cehle jpoingmpoase chain
reacti 6% ePERimwlots, amplichynsdngkescod theidsekenant,quGheic' acid, e.g. from
genom ¢ sources, (ii) chem cal synthesis, or (iii) preparation of cDNA -
- sequences. 25 DNA encoding e.g. tau core fragnents may be generated and
used in anysditidbl ennblyeknaspedto dhose Of redenk! 8dvkbArid® affard NEl uding
by takidg; [ ,_i.dentifying suitable restriction ‘enzyme -
recogn?ti on&gf%ggﬂgilt eraésl?ggrﬁlflgf h%lﬁé’ﬂ:fafioﬁr?"i‘j be expressed, and 30
cutting ogt aid portion fromthe DNA.' Mdifications to the protein (e.g.
“tau)-enco iﬁg s']é‘%fg“ém,te§ can be made, e.g. using site directed nutagenesis.

15 July 2805gtd5gad anaghefgdsRechqlf atd Sudf 58N bk ne/@?;\%gggpﬁr'e i's

provided a conposition of matter conprising nucl erc aci g (i) a

;‘3‘ =57 T46-Not T

5'-act ctt aag ggt cgc gge cge TCA CAA CAA ACC CTG CTT GGC Ccag _'3,

295 sense primer

5' — CGG AAT TCC ACC ATG GAT AAT ATC AAA CAC GTC CCGE - 3

391 anti-sense priwer

5' - C @Ce GeA TCC TCA CTC CGC CCC QTG GTC TGT CIT GGC - 31
Constructs
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 onrthe |




tenpl ate fragnent of the precursor protein such that the tenplate fragnent
Is constitutively expressed in the cell at a | evel which 1294820%xi c to
‘the cell;_and (i é% the precursor protein such that the disease protein is
i nduci bl YW@#HPS<Wed in the cell in response to a stimul u¥CT{FRRMIASC| e C
acid i's -described herein. In still another aspect of the present invention,
there is  provided a nucleic acid priner selected from 51-3" T40-Not |
5'-gtc gac tct aga ggc ggc ego ATG GCTiBAG CCC CGG CAG GAG 3"  31-5'
T40-Not | 5'-act_ctt aag ggt cgc ggc cgc TCA CAA CAA ACC CTG CTT GEC CAG
-3 2955%hF pHifkeres %@tmcrtﬁrccamg:emt@e GATt LRATCATS AMAPCACE BTG CCG -

3" 391 atprisERse thbi BBmdle tyfe SXF GoAsTEecT GALCLEsEXr&EGGTG GTCTGT CTT
GGC - 3' Constructs Thus the invention also relates, in a further aspect, -

to nucleic acid nolecules encoding the appropriate precursor and tenpl ate
fragnentNprbtial rsidAsedisoess atlibiel ewblicheseetrmyr he pepbPitOAnt Bee 1&5rJul y

2005 5 V0,02 TR BCTL GPAZHGQIS. 40y SR, rsl 1 SAETL pONStrtiets, and 1
“the l'atter case, conpositions COMprising two of NMore types o ¢8hLTr uct
are al soYprdvi e ViRgeeei doacEFyasbrievead owhi ciradnablieins vEBHor to

replicatgolyon0ile s@enaviBhe, F8lest epMOSireCakbfuar® el bn kiipWa kgrsayariety
of bacteria, ..\yeast 11and viruses. For Exanmple, various viral origins (Sv40,
pol yorma, "AHEHAAT §§ 1 1¥sv BPTEBV OAr & HeeFu P R S3gnf Nttt o RS ifinas

mamal | adesetizd Bepeéssion Vect examgirpbesingie Muehedtt agildsasd, descri bed
nerejoh MBysmiOF BXAIPLEre RO, Nphlige f LMl BeRl 296,110 SOgMId, viral
particle, -phage, or any other suitable veCtor or construct Whi ¢h can be
t aken upSBRSEUA WhiRE expihesselier appipri aekl \and expressed |

7
appropriately. -/
Expression vectors will contain a promoter which is operably linked
15 to the protein-encoding nucleic acid sequence of interest, so as to
direct. mRWNA synthesi$. Promoters recognized by a variety of t
potential host cells are well known. “Operably linked“ means
'Ijoined as part of the same nucleic acid molecule, suitably
- positioned and oriented for transcription to be initiated from. the
20 promoter. DNA operably linked to a promoter is "undér
' transcriptional control™ of the promoter, VTranscription from
vectors in mammalian host cells is contiolled, for example, by
promoters obtained from the genomes of viruses such as‘polyoma
virus, fowlpox virus, adenovirus {such as Adenovirus 2}, bovine .
25 _papilloma virus, avian sarcoma virus, cytomegalovirus, a -
retxovirus,'hepatitis-B virus and Simian Virus 40 {(5v40), from
heterologous mammalian promoters, e.g. the actin promoter or an
immunoglobulin promoter, and from heat-shock promoters, proﬁided _
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
"fﬁu;tigéiiéiéf'drﬁanisms)rwili‘éiso contqin;sggpggéés heceésary‘fo:u

the termination of transcription and for stébilizing the mRNA.

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

o using conventional techniqueSY‘other_thah {indirectly) by its




Expression vectors will contain a pronoter which is operably linked 15 to
t he protein-encoding nucl ei c aci d sequence of interest, sol%dulyd00girect
NMRNA- synt hesis. Pronpters recogni zed by a variety of potentlal host cells
are wel | wWomeress?zper ably |inked" means joined as part ofpcithgosaigsnucl eic
acid nolecule, suitably positioned and oriented for transcription to be
initiated fromthe 20 pronoter. DNA operably linked to a pronoter is "under
transcriptional control"™ of the pronotar. Transcription from vectors in
mammal i an host cells is controlled, for exanple, by pronoters obtained

- from t he agegaenesn ere‘éh&@@ﬁ%ﬁi@inaslgﬁm é(d&fé%at&gw POX \f:loli:ggl%tlc

adenovi rus, (:ggg:pna AdengV{ I us bovi n |l oma vir

sarcoma ViTus, r?g gPovit s, egffegerYr Hgdetf?éﬁ'éﬁlﬁl $ben \iaids and Sini an
Virus 40 a(@@Vﬂ@?ltldrr (o153} lhlei}utcdcbgouwmrpmhba@rsprn@@ob@r gel@C@d bhergedd n
pronot er gk 0 byl i nd_from heat-shock pronoters,
provi ded qul&ggd pirr(()nrr%'ltaerglgea{r{g egl(gglorrpa?REI & V%A%thE%senﬁ gﬂ%iﬁurseygtlé}ﬁ%ut 30
Expr edsi SR%Weckerdenuseahi e diliearydistehoboveel |'s (yeast, fungi, insect,

pl ant, animal, human, or nucleated cells fromother nulticell ul ar

organi Sy %1 \%II a so cglt[}t ai n sequences necessary for the t.erm' nati on of
transcription and QBT RGt RECTidRA. ths PRREoBREnbt erindeeibIt -t he
“tenpl at eWilFagmttO\/\nShhh bod cendti watl waldersdduds bgr enpterswmychein the

suffioi eatky degledthak we'évﬁ\egheafoﬁve@' . &reddoAORENL SXPIOSSEd | n the

cel | is not itself (directl etectabl e ~Using conventiionar tecHhi ques,
ot hef? t nARPEI i SERLYS - qu F’satESeJ‘Eﬁ \Wh20eBlnuADS0 22 056 2 tRE€FN GB02/ 00153

L7 affecpromopéﬁ;ussmé PicddicEble bearbid st 82 @00nedRl Lok aNh-REAL Sl VT C '
processi Eg ggg g Sloerf fecti veI undet ect abl e when said aggregation is
i nhi bite uch Mot ers Ny BR SHECCEThy ™ KBeaPswt99 o4 R the art in

the |i ghPPBF‘OMP@tﬁr esbmplud s@rtbsurendmctlh@atpﬁammdue bangeriesdetais t hose
'|'! st ed ab@ﬂ@tlt{dtﬁrgeeﬁ@@&ﬁfont hE PhECIHsSRLe Fl;@ttﬁ%”stlrﬁlﬁuﬁf OpRL evelr
! ndﬂ$lb ge level of expression is in the. absence of the stimulus,
- expression from any inducible promoter is increased in the presence.
_of the correct stimulus. In experiments below, a Lac inducible

promoter has been used.

20 Expression #edtors of the invention may also contain one or moré
 selection genes. Typical selection genes encode proteins that (a)
confer resistance to antibiotics or other toxins e.g. ampicillin,
'_neomycin, methotrexate, or tetracycline, (b) complemenf auxotrophic

'i:>  deficiencies, or (c) supply critical nutrients not available from

-25 ..complex media, e.g., the gene eneceoding D-alanine racemase for --
Bacilli. BAn. example of suitable selectable markers for mammalian
cells are those'that enable the identification of cells competent
to take up the desired protein-encoding nucleie acid, such ﬁs‘DHFR7
or thymidine kinase. An appropriate host cell, when wild4£ype DHFR

30 is employed, is the CHO cell line deficient in DHFR activity,

- H‘p;epa:ed and propagated as described by Urlaub et al., Proc. Natl. .
Acad Sci USA 77:4216 (1980). ‘A suitable selecfion'geﬁe“fbr usé ‘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 (19?91;
357 Tschemper et al., Gene, 10:157 (1980)]. The'trpl gene provides a
selection marker for a mutant strain of yeaét which lacks the
ability to grow in tryptophan, for example, ATCC: No. 44076 or
PEP4-1 [Jones, Genetlcs, 85:12 (19?7)]




which is to say, and as is well understood by those skilled in the art,
expression is "switched on" or increased in response to antddulggposed
stimulus. The nature of the stinmulus varies between pronoters. Sone
i'nduci bl e pronoters cause little or undetectable |evels of expression (or
no. expression) in the absence of the appropriate stimulus. O her
induci bl e pronoters cause detectable ggnstitutive expression in the
absence of the stimulus. Whatever 15 the |evel of expression is in

t he- absence of the stinulus, expression fromany inducible pronoter is
“i'ncreased in the presence of the correct stinmulus. In experinents below a
Lac i ndudit & tP.ngﬁB% efeHtE Prerrarsda the Mﬁ@%#@ﬁemmmyoﬁnthede '

i nventi am mﬁygabSOfCﬁéﬁlaJcatQﬂﬁ, Wndremos€! BEItAR I8HESHcO! & Eré?ifcu on

genes e rot el ns, .t.ha confer. resi stance to anti ot| cs or- ot her
t oxi ns ;ﬁ%@c ?Odsutﬁ%’o‘(’ $'n,t “%é‘FI’iBi e resr 2t ei‘?%é?é"ll?ﬁ%r b)

conpl enémané@xeptwmtpntdeatmremﬁmpcer iélﬁ:)erﬂmppby €Xdnidrtg| anmbFk&Nt s not
avai | ablgpfr o fotalere =Y g i_ng .D-al api ne racenase
for - Bé%l K .ﬁb%\%texa O%eogfg%%atbggl ge?téﬁcg%gll%g(iﬁar eragsjflfoo? ?rg F%%n

“cel | s ar®™PRHSBLE h%fﬁplé’ﬂéb%alf-wq déaefrior diadmighes etttishcompekeoin ttco t ake
up the dési sedlpsotaitisancodi ng nucleic acid, such as DHFR or thym dine

ki nase. An appropriate host cell, when mﬁld-type DHFR 30 is. enployed, is
the CHO cell line deficient in DHFR activity, prepared and propagated as
descri bd@abyrforratdrret al., Proc. Natl. Acad Sci USA 77:4216 (1980) A
suitabl e selection -gene -for use in yeast is the trpl gene present in the
yeast plasmd Rp7 [Stinchconb et al., Nature, 282:39 (1979); Kingsman et

al ., GefESO7PIMideryby) the prepenfeiperntdomlis aGarmeess0 fQS?pJ(OIEBﬁ)n); aThe
tr pI geneaplrovidlas far aed &6l la0heMROK & s fRlscRiPb aMHovel I @hi‘cl‘? M§%7\ghl ch
or

| acks t §m gjpééltéﬁtot row.in t(r pt o h%{ﬁ for e%<arrpl e1
PEP4- 1 [JOnes st TeSES 812 (Ployodurdng igtoGose i8“?%ﬁ§‘é39?§lca
vect or f’@FO@B@iW)t Iqetpmlelsaém frayeent arf why pnetwrdd@r 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 such that the disease protein is inducibly expressed in the

cell in response to a stimulus.

In another aspect of the present invention, there is provided

a mammalian host cell transformed with nﬁcleic acid as déscribed
herein 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.




an origin of. replication, one or nore protein sequence(s) operably |inked
to a constitutive or inducible pronoter as appropriate, a. 1244120805 ption
term nati on sequence, an enhancer el enent, a nmarker gene- Construction of
suitabl e vectors containing variousl® these conponents enploys standard
|.i gati on techni ques which are known to the skilled artisan. Transfornmation

" Also provi ded by the present invention is a process for producing a stable

cel | for.lJill ngr W tlogd gg escri ped abov N whi ch process conprises the -
steps of F a) R P adicrhg ™ i S Yc BF | SRR BefrrSehE8dv gt a tenpl ate
f ragnent léfitheipn ecursoanpiomeitioslic mahaiplbheatemplalebls agmbni qus

consti tUtE'o\feEngi(ﬁcEﬁ%S%Qllél the tesh b @éczﬁuqtulegvﬁé.%vﬂ &tld!esc{hoélu{mox' c to the

cell; and % f; Hprecursor protei n such i sease protein is

i nduci bl PPeIpPaES “ﬁfﬁﬁ‘émceﬂmﬁnﬂ%’*s%hs@l?‘étréprsqupas linesgnether
aspect otnetihatpdels&ntsﬂeavmﬁ iaid, tkBRs®@udtS opl agiﬁ;ecket&ommldxa@thgg cel |
transf or Wi t u cid. as _descri hed I uch as to _express (i) a
t enpl at eq;?ra ne%tgoga%ﬁgn%r e‘%urg(%urE nf)sr%q: sutﬁj Cﬁ’;tovfﬁ'és‘t erpe a’ltoe fraénzant
constit uﬁaééFyma'Er%?qﬂ@V‘élemmyengl sa hotunt @hilori@e,t e debériksmdifii) the

Pr ecur sosapbebek Net: SUCH Lhata,t Be Qié@@ﬁﬁo%gi%”lg %e'n@gé'ﬁi}gau)éedn ghgsponse

toa stinmulus. 15 July 2 05 18a The i ntroduction be generally

r ef er r ed PEGRRF YRR °f PRRtGedh Sakhak reamdpap nﬁ‘ﬂb?ﬁ“ﬂntlﬁﬁyc%ﬁmwé}lany

avai | abl paketbns querfecEosn ailkar xgrbsa@@lﬂl&m sihé Al enkechniesopry i ncl ude
cal ci um hosghate tran fectiqn gEA"orF xtran, electroporation, |iposone-

medi at ed SEPRASTEMGISR & oceﬁxgr’rgdﬁ e}dfngat dessribed ¥ SHeHeet #irus,
e.g. vactenea 23:;3K0n(ipddeandcwd| 89/ dBs9l publishedl 0@ Jamd ciagm, t r eat ment
enpl oyi ng cal ciumchl oride, as described in Sanbrook et al., supra, or
el ectroporation is generally used for- prokaryotes or other cells that
cont ain gggS@qyquyancg¢1lqmm1thout such cell walls, the calcium phosphate

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 intoryeast-aré typically carried out




barriers. Infection with Agr obacterium tunmefaciens is used for
transformation of certain plant-cells, as described by Shalp duly2005 Gbne
23: 315 (1983) and WD 89/ 05859 published 29 June 1989. For nmanmalian cells

gggﬂgﬁ:aiﬂﬁh%ngﬁhomngsV’?QFogilg;uzgghgzghazig7g;eg;ﬁiLgEgﬁg?ﬂ€@@PQGEneral
~ aspects of mammualian cell host systemtransformations have been described
in U S Patent No. 4,399, 216. Transfo&gatlons into yeast are typically

carried out 15 July 2005 WD 02/055720 PCT/ GB02100153 19 according to the

B 1 4 1977 I

Proc.  NariotoAsEd G EReChefliod £ 485370 1i598) SF tihrevdr  Boster 1B REMs 1or

introducﬂﬂ@7EmwamdnH$uaelbs alsu@hoastbyﬂucheaﬂ MBdEr.Oi(0FRLL I 3829

ol yeat | e "2 g PRRSES b ren P BB N 1B R R P Fired oL B8 “Var  ous

technlqué§Chf%?gé¥ah§ﬂ69ﬁ1?&Fﬁﬁ&#ﬁﬁ??ﬁﬁhc@ﬂﬁstrqgﬂ;aﬁeomn lHetzlrial Met hods in

EnzyﬁﬁlOg&at&ﬁﬁa@ﬁﬁi@&Zn(&anhﬂﬁagtNﬁﬂﬁ%uro?tpéiycatNgﬁyr 6:348- 352
(1988). Sui t abl e host ceIIs for use In the invention may

i ncl ude l?ac%’ereiarée’ poali’ﬁﬂ}b? WecelfE HionPasUatimdiorakeaheny éashneates, and

bacul ovi fgs tisnsfetrény. matdeiiahi aalicel seki Reswavai bab) adthotbeiart fOF

expr essi et,erQ idg_lncl ude fi br | ast

rela cel O e e il ndy”2of i BpePSi 1% Sonidty e

~ transSPér ks SV4O (COS-7, ATCC CRL 1651), Chinese hamster ovary

cellsb DHER (CHO Url aub and ChaS|n Proc. Natl, Acad. Sci. USA 77:4216

)(1980)) FIous 'f rtoli cells (TM4, Nhther, Biol. Reprod. = 23:243-251
““(1980)) Rimah®ttihg cells (W38, ATCC CCL 75); human '.J liver cells (Hep

&, HB 8065); nouse manmmary tunour cells (MM :

I|ne

Suitable host cells for use in the invention may include bacteria,

eukaryotic cells such as mammalian and yeast cells, and baculovirus

15 systems.

‘Mammalian cell lines available in the art for expression of a
heterclogous  polypeptide include fibroblast 3T6 cells, Hela cells,
baby hamster kidney cells, €08 cells, monkey kidney CV1 line

20. transformed by SV40 (COS-7, ATCC CRL 1651), Chinese hamster ovary
cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad; Sci. Usa
77:4216 (1980)); mouse sertoli cells (TM4, Mather, Biol. 'Reprod
23:243-251 (1980)); human lung cells (W138, ATCC CCL 75); human

i;} 7 liver cells (Hep G2, HB 8065), mouse mammary tumour cells (MMT

T 72577060562, ATCC CCLS51); and many others.

Suitable prokaryotic hosts include but are not limited to
eubacteria, such as Gram-negative or Gramupositivé organisms,-for '
examplé, Enterobacteriaceae such as E. coli. Various FE. coli

30 strains are publicly available, sucﬁ‘as E. coli Ki2 straiﬁ MM294
- {&TCC 31, 446); E. coll X17176 (ATCC 31, 537), E. coli Straln W3110
TATCC 27,325 and KS 772 {ATCC 53,635). Eukaryqtlc mlcrobes such
as filamentous fungi or yeast are also suitable cloning or
expression hosts_fof vectors. Saccharomyces cerevisiae is a

35 commonly used lower eukaryotic host microorganism. The selectlon

",of the approprlate host cell is deemed to be within the Sklll in
" the art. :




-25---- 0-60562, ATCC CCL51); and nmany others. Suitable prokaryotlc host s
I nclude but are not limted to eubacteria, such as G am né@é‘“’

G am posi tive organisms, for exanple, Enterobacteriaceae such as E. coif.
Vari ous BWOEMISS7280 strains are publicly avail able, such aBCEGB8WOISK12
strain M\R94 (ATCC 31, 446); E. coil X1776 (ATCC-31 537); E. coli strain
WB110 (ATCC 27,325) and K5 -772 (ATCC_53,635). Eukaryptic m crobes such
as filanment ous fungi or yeast are al so“Suitable cloning or expression hosts
- for vectors. Saccharonyces cerevisiae i s a 35 commonly used | ower
‘eukaryot & U DRSAN SHE HFRSEH dOPPBH.COOPIPKEAD Gt d9Etatelhost cel |
i s deenmedotioabeing hbterdleyonki hlhicldic tdedast . thb&.dﬂé:}ita?&ﬂ%s &&821&‘%5720
PCT/ GllO%éO 0153 ., 20, 1o & further -aspegt . the presen n‘\%/ent ﬁrow des a
host cel F°7Cont ai ni Ng_het erologous nuclere a Hlaé’f f’hje’n F&ero

descri bethe ggrname Thed nudimmeosepeé d of tthh!ehpﬂt/ewtlllgnIn’aggﬂ:aetijontmgya:heed into
the genogBodSedl p5NERADSONR) o8f sLA&AS! whkh p LRLEEN ALL AN, HBY: B8 %?th he

pronot ed by i1 nclusion of sequencesS which pronote reco |nat|on W t
genone, . FRé a3 §ande W‘iC}fd@Pﬁﬁd‘é’rH’tséi?ﬁlﬁﬁﬁ%e"s“hﬂﬁﬂé?ﬁat iAMdieynatitelhucl ei ¢
acid maythe mmcexbiamkar}omsﬁseﬂa&n V@ﬂir@bhmarhd’ﬁolﬂtattheec&@} lwit@inOber Wi se

identifi heter Io Qous .of othe 10 The cell LRy be
produced %in/a et h§8 escrldbang ab veY ChEFS dOL?cotu“lsoﬁro T 1ﬂel%c act d
construce¥lbr be the ancestor of such a cell. 1J Corresponding cell-lines
are g so provi ded. Preferred cell-lines may be based on the fibrobl ast ceII

l'ine, st ceII transfegt ed or transforned with expreSS|

3T6.. 15
or. cl oni ﬁbe ect SR E‘Os%licidbléa hBY e MR o8 LGP T cCOMFEATREHA y
nut ri ent of megkdlae inndicid ecbrag-rappf opr it ehkoandaxdoei ng pranct ees). sel ecti nig\

Corresponding cell-lines are also provided. 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
trénsformanté, 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; protocols, and practical
‘techniques for maximizing the productivity of cell cultures can be
found in “Mammalian Cell Biotechnology: a Practical Bpproach”, M.

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

Gene expression can be confirmed in a sample directly, for example,
by conventional Southern blotting, Northern blotting to quantitate
the transcription of mRNA [Thomas, Proc. Natl Acad Sci. USH,
30 77:5201-5205 (1980)], dot blotting {(DNA analysis), or in situ
Thybridization, using an appropriately labeled probe, based on the
'””éequence'of the”aggfegaﬁing disease protein. Alﬁéfﬁéfivély;_ _
- antibodies may be employed that can recognlze specific duplexes,
1nclud1ng DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes
_357' or DNA-protein duplexes.

" Gene expression, alternatively, may be measured by -immunological

methods such as immunohistochemical staining of cells or tissue




transformants, or anplifying the genes encodi ng the de5|red 20 sequences.
The culture conditions, such as nedia, tenperature; pH an 1P Yyl @Q -can
be seleéted by the_skilled artisan wthout undue experinentation.

- general, principles, protocols, and practical techniques for ﬁBXIﬁlZIng
the productivity of cell cultures can be found in "Manmalian Cel

Bi ot echnol ogy: a Practical Approach”", M 25 Butler, ed. JRL Press, (1991)
and Sanbrook et al, supra. Gene expressgion can be confirned in a sanple
directly, for exanple, by conventional Southern blotting, Northern

bl ot ti ngsber Nt iahat 8ssdN @t E&NS Cuh REEON 1Qf TR {ah0fR e PGneNat | Acad
Sci. USA, 30 77:5201-520 (1980%], dot bl otti ng (DNA analysis)., or in situ

hybri di z&FPBFESI R§ SFPREEPORFYT at @WlP%fHeqse&SBF%eforbased on the sequence
of the apgnegatistgcessase spabiig)andlberamisyv et ysampa.l&t !ED@ﬂdl@SnaWB.)bebe

enpl oyed, [ i Ze ific duplexes i nclud | DNA du es, RNA
‘dupl exes, Hﬁédr %ﬁ% ﬁﬁlig%pbrl Hggﬁ&loélfgé rg%mars Bﬁlﬁ?rerpgtrg uapr} exX8s" )ée
expr €ssi EPnVeneBtANt \?leﬁ )antnhoydiﬁe? meHshr adeppred rm;lma)kscga cattivieet hods such :

as i munsdisdReheni ead f@khhttheliicehls ;ﬂfly%;la?@ﬂfe.l_S July 2005 21 _
sections, and assay of cell culture, to quantitate directly the expression

of gene product Ant i bodi es useful for i mmnohi stochem cal staining and/or
assay ofTlmanplne &bpédis afayhéepresiehhef nvandehoaataidrs pabytipral , and nay be

pr epar ed, 1,43 g@g;@-;smce qmﬁsnhhgzefchac@& d'ugge . hg pr

pare
agai nst a nati uence o regat 1 ng disease ypepflg Thus one
~aspect d¥Y- tqﬁ’étﬁFE%‘érﬂoﬁthéHfr otrdeft ‘a¢4d§te80§| o @lxpra$$mm o8 &hereewd on

from t he(piugleaice eﬁlﬁﬁnduﬁgpw@hherﬁléﬁpredgct fPegmelt 1K igigahess. cel |'s
under c dlthﬂSﬁ%OI expr essi.on of the gene n‘é resen e of stimuus) so that

t he produ et PrEEghem™yee b?%aaulcsé’denc‘ﬁ‘?éas F8s® hr‘?\‘?eﬂ i P Hd89ehtonpasses a
nmet hod afroghodutiragrarte the cutbbdf ingineling &hprepstihodf ronc Inudil afjc ex@t®ssi on

fromnugdeigsacifeq agodescri bed above. .

In yet'another aspect  of the present invention, there is
pfovided a process for producing a stable cell for use in a method
-as described ‘herein which process comprises the steps of
1ntroduc1ng into a cell 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 wh;ch is not
toxic to the cell:; and (ii) the precursor protein such that the
rdis‘ease protein is inducibly expressed in the cell in response to

a stimulus.

Another aspect of the present invention is a kit comprising a hest
-cell as described herein, pius at least one further component
selected f;om an agent for stimulating production of the precursor
_ protein, or an agent Vfor detecting the interaction of the

,precurso; protein with the template fragment, as described in the

following section.




In yet another aspect of the present invention, there is @.}r‘g&ged a
process for producing a stable cell for use in a nethod a ¥%ed -
herei n whi ch process conprises the steps of introducing into a cell 7
nucleic acid encoding (i) a tenplateiafragnent of the precursor protein
such that the tenplate fragnment is constitutively expressed in the cell at
a level which is not toxic to the cell; and (ii) the precursor protein
such that the disease protein is inducibly expressed in the cell in
response Qefeciisgri ofil amyrefmbidie rndd pegiradfect iti preveatssinwentilon teccic ki t

. gonprising. gst cell as described herein, plus at |east one further

- - proteins an

conponent selected froman agent for stinulating, production of the
precursor protein, or an agent for detecting the interaction-of the

-pr ecur sorprakebas vmmbdlhanwrr&hat grcﬁg@%eet pﬁﬁ:e@@?ﬁid hedckBsid or

foll ow ng secti a ectio ggr eqgation and\ or

pr ot eol y'%i 5&% 8%%%%| g é“ﬁé&‘f& Oxi cer‘?or agmEnt %%O\Vi Cef668FHht s, the
progr ess obfregﬁ:éye@t yindg.rgrbbe dwi mgnbroriagg R:hgactqmn(:mtumduh:auam tah@vr eof -
see bel oWhd1ay RSrdeleehedsoMideal! ¥pids ndkﬁ@%ﬁe&u% ok Q8 ) ngtﬁ

concentration or _|level any one or nore of specl es:
precur soPTHWEE] Flra?‘l‘f‘é‘t'pFBﬂdﬁ’t‘PF?‘a‘g‘ﬁ‘br?trag&ﬂ‘}t%yioﬁw%lﬂﬁrlﬂﬁaﬁh%nts for ned
during t lperocpsscess aqiitedgts aFabry 065 amysefl (& hRSeabed Bn Bagedehtion
- sedi ment af %@ Cfgeffl cients). Thus, as exenplified with particular tau
%ra Nett's (based on 297-351 fragnment and T40), aggregation
. can be- nmonitored on the basis of increasing |levels of a 12kDa processed
speci es, wrdeli ML RLIREL Ly JikATBAPE RAGPUE LA Mnal BrdildhR005 VO

- 02/ 055720 "Bet Gosl
(based on 297-351 fragment and T40), aggregation can be monitored

on the basis of increasing levels of a 12kDa processed species,

| derived primarily from the precursor protein.




Sonme protein detection nmethods are discussed in relation tg g ne
expression above: Wiere anti bodies or fragnents thereof ar O JelK 005
enbodi ments of the nethod of the present invention nmay be produced by
convent i GMAN02/WENI ques. Pol ycl.onal anti bodi es may 5 rai sedr&pgredss
injecting the corresponding tau antigen into an animal, preferably a
rabbit, and recovering the antiserumby inmunoaffinity purification, in
whi ch the pol yclonal antibody is passed over a columm to which the antigen
is bound and is then eluted in a conventional manner. Preferably the

[ nventlOﬂpmwIﬁromsénlﬁetﬁnumﬁnomathédﬁId&@dﬂ£§cwﬂﬁdﬁh1ﬁrEbﬁ%ﬂﬁ@%ttMegédé tau

epi topes, ed t he th hl er and M| stein. Suitable
monocl onal® © ant |OBoéi§§§éto lfee?)?gEbpggLega?lr W&P?Feﬁl %¥ndhn Htthods to
provi de Fariicdinents of i#ﬁable}@octir@grtbﬁtgremtTmnventimmwwd or single
chai n. angihadeeshodh FeaiiSionk? %&ﬂ&%@@s ﬁ&fﬁﬁ%@ xgtiz%%ler Sagnt
|nvergt|onma be nodified in a nunbe e term anti body"
shoul’d bE? r Hedbésmlﬁﬁféf‘ﬁnﬁh%lrﬁprﬁ?ﬁﬁ??@l%%Paﬂ%@ﬁ\nlﬁgoaafbl ndi ng
domai n watimdlhe preeguabig aspebbitplatuyi redbisrime thaventiueoner s anti body

20 fragngns ¢lional eg Ient onol o ues of
ant i bodi es, Lﬁ} n??&[a;(% 15s/&%tfhé:tl'@’{l@'(JSOIr]T‘DIlencf]r e(l:sjha ?588?%% WisdeeShdde mimics
‘that of B@SIaf cHBEy2 e@fabmzhgm vhieh mhﬁdalahlgmt iigehoond i tiopthen

25. Geneéﬁlﬂéﬁ aaeakwﬂvem\manelna?rmgxbodp;@@f@fa%@mhgyﬁqrente&oﬂe& 6t 'ug% the
-ant |d\l%ody caré reporter nol ecule. Alternafively,  detection
&rp r?’ﬂ){?

bi n 157 HRECHTATE SBERTL YntPbbaY SRIOREFemaf B5i ndi ng t o
a first prdsed by, thaursped fthKcﬂ'f]Ielerﬁkj{ Milstetihl SsEos® et Rens@eRRd s

ant | DoAY dddgkede{ O &, BAALREL AI 88Uk Sas A0 a“%ybfzgglne%e”ﬁﬁ]dbe used in sy

‘i mmunoassay system known. inc U

-radi oi mﬁr’rﬁﬁé‘éa%b fg%mmt@hmr é%@a;)@ fé?@}ﬁ?é'—slrl ﬁke:delrlmmhgm@mmqt oassays
(ELI SA) ; sfddies efiaent ant IPBRO=AESEMEntBl Ot €i N A | nmunoassays, etc.

Typi_lcsal.l y, an

Antibodies according to the present invention may be modified in a
number of ways. Indeed the term “antibody” should be construed as
covering any binding substance héving a binding domain with the
required specificity.. Thus the invention covers antibody

20  fragments, derivatives, functional equivalents and homologues of

antibodies, including synthetic molecules and molecules whose shape
mimics that of an antibody enabling it to bind an antigen or

~epitope.

25 Generally speaking. where antibodies are employed for detection,
the antibody may carry a reporter molecule. Alternatively,
detection of binding may be performed by use of a second antibody

- capable of binding to a first unlabelled, tau-specific antibody. In
this case, the sébond-antibody is linked to a reporter molecule.

3G - ‘

Antlbodles may be used 1n any 1mmunoassay system.known 1n the art,
“-1nclud1ng, but not llmlted to: radioimmuncassays, “sandwich"
assays, enzyme~l1nked-lmmunosorbent assays (ELISA); fluorescent
7 immunofassays,_protein‘A immunoaséays, etc. Typically, an

35  immunoblot method ié‘used. ,Preferably thé immunoéssay is performed
in the solid phase, as would be well known to the skilled person.

. For instance, an antlbody may be adsorbed to e.g. an assay column,

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




35 i nmunobl ot net hod i s used. Pfeferably t he i mmunoassay is_perforned in

~“the solid phase, as would be well known to the skilled perdoduly 288

i'nstance, an anti body nmay be adsorbed to e.g. an assay columm, and the

cel lul ar _ y then be washed through the col um un | y 2005
WO 02/ %é@gg?’b’%#%aoz/ 00153 23 conditions suitable for g‘ﬁ‘faﬂﬁ;?%%dﬂb%{’ndi ng to
t he solid-phase antibody of any aggregate of the protein of interest, e.g.
a tau- tau aggregate:. Excess reagent Eﬁsmashed away, and the binding of
aggregated protein to the colum can t'hen be detected by any 5 suitable
means, e.g._ .as exenplified_above and bel] ow. Preferred.nonocl onal

ant i bodi €4 doRs g%ﬁﬁ??ﬁ?:f9r1?ﬂﬁ? lﬁﬁi%?P%iﬁ?oﬁﬂi%ﬂ? £ lﬂfﬁéﬁﬁﬁ nal or
C-term naltitfodyheft any ab@repitops paenptotmEasuf i hgeaksbi ndigg debueen
truncated and full-_le i 5. ciall e ant ,bodi es
recogni?ﬁﬁbggﬁ%ngéF%begg ggg2%?%%%%5iﬁdwgﬁgﬁbhé%%%ggﬁb%g% %%?Fglng

(desi gnaagakres2redopyotaigodni s eplNmranes gdenf Pe 49diecspe Pocted in the
regi gn bhetyean indb ARd & nex2bpafi rhay, aind bhenghywper mts neasur enent
15 of binding between full-length tau species, provided one is derived

from a non-human source (Lai (1995)'; "The role of abnormal

phosphorsiteatdordofiotatl guadt ennibailithe adeveed dpieoks:0f neurofibrillary
pat hol ogy in Al zheiner's di sease", PhD Thesis, University of Canbridge).
20 Those which récognise the core tau fragnent truncated at du-391. An

‘exanpl e T sThams ¥p3chNeRegnése dihe Nrgespingloor ereyminatnps thfhiidody

enabjpes getwgld @Rl ttheshiridd g efindihg Unaatked eonreatad &adfragrent

~ wtermnatjng at du-391.to a_simlar fragpent term.nating 23-. at.. Ala 390-,
wamh i$é%t géggﬁP%%kﬁﬁn/ E e%ﬁé}lyTHFg£mi are CLINR; 1Y rec?%ﬂlsln

ich.is S"Truncation  oCCurs ma uraply in
the courisenai-sPideidss estsitppin. Al Oriveismeh' Bonatilgaab exntibadyelded 1an@teds)
(1996), é§¥ﬁ9afnr%pbgﬁkﬁgg<aehuﬁ$nwsdé%a9§l1éﬂﬂﬂ%pecl$céteMb@ﬁ ghe Aleqibh991),
loc. cit.). Additionally )
bétween Gly-16 and Gln-26 of tau, and thereby permits measurement

15 . of binding between full—length.taﬁ,species, provided one is derived
from a non~human source (Dai (1995); “The role of abnormal
phosphorylation of tau protein in the development of

- neurofibrillary pathology in Alzheimer's disease”, PhD Thesis,

University of Cambridge).

20 -
- = Those which recognise the core tau fragment truncated at Glu-321.
An example is mBb 423 (Novak et al. (1993}, loc. cit.)..This
antibody enables detection ofrthe binding of a truncated core tau
fragment terminating at Glu-391 to a similar fragment terminating
e 25 - at-Rla—396, which ig_aet recoghai-sed-by mAb- 423, .- This truneation -

occurs naturally in the course of PHF assembly in Alzheimer's
disease (Mena et al. (1995), (1996), loc. cit.; Novak et al,
(1993), loc. cit.; Mena et al. (1991), loc. cit.}. Additiomally,
when tau is bound via the repeat dc@ain in vitro, digestion with a
30 proteasé {(e.g. pronase) generates a fragment deteétable by mab 423
- {see Wischik et al, 1996, loc cit}... In the preferred aspects of
the present inveﬁtion, as it relates to tau protein, this antibody
- may be used to distinguish the generation of proteolytically
cleaved produét‘franent iGlu~391 termination} from constitutive -

35 expression of template fragment (Ala-390}.

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

‘B preferred embodiment utilises an antibody (e.g-. MAbrT.SIY;' Where




when tauis bound via the repeat domain in vitro, digestion with a 30
protease (e.g. pronase) generates a fragnent detectable by1§n&E§Y§9@ (see
Wschik-et al, 1996, loc cit).-- In the preferred aspects of the present
i nvent i oRyQ agossteer el ates to tau protein, this antibody npgT/Borienss to

di stingui sh the generation of proteolytically cleaved product fragnent
(A u-391 termnation) fromconstitutive 35 expression of tenplate fragnent
(Al 'a-390). Those which recognise a generic tau epitope in the repeat
domain. 1i preferred enbodinment utilises an antibody (e.g. MAb 7.51).

- Were 15:aluhinp2085 MA@%@@%&@%&Q&G@@@@L@%&&C&@& Mﬁpan@ibcl‘eﬁPZ MAP2
-aggregation is to be d cted, an anti body E’h detects a generl ¢ MAP2

epi t ope Eyifity SBESHERF gﬁ?ﬁr58d'§9AL?2 §fltP8?:o"d?ﬂl§1e €augBhe - PadY ebitlope

| ocat ed rerddndsant epsmsddiionebe epipeet lofatal ifNotiakastemdnul (k) Proc.

Natl. Ac Ci 8 5 h oc ed, whe ay,. s bound

ina PHI:@%ei(a% Ofmgu%o(c Ogvn@lkiaé %%nf %r ati o%&blﬂa%éa ﬁ%%&ie%p%se%%f 'téégr’ formc .

aC| d 35 t r 2B mS81 1} Havri Fiytien cselagied (Wwhepobyu is1yound fpca REF-likey schik et
(199R@Ino dhemi c&l tednFi b iBbn tu@.h@ ﬁ@%xp@%ebaﬂf@&u%rﬁpc acid

_m cr ot ubul es, can be detected usjng w thout formic acid 10

tr eat rren‘fr‘f(a]%?eﬁ ngHRFiotor ef18b1)! 1I989) ‘ cf]tggl)w defii koHht- 7allisclitogha)
loc. cita). @ioedang Décf wilt-hengbindladolibldaaigUokatau Boigkdng> assay is
associ ated w.t artlal cclu |o f the %p 7..51 |top 15 Antj body
27/ 342 r“éjt%rdgr'lciuges 3’ non- g’pem gs g%cgm I generlg f"éggoepl C5BEC 13E4L ed
“bet wden G@a@%tamﬂaﬁamm@ wii eh- i §9partibdd.y citoecWimgdd rttok course of
the tau-{abddt ehae! | (Lakink8ly of i 106 RALG, ShiekatlelP™ oy
nonocl ona ant'i bo Ies are shown in gure Screeni ng for dul at o¥'s
and i nhibindng Assesks iase@capbee. vithhearmlanicedupsopref dhabrib corvder ned
W th usespA%p=Qf a system as provided herein, in-a-nmethod of nodeling and

15 Bntibody 27/342 recognises a non-species specific generic tau
epitope located between Ser-208 and Ser-238 which is partially

occluded in the course of the tau-tau interaction (Lai, lec. cit.).

The binding sites of some monoclonal antibodies are shown in Figure
20 . 6.

Screening for modulators and inhibitors

As described above, the invention is preferably concerned with use ;;}.
~25-—of -a -system as provided herein; in-a method of modeling; and
identifying therapeutic agents for treatment of, the diseases

discussed herein.

A typical method for assessing the ability of an agent to modulate
30 the aggregation and\or proteolytic éroéessing of a precursor
. _protein to a product in response to interaction with a template
fragment, may comprise: . e e -
(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
'l_conformatlonal chapge_ln the protein such as to cause aggregation

- and proteolytic processing of the precursor protein to a product




identifying therapeutic agents for treatnment of, the diseases discussed
‘herein. A typical method for assessing the ability of an abely280%pdul ate
30 the aggregation and\or proteolytic processing of a precursor protein to
a product in response to interaction with a tenplate fragnent, may
conprise: (a) providing a stable cell or cell line as discussed above, (b)
"subjecting the cell to the stinulus such that the precursor - 35 protein is
expressed in the cell and whereby inte%iction of the tenplate fragnent

Wi th the precursor protein causes a conformational change in the protein
such as £Q gause aggregation and proteol ytic processing of the precursor
protein T0 %@prdduct 15 July 2005 25 fragnent, (c) nonitoring the
product i én) gfortiterpnodiict Hrodgoenin iof the pprdesenteaqiedthanageat , (d)
~optional Ly. &aimaiisngnd he gl ue obtained in step (c) with a reference

val ue. e reference val'ue may be based on historical observation, or may
be based{®h WHtPSL Ll BxpEMAFERT sthaarvidleg ehitaingdpanaster (@) gwitm 2 whi ch one,
i nt eger spérdbenassayudienpl ate fragnent, precursor protein, stimulus,
agent) is nodified or absent. The various nethods descri bed above may
conprise the further step of correlating the result of step (d) with the
nodul at ofle actfierenye wflucheaggentizskd Jiusisaombthbdolnfedvaenth f YoM gag

modul at b 6> AG06R0BHAM 106 or MBS BaASSACLAL Ofl AL 13 01 sEaSE TN whi ch

- the protein _undergoes an . i nduced confornational 1 nteraction,” may conprise
per f or mi'EER omst RRePIDr ofnbbeidfRyaagdEerpkatentaaomrtor ibbedusbove in the
presenceprdifeignesoimili=g agent)s isuspectrad ok Beidg: capabl e of nodul ating
(e.g. inhibiting or reversing) the aggregation. The degree of aggregation

(and optionally proteolytic processing) maybe observed
The various methods described above may comprise the further step

of correlating the result of step (d) with the modulatory activity
of the agent(s).

Thus a method of identifying a modulator of aggregation of a
protein associated with a disease in which the protein undergoes an
induced conformational interaction, may comprise performing a
method for inducing aggfegation as described above in the presence

- 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
ip the presence or absence of the agent, and the relative values

correlated with its activity as a modulator.

In ancther asﬁect of the present invention, there is provided
a method for idéntifying a wmodulator of aggregation and/or
fproteolytic processing of the precursor protein associated with
 the disease state _ ‘
- which method comprises:
‘(a) providing an agent suspected of being capable of nbdulating
the aggregation,
{t) performing a'method as déscribed herein ‘in the presence of the
agent,
" {¢) correlating thé production of the or each product fragment

monitored with the modulatory activity of the agent.




in the presence or absence of the agent, and the relative val ues
correlated with its activity as a nodul ator. In another asiyetdy #0% he
present-invention, there is provided a nethod for identifying a nodul ator
of aggregation and/or proteolytic pyegessing of the precursor protein
associated with the disease state which nethod conprises: (a) providing an
agent suspected of being capable of nodul ating the aggregation, (b) :
per form nﬁ a et hﬁd as de criged herein in the presence_of the agent, (c)
~correl ating t SauBt YOI SPETHEST MBEche RBEdcEo 13 dgieRtar msedr 88 with
t he nodul d¢srnilaet ebbty, cind hbe agekits. ihbublatled 20052 pAhd oBobf exdanpl e, a test
subst ance A dded : t CJ abov and the
cells i nc%_ at_le‘:gﬁe gr gg ?)fe%wggg%%dﬂ %réldsgﬁf(?%(]?%ﬁfgf% a‘htlg\g/!vtb'?xﬁd%ng and to
denonst r #¥93i-bi FherPymd RAdTMRPLeFheabddre baudelorgiiedx ean tisdngbe

~det ect ed, s@i €ghblisBPe Bed Stk BOEY -dalke e duanty By SUCh denMNLL7 oFL iNn an

i mmunobl ot of. t Eal ﬁel It extract, é%r an&/, ot her suitabl e detection nethod.

Where a stt&eni 8 nBFHRF s CEnPtoydder or MY i epaf bosle on Rgthedy t he

identification of nodulatory/inhibitory conpounds, a non- conpetitive or

" conpetiti I i 98{?8 itive say, of the

type mllw%n%egm%a%ﬁg?%%% ﬁ%%g%%ﬁ%{fég@?%%]&efgﬂkg%% In i%lgf oir'(-eo'r §?r)tj'):dﬁfl%ltor

can be colfpirtddicatioe 9 8edRt- B/ iabdketeryotorpewils. feBeRSUbSt ances or
agents, teomgRitaiiveeot omdet btikd Yasdd0ma2Bealibbal y ®fr therdRet $Hbst ance
to conpete with the known |g12| bi t or/ npdul at or , for. bin mglﬁeto t he protein

“of inter SSTPHHYEE Ji5heF H¥pdaPeorethdmorastmithsi&hei b offert ¢%

a known inhibitor or modulator can be compared in the presence or

absence of further test substances or agents, to determine the




pr prognostic agent for the treatment of--a tauopathy whi cfP MY g8 . .
conprises: (a) performng a nmethod as described herein (b) selecting
nodul at ors having a therapeutic index of greater than 2. Al so provided are
met hods of producing nodul ators (e.g. inhibitors) which are as described
above, but which further conprise the 2t6ep of producing the nodulator this
identified. In still another aspect of the present invention, there is

Provi dedabibhithod fubie produshing adceetd caompi el @ thSEhaa%nayn t her apeutic or
_prognost i r hg treatnent_of & tauopathy, which nethod-
conpri se%ﬁ?a P%ga%%idﬁf&%%% goérebtﬁﬁgfin%stodetg@r PERYCHEIE APt Hentify the
medi canment, (b) providing the nmedi canent agent in isolated form In further
‘aspect of the present %nvention t r€iis grovuged uigogf Hherge%kganent
agent in isoPat’§d rOIRES APERED “AooW i RECTHE nbRTFREClr e BF™S rédi cament
conposprooidddraugethadt er tsceaémbng 6H6r aat awdpatiynt 15eduhye 2665 a 26a
Speci figity of .inhibition Screenin t hads accardi hi of the
o esent A islitish Pemay oo ELE T, o 7, WEHERG S nb CREIRAS] 21
t he pwbpel tneghodf compbeictesve conpetitive inhibition of disease-related
protein_agg ti (e. -ta - ot her protein, binding),
mﬁthouéafntégﬁghéﬁygg %ﬁ@%ugﬁyasng?ﬁ%f&b%gAﬁgrﬁgﬁin whi ch the precursor
- pr ot ei fbpar s¢bé@Hngsnpdulptarsu hov iMAR? therepbutia, inglex by aredtegy, ot her
precur§ﬁ§§;§;neﬂrw with their binding partners insofar as these are
known) . Specifically in the case of tau, a nmethod for determ ning any
possi bl e interference of the binding of tau, MAP2 or a derivative

: Also provided are methods of producing modulators (e.q. inhibitors)

provi ded a nmethod for screening for a medicanment for use as_a th&éapeutic

which are as described abhove, but which further comprise the step

of producing the modulator this identified.

. In still another aspect of the present invention, there is
Provided a method for producing a medicament for use as a
therapeutic or' prognostic modulator for the treatment of a
tauvopathy, which method coﬁprises

{a) carrying out a method as described herein to identify the

medicament,

(b) providing the medicament agent in isolated form.

In further aspect of the present invention, there is provided

use of the medicamept agent in isolated form as defined above in

the manufacture of a medicament composition for use in the
Lreatment of a tauopathy.




t hereof to tubulin by potentlal i nhi bi tors/nodul ators, conprises
contacting a preparation of depol ynerised tubulin or taxol15éwH89®55ed

m crotubul es with the agent-, followed by detection of the tau-tubulin or
MAP2-t ubul i n bi ndi ng. Tau-tubulin Blﬁdlng could also, for exanple, be
denonstrated by a normal cytoskeletal distribution, as described in e.qg.
WO 96/ 30766. Methods for the preparation of tubulln proteins or fragnents
t her eof , SPeSEFHFALY wf daliBbhataron with bi ndi ng partners, are known in the
art and are described e.g. by Slobada et al. (1976, in: Cell Mbility (R

Gol dman, _T. Pollard §nd J. Rosenbaum eds.), Cold Spring Laboratory, Cold
Spring I—ﬁ?ﬁ%‘?n”}%\w SFBPRS HEETFHS159 5 isadsPEGh T r?é‘FhBH%SGf‘Hr igpRBEion
pr ot ei nsmimaegisedi seaseteandomopnpdindsf Whith QnsSnoWsltlraeecwe to t hose

skilled p i.sclosure. bility

15 July %OO‘%EV%SOE Ogéi;%(:)ﬁg%hﬂ @@7%%%&33%%‘?%% e% e?f“r;eea Fﬁ%‘a‘g of the
present PR GFIrEYaELFR her- 9-nEpudeaut ausidiz ofort Q§b?—hg@ltdt@lm ability of

t he cel | BigxqHHSSkAghbhe u{tﬁiﬁﬁeibﬁc@rﬁtﬁl angnchmtau@nahhaup; QULBPEL Protein

e.g.. by use of a__lactate dehydro ssay Ki t | n_the case
wher e ta%h?a% FOAT ke mf%ﬁgfﬁa adg 393“%"‘}? % Mgggn"go iTEL L gated
(see above, anpdey . gphker femEayyspr pinteissepi tythedlrsbipding geraneisdi cati on

of any ifMLIfHr aRCenbye thHe t4eshnfgent of the binding of tau or MAP2 to
tubulin, since inhibition or 10 interference of -tau-tubulin or MAP2-tubulin

binding wll correlate to sone extent with a decreased ability of the
- cel | s t smHadiflealagdin tines dadstahoﬂelﬁueaseﬂeﬂﬁid peiraletéfyini@gl knyi ability

MY, e YRRk AR LA ARO0 B L BEnd NG UET! e d % PP LELL L L1 b1 Lor's
thereof to tubulin by potentlal 1nh1b1tors/modulators, comprises
contactlng a preparation of depolymerised tubulin or taxol-
stabilised microtubules with the agent, followed by detection of

- the tau-tubulin or MAP2-tubulin binding. Tau-tubulin binding could

- also, for example, be demonstrated by a normal cytoskeletal
distribution, as described in e.g. WO 96/30766. Methods for the
preparation of tubulin proteins or fragments thereof, possibly in
combination with binding partners, are known in the art and are.

. described e.g. by Slobada et al. (1976, in: Cell Mobility (R.
Goldman, T. Pollard and J. Rosenbaum, eds.), Cold Spring -
Laboratory, Cold Spring Harbor, New York, pp 1171-1212).

Analogous methods for other proteins having ‘disease’ and ‘normal
functions will occur to those skilled in the art in the light of

the present disclosure.

Cell viability




di scussion of Figure 9) of at least 2, 5 10, or 20. Choic f test agent -
20 Conpounds which are tested may be any which it is desirt WH2qQess  for
the relevant activity. The methods can serve either as prinmary screens, in
order. to _25 |dent|fy new i nhibitors /nmodul ators-, .-or. as- secondary- .
“screens imOYYPWE t o study known inhibitors /rmdul ators i FEVGBIHE et ai 1 .
Agents may be natural or synthetic chenical conpounds. Antibodies which
recogni se an Al zhei mer's di sease-1like otei n aggregate 36 and/ or which
nodul ate Al zheinmer's di sease i ke pr otéin aggr egation formone class of

put ati ve_jnhi bit or Qun W th respe

aggr egat ﬂéln pr%%sejsly 'IVB‘? uac%r %h ZEF ejr?v%oln méﬁ ﬁf’%t;‘le‘cﬁ?r%]ﬁ?r‘?d

pr ef er ablghewsieh m?@esapath)liéleoﬁrlebmsmmgfthlee d#idedehpaessivar ther, wll be
tested. r [ l.e .t

conj unction \}ma?ﬁagﬂﬁatt g[rﬁe};{\@(!1 gbrgﬁbgtggn%?eggrg&s ,r%%reggf ?er) b%gléggpoﬁh%
present |1r§\?éﬁf5?0‘1‘1ﬁ VArREPDRES TERYt by C(Stlém%bne marrow, mni mal del eterious 1
cardi gvascul ar activity; mniml |iver and renal toxicity; good 15 July
2005 WD _02/ 055720 PCT/ GB02/ 00153, 2 non- net abol ised to
i nactive o % ETa Y sgrtgﬁ ERE o &BY 851?%04%2’% PIZFIHRRP e’ t hese

t ests cafreiegpénfartigdted (@B&:@mﬁecnaidebawlsedagﬁmlthﬂestubla shep et hods

For compounds ,ybi &l aht 1h§l9aec%oaegfté}1§ 8ftebPeddid w?,ythé Fk Qgéy@'&@l
t est substance and putative nodul ator, where _ possib he solubility will

first be tdet BiRdH of, §auf?%MWet°W+W1PndWCG\AH€Pé LR st ance i s

sol uhbe Illmtéﬁt!ﬁeﬁ&t&:eﬁ@EUth@-Ftu}:ﬂllJ.ﬁOaEmatﬁmﬁtrﬁ@inﬁ(ihqtdrﬂlfl FBYyrdeaty epar ed

~€e.g. at 5-20mMin PBS. 10 I di at el Lo eth can iluted with -

i Ssue ol are et o VEU RS B dhu i R HREe o) A% MoGhiEng
“thus w1th decreased cell v1abl11ty

Cell viability may be used to derive an LD50 value for the agent.

15
Preferred inhibitors will have a therapeutic index (LD50/B50 - see
. discussion of Figure 9) of at least 2, 3, 10, or 20.
- Choice of test agent
20-

Coﬁpounds 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 -inhibiteors/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 aggregéte
30  and/or which modulate Alzheimer's disease-like protein aggregation
. form one class of putative inhibitory or modulatory compounds with
: regspect to the aggregation process. _More'uéually, relétively 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 6f the present invenﬁion,
include: non-toxic to bone marrow, minimal deleterious.

cardiovascular activity; minimal liver and renal toxicity; good




I ntroduced to cells to give a. final concentration of betwe% 0-1011M for
nost conpounds. Naturally, if it is desired to test conpou duly 2005
concentration greater than 10M the concentration of the 15 working stock

sol uti onwauzde7increased appropriately. Were the subst apegdpszigiiss sol ubl e
I n aqueous solution, stock solutions may be made in an appropriate sol vent

(determ ned from The Merck I ndex or experinentally) e.g. ethanol at 5-29
. nM This 20 can again be diluted with 4g ssue .cul ture nmedi uminmedi ately
-prior to use to give a working solution e.g. at 100pM concentration, and

-added t<ar%qlgﬁsafbaﬁsﬂ<ﬂnanfméﬁab qaegan£5ai)éyilQL oy, UntOM QL nOsSt test

corrpounds As ab ove, If conpounds are to e tested at a concentration
gr eat er tesh ebpMehelic Sheeml aticoAvaret Helssr RPABS 1575 bespeTfdrechior | be

i ncr eased REmappLOPrivatie. by h@el&klésitﬁglﬂglﬁ&i) Raathbls apiY @Gdbenddafnitde
anount af_ test substance or, gpound which is added in a screening assay

‘accor di Ag tsod?ﬁfg spe FSBf“} ®n¥8Ati on, and indeed the manner in which
it 30 is introduced, can be determ ned by those skilled in the art, if

necessarg,.by W$g; %l AR Lo Alndd blSpu AR LG, BQJH:“' %Jhsred conpound

and the cell |ine have con |ct|n%opt frons . in ternms of
pH, or ReFisdbder eyt vaatbility vedilefyrat b cledernonmed §h®u| ﬁr% Thd ed to

find an mrclknahdegpmn@fbsehe |£ﬁﬂ:%|tan35 i@lédlﬁbleom%&d@hbowlmrbea

selectedtob t ‘i¥” ?cou allstlcall in therapeutic
cont ext G°7E bsé WSO LA “Y“S % PR %s%e %OI‘%IT%RIPB% oh Hdtsages
bel dW) . Hﬂweﬁhetblgm’rlcm‘ tohesprigsentadi se|disiwted wiigh @ssappewkiohean | 1. not
DI eSent. @(ukS e3Ub¥o 2030 MO D2/ ARRT 201 G CR0] 001500 Hdue bur den o

‘one skilled in the art Screeni ng phenot hi azines 5 The present invention
ext ends IGFOAlFEReto £5)det 80 T TompoBRHsCORBRRT AT By Pateese iyt hod
as provimadmberettnpandist. 0 NLOMRASV, | ONSL€ AP esi AGI JUC ht eisBhidtigAnsis

/”DdU|atQ¥%.% ncggggaékon greater than 10pM, the concentration of the

15 working stock solution may be increased appropriately.

Where the substance is not soluble in agqueous solution, stock
solutions may be made in an appropriate solvent (determined from
The Merck Index or experimentally) e.g. ethanol at 5-29 pM. This
.20 can again be diluted with tissue culture medium immediately prior
to use to give a working solution e.g. at 100uM concentration, and
added to cells to yield a final concentration of e.g. 0-10uM for
most test compounds. As above,'if compounds are to be tested at a
concentration greater than 10pM the concentration of the working | Q)'

25 .Solution will be increased as appropriate.

The skilled person will appreciate that the amount of test
: substénce or compound which is added in a screening assay accérding
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, 1if
‘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 7
- conditions should be tried to find an optimal, compromise, level. . .
35 Tnitial 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 beléw). In the light

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




TN

oy

conformati onal polynerisation of a protein. 10 As descri beg%i%bg. . WO
96/ 30766, anobngst the agents found to be able to inhibit u Qéhca]

i nduced- confornmational polynerisation of proteins such astau are certain
di am nophenot hi azi nes. Exanples include such as thionine I ene bl ue
(MB), tolBROUMEM oride, and di met hyl - met hyl ene bl ue (DI\R%? Yre of
particular interest 15 as potential therapeutic agents for use in the
prevention of tau- tau aggregation in _di seases such as Al zhei ner's Di sease.
Interestingly, as described in nore détail in the Exanples, the present

i nventors have used the methods described herein to 20- denonstrate t hat

t he nech@fEMPYEdaRt i Pn6f SEbhpsliddstReA@Ftas MB on i nduced conf or nat i onal
pol ymeri sation such as tau-tau aggregation is primarily steric in nature.
Addi ti onal | A it has been shown that the potent steric inhibitory

ef f ect , - BSFL 91 9 RBSP e}hlr‘ﬁzr’fB fienot hi azi nes on tau-tau binding, is dependent
on the 25 dlffu5|on coeff|C|ent of the conpound --- The--various

|l | eat k0%, Qsent NeSR AT URLLADS LR eﬂerogsﬁrﬁé@aen'tegc&%Jﬂswl ating
conpounds I scussed in nore eta el ow findingi1s -

parti cul a@q*fytlifﬂéséphkt%cﬁcﬁﬁﬁéhn@d?%ﬁh&érW\gﬂtoﬁ’édeéoh%lé‘m ﬁPF‘oFP of the use of

t he Suchc&ﬁ)ﬁmlmeﬁsl ébr&;na_sahg%u@{ tlnhlﬂ-mtﬁss /meauexesy @ sHedceDMpounds
Were previ O%Sﬁ'qé owp- t glr be - useful in the treatment of
met haenog?dbi &ﬁ?&a BT E R ER FL A f Fo?‘n pI‘has Been shown to be mediated by

the catalytic reduction of oxidised haenogl obin by transfer of electrons

fro he intr I &S f d r s (see,
”16 neage %slcgrlééd 1(1.& d g %o é‘@RJ,o\ﬁG@ ém%%% Eﬁﬁrﬁgcdd%l% @!i;glé@q;d de

() Phar macsbbyitCalinbasi § RffthPH@%ﬁ%hﬁ“é%@ed FPLPTRAFIH PPOYASTISad6fman and

G | man; bEgoMiteiné. sedIOHY calnges I‘deS:H:BJ_n Idntaeﬂ&bphénewthlb&muby Eﬂ&ﬂ'@le\#@

02/055720 PCT GBOZ 001 30 hbtf I | n

- (1996) Vate %mﬁ%om EorON3gE 5 )me ne AT ue J‘%ﬁé S?Oedlpnyllggx?%loo min ic

depress|qedp@y@ﬁbgﬂsmethylene blue {DMMB) Whlch are of particular interest
15 as potential therapeutic agents for use in the prevention of tau- -

tau aggregation in diseases such as Alzheimer’s Disease.

Interestingly, as described in more detail in the Examples, the
present inventors have-used the methods described hereinlto
20 demonstrate that the mechanism of action of compouﬁds such as MB on
induced conformational polymerisation such as tau-tau aggregation
is primarily steric in nature. BAdditionally, it has been shown
‘that thé potent steric inhibitory effect, e.g. of the
diaminophenothiazines on tau-tau binding, is dependent on the A
35 - -diffusion coefficient of the compound.- The various implications of
these observatlons in terms of screenlng and formulating compounds

are discussed in more detall below.

This finding is parﬁichlarly unexpected when considering.the
3¢ déScription of the use of the such compounds in the priof art.
Thus, for example, Suoh compounds were--previously known to -be’

- useful in the treatment of methaemoglobinaemia, where thelr ‘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.q.
Hauschild, F. (1936) Arch., Exp. Pathol. Pharmacol. 182:118;
.“Phérmacological Basis of Therapeutics”, First Editiom (1941),

Goodman and Gilman; Hrgovic, 2. (1990) Andsth. Intensivther.




(Narsapur, S.L. (1983) Jourhal of Affective D sorders 5: 1% N? or, GJ.
©(1986) Biol. Psychiatry 21:915). Notwi thstanding 5 this, Jyly, ne and
toloniumchloride are actually intrinsically weak oxidising agents and, in
the abset@0U$35820%supply of reduced pyridine nucl eoti des, PCH&EBODRIIGS se
proteins such as haenoglobin (Mrse, E. (1988) Annals of Cin. Lab. Sci.
18(1):13). This toxic effect can be used to inactivate viruses, and MB has
- consequently 10 been exploited therapetftically in a process for renoving
H'V and hepatitis virus from bl ood products (Chapman, J. (1994), t)

Tr ansf usioirfdidaeay. 2F:2 1 70agaet CuSld, JL. (4095).. (IP2fisfUrgi dhurlan 38¥5)0l407) .

The WCWe%&@Egﬁ%&w&hé h;sx%pqiy&%g&sléffnmegha 5&&1\4@' peykiyereal ation
of MBinto ound i s "boost ed ?‘I redox state by

phot oact {NafsPeK T anth, - -wH ngﬁaﬁi ‘&WsilbﬁékAmlv?oDM%méﬁﬁﬁdl%ate produces

si ngl et @xngRn whiyCh1®xicdli §@§lt%£)ﬁat§-ﬁd2ﬂ @qgsl va&&csq;dtths(taﬁaﬂryr E. et
1996) Tr ansf u5| on Medi ci ne evi e 15;

Marggl i SENGTINGIB HERn e, a?%‘éﬁ])omﬁ“aﬁg%%ﬁd@n ar%4i“©‘3“31§0’2)mté9<b?b‘?atjétyi on of
t he. t oxiwead fo&(ith@ing?&genpbOimactﬂw&hedalﬁhﬁafﬁenﬁﬁh&l’lﬁiﬂpl@rzIol‘feSeJiﬁsSecm so been

suggest et [ ofi ot NECHEAALIEN o0, cancere WUNA-CElLe o LOmmAUIdE, NI ch have

been oac & OxXi can dama e mto
(Darzynkﬂé%ﬁ@z EZ (Je?88dl An0388PL Cde efaiRe Fwar chsﬂ—'B) 11BA95) Thad/ wxic

m cr ot ubites. Shackendseal toein&;tlv(al:%9§ir1g%@ceEn@Waﬂerconse%{ééﬂw macol .

39: -16 g Thus, on reviewing the prior art, it apparent 't hat ‘two
posstPbl Pese SFRAPLHR t‘fé?\‘?éaB‘é‘é‘iﬁcﬁ’rldﬁoéﬁdat%r%éﬁuﬁ?r O[Vﬂé‘gaEFYo?Pcbf
COI’TpOUndSepﬁtﬁJtlaSV.ﬁﬁlﬁﬂfd‘oﬁlhbmm@mueﬂﬁ| {ChepmanchT as(1OA)Qr 30 prot ei nsi;}_ :

The firs he cat.al yt e |Qn f g d roteins by means
transfer&'o ﬁtu“ rg:hscE rgrgn ?egycée g d“l?n (19%2:' g%?gsdfe%llor?the cell. The
second p3Dposdd7irecHEhs swchsnise Oﬁ)ﬁlcéa‘?ilo?f thid %ﬁf%@qmtthpnabtltﬁatl on of

e.g. DNA; Bys®re ahe&mtat\iahegf X1 i3t Se Bk OF Al c6RPPOUNGS: Teohcag dMBa I n
the 35 1jght of these two nechanisng, it could therefore reason bI have

‘- ‘:been‘ ass‘%‘é‘l?rt FRECF M35 PBi ?%‘?%Paé’rtflé'é‘f:"% - VAT as's SRS A<

to its ground state, produces singlet oxygen which oxidises the DNA
and inactivates it (Ben-Hur, E. et al. (1996) Transfusion Medicine
Reviews, Vol. X, No. 1: 15; Margolis-Nunno, H. et al. (1994},
Transfusion 34{(9): 802). Exploitation 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. (1988), Cancer Research 48: 1295) and/or
microtubules (Stockert, J. et al. (1996) Cancer Chemother. (‘)

7% PRATmACOL: 387 ~LE7) o=~ e e

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 electroans from reduced pyridine
"nﬁcleoﬁides-in the cell.  The second proposed mechanism is the T
oxidation, -and consequent inactivation of e.g. DNA by a
photoactivated, oxidised form of compounds such as MB. In the
35 light of these two mechanisms, it could therefore reasonably have
‘been assumed that the inhibitofy effect on tau~tau association of -

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




conmpounds such as MB was also attributable to a. redox activity. 15 July
2005 WO 02/055720 PCTI GB02/ 00153 31 That is, it m ght beladdynRe@s t hat
such conmpounds inhibit induced confornmational polynerisation such as
tau-tau association by acting as weak oxidising agents or as catalytic
reduci ng WIME™E Thus the work of the present inventor sSECHVEBYNERst rati ng
that the mnmechanismof action is primarily steric in nature, has unexpected
- inplications for the choice, assessnent, fornulation and use of such
-conmpounds in the context of the di seasts discussed herein. 10 In
- particular, certain conpounds have been identified as feasible 11)
t her apeut?@ls i ¢h WO d FFaresyesh thpsnfudeFoBRSRAD A MPARLE effucedf  pri or
art assaysntpegiibheal polyméksehtioretsuah. asl 3G -thocasdddiati @pWt adtongpage
1217 thagStQSHQ%nggngigtio%ngg M@E{eguﬁéf jkpged&nnggt%g was hi gher than
coul d beachieved etinitald y. HowsVer “15 ¥ e Fesurt's herern show that the
- reduction of MB nodifies its stacking ability in such a way as to enhance
Coits iphi Bt Ordhe ROLRNGE Alnd @ rasdfYahvRhedfd Chpl hehOeaBe 6L R AalMY
relevant for the treatpent of e.g. tau aggregation associ ated di sease.
This is ™afkEtisTedti ACkAe dePEITAHEFoRFF NG dPab? BF 10 PEReIRSMRSGERENt s Of
(Zalh t hﬁ [ mlemldmoﬁene@f neek \Mlbbcéreai&uﬁemﬂh t,OEoﬂhlﬁiafiianaﬁiﬂaHei @irent s
ich are als term in_part, t c und’. Llity to
- “stack’ )”.r.’l("?lc—ll1 g‘fjor é%gmg glv\lgq‘tqﬁecg??%xc t?rfe¥% %rﬁeggg%rr%lso .S%tgﬁeh%%er%ﬁldunds whi ch
25 -.have been tested.in-the cell.based assay.. Figures 9-1.6. denonstrate
- the jncrersed-HeLeacy QfriGRhLt AbhRRRBOHAS Hadnt Neekedicadaf OfdhsipPkus sone
.~control, conpounds. Thus in one aspect of the present invention there is
{_Jdi scl ose’dh%’[s%e“téﬁsi e Worege et bSF“adJcﬁ“E-éégﬁ R 88t harEHE 8F a
- reduced pftideunad hsphenot Mpazi fbc0fivt heidahimilea: afl )196%5 juby 2005

reported on page 1217 that the concentration of MB required for
inhibition was higher than could be achieved clinically. However
I5 the results herein show that the feduction of MB modifies its
stacking ability in such a way as to enhance its inhibitory
potential to a level at which it becomes clinically relevant for
the- treatment of e.g. tau aggregation associated disease. . This is
discussed in more detail below in relation to the embodiments of
20 . the invention concerned with measurement of diffusion coefficients
{which are also determined, in part, by the compound’s ability to.

‘stack’}.

f(:) Figure 2 shows the structure of only some of the compounds which

...23 . have been tested in the .cell. based assay. Figures 9=16 demonstrate
the increased potency of certain compcounds in the reduced form,

plus some control compounds.
Thus in one aspect of the present invention there is disclosed use,
3& in the treatment of a disease disclésed-herein, of a reduced

...H(-‘l.éuﬂCO’I pheno,t,hi‘a,‘z,ine of the formula:

(1)




32 R RRQ R~ NR3 R os'" NORI1 RO Rl R11 wherein R1, R3, R4, R6, R7 and
RO are independently selected from hydrogen, hal ogen, hydi®:yly 2685 boxy,
substituted or unsubstituted 5 alkyl, haloal kyl or al koxy; R5 is selected
from hydrogen, hydroxy, carboxy, substituted or wunsubstituted al kyl,

hal oal kyl or al koxy; and each RIO and R11 are independently selected from
hydr ogen, hydroxy, carboxy, substituted or unsubstituted al kyl, hal oal kyl
or al koxy; 10 or a pharnaceutically agﬁﬁptable salt thereof. Preferably,

Rl, R3, R4, R6, Rl and RO are independently selected from -hydrogen, -CHS3,
and R11 are independently sel ected fron1hydrogen
- Bad Rs is hydrogen, -CH3, -C2H5 or -C3H7.

S m nophenot hi azi ne which has 0, 2, 3 or 4
apf nophenot hi azi ne nucl eus. 20 Preferably, t he
tr| Iy methylated (e.g., tolonium
chl ori de, azyre gy #ine). Preferably the conpound is
sel ected froh1thherne Bl ve, Tblonlun1 chl oride, Thionine, Azure A Azure

B or 1,9-Di hhyReet hyl eneRpl udyyl n another aspect of the present .

|nvent|on there is, provided use of a phenothiazine in the preparation of
.a nedicanent conposition for use in the treatnent or prophylaxis of a

t auopat kpersherei, nR_I. hmdpr@pakatanrﬁn RG CUHRY |J.§§§E|)érﬁ%€1%§gps@iecpié;& f&@ﬂugigg}g t he
eas or 0

phenot hi azj ne su it rese in at
P Guced Breiet) PaPAEE sl b0 b PHeroh a2 Rss VT B8 e he
pre§éntaﬂhyénthaﬁmaaaylbemramhm&actured

Rs is selected from hydrogen, hydroxy, carboxy, substituted or

-C2H5 or -C3H; Eﬁfh 0
-CH3, - 15 C2H5

Preferably, Rthe
met hyl groups 3
dlanlnoqgenoth|.

unsubstituted alkyl, haloalkyl or alkoxy; and each Rjp and R;; are
independently selected from hydrogen, hydroxy, carboxy, substituted
or unsubstituted alkyl, haloalkyl or alkoxy;

10 or a pharmaceutically acceptable salt thereof.

Preferably, Ri, Ris, Ry, R, R& and Ry are independently selected from

~hydrogen, —-CHi, —-CyH; or —-CsHq; |

each Ry and R;; are independently selected from hydrogen, -CHj, -
15 C;Hs or ~CiHy; and

Rs is hydrogen, —CHs, —CpHs or -Cafy.

Preferably, the compound is a diaminophenothiazine which has 0, 2,
3 or 4 methyl groups around the diaminophenothiazine nucleus.
A‘ZQ_" Preferably, the dlamlnophenothla21ne 15 asymmetrlcally methylated

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

Preferably the compound is selected from Methylene Blue, Tolonivm
chloride, Thionine, Azure A, Azure B or 1,9-Dimethylmethylene Blue.

- In another aspect of the present invention, there is provided
‘use of a phenothiazine in the preparation of a medicament
Compositidn forr 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 leést'BO,

90, 95, or 99% reduced (leuco-) form.




by the processes referred to in standard texts (e.g. Merck Mnual,
Houben-Weyl , Beilstein, E. I11/1V 27, 1214 ff, J. Heterocy® JulcRRa§ 21,
613 (1984)). Instead of adm nistering these conpounds directly, they could
be administered in a precursor forn% for conversion to the active form by
an activating agent produced in, or %?geted to, the cells to be 15 July
2005 WD 02/ 055720 PCT/ GB02/00153 33 treated. For instance, nethylene blue
- may be adm nistered in a precursor form or it nay itself serve as a
-precurso&,of %Ee CQ%$3$nd Azure A 5 Stabilisation of reduced form Sone of
these compSuNgEiaF:s Esteary ERSWRTERETY ABUPREEPT Mayhke wfactured
predom namyt ithei prodresseadueterfal Mo FArsexaRbetedtdy @.qd1 HEMGSIAN,LE, The

phar macokj CS.0 - e.e.q. D Sanfo, A _et 10 al. (1972) Journal - -
Phar m s%‘:"%%&(@?f Jl'o%%’%% ﬂ’ngﬁt ?ﬁ%ﬂ’ &7raﬂ?%‘* (1972} Fetrtrdyephafhen Sci
61(7) :1690. 6Thi fWP84)lonly the reduced form of conpounds such as MB is
found to cross the bl ood-brain barrier (Chapman, D.M (1982) Tissue and
Cel | 14(3):475; Muller, T. (1992) Acta Anat. 144:39; Miller, T. (1994) J.
Anat . 184nzt9ad 1of panipistering these (q@8Rpndeidigoivtilyt €hey Natbd fier schung
7:493; Ndhkgistdred §998)pidourdor r 3¢ , Llers T.
(1998) Hstol. istqpath&?. 13:10?%?%&35%% %gég?%ﬁgéslgggf%g%%lYﬁIﬁﬁfﬁ?ate
that t he FeBlcRE- Y6 8 *FT e HAPBURR duchrak2 s trdpEescits calisdsi blee and
phar maceuti cal |l y- acceptable fornulation for adm nistration to subjects. M
‘has previously been used clinically in an oral preparation. Further

t oxi col ogi-cal tests are, however, required before its clinical
acceptability is achieved. The half |ive of MB and rel ated 23 conpounds-
(e.g toloniumchloride) in blood is approximtely 100 mnutes. It is
.evident that slow release fornulations of conpounds wth such, relatively
short, half lives can substantially inprove




conpound avail ability and hence therapeutic efficacy. 30 Figuy u}{
t hat conmpounds such as those discussed herein differ greatly In %el
extent of reductioninthe conditions of the assay (approx. 500:1 DTT
excess, abodgdssmgnutes). As this figure shows, thionine pSr/gamuogssel v
reduced under these conditions, toloniumchloride is reduced at an
internediate level, 35 and MB and DMVB are relatively little reduced. The
anounts of conmmonly used reductant reguired to achieve, say, 90% reduction
of the oxidized formin 10 m nutes, prior to adm nistration\absorption

may not deafedsi bFer (sgan@d0@icthkabhe WifueDhdytiee Mjini5btdidy ;2005 WO

02/ 055720 PCT/ GBO0 /00153 ,§4 As . FSQF SéLrS |IIu traty %%SO;[:hg tent of

reducti dh OF "NBTunder phy5| ¥ ogi Ca chdit i°6 ons Tan pe gr eat y accel erat ed
by al | owtamgpoumedaieti®ri-over ni ght and then |yophilising the reduced form
The 5 |yophilisate becones reduced by 90%in 10 mnutes, after

sol ubilisation in conditions mmcking gastric acidity (5n1\/| HC ). Capsul es
cont &i ni Mrtd eeinier theediedd fePtenot hi azi ne pre-reduced with ascorbic
acid at a ng ratio of 1.5-2 represent a suitable, if not optimal,

formul atjon f éhera eut | ciuse g e_same kﬁg‘gglt%er at i Lons Eappl ¥Y,t0 ot her
conpound¥ ™ ich “a§°t hi O&QOH% S &hd PSPERE R ChiBP Pie° AT eh aFe ‘Rbrecr eadi | y
r educed kdrhn pvBdobitanttliye iextlentreguceddfetii-onFef Wﬁeeaﬁ‘l‘be‘l accel erated

in a M., 3YeH 8 Eﬁéa%ngﬁ%édﬂ%@t%gv@f MBS sdbus J.nppeghesred ferms the

phenot hi azi ne agents of resent invention are provi ded as pre-reduced

conpdundsle. G97n Pyephil Pé@ﬁ“ picgpaPal ¥ bid8eopRd d?+§|ap§wr nft e prlesence of

{ Ja stabil{sjng agehhal Z&a/z\m agentsif9y : sbedi | |T$1hBQl{= henpretreredideum of the
active compound (i.e. a formof the conpound W. dlffu5|on

coef fi ci B % cgmrPRRAS GRFY-3edlcdd FOYNT JF° Pﬁ%S% oahaydw

reduci Ngparrier (Chapman, D.M. (1982) Tissue and Cell 14(3):475; Miller, T.
| (1992) Acta Anat. 144:39; Miillex, T. {(1994) J. Anat. 184:419;
15 Becﬁer, H. et al. {(1952) Zeitschrift fiir Naturforschung 7:493;
Miiller, T. (1995} It. J. Anat. Embryol. 100(3):179; Miller, T.
(1998) Histel. 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 ciinically in an oral preparation. Further
toxicological tests are, however, required before its climical

K“) acceptability is achieved. The half live of MB and related

TS T Eompoiunids (e.g. tolornium ¢hloride] in “bIgod is§ approximately 100
minutes. It is evident that slow release formulations of compounds
with such, relatively short, half lives can substantially improve

compound é%ailability and hence therapeutic efficacy.

30 figufe 17 shows that compounds such as those discussed herein
- differ greatly in their extent of reduetion-in the conditions of
‘the assay (approx. 500:1 DTT execéss, at 12d minutesy . As'this
figure shows, thionine 15 completely reduced under these
condltlons, tolonium chlorlde is reduced at an lntermedlate level
35 and MB and DMMB are relatively little reduced. The amounts of
- commonly used reductant required to achiefe, say, 90% .reduction of
the okidized form in 10 minutes}'prior to administration\absorption

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




agent or antioxidant. The agent may serve both to convert OQ?JL@EﬁbSOf t he
i nhi bitory conpound (e.g. the oxidised form to the 25 preferrfred”
formthereof (e.g. the reduced fornm, and to stabilise that preferred

(e.g. red@ddPSTTY¥rm Al ternatively, the inhibitory conpowad/agmyebss added
to the conposition in its preferred (e.g. already-reduced) form so that
the agent nerely serves to maintain the conpound in this form 30
Particularly suitable for use in, convétting to, and/or stabilising, the
reduced formof the active agent (e.g. the di am nophenothi azine) conprised
in the formulations of the present invention is the antioxidant ascorbate.

Ascor bat g eyigo en LAl xj.dati damage of
pr ot ei ns ?Par ‘%engﬁ g.ﬁlys%gdé:%)%f F#’%f%‘rﬁ%gginégagr? tgurjr%s %S@ﬁg"m %Jf 2): 292). A.

f or mul at PRYS R o9 CaYi aerrHdosien cappdl frasladvaelagebed |y cddprine a

di am nophengittiicazioRer e5RAciaakl ¥ndB, 1phoni 4L hhar kdgucddMBQr 15, Jul y

2005 ¢ 35 thiﬁ)irliir%% ei Eeggnbi nat.ion gﬁtg’ ascorpate, in suitable proportions,
fet? ot nEhferPhes s Rfd&&d (1 euco) form

1yo es redu

concent r af TOhs “and CdoSagEe HEHUGE
- may be favburidd seyionhin addidiiténnermiselcéthd oynsaf-iappeDpitiat(@me omst )i .t uent

groups. Hsuispeehtaliddie ItBYRNLE Aol UELRRIoINGLIAL, A IPLHOD, Of  RIePari ng
a medi cangnt for use 1n the treatnent or prop ﬁams of a di sease ~as
descri el HhARSOTRAF chCHR 0@ BEnPiiiveslt hed st sgrapsertducisngtelke, dénpound
(such t hadt idptimalsayormildtdant £560, tHRapdQ:i prekerably 80, 90, 95, or 99%
reduged) and stabilizing it in a lyophilized conposition in the reduced
form prior to admnistration of an appropriate dose to a patient in need
of the sHre.same groshérraisipost apply He presentorpoueds| omcht herehidipeovi de

a nedi camente AORRARI &h Ry iCRPLLSENG QA RELs T benatpiazi ng; a -
- descri b-e%er ei n_wherein lt he phenot hi azi n% ]if%&gggl gast é%,tﬁé}éf}%S%utor 99%

of the rEHuEETreBEEIMHTrAN Ph ‘CHifdi RARikM afceherated in a manner

such as that described above.
15 '
. . Thus in preferred forms the phenothiazine agents of the present
. ipvention are provided as pre-reduced compounds e.g. in lyophilised

preparations, optionally in the presence of a stabilising agent.

20 ;An agent for stabilising the preferred form of the active compouﬁd
{i.e. a form of the compound having a low diffusion coefficient,
é.g. the fully-feduced form of the compound) may be a reducing
agent or antioxidant. The agent may serve béth to cbnvert one form
of the inhibitory compound (e.g. the oxidised form) to the g;)
.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/qr Stabilising, -
~ the reduced form of the active agent (e.g. the -
diaminophenothiazine) comprised in the fofmuiations of the present
_ invention is the antioxidant ascorbate. BAscorbate has previously
35 been'gséd to minimise oxidative damage of-proteins (Pérkkinén 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




stabilizer. In still another aspect of the present inventi035‘%55@% IS
provi ded the use of a pre-reduced phenothi azi ne as descri be |ﬁ
wherei n the phenothiazine is at |east 80, 90, 95 or 99% of the reduced
(leuco-) formin conmbination with a stabilizer in the manufacture of a
medi canent conposition for treatnent of a tauopathy Dosage of -
therapeutics Admnistration is preferably in a "prophylactically effective
amobunt” or a "therapeutically effectivggamount” (as the case may be,

~al though prophyl axis may be consi dered therapy) this being sufficient to

show benefiiftortiBe} NE iddgbYhdbaln ERE BEILE a8 lieﬁgﬁ Y, 2005 .35a

adnmi ni stered, and rate and time-course of cadfi ni st Wﬂolrtl‘ﬂ’éi)end on
the nat ur@®GRGtEBVEMS ¢R8f deFRyedi-sease bei ng treated. Prescription of
treatnment, e.g. decisions on dosage etc is wthin the responsibility of
gener al | ioners.and ot ----doct ors...-and typically takes
account 0 '%’ %%alg |sngbr CHEPEES b let F&QP%?F (lleﬁéoboﬁﬂﬂmt men bt fdwsurediby dual

patient, theeaditiviaf ogebéertiont be apmidpedaod c&ﬂi@tﬂtﬁéﬁ@t?% pand ot her

factors known to practitioners. OCNS penetration of MB foll ow ng system c
adm ni stration has been described by Miuller (1992; Acta Anat. 14.4.39).
Azure A AHYSBRERRFtskAbwhe dryestioastureheml imatabohi eetlegl adapraphmmneduct s

of MB (DB seaiewend Yégnese L97Ra) aP o sant o and
\Nagner Elg@e o SCI(l. Zﬁé tr]e tﬁ@ﬁ{né&s i Eﬂl ’glsne%i EsTHHR % oxi city

of tol onium c%ﬁr&b egea]i’?lves‘hé’ cf‘sm%‘?hé’éiu%wwscﬁbé %teFaIOf 2@98)ngveheHuMaN
- Toxi ¢ 38Cc0BpoBRD-(382b Hort tihi 08} neyy WakChedst Speckh) cad ) Yrex&myiif kgd

rerer bty a2 1 B HRE i3 benTot TEreclse ©
_ composition in the reduced form, prior to administration of an

appropriate dose to a patient in need of the same.

In anether aspect of the present invention, there is provided
a medicament composition comprising a pre-reduced phénothiazine as
described herein wherein the phenothiazine is at least 80, 90, 95,

or 99% of the reduced (leuco-) form, in combination with a.

stabilizer.

In still another aspect of the present invention, there is
provided the use of a pre-reduced phenothiazine as described
herein wherein the phenothiazine is at least 80, 90, 95 or 99% of
the reduced (leuco-) form in combination with a stabilizer in the
manufacture of a medicament composition for treatment of a.

tauopathy.

Dosage of therapeutiés

Administration is preferably in a “prophylactically effective
amount” or a "therapeutically effective amount” (as the case may
be, although prophylaxis may be considered therapy), this being

sufficient to show benefit to the individual. The actual amount




36 into 1 to 8 unit doses, which can, for exanple, be of th H’E?é) %rmunt
It will, however, be appreciated that these limts given above r?
departed fromwhen required, as may be appropriate wth the corrpounds of
the invention other than th| oni ne, \Mgi;ch have 5 hi gher or |ower activity or
bi oavai l-ability. Figure 19 shows the 8riation of tissue levels of MBvs IV
dose The phar nmacoki netics of nethyl ene bl ue have been studied in humans,
'10 dogs and. r.ats b D Sant o and Wagner, J Pharm Sci 1972, 61:1086-1090 and
1972, ‘Ef@’d"féﬁﬁe FEEhEPTEAY SiNgreTmEy ek adrinistrathemandllis al so
avai | abI edépeom Wootdhe etatale, amil OdevBS‘y{?)h 988 dbsed/1898g t:e@FRLNI Ng data
oNn Uuri naryr&exgs: ossible to derive an overall

* model for. dist ﬁ?%ﬁ??o‘%f Oy@%ﬂ?lﬁ-’ ngéesc’]lﬁéflg aﬁﬁ 8bSe A Wtibikg
subj ect, %‘é‘%lﬁﬁsﬁﬁnﬂ%ltléﬁﬁ’aﬂéd@%ﬁo?biqt@hlol(tﬁsg ar@Bpthélr imatiyagxcreti on

“account s dwrtdid a:%%y@sfichmylﬁbﬂ@%t 86coiRSEr i Su‘é,% rhahi J:(%tb\é ‘c%eé@esc{
i kely du@htov ablllt sorbtlon al t hough vari abi

net abol i sm canno é’)’gcﬁ}aejd1 IVEALR] \RAtISRY e@&?r &Htﬁnoﬁa‘ﬁ%ll‘f?f-m sthsossi bl e
to cal cul®gtdodhat wmulneszaabm:ty apldeatiainc €atBod KIWOEBI prathecebqe, the
dosage required to achieve an effective target tissue concentration of 4
(err)Mis_1.73 ny/kg /da%nqgo 58 ng/ kg tds) if there were conplete

absor bt i &i'S P%ﬁ%‘\“ﬂé%lonf POty ot ng |systemi¢ sadsliedst thatort bbal beun nary

excr et i onjesaiidbb@nse valiest (mmobi gay@@ng@l I144y,39|)s i hogld 2,88 dunction of
dose. Thq{ oral dose required to deliver 1. kg/day 1s approxi mately 2X

the dosag® ¥Rl E0I%EE Bh ?%“%?Fga?ﬁl%ﬁhé?@a e PEeiurice of Mier ef ore t he
act ual- re(ql;usaedo dosgeghsr oftare) or dewk et 42 R/ kgégl,aygls'gmé diy cl-ose to-

the m ni rou I dosag used clinicall umans, eg in the
treat rnen{ﬁqq'!l chtiodr?? 8 ur |an‘§”r %Ffacgﬂ i PO oﬁ@SE@ﬁﬁ?%?‘*tmﬁwénd
mai nt enafoxioity cfosadeniim dharmi].Se ii% shesefier aiappsosd Mt elda 225,70/ day,

or 75 ng(tlggg R&AK guhbs SHS: e8! NP hed at approximately 1 hr and the
ti ssue fl fe I's about 112‘15,&03?{;‘ ﬁ?éﬁ%t hyl ene bl ue exists in the

char ged bI ue oxidised form and the
 For thionine, which is specifically exemplified herein, a daily

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




| n urine is in the reduced form "and

unchar ged col ourl ess reduced | eukonet hyl ene blue form W h sztb
experinentally in cells that the target tissue concentrati oﬁg%f'" cgglns_
required, £, t tau aggregation by 50% (ie the EC50) 15 July 2005 WO
021055720“"&@%3%8@/ 00153 37 is 4 Mfor reduced methyl ene PAT(feBO2ARE3t hat it
is the | euko- form which is preferentially active. It is showm by D Santo
and Wagner (1972) that approximately i@% of the nethyl ene blue recovered
rom anat om cal studies following 5

v adm njstd atiQng the. fo [ [ ound to tiss is_the
col our | €ss redt}geg %or rncHHv\S/)néiséh‘[J e%ﬂc:r?gagl'o%?giesxe%pilg’t 2 %%ets} “c8f8ar  on
exposur Rt nd-r 1&f Fétl pdstieivsrt dif ditgyecipbed thag ohése flomitef givet hyl ene

bl ue whigdvws @&ﬁeﬁetﬁ'@)ﬂﬁé@dfpéﬁiﬁh&@&éigir@&,t &fs ¥y BAMR,3pEaiion is the
reduced f, rmtﬁ;ﬁl\E/UI | er, tg};&nat 1992, 144:39 10 44 and Becker and Quadbeck,
1952) . THeref eFOBP%WrA%s sGPHEd Y SEERY| @FReh then shiiyer aphirly hastriced
in the Hodherand lewar nsctsitundér Ibimestaelabinityassi bl y undergoi ng. further
chemi cal nodification which stabilises it in a reduced form 15 It is
highly likely that variability in oral absorbtion is determned |argely by
‘the ef fiTiBHEY 16f shavt i tdie veguetion dintipeud levedgcof Whesway dosachi eve
“nore reliable absorbtion is therefore be to pre-reduce nmethylene blue with
ascorbi¢,,acid. W have shown_fro invitro studies that this conversion is
orher o, Bes eRaRY S G B ey il bLES sk buen comteduin: BT,

met Y| erodsl gadi mawatley DiiSantbeapt ésgnee, of Bharayseatiwm2gf cascosdbimoaci d.
Ther.ef or ‘ S 9f t i Ls..,most_li.kely to _ensure
reliabl e%dat%tsglgr%t')ti 8hﬂ§m®| 9082?33%%%9?5%% %\‘? %Ph%?’e%%]ﬁt&gnp%/%-?%ﬁed foy
at | eastS HSGr 8VRAlINE Freselivadiviety aky/ KBjadaysoth abh b6 : a848-858.t i s"
al so possiddieihbhatiadB. orariRerAcddidtetdbn | O&IB GANEERAILAL 11@NS 5 [bz%lsgme and

~that a range of clinically feasible doses . would be therefore tds, 50
‘ng tds of %%6 g £asY e |Iﬁ8§e£\n4°r’f glisﬁblb‘ftdtof‘oogqu%s@&lﬁf’&n%ﬁ’d‘q such a
mandér afPq aYadhiseven norid khapul9iEt, assuming instantaneous absorbtion
(Fig 19B) . Urinary excretion accounﬁs for 54 - 98% of the ingested ¥
 dose. This variability is most likely due to variabiility 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 pM 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 bioavailability, is itself a _
25 function of dose. The oral dose required to deliver 1.73 mg/kg/day .J
is approximately 2x the dosage calculated on the basis of whole-
' body clearance. Therefore the actual required dosage is on the
order of 3i2 mg/kg/day. This is close to the minimum routine oral
dosage dsed 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
tissiie TeVels are reached at approximately 1 hr and the tissue
half-life is about lé ﬂé&rs:'.’ S T J

35 Methylene blue exists in the gharged 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)




- above or 35 their pharmaceutically-acceptable salts, nmay be incorporated
conWodI2tsyids of this aspect of the present
testing for toxicity. The conpositions may include, in addition to the
above constituents, pharnmaceutically-acceptabl e excipients, 15 July 2005

30 reduction prior to ingestion. Fornul ation and adni ni stratlggjn ozfg
t her apeuti.cs Suitabl e conpounds, such as those with a fornul g@ RBwn

into

WD 02/ 055720 PCT/ GB02/ 00153 38 carrie?s, buffers, stabilisers or other

)

materials well known to those skilled in the art. Such materials should be

non-t oxi &safcM Feeukddnaid ium;ﬁyi@fﬁee paukh dde t8hti cacys ehet heuast inden

I ngredie
on 5 th

parental |,y; nSUGh ;35 (L al

tabl et s,

or §hspéﬁs?%ﬁﬁﬂlsﬁé§§F?W Oémbon%h f3re wbieh ofs ﬁagaﬁ'@pﬁa¥§ye®rl$é@¥ally t

i Nebbheuf W b astdhP ASirn)r ¥ESIh b@@&ﬁﬁé@roxﬂﬁﬁ@e@dﬁﬂ Hnet Eahd 14y can
al so be effected

C rparentall tsuch S |n% scul X
cut aneoul yT*RUBESt & ﬁe%ﬂ'ﬁsl% 6r PY Rt FEpETT (fglc §7° 159G 2GHY i SPFhEL or m of
i nj ect i oneslayiaricokd pe WMMﬂhecwhes@ﬁuﬂh¢abemmd1hﬁaluohmmmman aftes in the form

(e.g.

10 dragees, hardxg t! ge at1ne capsu SI°GtT ong

|ntravenously,

of a tabh&hinidtrat@¥nl ﬂaClﬂ-f‘Qe r8asOld Go6ar fbﬁﬂle%ucﬂc@é ngeclltatlbgf Of448R9_

adjuyvant, For_ the manufacture of tablets, coafed fablets, dragees and hard

20 gHl at ?‘lea‘bda&elﬂk&§ apgh Quzdbrgkr é&?ﬁéunﬁﬁe%ﬂeheﬁ’?&l&%ﬁﬁﬁ%ﬁﬁq cal | y-
accept abhetiagicheattdubi nn ealyt saphil becpioaessednyi bidy, plaalﬂnﬁ@xfwitﬂscabl y

i nert,

derlvatlves t her eo

I'ts

i @gﬁgfrg,&rgfm_lg{lg%sglg{grlpngntggan Laﬁp:%%er cllq?aulllzcétl mogja:%l_cﬁ\%lﬁ,EEd for

, Sste

exanpl e, W%%C%lﬁﬂﬁbé%éﬁﬁ eirft $of ar recusiest §9r1‘@-r agees and hard
‘gel ati ne-capsul es. Suitable excipients

15

20

It is highly likely that variability in oral absorbtion is
determined largely by the efficiency of initial reduction in the GI
tract. One way to achieve more reliable absorbtion is therefore be
to pre-reduce methylene blue with ascorbic acid. We have shown from
in #itro studies that this conversion is rather slow, so that it
‘takes 3 hours td achieve 90% reduction of methylene blue in water
in the presence of 2x mg ratio of ascorbie acid. Therefore, the
dosage of methylene blue which is most likely to eﬁsufe reliable
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.

e (— Ty U O . S

30

35

I 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 ascorbiec acid in such a manner as to achieve more than 90%

reduction prior to lngestlon

- Formulation and administration of therapeutics-

Suitable compounds, such as those with a formula as shown above or
their_pharmaceutically—acceptable salts,rmay be incorporated into

compositions of this aspect of the present ihvention after further
testing for toxicity. The compositions may include, in addition to

the above constituents, pharmaceutically-acceptable excipients,

i nvent i orCafiBae/odies t her

E The pr nagture of the carrier or other material may depend
ghi gl 8fre ﬁ?%’é’gﬁéﬁ FON- TS ef et T HE¥BrBBsPTad o &nd JFafie4t ed i nt o
a phar rra(téﬁl’ii)caihatcappos{mnamalyth@a arfrrthe szﬁertaiyuenetllmaree&fecea@rém ief f ect ed

dnkggmr§§gg8E$Caf %E%S Eéﬁﬁéﬂinﬁ
si ons




for soft gelatine capsules are, for exanple, vegetable oils e fats,
1#)@( 720,

sem-solid and liquid polyols etc. Wiere the conposition is rm of

a liquid pharmaceutical 30-formulation, it will generally include a |iquid
carrier SMER2E%72%at er, petrol eum animal or vegetabl e oi PEI/GBMOPE3 oi | or
synthetic oil. Physiological saline solution, dextrose or other saccharide

solution or glycols such as ethylene glycol, propylene glycol or

pol yet hyl ene gl ycol may al so be includétl. Other suitable 35 excipients for

't he manufacture of solutions and syrups are, for exanple, water, polyols,

. sacchar oseyrianser bufliget, sfabddsesrs tan kahesapatetrdal Suiedblimogrctpi ents for

i nj ecti oph5al tgulqaedaiﬁ thef e, EXANH Sag R 81 o 8R0S . n&mtm % afgycerol,

vegetable oils, 15 July 2005 39 etc. Suitable eXC|E|ents or

supp03|t%ﬁ?¥%§wﬂ9§ 196?r%sa%nm1éh Hag RIfiicary phridenedtove sindggdésntiats,

sem - | i grihe ;Qfedllséuundt@ﬁé V@ $£het ardidWbeoyther A€ ephal NBoeHdpeal on
prep rat ons pr.es rving agents, solubilizers,

. visc sityh?nE aS| g @ﬁ ﬁ@§§° “stabilising agents, wetting agents,
“emul si fying. agents, smeetenlng agents, -colouring agents, flavouring

agents, galis gy c\éﬁ{:é’é{&&h%sowﬂﬁﬁ&&% RRES SHIfa rAYEL &L o107 COALI NG

- agents. For infravenous, cutaneous of subcutane us I njection, or
i nt r acat ARRYS s SR j g DiRErBE R thepgohctany &4 AjEeeieshParerkalbe i n

‘the fornxeéh aaparenter ald yhac goph abt q:oa@ueepsuaﬂleuﬂsl OBotH L tablet:s,

pyr ogen free and ha | sotonicity stablllt Those
el e ERT T RS (e oRi 08 ReBPuThr LR e TLiT st AT Ene.
usi ng, f@MSEﬁnﬂﬂﬂn@r heoaldni devehi th elshes fohmagt ﬂ@@dﬂUﬁptiﬂsﬂ|0¢erEnFetlyon{;}

Ri nger's é“c_l;eciﬂ Qﬁlxe kasd fﬂ@@u Qgﬂoﬁes)nl eﬁ&&%r P‘:ﬁé%&f@fﬂl‘é@%fltlon
_stablllsers buffers and/ or other 20 addltlves may be included, as

requi r ed®®A ¥hiHES EEOTCEL FREPRER Y (e p?és’e?ﬁraf“ﬁ%ﬂlr"i“ﬂﬁ/'nay be

intravenously, cutaneously, subcutaneously, or intraperitoneally

15 (e:g. in the form of injection golutions).

Where the pharmaceutical compositioﬁ is in the form of a tablet, itl
may include a solid carrier such as gelatine or an adjuvant. For
the manufacture of tablets, coated tablets, dragees and hard
20 gelatine capeules, the active compounds and their pharmaceuticaiiy—
Vacceptable acid addition salts can be processed with
pharmaceutically inert, inorgaﬁic or organic excipients. Lactose,
maize, starch or derivatives thereof, tale, stearic acid or its
sdlts etc. can be used, for example, as such excipients for J;)
we. .25 tablets, dragees and hard gelatine capsules. Suitable excipients =
for soft gelatine capsules are, for example, vegetable oils, waxes,

fats, semi-solid and liquid polyols etc.

Where the composition is in the form of a liquid pharmaceutical
30 formuiation, it will generally include a liquid carrier such as
water, petroleum, animal or vegetable oils, mineral oil or
synthefic oil. Phy51ological saline solution, dextrose or other
saccharide solutlon or glycols such as ethylene glycol, propylene
glycol or polyethylene giycol may also be 1neluded. 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,




adm ni stered alone, or in conbination with other treat rrents,ﬁ%iu} %{05
si mul taneously or sequentially, dependent upon the condition or YT
-disease to. be treated. In still another aspect of the present invention,
there is provided a nethod, use, or conposition as described herein
wherein the nmedi canent /nmedi canent conposition is suitable for giving a
prophyl actically effective anount or a therapeutically effective anmount of
t he medi canent/ nedi canment conposition ty a patient in need of treatnment or
prophyl axis of a tauopathy. 15 July2005 39a In accordance with the present
i nventi orgtcthe formul ati ons Provided herein nmay be used for the _
“prophyl axis or treatnent of Al zheiner's disease, notor neuron di sease,
Lewy body, disease, Pick's disease or Progressive Supranuclear Palsy, or
any ot her"¢6REF ¢ Tirigricatsetee suppombi@fi cdsndbe L toRkeRIRS,| 9aliral op

pol yner i sattene@fcia Lr queLy, i i jcat.ed.(,see Figure S) In particular,
as described in detail b%lg]ov%ttsﬁgp%%ﬁ arrlul%éltlléo?\r r’Fﬂ\?‘%ﬁQ IFoptEhe -

bl ocki ngi{l nodul ati on and inhibition of pathol ogical tau-tau association:
Exanpl estefeevrert ddlenphuasadid ips D1 OGCRH A% T 4 d ve can be  found in
" Reni ngtg@éﬁtgh%ro%ggy%ggg Seiences”, 16th ed?flt%?oﬁ?p ol PFERSTYRY ), 1980.
Ul y 2003 AdR 653955 subeiAeRe2/ 00453Lisdagl n a
further 23P¥ct, “FREIPF cxeamttsi nemmlsigiying| @@ st, 0st bt diSGigOfgdhn tL£ONMPOSI ti on
of the peeleediing agpeed, AiRvbHRL: Y %%@%gs,ﬁfqrtoggosi s or. treatment of a

a

condjgt i n.d.n. whi ch ipduced conformational 5 pol yRerYEatPenth ofmgtécein is
i npli caﬂ%cﬁ ' |hr§'cgﬁ%€?ﬁsdn °fra{oHe 9 2dpsense such as Al zhei ner's disease, or

,any other condition of the type described herein. Use of diffusion
const antreds jiat8at&&8hs, cutaneous or subcutaneous injection, or
~Antracatheter infusion into the brain, the active ingredient will

be in the form of a parenterally-acceptable agqueous solution which

15 is pyrogen—free and has suitable pH, isotonicity and stability.
Those of relevant skill in the art are well able to prepare
suitable sclutions using, for example, isotonic vehicles such as

Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's

Injection. Preservatives, stabilisers, buffers and/or other

20 additives may be'included, as reguired.

A composition according to the present invention may be

adninistered alone, or in combination with other treatments, either

simultaneocusly or sequentially, dependent upon the condition or
25 disease to be treated. . |

In still another aspect of the present invention, there is
provided a method, 'use, or composition as described herein wherein
the medicament/medicament composition is suitable for giving a
prophylactically effective amoﬁnt or a therapeutically effective
amount of the medicament/medicament composition to a patient in

need of treatment or prophylaxis of a tauopathy.




~the currqg%lgl ggveciin a redox cell at.
[ oef

* pi -bonded stacking in

10 As stated above, by converting a conpound into, and/or st1g(tj)”i%i ng its
reduced form the inhibitory potency of the conpound can be (ot 0%ed. 15
However, as described in nore detail in the exanples hereinafter,
surprisingly, the redox potential of a%bnpound does not directly

“determine its inhibitory activity with respect to induced conformational

pol ynerisation of proteins, and that, therefore, neither the oxidation

nodel norgza ‘_ic%agoarlcl %i ¢ reduction nodel are 20 relevant to an understandi ng

of the activity of conpbdhddieaBresant invertggmegabé ofbriuaibi dr Srovifeq

i nvent or she¥RiE Meknke tinadd toer ehd préphi 1 Ang HRVELS %%ycr%ati on_ between

the inhi kiisdabePohsoli de.Qbagc0mpound towards tad-tau ‘HizhGiRgr 4ad t he

.square gl; third, power of irs ditrasi bivtberyi gizease, TheckliS Hiskase or

coef f i ci ent°HE5aqLTer FHR@RUs)eth@admpunir ofySbagkd n;gmd%i(fﬁ %%hgiggg

nol ecul eslratvhachaiMSi%d'@SH%fu{Qi‘ﬂBﬁ‘LnyOthieS«C n be eval uated By feasuring

He LB FatR o R T pp tRERtean. iThe

di f f usi 0?’&% L};:ée 19 FiPAverYel yIn aomtdicalay, wist kebbeitiRyR e Of a1 1.

aggr egat A o8 hrzohatyed naly. Be uged u cies w tg‘ian,

the_j lej ghalibzridyels LEBH}EQQ%- 2qt,, the craftgﬁogfgg)'?l%ﬁgé%g'agﬁfiﬁ e Bedn by
Feracti%oms aE?'b‘stél_ut Agsoptaddor:ri ng systens. 35 I n one

nodel, the | ower the diffusion coefficient, the higher the tendency to

st ack, aBgambhkewire tpet esdnd; apeund. is Jin_inhibiting induced

conf or rra{;%‘%ﬁl .rpq‘lfyrreri sat | o%ﬁ%% pro E?E%C%cﬁefﬁl%ﬁcﬁl abgps canDbg2/ 055720

PCTI GB02/ 00153 4T°BE 9520 1radhpimationgicab Sefdneesed 1y adk oS oslhe

st acki ngRof (eti.dri @ephienot hi azi nes may be | ess favoured when the nofecul e

is in the oxidised form since this formis charged, -and 5 so can be

envi saged to repel other, |ike nolecules. This phenonenon




may thus explain the greater efficacy of the reduced form of

di am nophenot hi azines in the inhibition of tau aggregation (%&ﬂwY%QQ§
Figure 9). 10 Thus an assessnent of the diffusion coefficient (dependent on
" st ackabiW9903/05573%hi ch is in turn dependent on shape . and charga)2/0ex33 be a
useful step in the devel opnment of effective nodulators. One such
sterically-relevant paraneter is diffusion coefficient which can be

di mi ni shed by providing di ani nophenot ft%zines in their 15 reduced form
Thus, the present inventors teach herein that the efficacy of a conpound
in the blocking, nodulation or inhibition of induced conformational

pol ymer i sat] @ -he R PIRIRI, Nk Rkt Shvdfith ed1402GAthel b hid ary

pot ency” can be tested in an assay nmethod which |ncludes the step of
Moasur | PRSP LRF oicc BEPFROrEhASBECE helh CORpBLRRPO HonCBZOPROTES Host
gener al fafdBmehlec presenidii-nuentn amiphovidiessda colbomedthiathadf screeni ng--for

an Aot BLRO8S oL BEES, O M Blda | NIHCLEATLORTRL) W,

polyneri%a.lon Of "a protei chmé i ncl udes e step of” neasuring

t he di f fdssemsecoethi e erizbefinehes digease: The angeoblier romgiitfios| of the -
coef ficigple valsuein@thdeipparticul ar the square or third power of its

di ffusion coefficient, 30 in assessing the inhibitory potency of a
phenot hi azine (e.g. as described above) for the treatnment of a di sease as
descri begshesreidirriioiom @nbsttehbess aspeetenf the present invention. The step
of asuring the diffusion coefficient of the test agent .35 may be

i ncorporated at any stage of a | arger screening programme for identifying
or opti nsigtgtedt abdve: oy eshubttiigited mourdwicOrsto, Thed o geérbibitow wil | -
typi cal | yed wddhekaql ESHMth@S§ﬁB{il§i_t1§ﬁ? BStertlgs Ol bRd &&l{zg%u@ld Qhnie t he prior
art (e.g.... WO 96/30766).. Thus, in 15 July 2005 WO 02/055720

- PCT/ GRBO?®6S$242 the |atter case for instance, when one w shes to screen
‘for agents

15 However, as described in more detail in the examples hereinafter,
. surprisingly, the redox potential of a compound does not directly
determine its inhibitory activity with respect to induced
conformational polymerisation of proteins, and that, therefore,
neither the oxidation model nor a catalytic reduction model are

20 ‘relevant to an understanding of the activity of compounds as tau-

tau aggregation inhibitors.

. The inventors have found that there is a strong inverse correlation
between the inhibitory potential of a compound towards tau-tau : ;;)
25 __binding and tfhe sguare or third power of its diffusion coefficient.

The diffusion coefficient is determined by the amount of stacking
of discharged molecules at a cathode., Experimentally, this can be
evaluated by measuring.the 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.

oo . .reduced) species within the Helmholtz layer. forming. at.the cathode. .. .

These aggregates form by pi-bonded stacking interactions across the
- phenel iing systems. '
35 .
In one model, the lower the diffusion coefficient, the higher the
- tendency to stack, and the more potent the compound ié.in

inhibiting induced conformational polymerisation of proteins such




whi ch bl ock, nodulate or inhibit tau-tau aggregation, the rre;'jhod may
include the steps of contacting: 5 (a) a tau protein or a ddrilyl200a

‘thereof containing the tau core fragment, with; (b) a substance to be

tested fowoit@ssbée | ity to block, nodulate or i nhi bi t t aupt-pacpagafegat i on;
and (c) a labelled tau protein or a | abelled derivative thereof which 10

1s capable of binding to the tau protein of step (a) or a tau protein or a

derivative thereof which is distinct fgpmthe tau protein of step (a) and
al so capable of binding to the tau protein of step (a) 15 The diffusion
coef fi ci ant tamyrdie birasiy, edsbyegidetsd babherqyeans, for instance according
to the method of Murthy and Reddy (J Chem Soc., Faraday Trans J 1984, 80.
2745-2750). This publication also included sone determ ned val ues of

di f f usi ofheoefddldingneE digminphesoitiiiazines dygs bantesd staaontredt when the
speci fi Clﬂl)ié’cﬁi‘ltpq_rspgﬁaitjféj oggdﬁg&?'ﬂ)&y Eflf‘&{ GRGE- £ (?'Prﬁjsls clﬂgrg Iif usl pn

coefficient may suitab be nmeasured A an aqueous
aci dit nBgi oM %@Pé‘bﬁaqe‘ﬁ’etﬁaﬁ?ﬁ"%hd@h@% e @‘ﬁlle‘f"llbw-l r‘i’hasrét!@lxowdn is

tested abayhehuedupthon tpet gpbhedr oXFiekc her eaaposdd:e dThf%rﬁ(BBBOd may

-ascertainits

i ncl ude f . perf.ormn furth r,.tests qn. the ent, e.qg. to
KRGl ?}'e%() la megsllgn SRTBESF S O%nﬁaﬁlaac—f g&FlPﬁd

conforna?r@naﬂ'lq}meyﬁérlsation of a particular 30 protein (e.qg. tau), or to
determine its pharmaceutical acceptability or suitability as an agent for

- adm St tion to an animal. The surprising teaching as provided herein,

that % he™®¥F i ThAFSEFHMT 95 el GTNsEPB RITHE L CheRtul EepegIBRt | 9i bi ti ng

nduced tsrdoraistlional Wh[iﬁhyﬂlﬁrirsa:mrﬁnd@gfuelaiemltobﬁlsfhdpﬁa d@ﬂeﬁﬁlﬁﬂﬁa) afar] east
in part, @My tJE%qulg£H§H9ntﬁ eéé&é%d%&%ﬁgfoE'g%fg é mégll utilised in the

optim sation of an agent's efficac sen Tnventors Rave ﬂ%‘\]uly
2005 such sterically-relevant parameter 15 diffusion coefficient which

can be diminished by providing diaminophenothiazines in their

15 reduced form.
Thus, the present inventors teach herein that the efficacy of a
compound in the blocking, modulation or inhibition of induced
conformational polymerisation of a protein (hereinafter referred to
-20 as 1nh1b1tory potency” can be tested in an assay method which

includes the step of measuring the diffusion coefficient of the

compound,

Hence, in its most general form, the present invention provides a

--—25 . method ef screening-for am -agent that blecks, medulateswefminﬁibits
induced conformational polymerisation of a protein,-which method
includes the step'of measuring the diffusion coefficient of the
agent. The use of the_diffusion coefficient value, and in
particular the square or third power of its diffusion coefficient,

30 in assessing the inhibitory potency of a phenothiazine {e.g. as
'descrlbed above} for the treatment of a disease as descrlbed hereln

forms a further aspect of the present 1nvent10n

The step of measuring the diffusion coefficient of theé test agent
.35 may be incorporated at any stage of a largef screening programme
for identifying ox 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




WO 02/ 055720 PCT/ GB02/ 00153 43 established that an agent' s inhibitory

pot ency towards i nduced confornational polynerisation of a1§rJH{Yéﬁ095i S
inversely related to the square or third power of its diffusion

coeffici &R 248t her words, the inhibitory potency of aPCHEBAOMEh be
optimsed by 5 providing the agent in a formin which its diffusion
coefficient is mnimsed. Thus, in a further aspect, the present invention
~concerns a nmethod of optimsing the et4 | cacy of an agent in bl ocking,

nodul at i r}gﬁﬁr 10 inhi biting i nduced_conformational polynerisation of a
prot ei n, “ThiléhtRtt FOWE iT78 dB8te1dre SPep ¥1e MifPRf sth@adsendier LrIDHS

coef f i civgnitchoblbhie, agehilatknoa inhither taspenl aghhesiRSENEhENMEMIHN

pr.ovi de . eut.ical co siti.on for the prophylaxis or treatnent

of a cgrh igl?lgﬁnla%n%? csr{:-alpﬁdagec n%gﬁftté??rhti onal pol ynerisation of a

protein occurs, the conposition conprising a conpound which is provided
in, or cWVe t8d HPbOeiA ofOL Myl JiiGh [hs-dl L O icient is
m nim sgfg; 20 Thi % and further, ﬁggéggt gﬂ%?%fﬁlggﬁ%%rﬁn%g%&%ﬁ ?%&béeo et t er
under st ByFef Brhce to the following figures and experinental data,
gi ven onlb} by swaytefcexanpketeed Foguies adhilguyecd HRWS foschermtd,c

i1 Tustrati,on;ef cLhe . 5r] %gégto(%n,aan aired helical filament (top) and the
i mmunochem stry o neu PB7 T dry tangles during progression of .

Al zhei netls aditabgsted 3BY Bsptor) orFpglpleeesh dnsien ione épeuabt sdhiere
wheniei n i& idabeBle NUESatdiRG 1 aGiORSuPpAYILS, Bf' §i§%gl(ag'hio€“hai pifiates tau
capture, ich then  becones aéﬁ ocat al %ti c., 35 Figure shows a putative

pat hogef " ®ddeP* of NG MER Pgiegéaehich is distinct from the tau ()

protein of step {a) and also capable of binding to the tau protein-

of step (a).

15 The diffusion coefficient may be measured by any suitable means,
‘for instance according to the metho& of Murthy and Reddy (J Chem
Soc., Faraday Trans J 1984, 80. 2745-2750). This publication also
included sone determined values of diffusion coefficients for
phenothiazine dyes and its content is specifically incorporated

20 herein by reference.

Thus, the diffusion coefficient may suitably be measured by cyclic

voltammetry in an aqueous'acidic medium, whereby the magnitude of

current flow in a redox cell is tested at the reduction potential :
25 _OFf the compound. ' D

The method may include the step of performing further tests on the
agent, e.g. to ascertain its specificity as an inhibitor or
modulator of induced conformational polymerisation of a particular |

30 protein {e.g. tau), or to determine its pharmaceutical

| acceptability or sﬁitability és an agent for administration to an

“animal. o | | | |

The surprising teaching as provided herein, that the efficacy of an

35 agent in blocking, modqlating or inhibitingliﬁduced conformational
polymerisation of a protein is dgpendent, at least in part, on Ehe
diffusion coefficient of the aﬁent, can be utilised in the

ibptimngtidn of an agent‘s efficéCy. The present inventors have




Tau aggregation is a pr oxi mal process prior to failure of aqgga){ 0%ansport
and consequent neuronal death. The tau aggregation ----------- g |y 2005
WD 021055720 PCT/ GB02/ 00153 44 cascade can be triggered either by a

seedi ng/ nyglogatd-en event arising from upstream changes opc-fERRRI4TRIY
mutations in the tau gene. 5 Figure 4 shofts how i nducti on o? Q F-Ieng h
tau can lead to its conversion into the 12 kD fragnent, provided there is
some preexisting 12 kD tau in the celf3 Figure Sa-b shows a table |isting
proteins which play a role in 10 diseases of protein aggregat i on Al so
listed apgcddme; HLRREE arf B @‘ﬁ@*g’ $inibl | n I p and/or nmutation
believed to_be (1 |nvolat/e § %helpugoﬁgg)oet%ﬁ% tgawr?’)%@ “‘%’r subunlt

si ze. m‘é%ﬁowfelqnﬁﬁeﬁ?%ﬁ}e@%%?rerﬁ’éeg Pertedac hs piwyegisp liysrefiated. to5

Fi gurle GtEé‘ON@lae(Sj(bheﬂﬁiﬂdé p}lcohéblséf a;tlsoﬂlﬁfuélﬁ% @b%fifc_ﬂﬂe%ltt eSIrPLoth\éQ:r' gus

nonocl on tihodi to different 0 an - truncated tau i gure

. 7a-b sh ﬁé c?%’e ér:%lucIlg'(?)‘f‘b%it CTAnBC K c??eana?ﬁ% SeP P emiénia’d B0 of a human
tau proterevidigiotine Foentsdguenterwds deiic ed sf ddATCDONA cokofieikindu48.

Fi gure 8pshayssdhe structures of thionine, toloniumchloride, |

chl orpromazi ne and tacrine. / 25 Figure 9 gives cellular assay data for

~di am nophenot hi azines, and a structurally rel ated ant hroqui none al ong with

appar ent Tiks v alrues furtiede rpbaet, aﬂledﬁﬁééérhﬁ(inhéﬁﬁicﬁh dolﬂctabﬁs B gighgsgand

Exa Ies f er 850 been cal cyl ated to express
30- rrgctl Vi t {JislirrllﬁaSﬁl ng][(lz!:érré ﬁggf SPaf et d i % OCOHE tf“BH‘él"’Hﬁ‘mtghé’r g

- cel | Wpastepizideng &ﬁéu‘t!%tceﬁ@?@“@mﬁéh Pl weriipdt bat icdnaoprdétrein,t i ssue
);oncent rahice ndtinel werl ieBec ke tded et Qi 3lise g M€ qifrusion

coefficient of the agent.

In a further aspect, the present invention provides a
15 pharmaceutical composition for the prophylaxis or treatment of a
~condition in which induced conformational polymerisation of a
protein occurs, the composition comprising a compound which is
. provided im, or converted into, a form in which its diffusion
| coefficient is minimised.
20

This, and further, aspects of the invention will be better -
understood by reference to the following figures and experimental
o data, given only by way of example.

"__wm_zs..‘...‘.__ﬁ‘g'ﬂms, - e P L R

Figure 1 shows a schematic illustration of the structure of a
palred hellcal filament (top) and the immunochemistry of

- neurofibrillary tangles during progre351on of Alzhelmers dlsease
30 {(bottom) .

. Figure 2 shows a conceptual scheme whereim critical nucleéting
factors provide a ‘seed’ whlch initiates tau capture, which then
. becomes ‘autocatalytic.
35
' Figure 3 shows a putative pathogenic model of Blzheimer’s disease.
Tau aggregation is a proximal process prior to failure ijaxonél

transport and consequent neuronal death. The tau aggregation




corresponding activity in vivo. The B50 value is the concent1r531ti%b of test
conpound used in the cell assay at which relative 35 producti WA%he 12
kD band fromfull-length tau was reduced to 500 of that observed in the
~ absence YO#HESEWnpound. There is a sinple linear rel atibpeEaBpéasmneen
apparent Kl value and B50 valué as follows: RECTIFIED SHEET (RULE 91) 15
July 2005 WD 02/ 055720 PCT/ GB02/ 00153 45 Cellular B50 =0.0217 x KI In
order to conpare the relative useful ness*of conpounds as 5 therapeutics, it
may be desired to calculate an LD50 val ue. Where inhibitory properties are
simlar, précade cthrhiepstibdierast edbhat cay 2 wseddng/weckasddenwhiveAt have t he
'hi ghest L M, ' LN . (of
each of C%ﬁng%hﬁ%ﬁogﬁ?l Eg%fﬁ&@?ﬁlgﬁgg Igg)s(fs]é@s(bgg&%o IOL%/\%:GEJ'%%ER%E;E&Q:E%%SO / -
B50 Toxi cg#B¥©of the conpounds may be neasured by cell nunbers after 24 hrs
exposure to the conmpound using a | actate dehydrogenase assay 15 kit
TOX-?(SSi gna Bi osci en'cesé according to the manufacturer's instructions after -
lysi s of TERESiHhGrosr gov Andekippyvef il kqlensth o Greds2tkte e Tox 96)
My be useshvergaioh ageor thagat @pt Reagm@if gebuiesd scidst heckb@as. 20 Figure
10 shows the r.es%J.lI ts fﬁ%&gﬁﬁ%ﬁgﬁced thionine in the present invention,

e

based on B Hat'd sl BsC®he observed cell data for
production of the 12 kD band can be fitted <closely (ie observed vs

predi ct ed,carrelatio ffi,cient,> 0.9 .a_standard_function .,
descri bi 2%1 A1 Bl ?Jo%hgggtaat}%%jgﬁ %%Sr\%ﬁnﬁ)g’pirﬁg:%ﬁ'gs_v‘f rcg‘. 3 3Yo%t]éci’]ﬁe tts fit,
two dfsurpticmemeddrrotbien madecgabioh adsocdhsist eme wWhehdissadds from
ot her celdxhasadandcho a%%!egatﬁgda&%mllmwsr'rméaac%h' BLAL AR YA 0
of tau i s, approxi rratelg AM

involved, and th

e putative (maximum) fibril gubunit size. One oxr

more literature references for each protein is given.

15 = Figure 6 shows a schematic illustration of the binding sites of
A ' various monoclonal antibodies to different forms of N- and C-

truncated tau.

Figure 7a-b shows the nucleotide and predicted amino acid sequences
20  of a human tau protein isoform. The sequence was deduced from cDNZ

clone htau4o.

Figure 8 shows the structures of thiomine, tolonium chloride,

chlorpromazine and tacrine. 1M>

Figure 9 givesg cellular asséy'data for diaminophenothiazines, and a
structurally related anthroquinone along with apparent KI values,
determined as described herein. In the Figures and Examplesg
herein, a further par&mEter, B50, has been calculated.ﬁo express

30 activity in a manner directly related to the conditions of the

- ‘cell4based'assay, an& ;@gﬁgﬁore'proqiding_ag_indiQQtion-of'theh‘
tissue concentratidn which would be required to achieve the
corresponding activity in vivo. The B50 value is the conéentration
of test compound used in the cell assay at-ﬁhich relative

35 production of the 12 kD band from full-length tau was reduced to
50% of\;hét obsexved_in the absence of the cowpound. There is a
simple linear relatiénship betwéen,appafent KI value and B50 value -

as follows: RECTIFIED SHEET (RULE 91}




30 2) the tau-tau binding affinity. is 22-nM using these a%uwg#?%ns t he,
.function for cellular activity predicted via standard i nhi Rodel
is: 35 Activity = [tau] / ([tau] Kd* (1 + [thionine] / KI)) can be solved
by standavalenesseroi cal net hods to derive a value for apparEnGBid/o0iAs.

i ndi cated, the value for the reduced formof 15 July 2005 WO 02/055720
PCT/ (B02/ 00153 46 thionine is 100 nM which is essentially the sane as
that observed for tau-tau binding in4itro at a tau concentration of 500
nM where the Kd value for tau-tau binding is known to be 22nM

Therefore, the activity of thionine, where the read-out is 5 production of

the 12kD truncation proguct,:f ?oggg; ul ly_hepgth grau, can be explai ned
quantitatively on the basis of extent of inhibition of the tau-tau binding

occurring through the repeat domain within the cell. This confirns that
the extem didetraudot admpivedi-ng Maﬂ:ﬁ_lﬁfbn@&fdlﬁlﬁéhl%f aﬂm@fmhhg aQi'Ot eolytically
+ stable core tau unit of the PH th| t eceII seq
cel I dl ar “XHARFEES ¢ Jgtct“iaxyl P?e‘ge t Ker® a@on%%ﬁ% LD%I V%g%‘?‘t e@gleﬁet he

 sane st ahusitditoed poopmttiewi ahe tmenléama prageanpd i @n@queglar fonglinical
intracel ﬁﬁér g¢Lay1 8H EQDCEN %h' Rid 390 HMheaé%dL%ot@é!r&eaUAb'tHQfa&%u%EE' nity

(22 nM he repeat donai n. ure 11 shows the results

condi t i g% (\R)ﬁifffﬁx{ He Y é’ﬁuﬁ?]r@llaﬁﬁgn ¥ FAFE PReTPBIIPHEdt Tt lBX| di sed

t hi oni netid .cRilguEgald)as 2Z01Agasn cel lular activity is predicted via
stangard inhibition nodel: Activity =[tau] / ([tau] Kd* (1 + [Ox. Thio.].

Kl In this case, thionine now has an apparent Kl value of 1200 mM 25
{ JThis confirns that the QErdnophR¥bt/hiB&2i nes require to be in the reduced

formfor activity. A simlar conclusion was derived from analysis of in

vitro binding data (results not shown) ure 12 shows that by using
reduci ngT®Fpdet PAl ﬁ‘;}e r'efrCHRYS Y E’Sn‘ﬂ‘??ﬁ"g‘ﬁg et Ft e mE™BrER éarzé much

‘nore acthye dipoheeced |the compound using a lactate dehydrogenase assay

15 kit TOX-7(Sigma Biosciences) according to the manufacturer's
instructions after lysis of remaining cells. Alterhatively a kit
from Promega UK {(CytoTox 96} may be used, again according toc the

manufacturer’s instructions.

20 Figure 10 shows the results of using reduced thionine in the
_lpresent invention, based on a data set of_7 experiments. The
observed cell data for production of the 12 kD band can be fitted
closely (ie observed vs predicted correlation coefficient > 0.9),
t¢ a standard function describing inhibition of tau-tau binding in
.25__witro.. To obtain this fit, two assumptions heed to be made, which
are consistent with results from other cell-based and in vitro

studies:

1} the intracellular concentration of tau is appfoximately 500 nM;
30 2) the tau-tau binding affinity.is 22- nM.

‘using these assumptions,. the function for cellunlar aectivity . .. . .. ..

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




|

based assay than predicted fromin vitro studies in which tqg Q@P cour se:
of the assay (1-2 hours) had not been sufficient to achieve r’é—f Pon. 35

Cel | ul ar is again predicted via standard inhibit X :
Act|V|tyva=6F%lg%;ﬂ0/ ([tau] Kd* (1 + [MB]. / KI)) 15 July 23&2’(!%%5?055720

PCT/ GB02/ 00153 47 In the cell assay, the apparent KI value for nethylene
blue is 123 nM which is within the sghe range as thionine and tol onium
chloride. As indicated in Figure 9, the corresponding brain ti ssue

concent r@adi i okl a re phibit_tau a |on 5 woul d
be 2-3 I\i/?{lg?gu%elﬁ 1(55531\%‘5’ %gf%%sl%n S%gtigjfjly baseﬁatﬁ%tei‘sv%% %e’i‘v(ﬁd

- reduced q’bltﬁ‘ﬁﬁ“GﬁPcw*&%“ﬁelnlﬁH‘FWaﬁtng aqalqprtq#atr«uheorpm?dﬁﬁﬂewm val ue

deri ved wteana |tJheVK&1r@a13£eU@b§St&§ItaQﬁ bliﬁéijm% Qsd‘i‘cﬁ%l'xb@o S8 O%Qﬁﬁ; on of 10 the
lular actfivify is

12 kD fr, full-length tauy in cel

predi ct e%% O an‘g]‘a aa‘itﬁrﬁFB?t?%rFW&‘éPe' ‘ﬂtﬁtliev P? eeqdwft As([tau] Kd* (1
+ [TE] /oadductisnThi sthpr d2ktesringdtien pﬁd&ﬂud’tr’r&ﬁ:bﬁnfl.oil—tl%g‘tém t&h ! aQf the
mat hemt}dé@xp@@@h¥§'%ﬂt@%ggﬁ\rf@lf%@\dthgolg%ge sat%g ERER L that DHI2 .~ &

(ant hr oqui none IS struct
di ani no&ﬂ?n&@l’“ﬁ" 2P ewndiagi aaeeiniag r?htrhégltdﬁm reppst dimainewasisay.thid gur es

15 & 16 <shaw Smﬁhbaéoﬁﬂﬂihysﬁﬁaﬁ(tﬂéh%%eeﬂtV§¥1t%@oﬂﬁu'ﬂhndingu&§§eé&fk%s but
for chl U R LIRZL Ne Pq:qltacr ne rifgﬁﬁ'tlvel 25..Using the sane-.
assunpt itons. (tau concenPFatTohs N1 SHFe 505¢ a‘EFLbl%&tn@waez?HﬁM
cel MBI awiddtipvichg grddi ct ed via standard inhibition nodel: Activity =

[tau) / ([tau] Kd* (1 + [cpz] / KI)) 30 the apparent Kl values for

chl or promazi ne and tacrine (2117 nM and J
All subsequent cellular analyses of activities of other compounds ‘

are reported in the same standardised format, with the same
assumptions regarding intracellular tau concentration (500 nM) and

i5 tau-tau binding affinity (22 nM) through the repeat domain.

Figure 11 shows the results for conditions in which the reducing

agents have been omitted (i.e. oxidised thionine cf. Figure 10).
20 rAgain cellular activity is predicted via standard inhibition model :
Activity = [tau] / ([tau] Kd* {1 + [Ox. Thio.] / KI))

In this case, thionine now has an apparent KI value of 1200 nM. '}

25 _This confimms that the diaminophenothiazines require to be in the

reduced form for activity. A similar conclusion was derived from -

analysis of in vit:o binding data {results not shoﬁn}.
Flgure 12 shows that by using reduc1ng or partially reduc1ng
30 conditions methylene blue appears much more active in the celli-

based assay than predlcted from in vitro studles in which the tine

course of the assay (1- 2 hours) had not been sufficient to achieve
reduction. '

35 Cellular activity is again predicted via standard inhibition model:

- Betivity = [tau] / ([taul Kd* (1 + [MB] / KI))




802 nMrespectively)are greater than anticipated fromthe i %Vb@
studies. 35 Figure 17 shows the extent of reduction of various conpounds in
the presence of DIT. Figure 18 shows the percentage reduction of M

plotted aggiongissshe - ------- c--------- 15 July 2005 VIQ-H2hHHRIA0
PCT/ GB02/ 00153 48 ratio of MB:Vitamn C. Figure 19(a) shows that by

assum ng a target. tissue concentration of 4(err)M(i.e. 1.5 pg/g) it is
possible to determ ne fromthe data ofs47 5 D Santo and Wagner (1972) that
ti ssue concentrations of this order would be achieved at an |V dosage of

0.11 mg{ k@l*%rla gﬂéng :;L&é@ Sﬂl@\(/)\/éplﬁ’aﬂ@igekIIﬁlﬁethQi ﬁé’&ﬂﬁ.tléfnie?!ﬂl&i 1I\@11%@| | owi ng
a Ssingle 0se, Su ecC um, n I N ant apeous

Sbsorbei o WhiBAARer DR R che bR tas IRTORARY 2o B TPRTRE ot

expressi omlafideau Rsagnn@ruasteldnlrsmgand LOSHe celrkssﬁaashdgupmrdanasﬁeom
both m 8519@&&%“1:%:13(‘9 di aehepl Gal, t??@&%géﬁe%smﬁ&ﬁém ﬁsﬁg Sg%ftlorlo

reconbi nant tau fragnents in eukaryo S was perforne
Ei ght3 t atio®hdir dcsi™transiently expressed in 3T3 cells and COS-7 cel s
wer e exanm ned by i mmunocyt ochem stry and i munobl ots. The extent of

expressign in ch, cell e n se uantlt t|v on th basi s
o botn Ehpk, A% Buify oo REnRBIE B (Rl e BT By Bo ARduetS
i mrunor eaclandjumy Ch}otm&ﬁﬂﬂdlcahm%asawg ttbenteltseoﬁrepijsltteldvﬁl value

| munor egetivdd ¥rohNi@l ¥4 1G85 §8ud M cad - B RS lﬂéedeé.’\‘:ﬁl%eeawd&odl%w U%t to
obtain the results. In addition the specificity was confirned for each

- const® ucEhpyt 2 &Pngragment fiom Takl-AgpoHh dias l&g&?ﬁ%? di fferent donai ns of
)au protein -------------- -- (mAbs 499, T14, Taul, 342, 7.51, 423 and

T46) Koégfiéi g 1ty is predicted via standard,lnhlbltlon model:

Activity = [tau)] / ({tau]l Kd* (1 + [TC] / KI})
15 ) '
" This provides further confirmation of the validity of the

mathematical analysis procedure used.

Figure 14 shows that DH12 (anthroquinone) which is structurally
20 . related to the diaminophenothiazines is imactive in the conditions

of the assay.

Figures 15 & 16 show similar analyses to those given above in
.i:) Figures 9-14, but for chlorpromazine and tacrine respectively.

25 _Using the same assumptions_(tau concentration 415 nM, and tau-tau _

binding Kd 22 nM), and}cellular activity predicted via standard

inhibition model:

Activity = [tau}l / (ftau] Kd* (1 + fcpz]l / KI}} -
the appaxént KI values for'chlorprbmazine_and tgcriné (2117 nM and
802 nM respectively) are greater than anticipated from the in_ﬁitro

studies.

35 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




|

%

were absent in the first six contructs, but were present in % e CDNA
constructs 7 and 8. 30 Figure 21 |IIustrates the inducible & HF@g@pﬁn of
full-len tau in 3T6 fibroblasts in two cell lin 2.shows
Iom1|eveﬁ$8b2§%ggtund | eakage of full length tau in the uﬁaﬁﬁﬁﬁg@ Htate
("U.), and high levels of expression after addition of IPTG (i.e. induced,
"1"). T40.37 shows the sane, but |ower,devels of expression wthout 35
inductiOn Figure 22 shows a result of a triple vector system A vector

' pernltt r% L%B evel gonstitutive expression of the 12 kD 15 July 2005
WO 02/ 0 49 fragnment was introduced into cells lines in
whi ch i nduci bl e expreSS|on of full length tau had al ready been achi eved
(in factp; £ald 1|9I(9;e M@%hehw a&uﬁhggr@ %&g@feomsué%dcexekétﬂa‘n | PTG
are introduced to induce expression of full-lI'ength, tau,. 5

there i LYY 1©dnet ebel Y(FP edti bh RoEsthte 190 I?Btﬁéﬁiﬁl“e a’?fﬂm} W %ta%l{’g‘-r ound
| eakage’ Dmeaﬂﬁ;saharm@jnefxul(lwnengmhﬂ AlsshAS cqafdegltessimeet W fmehesf edbded engt h
tau i s induc by intro ucl | eve TG, nore of the
full-1en§ ?Li(fg)ﬁe %ghlc%‘ﬁever 3gt t Osaff ﬁD&) zlpe 9-10 Figure 23 shows the
inhibitory effects of reduced thionine. In each set of lanes, there is

I nduci bl g oy L%dli@t(bfnsmwst %eméaem&a&ﬂel alsﬁﬂ%u@&eﬁeagaﬂ@ffamewaéIang
concentrations of I nduci ng_hi gher . | evel s of, As the thionine

concent rat3Bie 190 BE rdsed? £né0 1 FrEAGET (ﬁ?sb'f“lf’ﬁelliszt%aﬁﬁﬁﬂsf romT40 is

. suppmessassodbitgene 24 shows quantitatively the results of Figure 23, In the

absence of thionine, induction of T40 at increasing concentrati ons of 1 PTG
| eads to a corresponding increased production of-the 12 kD 20 fragnentsT)
I n the pfesersc@lofumngrgesMhhi ppsHds fheriehy Srepsient reptriteseaonfoT40, bu

'tWn%ﬁ%ﬁ%%ﬂﬁ%@%ﬁ%ﬁﬂﬂ@%wﬁ@mdﬁammmm
microscopical and biochemical experiments.
15
Expression of recombinant tau fragﬁents in eukaryotic cells was
.performed as foilows- Eight tau construets, transiently expressed
in 373 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, m2b
7.51 was used with each construct to obtain the results. In
addition the specificity was confirmed for each construct by using :
25 & panel of antibodies against_diftereht domains of tau.protein i;)
(mbbs 499, T14, Taul, 342, 7.51, 423 and T46). Kozak sequences

weres absent in the first six contructs, but were present in the

cDNA constructs 7 and 8.

30 Flgure 21 illustrates the 1nduc1ble expression of full —length human
tau in 3Té fibroblasts in two cell lines. T40.22 shows low level
. background leakage of full length tau in the unlnduced state ("U")
.‘and high levels of expr8551on after addltlon of IPTG (i.e. 1nduced
"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 kb




Figure 25 shows conparative in vitro KI values for various 13@@’@@&,@5, in
nM The KI values relate to the particular assay ~3___conditions used
(50.0:. DIT: conpouna, 120-m nutes see Figure 17) . Figures 26 and 27 show
t he i nhi bvoeeysz22d ect on tau-tau binding of phenothiazi nesr/igvd/dngsH, 2, 3
or 0, 4, 6 nmethyl groups, respectively. 30 Figure 28 shows the derivation
of two paraneters- useful for neasuring the inhibition" of' tau-tau

associ ation. by test’ conpounds. STB4% the standardi sed binding relative
to that seen in the absence of conpound, taken as the nean observed at 1
and 10 pRyfayimen85SwAs iiesmrdubed imtoWB=064 0 MG, ianwiSldh vabueisife 1. 0

represe i g e bse ce f.. conpound,
vvhereasrl:l;a}&nl\%asggEHo?fOﬂgL et%ut EQ%[ %bfs%b:{( geéﬂ? vvélgergpé fgo a nmean of
20% at test ddrpolfel- %ﬁé@ﬁﬂrwﬁéﬁs‘r@le aé;m’ele %@f regeht . Of'LBE’G'Gl grgog 15
July 200 0 L 5 r,.rat und: t au
pr oduci n%tsr\égu?éé ?guﬁﬁi gr %%gérgg Ql[ 1Ll‘élsteaéln |h9 (?ngc ggghce of
compdundtieBBO)is Figur ko2 d eyhbvexrties sieh ot dﬁ@hl’t% bethmadn ST8 lawd LB50

- par anet ensackgRo2hB g@éké@%"s@%stsqoneo@ édﬂe%né,awa!uona@f the LB50. STB is
alogarlthmcfunctlon of th Iar rati o of conpound:tau at, which tau-tau

bi ndi ng FH-&5G¢88 %f“q&@’mf“ib {@@6 i 53¢ i Ilﬁ‘&“S‘thWe iRSFafuTidg §igher
conmpoundientetils BESPRTE, tnwrteauf fdte \ﬂaﬂd:hléra;,t-ht a&du bl Hdicigeirsed % ahet hat
~observed { n.f.he absence of conpound LB50 = 0.05 + (2.65 x STB) r=0.95 15
- The deterrrﬁ natiron of in vitro B50 reqwres that there be sone degree of
inhiWition of tau-tau binding, and a 50% value is obtained by

1\)extrapo|¢gddy@ 2BeLpsid nald @AnBitSTD éﬁﬁﬁ&d@ﬁ%fnﬁe§dﬁéa thionine. In each
set of lanes, there is inducible production of the 12 kb band in
the presence of increasing concentrations of IPTG inducing higher
ievels of T40. As the thionine concentration is increased, the

i5 prdduction of the 12 kD band from T40 is suppressed.

Figure 24 shows Quantitatively the results of_Figuré 23. In the
absence of thionine, induction of T40 at increasing concentrations
of IPTG leads to a corresponding increased production of the 12 kp
20 rfragment. In the présence of 2 pM thionine, there is still

induction of T4Q0, but it is not converted into the 12 kD fragment.

'Figure 25 shows comparative in vitro KI wvalues for various

'i:) ' compounds, in nM. The KI values relate to the particular assay

25 conditiong used (5001 DIT: ompou nd, 120 minutes =sea Figure 17) .

Figures 26 and 27 show the inhibitory effect on tau~tau binding of
phenothiazines having ¢, 2, 3 or 6, 4, 6 methyl groups,
respectively. '

30 o
“Figure 28 shows the derlvatlon of two parameters useful for
measuring the inhibition of tau-tau association by ‘test’ compounds

"‘STB is the standardlsed,blndlng relative to that seen in the
_  absence cf 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

o équivalent to that observed in the absence of compound, whereas a

value of G.Z indicates that the binding was reduced to a mean of

| 20% at test compound concentrations of I and 10 pg/ml. IB50 is log




extrapol ati on procedure. 20 Figure 30 shows conpounds for Jﬁfﬁd@ STB
and B50 val ues have. been determ ned. Assum ng that the total

concentration in cells is approxinmately 500 nM (i.e. the concentration of
tau used WO A2835é20assay), the B50 val ues provi de an appr oxPOuiGROR0#1S3 t he in
. 21 -- -assayto. the... concentration (i.e [500 x.B50] nM).at which the.
activity mght be expected in cell systens. Figure 31 shows the fornal

rel ati onship between the in vitro LB50%%value and the log KI value for the
~di am nophenot hi azine series. 30 Figure 32 shows the relationship between
the nunbb? msfliaretrayio off cupyoindatall grodophensohi aahﬁ&u( M¥kedlifhg and t he.
redox. PEbgiHdedl wifk)riand s@bafyﬁl%%%gﬁwo@tco&gg& )0l sed 11 gures
indicate correlation coefficients and val'u a?t «;)\xcl usi on of MB.
35 Figure 33 shows the rel ationship between the percentage of conpound

that is Fegueeds aso@kettﬂfemraedt%@ﬁrimetﬁéérv,smnan&hﬁaé@%améw@%ti on
pot ent i a%ﬂ&ﬁ%n?% oug:d The geductl on oten |ala 15 July 2005 WO

02/ 05572 62? T53C BF Br eHiet® ff‘ﬁ‘é PHs & EBC ¥t " of reduction of
the di am nophenot hi azi nes. Figure 34a shows that there is no cl ear

rel ati onsfs p et %&Qfléﬂdl@hlfghggi[(yn ngt %Hgymcﬁl%q E:Q]e_lgxcgfrl:to di%'lacut I %n of

corrpounds F| ure 34b shows that iInhibitory potency 1s no °H“ erm ried
si mply e Fan Bioréngi ap. r?—ﬁ“@?ﬂdeb355%oms that the inhibitory potency -
can be reI ated directly 10 to the diffusion coefficient (which is a

measyr e 1%%55 tl% %sndﬁnqi/y thet he reduccggl (1; rmto stack and agggt at e)

" Figures heBr 82Tt 7 T8I At i DHERIPE BETSESP ‘?Té'iaé‘d LB50
" (" ESTLB5®® )whasd %%a'!EQistﬁanr WI%@SOfrélﬁj'e@blsvevgd in the absence of D,
compound o
LB50 = 0.05 + (2.65 x STB) r=0.95
15
The determination of in vitro B50 requires that there be some
degree of inhibition of tau-tau binding, and a 50% value is
obtained by extrapolation. Determination of STB requires no such
extrapolation procedure.
20

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 wvalues provide an approximation in the in ;)'
25 __vitro assay to the concentration (i.e. [500.x BS50]} nM).at.which. the .

activity might be expected in cell systems.

Figure 31 shows the formal relationship betwéen the in vitro LB50

value and the log KI value for the diaminophenothiaiine series.

30
' Figure 32 shows the relationship between the number of methyl
 groups in-afdiaminqppeggthiagineWLMMETﬁ1,and_thsrfedox_pdtential
(B} and diffusion coefficient (DIF}. Italicised figures indicate
correlation coefficients (R} and p values after exclusion of MB.
. 35

Flgure 33 shows the relatlonshlp between the percentage of compound
- that is reduced, as determlned experlmentally, and the known

‘reduction potential of the compound. The reductlpn.potentlaL




15 and reduction potential and diffusion coefficient, in which the '

di ffusion coefficient is given the greater weighting. Figurl@ sty Z06ws the
crystalline structure of Methylene Blue. 20 Figure 39 shows tau-tau

bi ndi ng iwolkghesspsesence of 1mM DTT, as neasured in the sopefcBRbaggsassay of

WD 96/ 30766. Two different antibodies were used to detect tau-tau binding,

‘nanmely mAb 342 (top) and 499 (botton). The vertical axis represents

tau-tau binding, the horizontal axis shows the concentration of

full -l.ength --2-5---- -tau in---the- aqueous phase,--and- -.the key-- shows
varying Sengenld ahkOohSserRbaSOkiLiPRASebiditi S ahPe seen, tau-tau binding
still occurs, in the presence of DIT. Figure 40 shows various species of
tau fragheFtEophe a7 Snhi ch 30 are present without induction ("U')
and follow ng induction ("I") in acell line of the present invention.

These inglu Ci W.t h ilitjes uivalent.to .12/ 14 kD, -25/27 kD,
P07 52 kb 9 SRST RS\ kly PROLS 14d B8 A R abs bt beriBen 1 P21 2L, e
how tshe ighidp forygrebencyr pndstid extempl af ecedusdioed praseobiyds ¢ processi ng

of full-fepgtd F8UsHDkEWeS i Ah; B NS rvARRERdyBECL PO QRS 8RO} 1Y, the
arrow heads.. 15 July 2005 WD 02/055720 PCT/ GB02/ 00153 52 Figure 41(b)

- shows hof¥ t FRAWHEAS? RIF<Ghéeles arises via tenplate- induced proteol ytic

processing of full-length tau nol ecul es at the approximate positions shown.

- by the agipg%@%%d%h&?%@}g%r Esézjlrﬁgig) F%&P}'ﬁa{en% thgr?t%o%rlgggd ggljd:‘erg%lii lities

of the cles o ures en S inm amno-acid resrdues.
Fi gulfe 480 sHenstifffusiomqieeAfsChenii (gilnies “o-aymeaparauto] rrher amdensty odi t her
34 resi gheSrMuceli/ chasidUesavhi &ly iaggkbga@gui val ent of a 10 single tau
repeat, or half of it. Al of the fragnents may be generated from a basic
heptaneri c aggregate as a sinple set of ) proteolytic cleavages occurring
at the pBsgtrensid adidc3it etiobythdeprediatedwhdaddonships between

estimated LB50 ("ESTLBS0"} and STB ("ESTSTB") wvalues, respectively,
_15' and reduction potential and diffusion coefficient, in which the

diffusion coefficient is given the greater weighting.
Figure 38 shows the crystalline structure of Methylene Blue.

20 ‘Figure 39 shows tau-tau binding in the presence of 1mM DTT, as
measured in the solid phasé assay of WO 96/30766. Two different
antibodies were used to detect tau-tau binding, namely mAb 342
(top) and 49% (bottom). The vertical axis represents tau-tau
binding, the horizontal axis shows the concentration of full-length

—25-—-tau in-the aguecus phase,-and-the key shows wvarying concentrations
-of solid-phase tau. As tan 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 preseni invention. These include species with
. mobilities equivalent to 12/14 kb, ~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..




|

15 Figure 44 shows these sane fragments in descending order 4af 4 h and
i ncreasing gel nmobility. Figure 45 shows that DMMB is surprisingly potent
inthe cell nmodel. Its inhibitory activity could be seen both in the
absence oVOI¥EE7200 i nduction and fol | owi ng i nducti on ( see(XGERI0e1ss) .
Figure 46 shows the activity of DWMMB on base-line expression of the 12/14
kKD species, using the sane set of assunptions regarding intracellular tau
concentration and in vitro tau-tau bin8¥ng 25 affinity used in Figs 10-16.

- Cellular activity is predicted via standard inhibition nodel: activity =

[tau] / Fioatg 4de)(ghavws DvvBlthe RF)37 30 E)M&dsmaxarseappﬂaietrﬁmplﬁhtmt h| n the

cell of 4nduddd 28ded I rrpl e
Cener al ngterll%lg%: andh%teﬁoﬂﬂgc%%%&%%f\é%ggg ién%%‘/ %§E7%1 g/ 6166153 53 .

Product | SRPGTAIPRRR BT C19HeSeYs Rbithe ARFev EERCE No. 86120801 Mouse Swiss
Al bi no Enbryo Fibroblasts. For the inducible system t he experinments

enpl oyedplac. St GRLEL T S{yatagene usi 3 SS vector to express -
the Lac repressor &u(r?%tgelglo nd5p Eﬁ’ §\#’C’:ﬁ' Fog‘g'gﬂ}o@sl d1Ehes 1ol (EhPengt h tau
under t h&PEES RSl Fb‘fuﬁﬁs 0d Ir épdeis@orr 1 Exgties sinoani so + At edsbyuthe
addition 10 of IPTG Initially 3T6 cells were transfected, by

el ect ropgr at at i on V\,’ﬁt h t% qu3 SS I asm d and col oni es sel ected by
hygr omyci 1° Tesi Et E\ N 6‘%‘?“ hatt Farerexfledsi age val yintgrielel sf of the

Lac represwr 1834pretives det enm ned doysi ﬁmtE}OCi)ét eahedysivaentebe pi cked,
and g soﬂﬁgn% R30- £LNR0 &4l ha1 el St AL PP, £ QL COMRATIOON: b be
generated from a basic heptameric aggregate as a simple set of ; )

proteclytic cleavages occuxrring at the positions indicated by the

arrowheads.

15 Flgure 44 shows these same fragments in descendlng order of length .
-and 1ncrea51ng gel mobility.

Figure 45 shows that DMMB is surprisingly potent in the cell model.
Its inhibitory activity could be seen both in the absence of IPTG

20 induction and fbllowing induction (see Example 4).

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 conceptration and in vitro‘tau-tau binding ])
225 affinity used in Figs 10 - 16.

Cellular activity is predicted via standard inhibition model:

. ' activity = [tau} / ({tau] Rd* (1 + [DMMB] / Ki)}
30 ' ‘

BMMB has an apparent KIi- w1th1n the cell of 4 4 nM, and the cellular
B50 value ls ~100 alt. 7 , '
Exanples

35

General_mate:ials'and methods




Production of pOPRSVT40 vector 20 The T40 insert for cloni nq E@ h
pOPRSVI CAT vector was prepared by PCR wth Vent pol ynerase ?I‘d %O 2 ng
prinmers (shown below) that included a Not | site and a start or stop codon
as appr opyvoatmssrihe PCR product and pOPRSVI CAT vector weper/cuwozadish Not |

- and purified. The vector was dephosphorylated to prevent re-ligation, and
the --- -25----insert ligated into the vector using--standard-protocols.
The resulting ligation mx was transfegted into conpetent E. col cells and
the cells plated out on anp plates. Col onies were picked and gridded out
on a newpabpupt BdiLorCotanyeliif i snaere taken to 30 Hybond-N 0. 45(err) m nyl on
menbr ane (Anersham) and possi bl e positives selected by col ony _
hybri di sati on using dGA | abelled with ( (X-32P) dCTP (Amersham - (using an
ol i gol abafrbi o 3¢ twe(:@hammacwa: B et mme)l Maunsk puwikshi Btbim @&ddapel10 col um
(Phar FYB.CIE.? B&g&% Hybri di sati on was carried out a 65C overnight in
Church bu }f’er fol | oned by 2x20 m ns washes in Church wash. Positive
colonies, |labeled with radioactive probe, were detected by exposing the

blots teox-fRy Jddh@ll@l’@@}lsggﬁ athe em@rlﬁémwlemngpéd DR G4 0BT 260 om
PCT/ (B02/00153 54 Posit nies were sel ecte rovvn t hen checked

by PCR aRf*2F2a%t9 &t+dh t&’i 8395;? o SO Fhh ?Wereﬁfeggﬁc]éa fFHESFRSert. The
use of arstagh earrdesOPRmﬁC@m‘ 50 t exporsst hbe cfwrii-dgnogelansat hadeT48hean
insert i BEQtHS‘f é’@‘f:k@rnéd‘ r%'p&@@éoa?“i.@@r@&’s%h fEhQnQﬁ&@c@t@ 9B Qfapidie
inserts was determ ned so as to select colonies with the vector containing
T40 ith tRé %%'F‘Fect orientation for expression. Priners used 10 5'-3'

{jl'40 Not | start -gtc gac tct aga ggc ggc cgc ATG GCT GAG CCC CGG CAG
GAG 3'

¥3Et£aff§ 3T6 cells were transfected, by electroporation, with the
p3'SS plasmid and colonies selected by hygromycin resistance. 5
clones that were expressing varying levels of the Lac repressor
15 protein (determined by immunecytochemistry) were picked, and also

- the non-cloned cells were retained for comparison.
Production of pOPRSVT40 vector

20 The T40 insert for cloniﬁg.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 apéropriate. The
PCR product and pOPRSVICAT vector were cut with Not I and purified.
f:) The vector was dephosphorylateq to prevent re-ligation, and the
.w~v~ww425m~+inseftmiigatedmintomthe—neeteqLusingﬂstandardﬁpmntocolsvw S

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 0.45pm nylon membrane (Amersham) and possible positives
selected by colony hybridisation using dGA labelled with ( o~*?P)
- . dcTp (Amersham)»(ﬁsiné an_oligolabéllinq kiftfPharmacia 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 radicactive probe, were detected by egpoéing the blots
to x-ray film overnight at - 70°C.




31-5'" T40- Not | stop 20 5 -act ctt aag ggt cgc ggc cgc T ACC
CTG CTT G&C CAG -3" Not | Sequence conplenentary to T40 sgﬁﬁgﬁAggﬁé shown
in capitq& the start and stop codons are narked. The Not | site to be
added i's ?“yﬂﬁn%B , _ Sawn. -under | ined The.renmai ni ng. seqBEREBZMABIMA i n

| ower case. is.a. 13 base pair overhang to allow the Not | enzyme to cut
efficiently. This was conplenentary to. sequence in the hTau40 plasmd
"vector to allow efficient binding of tHe prinmers. 30 Determ nation of
-Insert Orientation Ojentationwas. determ ned- .uaing .a -restriction
enzyne tiPRtiYGt sotRlies egfts ?ﬁﬁﬁ?egnén@rﬂ¥Qﬂaat&Peaiéhﬁﬂh?dabyeﬁﬁﬁiﬁﬁﬁ; and
~that gi wuesstaicdibhedigpd est eoeti@n tﬂbgﬁﬁéseﬂﬂiet @antlfl@rlrf%,%% ofheNtad i on.

Hi nd 35 dd L f| slehggg éﬂ;&gﬂl%_for {2 if the insert is absent two
restricton bands are produced % Fhe %§%¥F“P§ Bratedtatnfdd “Hands are
producediﬁﬁ@fthet9|Ebeoﬁxthe bamd&h@ependgﬂannbhe TnekﬁﬁkathamOmfofhe

I nsekst asshowarbel s -ackB Abhdy %%Oés M@Q@%&%Z%QBE@JR%%/ QQ%f o

Forward (corrth) C)lentatlon 5385 ever se I en éilon
6101 bp FBLHF894THD 15 Foﬂ%ﬁ‘ﬁ%oeﬁe%ﬂ@neiﬁre@%@wysme under the
control of an inducible pronoter The pOPRSVT40 plasm d was produced and
purlfleqap%%CSCI gradlent centrifugation. This was transfected (by
electropora |onf |nto 3T6H 10 cells (expressing the Lac repressor protein)
produced as descri bed Q above. Positive cells were selected for by

resijgt angestoq@dli.£a¢ 5009/ m ). Resistant col onies were picked and grown
on. The level -~ of expression of full-lengthT40 with and w t hout the
addition of |IPTG was determined with anti-tau antibodi es by both 15 ;)
i mmunocytochem stry and Western bl ot start T

5'~gtc gac tct aga ggc gge cgc ATG GCT GAG CCC CGG CAG GAG-3'

Net I
15
3'-51 T40- Not I
stop
20 5'-act ctt aag ggt cgc ggc cgc TCA CAA CAA ACC CTG CTT GGC CAG —-37
) 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 .;)

women .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 sequénce.in the hTaud0

plasmid vector to allow efficient binding of the primers.
30  Determination of Insert Orientation

Orientationwwaswdetermined“using”aurestrictibn enzyme that.cuts tﬁé"
insert once and the vector at most a few times, and that gives a
7 differing restriction digest pattern for éach ofientation. Hind
35 IXI fits these criteria for pOPRSVT40. If the insert is absent ﬁwo
restriction bands are produced. If the insert is present three -
bands are produced and the size of the bands depends on the

orlentatlon of the 1nsert as shown below..




Production of pZeo295-391 The plasm d pZeo295-391 was designed to _express
protein 20 corresponding to the truncated fragnent of tau (ﬂééPU@@Qs
295-391;  see below). A constitutive, system (pcDNA3.1 fromInVitrogen

_ hbtherlanﬁﬁggﬁﬁﬁ? sed - the plasmd inparts resistance to the antibiotic
zeocin. The or this region was anplified by polymePs5dERIBANIES
reaction (PCR), using specific oligonucleotide 23 -prinmers {seise and
anti sense; see below)-The sense -priner.  contained an EcoRl site and the
antisense, a BanH site. The fragnents were subcloned into pcDNA3.1 (-)zeo
(I'nvitrogen, Netherlands) that had been digested wth EcoRl and BanH . The
inserted DNA is downstream from a cytonegal ovirus pronoter sequence 30 and

upst r eamifrwarpol yadenyh abiosmesicgoal . Fhes phasn dogeryAi ns sphe,, DNA

sequence., for .the expression of anmpicillin and zeocirk -resistance for
selecticn?ﬁﬁ%rggc§%ﬁ%4%a§ﬁaneukaryotic c&HPL PR espdtiRRl y. + 3HhEP
authenticity of the inserted DNA was confirmed by full-length sequencing

of bokh strandsiosANUGheot ' i equence for _truncated tau
fragment 295- 391 15 July T R RS e o i B PR

gat aat at cCH¥HEAESE dTEFaggcggecagt gt gcaaat agt ct acaaaccagt t gacct gagca

aggt gacct ccaagt gt ggct cat t aggcaa

cat ccat cat aaa gt ggccaggt ggaagt aaaat ct gagaagctt gactt caaggacaga 5
gtCcagtCg%gbgﬁgggg%%hgggaggggF%tprghuced and “purified gy CsCl gradient

" cacccacgteetrjegydggaadh bnaaa] arhgasadedacaagui-gat b b ECgGEAJaaEeH Coron
- .. aaagqpaagagagag 969940 19 j ;
(PN KHVPGGEEVO VY PVQSK%TSKC&SEGQ?%WSMEKEB?W E&F BRIPFY
PGGGNKIPETEKL TRRENAKBRKTBHGAESYS o5 defstophivneesiptanapa956418 (at
: : 500ng/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

i5 immunocytochemistry and Western blot.
Production of pZeol295-391

The plasmid p%eo295-391 was designed to express protein
20 corresponding to the truncated fragment of tau (residues 295-391;
. see below). A constitutive system (pcDNA3.l 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
'v;wM~ué5ww~pfimersﬁfsensevanﬁraﬁtiseﬁsén“seefbeiow?TmTheisenséwprimer ' R
. contained an EcoRI site and the'antisense, a BamHI site. The
fragments were subcloned into pcDNA3.1 (-}zeo (Invitrogen,
‘Netherlands) that had been digested with EcoRI and BamHI. The
inserted DNA is downstream from a eytomegalovirus promoter sequence
© 30 and upstream of a polyadenylation signal. The plasﬁid contaiﬁs the
‘ . DNA sequence for the expression of ampicillin and zeocin resistance -
for selecﬁion in bacteria and eukaryotic cells;'respectiQEIYI‘The
auvthenticity of the insertedVDNA was confirmed by fﬁll—length
sequencing of both strands.
35
Nucleotide and amino écid’seqﬁence for truncated tau fragment 295-
391




5" - CGG AAT TCC ACC ATG GAT AAT ATC AAA CAC GIC CCG - chgosﬁb_‘y%% 91
anti-sense prirrer stop glu 391 @b----- 5---CCCG-GCGA-T

cGC - CCC- - - --G --CIT 11GC----3" BanH The start and stop codons
are in bd’f"ﬁ“%[ﬂ%i”%(’ne EcoRl and BamH restriction sites toPE®GHIFEUSAre
underlined. 30 Tissue Culture of cells for assay The nedi um used was DVEM
(wth Gutamax |, pyruvate, 4..5g/1 glucose) fromLife Technol ogi es,
Scot I and. This was suppl enent. ed 35 with 10% FCS (Hel ena Bi oSci ences) 50
Um penicillin m streptomycin, plsu further antibiotic as

appr opr |Qﬁté‘aft@rtCfiﬁéca‘égglcéégg‘éﬁgwq‘?ﬁitﬁ’ﬁmégwt%Wa@aeva@i@cg‘tmﬂad
Ant i bi otddytgereenbsdidRstVRE €adfild 1 9/ M hygronmycin (p3' SS sel ection and
15 July 2005 WO 02/055720 PCT/ GB02/00153 57 maintenance), 500 g/m

(418( pOPRSVT40 sel ection and nami ntenance), 400 or 200 pg/m zeocin

( pZe0295-8B@adehtsrsorruyrgoby aterayicgpagt Leldtst angn gyanmyaat t 3ddggdduga

hum gi fi AR5y .l s are maintained in 10cm di shes, and
spli ? V\hggﬂc t hey g%g%‘gcg%t?té @%%ﬁ% Mediumis renoved, cells washed with
PBS and cells released by trypsinisation with 1 m of trypsin/EDTA

) SO|utlCﬁbdccdﬂﬁé%bdt5§gcd@abb§a§fééddﬁﬁﬁﬁEQE&H%*chaiééﬁﬁbdg%ﬂbﬁab?é%%?é#%c

dilution or_.opti-on Cca%lngraneof dilutions from1:5 to
(appr oxi naafgeﬁ 56609 9g88°2&1 s/cn2). O For the testing of drugs, cells
are plated in 6 well or 24 well plates at an initial density that wll

all g t ftﬁmE&ﬁzp@r@@%@ﬂzﬁ@vég%v%dsli%ﬁﬁyﬂﬂde@wa%ﬁl&lﬂﬁm%é@faﬁﬁﬁdded

to the well at vario
HVPGGGNKKIETHKLTFRENAKAKTDHGAE {.‘)

15 295 sense primer

met asp?®®

5' — CGG AAT TCC ACC ATG GAT ZAT ATC AAA CAC GTC CCG - 3*

EcoRI

20 |

391 anti-sense primer

. stop glu ‘ )
2551 -GEG - GGh TCE TCA-CTC-COC-CEE -GG -CTC PET CTE -GEC—m - 3|
BamHI
The start and stop codons are in bold and the EcoRI and BamHT
- restriction sites to be added are underlined.

30 “

...Tissue Culture of cells for assay
The medium used was DMEM (with Glutamax I, pyruvate, 4.5g/1
glucose) from Life TeChnoldgies, Scotland. This was supplemented

'35 with 10% FCS (Helena BioSciences),50 U/ml penieillin, 50 ug/ml
streptomyein, plsu further antibiotic as appropriaﬁé for the
selection and maintenance of the relevant plasmid; Antibiotic

concentrations were 200 pg/ml hygromycin (p3’SS selection and




15 concentrations, expression of full-length tau is induced by t he
addition of .IPTGat O - 50 pM Cells are grown for a furthedS24ly2988rs and
then col l-ected for analysis by SDS PAGE/ Western blotting. Preparation of
tau prot ewo 020sReconbi nant tau (cl one htaud40) and perchl opancaeiaisol ubl e
tau extracted fromrat and human brain were prepared as descri bed
previously (CGoedert, M & Jakes, R (1990) EMBO J. 9:4225; CGoedert, M et
al (1993) Proc. Natl. Acad. Sci. USA 9975066). 25 Cel El ectrophoresis and
Blotting Cells grown as outlined above are washed once with PBS then |ysed
in 50 |  @3dnteddngd)at 68) m/nﬂIOGcli& (frreiripl aileskibaesid ubtefance3Q

n 5 (o83 t 15%
Sarples 4 51956l o0 RL IR SR LT L0 g o o

IS transferred to PVDF menbr ane by Wéstern blotting wusing the CAPs buffer

system a ub t | r (5%.n at mlk
powder (%/Erf\llelﬁmjer %Q%%Té\geénﬁ 0 J?Ine:'Pg!é]fl (? PEnggToﬁ?ehetI% o%/egﬂlé Tau
protefn Csléetzes adibjainedbat ilAgn thehrenbamhemlvict hheﬁmtthEySapmhtcbaﬁled 1:5

with bl ogknbufidesy f dealnihis reﬂBv@d’erc@lg.gt adaNing, Weld ) 1/9 j(; / 0. 1%
Tween20, I ncubating with 15 J WO 09/ 055720 pCt 8802700153 58

ant i - muSELEREEY t53’0663’!?1?’r‘b‘tsi""(’irr’rolln‘“'HrhoéLkmﬂau‘?? drPSEn{ERFA sghutiemashi ng wel |
- With PBSﬂOcﬂr%ﬂ'ﬂbeenamls Batmdreantpdaaihyt s dedactediby aEGL 10eactwopnget ect ed

on ECL h ( sh 0 [ canne n onputer on a
Hewl et t i%é ﬁ 9?1361(9% % Cilb 1§8§n§ré)rm th 56%‘%% %and saved as tiff
filed? IDéﬂEWWtP}Yo?OWréOT@QO%d:ed@ﬂ\ECIbands is performed with the

cananal yS| S program on an Appl e Power Mac G3. 10 Drug preparation
tol oni um chl.oride are all

Thlonlne hgltes 195“§f rugs, cé&is are plated in 6 well or 24 well
plates at an initial density that will allow them to grow to 50-80%
confluency within 24 hours. Drugs are added to the well at varxious

15 concentrations, expression of full-length tau is induced by the

* addition of IPTG at 0 - 50 uM, Cells are grown for a further 24
hours and then collected for analysis by SDS PAGE/Western blotting.

Preparation of tau protein
20

Recombinant tau {cione htaud0) 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

o | 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




prepared as a 1 nM stock in ddH20. Prior to use a 100 pM diI%téF %}%ck IS
prepared in HBSS which is added directly to. the nmedi um on 1§ é’fyl .0_ For
oxidised drug this is prepared sinply by diluting the 1nM stock in HBSS
and filt&O&H®5730 sing. 20 For reduced drug the 1 nMis tPEHEBIVWLSH
ascorbic acid and DTIT to vyield 0.5mM drug, 50mM ascorbic acid 50nM DITT,
this is allowed to stand for 15mins (turns blue to colourless) before
making the dilute stock. This is dil ut®d in HBSS to yield 100 pM drug,
10mM . ascorbic acid, | OxM DIT and filter sterilised. Cells are treated 3
- 25-wi t PRHS RS HBE -V d0feHilebitein. Phesoiiiier for & e, revdced drug
 the ascowdslciggive landi D PESE0CER TWaddn@0S BEend BiLAEBLBEA AldedB0t8M by

t hr ough I rjate ntities of 100 pM reduced stock, 100 pM-
oxi di sed" &t té}c/ia%;ﬁggl‘g‘g%ﬁe&%?b%ﬂgﬁpﬁf s{%fk?ﬁ?h ) SDS el

El ectrophoresis and I mmunobl otting Standard el ectrophoresis and
i M ngnobs oddd NEePLEERMH BHtWeL Eclead desskibe v W schi k,
C M et (£988) ,Proc. Nat[. Acad.e@%g?.aUSA §l§le4gao‘%€a%\%§éwﬁ et al.
(1993) G HlpsbsgmcanperaREsCUgpiepng| saverogr) tERBGILest0: 2725) .

| mmunobl Bérss weme tdevet oped T40 dhd tdearABEnds ti f YeekormdaRQrat erdes). The
nonocl o i Le L. 21.D10, 499 and 342 were used as

undi | ut er%é%‘sﬁaﬁlgg% “%’%%oﬁ%% 057655756 BET/ G1302/ 00153 59 cul ture
supernatant fluids. mAb AT8 (I nnogenetics, Belgiun) was wused at 1/1000
di | ubi onpr-Mtd ~daa RS 7. 51 (which recognises an epitope in the |ast
repeat; see Novak, M et al. (1991) Proc. Natl. Acad. Sci. USA 88: 5837),
423 (which recognises tau Gterninally 5 truncated at residue 3 u-391,4 sge
- W schi k, TiG orNlnegt matbhy (k@88 ue Prmmp, Nahdl . t Acad unSehio R 82:4506; Novak,

et al. (1993 MBO J.. 12: %g% . 499 (thi ch, recogni ses a human-specific tau
segnent HEREET 27 eBi Udls SEPFE 11 A426r By $Qeugf stHIOR, 1t dtute gl .
(1996) Prtomck iNablkepdeail.inSEBSS USA @311 12dd@)d dardc84R toMihehns@nggninses a
SegNBNt ce13s. g .

For oxidised,drug.this is prepared simply by diluting the ImM stock
in HBSS and filter sterilising.

20 For reducéd drug the 1 mM is treated with ascorbic acid and DTT Eo
yield_Q;SmM drug, 50mM ascorbic acid 50mM DTT, this is allowed to
standmfor 15mins (turns blue to colourless) before making the
dilute stock. This is diluted in HBSS to yield 100 pM drug, 10mM
.ascorbic acid, 10mM DTT and filter sterilised. Cells are treated 'L)

25—with-the drug at-various concentratiens; but-for the reduced drug- -
the ascorbic acid and DTT concentrations are maintained at 400 pp
throughout by using appropriate quantities of 100 pM reduced stock,
100 pM ogidised stock and 10 mM ascorbic acid/DIT stock.

30 SDS Gel Electrophoresis and Immunoblotting
Standard electrophoresis and immunoblotting procedures were used‘asa.
describéd préviouSlY (Wischik, C. M. et al. (1988) Proc. Natl.
Acadx Sci. USA 85;4506; Novak, M.,et al. (1993) EMBO J. 12:365;
35 Jakes, R. et al.(1991) EMBO J, 10:2725). Immunoblbts were developed .
'~ with the ABC kit (Vector Laboratories). The monoclonal antibodies
'7 (mAbs) 7.51, 21.D10, 499 and 342 were used as undilutéd.hybtidoma




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) Sci dAduly 2606 675).
Tau Binding Assay 15 - This was carried out basically as described in

W schi k, ®oa®ossm6 al. (1996) Proc. Natl. Acad. Sci. USAp88icBIZdnss Solid
phase tau (0- 20 g/m) was coated on 96-well poly(vinyl chloride)
mcrotitre plates in 50 nM carbonate buffer at 37C for 1 h. The plate was
20, washed twice with 0.05% Tween 20, #Ren bl ocked with 2% Marvel in PBST
for 1. h at 37C. After washing again, the. plate was incubated for 1 h at
37C wit hcaanmssmslet@at: {loids 300nAdy /AR i AuRBSTet tosyt denigngmll%gel atin) .

In the puesenit appldoeatii @fyichmM wag, d ale was
washed tw ce a?ld /?lncubat ed 1for 1%8-% 376@\%\?&% GEth%lg rﬂ&%g% FiTut ed

with an EBUEPPYoHutdeofasbmBEoRl 9 PBIRK, MW tafr ahasHidfy,) Koeserliish

per oxi dasxeaaon.gugatm geat @Btﬂ; NDAS €(wha ki 99&13@&%&0% i1 PBR) 2 85
e 30 was washed and i ncubated w t'h

* i ncubate at
substfat gmé}% a‘f?%na 5&?&??1‘? ﬁ;g f’%]r i SRS B PERHY &i-nl- offd H2 ORI 88 the rate
of chang&rof. alisol bamee. seasused-8aisisng; 86rakyax.pbata raader EMM ecul ar

D agnostkes Cal r c evi gus rrin ton . et al.
(1990) Jh"§| %;r%)nolﬁéj (%%ﬁ% gg'ﬁ gé%acr‘f“é“%esrffer%%% ﬁ " 5E f“SP‘Fm%Et}‘T?egS
triplicatesafiers rﬁ:llﬁrlrdéda@fé)rﬂlﬂol?@ i Feanfiiickhbbt £.syl i et rﬁ‘lasié?)aﬁd P.aqneous

phase tapper exshsenio; . apsh ahbse1M4h el ljheh, ong ;0 S
July 2005 WD 027 055720 PCI/ GB027 0015560 Dat - fla% Shoi§ ﬁf?gmg mp?élrtf or rred

. as dé%chBEYﬂe?‘h THEAHPR 89T 208 udi g 28hd - @kbﬁﬂv@% wese rhjsedd accordi ng
(’)to the Lapghmst @gualcBeBawibtrAihh@xtract (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
ai.(1996) Proc. Natl. Acad. Sci. USA 93:11213. Solid phase tau (0-
20 ng/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 aqueous phase tau (0 - 300 pg/ml in PBST
: containing 1% gelatin). In the present application, 1mM DTT was
{;) also added.

The plate was washed twice and incubated for 1 h at 37°C with mRb
499 or 342, diluted with an equal volume of 2% Marvel in PBST.
After washlng, horseradlsh peroxxdase—conjugated goat—anti-mouse
antlbody ¢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 =
Ineasured?using“a*vmg"piate*reader TMbIeeular Diagrostics,
Callfornla} as described previously (Harrington, €. R. et al.
_ (1990) J. Immunol. Meth. 134:261). Each experlment was performed in
35 +triplicate and included controls in which both solid phase and
- aqueous phase tau were absent, and also with either one of the two
absent.




Wit hd rugg

Kal ei dagraph (Synergy, Philadel phia) or Systat (SPSS Inc., qehﬁﬁgﬁb
programs using quasi-Newt on approximation. Curve-fitting corre gn
coefficients are given in the Figures. 10 Exanple 1 - constitutive
expressi&ﬁod?mFﬂpg length, truncated and nutated tau Expregs¢Ruz/oofsitau in
eukaryotic cell lines was sought to generate a cellular nodel of tau
aggregati on under physiol ogical conditigns 15 which did not suffer fromthe
limtations of |ipofectin-based appro§8hes. Thi s i nvol ves the expression
of full-length tau and truncated tau fragments for both normal tau and tau
carrying pathogenic nutations. 20 Full length tau Wien normal full-length

“tau (T40pawasAtaiansisected into cells (3T3 and NIE-115) it was expressed

and involved in the assenbly of the mcrotubule network within the cells.
Truncated tau initially the cDNA for truncated tau fragnent fromthe core
of the PHEs cay resfondédad aebragrenti?Wis301k MaS 1. rQQé £8 d\t &gl Nt O non-

30 neyr opgl t I, ated tau was sel ec since it is:
(i) gﬂrjesgﬁtk ?%%«%}febéagkgé asccof?ﬁ?gde?& “edPBd Y SGURE iR WD Bhain ti ssue.

. during tﬁél%ﬁ@?%}f@@ad&n%ﬁgmhé’hdﬂséa@tlao| ) sgapabl(spsef istppent bags | he

cat al yti proapimt @sand. i LPAGALLAN ur v Subsequent |y,
a series of tI%nsfectgl%ns was erf‘?)l?ﬂ;rcha ggﬁvm(ﬁ%—ﬁe el:éﬂgent of

truncati A &Y 1tot"?eF‘;’1‘°\IT-Ef’o°rleﬁ?tSt é’r’ﬁtﬁ’ﬁ"e\ﬁaén Yl iBguregsed partly on the

i mmunocheni cal properties of the tau rml ecul e. Six constructs were created
pgtlat el A4l) at the C— and N

term ni 863911 y D CTES ' :

and at tlﬂé_ﬁﬂi&ﬁ_nus (1 391) The pattern of |mmnoreact|V|ty for t he ,s X

constructs with a limted panel of antibodies was capabl e of

~discri ”".EQ;EJ;Q all of the tau fragrrents

ion of tau in eukarydtic cell lines was sought to generate a

cellular model of tau aggregation under physioclogical 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 eDNA for_trUncated tau fragment frem.the core of the -
PHF, corresponding to fragment 297-391, was transfected into non-
- 30 neuronal 3T3 fibroblasts: this truncated tau was seélected since it
v“is; (1) present 1n the PHF-core, (11) detected as deposits in AD
brain tissue. durlng 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 truncatlonaat either N- or C- termini was
varied, based partly on the immunoehemical properties of the tau
molecule. SlX constructs were created with truncatlon at the N-
terminus - (186 441 ; 297-441) at the Cc- and N- termini (186-391;




generated in this way. 5 The constructs were expressed in eukaryotic cells
both transiently (using pSG as the vector) and stably (umﬁdu%lzﬁ%and
pZeo as ~vectors).. Stable transfectants are selected on the basis of

resi st an®eo voose anti biotics geneticin and zeocin for pliresaradkipZeo,
respectively. Epitope analysis was perfornmed on bacterially 4w expressed
proteins using pRK1L72 as the vector. Figure 20 sunmarises the results for
vari-ous fragnments in 3T3 and COS-7 celéks. Further results showed that the
expression of two forns of tau in the same cell can affect the pattern of

-_innunore391+39nn/anantemaaneeniﬁuﬁiabLegeypme@sbgmtéﬁn.bf391 and 295-391

results |n the appearanc abnor mal bundles n the cells. wever
mai nt ai ntHY SUEH Eei"f'gy N ghgt%ﬁ EORRGF et Jdhb Eﬂ% it epﬁ?%JVf? el usi ve.
Mit at ed @atibqlebltagermsibd eobifdidcdiengthinaulnast uded tha Gempreatte known
clini cal go Mt atdOns. dhesgere subcloned into plF2 and stable
transfec?ants gener at ed |n '3T3 and NIE cells for a number of nut at i ons

i ncl di ng those which affect- mcrotubul e assembly properties of tau

(R72V, TRE-con3Idélk wex@@l&px@sseﬁﬂ@.@%hkarﬁiﬂv céﬂié%otmltﬁghﬁfécrﬁqﬁrs t he

s,
LN

alternative, spldging of the tau gene.in, vivo.. ceIIs expressing
full -1 enJERTAE gé%rrig]l %he AT gnagldefﬁﬁgweé‘ﬁlgﬁeﬁ)?f% “%f PERR 2%y cr ot ubul ar
net wor k apdtwes -i. fdebl¢ rfgmngtﬁabtéel‘ﬂfsr @wecetlestedr ansﬁk&tbedlw oHh wild-type

tau. Cel Leéim@eaeeﬁé %tqeasﬂ& 3QenkEvacated tayv.f r{ 3QHEpE S, | 1 udi ng
mut ati ons groved unsta e. Cbnc usi on In sunnar% the constitutive

expr¥ssi BACDf FSWRCEE B X -adPHEPRT o35St kRS SEFECER T L1 PEGERF IR Y cult to

")achi eve. e:@ﬂaf&lmtghptrba@smermtsmt_;rpﬂr[sxfnctamﬂhéymﬁs peididet @d slinarises

0Pt 1 SaLhon SIS AN AL AR P LGN K9ak cRnagsus

surroundrn ration the expre55|on

297- 391 mggu%ﬁq|qhowg§eghat ;@ejgxgmqgﬁygn of two forms of tau in the same

cell can affect the pattern of immuncreactivity. 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 pIFZ 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 NI337M, PsﬂleT-RAQGWQAéHKl§3Q5N -which affects—the-altermative

splicing of the tau gene in vivo. In general, cells expressing
full-length tau earrying 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.
‘Conclusien - -~ —- -

. ITn summary, the constitutive expression of truncated tau within
35 eukaryotic cells proved difficult to achieve. 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,




WO 02/ 055720 PCT/ GB02/ 00153 62 suggesting sone inherent toxiLC, ties
of the fragnent. Stable transfections reiterated this concl usion. i's
latter swsbespsdanonstrated that truncation at either N @erfeihtisdl
resulted in a slightly greater propensity for the tau to assemble in
anor phous 5 deposits rather than in a mcrotubul ar network. Stable
expression of conbinations of tau fraggents al so generated aggregates
within the cytoplasmof cells, but this systemwas not readily

1 epr oducisbbge s 4P Qnﬁereﬂﬂ“@@ﬁ&@'ﬁrcﬁ?@ﬂt@%@ 8 Gfe o lpRaed Stt%Blhn a
further %ttenPt {0 creat a S%qa%fﬁ roduci bl e system = w thout t
ve®

toxicity a3soci Feodlﬁmrteﬁ BbHAY o8 oﬁhls ilidberbsest®Mr essi on of
t he cor edemonstegmehtthoft thend®HEohi ae.eiA2rlh-. 30IC-tarhiigh isuh2ekD)ipnas
“attenpte b ep2XRLES ion of proteins i

eukar yot ?csg%ﬁﬁl \/td/efr(l‘gi'.&t?l I’EI iegoﬁ%l%%gﬁfétp 1§ %r ef 67 red é‘%fgtetﬁ \ﬁ&'é:’rt”ﬁ«?usl ac
switch” S§BPEHYS |FRitiHYs thyat ma mrnvﬁe@d@g aetwpricorytebat eskpmisaidd cel | s,

typi cal | ¢f3a_&n1@:[na'3:-ﬁ_@nfsl Iafobzli@sﬁrﬁgiﬂ@h@ ad.%on?tangi(ﬁﬁsdgagg afldogeneys tau
protein. The fi % EB SS ve tor codes consti tut| ve expression of

the Iac Fhﬁe(ﬁ% o8 8Lbi s HFethiy|Weted BAS 1M BRaASLBf hygronycin
resi stanceprd'dhecasbﬂ@ond pOPRSVI CAT i ncorporates the DNA coding for the tau
protein fragment 25 under the control of a strong RSV .pronoter which

contai ns_operat or _sequences fromthe Lac operon. Cells which incorporate

t hi s WecEsrPlg ¢ Susdb by PRECEARYE off thunaykdd baesi st ance. Cel | s which
have |ncorporat ed both vectors have the property that constitutive .
expr essi f vents expre sion of .the incorporated protein 30 {
(i.e. tagg e n‘%& 4 Bmp'f If%%a pet Gird +ﬁe SRR THféeBugar | PTG)
conpet eswi‘eﬁ!mﬂheﬂm rt@ﬁnglbrf d%@chat@i tmehLaonepetnmiveaedpmslpar mts

expr essi Qﬂd@cf;J.EPéJ MR8k Bon |éldl%9!eb:l:&@>%%'he§gé Jeepd Zp D (f LBIMEg,. 1A
carri tW(f1 35 . cell lines hese hot show apprecia Fé felels of
t au ﬁfotgyi whi is 12 kD) was attempte

' Several inducible systems for expression of proteins in eukaryotlc-

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
COnstltutlve expression of the lac T gene, and expressors are
selected on the basis of hygromycin resistance. The second,
lpOPRSVICAT incorporates the DNA coding for the tau protein fragment -
25" under the control of a strong RSV promoter whiehwcqqﬁainelopeggtgg | J;)

sequences from the Lac operon. Cells which incorporate this vector

are selected on the basis of neomycin resistance. Cells which have
incorporatéd both vectors have the property that constitutive
' expression of lac I prevents expression of the ineorporated protein |
30 {i.e. tau )} controlied—by the Lac operon. The addition of the sugar
IPTG competes for the blndlng of lac I to the ILae operon, and 50

permlts exEre851on of tau protein.

Inducible egpression 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-intraceliular
.aggregates which promptly kilied'the celL; The ﬁrocess of




| evel c

expression until after 3 days treatnment with | PTG at which s1t @Sﬁgh
| evel s of 12 kD suddenly appeared, form ng intracellul ar agéﬁ&@é% whi ch

promptly killed the.cell. The process of 15 July 2005 WD 02/055720.
PCT/ GB02/WOV285578B aggr egati on was, as expected, non-I|i neaCT{HBOYNESSI NQ
fromlow |l evel expression to sudden accunul ation of toxic aggregates

wi t hout. any clear gradation, nmaking the aggregation and toxicity

i npossible to control. This non-Ilinea3progressi on prevented a proper
control of 5 the system Exanple 3 - expression of tau in stable cell

| i nes acegfdtagtion veavent ienpetBetin nomwiobat herd@asskisg ahexeloa fawdiher
system wa ; 0 i ce |lipe DH,19.4.1.4 and
cl ones t hz?ggfgﬁgf?bggg%@l T %%mg%?%%f I%sljl'J %E%%Cé%e g%ﬁ‘ﬁ °KbuFe swi ss
Al bi no EfSFPE EFIdHrast 83kidgn thsspragreqationemnst hoxfiolity riopeat ihuaarr t au
under tlkeneealr olTiak ABn+ NHGIEDbeoPFONEIIRN p@@@édﬂeﬁnﬁa%ggp@%ﬂtié‘y d295-
15 3951) l_éplgeg g@em control of a constitutive pronoter. I'lTs expressing T40
under” t he Gontrol of an inducible pronoter, T40.22.10, were transfected

- (by lipofection) with the pZeo295-391 plasmd. Positive cells were

sel ect edgfQrp DY 3 €SicShASS: dP EERGH N 1800081 gL,  Expriession of
truncat ed taﬂ Oon a 'Saukgroundoof injbgu%t%?ae explﬁeblélg&sl %?C?Igdﬁlflgl \,?‘.gth tau
was conf AREBRERS2 Western blot analysis with Mab 7.51. "I Figure 21
illustrates the inducible expression of full-length human 25 tau only in

3T6 f4 braohl i wo_celd. lines, T40.22. shows .| ow |evel background
I eakciadge gp ?ﬁ%‘? %%r%?hr%séﬁlﬁsn ag)iﬁ“(geljn‘?1 e urc% 8° STATE™ ratrysedhrg ﬁgWW%vel s

pf - expr e$ipone atuldruradael} dringf DHPYS {4L.-¢. and dwoed, thérdaf Tbe Fashbws t he

,;"
4

“’same, bubnl gvercdiawelscaic XPEESSHOT WchBO ULy i nduEHi 00 rdr.QYr e 22 shows

the result f.a 30 triple vector system A vector permtting very |ow
SHBEPPATSR BRBTETslfn (0L LTI SR KEPYT ARERE. ean (e Baded | nt o

the control of an inducible promoter and truncated human tau (295-

i5 391} under the control of a constitutive promoter.

: Cglls expressing T40 under the control of an inducible promoter,
T40.22.10, were transfected (by lipofection) with the pZec295-391
plasmid. Positive cells were selected for by resistance to zeocin

20 'at 400ug/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 _taa only in 3T6 fibroblasts in two cell lines. T40.22 shows low
~ level background leakage of full length tau in fhe 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 iineé ih:whiéh iﬁducible éxpréééién of full iéhgth‘téﬁrhad'
already beeq 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 pM IPTG, there is very low
-1éVe1 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




cell lines in mhlch i nduci bl e expression of full length tau had already

o been achi eved (T40.22 shown in Figure 21). Figure 22 shows TaRly 2886pens

when | oy @yBlss7f | PTG are introduced to induce 35 eXpreﬁéi‘%o%Mﬁ

full-length tau. At 0 pMIPTG there is very low |evel expression of the
12 kD band, and |ow "background | eakage" expression of full-length tau. As
pr ogr essi veI y nore full-length tau isgdnduced by introducing higher |evels

of PTG nore of the 15 July 2005 WO 02/ 055720 PCT/ 6802100153 64
full-1engtih tighgis €AnuE! Lo Qdd1tol ghg%ei%c' ggclg B Gfl dhGne

i nternedi ate hi gher npl ecular weig ragnen escri Bé

in Fi gs ezngdaate al?’eg%‘toﬂ%%‘%lﬂ@ E}?aﬁhﬁaﬁmeoﬁt frée somiigienlain more

T40-i ndutitelie cel Figs B R40422.55Q) prvhh&dydid 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.
Enhafcedxamippesshont dfhet heidnadD Ha@nrdndwd 10w nglimmtcet i@aoob2 TAD was seen

10 | f 1 12 kD f
(oo, 3.} ey et R CHE BBl $8P B avraes Bktativt Toree

pr oduct i¥én K8f TRapEeAY JovEothowithg LRekp n%ﬂﬁﬂheénlefndmmrddang@ hes teau. An
addi ti ortaiundaubbﬁtbwoaihae SpERAl -WehfrRARAY Al on MBkLLELYg Of 25/27 kD
‘when th t he _u duce ate inthe cell line
desi gnat%e%EE §i§£4 ﬁqﬂl gﬁ)% 5% % i%ﬁ’“’r%&@%ﬁ&ﬂl% tH TAPGYa% 399t her
- serilgs oflgodbl eesl wegi thppearievslt prigel exmphiskivhest 130/ 32 kb, fradfedd kD
~and -42/4418Ds  Thesg) sReGLESs arg.sh iy Ri-gype th ljs% i pduction
("u) 20 andfollot\g/e)\n |ndusct|pgrr? %’%rﬂ;lz'ﬂ vmlgr%e heb O%te r%s of )
i munor EZCEPGEEGR oF T t198Ee ?r’é‘br@ﬁt@%%@rﬂw tlﬁdﬁ%lgn?faﬁélé Lengtdy ni nal
pol ycl onah.anhi dadit ibia IWHoahLdte@@YNEEES Hipeh@Pestl egRedntbgiveen resi dues
Ser 422 4 e deniyation o e fragnents.s gen_Ln t he uni nduced

| state (?d&%ﬁ%k{%/%ﬁ 2%/-agrtl’d gS‘Wﬁ' :5) Ilsoearéaxf)f‘algeeedmlﬂ? PEFSIEEE to Figure
41. . 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")

26 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 Ser422 and Leud4l.

25 ‘The derivation of the fragments seen in the uninduced state (1.e. ;>

"12/14 kP and 25/27 kD) may be explalned by reference to Figure 41.

Figure 41 (a) shows how the 12 kD fragment arises via template-
induced proteolytic p;ocessing of full-length tau molecules at the

30 approximate positions shown by the arrow-heads.

represent dlmers of the the 12/14 kD species, as these fragments
are immunoreactive with T46. Therefore, -a further proteolytlc
35 product of the full-length aggregatlng tau protein must arise via

cleavages occurring at the approx1mate p031t10ns shown by the
arrowheads in Figure 41 (b).




Figure 41(a) shows how the 12 kD fragnent arises via tenplat gJ %ﬂﬁ
proteolytic processing of full-length tau nol ecul es at the iéf i mat e
positions shown by the arrow heads. In the case of the 25/27 kD speci es,

t hese fr dgowRoss7annot represent diners of the the 12/ 14p&DGBpHaNEs, as
these fragnents are immunoreactive with T46. Therefore, -a further
proteolytic 35 product of the full-length aggregating tau protein nust

-arise via cleavages occurring at the&&pproxi mate positions shown by the

arrowheads in Figure 41(b). 15 July 2005 WD 02/055720 PCT/ GB02/ 00153 65
Fol | owi ngplilmaiot i onduydEiigur ¢Figurd U0, t he foet href:tr.@fi@s:l@fs Q@H:QJu%tL@tsi S
seen. T ARY h ks can be bet nder st ood
with re]bj(éasf cegﬁecge1 %ﬂ%heglg%%%g élfl t%l %L' %Llf’rgt% ﬁogw%e%ts 16t ‘? qeﬁ “&ppar ent
gel nobifiderescsd 1iHdsaefpragaeiics FawdrEtEhéQr‘lI‘iengt hs in am no-acid

resi dues indicating that the apparent gel nobilities can be understood in
ter acteristic set_of fragnent lengths., 10 As illustrated in

Fi gure 4%%‘16‘5FI ?%fsqcﬁ’essé Prlaﬁn‘é%t@eaf‘%p%"cent gpy mobkYikdes ef Wiasker - 34

_resi duesfigrymeh¥s rasl dued rwhesditliss J,hhanuﬁqwc\ial eatidiesn sShagtaihgurrgpeat,

or half gfe iLbpaAlle %felt P‘%bl nts 19ee’?_1‘%[d%t ed_can, theref orf be under st ood

as arising froma prot eolytic c?eavages Bectr rd ng at the
posi ti or&hafBCFﬁH%%tdtCééeﬁyoﬁhérwl}e@iﬁhWhSn Figure 43 froma basic

heptaneric aggregate, forrred as shovvn |n the figure. In this schene the
fra Ents, arise_as the set gf t he progosed cl eavages

occglrrlng at HHRE TS0 ddi gﬁguﬁ%ngdxfl t% 55‘5?& hIRHG®N 2 By he ar r owheads

)at ei t heintendabé sheidhgregat evesidecsonr edfonds ndpe) vhriedi £4 ate

| mmunor eagki KLy RA Lely a?§§el‘9aerEBe£@A‘b oH8a2p T4 ansecialgd With these

fragnents are alsotau ur e shows ese sane fragnents in

descendiiG9BraET %ﬁne}ré‘ﬁﬁf‘hca%n“dlqrﬁé?’é%éqeng‘“@éF StRA 195t pr 1%&4%5&’@’(4 ghe

"heptanErSImpaggSEiﬁﬁﬁapr&teolytlc 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
' f;agments 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 7

associated with these fragments are alsc tabulated.

Figure 44 shows these same fragments in descending order of length
and increasing gel mobility. Although the heptameric aggregate is
25 —--shown .for connanience-asuaxiSing entirely. from full-length tau
nolecules, 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 ofginclusion 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 undetstood.as.ampossible repert0ire;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




25 --shown-for convenience as arising entirely fromfull-I qut h tau

nol ecules, it wll be appreciated that the 12/14 kD fragnent c’H[XIQ@OSbe_

i nterposed within the proposed aggregate, replacing some of the binding
part ner s, WASBH0I5AM the precise pattern of inclusion of tReTGEhO0LS3
fragnents in the aggregate will determ ne which precise 30 fragnents from
the full set predomnate in a given instance. Therefore, the production of
this famly of proteolytic fragnents. 6fsbetter uuderstood- as a.- possible
repertoire- which. can be instantiated in various ways within the cell. 35

- Exanpl e BP-Lyaumepitt dryd eftfhectss ofulsbipoendsrenldet, oduet wede DiwaspligbQokyti C

fragment t&3vidg achigy , I emin .whic roduction of the 12
15 July 2005 WO 02/ 052%2’8 e%%%%%o%oéﬁfgéé&e’gﬁl“k"%lf“?agﬁheﬁ? Cafd8Bnets)

coul d be" tBHIT d1¥-ed? 3 mSdePEinkdnassedhese tesinduheblatpinduertjoef 68ct s of
reduced tie oré N bhhisin schehpwbséite RIJURBrddsidd BACH L1 Qs aReSprihere
is i @duq%@dp}lrgogulchi 0 oJel thg ,égq]k@ﬁband in the presence of increasing
concéntrations of FP1G B 1nqultng" hi §ifer"feltRtEIGE FaBcensratient ifoni ne
concent rErGxaRses, Ehermashdtitheopriddudli bb lodnd Keod 2T &D handphrensd40 is
suppresseghs iEissols SHowWN i i i igure 24.. In the _absence of

t hi oni ne,. j nducti on o? T40 tgftd@?%\j(ﬁ Zig!si\ﬁﬁgxﬁ%nrbcdgng%aﬁ]%n%b%efnﬁ%?é | eads to a

cor r espontHi Wy enc FBELEH By 6dutE) G dmerpesing kPntentraghent ofl BPTHe

- pr esenceladds? tphkt ho o stendi Agr tndieaskhl proddiGbhons ofnd 4G put it is not

conVI%rtejgri nto to_the 12 kD O fragment. As reduced thionine is itself
toxiC, it I@NEcedBatle RYEEREE o?f FoM! Hkionddifet thare iig mkildvel s of T40

i nduced indwaricesponting bdeest of s doRTGoRbeidhanthevs!§ oOf ot hponi ne. Thi ?
can be aghjgved by determining the ratio of 12 kD : T40, which pernits ..)
averagi ng the data across |PTG |levels and shows a dose-dependent reduction

inthe level of the 12 kD relative to full-length tau.

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.

Thg activities of various compounds in the T40/12 kD assay.are

shown in Figures 9 to 16.

Results are expressed in terms of the ratio of 12 kD : T40 z:)
25 _ following induction of full-~length tau (T40) by treatment cells
~with IPTG (6, 10, 25, 50 puM) in the presence of thionine or
tolonium chloride introduced at the concentrations shown in the
presence of feducing agents (200 pM DTT/ascorbate), or |
chlorpromazine or tacrine introduced without reducing agents. As
30 can be seen, thionine and tolonium chioride producé essentially
~ddentical. inhibition, whereas chlorpromazine and tacrine are non—
-inhibitery-in the same concentration range. The effect of the T
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




20 The activities of various conpounds in the T40/12 kD ass shown in
Figures 9 to 16. Results are expressed in terns of the ratlﬁysdﬁ"’i@% T40
1) 25 ...,,-following induction of full-length tau (T40) by treatnent.
cells. | WQioebssF®TG (0, 10, 25, 50 pm) in the presence of FEHGEBM/HWESDHr

tol onium chloride introduced at the concentrations shown in the presence
of reducing agents (200 pM DTT/ ascorbate), or chlorpronazine or tacrine

i ntroduced wi t hout reducing agents. As®30 can be seen, thionine and

tol oni um chl ori de produce essentially identical. inhibition, whereas.

chl or pr odegiadatanth paodiinks aregrenahsc iadambineéa red tin MBhend aPMMBC ddteatkgt+ on
range. Theigl{iged pfhhe reducing agents al one was tested in control
experiments Whl ch ovved no significant difference was seen in the 12 kD :
T40 ratio 35 in the presence of reducing agents al one. The properties of.

tP ?;% cegl2 /Mg:) 88&n ﬂﬁ@;ﬂéé‘nngngk‘g@ﬁj’e 4] SMBalbr%é@mo 573 &uker%lyV&NBQ&wgS%
uct s re, al so t an

(di me G?hyl %ns? h?/ﬁ’aleln %Fge?ﬂ n@é M s BERT HEE L']ﬁéaﬁ]% ‘?j{)}% B]F‘o{‘/réd to be

surpri si geyaipetrerst of5 IPRG frelucglipn rmdblfollhbmnmmnblutbnynadmeutlwn*coul d be

seen both i t en | PTG J ndu t| on duction.

Treat mont' i FHUE FRBVRR efr e e Bt EhE A R  baeHES  oduct s

within tlwetbeﬂlltheFmeﬂher Ferger eﬂperwrtde WBtiarh BMNBOWAB lstsowhothathateven

appar ent Jhagesline pr %‘JHSHP& ?) otk kel 14 &R speGiegpl Spddargely

det er m ned by ‘aggr egati on. I's, the constjtutive =J productlon of the

- 295-3871. fllaéa‘ﬁJeﬁt tselif“tlél@ﬁfbﬁénatgﬁféﬁ%‘é’iodw Fhat | e theopoRstiddtisa by
\) munobl @troaﬁceicsxe dft the sdRBdi sedgnkaﬁtspennaémus‘mtaggr&gm ©fe SDe@sl to

reach | evel in hecell |chcnbe det th?l |m*runot
Al ternati \Elfe t}%\é?%lon ; ar ent b\gge PT ne Sf51Fe%/Selss 0 1R 12 tXRE ?%‘bsrrent
seen th|@ggpeg$qqu,ﬁ9u@§|bq Qﬁﬂ¢h|hevels within the cell whlch 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 bf 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 ‘
expressioﬁ can he eésentially elim{nated,‘along with higher
molecular weight aggregation products, by a potent aggregation

inhibitor such as DMMB. These results further confirm that

,i:) ' production of the higher molecular weight proteolytic fragments {ie

25 - —30/32,--36/38; 42/44 kDB} is also dependent en critical tauv—kau
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 casé 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.

Exanple 5 - comparison of inhibitory effects of reduced and

oxidised compounds




.the absence of treatnment with a tau-aggregation inhibitor %ﬁ% Qb$6|f be
' donlnated by tenpl ated aggregati on-dependent production F Yﬁ eakage
| evel s of 340 produced i n absence of induction. Whatever the conbination
of factorsORPtH et ermines the levels of 20 the 12/ 14 k DPETEHWRMA15E n t he
base-line condition, its apparent expression can be essentially

el i m nat ed, al ong mnth hi gher nol ecul ar wei ght aggregation products, by a
potent aggregation inhibitor such as BRMVB. These results further confirm
that production of the higher nol ecular weight proteolytic fragnents (ie
-25 30-/32,--36/38; 42/44 kD) - is also dependent on critical tau-tau

bi ndi ng mh&emetmemuticegQﬂﬁkﬂn@shﬁrQaghjkﬁ r

Figures 41., qd 4§f 46 shows thgnag??é%fgggahgﬁmgﬁafqbase l'ine
expressi oncG §5¢ <P BeSpetREangEr nip tihe §éﬁe sb2kpfceddsunpt i ons

regar di ngssant r%@eilgl tharki@n vencent fat |K@naa@0t<1 Ertd B8 {okrd ia+Ri N 09 -

" -- -5 af Lkpid is found to have an -
. appar ent IJS é’s%qﬁhgc%&%f W]a% Hs%gnm Sot‘Lde jfil ctgﬁ dPEFEESHLOAAA ue is - 100
nM  Thi s*PREFREEHE °Phaf DVNB liegghh ghty (seeentg wiktigiure B88) t he.cel | ul ar
mlieu. -Exanple 5 - conparlson of inhibitory effects of reduced and
' OX|d|sed ﬁg?ﬂﬂﬂgqﬁun uhy 05 WO 02/ 055720 PCT/ GB02/ 00153 68 The

mat hematical nodel” uSed for PRBLI ROVt ovhath ifadnudbe rangarsagsbed he
effects 6Fomestudigsefnees ionbrhen Tad :inl24D e8lskendSSAYgoddifmg the known

val ugs fexp&di@ngd Kl o - expressi on indicated was
used to S ?ve f.or tthélFé;ﬂéascegtg]m cg%‘tm?oﬁc t% Rt %ﬁ “of OPUI FIPGHEER TR (see

e.g. Fi glPeihion ofmpredygidon ?Buﬁﬁﬂﬁﬁtbé‘ﬁﬁbmut5®@ i adlilcleansbeé n theL)
range- expeedisced rfoom Sthidi=pprokihatt iy BRAI %qubg g@égﬂ@{%%lerrs A good
or some

fit tot A nent al data was obtained inplying t
conpounds f qﬁgﬁggi¥lon OF productlon of truncated tau within the cell can

be

15 Example 6 - examination of inhibitory properties of

dlamlnophenoth1a21nes

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 correspondlng tau-tau binding curves are shown as a
function of molar ratio w1th respect to tau in Figures 26 and 27.
As shown, compounds of the “desmethyl series” {0, 2 or 3 methyl

| groups) produce approximately 50% 1nh1b1t10n of tau-tau binding é;},

25 _(shown on the vertical axis) at molar ratios of 3: 1 - 4: 1l of )
compound: tau SBMRY shown on log scale on horizontal axis). The
mean moLar ratlo-fqr 50% inhibition of tau-tau binding for this
group of compounds is 4:1.

.30 - Diaminophenothiazines having'4 or © methyl groups (the “methylated
,group”) have a blphaSlc_actlon, with enhancement ef tau—tau binding
-at lower'concentratlon, and 1nh1b1t10n of tau-tau blndlng at high
A»cencentratlons (Figure 27). These compounds thus require much
f hlgher molar ratios to effect 50% inhibition of tau-tauw binding.
35 :
Examination of other features of the diaminophenothiazine compound
was also carried out. Substitution of the heterocyclic nitrogen ox

sulphur atoms was found to severely 1nterfere w1th 1nh1b1tory




predicted fromthe approxi mate Kd and Kl val ues deterninedei !
experinentally in vitro. 15 Exanple 6 - exam nation of inh? f¥6?905
properties of diam nophenothiazines In in vitro studies, the nost active
i nhi bi t orwoofzgsemet au binding identified were the reduceg (gg}

di am nophenot hi azi nes having 20 0, 2 or 3 nethyl groups. Elgure shows
the reduced fornms of such conpounds. The correspondi ng tau-tau binding
curves are shown as a function of nolag ratio with respect to tau in
Figures 26 and 27. As shown, conpounds of the "desmethyl series" (0, 2 or

3 net hyl po@edPsdr HHRAVERLGRMLXT FRE&) D509 hi-bi n of, tau-tau. binding
25 (shown_on ﬁe vertical  axi s) at, %DS {%' |‘(T5:"‘s1 of;' %?L iapRo [Froups
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‘rati o fompbeerédhithitt ithe afadiais- had hdwgiongef o Ntsh!aﬁd 1 g0t camounds i s
"met

4:1. 30 thiazin nEth groups the yl at ed
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| ower 2 céﬁ@eﬁ%@%&qﬁﬁl and inhibition of tau- tau bi nding at high ..;
concentrations (Flgure 27). These compounds thus require nuch higher nolar
ratios tg,effect 50% i nhi bition of tau-tau binding. 35 Exam nation of
ot her f edChr BTHGH 78 dF 4T HUPRER Ot i sPReE EoRssaREinadahdbstocarri ed out.
Subst i t uBiceavEy time thet eaweyal besay i ragensothe SehfMHu-aLONB; W@ f ound to

- severel y Ak rye 15 Jul y 2005 02/ 055720
PCT/ @025801%4&68: Wotggﬁcmdg/&ﬁeg%ocom é‘& %8&%)%’31 Y8noval of the

di anitho 5PBﬁﬁ%tr%&%§nﬁoaﬁ §% nffe H@ﬁq|u$ehpa10tmmlaheraﬂﬂu bift oompaeid:¢htty. |t

)t hus appeaaeciidaost mﬁhmﬁn@ooan@gmragrggy&dgc( 2§) Si L ugt E,r es are
i nportant for aCtb%'thOf t.he mol ecules in the’in |t|on of tau

bi ndi ng. &E o Al ﬁe??ﬁﬁﬂﬁ'ﬁ@F§e{Eﬁ%9“tBeEﬁﬁﬁﬂ’#PﬁeSTﬁﬂﬂm@ tory

onparls
LBSO values for a range of compounds, with chlorpromazine and

riboflavin being two outliers (see also Figures 30 and 31).
15 i

Example 7 . - inhibitory activity and diffusion potential

Figure 32 indicates that there is a éorrelation 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
Astrong.inverse relationship between the number of nmethyl groups
 (NMETH) and the reduction potential can be seen only if methylene -
;:) : blue is excluded (normal type: cérrelation values including

- .ZQWT_methylene blue; italic type: correlation wvalues excluding methylene '
blue)

This indicates that methylene blue has a disproportionately_high'
reduction potential relative to number of methyl groups (MMETH) in
30 this series. There is also a strond positive correlation between

_the number of methyl groups and the diffusion coefficient (DIF,
Flgure 32)

As well as there being no observed correlation between the numbef- :
35 of methyl groups and reduction pétential (Figure 33), it was
 surpr1s1ng1y found that there was no ohbserved correlatlon between
- reduction potentlal and 1nh1b1tory potential (Flgure 34b), although

the extent of veduction of the diaminophenothiazines in the




activity in the tau-tau assay: STB is the nmean tau-tau binﬂgg@ ﬁbserved at
1 and 10 pg/m of conmpound at standard tau 10 concentratio y 2

LB50 is logl O nolar ratio of conpound:tau r-~ producing 50% i nhi bition of
tau-tau BVOAXeG7I0F gure 28). As shown in Figure 29, therecrssazetisong
correlation between the STB and LB50 values for a range of conpounds, with
chl orpromazine and riboflavin being two outliers (see also Figures 30 and
'31). 15 Exanple 7 inhibitory activity anmd diffusion potential Figure 32
indicates that there is a correl ation between the nunber of nethyl groups

(NVETH)  icondi tiesis e@npiedngsapd 1 BohigHiRe chedditdde w128 PQ&@&Emﬁl (E) and
di ffusion ﬁoeffl cient ';%Dl%?h In all conparisons, the Spearnman rank

corr el at PBReNaS ludEdov owARPn iRt e thore gis gior Gﬁgrelw@mebeww onship .
,be'[ ween the &wdE@r oef réfﬁiéﬁﬁ_longE)@UQﬁese( N {;QI(]_}CE]% %lhﬁnfl?lg o n POt enti al
yp

can be seen only if nmethylene blue is exc nor ma PRorrel ati on
- val ues i rﬁEF%%@42$=-OIFréﬂ’®Ioéhérbhwf ithake cig )ape‘trongoiniﬁxa;'rel on val ues

excl ugdin l.ene i.ndi cates, t hat | ene bl ue has a
di spr oporg??%%ll%ﬁégﬂ eg C%LI oﬁtpgcotré'nf’?%?mfyel rapsFV CYRCHIthBRE B net hyl
%

groups (F&Nﬁ‘l‘ﬁlqnncoﬁé CFﬂ%ltseﬁrléslt ‘Iih?epesassaleel $0 prstiionge{Idshtéd @B50

correl at bpa doet W@.@ﬂeﬁ hes nurkelr efmdBtdhyl o %t%gg I:ngfliéle %I 2
as there belng no obser.ved

coefficien DI F, ur, wel |
correl at ?o%f St e 8R° %e ’ﬁﬁ%bé'f‘en%re(?fteﬁe‘t’?r‘;ﬂhtdﬂ@u& ghteT dgubbe on potenti al
(Fi gure @8ffusipnwagefuripmityFaghyed dsndss h:&‘[d tsheyr € HBBSh NthObESH VB

corr at e r t n i otenti al Fi ure
34b) A al tgﬁ%u‘gﬁ“é?hgr%x‘ﬁg}r‘:‘tﬁ 15? ?g%ﬁ%@ﬁﬁ%f f% ﬁ#ﬁ% RSEh R

15 July %‘675‘ A 62/ 085 oy Pmﬁmﬁlﬁ@lueﬁo (eondattmslarf ne Hiey lassay | su
hi ghly coluel atednwh f htieaduahi Qndi HRbeBEL Anadth §UI 6w 33n 111406, | ffleed,, there

1s no COE&f%é%%%Ogobghgwﬁﬁ&ber of methyl groups. This may relate to the

symmetrlc 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 experifignts ca¥fisd ocut by the present inventors examined the
binding of fullﬂlength tau in the agqueous-phase to the truncated
repeat domain fragment of tau in the solid-phase, as describédrin

- 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 concentratlon —-dependent tau-tau binding in the presence of a large
rrexcess of the standard‘reduc1ng agent dithiothreitol {DTT, 1 mM).
Howeveﬁf the inhibitory-activity of phenothiazines is also
demcjﬁ{si':rate'd in the presence of DTT (1 mM) in the standard
' configﬁration of the assay described above (i.e. the data fdr STB

35 and LB50). AThe present inventors thus conclude that thé-inhibitory

activity cannot be attributed to DTT per se, but rather to the

presence of the phenothiazines in their reduced form, due to an




the extent of reduction of these conpounds and inhibitory igtep%% (Figure
34a) On the other hand, there is a strong inverse 5 correl ¥ B8Pween the
i nhibitory potency of a compound and its diffusion coefficient, and it is
possi bl e ww qsstizet estimated LB50 and STB val ues as | i ngaiydpinfebisans 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 ues are found to beygniformy |ow for NVETH val ues up to
and | including 3, but for higher NVETH values (in particular methylene '
.> bl ueexNEEHs4) ptdere is a disproportionately |ow inhibitory potency
telative to the nunber of nethyl groups. This may relate to the symetric
. placenment of the methyl groups which interferes with the 15 stacking
ability dh &hamabyedﬂkﬁ@reﬁaﬁﬂHQSQhﬁdr@Mnkhﬁdg|ﬁéﬂéﬂhoa p&osfdigient. This

can be s n,the crys ine_ structure of nethylene blue
- (see FIgS@é éggcaﬁﬁgygﬁﬁgﬁFﬁ%ph S% % g ﬁ@enﬁfiﬁﬁﬁ%gt §ngs%¥ﬂﬂq¥%FF95fP5t and
forms® stdERPRgSasreyss ?Fhéleplm@géﬁcél@éaﬁhangehlcm thetabheaidd@rqgas in the
20 oxi di S_@L@ufcéﬁﬁboﬂf&ﬁfr%@§§natlh%ofl?ﬁ@?-iémo%f gugha%tﬁiﬁhg&ﬂ [AY3 (gnd it
I's

appears tqQ be % ?h ropenglt, he reduced fof m of npoun fo form
e

such st aéki®ig® OISR P %%ﬁ%?ed8¥e??ﬁqﬂé§gﬁﬁéﬂ q%ﬁhFBPthﬁ%ﬂH@@ten@beof t he
seri es. Zﬁporfhetewﬁﬂmungﬁkﬁfamﬁsleﬁbx&ﬂadrbnthﬁuﬁ&ﬁﬁenﬁhén¥§ﬂ%9&§nexa”‘ned

- the bindiy fullsden Say in the ague se to . the truncated
repeatldg!rr%?rfl9 r%&%eﬁ;g g&@%uqﬁh ?He‘%%Fiéngﬁiégp §§mﬂ%%%9f%§duln further

~ detai? i ﬁﬂmgerwe?@teBthﬁcr@r\ﬂastUm datdadei tdnfeirmhbi omah pra42inar mAb 499
( s shoun pbﬂlyﬁleﬁﬂé@tﬁgh EP@r;%ﬂe%tEé{Pi}Gadf 3B aREeNt aéd‘%’i’lc‘iggeggg nt

tau-tau b| dlng in th pre(gnce of a large excess of the st reduci ng
agent di PRPSERFRFLGHY (’BTTa“ AN Y HoneFav 19 HehazaRy bf e or Wigeppopt sudi
phenot hi aﬁlﬁéshﬂstM'soDlshﬁﬂﬁnSWﬁaaEI&AIbytbemmﬁﬁﬁﬁgneﬁeoflﬂEEEgeloH“&hél1 t he

standar dpr0aLE0N 100" i8558V, (8565 Dol ABAE-( L &l e pLa Tor STB

35 and. L present inventors thus cbnc ?ory
acti tya&‘&ﬁﬁbFY be dther Pt ddses BTRYat sencenfiratichersttetahsially -

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.
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sponse to a stimulus,

(b) subjecting the cell to the stimulus such as to inducibly

express the precursor protein in the cell,

15 ' whereby'interactiqn of the template fragment with the
brecursor protein causes a conformational change in the precursor

. protein such as to cause aggregation and proteolytic proce581ng of
the precursor protein to the product fragment

20 2 A method as claimed in claim 1 wherein pathological
aggregation leads to proteolytic processing of the precursor

protein in a disease state associated with neurodegeneration and\or
clinical dementia.

25 3 A method as clalmed in Clalm 1 or claim 2 wherein
pathologlcal aggregatlon of the precursor protein in the disease
state leads to proteolytlc processing to a core domain fragment and
the template fragment comprlses at least the core fragment of the
template protein.

- 30 '

4 A method,as clalmed in clalm 3 wherein the template fragment

‘consists essentially of the core fragment.




I 15 July 2005 76 dains 1 A nethod of proteolytically ?gnverti ng a
precursor protein to a product fragnent in a stable cell | H\é’,yzgoﬁlni ch
precursor protein js associated with a disease state in which the _
precursor protein aggregates patholzg cally, which nethod conprises: (a)
providing a stable cell line transfected wth nucleic acid encoding: 10
(i) a tenplate fragnment of the precursor protein such that the tenplate
fragnment is constitutively expressed in the cell at a |evel which is not
toxic to the cell; and (ii) the precursor protein, which proteinis
induci bly expressed in the cell in response to a stinulus, (b) subjecting
the cell %o tHeSPREI ¥ Ldénedsin duvnabei of yiheeppererdinhelpinsur sor
protei n ivhere@ncehd ,prhGiusherelyhehnat gf@&;&éaﬁiﬁf thdedienpkat g f¢ agment with
the precursor protein causes a conformational change in the precursor
protein such as to cause aggregation and proteol ytic processing of the
pr ecur soré pr otPeimethodtde qQridedtidf magment.o2dh2 presidion asaghai Ned in
claim1l ek n egatji.on | eads_ prot eol ytic processing
of the p%ﬁ?ggr &?%:w(;toglgﬁgffnmf%glgéeg’get% ﬁf’geass’sétgﬁeaf Ys i gﬁlf}/% £raguent .
neur odegeneration and\or clinical denmentia. 25 3. A nethod as clained in
claiml or claim2 wherein pathological aggregation of the precursor
protein.in the disease state leads to proteolytic processing to a core
domain fragnment and the tenplate fragnment conprises at |east the core
fragnent of the tenplate protein. 30 4 A nethod as clainmed in claim3
wherein the tenpl ate fragnment




consists essentially of the core fragnent. 15 July 2005 76a!gSJA t hod as
clai medin any one of the preceding clains wherein the product ufyr%“ﬁent-
‘produced in the cell-is toxic. 6 A nethod as clained in any one of the
preceding clains wherein the product fragnent is the sane as the tenplate
fragment. 15 July 2005 77 7 A nethod as clained in any one of clains 1 to
5 wherein a plurality of different proguct fragnents are produced. 5 8 A
method as clained in. claiml wherein the stinmulus is IPTG 9 A nethod as
claimed in any one of the preceding clains 10 wherein the production of at
| east one,pr odlklct tfragrrent is nmonitored. 10 A nethod for identifying a
modul at or ‘ of agdiEgSti dh SR ipreneoingt bE @naressing PisHhes precur sor
prot ei n aRBwEldtedofidilffehent J;ﬁrdjj.ﬁe;a-%@aﬁg ] X‘@-Ch geth d conprises: (a)
provi di ng an agent suspected of being capaela;\ 0 %ﬁ’uflﬁ?ﬁgng t he
aggregatign, (b) performng a nethod as clainmed in claim9 in the presence

of 20 the agehtMethep eorebiiatedngnt bea ik adugbi@y, Of,d he: 0r, each product
fragnent . nonitored with the nodul atory activity of G Eglgale% 15 P,'ngc""rret‘_hod
as claimagd in,claim 10 wherein step (b) is performed 25 by: (a) culturing
the cells on &nclla"%%{ﬂ”r}roarsecgﬁ%\?‘%%,“t BFYi Hﬁ‘ﬁb’hé)lth@ Ripseddhtr schmins t he agent

for & perhsgedr themprodediicoi efit at olenitr ynofprodaca8UeAlgrdM0 skhe cell's. 30
- 12 A net kpdiasredained in claim 1l wherein the agent i's introduced to the
cells to give a final concentration of between 1- 50 (err)M

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 pbresence 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 claim 10 wherein step (b) is performed
25.. by:

{a) culturing the cells on one or more plates,

(b) incubating the cells with the agent for z 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 concehtration of between 1-
50 pM. '

13 & method as claimed in any one claims 10 to 12 wherein
35 production of a plurality of different product fragments is
monitored. - ' |




13 A method as clainmed in any one clains 10 to 12 wherein 35 production of
a plurality of different product fragments is nonitored. 1553W%208805 WO
02/ 055720 PCT/ GB02/ 00153 78 14 A nethod as clained in any one clains 10 to
13 wher e phe55730r oducti on of the or each product fragneneCcroBid/ansd is
conpared wth a reference value. 5 15 A nethod as clainmed in claim14
wherein the reference value 1is obtained by performng the nethod in the
absence of the agent. 16 A nethod as € ainmed in any one of clainms 10 to 15
wherein the agent which is provided is selected such as to be capabl e of
10 crosslthg thendtitoodabrelainesl iheany loheAcieihod 0asochai wREréih ang one of
cl ai s I L t e t] he, agent _to be

ot ovi ded by o e e T o oo SP el kB O o5 TR

corr el at¥hy® Ps HERELERFF Y8il8f-coefficient with the agents inhibitory
potential. 18 A nmethod as clainmed in any one of clains 10 to 17 further
conpr. si the st of caJcul ati,ng B50 for the agent. 20 19 A nethod as
cl ai red ?% an§ %%“‘g%o 21 arm™ 1%‘@%“? ur’t HBPTe b P SPAgTeRe Mrdpcof
assessi ngs tHeadfedcby afertfhemagentheometbbl iwithbi bbsync A tmet hgshas
claimed in claim19 further conprising the step 25 of calculating an LD50
- for the agent. 21 A nethod as clained inclaim18 and. 20 conprising the
step of T€al cBIBEHRG &5t htidpsut Pcapndele Pér cidasagénte. 130wEreAnnbbhod as
cl ai med ageranwhich 0f gieipeacedi g «alinBuchVasr b bd heyRacuURsor protein

is gotau, prote Dthé%x%ofé?.ghod s cl.aimed in claim22 wherein the tenplate

fragment™ conpri Ses a cor & fragient 6t tau. 35 24 A method as claimed in
claim 23 wherein the tenplate fragnent ' . )

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

cdmpri’sing the step of calculating a B50 for the agent.

200 19 A method as claimed in any one of claims 10 to 18 further

Compriaing 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
' _where-in_thé 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 clairried in éiaim 23 whérein the template frégment
comprises a fragment of tau extending from amino acids 186-297 to

' 390-441 of the full-length tau protein shown in Fig 7.




conprises a fragnent of tau extending fromam no acids 186-297 to 390-441
of the full-length tau protein shown in Fig 7. 15 July 2005 ToviElye8I0855720
PCT/ GB02100153 79 25 A nethod as clainmed in claim?24 wherein the tenplate
fragment weensssté of a fragment of tau extending from arg(EgGﬁ@,(%sg%, 296
or 297 to am no acid residues 390 or 391 of the full-length tau 5 protein
shown in Fig 7. 26 A nethod as clained in any one of clains 22 to 25
wherein the production of an approxi magely 12, 14, 25, 27, 30, 32, 36, 38,
42 or 44 kDa product fragnment of tau is nonitored. 10 27 A method as
claimed in claim26 wherein the production of an approximtely 12 kDa

pr oduct Lag nt of(%au is monitored. 28 A nethod, as clained in any one of
claims 22°to 27™Gh&reiaF c18'prddactisitotd therein dhehtemxiatepfodgnent

f ragnent cosshord taf ed fomgmentSES PACExt29dAndetbadadsn s sl ABd2 4% 3y one of

clainms 22.t reLn,  d ion t he t oxi_.c product fragment
. i's noni t%fe%gjzgtoowi%nlrlrgho?%l&{ (%%#ﬁ%}uessoﬂ R et %%]I(’:I c%:g%l” aﬁo‘{}éd 1?%@%@ % 29
“wher el n PRetehitwviing Bigplloys an antibody is sel ected froma nonocl onal
anti body which (i) is specific for a human-specific epitope located in the
region 25 between Jy-16 and G n-26 of tau; (ii) is specific for the core
tau fragfent ?ﬁﬁ%‘%ﬁ/@& S?a’@“?fl 38120 999 ofsckPp@s ££cte i ahgepenihe au
~ epi t ope predieticepedt adonmiroxinatdiw)i2, sispexd, f e, f3ar, 32noms spaci as
speci fic,generipG.t I t tween Ser-208 and Ser-238. 30 31 A
met hod aggc?gi#gﬁ'?Eogﬁy;gﬁggggﬁgf§?§t%2§sﬁ%“%805%$bh conprises the step
- of sgﬁecting the agent to be provided by determning the ability of the
/agent t o2nodubahetidie aabildinedfinacl i magethe Afind ale COISRSRIBLI §g 1,0 the

~core repgal. Aol WY GlhN35,.R8EEAYR0NPY 10,3 SoLd phase substrate, to

capture

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.

Bb A method as claiméd in claim 29 wherein the monitoring
employs an antibody is selected from a monoclonal antibody which
'{:D (i) is specific for a human-specific epitope located in the region
.25 between 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.

300 31 A method as claimed in any one of claims 22 to 30 which -

' “_gqmpr§s§s the step of selecting the agent to be provided by
determining the ability Of”ﬁﬁé‘agéhﬁrfbrmoduiate the abiligg-of a
fragment of tau correspoﬁding to the core repeat domain, which has
been adsorbed to a solid phase substrate, to capture Solubie full-

35 length tau. . |

32 A method as claimed in any one of claims 22 to 31 wherein the

agent is a phenothiazine.




35 length tau. 32 A method as clained in any one of clains ﬁ%d‘t&?)l wherein
the agent is a phenothiazine. 15 July 2005 80 .33 . A net U206 med
in claim32 wherein the agent is a reduced phenothiazine. 5 34 A nethod
for screening for a nedicament for use as a therapeutic or prognostic
agent for the treatnent of a tauopathy which nethod conprises: (a) _
performng a nmethod as clainmed in any ®he of clains 22 to 33 (b) selecting
modul ators having a therapeutic index of greater than 10 2. 35 A nethod as
claimed in claim34 wherein the disease is selected from Al zheiner's

di sease, 350t Of RS | SEASEa LW, i se, . Pick's di sease or

Pr ogr essi ve %léﬁranuﬁlggré%l Sy. &‘%\ggggﬁgﬁﬁe?’hgggﬁnoﬁhﬁr%ﬁﬁﬁ ri'ﬁ & medi canent
for use HR%YFYhergpetkiazingr  prognostic nodul ator for the treatnent of a
~tauopathy, which nethod conprises (a) carrying out a nethod as clained in
any @f chaim .claim35 20 to_identify the nmedi canent, (b) providing

~ the %edi %gmn%%é%élrﬁd ?ﬁrissccﬁegf‘éagf%?’?na E‘?dic%‘?%éoasuw &Sméd in claim 36
further Ewppegtag of arueghestig adeatagenttins teeaukimadENt COMRQAH on for
use in thgcrlReth6@t G191 he tauopathy. 38 Use of the nedicament agent
in i's'ol.a{ d formof claim36; in_the manufacture of a nedi canent

conposi t i%8nPEEFOTRENT @ PRENOq Beachairediim apjuopafy cladls R Wse368f a
phenot hi @i selestime motepRtdald Bavohg 2 MG AERM: 16QAROSE td ULkl cfisg 1N
theggreat ment 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

35 B method as claimed in claim 34 whefein the disease is

selected from Alzheimer's diseaée, 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 isclated form.

37 A method as claiwmed in claim 36 further comprising
formulating the agent as a medicament composition for use in the
25 -_treatment of the tauopathy. |

38 ‘Use of the medicament agent in isolated form of claim 36:
in the manufacture of a medicament composition for use in the;

treatment of a tauopathy. .

. 30 39 Use of a phenothiazine in the prepération of a medicament
composition for use in the treatment or prophylaxis of a tauopathy,
where;n the preparation comprises the step of pre-reducing the

phenothiazine such that it is present in at least 80, 90, 95, or

i 99% reduced (leuco-) form.

35 .
40 Use as claimed in claim 39 wherein the phenothiazine is pre-

reduced by addition of an exogenous redhcing agent.




199%reduced (1 euco-) form 35 40 Use as clained in claim39 wherein the
. 'phenothiazine is pre- reduced by addition of an exogenous rddde¥#§0agent .
- 15 July 2005 WD 02/055720 PCT/ GB02/00153 81 41 Use as clained in claim40
wherein t d formis stabilised in the reduced stg tion of
a stabil |‘g|8r?%ﬁgégg‘ﬁt 42 Use as claimed in claim4l wher eléﬁgﬁéz@gajuced
~formis 5 |yophilised with the stabilising agent. 43 Use of a pre-reduced
-~ phenothiazine in the preparation of a ggedi canment conposition for use in
‘the treatnent or prophylaxis of a tauopathy, wherein the nedi canent
conprisegiat kgasts8 , f.the reduce euco-) form of
the phenot hj azU:%%eES Qlal%gde%gscﬁlg} #gd%?n eé% tg%ereo ﬁ ?ﬁé‘“?ﬁf to 43
wherei n £hHaP h%ﬁﬁ%éﬂbﬁpecﬁﬁﬁﬁ§ﬂtFéﬁtﬁdnthéﬁltnnpDESQSSUﬂedaslnpr&g@ﬁtIhe
foll owi ng: a phar maceutl cal ly- accept abl e excipients, carriers or 15
buffers 5 a ai m 44 wherein the medi canment conposi tion
is prepargd g?%a % %ﬁ?é ea?é‘%%?ﬁhﬁét??ﬁfe¥?otﬁ% Ygchcgd EpERned i n any one
of clai nby8phibiwKl whsheilre sliebiphenut higaztne i s a di am nophenot hi azi ne. 47
Use. as clained in any one of clains 39 to 46 wherein the pre- reduced
. (l euco-) ghenoth|a2|ne has the formula: 25 (1) R6 RS Ra R7T NR3 RIo NI S
A J NR0o?PR11VRS ®F REFe3vedtfsckipherathiRginR4in Rie REcantF®ma0d a
i ndependeat] yarssitechbegdod 1tdn for use in the treatment or prophylaxis of a

tauvopathy, wherein the medicament comprises at least 80, 90, 95, or
i0 99% of the reduced (leuco-) form of the phenothiazine.

O
: 44 Use as claimed in any one of claims 39 to 43 wherein the

medicament composition Ffurther 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 3% 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:

(1)

30 wherein Rl, R3, R4, R6, R7 and RY are independently selectéd from
hydrogen, halegen, hydroxy, . carboxy, substituted or unsubstituted
alkyl,_ haloalkyl or alkoxy:; R5 is selected from hydrogen, hydroxy,
carboxy, substituted or unsubstituted aikyl, haloalkyl or alkoﬁy;




hydr ogen, hal ogen, hydroxy, carboxy, substituted or unsubstituted alkyl,
hal oal kyl or al koxy; R5 is selected from hydrogen, hydroxy,15d§WB@9§,

B substituted or unsubstituted al kyl, hal oal kyl or al koxy; 15 July 2005 82

and each R10 and nil are independently selected from hydrogen, hydroxy,
car boxy, substituted or unsubstituted al kyl, hal oal kyl or al koxy; 5 or is
- a pharmaceutically acceptable salt thereof. 48 Use as clained in claim47
- wherein Rl, R3, R4, R6, R7 and RO -are $hdependently selected from

- hydr oge - -2HS or -C3H7;, each R10 and R11 are independently

sel ect ed?iﬁg%gﬁlﬁd%%&ﬂd R¢lzare inglepepiteurly GkRBcteddRR h$a wgen, -CH3,
-C2H5 or PRY 48artisecyas sabat MR eldNo ANy, i 6 1o 48 wherein the
phenot hi azikpgyis a di am nophenot hi azi ne ﬁﬁ?%ﬁgkggé%fﬁg?és.%ﬁqulkyé fret hyl

groups around t he di am nophenot hi azi ne nucl eus. 50 Use as clained in any
one of clains 46 to 49 wherein the phenothiazine is a di am nophenot hi azi ne

whi chS i s oasysmetptisaalaloyut PEINW ate 51 Use as claimed in claimb50
wher ei n t he phenot hi azi ne i shwt ol o%?%ar%n)q(?hlsﬁl deieLefire A, azure B and

thionine. 52 Use as clainmed in claimany one of clains 46 to 49 wherein 25
the phend8hi aFaeas cisehedt bel Ju-am Metdhwd £ne Bl uey; Tol,ui g ne Blue 0, or

1, 9- Di meshy | iRidpuhan . 53 A pedi cament conposi‘tion congti $PAgRE
pre-reduce H ohenot hllqg% tli%lg(s:%‘a%s TTebYPFeeary ofEsof-Cellaioms—asR,1 0 52 30

wher ei n ?"’H%‘ ﬁgnﬁ’f‘ﬂi BY} meej sndepdramatl §0se 90:te95 £1-61 %8t heey T educed
(1 ed8o- )CHoran -icgiGomhinati on with a stabilizer. 54" - medi canenf

conposi tgeon-.a lainmed in claim53 which is Iyophilised wwth the
st abi | i 5e5(r) Tissﬁy Qrodir,” -cll,”CA] 27 Ty, -

49 Use as claimed in any one of claims 46 to 48 wherein thé
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

pPheénothiazine 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 cléims 46 to 49 wherein

?5 the phenothiazine is selected from Methylene Blue
- £
g, or 1(9—Dimethylmethylene Blue.

Toluidine 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 53 or claim 54

wherein the stabiliser is ascorbate.




55 A nedi cament conposition as clainmed in claim53 or claim %Qﬁrein t he
stabiliser is ascorbate. 15 July 2005 83 56 A nedi canent c&gﬂHE 8n as
claimed in any one of clainms 53 to 55 for use in the treatnment or

prophyl axis of a tauopathy. 57 The use of a pre-reduced phenothi azi ne as
described in any one of clains 47 to 52 wherein the phenothiazine is at

| east 80, 90, 95 or 99% of the reduced (leuco-) formin conbination with a
stabilizer in the manufacture of a medi cafrent conposition for treatnent of

a tauopat hge 58aAnRBE AL osition as claimed in any one of
clainms - 34 Lo 52, claim ny%gjppg r}E‘?‘s\/\ﬁ%‘f"é‘i“?ﬂ tiffe 2Rk dPoa meh oL réas ceEreny,

conposi ti on” i £0% (Haea e tﬁ@rtmwmtaoprmﬁkig%fb ehlephiyg amunt or
a therapeutically effective amount of the nedi canent/ nediCa

conpositio to atient_in need o tretrrent or hyl axi 5, of a

t auopat hy. t o, °Us?, PHY LY 891’ GROGR1A errlif’gS |q1e5§rwb8ﬂe18f 4BVai s
39 to 52, meamm‘ 5ﬁ.aﬁltnsC|4<’il oS B2whaeeein tire rmwneaﬁeaiimdis:admmleast 80,
conpositio uitahl.e f i i 2 S ng.tds

‘conbi ned wi h B rrgaérgatl § & a§8§?5‘?§ g}c}?ucfor)l %ﬁ(‘fﬂ énrrﬁﬂﬂ}éjrnatégnt ngghf"eve
nor e t han &Q%ilddect iimn dhe t henphemoirde agi ne phrédifcarkati ngepbsonien afor

patient i e eat ment prophyl axis of a tauopathy. 60 A nethod,
use, or cgtn]%'o(s%glt ggné%sac ghYn any one of claims 39 to 52, claimb56 or

cl ai m 57 wherein the nedi carrent/ medi canent conposition is suitable for

giving a nothi hi ai 1y ;dosage of tyeen 1
and 1000 wopt&éﬁeﬁlpg V\(gé Vi (?rdcf)%q bg]%]t §Su§% oaé/es tggaorﬁ)%ﬁ%n i need
of treatneht taor5pr gglaimaxies cof cdaimudparhgreilrb the ywme2@5meB88ankil cAmart hod,

use or CQQB@%EE&E@ha§sC%ﬁHg§glénf@Pyg99§n8fackﬁ5g§ylactlcally effective
amount or a therapeutically effective amount of the
medicament/medicament composition to a patient in need of

. freatment or prophylaxis of a tauopathy.

‘59 ° A method, use, or composition as claimed in any one of claims
39 to 52, claim 56 or c¢laim 57 wherein the medicament/medicament
composition is suitable for giving 20 mg tds, 50 mg tds or 100 mg
tds, combined with 2x mg ratio of ascorbic acid in such a manneyr
as to achieve more than 90% reduction of the phenothiazine prior
to ingestionto a patient in need of treatment or prophylaxis of a

tauopathy.

60 A method, use, or composition as claimed in any one of claims
39 to 52, claim 56 or claim 57 wherein the medicament/medicament
composition 1s suitable for giving a phenothiazine which is
thionine in a daily dosage of between 1 and 1000 mg optionally
divided into 1 to 8 unit doses to a patient in need of treatment

or prophylaxis of a tauopathy.




39 to 52, claim56 or claimb57 wherein the nedi camrent /nedic t
- conposition is suitable for giving a phenothiazine which is %gﬁ‘ﬂ’h%ﬂoéne
blue, in a daily dosage of -approximately -3.2-3.5 ng/kgto a patient in-need
of treatment or prophylaxis of a taudP® hy. 62 A process for producing a
stable cell for use in a nethod as clainmed in any one of clains 1 to 38
whi ch process conprises the steps of introducing into a cell nucleic acid
encoding (i) a tenplate fragnment of the precursor protein such that the
-tenplate fragnent is constitutively expressed in the cell at a |level 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
stimulus. 15 July 2005 84 63 A process as clainmed in claim®62 wherein the
nucl ei ®dlaci & menbod) ngd, herprenpssior opr 8t et Irinsedoper ahy yod rikkedlsima | ac

i nduci bj.e .pr ter. .5 A process.as clai.med.in claim63 rein

expr esggoﬁc%o r‘?1’)hé:laf)lrne(g:étr Sor Cp‘% eitf?]l ‘i’%eﬁenl ug%]& tl)“fdtalﬁgmﬁra% S8 PTG at
1 - 50 awvposbEioh phiecessitadlel afoed diviagy anephnathdkeriné?2 whacb4 iser ein
“the 10 i i.d encodi ng. { he, t | ate_fr nt _i rakly lLinked to a
cyt omeBarayre Wl DREP SR LA SSRGS iRel] PRET B harEC of

cl ai ns a6patergs inhored nof Hareattnehei @ @cioghpheoth i wheatepgibat-e fragnent is
i ntroduced as a 15 tenplate vector and the nucleic acid encoding the
precursor protein is introduced as a separate precursor protein vector. 67
A procé€3s as pre¢ess fior praiwes®y whettébhet helprewurser ipr ot mebhod/a@stor i s
derive t | CAT zLorqipto i l.ei i.d.encodi ng
t he pr;g%:%irrg%lr lmra(.)a?lg rllg%i\ésgc%l g\r%g%;.nQGEIS g\& p?%geéggcégﬁ%{%%ﬁeggfnﬁggﬁ%fn& 6?6 or

¢l ai m GtaRiierdd ninkroducdmpl atntof ragmedl vectledci saader | yrepdingm tHe Bl asmid
PZe029Bz39ila eV §chgheh At O WML Nt & QWE! SEGEAG] & RACAEILRT thBer BRSGH S OF

protein ] . )
. fragment is constitutively expressed in the cell at a level which

is not toxic to the cell; and (ii) the precursor protein such that
the disease protein is inducibly expressed in the cell in response

to a stimulus.




25 is cloned. 69 A process as clained in any one of clainms 62 to 68 wherein
the precursor proteinis tau. 30 70 A process as clained i 1ol 30089

wherein the nucleic acid encoding the tenplate fragnment encodes a core
fragment of tau. 71 A process as clainmed in claim70 wherein the nucleic
acid encoding the tenplate fragnent encodes encodes a fragnent of tau 35
extendi ng from between am no acids 186-297 to 390-441 of the full- length
protein. RECTIFI ED SHEET ( RULE 91) 15 Ju% 2005 WD 02/ 055720

PCT/ G802/ 00153 85 72 A process as clainmed in claim71 wherein the nucleic
acid encoding the tenplate fragnent encodes encodes a fragnent of tau
extendi ng from between am noaci ds 295, 296 or 297 to amno acid residues
390 or 39%%f th@rrgees| esgtirimed pnotbiinm sowherpiki thd nudield Acfi 0CESS
as cl ai meGpcddshdl Mhehel _ cl.ei i ncodi,ng the tenpl ate
fragnment anodesgeﬁ%?es arglrﬁa?g P‘ﬁ%&o 1§a§p@%§1€¥1§1 He V\Baeﬁlaﬁﬁ no acid
resi dues 2FUEbRRPRaRaf®Edan in Fig 7. 10 74 A conposition of matter
conprising’ nucleic acid encoding (i) a tenplate fragment of the precursor

protein s%%h t%@t t he t%%PIatQ fragnment is constitutively expressed in the
cell at afevel* RRAPSFF® i%° FIAIPERI £0 tFaiRe 68 evherein efpirpsshen pr diies or

protei n spractiwir prbeclhseastdi@bebd tise idmi@ighyogxgﬁ,s%%d in the rm\;}el I
in response, 15 to a stinmulus, which nucleic acid is described in any one
of claimse 62 to 72 75 A manmal i an host cell transformed with nucleic acid

_ gg cl ai m 634 shapraredso asxplatsed iih anyeopd aie Jl@a@@ﬁlm ‘gd b:?xle%ﬁnlq%}\'il\%_r o
ret el - . e [ n constjtutive .at a |l eve |1 C
P! L ehEd e LA LA e SRt it b ible i wied tona

is not toxic to the
di sease FHBEEFaLevinAg @Usmpten segpmrse to a stinul us.

66 A process as claimed in any one of c¢laims 62 to 65 wﬁerein the
nucleic acid encoding the template fragment is introduced as a
15 template vector and the nucleic acid encoding the precursor protej:n

is introduced as a separate precursor protein vector.

67 A process as claiwed in claim 66 wherein the precursbr protein
vector is derived from the pOPRSVICAT vector into which the nucieic

20 acid encoding the precursor protein is cloned.

68 A process as 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 process as claimed in any one of claims 62 to 68 wherein the

‘Precursor protein is tau.

30 70 A brocess as claiwed in claim 69 wherein the nucleic acid

encoding the template fragment encodes a core Eragment of tau.

71 A process as claimed in claim 70 wherein the nucleic acid
| ‘encoding the tem]_glate fragment encodes encodes a fragment of tau
..35_ extending from bett&een amino acids 186-297 to 390-441 of the full-
length protein. '

RECTIF[E’D SHEET (RULE 91)




76 A cell as claimed in claim75 which is froma neuronal cel] 5 line or
| a fibroblast cell line. 77 Acell as clained in claim76 whi IR July 2096 ed
fromthe following cell lines: 3T3; N P-115; 3T6; N2A; SYSY; COS-7. 30 78
A kit corppigghsg@ host cell as clainmed in any one of clapppepiRed Qs 77 Plus
at | east one further conponent selected from an agent for stinu ati ng
production of the precursor protein or an agent, for detecting the

i nteraction of the precursor protein with the tenplate fragnment. 35 79 A
kit as clained in claim78 wherein the deZection agent is an antibody.
RECTI FI ED SHEET (RULE 91) 15 July 2005 WO 02/055720 PCT/ GB02/00153 86 80
A nucl ei c 7aci d ppiroeesselecfadmbdoin clElin371 Téiteddin Eh' ngtteacadict aga

. 0Jgc ggc c A GCEE GA G GAG3 ., 5 3 -3 T40-Not | 5'-act ctt
aag ggt c%gmﬁégn%gc er&%“%%‘%&“@%“a IESGéCé%S-%'fr MEeRE“PFi mer
10 5' - CegtAATimCCrACCPATG: N RINADaAT G /X% ,CACE GFE TUG to 3ming%4cid

g,nt_i . E?f%ﬁ%%h{éﬁ% Efry'o( E’eﬁf’é = FAT Tk E P8 SRR GNE Al & 1 F5CC -

73 A process as claimed in claim 72 wherein the nucleic acid
ernicoding the template fragment encodes encodes a fragment of tau

extending between amino acid residues 295 to 391 as shown in Fig 7.

gi) _ lQ 74 A composition of matter comprising nucleic acid encoding (i) a
template fragment of the precursor protein such that the template
frégment is constitutively expressed in the cell at a level which
is not toxic to the cell; and (ii) the precursor protein such that
the disease protein is inducibly expressed in the cell in response

15 to a stimulus, which nucleice 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 |

20 protein such that the template fragment constitutiveiy 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 eell as claimed in eclaim 75 which is from a neuronal cell

25 1ine 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; -SYSY; CO8S-7.

.30 78 A kit comprising.a host cell as claimed inm 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

: agéntafor detecting the intéraction of the precursor protein with
_ the template fragment. ' |
35 ‘
79 A kit as claimed in claim 78 wherein the detection agent is an

antibody. _
 RECTIFIED SHEET (RULE 91)




10

15 July 2005

WO 02/055720 PCT/GB02/00153

86

80 A nucleic acid primer selected from:

5'-3' T40-Not I
5'-gtc gac tet aga gge gge cge ATG GCT GAG CCC CGG CAG GAG-3!

3'-57 T40-NHot T _
5'-act ctt aag ggt ¢ge ggc cge TCA CAA CAA ACC CTG CTT GGC CAG -3

295 sense primer
S' - CGG AAT TCC ACC ATG GAT AAT ATC ARA CAC GTC CCG ~ 3° .

391 anti-sense primer
5" - C GGG GEGA TCC TCA CTC CGC CCC GTG GTC TGT CTT GGC - 3!

-
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