MATERI ALS AND METHODS RELATI NG TO PROTEI N AGGREGATI ON I N NEU GENERATTVE
DI SEASE - Abstract Disclosed are nmethods of proteol yti calﬁlJ HAVET t i ng a
precursor protein (e.g. tau) to a product fragnent (e.g. a 12 kd fragnent)
in a stablwoomldssizone, wherein the precursor protein is as?ﬁﬂ(%togfg with a
di sease state in which the precursor protein aggregates patholog 'glsf'y
(e.g. a tauopathy), and the nmethods conprise:(a) providing a stable cell

li ne"transfected with nucleic acid encading: (i) a tenplate fragnent of
the precursor protein such that the tenplate fragnment is constitutively
~expressed in t MATERIRLS(ANDOMESREDS WHIGITNG O torbOXIE ARRERETr$Ek sy and (i)

t he precursor protein, which % L0 IS Inducrbly expresseda rmthe cell in
v response to a stimul us, Merﬁg—rﬁm%m%éﬁtenpl ate fragnent with

t he precursor protein causes a conformational change in the precursor
protein syghn@s.io é‘i@iﬁe aggregation and proteol ytic processing of the
= precursor—pr T e product fragnent. The nethod is preferably used
to scr5e_en for nodul ators of the aggregation process by nonitoring

producti orhé G rdEdid ahion 4 i of th roduct band or bands. Al so
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WO 02/ 055720, PGH.GB02/ 00153 1 MATERI ALS AND METHCDS R
AGGREGATI ON |€ﬁ%&&%§%ﬁ BPSEASE Technical field 5 The present

i nventi on -concerns cel | -based nodel s and ot her test systens for nodelling
)t he aggr egaidgrbufi REOt ei ns associated with' neurodegenerative disease. |t
““further relates to conpounds capable of nodul ating such aggregation. 10

Background art Conditions of denentia such as Al zheiner's disease (AD) are
f requent |Gprelidriaetept sixtheyia PIAYERS Bl YL REGUWIULALIQR QLD)]'SaJ!‘ ntracel | ul ar
and/ or extgacellilar, denesi f. protei nacegus structures’ such as
p-amyloi d pl aqt?eskgnla ne%%c%%lg%‘?itfylogr VP ahyieyei AcCid aiar naf of af f ect ed
pat i €nt s 1PHTECsiprarare/et exeswdldvionsiedoatgel of gobrelai@sousi th -

~pat hol ogistalucteueef bbdH ldsapyaflegarerakhons fnd brain,at hy, as wel| as
Wi t h Cogq!.b:[ej Yﬁ-aiin aiETTEIJ}t Q\Qkaet,ovg b n L%ﬂbrlifgr tangles in .

_ . oL artected 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. (72000) Am. J. Pathol. Vol. 157, No. 2, 623-
636) . o

| .Bch neuritic plagues and neurofibrillary tangles contain paired
) helical filaments ({PHFs), of which a major constituent is the
- 25. ;microtubule—asseciate-d-pprbtein tau {Wischik et al. {1988) PNAS Ush
B85, 4506) . Plaques also contain extracellular f-amyloid fibrils
derived from the abnormal processing of amyloid precursor protein
(APP; Kang et al. (1987) Nature\325, 733). B&Bn article by Wischik.
et al. (in ‘Neurobio_logy of Alzheimer’s Disease’, 2nd Edition
30 (2000) E_ds. Dawbarn, D. and Allen, é.J., The M'oleéular and Cellular
Lo Neurobiology Series, Bios Scientific Publishers; Oxford) discusses
. - in detail the putative role of tau protein in the pathoéeneéis of
neurodegenerative dementias,

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




20 Ladi nska, E. B et aI (2000) Am J. Pat hol . Vol . 157, No. 2, 623- 636).
Both neuritic plaques and neurofibrillary tangles contain padfEd00hel jcal
~filanents (PHFs), of which a major constituent is the 25
m cr ot ubwige2assuati ated protein tau (Wschik et al. (1988)PENABIAIBLS3 85,
4506). Pl aques al so contain extracellular (err)-anyloid fibrils derived
fromthe abnormal processing of anyloid precursor protein (APP; Kang et
al. (1987) Nature 325, 733). An articl@ by Wschik et al. (in
. Neurobi ol ogy of Al zheinmer's Disease', 2nd Edition 30 (2000) Eds. Dawbarn,
D. and Al1¥PblSNgurolTiml NBUeEnY arl&nd 38k | agcamul el beDIredhroBeyiws,
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of tau protein In the pathogenesis of neurodegeneratlve derrentlas 35 :

St udi es ®f- Aﬂlzgﬁéﬁ?reﬁ"’e%e‘ﬁ%@ea% Fheli dEreipgan Healosél¥t4hémaofmal  form

of tau (pdikaat. ovaqbﬁdimaw%cﬁik étl%%) (F9052])., Efa&h%lt H43a 1669,0eW schik
etal . (1995a) Neurobi ol %eln Lai et al. -- --------- 15 July =
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Furthernore, | oss of synapses (Terry e , cit and | oss of
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t ot al I’e%OS ri UtIO e tau proterin roma L?bﬁsetoa
pol yner i §édkdagrova(-RPiEs)skian epl 2hei /1934 (diigease t. (‘I\/Lﬁk'a%bvfal— LddPdska et al.
-+ (1993), hgg. &ty Lai et al. (1995),
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 withinlrrr .
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,




loc. cit.). 15 Tau exists. in alternatively-$pliced isoforns,

contain three or four copies of a repeat sequence corresp&ﬁdﬁ"ﬁ&o?% t he

m cr ot ubul e- bi ndi ng domai n (Goedert, M, et al. (1989) EMBO J. 8, 393-399;
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Neur obi croyypref PHAgel Hy coVoespdiglindolo8s o@ﬁrﬂéﬁ)lnaﬁvaanual ly, functional
immunoreactivity, but preservation of tau immunoreactivity
associated 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).
- 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




_ |npa|rnent of the neur one progresses to the p0|nt of ceII death IeaV|ng
behind an extracellular tangle. Cell death is highly corré?éWé& @Fth the
nunber of extracellular tangles (Wschik et al. 10 2000, loc.cit) As
tangl es aY@O¥YI7Wded i nto the extracel lul-ar space, therePCT/GHIGHISSSi Ve
| oss of the fuzzy outer coat of the neurone-PHF with corresponding | oss of
N-terminal tau immunoreactivity, but preservation of tau i munoreactivity
associated with the PHF core (Figure 1% al so Bondareff, W et al., 15

- (1994) J. Neuropath. Exper. Neurol., Vol. 53, No. 2, 158-164). The phase
shift whPth is observed in the repeat domain of tau incorporated into PHFs
suggests that the repeat donmain undergoes an induced conformational change
during incorporation into the 20 - filanment. During the onset of v
Al zhei neffedelfi §84s8553¥5 s envisaged that this conformational change coul d
be initiated by the binding of tau to a pathol ogical substrate, such as

danaged menbrane prqteins (see Figure 2 - also Wschik, C M, .
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prophylaxis or for inhibitin progr essi on se, which would
not requPRE BTt aﬁ%eq&ﬁow(@éig@ldﬁ efhel. di%%r Seodpirtiedmadyvent ST¥hat
initiateothaizggregaison (see Figure 15 July 2005 WD 02/055720
PCT/ l(§\|302/_00153 4
‘Although the in vitro assay described in WO 96/30766 enables the
_1dent1flcatlon of inhibitors or modulators of tau-tau association,
the present inventors have also recognized 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 identification of normal cellular -u)

25. -substrates which are involved.in the initiation of pathological tau |

aggregation, which substrates could themselves be targets for

pharmaceutical intervention.

However, numerous papers reporting the expression of various tau

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

35  tau. Transfectien of various cell lines has been reported
prev1ously (Kanai et al. K 1989; Goedert and Jakes, 1990; Kn0ps et
al, 199%1; Lee and Rook 1992; Gallo et al., 1992; Lo et al , 1993;
Montejo de Gar01nl.et al., 1994; Fasulo et al., 1996}. However the




3). ' Models and assays 5 WO 96/ 30766 describes an in vitro. assaa/ for tau
ag-gregatl on in which a fragment of tau corresponding to t ety ¥ epeat
dormai n, - whi ch has been adsorbed to a solid phase substrate, is able to

- capture spbybhsssh¢l | -1 ength tau and bind tau with high af bi-pidhedsse

Figure 4). This association confers stability against 10 digestion of
prot eases on the tau nol ecul es on the repeat domains of tau nol ecul es

whi ch have aggregated. The process is sglf- propagating, and can be bl ocked

selectively by prototype pharmaceutical agents ((Wschik et al. 1996 Proc
Nat | AcadtSBie Ubbhg Fiemlddhdskidd8ds dfincAktOough ihheukn. <&t G, aSSaY e

~descri bed |n 96 3.0766 enahles the identification of inhibitors or

modul at P8 o PETr %y FRE ST IR Fontal R SSFBSER tE T FERL SRS hifkfe o1 433
recogni zéd Bhatoceldz bagetbmedeksss ofrAlAhei pesr 'ahddrReeRserddke protein
aggregati on woul d be useful. 20 Such cellular nodels could be used both in

‘the primary screening of candidate nodul ators of tau-tau aggregation, and

in tht s@éébhanely Faureenaf nyl of(Adehpbusids Resemhh i1@8AL 1 2i etP54200he in vitro
assay of re}Or-PBA 30 HL: FUrd:NBERREEn LH6 GSERASE Al 9] @ﬁf)? ?éil%g gggt' on in
ul ar

cells could also . aid in the identification of nornal strates

“whi ch ar &°EnvbRREY 1909t he ™ MPrEerbmt Gt FaiAorByiasl nehushetyr é§aeron,

. whi ch substkatsscaatludet hermseltiesube dﬁrtgl&t Sréﬁlenﬂhﬁfm@ﬂﬁﬂl@al system

interventiop. o g&i“@é’sﬁ%n Qf"@“%gfﬂ?ép‘% eggr Jhavet he f Si on of various

tau 30 constructs 1n tissue cu ure nodel's *t ar fonstrat e
aggr that iBAursebae . aggrBgRpAon inep mpnner sivgsle Mof, t@ﬂawg Rb@gs34: 1- 17).

-;)For i nstance, 3T3 nouse fibroblasts do not possess tau protein and thus

present a cellul ar_environment in which . reconbinant tau can be expressed

- i ndependéhtSof 2Endde ABBEEFIUSE 38 TP SRS EL oo o2 s A dubeEBl | | i nes

has beenarkpervéedundquredontigiysitkagataetcoaklitionkd@9y &oeaseyt and Jakes,
1990; Kneeﬁcgﬁtratlons (reviewed in Wischik (2000), loc. «cit).
15 i
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, censtitutivef
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
developed; in whlch the 1nteract10n.between e. g. tau molecules and

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




-al, 1991; Lee and Rook, 1992; Gllo et al., 1992; Lo et al., 1993; Montejo
de Garcini et al., 1994; Fasulo et al., 1996). However the1§§m339952005 VO
02/ 05572 B02/ 00153 5 stable long termexpression of truncated tau in

such celﬁvﬁﬁﬁg% was not achi eved. For exanple, tau constﬁﬁ%pgﬁ?@bk?esfdues

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 Resgarch 1996, 2, 195-200) reported

transi ent expression of truncated tau in COS cells, data for stable |ong

term exp. ' f ' t own, T wor.kers congl uded from
the use %%éfkgQ??%ﬁ%?%%?%%#ﬁ%@?gg?i%%ﬂ?yg 8n?ﬁfﬁ%ﬁ“%%§ré%s?%ﬁf&P t runcat ed
tau by i¥<EF (@ REteBELi3 diegroseian Hneduestiawmdgesgptiviv iageataanner
sui t abl eof fodcastiong dhugsas ATRUSIA@F:s H18eagQr egation of soluble tau in
vitro has only been achi eved under non-physiol ogi cal conditions and at

high concentrations (reviewed in Wschik (2000), loc. city 15 WD 96/ 30766

descri beRisaraper odichbs frorenstivdyi ng tau aggregation in a cellular

~environnent. In the first approach, full-length tau or fragnments of tau
were stably expressed in cells. In the second approach, aggregated tau was

t r ansi ent?§ REHPRCedPBEENTIND hoak| debised@, sugklofcdlilpdhectést sAlsthaugh bot h

of thesenappl eaehes asedUsShiskel ofnd heushUdY of: Jalp.bau, Aggregat i on, they
have sone |imtations. Transfection of a%gregate au 1 nto cells using
a

| i pof ectf TGP Par FabTEI8 of bt GHHEFaTAC | ¢t M ishodticsmripgeditro of
aggrdgateikit aeurbgebbnerdbiveodéseadde or entatedt agFRah, Mighikseihe nost

ef fici enf;sead. f r i i ound_t e _toxic when stably -
expressed in  cel ?Fsl EF%%%?%Q%?%I%% elfgrﬁfelsg?%?lt?teuvellvg. SIS 1088t i Puti ve )
expr essi Ot BEthe Lt Fhfckt'edrriein raammierbdhed hel tPHRndordbim 3Preakaoyot i

cel |l s i soflififlilcukhgtd 6£hi avRucTIiANS €FheCXRI ESSIQRL BYSIRNE: REr giL the

optim zation aof .expression of tau, but the )
proteolytic” conversion to a 'processed fragment, confirming 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 systém can be achieved notwithstandiﬁg the
inherent toxic properties of the 12 kD fragment is particularly
surprising. For instance, as demonstrated in the Exaﬁples 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
expréssion of combinations 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;inducing aggregation and hence toxicity on the one
35  hand, which pfoduces éell lines which are either variable or non-
viable, and maintaining—viable-cell lines in which tau has a low
-.propensity to.aggregate.‘Notwithstanding this, the inducible tau

expression system'of the preseﬁt invention is both stable, and yet




i nherent toxicity of the fragnments renders .even these systenms unreliable.
Longer fragnents of tau are |ess toxic, but these do not Fe/§nBPg6
aggregate when expressed in cells. 35 Thus it would be desirable for an
alternative nodel systemto be developed, in which the interaction between
e.g. tau nolecules and the like could be investigated under physi ol ogi cal
ceonditions, in a 15 July 2005 WD 02/055720 PCT/ GB02/ 00153 6 stable and
controllable cell line, and which coul d.be used to screen for potenti al

di agnostic, prognostic or therapeutic aéents of conditions such as

Al zhei meras dicgeass, ; j re of the jnvention The present inventors
have devised a s abIled%cg?ﬁgkgif?(gﬁg%ﬁg?‘é’rﬁn Wi BROk2ir eruved i nodel the
t enpl at e-HHSFEA Prdtids! yike. processing of a protein, the aggregation of
which is associated 10 with neurodegenerative di sease. In one test system
exenpl i fiA%itw;ntlhlthe tau protein, very |low |level constitutive expression
of affragmentL of ]tyHe“F&uogrﬁlf‘:éiatfsﬂéfsh%rﬁﬁoﬁééewQﬁdermh@c'tbeh'e taepr essi on J
of fufl - Mesehismipf lacdioti of afrtkbia {adis the tAU jts

pr ot eol Vi 6 2RVEfiHeQa tt 9n & P OrC_:ES§$ frlabikgﬁtg, h:jc'og?ff |[Jrh %ﬁgaﬁ?%%{rlef% of
"tenpl at 6d proteol ytic procesding oty tHETEu-hde tEeur FrRlger Then syst em

readi |y PEPRPEE 1Ne raeatnsty dvohase hdwn ehbpetiediont ale BLMLERt LAD

i nhi bi t opsibhramgh thesraisddhid) ARs QfnRLaduction . of _ the processed, 12 kD,
fragment frominduced full-Iength fau. 26 Tﬁa‘% LR R4 aD % s {BRem can be
achi eved “not w t FSCARATHY" t HETIUAREBI ¥hArtoRse 9ff opeht Pespaindshén12nkD

f r aghent cpBtesy tofc bhardiiseswsp i St edr Qb ré 15t qgcgar@&‘gfa@@g%[égd in the

Exanpl esthgt oyy oL i truncation at erther N or r'M ni of :
full- length tau Srgesﬁ)#gg] id%%gng?L?icr?ees%ilﬁlwr‘lﬁscﬁagtﬁﬁ?‘él‘é&@r gadpdrlecan be 25

~mai nt ai n¥WCThdSE FAPRferLYdaas PRt isves holiloitlorsa weakpPropangi tye tO J
aggr egatstruaturer of hethtd RE Rk JRE, MHELAUPYLAr Netvar k. gtxl?ebz.le%tly

assessed by measuring the diffusion 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. : ' : ¥




expressi on of conbinations of tau fragnents generates aggregates within the
cytoplasmof cells, but this system cannot be naintai ned 1 ﬂWb@ﬂQ?bly.
Systens -based on the inducible expression of the 12 30 kD fragnent lead to
toxicity as a result of unpredictabtae intracellul ar aggregati on of the
fragnment. Thus there woul d 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 lines which are either variable or non viable,
~and maintaining viable cell lines in which tau has a low propensity to

aggregat e. Nat wirt hepeedi RF tdhieS pri-Bent Ndpelble ta Xpr.ession, t em of
t he prg@@ggdiqﬁgn%%orgi s bot sFﬁbIe, aﬁg&%égf%fS #EF392655pr?vé%%£ fo
provi de confrolle agéﬁgﬁéF? hY ofFOBYBY N | 8r Rrssurpor spreensnand the |ike.
Addi ti &FarRgt rsemefitt he @assayibasepr ovigded evi dence that the 5 nechani sm
of action of certain inhibitors (e.g. phenothiazines) of protein
aggregation is primarily steric in nature, rather than essentially redox,
‘as may have begn suspected on the basis of the prior art. This discovery
has unexpect eI ApIFESFERE PErteine ischoiadatas seBaeNuL sbasgul @08, and
use of sthCbOMunpmdeuiébﬁlp%okgiﬁcgggyggagg t diseases di scussed herein.
I'n particularwhi#lﬁggﬁgd Lhat assessment of “dl uSyont ficients can
provi de z val uabl e "screen ?Qﬁl%eﬁentifying putative inhibitors, or
opti mi si hy FEVidiruc wteble seit diok kPawTrceREa «DEFIHURA Jhe, paranet ers
i nher enténycoddsgessed by nmeasuring the diffusion coefficient nay De hi ghly
15.re|ev§9tat§ thf i nhi bitors' potency. The assay further shows that use of
phenot hi azi fes I t4feirapBgne st ther mrecursoe prvissitrageens chet aphanci ng
their irﬁﬁmmlabeyfqagmpﬁttiescon§H¥%§§iéﬂﬁ5Ee&g}égg§df#ﬁ‘%&the asis of further
the '

;
aspect s 1@fyeih ng , 20 invention. I'n genera Pe§&nt 3%henti on
provides,5@n9?%§%F?§rL%%ng€Ffi%@,th?H?Hdghabﬁoteolytic processing, a

precurSdglbrBﬁ%ﬂgfepgrgpprmmhnﬂin, 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

embodlments where an inducible promoter is used which causes low
. e




~ fragnment of the precursor protein, in a stable cell line, which 25 nethod
conprises the steps of: (a), providing a stable cell line 13 74K <PBBted with
nucl ei c-acid encoding (i) a tenplate fragnent of the precursor protein
such t hatWP Y0¥ EHbl ate fragnment is  constitutively expres®Ed/GH2UPES3Icel | 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
~stinmulus, whereby interaction of the t®nplate fragnent with the precursor
protein causes a conformational change in the precursor protein such as to
cause agiregdtieortame prorisolyt spproriensiavgnoin tite pbeeucsosf teotein to
the prodgeimbhl@gmaiten LRe NHi%u2Q05:+42 A4 20 Qﬁﬁﬁ,%td_Of the present

i nvention, there is provided a nmethod of proteolytically converting a
precursor protein to a product fragnent in a stable cell line, which
precur sotepeod Bin ép&aasﬁ@,cit&tgegrﬁb}ms@ ;ﬁ&@@.ﬁ?ﬁ%}laﬁgg EH%I Wi gh the (a)
precur sor .protein _aqggregates pathol ogical ly, i ch method conprises: (a :
proviuf{ji n‘é—lgoét%%lceap%g’ﬁ? "i’% r‘llé‘dgf:gﬂ’s‘?%(ﬁré(}'\ﬂ{f’ﬁdn‘ERﬂfé’irE‘a’éé?laal encoding: (i) a

t enpl at ePd+agmerdatdont hetgraetipsoliproteilf-pucpaddtdigt RenndSMlAle nEr agnent
I's const |, § uid P Ln.the ce t | evel .whi,ch_is not toxic to
the cell i-llginﬂéé/%]i}% %hgﬁ%f‘%gﬁ“ﬁgéé‘qp?%tée‘%gﬁ%g\%ﬁ?%h°°6“rpéft18‘?ﬁ PE TakECHRGT

expr esselt AT e 208 RSFeripgsponish tidien sepat ustateh) Thalpestiaty t he cel |
to the sfiragieist sikiehiasd tin iRUGEBLYH POREESE 1 RN 86UL SRL R §lencj 0 the
cel Izo \/\hegglpé/l 1.nt ‘ractiontof the tenplate fragnent with the . precursor
prot el n tauses’h Conferhitatdng =th SOFYERE BRACTEsBRichrit ¢iiYosuch as to
cause agfeedmatiorhengrpdwttéohydf compr eoeawiragtafic PREIPEES W ROHRrotein to

t?.e p[Odéfée%]é@%%; e Jrethod ARy iae yde subigeting the cell to the
STI Mul-us _suc
. fragments) of the present method may be toxic, or may simply 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 accumulate to a (second, higher) concentration which is toxie

3¢ to the cell and which corresponds to the disease state. This in
turn provides ponveniént methods for medeling the disease state
associated with_ the effegts of thg product frégment,yand asseésing

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

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

of the precursoﬁ protein to the product fragment.




that the precursor protein is expressed in tHe Celtl™ Howevi% [ D
enbodi nents where an i nduci ble pronpoter is used which caus J?‘B@POQS July
2005 WD 02/ 055720 PCT/ G1102/00153. 8 but detectable |evels of expre55| on

even in t ghsenge of the stinmulus, then the stinmulus ste

omtted. Ii)Gg(l)weral y speaking, the precursor protein wll Cﬁﬁéﬂf%ﬁ in

vivo, is capable of undergoing an induced conformati onal pol yneri satl on

interaction (in a self-propagating manngr) leading ultimately to the

formati on of aggregates conprised of the product fragnent, and associ ated

with the di sease state. The product, fragnent obtained in the method

provi ded herein is a nmeasure of the 10 pathol ogi cal aggregation and

pr ot eol ysts §5CBcE3se \ilicc Rethodinay ihweabe tmonther produdtionl pforone or nore

t oxi ¢ pr ofhiiecang) the 1di-sease k&1 gppnt (or one or nore

of the fragnents). of the prese%to%netsﬁtl@p%g y&lnogiaog it r ey SChply be

. ‘used as dn imndicator of the pat hol ogi cal aggregati on process 15 The
protei’ns and i nteracti ons upon which the-nethod is based are discussed in
nor e .det aj,| I r nt or.s haede rated that it is
unexpect ed| ;Q%ZQIWE%%?F@QES??%% r};élgt% |1\?(¥Ien E’ﬁ@sl:e?ﬁ}ilét é3FPhgment
at a (fiTEFsgohcemieastbntathi CF4PE )rlm:detrokh«e Q@ﬁrhse o€l &n lindacibee t he

cell i ne_onomoubﬁbaluej ar cdpesi idtivehpwael bel ale %QﬁQEHP%'Eé %r?&m t{'e sort

shown e. g 96/ 30766_at Fig 29. 25 Nevert hel ess :
pr edet er i (r% VQ:%%[? tg’lzonwg?n 'IH}ZJ CEPTHIRIGR) l?t”idslcﬁéssilbﬂelﬁt Gystem, tJhle

pr ocedsi n{jlde*ﬁ-”g?h‘e Jueeegr s bpn—drpehdent ticuncpt Dl Gl the agaeatcwhi gh may be

t he sane, qui val ite different totheterrplatefragnent)
')Whl ch can tE%Egghyccagcrm?a?e aé‘% gqtceo'ﬂ&na L@t‘?é%) ~BoRcdHtr desRPIMhi ch i s

toxic 30 Rredughes delgheanﬂevdsﬁa:rmfcohe e]SZp&ndBHEa:dﬂ‘éeddﬁﬁaS&a@héﬁé‘ This in
turn prow@es-eMy & ent MEURPASLRILMAE! LD, NG di sease, state

dose- dependent
manner by tau-aggregation inhibitors. Indeed the quantitation of

15 1nh1b1tory activity of compounds with respect to proteolytlc

5

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 nucleatién_is initiated, an aggregation cascade may eneue
35 which involves the induced éonformetlenal poiymerlsatlon ef further
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




associated with.-the effects of the product fragrrent .. and_assessi ng  the
ef fect of nodul ators on the generation of the product frag?@t’l‘” 2605 | n
various-other, discrete, enbodinents the invention provides corresponding

met hods {wjozaﬁyn@f initiating,. seeding, or controlling gdwcpimioenl ytic
processing and optionally aggregation of the precursor protein to the
product fragnment. 15 July 2005 WO 02/055720 PCT/ GBO2100153 9 In each case
the nethod may involve nonitoring (direectly or indirectly) the |evel of
proteol ytic processing of the precursor protein. 5 In one enbodi nent of

t he presemiughyent bomn fp'rla»mblaas&awsad o€ fedf)degexpressod, Uldiiheagt h tau

- ("T40") the nt n, i ndu I bl e and | ow constitutive
‘levels o#&? aggre{ %FtﬁlOlo% cal f%mlﬁﬁp ngngg’lﬁ.gr\ﬁfé’no 40 expression
i's induc‘éti5¢arﬁet9n| S system it 10 under goes aggregati on-dependent
truncation within the cell, N termnally at ~a.a.295 and Ctermnally at
~a. a. 390 t hereb produci ng higher levels of the 12 kD PHF-core domain
fragre Pre%ﬁ%&%/ﬂ“‘a PAIgentRe o 2t FVERHEMR dE&nPBECH| Brked prokein.

‘dose- deptemlmtusmnnefe:by tthe- agoh egatl pRotadtibirtk@ess dddaedivhes any

tirt f I bi t t d th t.to
glrjg'? _el)I % llfgtm%er?efrg t%(r)lcnha“‘lo:p rgEXlli%%l?’?/ag‘{;r% r%%gﬂﬁs.' %V}Aeel Icglr‘_’%g e%el%e]scrl bed

entirel yas rbeeempnefartm sakerger angbersoihistiedosEanbld dsnwbbel i o of

~tau-tau BiptiNGiicA M dfdtuntihas él@ra,rﬁgXtr@Bea@d e&eteglcyf 'a%segtsﬁlmtd on of the
12 kD fragment within cells is determ ned 20 entirely by the extent to

t au-Yau BFFRAIRFCLHr &?}f&}taﬂ%irﬁﬁe‘%& d8mdl ErorheMabhi 13419+ S71o0fUShe
.rel evant 7(pr ptestsgss W\ tdiid atrtbeksebh ad ﬁlBfwbddebLhBQGcfﬂﬂéﬁ*b&@feiﬁéﬁ(N ns a

| ggsgg:gZ{%ﬂ&%ﬁl udi gbegxasu%%artnl eéz?tu ﬁ%éﬂ:yAghasrteattgg ggr%}t/oen ftea%ugsgs\;/en ion ma
having a characterlstlc N —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 consieting 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 o

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.




protein which is associated with a disease in which the prot ein undergoes -
an i nduced conformational polynerisation interaction i. 194dy 280%hi ch a
conformati onal change of the protein, or in a 30 fragnent t hereof , gives

rise to tenpbaéssehebi ndi ng and aggregation of further (preggy é&fzoo{” otein
nol ecul es in a self-propagating manner. Once nucleation is initli é an
aggregation cascade may ensue 35 which involves the induced conformatl onal
pol ynerisation of further protein noleaaules, |leading to the formation of
“toxic product fragnents in aggregates which are substantially resistant to
further proteolysis,. The protein aggregat es thus formed are 15 July 2005

WO 02( 055¢y2Q.RCEL 09123 1 d ou ht be a proximl cause of
neurodegenergtl oﬁ%g%!l‘m ca thdgtma SOREFI TR YEL6Bi @%¢ synpt ons of

this gr oﬁ‘aéTaCtﬁFééa@é%Y E@tppbtfgamaédpeordmdi rgBtsgHfidohent V&N iceBare based

on tau pridhfiche dYWeige UsedrBey q;otg{y Lbhg.lermtau protein” refers generally
to any protein of the tau protein fam('f “Tau prote| ns are characterised

as being one anong a |arger nunmber of prot ein famlies which co- purify

with nm citttabllyest dus img vepeatieteeyeles mfseg§§eﬂpl%l@ﬁdtg‘97%§§g§§enbl y
and

( Shel anskj gt Acad.  Sci .
are knomﬁaz;ls %B%FE%&% II:ﬁe ggg%c?ralpéacﬁ?%lt”& HECIRMPSRY RERDEY $O3F - th‘-éhtt:au
family siR&EogRESEbITRM nle@a@@ﬁcme@ﬁtlm\dmgraemagmt aki sidie SNatgsgipal

segment , aSﬁQlB&B@EfS S veaRRbeXARLELY ngerted in the
seteZ ek are dgg%%mﬁg% aﬁpde rég u?a(f SRR R ain, a

N-t ergi
char act e% st gum'tl%éh%]eorﬂ Pgng%ﬁ holegieat c%?@#?%gtac}# agg@egaqtetsandehhe epeats of
)31 32 aﬁeﬁéaaelmrusamdast‘elmtm petadiiaial. MR s thBe,asedaginant

m cr ot ubwegpas ed i ndr| tic conpartment
( Mat us, 3\ it 5%&% ot SE[J‘IQ%%&F% a0 qb‘a ”’g e&?mﬁ’o’ffpl F58e1885:  John

Wley an F§8hs PRYSLnsgRBIM Pinked 2o chromosome 17 (FTDP-17) ;
dls1nh1b1t1onvdement1a~park1nsonlsm*amyotrophy complex (DDPAC):;

15 = pallido-ponto-nigral degeneration. (PPND); Guam-ALS syndrome ;
~ pallido-nigro-luysian degeneration (PNLD); cortico-basal
_degeneration (CBD) énd 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
i:) of the invention are described with respect to tau protein or tau-
.25 like proteins (e.g. MAP2) the description should be taken as
applying equally to the other proteins discussed above {e.g. p~
amyloid, synucleln, prion etc.) or other proteins which may
initiate or undergo a_51m11ar pathological aggregation by virtue of
| conformational change in a domain eritical for propagation of the
e 30  aggregation, or which 1mparts proteolytlc stablllty to the
) aggregate this formed (article by Wischik et al. (in "Neurobiology
_f_' of Alzheimer’s Disease”, 2nd Edition (2000) Eds. Dawbarn, D. and
Allen, S. J., The Molecular and Cellular Neurobiology Series, Bios
. SClentlflC Publishers, Oxford). all such proteins may be referred
35. ko hereln as “aggregating disease proteins.”

T.ikewise, wher
' e mention is made herein of “tan-tau aggregation”, or

the llke, this may also be taken to be appllcable to other




isofornms are alnost identical to tau protein in the tandemrepeat region,
but differ substantially both in the sequence and extent of®J4lé0®terni nal
domain (Kindler and Garner (1994) Mdt. Brain Res. 25, 26, 218-224).
Neverthel%@g?‘msé‘&ﬂ’r egation in the tandemrepeat region is REFGRVMIE: ve 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 aggregat iton, MAP2- MAP2 aggregation and so on. -
30 Figurg_ 5 shows a Table listing various other disease-associ ated
aggr egat | RGPTPIBRIASPIAFTH f@yrEeabsed /i fuFheapricenioidvagaiegationn each
case t hepdiseasgreyatiseases synusheth ddaeelaiidtdt@n 8f ke egahi on and\ or
mut at i on +R.oLel .y, play a role is 35 also listed. The domai n or
nutationpgég%g'§?€|§g§%#é%5%§aﬂ 58 s@” “Qctivity is listed, and at |east al
or part of this mnimal portion of the protein would preferably be
enconpasgegdsyrd ke aghenpsate fragnent used in the present invention. 15
~July 2005 02/ 055720 PCTI GB02/ 00153 11 As can be seen fromthe table,
- exanpl e di seases which are characterised by pathol ogical protein:
-aggr egat ionpidrrida Mb&Iincheur ORCcKkl $8856n ANthieRW oRO0Y &S5BS, 5 Not ably
it is no r%]lll%tAl zcgleligfr'ss Disease in which tau protein (and aberrant
function or  proceSsing ther SSPF-REY PISaytac ol €5 TRE cppthitigeRésts of
neur odegérrrativpgngntbrattdhespchcassdi pkbteili, semseh aath Rrar@ressd ighat
Supraghuchea¢ J2aksy ; re.t oLLe | 10 _an. accunul atji on of
pat hol ocﬂi) cal t r,&nca%gﬁ%léﬁ%ggrgaaﬁ% :&ﬁ ﬂt)%(;acg tgge%[} at r{lf;(i/urrusso RS 8 L ate
- pyr ani dat® c8titease ?ﬁé"f?é’@@@%?e%“?‘éé’ﬁéét?%Iaﬁgréﬁh’é%l‘d@me#ﬁisasihamI ude
front o-tampor.al denmentia (FTD); parkinsonismlinked to chronosone 17 -
(FTDP-17); disinhibition-denentia-parki nsoni sm anyotrophy conpl ex ( DDPAC);

In the case of disease proteins which aggregate, such core
15 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

_ combrising 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 protein.or
- 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. N

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;

| In the case of AFP (emyldid precursoi_protein), for instaﬁce,

~ expression of a fragment of the APP that.encompasses the Ap domain

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

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

rfrom_two,_or more than two, of these proteins (e.g. as fusions).




15 pal I'i do- pont o- ni gral degenerati on-(PPND); Guam ALS syndrone;
pal | i do-ni gro-1uysi an degeneration (PNLD); cortico-basal #eddheP@®ion
( CBD) andm(?éhers (see Wschik et al. 2000, loc. cit, for detailed
di scussi o 0Feyewi al ly Table 5.1). Al of these disease ' e
characterized primarily or partially by 20 abnormal tau aé‘é(ﬁfé)%iéﬁ?“é’ﬁ{:" are
referred to herein as "tauopathies". Thus it wll be appreciated, in the
l.i ght of the above discussion, (and exgept where context requires
ot herwi se) where the enbodinents of the invention are described with
respect tithe fwtplotendriobrt ehe Riagdlake PFQRLRSLLE 1L JMAP2) - the,
descri ptign, sheyld.be, t@léegsas aaﬁfl)j ying e qa|n|@yl?‘é€ bf%hé‘néﬁt H%}Cfbrl& ei ns
- di scussed_above (ae.g. (3- Si710idY SPAhRIHI IR, Piverreebeoyebn atker proteins
whi ch mayf*9eritabelng wenderigo: avisilnpkasrfpahek ogiGal -aggr egat ie%F& a?yt(\jli rtue
of confeniwatd eoal 3ghageshn g dosri goergdical for propagation of the 30
aggr egat | ?{&w or_which inparts protéolytic 'stabP? itV "Co2thes kydreagake this
formed (articl & by WEEhFRRedingnts( i nieleobietiagy thafhi P@heig®lh S
 Di sease" evend SBAi t iDHi2009)dedHdseq.Dawbarft, D. and Allen, S.J., The
Mol ecul ar and Cel | ul ar Neurobi ol ogy Series, Bios Scientific Publishers,
Oxford). Al such proteins may be referred 35 to herein as "aggregating
di sease PIFSE&ERALVES Li kewi se, where mention is made herein of "tau-tau
aggregation”, or the like, this may al so be taken to be applicable to
ot heg, 15Iglul ¥12005 WO 02/ 055720 PCT/ GB02/ 00153 12 "aggregati ng-protein
__aggregat i on* T SR ECF ey lanyhere agiredapiarein eion mgghegati on and
{ )synucl ei Rraggiegatdmmaet cor lddseWesggmday opT_;Qtf‘e@i}{ghCnlgﬁ%ri%dggéﬁn" and so
‘ [ e pr t

on. 5. nga{lgggelllrsagﬁggﬁgﬁédq Brﬁf erred enbodi ments of t

i nvention, the tenplate 1rdgient - Cormpri 88sothegnEnsiantesfenbial |y of, or

- consi st sCBFTESPORBNG reryimnee” pobtedie (Dresuckalc REQALIMLy WA Gheterm refers
g t(r)ot hf”‘tn ibppaptidle,t BeoPI MLRaLNBE dtaARL e 590 & OpLhe Rrecur sor
P . BN of the reference sequence. Such derivatives will also share

sequence identity with the reference'seqnence.

For instance the protein used may include an extended N- or C—
terminus, which extension may be heterologoué to the protein
- 20 ~ sequence. Equally, thg derivative will be one by way of amino acid
insertipn, 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 aminq.acids-of the'natural tau or its fragments have been’
replaced or delgted, or into which other amino acids have been
inserted.

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

aggregation these may have. . . L

Preferred derivatives may be those which incorporate mutations

35 corresponding to'those known or suspected to be assbciated with the
disease state. These may inelude changes correspondihg to P301s8 '
'withiﬁ the tau sequence (see Figure 7)f Othexr mutations include

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




to initiate or propagate proteolysrs and aggregatlon as descrlbed above.
In the case of disease proteins which aggregate, such coreld8uly28@%ents are
also likely to be those which contribute to the proteolytlc stability of

‘the aggr@@péRsshhus. for exanple, a "tau core fragment” ls%@[Gh@i,rﬂoflgﬁgrrent
conprising a truncated tau protein sequence derived fromthe tandem 20

repeat region and, which, in the appropriate conditions, is capable of
~binding to the t andem repeat region ofya further tau protein or a MAP2
.protein with high affinity. In the case of tau, the preferred fragnment is

thus exepqpld i edn by, DUl ngbobl i fed, to, the tau fragnents present in PHFs

‘(and, ulti matel Y, neur of i bril | ary 25 .tangles.) in Al zheiner's disease
brains. A preferred tau fragnent may thus be from about (say) between 295-
297 ext Qﬁlﬂidigpkéf@bﬂe&ﬂ &Qvaei—vé§%y‘ d@ﬁldé rtaEidghlr %@atﬁﬂ Lhoygh cokari ants
of Sucrr:y‘ir ment s rraua sdo e usedI, as rfgsse 0 In the case of
APP (a “pr&cttrTorSPioferny, ¢ PlPﬁ%’t% é“alnngrQ%’s’? °6f a. fragnent

of the AﬁFagrrrwtts encorrpasses the AP domain of 1-40 or 1-42 ami no acids as
a fusion protein, may be preferred. 35 Qther core fragments nmay be based

e.g. on the dorral ns discussed wth reference to Figure 5. Tenplate
f r agment¥etmdyither RFIGETTAS ™Y dif PABSd gin ebiEerharPradictsf basrson

pr ot ei NSnf1figl edSr Ui aN)S Hisdhsd lﬁx)bt%@ﬂé iV 2L08RL 20 ﬂ%ﬂe%@g/a@al% 13
The total, I%rtgth of he telg:gl ate

, be any which is rlate
to the S8R SAd AYYreshti 68 dl}éaemé’s 5?%15 106r gnzh%me%? ‘gﬁp but
wi | IlOgerrecndtd pebéigrieat é:rogtahaﬂrorlt'@qtﬁahgm@@b@m MRBZ QB0,ev4D, oB0an 60, 70

80, 90, Yr3Q+aH gen@qtcdsjeherte@qt&omb%nm/@é%&vgel\?@m appodi oENLS ikt May

be greater t han or even 500, if this is_desired. Derivatives i
strategy for modifying the core fragments would employ PCR as

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 iselated 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
‘;‘)artially synthetic_in that it will comprise nucleic acid sequences i ,

- ~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 orrnueleic acid analogs. Where 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,




10 In all instances herein where a naned protein (e.g. precursor grot ei n,
“tenplate or core fragnent) or a recited nucleic acid sequénddyi2@0
di scussed, a derivative or other variant of the corresponding reference
protein (or nucleic acid) may be used as appropriate, provided that 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 i ncl dde an extended N or C terninus,
~whi ch extgnsi e heterologous to the protein 20 sequence. Equally,
t he derivat | VEQ\% k] 8§ele‘%§ﬁwob‘1t P NGSaci Wi wIer t PO, ol@logt hpn, or
addi ti on 9 EReverieupnTevBBTUENEE vaFOin: €%aHT £ asﬁgy%g{[ﬁ eln or tau

[

core fragmbblogaidVaki Y& yd:l. conprise at |east a par Afno acid
sequence resgn%fi ng}yt he y)agtéélﬁlggmmrqu%eﬁer%@?%r‘i’Yofth?h‘éBL%@TI\prpmbg'rm, but in

which on@fof Bl etosl of (1398) am nbiol adiids- mfs:t hesnag ural; hag or its
fr agnent sthaderdask ihephalGae, Obdel gt Pt%isonﬁ i?)to whi ch ot her amno acids
have beeg ahggle%t ed. Such changes may be T § Bhfikereeedr tabl at e bi ndi ng
acti vi tyvh e 30 PTATROTHSE helMifiudef part of cbat Wl éomXperhSRYLS) |
Cont r ol sVAB§LoE dnt Septaedcet 1608, OfcHRAYLI CE TP i NS see what effect
prfl: I ;?L’ges?’r%?é whi ch

. | e
on aggr pgadd OMakhess . Preferred derivatives fa
i ncor por at e mut ations g@%ggﬁgg%bo[%%’nalf‘bortsﬁﬁs%37<%b\/w&imgsuhqz)ectdfedlto be

assl(;ci atBY W Fhe Onfi somsen sfatmailaThes eateyl 4 nchdidg gagggfen% respondi ng
t 0 H801S-omiitttiionst hepdiaddseqUenEe &S igure. 7)., Qther nutations include
@72V,  RHR,, E%O%}, §279K .%OSE&V%%{%QQ%@%# REISGRD RUBEWY se8d 15 Jul y
2005 WO 02/ 055720" BCTPEEhbIh Fssuenge diove Lavs cisik Tet=ab1. 2000,1656805Q) -

O her pridfadr &d0 dek | (FaGirObs- y63i el Belenkangdem IR f the core-
fragnents di scussed above, or binding domains wt h?%L hggeé%ﬁﬁxagrrents.

Nucleic acid sequences which encode the appropriate proteins or
. & - Polypeptides can be readily prepared by the skilled person ﬁsing
the information and references contained herein and techniques
known in the art (for example, see Sambrook, Fritsch a

"Molecular Cloning, A Laboratory Manual®”

nd Maniatis,
_ «+ 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
sources,

& . ¢ €.¢9. from genomic
{(ii) chemical synthesis, or (iii) 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 o

o . enzyme
recognition sites either side of the portion to be exp

" ; . . . ressed, and
: cutting out said portion from the DNA." Modifications to the
protein {e.qg. tau)—encoding‘sequences can be made, e.qg

- ‘ using site
directed mutagenesis.




Yet further derivatives may be based on -chineric products based on

mul tiple, related, disease proteins in which their sequencédJdly@00&i xed or
conbi ned. For exanple restriction enzynme fragnments of tau 10 coul d-be
ligated together with fragments of MAR? or even of an wunrelated gene to
gener at e reconbi nant derivatives. An alternative strategy for nodifying
the core fragnments would enploy PCR as described by Ho et al., 1989, Cene
77, 51-59 or DNA shuffling (Craneri et al., 1998 Nature 391). 15 Use of

nucl ei ¢ aci dizonstuneet aspbict & 861 P5cOlne O e 41, the present
i nvention Ry be . provided i sol at edga%d/nor 8&??%%%@ St Rl Pr Gl

envi ronment N SUbstahtS%al Fuisdnar nvsregenecis feor:nulm)g fige aor
subst arfedrelayef rfeegménmtdsmrtmsu@r%bﬁr%t dér&éelkh%uEHeEb% I, Vhere
enconpasses al ese 4t i es.

used t rm.isqla

Nucl ei Lﬁ;m %nt Qg. Egrﬁ%% dvﬁﬁﬁé BERPISRSE fimaghentelin at abel@telj eadth

parti alisy n@;zmthstq: cta rettehaniit ,.md | (1G_erﬁhbsﬁr@&ﬁls%lr B?Sté’n?es%%”%gl%z S
r )

. -Whi ch.par g;09% gether ature- (do_ not- cont’i guo but
whi ch have l%eens%l ga?ceé%or ot # %Li-% gé’ 86%??}%@3131 dit ithecreall yin mMspbese aci d

accor di%fg3at 8timielysregbnth i mudrticonc 1y Heicseri B fiy 0y ,0f . or derived from

cDNA, RNA, genom c DNA and nodified nucleic 30 acids or nucI eic acid :

- “anal ogs. Where a DNA sequence is specified, e.g. with reference to a

figure,. unfEs$ééhlexpotbgui agsat hey vire pidienRNARSQUEYAL €Nty i th U

substlb%egjgcpr Tunhese idy éiogcgrs sj\? enconpassed. 35 As ‘described above,
5eIP?%/asﬁ

the nucl ei-c acids may enco &&egr frPther variants shari ng
honol ogy g t he reference sequences in question. Preferably, the nucleic .
~aci d and/ 3r "am ht? Aty L sequence in question would share about 50% or 60%

or 70% 0%'-8§% i gtenttdty agd Syqtulgyc2008 A refer agt about
90% 95% 960, 97% 98% or 996b%19 %he seq@?gaugéﬁgﬁﬁﬁi ﬁég riant is

based. Simlarity or
3'-57 T40-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 |




honol ogy may be as defined and determ ned by the TBLASTN progr nb

Al tschul et al. (1990) J. Mot. Biol. 215: 403-10, which is 15 duly 2 @%ndard
‘use in the art, or, and this may be preferred, the standard program
Best Fi t, WRMMYY part of the Wsconsin Package, VersionP§Y Yiber
1994, (GEnetlcs Computer G oup, 575 Science Drive, Mdison, Wsconsin,
USA, Wsconsin 53711) using the default paraneters. One common fornula for
cal culating the stringency 10 conditioh§ required to achieve hybri di zati on
between nucleic acid nolecules of a ife0|f|ed sequence honology is: T. =
81.5C + 3F"BI1Yy HINEFF Y Getrpobsrgnd ig. Be (Latfternant de)conB@dL#bps i n

dupl ex. chmstigiihgaend sequarcespubi 6 ancedact ha-ARREOPEIA B Ot eins or 15
pol ypeptides can be readily prepared by the skilled person using the -

information and, references contained herein and techniques known in the
art (f orNexbip! ecisieeeSaeriresokhifhi emaﬂﬁealadv&btmxattlosrepli\&&@:uhabng ®Ai ng,

A Latgor aﬁugfey A\@I@@ed’ hggwl. q:e%@.r ! Qge l_\‘.g%ﬂwbklnolwﬂbﬂgrat Ol;r %Jba\?ﬁléjéand

Ausubel et al., Short Protocols Th cular Bio ogy, y?and
Sons, 199?§5tfrﬁ€§bvﬂééﬁﬁ$qd@@'EF%@PL@keW%rﬁovhevkﬁﬁi Qtlgtmsrﬁﬂvﬁ@erase chai n

react i onpé Rda t @deadPh idy, sf@vpbﬁsBm) the h@éﬁﬂa%r”la'%&ir?g ACkdyrse;g. from
genom ¢ sources g h% Qﬁglcal nthesis, or (ii,i) preparation_of CcDNA
sequences &hEodi HYTESGLOP AP TSEE FP%@%@ﬂfﬁ ﬁa&u%ﬁaﬁéﬁéﬁﬁt%ﬂ and
used i n_dwmq delreinayrkcndwn ¢wartios e bef iskidd &drinnot he @ralsmigncl udi ng
by  feaki 89s:e0£0d179 1 ticq nt b{;xet;ﬁ,g &u'a bhéhéﬁ%h&kgﬁig“veec PEBx 50

recognition sites eit e port on to be expresse

cutting SwSTAF ;‘J’B‘FFPO?P‘? rbﬁnFtlh‘énDNP\bY PoePH} ced enBressache protein (eg

t au) - encashrprSeqeences can be nmade, e.g. using site directed nutagene5|sg
15 July 2005 15a In another aspect of the present invention, there is

provided a conposition of matter conprising nucleic acid encoding (i) a
Expression vectors will contain a promoter which is operably linked

15 to the protein-encoding nucleic acid sequence of interest, so as to
direct. mRNA synthesis. 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 exampie, 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
wfmultlcellular organlsms) w1ll also contaln sequences necassary for _'

the termlnatlon.of transcrlptlon and for St&blllZlng the mRNx&.

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

o using conventional techniqueSY‘other_thah {indirectly) by its




tenplate fragment of the precursor protein such that the tenplate fragnent
is constitutively expressed in the cell at a level which T%J4pE0@Dxic to

the cell; and (ii) the precursor protein such that the disease protein is
i nduci bl ywexqarosszed in the cell in response to a stinmul ugcridiceedscl eic
acid is described herein. In still another aspect of the present invention,

there Is provided a nucleic acid priner selected from 51-3" T40-Not |
-gtc gac tct aga ggc ggc ego ATG CCT16AG CCC CGG CAG GAG 3' 31-5'
T40 Not | 5'-act ctt aag ggt cgc ggc cgc TCA CAA CAA ACC CTG CTT GGC CAG

- -3 295ag@Rse §f Ipﬁbu@so%@%@ﬁﬂr%&%g’a‘{g %}9@%}21%% %%

3" 391 ant | -sensetgA % ? CG GGA'TCC CTT
GGC - 3" PIESRETIIE{ECFREE he r‘?\’;gﬁFJFb‘f?léﬂ ypdetacdebde vhen Fajdt her aspect

to nucl ekggragrdicoliec ihktbianedi nguthe@pptops indlye bBr 6 UESQY 8pdeisdwl at e

fragment RLELELNS, AS I resent on the 15 July
2005 - WO 02/ 055720 PCT%%%O%? %’%55?‘9%’ sarreeo‘?redélefn?' P‘gﬁ’ﬁf%%‘ﬁ’set FGER“E and in .
the |att #PEaseIrEEnsyshtavridioseohpsted mgoven or nore types of construct
are al so provided. - Nucleic acid sequences which enable a vector to

repli cat g, [ DLoNe Qr ggée sel ected host, cells are well kn"ovvn for a variety
of bactefia, Cyeast  tandc VTUREECT TSR RFSFPERE 5 rEndseilglels « SV40,
‘pol yom, Wéeléhow rgs sayS\arst BPY) aekl usekubtdal byl @nbsg HEQNEHSiA Nthe

li agcgel | d d bed
TanTel | 28:071 Leyr BURLRSSA OLMIEHORSHOTRY L RLIG.AHE! ELE, 8010, 20, descr i be

% or exan‘g be in formo
par t 1t] e2 Bh%@% Stypudpg- &%P%HF?a‘Eﬁ éh@eétmul@rs veuhet rhsdtwerhi ch can be
} aken uppbynat@ed.| sand ExdicasSedprafaRl EAIR! Mittle or undetectable

levels of expression (or no expression) in the absence of the
appropriate stimulus. Other inducible promoters cause detectable
constitutive expression in the absence of the stimulus. Whatever
15~ the 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 vectors of the invention may also contain one or more
selection genes. Typical selection genes encode proteins that (a)
confer resistance to antibiotics or other toxins e.g. ampicillin,

‘neomycin, methotrexate, or tetracycline, (b) complement 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 ideantification 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“pIOPagated 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)]




Expression vectors will contain a pronDter which is operably linked 15 to
t he protein-encoding nucleic acid sequence of interest, soladuly@00&i rect
MRNA synt hesis. Pronpters recogni zed by a variety of potentlal host cells
are welt known. "Operably linked" nmeans joined as part of the same nucleic
acid nol ecul e, suitably positioned and oriented for transcription to be
initiated fromthe 20 pronoter. DNA opggably linked to a pronoter is "under
transcriptional control"™ of the pronmoter. Transcription from vectors in
manmal i an- host cells is controlled, for exanple, by pronoters obtained

-fron1thgﬂgfnones of viruses such as virus, fow pox virus,

adenovi ruSS SutRPasahderbor: fier 2yse B@\/Iti;é P%W#PV@WM may, inglade

sar conm ad rus.giaybonBgalieutiols, ¢hd & A¥ke Lﬁnoﬂ@.ﬂagé&&én& (\é')r B f" m an
Virus 4qj_§yéplb frg@gsjgt rol ogous ma Ilaqwgfonnters . he ac
pronot er of ~an i MuNog oBufl% IPEEL, 5ﬁFh%%IaEHﬁﬂH€lﬁF8nﬁlers,
prov1dedlﬁgﬁ@mlptDﬂntbmsuaa91@mnqﬂnuebbe,vmmreﬂﬂmachﬁsélémﬁﬂt SYSHEAKBe 30
Expressiqneveebatsrfsedal Br em% FPQ&;‘S ST A rmeir]fo%ng?ﬁl g{tenssee(:t

“plant, animal, human, or nucl eate rom ot her tic8
-organlsﬁ%ﬁmﬂﬁPFPtal%%P%9¥ﬁt§F?F§ﬁﬁﬂuéﬁ§é§lﬁ@c%ﬁﬂh§#ﬁU¢®rwhndheawerhnmmn|um1 of
transcritpiel eriabhed fartiskabi | i zing the nRNA. 35 The pronoter used for the

tenplate fragnent will be "constitutive" This pronoter may be
sufficiently weak that the level of tenplate fragment expressed in the
cell isTwensfeseefiqrdirectly) detectable using conventional techniques,

other than (indirectly) by its 15 July 2005 WO 02/ 055720 PCT/ GB02/ 00153

17 affect on precursor Eroteln | eadi ng to aggregation and proteolytic
pr ocessPAICtREPESS] Prethemedentelyvearderedtanl krosdess Sar doragriegati on i s

i nhi bi tedalblésmlprmﬁoheé SinTBYy nBense! £C 1R hYbédasRveskihi &f dmbdlag art in

the lig f.lhe es nt d| cI re without 5 undue burden such as those
li sted g% rlsﬁs Ye ga ngp}%%ﬁ¥gﬁ?ngrb?§?ﬁ'CFH% protitercis

" ndUCIBFGOdlng {i) a,template fragment of the precursor protein such that
the template fragment is constitutively expressed in the cell at a’

- level which is not toxic to the cell; and (ii) the precursor
protein 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.




which is to say, and as is well understood by those skilled in the art,
expression is "switched on" or increased in response to an19dulygp0dsed
stinmulus. The nature of the stimulus varies between pronoters. Somne

i nduci bl e pronoters cause little orl8@ndetectable |evels of expression (or
no. expression) in the absence of the appropriate stimulus. O her

~induci bl e pronobters cause detectable constitutive expression in the

absence th l.us ever 15 the of expressi on is i

t he: abse(r?éle oﬁt?%& loﬁlﬂl‘\égs]lcth pr %s‘f”%’herfaﬁé% RV TidudPorEt 'tﬂ”&'rmt er is

i ncr easedliﬂntﬁheolpr@ém:ensmrmooﬁr regt espiloyl arsy alvaiéxphes itemhsghel ow, a
Lac i ndugich! ukRERIDLELDBS, Q%@.@:aﬁﬁ@dteéguﬁﬁgéleﬁ% AN EGE Ok Sy Qlod NE |

i nventi on ey al so contain one or nore select genes. Typical selection
genes enE8REPPREE e‘f’?f‘é‘SfFﬁ%’to%a)DEAEoH‘F’é?f%sPé?ﬁﬁ’é‘é’qr@taﬂ{ll bligoiseseor ot her
t OXi Ins engdlanpdctztalnsrfecthﬁomﬁal B rafiBihetioaX abeng Oe tir@li 26Y fﬂxl RRhekb)

conpl enenf . auxo enci es c cri.tical putrients not
avglpl abl e rﬁgm% &pma% élgﬂné) %%r mse(ith(c éjeﬁqu% CBEVAGYD: al™i ne racenmse
for - BaﬁaﬂFFumAﬁr@m?ﬁteelﬁ?los’apgamécm ebi abide marsk desciidredrdmmal i an
cells ar gatBessxtdataenablysrd heyi Qﬁ@éhfdp%@sg%noif %%lnle§af%mta%n% to take

up the desired grot ei n-encodi ng nucl el ¢ "aci such "as DHF or ym di ne

ki nase. RACKBPYOLTT QTeCheRt SdilF, thilerrantrant yies PHERa30ce G -wadpl oyed, s

t he CHO balrhlér@e ]ﬁﬂfﬁabﬁi@ﬂtw_ﬂth @UE&:@@Eér\ikthum@fa%&%f ed;antkeRr epagated as
Acad Sci USA 77:4216 (1980) A

descri beg ¥ %J 1 eﬁ%

sui t.abl e “5&P'dcY 1°Q‘eﬂ cq‘%ﬁlﬂsg ?’ht %Fé%t 7% deneribpfl lyersbapr et in the
yeast pl asned I@)_BI[SSt(llﬂB::t‘icamﬂi wet 8t 058 SMapub Bi sl 2895449 ¥sg . Ki ngsman et ,
al., Gene, 7:141 (1979):; 35 Tschenper et al., Gene, 10:157 (1980)). The
trpl gene provides a sel ection marker for a mutant strain of yeast which
| acks t hBoxr gmapaliapnocetlawvilfhony ptophanllforllevanpkeca KFOR NoosgikOFS or
PEPA- 1 [ 89868pi {EISh! £&thdP ok 2c£Hl )dna $8n J4lyY E%Ooélré'ﬁ:gpﬂﬂsé g5t ypd-Fal

vect or f(er use in theereresent i nvention may I ncl
1978) can be employed. General aspects of mamuallan cell host

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

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




an origin of repli cation, one or nore protein sequence(s) operably |inked
to a constitutive or inducible pronoter as appropriate, a 12 ddK@80%pti on
term nati on sequence, an enhancer el enent, a narker gene- Construction of

sui t abl e WRfhRES»EONt @i ning various of these conponents gﬁwcﬁ%zﬂ@tﬁgndard
ST

|'i gati on techni ques which are known to the skilled artis rmation

Al so provided by the present invention is a process for producing a stable
~cell for use in a nethod as descri bed 3Qove, whi ch process conprises the

steps of: (a) introducing into a cell nucleic acid encoding (i) a tenplate

fragment _of e precursor protein such that the template fragnent is

const i tutal%\c/:g gl% p{%oesl{%lgdm?ﬁh?%é’fcg?’? SqLig9en| 84 et whPchBREE nott 3PeR4€ to the

cel | ; andifiii) aime Hwiecuesozl. prebei M=mlchathat ddie disepserepnobein is

i nduci bl y 18%p¥f essgd,Ja,th L1 onse to a stinulus. | n_another

aspect of theypresent fﬁvgﬁ?%ﬁﬁ?Fbﬁ%égﬁﬁélﬁﬁgVﬁﬁgﬁg H%aﬂ%ﬁ1F§ﬁ%ﬁost cel

t r ansf or FEEFPWRE Y URICé e T ot @rod s deliean bedecherminatduch kectegiexpress (i) a

tenpl at e droagpeast ofustiba PLOCURSAEt WIALSI Brsyeh habathe, tenpl ate fragment
-constitU%%YeL <Al achgvel. which is not toxic to the cel I:""dnd (ii) the
precur so BEETT POUCR™PHEN 1oAY sHaSe Phr BF% n Bog VABIRYDItpChRim@ahonse
to a stifwyl bsandforidhy 296mm1ik8acdhies, i BEEOReGHT @, aWhj akedi@Msbengeneral I'y

ol | oo Eofyblopbt 165855 34:001850) |LANRERLIRL B0 . MRAEIR Do DMA T e uge

avai | abl e techni que. or eukaryotic ce sui t

cal ci um 3pRo$pt¥ftle transfection, DEAE-Dextran, el ectroporation, |iposomne-

medi abed transfection and transduction using retrovirus or other virus,
{“)e.g. vac%}g%acqéﬁ?for i nsect cells, baculovirus. The calciumtreatnent

““enployingocalc? chloride, as described in Sanbrook et al., supra, or

el ectroporation is generally used for prokaryotes or other cells that
contain %ﬂ@§£@ﬁg'ﬁﬁstcggilgw¥dr use 1in 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

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

ST 260562, ATCC CCLSLY and‘ﬁany others. ST )

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 Kiz straiﬁ MM294
- {ATCC 31,446); E. eoli X1776 (ATCC 31,537); E. coli strain W3110
{ATCC' 27, 325) and KS 772 (ATCC 53,635). Bukaryetic microbes 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 selection
' of the appropriate host cell is deemed to be within the skiil in
f_the art. : C ' ‘ ' |




barriers. Infection with Agrobacteriumtunefaciens is used f

transformation of certain plant cells, as described by ShaWé‘E‘ng% CGene,
23:315 (1983) and WO 89/ 05859 publ i shed 29 June 1989. For mammalian cel | s
wi t hout 3@P2/SII0 wal | s, the cal ci um phosphate precipit abCHEBMEEMSY Of

G aham and van der Eb, Vi rol ogy 52:456-457 (1978) can be enpl oyed. Gener al
aspects of mammal i an cell host systemtransformati ons have been descri bed
in US. Patent No. 4,399, 216. Tr ansf offrati ons into yeast are typically
~carried out 15 July 2005 WD 02/055720 PCT/ GB02100153 19 according to the
‘met hod an\FariE"Siﬂhleﬁg%?Peé%t'althe pregepk invenpiagyeroridyy ) dwgtHeshb et al .
Proc. Nat:bntamadlg Séterc(nd:%)l,s 1OCBS2O acid9gh)theHAWRYRE i o0t e FBE NS for

|ntroduc IIs .uc? sbnuc ear mc 0|n ecti
el ectropo{;a |on erl Tal agl%r% Ast™ ug%%nnmv\nyt lJt‘ quaggpl 0ty

pol ycat i bhs, q@cgne (podyybﬁe:rwospr@woqsf\itthhei hest eyt 1al Emtds;araised mfprbevari ous

techny qug,?omé&rdtbr g mgmdﬁgo%agg%hé@&sc%kéh ﬁ%ﬁoiésom&ébﬁ'amml s in
Enzynol ogé 185: 527 537 (1990) and Mansour . Nature 336:348- 3

(1988). iberEtomte| (8 IABRES hBEER csé%ainéiaF%rtelfé‘é‘lﬁHe% he #iheenetbre iy
i ncl ude baeteididic euk@rnyayt e orlis attthchsonmpmali ascend weash eedls, and

- bacul ovipus, 195 systens Eee 1'\4%5{?&%%&”16%?@&@0 pes available in the art for

expressi on of A “hetero ogous ncl ude fi brobiHst 316 cel | s,
HeLa cel £&1l- baby hanmster kidney cells, COS cells, rmnkey ki dney CV1 line
20- {g ansf or ned by SV4O (CCs-7, ATCC CRL 1651), Chi nese hanster ovary

cells/ R aub a asin, Proc. Natl ad. Sci. USA 77:4216

(1980))DHﬁ% églf ? R Uscegq TR, 2 NERSREP, dﬁcoﬁlbeﬁeﬁ%‘ae tinggoguatiopm -

(1980)); oﬁwmldmgcﬂ:@|¢®5(t\ﬁh33) é’sﬂ'% €6k Fgesthunman suchl d icekl.cell s (ng}

&, HB 8@§§}ésﬂgﬁ&iﬁgn@@fﬁuﬁinggnQPé éf%d %:g@@géd. Preferred cell-lines
may be based on the fibroblast cell line, e.g. 3T6.

15 -
Host cells transfected or transfo&med 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. )

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




-25---- 0-60562, ATCC CCL51); and many others. Suitable prokaryotic hosts
i.nclude but are not limted to eubacteria, such as G am n%éﬂw@ or
Gram positive organisms, for exanple, Enterobacteriaceae such as E. coif.

- Various E. coli 30 strains are publicly available, such as E. coli K12
strain MVR94 (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 filamentous fungi or yeast are al sgjsuitable cloning or expression hosts
for vectors. Saccharonyces cerevisiae is a 35 commonly used | ower

eukar yot lsscm)&{s,maﬁaogée@mo&%eﬂﬁ%ﬁ%h%t'un%titr&eala%@@ﬁ tgehost cell
is deenmed to be within the skill in the art.” 15 July 2005 02/055720

PCT/ GL10%FBHIB3 O 61| #enf mEPHHet- adPéipodiate uspEak oL nvention provi des a
host cel immawsttizitoichgmiteile s0hDYOS aAULOLI 552§ 8f Ofarihe EDVEM i@y BES

doser! begshotinTos el Bl 0! LIP BOLien, T B8 L sdialed | nto
pr onot ed“BYVeHEDEd Yot angdbedices Ml leh greorbed Fadonbi namau)wa/\n t h t he

geNoNe, . boq@Giy @aneee\Mgtg&e%eﬂﬂgaeqs&%é”yoq@?éptﬂé ernatively, the nucleic
acid may be on an extrachronosomal vecto hin the cell, or otherw se

identifiably heterol ogous or foreign to the <cell. 10 The- ceII may be
pr oducedrioys @nretbpecidest lthJaqrzlreesbnueu(veﬁtrlodueﬁumsof:aﬁslmge|o(r acid

1 di [1-1i
ConSt U e, NSkl MRS Ly W SLES RIS 1 |11 1o

are al so provi erred ce I Nneés m
line,” ey oytsuring lHtﬁéit cgblg §T@P£n§¢féié{te§nérfqlr mreﬁm Witt khexgerssi on

~or cloni ggreseackoss siﬁmnub)edsdwhet NeHRYS Baust | ddgRdnt M £ Preantignal

nutrien i fi propri for in in r r | in
utrie tThen%%eger@ dinve% lon a so g con%;[aesseg a meq:"il'lc gf pp:?or&%c?.na the ecting

product fragment, the method including expression from nucleic acid

as described 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.




transformants, or anplifying the genes encoding the desir %f‘%@i %ences
The culture conditions, such as nedia, tenperature; pH an ©q can

be selected by the skilled artisan wi thout undue experinmentation. 7
general , principles, protocols, andzpgactical techniques for maxi m 2| ng
the productivity of cell cultures can be found in "Mammalian Cell

Bi-ot echnol ogy: a Practical Approach”", M 25 Butler, ed. JRL Press, (1991)
and Sanbrook et al, supra. Gene expression can be confirned in a sanple

di rect | y Deftmctdganpf eaggdeygatomy enti ongirBeotl it hloobssirgr aNohbhetokic
“blotting #0 guaptitate the transcription of nRNA [ Thomas, Proc. Natl Acad
Sci. USA, 3 77 5201-5205 (1980)], dot blotting (DNA analysis)., or in situ
hybrl di zati on;” using an appropri at el y | abel ed probe, based on-the sequence

-of Ithe gggfh egatbog éii\k&ﬁﬂ&l@nw ottﬁbnpré&ﬁe&rsnatl ,ryﬁJt\éol @%& Ip%@b%lﬁ@l}bxbe

enpl oyed _t hat can r | exes, u I n exes, RNA
dupl exes, ggﬁggbﬁﬂ&-_ﬁ\&”%y %Jadlﬁ’pl the ’ée° 5 S?eﬂf@&o o P dﬁD‘gﬁﬁ Gene
expr essi mre&ﬂ!ér%tinpélryctlmyoybsommmdthy canmen hod wigine alr lm‘ﬁ]hmﬂ@ such
as i MUNQYHSLRCRSHE G ek i Ak %él%sor thé %u!'?or] ?r%thﬁS

sectigns, and assay of cell culture, to quantltate dire express| on
of gene PIOIVEE. TP BRY (WePHPORSH frlaﬁﬂﬁﬁ%lfs)ﬁf@‘é‘hé}ﬁré&g §k@i ni ng and/ or

assay of p&@mfpbe, fawidgrregycdes ehy hef vmeeeckonil nrakeddny ckafmbntAGyMRY be
- prepared jn DY f|m | . Conveniently, the antibodies nay be prepared

- - against ‘a native ~Se€dquence of the aggregating di sease pol ypepti de. Thus one

- under conditions for expression

. aspect -of -the present invention entails causing or allow ng expression

from the syl ehe Al 9158 UIRRMIAL RllarCe s ptei f/l Ll EBOGNGSL, cel | S
ene (ppresence of st us) so t hat

the pfoddCRSPRaYHERT B8 pFrImeRt. andl'ﬂ'éogr e3ggeshlentdednPa| Benidiwredpasses a

met hod . obnptndmasr]g Tobfem@féaduﬁ@ Ié@&eet‘ a thapAep R sisBal ¥ g £Xxpr essi on

from nucldel c agl esj(::rl b%q ove.
erive pr1mar1 Y from e precursor protein.




I n yet another aspect of the present invention, there is rovi ded a
process for producing a stable cell for use in a nethod a > ddx PPBed
herei n whi ch process conprises the steps of introducing into a cell
nucl ei c ¥ d2e¥¢Yding (i) a tenplate fragnent of the preeorsmprigsei n
such that the tenplate fragnent s 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 indugtbly expressed in the cell in
response to a stinulus. Another aspect of the present invention is a kit
conpr i si Sogna prestincéttedsiodensthded arer @i fiougddds iat r&BASor0Re é-Het her
conponen e m ent, for,.stinulatin roductlon 0
precurso% plseegostq %Bngb&gan%@eg%t SRPEEPE YT ghtgt Eher|at ﬁl%fusteﬁ’e
precur sotn p?wlﬁemm hof h‘élet ogphod eof rtagnamser&s idesctidrechaynbt he

fol | ow ngy&@etdc0By éénaéuaao%g%teémqf@@gecﬁépfu%amﬁ@gﬁotdleg \or

prot ol yti¢c processing, and\aqr toxic ragnent” I n various enb nts, the
pr og ess %stegjré’t@olg?i’l’c:n:tﬂ%é‘gs%@ %ﬂrrea@‘g?@gé& iteH EB‘Fl‘Iﬁm&Pé{’l@h t her eof -
see bel om)inggly becdetsisted rdbbEf:,t |a§hd)li:etdilﬂd;f1&ﬁgt leYie byn AR bRY the

- concentr e or the foll g t he
precur soﬁ%@%’t glrfﬁhfyﬁepﬂ% qactory amrrgn at'hli/ 95?8%‘32'[ afn?'égﬂ‘g'ﬁtlf f or med
~during tPRssgst gEessa ‘a@‘&ggttegahecfofth&nynbigqmegebéen@ argadedtiom

sedi ment@lua 16081 EbLi&NMtiShal ThserdS BXSFRLil e h W me%% GLh G Ar Jau
‘protei ns_ and fra rrent Jbased on 297-351 fragnent and T O), aggregati on

can Be. rfB?ﬂQtColPé‘B ot ’t siBigh ‘:“rrﬁcF@b‘%‘F“ﬂd’q &PefFau otPigorgR DBEHAScessed
speci es, prafeniedetly ptheramdtipd§ poNKdHierpaee WSItephot 8hiitabl? Athdyc12209 V\OJ

: 02/05572&£émggh§§92é90ééﬁgeﬁa%opes can be modified by known methods to

provide Fab fragments or (Fab'})Z fragments, chimeric, humanised or

single chain antibody embodiments.

15
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 enabliﬁg 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




.. Some protein detectlon met hods are discussed in relation tg g ne
expressi on above. Were antibodies or fragnents thereof ar &2 dui¥g905

enbodi mrents of the nethod of the present invention nmay be produced by
conventi ni ques. Pol ycl onal antibodies may 5 rai .

Jnjectlngpﬁﬁgh g?%espondlng tau antigen into an aninal,sﬁggggg%w%§ a
rabbit, and recovering the antiserumby immunoaffinity purification, in

whi ch t he pol ycl onal - anti body is pas%ﬁp over a colum to which the antigen
is bound and is then eluted in a convéntional manner. Preferably the

invention will use 10 nocl onal _antibodies which are_selective to tau
ep|tope§“ﬁﬁ9t68nsp?%ﬁﬁﬂﬁﬁ gQIt?ﬁ?QiéPﬁoﬁl o0 P 1$“hﬁalkgrg?%ﬁe. Sui t abl e
nonocl onaltivaidlyl bodies dggréqutepil apesprareibeofinditearedtbyeknown taethods to
provi de ,Fab fra S b a C ri d.o single
chain a LE (ﬁ{glgﬁgg%h rr%'rr}\{féggll;sga%et ftb% gés&aezgcg!?% a%d QH pr esgnE)f

i nvent i crognggayednpaPtdiad tpntize QQ}NﬂérC@# ﬁhﬁysbelﬁé£9§ﬁe@héyt%ﬂﬁn"antlbody"
shoulsd hg,GQRIkr HEGnaS <.GOVES | iy rhbadingeSHRstrnea . having a bi ndi ng
domain with the reqU|red specificity.. Thus the invention covers -anti body
20 fragnents, derivatives, functional eqU|vaIents and honol ogues of
antibodiEﬁefénnadudbn@chymﬂhentibqnﬂeecakesuaﬁdlh@WQmules whose shape mmcs
that of an antibody enabling it to bind an antigen or epitope. .

25.. CGeneral | y speaking,._ where antibodies are enpl oyed for detection, the

antlbody"rﬁﬁPﬁﬁaWPyCE FegsoPiee WA §bﬁ?éml¥ﬂ%<%rn§f?ﬁﬁﬂ%?al géterq itGf of

‘bi ndigng et @@ﬁ:fn@t sk shyibig o Obiadsag anetvashi badicateapahd erwafl-bi nding to
a first e Lau-spe ific i had In th| S@ase, e_second :
Janti bod ?%ggﬁ ﬁ?@ng%C%§ repgr i lﬁﬁlﬁecu?yﬁl Aﬁ?? a8 ﬁ%g e usdd in any

i nnunoash@mamnﬂﬂagnfkncm91uone§he Qaret SHChn@¢nﬂmlngalbmntlﬁeﬂYIK@ﬁ%kﬁ#aﬁed

radi oi MMPASHAYS co: ﬁ@é@machumaﬁss%@éﬁflgr@@ﬁnﬁ%xle' weldmn%@r%%nassays

- (ELI SA) ; quorescen? i mruno- assays, protein | rmunoassays

: Typlcallye wgen Gly- 16 and Gln-26 o tau, and thereby permits easurement

15 . of binding between full- length tad 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-Ala—39G, which is-not recoghised-by mib- 423.-.- This truneatien -

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 domaln in vitro, digestion with a
30 protease {e.qg. pronase} generates a fragment detectable 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 recognlse a generic tau epitope in tha repeat domaire,

B preferred embodiment utilises an antibody (e. g MAb 7. 51) " Where




35 i nmunobl ot method is used. Preferably the i munoassay is perfornmed in
the solid phase, as would be well known to the skilled per&) iy 2
i nstance, an anti body nmay be adsorbed to e.g. an assay columm, and the
cel I ul ar w@opbsz7a,ey then be washed through the col um undect/&Boziethiys 2005
WO 02/ 055720 PCT/ GB02/ 00153 23 conditions suitable for enabling binding to
t he solid-phase antibody of any aggregate of the protein of interest, e.g.
a tau- tau aggregate. Excess reagent im washed away, and the binding of
- - aggregated protein to the columm can then be detected by any 5 suitable
- nmeans, etega—-m@zeasgnmipszn»mézaagﬁﬁe@a%ﬁoheiQwo HRr abeckesy rr%lpsh@ﬂﬁidy
-antlbodles re as ose which rec se the N-term nal
Cter mi n&H Cg’f dfaﬁch%\uﬁ IFFeEHCt R Eé’ﬁﬁ??en‘é‘ﬁ'ﬁ% %’ﬁguB‘F bifithghet v?élen
truncat erlecmgﬂxlfsalsl a deangtile tau spewipeslo&sipetiial kfieusefegenan eimditd bodi es
recognls paegl.fd PL{ OPES C no al. ant d
(desi gna% %mg@? fr%\gc;c\{iagicrcu ée'e‘lé\ia ﬁur%?gf)%%l If;lll ggep?‘%%%e Sl gca %8’ ?ér? t he
regi on PR WSSALIE yviEmAd aerlpdedivheputanaris Prerebyn perafiftdikeasur enent

15 of bi i ehvesn édﬂﬂlgh%aemntm SRR ChE oxpRRMUI L0 S datiigved

- froma non-human source (Lai F% 995)'; "The rol e of _abnor nal
e

phosphorH%ﬁ“ﬁHtoﬁﬂ?%r& fh- the288vel Opitdhr &P netr-of ThFsHikaef
pat hol ogy1i n(wlgzshe; nNBsc S ddits @asesrmahBoThiesd Sau, UV ess i Hounaf t&anbrl dge).

20 Those_ whi recogni se.th or au.fra runcated at d u- 39 An
exanp o AP SEE P NFE oo o od Bspb RIE . st UERSGE, Blonify
~enablles Uedsdoengn (Béﬁrltmmnneltngl of (1@91r unbaxt. e@tlcor eWisacuhlﬂi) etrcagment

term nat | 5hsh i3 £ 2 nshayhalor EAIENnG:SY RLDAL Noho 25l A @ 390,

whi ch is-not récogni se 'S trurcation —oceurs naturall y ins
t he cour%@@ﬂ@ﬂﬁsaks%%ﬁqcﬂahﬁé Heitrepastiad %&éésé%rﬁf gheghtb (71.635) |
(1996), opem t.; Novak et aI (1993), loc. cit.; Mena et al. (1991),
I oc. CI t Addi t.i onal | Y,
15 Antlbody 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




when tau is bound via the repeat domain in vitro, digestion with a 30
‘protease (e.g. pronase) generates a fragment detectable byl{tMHY 4985 (see
Wschik-et al, 1996, loc cit).-- In the preferred aspects of the present
invention, as it relates to tau protein, this antibody my be used to

di stingui sh the generation of proteolytically cleaved product fragnent
(A u-391 termnation) fromconstitutive 35 expression of tenplate fragnment
(Al'a-390). Those which recogni se a gengi c tau epitope in the repeat
-domain. |i preferred enbodinent utiliSes an anti body (e.g. MAb 7.51).
Wher e 15-fi]:gg|IXen 005 WD 021055720 PCT/ GB02100153 24 tau- MAP2 or MAP2- MAP2
aggregation®is t'o be detected, an anti body which detects a generic MAP2
epi t ope €ollnbibigorsed. tintordoddytihb b tReOogtidses Arganaid Gnt 8hle €pi t ope

located ﬁpegg}g:@@%epggqgén@te repeat of tau (Novak et al. (1991) Proc.
Natl. Acad. Sci. USA, 88, 5 5837-5841), which is occluded when tau is bound

in a PHFE(H) KPEHRALAD CFRIMACARY COIiE ivgdiat dlorimer Eanstep dxposidthafter formc
acid. treatemiice( Maraéngton et al. ( 1990), (1991), loc. cit.; Wschik et
al .. (1995a), loc. cit.) . Normal soluble tau, or tau bound to -

m crotubul es, can be detected using mAb 7.51 without formc acid 10

~tr eat nenthg Hafidragteovalueakay (HOMsed| o hicitbrici sahidevatiah, od 2995a),
loc. cCitpg pRiAd| ' | Ls ay. J -t inding assay is

. associ athééd_ bvﬁér?qgg??ﬂﬁ‘f%cléf‘%fﬁgéﬁ?bﬁ% F%‘%eﬁr{et)&ihb%%giijn [g%atlgsg.él At i body

27/ 342 r'BESEhic8Es 1At Spethe S sspdcilFerplgdsefreonent. epeteped ocat ed

bet ween 1Sarcci®6 ansuSals, 235exd) als Weapaidd akl ¥bsedecl uded in the course of
the tau-tau interaction (Lai, loc. cit.) The binding sites of sone

nonocl onal antibodies are shown in Figure 20 . 6. Screening for nodul ators
and i nhiflia yegisgs degdodyedeabobed, abiree mayentiyoni ses theeferahry seepcer ned

Wi th USer 28vr@lafidy $hEMBSu R O dedh NEhelen | w90, 9f JRJetipy and

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.




identifying therapeutic agents for treatment of, the diseases discussed
‘herein. A typical method for assessing the ability of an agely 25pdul ate
30 the aggregation and\or proteolytic processing of a precursor proteinto
a product in response to interactiomyith a tenplate fragnment, may -
conprise: (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 | at e fragnent
“with the PFedir®r pr dt'eidt 83%%%%‘%? m@éfa]?%ﬂ?é’tefjoﬁ%lac‘?‘?&ﬁggaﬂ?ﬁsﬁ&“‘pﬁﬁt ein
such as t@emdaggoegatamtharmblprsohﬁodxlyatuaa Po0Ce Y84 0igdobd s tHtienepr ecur sor

protein tgugglt%%ctcolmkw xazgng ;ga&&e traég) @‘i@%&%ﬁ%‘%the

production Er oduct fr resen € agent, (d)
opt i onal |5ARBHsAr | beth@f\‘i’alta‘é ‘Efml’-éleﬁfeélalil ntlsatnebe ‘é?t%tteld: ae-§efusiagce

~val ue. T%itﬁsﬁﬂﬁ'lﬁﬁe!@d URtiBYdPasRAsed @b .St ogh Cal Jﬁmﬁeyﬁ;ﬂ Q% Or may
be based or%aﬁg ;12 ?“"% er| ments carried out i.n parall el ﬁh in which one,
a

i nt eger of° Al |F Ry aodztlf'ﬁﬁt suptable, dgtection Bephodsy | my| us,

agent) is. nodified-or absent. The various nethods. descrl bed above may

' conpri se ghed W ts%%eg#,fgome%o&% %.uwfg tﬁa& EfRY Og sg}em Ie§ e %ﬂet he

nmodul atory activit agent (s ying a
nodul at oridmtddgrralaer o srdalatnmgr/d iﬂhllalsw apreepwctsn & BP®ease in which

" the prot atd’iapatq%&g@e&r aibm_pbﬂﬂtlﬁ%d 2&eBY R PH008bd ] NtErachiOhceTBY L CONPI i SE
per form ncqO rrgthod for i ERI ntg, aggr egatl on as described above in the
“presence SBPHEIEF Y 8Ge RSP BEHE AR nid T &F4p| B o rtheahl &t i ng
(e.g. inm bmqwmg iohibiver skngydulleoaggae dat icompaddie itegheepmfsenaggoegation -
(and opt 'a%l%l c\é B%Obﬁqﬂérr' EedX qﬁl%%% Hggs r&‘}yggex%’ser \éegetexmlne the




in the presence or absence of the agent, and the relative val ues .
correlated with its activity as a modulator. In another asped{lydPog ne -
present ‘invention, there is provided a nethod for identifying a nodul ator
of aggregation and/or proteolytic processing of the precursor protein
associated with the disease state which nethod conprises: (a) providing an
agent suspected of being capable of nodsl ating the aggregation, (b)
perform ng a method as described herein in the presence of the agent, (c)
correl at hjjiitie qf athecticon sibith@cer teathpRteducth feagmesln monitored with
“the nodu Vil t e.agent. 15 July 2005 253 For exanple, "a test
_ 'substancgﬁiﬁ%y%%c/gﬂgglé‘&&? gLa‘%%%Iqlgﬁﬁrr‘gs%/Osttgﬁ §§°t?fe‘§c‘?’ﬁ BBEeEHYve, and the
cells incubated for a period of tine sufficient to allow binding and to
‘denonstr at eIi nhi bi ti onhof bi ndi ng. Tt}_g bound ttau. conpl.ex K/%gl t Qen_sbe
detected, elf. Y§&i MR e§uﬁ%’8f§-| dbet& BhtT Brdy S Eh 188 M7 5515 n an

i mmunopkotiddd & omatheel Foexkraectnimy aoy ot hedisamémbl Eoxeteet imen aret hod.
Wher e screeni.ng nethod is, enpl oyed far .thi I , ke

i dent i F1'¢4 eo%lgf i (s AV/A nﬁ%nle%t otiof cttéjr?pgctf% s??‘gggn%%-gcg%%é?%{bﬁ've or
conpet whiole neshay neyphbiesassed. For instance, in a conpetitive assay of the

type wel| kggé%émﬁn{gﬂg ﬁéﬁno& he gifect, &f hegergown i nhi bitor or nodul at or

can be conp resence or ~absence of further test substances or
~agent s{bl 0 detertiingenttieldtats havin@G05hez8pabti¢ tindsk ehegta©rsubst ance
to conpgfe v th the known inhibitor/nodulator for binding to the protein
of interest. In yet another aspect of the present invention, there is
Also provided are methods of producing modulators (e.q. inhibitors)
which are as described above, 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.




provi ded a method for screening for a medicanent for use as a ther apeut| c
pr prognostic agent for the treatnment of- a tauopat hy whi cho #gy RS
conprises: (a) perform ng a nethod_as described herein (b) selecting

nodul at ors having a therapeutic i ndéR of greater than 2. Al so provided are’
met hods of producing nodul ators (e.g. inhibitors) which are as descri bed
above,  but which further conprise the step of producing the nodulator this
i dent i fi EBecEALGHGY lofanatifaitigpect of the present invention, there is

Provi ded a net hod for pr oduci ng a nedi canent for use as a ther apeutic or
prognostlc nodul at or gr the treatnment of a tauopathy, which nethod

conpr i se€STEFHEHE ARtHGD RS L0 bC a iFe 8ePEBR P &h& RTESEN I dAVPRYiIPRe
medi camemty Kd)usprovibdbagedhetaredonpomnts ageah demdnselatedcfeorm I n further
aspect o t f1.0 e of t he ament
~agent mlgf(}s at e%sf%gr rsnég% e‘{‘ei %gg&gg%@gei ﬁ%?ﬁi&r?&nu ac ﬁeraeseo Ereg%%l canent
conposi t PEAETior aggeepativn (q-YeatAbniatwf tauriypaony othsr Jofe2005 26a
Speci f i chiyaidiqg)i, nhrulahbuemzﬁcerx&@méﬂ@e rrmtBOQﬁyaerﬁﬁ&QIlngbiﬁdidy $n2gRes; of the
pr esent {:nventlo ¥ o scrteen or co oundnglmch deppnstrat e
the pr 0Pt tiSS |ve p@&n‘b‘éf‘i—’? i%7e (Pafit btr Sk Bf dY8uliEtat el
protein lagqr!‘égaﬂglmnotbelg preqprsay, pltca:w-LMAPQltlmrth@nhreblpqint@lpta;:tnérmdl ng),

wi thout M erfien@nege¥d th-ARYowAPr Mal ' binding in which the precursor
protein participates (e.g. tau or MAP2 to tubulin, or by analogy, other
precursor proteins with their binding partners |nsof ar as these are

- known) . sppediffiicedllyyih ntHh@asases ofad,ad, mechigt Fod HetedetBhy BhPY any

possi bl §,d1ti¢ Le8 RDCRQedd1® R Bl M n3nd A% MIP20RE>3, 98N 1NALLYE o

thereof_to tubulin by potential inhibitors/modulators, comprises

contacting 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




" denonstr

()

t her eof to tubulin by potential inhibitors/nodulators, conprises
contacting a preparation of depol ynerised tubulin or taxol 5 v E099 sed
m-crotubul es with the agent, foll owed by detection of the tau- tubulln or
MAP2-t ubuyl.in bl__ndl ng. Tau-tubulin binding could also, for exa

5?’8(9 ’B "% nor nal cytoskel etal distribution, as dEEE’FPE}é) 1§3n e g.
WO 96/ 30766. I\/bt hods for the preparation of tubulin proteins or fragments
t hereof, possibly in conbination with l})l ndi ng partners, are known in the
art and are described e.g. by Sl obada et al. (1976, in: Cell Mbility (R
Gol dman, Pol,l ard and Spring or at Col d
Spring HAFEF, d?\%we%rﬁe ffﬂ%% n‘]?‘ﬁeseﬁ*ﬁajr%‘be&fsmﬁef“ﬁﬁdguﬁl}g‘re o{’%‘g‘r‘yd
pr ot ei ns tﬂnazvshgp “ahi waSehgatmh viebiklty ofubice |¢Hi$svmkbr®mmlng tbet hose
skilled in thgcart,dedshhend i ght by (L8Nt brsGhos Ul €4, CRLL ¥é abi lity
15 July 200 E %/\Dﬁor2/ 055720 P /J'&BOZ}%%%?% erte hes:trr{e met hods of the
present iAFERLEoiridyopaRre Merassay| kidle (Stlﬁﬁabtep of testing the viability of
the csglls expressing t he tenplate protein and optionally precursor protein
e.g. by f a t at e, dehydr ogen ass j 1 igm). 5.In the case
whr ot Ty 40 P RRESSoF RIS VAED BTg: o attn Pe? JERhpAHIORSH gat od
(see aboﬂt@mgnd&vests_peceﬁl tsaq/'apove hiwmdetre pspesi £ialisy’ pr oshiide s@ep inedi cat i on
of any inherference Qy Eﬁc@lée@citona%rﬁmp ntéP@e;@rﬁ%’ A Qi[le t@éétoéﬁ/%@f' %# 0

tubulin, since inhibition or interference of tau-fubulin or P2-tubulin
bi ndi ng it Papding é’tfetat‘oo%w Zekp efitPuiieh %%r%éatw 19ty of the
cel | g0t 0 igiterdereraftd oft hae- bl ide6r emeltﬁlahluvmlaulmgyml@echrywetnel ity

nay be used o derive a0ck D80, vakue.d or:10e agenh, L% Bl gitede) MUpI tors
will have a tﬁerapeu i ¢ Index (Cf
-thus with decreased cell viability.

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




di scussion of Figure 9) of at least 2, 5, 10, or 20. Choic f t est agent
20 Conpounds which are tested may be any which it is desir Z'S 2038%ess  for
the relevant activity. The methods can serve either as prinmary screens, in
order tow@mmeentify new inhibitors /nodul ators-, .-or. BeT/cERSANERr Y-
screens in order to study known inhibitors /nodulators in further detail.
Agents may be natural or synthetic chem cal conpounds. Antibodies. which
~recogni se an Al zhei ner's di sease-|ike jyyotein aggregate 36 and/or which
-nmodul ate Al zhei nmer' s di sease-like protein aggregation formone class of
put ati ve,dAhLRLL ALY H; mq%@éﬁo\h@@apewﬂ%ﬁct%gh 5 Be 5503he
aggregati on process. Nore usually, relative ‘chemi cal corrpounds
pr ef er abiNPSGhPERL IR idn5hs| @ribfar@r 8¥3Ffg %hﬁese 5?55%1 amaibs parfomred Wl | be

t est ed. ﬁd&ﬁheﬂdﬁéltb&is\/\by Cieill JERYLBDsHEY AREhHAD! £t Qorpbatthid Shhiidh

conj unct.ion w.th taneously with, or after) use of the
present |n\}5nf198h£e§ t_ﬁjc 3k 1"‘1“1:150%% to bone marrow, minimal del eterious

cardbpovascul ar activity; mnimal liver and renal toxicity; good 15 July
2005 WQ 02/,055720. nggzﬁt;é sQr non-net abolised to

I nacti-ve ?:cz)rm%?é Qagcc?zc;s?gis osgagk?{lﬁét qfénglt ELeiagtlf[rbtr’a?’cgleaware t hese
tests c&vSFadbper f Breeplghil Bt otter ELaFt desideteymimed st alBrom HEE et hods
for comﬁwtsmhwh m{erbsmeesslmah@etﬂ§tsd1m1btlal ;snw@:)ﬁeo@sF%l@utdfpl cal

t est substan%1 2 Live rmdul ator, where ossi b q't § sojubility will
first bé d&teri neé% O FPORT e “2KeP e KPTIRIERS Gner Mot i s

sol Bl e Tmeddatols gxﬂqrt tonusea thgo‘-ncentb@t@dlﬁedcklﬁolmSlsm oelthe pr epar ed
.0 at RdQpMbNG PRS.2 18-k MR d@lcg! Yo Phi An 10 gUSE: totucaRge diluted witf

tissue culture madl umto give a worki ng st ock soI ution e. at 100M andt
introduced to cells fo give a final concentration of befween 0-— 10uM

for most compounds. Naturally, if it is desired to test éompounds
at a concentration 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 | ﬂ)'

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 discl@sure, such an approach will not present any




introduced to cells to give a final concentration of bet weﬁn (']) 1011M —for—-- -
nost conpounds. Naturally, if it is desired to test conpou y 2805
concentration greater than 10M the concentration of the 15 worki ng stock
sol ution _may be increased appropriately. Were the substance is not sol uble
in aqueot®0%ufHon, stock solutions may be made in an abpFEEPFUNE sol vent
(determined from The Merck Index or experinentally) e.g. ethanol at 5-29
NM_. This 20 can again be diluted with tissue culture nmediuminmedi ately
prior to use to give a working sol ut i%Gn e.g. at 100pM concentration, and
added to cells to yield a final caoncentration of e.g. 0-10Mfor nost test
conpound¥rdyss PRKEGR t9 onGofhbliRre 18r 't #%e tested at a concentration
greater than 10pMthe concentration of the working 1 25 .solution will, be
i ncreased as-appropriate. The skilled person will appreciate that the
anount o?cf%e's“tmgsﬁg%?‘grr{tl@ztﬂje@onpound which is added in a screening assay
according to this aspect of the invention, and indeed the manner in which
It 301 Srh{! 2duged; , £a0 ke QQ#&HE,“EQ AYHRQS g 5K ed ol bRt 1T
necessary use of a series of trials. V]\;here_ the adm ni stered conpound
and the éé¢ntifiigd have IBIRCERILRY i TRFPOPL pherrovdAadt porsin.(824.t9n ternms of
pH, or i efhgosSlh8AYt for@iGisling Y@ abhyiBitoeQndhbifhscshaulidafedried to
find an o(;e)t%_mal .congro%%% | evel . %5 l.ni ttieal concentrations may be
sel ect ed“tHr P& PRVEIPUNTER BRI E OFeIF* ST °¢Er Iy be used in therapeutic
context i.e. would be non- lethal to. a patient (see comments on dosages
bel oy . ) L.ght - henp di r S n wll. not

presﬁlt éﬁ ‘5‘%%1]53?5 5%%&@00%’8%;7630 %@T@G%O%%Ol 3&25§gﬁ%3§p%§rden to

{_Jone ski | pele it tREIRIE PatbOleERTHy IHRBAHT HORIPRERE SRl PRLERTHSA V8Nt | on
ext ends, ofnpfdtetifer saspetd Taut ore ymotndsiidndanphénethikyiaescreampngsnet hod

as provided herein, and.t.o .conpositions bcloréprb[a' ng, uch | nhtiﬂpig.%rs
» /nDdU'&t&P%l%)eisﬁaﬁc%%dkhlonlne' mé%hylene e ( 5, 5ionlum chloride,
: and dimethyl-methylene blue {(DMMB) which 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 observations in terms of screening and formulating compounds

are discussed in more detail below.

This finding is parﬁichlarly unexpected when considering.the
3¢ déScription of the use of the such compounds in the priof art.
Thus{‘for exampleT—s&éh~eompounds-wefeﬂpreviouslyrknown~tc~be'

- useful in the treatmenf of methaemoglobinaemia, where-their-action
has been shown to be mediated by the catalytic reducfion 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.




conformati onal polynerisation of a protein. 10 As described i .g. WO

© 96/ 30766, anongst the agents found to be able to inhibit ﬁ%‘f“ﬂ%&g& cal

i nduced conformational polynerisation of proteins such astau are certain
di am nopheM8i#55a% nes. Exanpl es include such as thioni nePCEgRIIPERE bl ue
(MB), toloniumchloride, and dinethyl-nmethylene blue (DMVB) which are of
particular interest 15 as potential therapeutic agents for use in the

-~ prevention of tau- tau aggregation in Ifl seases such as Al zheiner's Di sease.
Interestingly, as described in nore detail in the Exanples, the present

i nvent or¥otfaMdmade1:hd 7aet Aot Sudiscbi betl dlor éip96)o 2O HmonSexbtad -t hat
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polynerlsalon such as tau-tau agg regatlon prIrTB.I’I efic In nature.
Addi t i onE¥aspapiE . has:-bdéf8 dhowiridHar Lt %qumlé'ﬁt Diserdars RtiitbPt ory

ef fect, -gaflo:Of gt e (1disay BOBhensy f;mﬁawﬁsﬂomtsau tm;@trm@tagdm@ dependent
on the 25 di ffusion caoefficient --- The--vari ous
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conpoundsealaraidi stus sednics ant.e idetail abedraw. of Thi sufd Iydiotg reduced

parti C“'hpagé 1>&l%26§98féoec‘1gg§§€$&e%9%%Jtl%‘ir l?ﬁﬁréééﬁns:”s@u&l?scr 'Rl ﬁl&ﬁlﬁ he use of

the suc e -'Such’ conpounds
wer e pre®aps y EknoWis) oAbaals usef@iin ntekhe &q&eaﬁ}réh)t 1f - This toxic

et haewogfféatn%gm@e WMREr 8ot Nl dt Belte0di rblass, DERA @@qm- tenReqiegi 8t ed by
the catalytic reduction of oxjdised_haeno | 0bi n transfer of el ectrons

f r orft%t heP et 19%8 185 {heRaPRUSIF Y dF ¢ Bsp’g:/? FVHGS BOYi s (see,

e.g.’ Hamaﬁz{ﬁﬂui,s Firdsl $36n Bredd ;Bopluci?at twspnkRhar rac@994182: 118; STP
" Phar nacgl o B T eran ut | c Fi di.t 1941), Goodman d
G | man; rgfgsvtccsm afic%é/g%o 2 ‘? r%rét ntg%tsgls\gt réggﬁ'% A}jl 2005 WO

02/ 0557285 FOT/4CR02/ OU%B\GCBQHNM foi] lapsdlon 25 thig; e BRI Cidd thpugbt:

é 1996) Vﬁvm@an@&aﬁ%mﬁgﬁ% i349) pAAd et B&n}@é&m]ﬁ@)ﬂo%seédr@d“ep
' epreSS|v hig é?“iegg; state by photoactlvatlon and, when it drops back down

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.




(Narsapur, S.L. (1983) Journal of Affective D sorders 5:155; Naylor, GJ.
(1986) Biol. Psychiatry 21:915). Notwi thstanding 5 this, M$JulhR2ees ne and
toloniumchloride are actually intrinsically weak oxidising agents and, in

" the absence of a supply of reduced pyridine nucleotides, they oxidise

prot ei ns W95 2haenpgl obin  (Morse, E. (1988) Annals of PEU/GROZAEE sci .
18(1):13). This toxic effect can be used to inactivate viruses, and MB has
consequently 10 been exploited therapeutically in a process for renoving

| ‘H'V and  hepatitis virus from bl ood prrﬂducts (Chapnman, J. (1994), t)

- Transfusion Today 20;2; Wagner, S. J. (1995). Transfusion | _ 35(5):407).

The nechBrasmf TAcPEOHE &c eRrred et such kropgatndd MBIy eindvcefcal ati on

of MB i ntenfMNatibaatopquomediksstooserd 40 t&u—iéu hd gheri ak g6 X5 aatendy
phot oact i yat i gn ang%swhen it drops bac}éa%& ifs %rougd state, produces

singl et Bxygen WArehooxd diIses® t% J‘lcné{(e:’ TVaEtes It {Ben- Hur, E. et

~al. (1996) Transfusion Medicine Reviews, Vol. X No. 1: 15;

" Margod i SphinNGe ngﬁto§|the( 1994)nt TraBELS Oy 346Nst:802hg GG Qhbation of

4
1

JThe firsENFEARYE1ES! ‘é’i’ FHdd R eER %w@usa;?m%%ﬁ Br 682 TRPWY fEans of
- transf erpofoelaat a@asyérompreedﬂbﬁilpyrwmcrtak RCk 2Ot 1 TPES (llﬂctd‘]ﬂ:)ce| | . The
‘second PLY osed rrechanl Bh@ t OXI datl and g}p%ﬁe%ggg t| vati on of

A

microtubule

the toxic effect ot . phot oacti vat ed di ani nophenot hi azi nes has-al so been
suggest eBeFnisthett ?‘é‘é’t%ﬁis BFinasider stechiln eebree. EgRpdmtReciifch have
been phnh@amamahedf&ﬁ fHe chsick S%@sfe@ﬁrﬁﬁntgalﬂoﬁﬁlﬂm&omﬂ a6 hondidra
(Darzynkl t 1988 r ) d/ or
?dgfpogﬁgrt% t.h(eet ga%éXtC% % gg‘s%grg dls 'Jl]%g‘é he “Phar macol .
39: -16"7) . Thus, on review ng the prior art, it |s apparent that two

possiPl exn W@u&gﬁ. have: fee R AR eRatd tﬁ”é‘éﬁoikﬁénélcflehhgs agddqp1af
conmpounds, such as MB and thionine on entities s or 30 proteins.

lre

e.g. DNA™ rtEd Ont 0acti va]t oxi di sed T orfr%t(a)" & oun suc as MB. In

" the 35 |+@mbsd$10tnhé§é eigharoEham eamia be mweﬁh@mwlyeaWy have

~ beenjassyiped-d High st Berd I Dokt ¥a e fhac be @b tidt- b AR SRS Fab ks oft Of

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,
30 in the treatment of a dlsease disclosed hereln, of a reduced

“(‘leuco ) phenoth1a21ne of the formunla:

(1)




conmpounds such as MB was also attributable to a. redox activity. 15 July
2005 WD 02/055720 PCTI GB02/ 00153 31 That is, it mght beladeyidgadst hat
such compounds inhibit induced conformational polynerisation such as
tau-tau association by acting as weak oxidising agents or as catalytic
reduci ng agents. 5 Thus the work of the present inventors, in denonstrating
that the nmnmechanismof action is primarily steric in nature, has unexpected
i npl-i cations for the choice, assessne formul ati on and use of such
conpounds in the context of the diseases discussed herein. 10 In
particular, certgn c ougds have been identified as feasible 11)

t herapeutics whi ~hg@¥e been dism ssed based on the result of prior
~art assays.RSpecifi calN A'schﬁé et al. 1996 (loc cit) reported on page
1217 that the ‘ ' required for inhibition was higher than
coul d bgsachi e v 15 the results herein show that the
reduct i on*ofy 2 mﬁ%?ng ability in such a way as to enhance
its |nh|b|tory dotential {o a level at which it becones clinically

rel evant for ﬂthéﬁﬁreatnedﬂ1offé“g tau aggregation associ ated di sease.
This is discussed.in nore detail belowin relation to the enbodi nents of
.20 the invention concerned with nmeasurenment of diffusion coefficients

(whi ch arh%raliﬁqzldekgr m,nad, Rp PR R, D% thge wRg §e§@édéc¥ ¥rbR
ure 8 .shows structure of onl v. Some of . the cqnpounds which

" st ack' & t#é;
25 - g5 ﬁn’t GG - JHTE o | CRARYH a§§3§/ ityted, PEsu eSS thEsbnst r at e
the‘ﬁncaéasédlpﬂkeﬂ&yloéreﬂmmayn conmpounds in the reduced form plus sone

cont ol p, CAMAALECA Thith hiaBhFASREEL 0L, [AGHBLESCL RLyof.there is

di scl osed use, 30 rea i Sease 1?ose tﬁereln of a
r educedunéupéﬁ’éblt)?dpﬁémfh|héilzli°ﬁékb¥ hélkeryuland ea;chl&emw ROGEe

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_m_Preferably, the dlamlnophenothla21ne 15 asymmetrlcally methylated

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

Preferably the compound is selected from Methylene Blue, Toloniﬁm

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.




32 R RRQ R~ NR3 Rios' NAOR11R9R1R11\A,here|nR1 R6, R7 and

- R9 are independently selected from hydrogen, hal ogen, hyd?%a[‘\ﬂz@%‘i 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 RI O and?®11 are independently sel ected from

hydr ogen, hydroxy, carboxy, substituted or unsubstituted al kyl, hal oal kyl

- or al koxy; 10 or a pharmaceutically acceptable salt thereof. Preferably,

‘R1, R3, , .R1. and are j ndependently sel ected. from -hydrogen, -CHS3,
-C2H5 or %ﬂjﬁ?gghl%ﬁ%%eﬁ?fggaﬁﬁe R e PratRifedasmttirs é‘laéchédﬂanﬁthqubgen
-CH3, - by @ﬁblSde&ceﬁ&H?,reﬂé‘lﬂrdE ﬂoslhwt&@ﬁ&d & (C4HoMeFcr gghqa 1,

Pr ef er abl enSo Ot hiazi ne whi ch has 0, 3 or 4.
met hyl grf%)upégar oﬁfp%ﬁqs %28? %zi H@%ﬁuﬁfeu@: H?ée’r:ﬁ"é‘fcéraﬁﬂl?ﬂ t he
di am nopﬁénotﬁhﬁaﬂ%ms asyrmet r| caI ly nethylated (e.g., tolonium

chloride, azure A, azure B and thionine). Preferably the conpound is
sel ect ed -from Met hyl ene Bl ue, Tolonium chloride, Thionine, Azure A, Azure
B or 1, 9IpskesfyehadiynrintemEinge theae apwttvendaspienictay, t bissyprestdtbe

invent Oﬁdmihﬁf»@ei&i ipr avheashrsiserofn 2 dReNoL A% L, ”tﬁ{% Pl OB ation of
a nedi cagije, corrpo i.tion for use in the treatnent or Faxi s %%

t auopat h{?Y ARePET I ggp?%'ﬁ’&r REPBRCRS Y i §ést§’¥9@t§fieb°oftfm Gell@dmcibm t he
phenot hi azi ne such that it is present in at |east 80, 90, 95 or 99%
reduced (leuco-) form 15 July 2005 32a Phenothi azines for use in the
present invention may be manufactured :




by the processes referred to in standard texts (e.g. Merck Magua),
Houben- Wyl . Beilstein E LIIIV 27 1214 £, 3. Feterocycl . ety 2005,

613 (1984)). Instead of admninistering these conpounds directly, they coul d
be adm R{gh0§Rch¢l N a precursor form for conversion to t@erasdioogssf orm by
an activating agent produced in, or targeted to, the cells to be 15 July
2005 WD 02/ 055720 PCT/ GB02/ 00153 33 treated. For instance, nethylene blue
may be admi nistered in a precursor fa&a3m or it nay itself serve as a
precursor of the conpound Azure A. 5 Stabilisation of reduced form Sone of
these cojmpesrds ofol nireteste A thowhe tigl e EnﬁWlﬁEI%dinﬁlnihéeréﬂDd}ﬂ a

predom nantl in the reduced for, exa Ie for sion of the
phar mac dki 1 %scs %?%,Orsét_é may 1Y egan %rve”% Fir(f’cu?m 1‘3% “Jour nal

Phar m Sompoth@7rza08@&-and Di Santo A et al. (1972 Jour nal Pharm Sci
61(7) :1090. Thirdly, only the reduced form of conpounds such as MBis
found to cross the blood-brain barrier (Chapman, D.M (1982) Tissue and
Cel | 14(Syabgig:safipr erf rpducgd g@ry Acta Anat. 144:39; Miller, T. (1994) J.
Anat. 184:419; 15 Becker, H et al. (1952) Zeitschrift fir Naturforschung
7:493; I I e Anat 0(3):.17 Mul | T.
(1998) of ﬁf‘%?%pcécl“l%j)(?lmési?fldﬁfr‘:’%'gc%rg?{fmé?%%cesc)ias ?%ese % M Sstrat e
that t héoq@dmxx@domommujﬁf 20 wenpodndsdsivin.asFMB x@présentsr & f easi bl e and
phar mce&%g&@SJLxsgeaﬁ%t ARk fnd QHIWLRE O G, 3008 N SLT 8L AR 0 SUBlects. VB

has previousl en used clinically in an oral preparation. FUI’t er

't oxi ¥ol o'glca(ll9t7@ét Jowrral RbaEerScireQbilfed A56f 6?% qlt9§nEPr nfeaft al-

L,

_Jaccept abiddiy i%uaaRi eMade. The: halh) L iyeo of TMBrargﬂ lbgh gt ede 2§emmounds

(e.g toloniumchloride) in blood ig aggroxwrate ?10 E1 gtes
evi dent IR %8 GRMPRIEHS SUFBIHL M FonEOBR dBnBbUTHE "WPL RO u‘%l??lnr el ativel y
short, hsddfrildrvasneprasubstianticdd)y Tigpuovend Cell 14(3):475; Muller, T.
(1992) Acta Anat. 144:39; Millex, T. (1994) J. Anat. 184:419;
15 Beckexr, 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

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 requirgd to achigfe, 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).




conpound avai lability and hence therapeutic efficacy. 30 qug 8|¥@ ghoms
t hat conmpounds such as those discussed herein differ greatly’l K R

extent of reductioninthe conditions of the assay (approx. 500:1 DIT
excess, MWOP2055f*hhutes). As this figure shows, thionine ipsETREBIRME:S! Y
reduced under these condi ti ons, toloniumchloride is reduced at an
intermedi ate level, 35 and MB and DMVB are relatively little reduced. The
amounts of commonly used reductant regdired to achieve, say, 90% reduction
of the oxidized formin 10 mnutes, prior to adm nistration\absorption

may not be feasible (e.g. 2000:1 ratio of DIT to MB). 15 July 2005 WO

02/ 0557205 A G03L00ARR .3t AT FhOULAIE. LELHSIANER o s exbient of
reduction of under physi ol ogi cal con I ons can reath accel erat ed
by al | owPRgeL ‘?Jé’&ﬂ&tarloﬁo%@é%l%sgﬁ?“abﬁi FrRehly ysplsiteirsteg h&h@lﬂedm,gad form
The 5 | yephidiisat evbecoids: -aduensh by o38%a i Hirkp t@ilenk'é&éae@ff%%

solu | atlo n,.conditions gastrjc acidity 5nNIHCI) Capsules
conta|n|%§°%P (ﬁﬁﬁFng ﬁ%mﬁiéﬁghSﬁﬁ§ﬁ6%W|ai?ﬁE O Brevfagucderetni t h ascor bic

- acid at aoktpidisiagioh ﬂnEbdhd1$pbﬁsemmﬂuﬁk$ugtgﬂﬂﬂiAclEc1dKﬁy’QBthE¢L)
formul at EgRs s tc@,aggpﬁmd G #38n 3P tmed§grﬁﬁr @ﬁggggﬁgﬁéi%”s 3PPl y, L9 ot her

conpounds, such as thionine to oni um ré nor readlly
reduced Yhdh adSoTBiE agie aéx?eﬁﬁ Prticedficli P serwhFent carsubbalakeelidr at ed
in a mannet opstiahlastéhailddser Fbedabapeutidd usthus in preferred forms the
phengf hi azi ne agents of the present invention are provided as pre-reduced
conpounds e.g. in lyophilised preparations, optionally in the presence of
a stab|I?%?nﬁmﬁg@ﬁPSlQErahioageﬁpplwﬁxspammt|cﬁm@guhhe,pnﬁﬂeasadﬁ&ﬁﬁMEof ths
{

active cCORPUIIGniln- En1 il MAf ot Qﬁfecﬁg}?@%dliﬁ\}' Pgd&é&)\{yhag BEEE{U%I Al
“coefficient, _e. t he fuIIy reduced form of the” conpound
redUCIngthe exten of reduction of which can be accelerated 1n 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
Partlcularly suitable for use in, convertlng to, and/or stablllslng, -
'“ithe reduced form of the actlve agent {e.g. the -
dlamlnophenoth1a21ne) comprised in the formulations of the present
_ invention is the antioxidant ascorbate., Ascorbate has previously
35 been used to minimise oxidative damage of proteins (Parkklnen J.
~ (1996), “Thrombosis and Haemostasis” 75(2)}: 292). A formulation as
-provided herein eould thus advantageously comprise a |

‘ dlamlnophenoth1a21ne, espec1ally MB, toloniwum chlorlde, DMMB or




agent or antioxidant. The agent may serve both to convert Onl%.lfuﬁré&}sc’f t he
i nhi bitory conpound (e.g. the oxidised fornm to the 25 preferre '
formthereof (e.g. the reduced form, and to stabilise that preferred
(e.g. reduced) form Alternatively, the inhibitory conpound may be added
to the conposition in its preferred (e.g. already-reduced) form so that
the agent nerely serves to maintain the conmpound in this form 30
Particularly suitable for use in, conveiting to, and/or stabilising, the

- reduced formof the active agent (e.g. the di am nophenot hi azi ne) conprised
in the formdnakhikon erntl Qn IS th ti oxi dant ascorbate.
Ascor bat e has rev?%%mghﬁae%ﬁﬁm&geég TORRI M5 e &%aggﬁ%op&aﬁéalésm
proteins WI?EFEHPH\F anfll‘é@%a)ges'Thronbom s and Haenostasis" 75(2): 292). A
formul ation as provi ded her ei n coul d thus advantageously conprise a

di am nop Lazi ne, eci t ol onium chl oride, DMMB or 15 July
. 2005 35%%&5&?5? Odl %f) tQ’t‘g‘l 6&%2% 8867 baftwrn mayse t Sasioerpdogor t i ons,

- concent rd—’fheoﬁédahtbrdosagesecﬁmmblﬂeappam@&dhﬂ@r&o&xsftli%uéﬁg%% ¢l euco) form
may be favoured by the addition or selection of appropriate constl t uent
groups.. Thus aspects of the invention further include a nmethod of preparing
a medi caeHE pEpeqisecf nthshelnveast eenfucshe priopiiylax hsmefhad d;ifsle@é[%rl%%
“descri bed &bay&méml ¢br r@&qq €QaPF ducin conpound
(such th%t Lods % g %]eist 50, e%%,ﬁlewems:ﬁ?gﬁgl%}? %e or 99%
r educed) ana %‘f aﬁ?e i Ii’?l‘befl i a‘“‘FE}B’&hFP‘F‘Ez@cFeéoﬁbésﬁ@mmﬁ me@tharrge@tUeed

- forny  pr compewndadisunh stheat iianief sy, appreyd ape @@se;dop@ep@,;ahﬁr}t gpn need

-of the sage.qq n fnabher. ARGt . 0f 4 ttg%19£ze§n%né&::g%e%hlé,on éere IS pr()w ded

a nedi cament” conposition conprisin re-re %%he as
~descri beHoRRITHHoRhER dibe TREUPH NSt aptive ite atmimasira@Qon ME 95, or 99%

of the regpeastibkeusdsd thoaNpatemonhi fadd Q7 ¥hi Ns e .

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




" the nature and severity o

stabilizer. In still another aspect of the present inventio IS

provi ded the use of a pre-reduced phenothi azi ne as descri begs‘ﬁj@%&ﬁ

wherein the phenothiazine is at |east 80, 90, 95 or 99% of the reduced

(leuco-) formin conmbination with a §§abi lizer in the manufacture of a

medi canment conposition for treatnent tauopat hy. Dosage of

therapeuti cs Adm nistration is preferably in a "prophylactically effective

anount" or therapeutically effective amount” (as the case nay be,

al t hough p"r‘%ﬁﬁfl%ﬁ?‘g battoird ddrecctmerapt)adninistathen, wdafhicient to

show benedi¢perntc onhihe ndrtwrduaﬂxd sHverac udl tREDM e BUliMg20Q31e352

adm ni st ep t Ie-cqurse, of. admnistration, wll —depend on
Eberaplionidt 8 aHﬁe di %egsed e ng t r%ét%&ageP‘F’E%Cr it Vot i

treatnentt rﬁ’SPB’é%‘ikslrléﬁé’ Bh Towagd eractitienews ml otherrmesyeasi bility of

“gener at - plastdisi Oﬁl@i&y@&da@lvﬁ&f&“}@dhéé’éum’ ot € P Prde; a{rﬂbﬁéyg 8&” takes
the condition OF e |n Vi

account Q% trgz%ng order 8 C; g

patient, e n&d) FOer iR “ajrré{‘?iféﬂn’f)'f herisditet pht i vanu: d-’clh?er
factors Kesddredt of pﬂrcbruimustomaxm anGNSCHEeN €&h &84 10 NkridfnMBo f 9Fd @M DEhS)SE e ¢
adm ni strati on has been described by Miuller (1992; Acta Anat. 14.4.39).
Azure A and B are known to occur as normal netabolic degradation products
of MB - ( SaReBHf ipRgREr MR pilgying Plystemissiadmdnis6es8ridi santiseaand

Wagner (k&?s%lﬁbdd Rh M eSC{1990L: 22086, The Ahgyymacgkl net,| %‘52{? toxr city

of tol oni,um ch oride in sheep.is discussed by Cudd et a A&t Human

Toxi ¢ 38 RS 359 0BT Y YN PREIPAHCc Ay RAdatd ony Pé‘%ﬂi‘l‘%ﬁse)?érfﬂﬂl fied

- herein, "ddaahyo xdasaggnet (etreaensl madnt0QY Mgirayohe Hiuhhab! £q
prefer ablﬁ%ggllew fifgdizﬁ :}ul yhar?zzOSScy\O 602/ 055720 PCT/ GB02/ 00153

. The pharmacokinetics and
toxicity of tolonium chloride in sheep is discussed by Cudd et al
(1996) Vet Human Toxic 38 (8) 329-332.

 For thionine, which is specifically exemplified herein, a daily

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




36 into 1 to 8 unit doses, which can, for exanple, be of thg ‘pao gnnunt
't will, however, be appreciated that these limts given above R '
departed required, as nmay be appropriate wth the conpounds of

t he |nveﬂ@p§%h%$ﬁ€r t han thionine, which have 5 higher or PGHeR02881Bvity or
bi oavail ability. Figure 19 shows the variation of tissue levels of MB vs IV
dose. The pharnmacoki netics of nethyle bl ue have been studied in humans,

"_'10 dogs and rats by Di Santo and Wagner, J Pharm Sci 1972, 61:1086-1090 and

1972, 6 9 t d t I
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model fqbanesrcehbatel@épaxftaMBfiahlmrneeawgé@ Ja% Jngg 98 He58pkRafe 70 kg

subj ect, a%?%%}n% i nsta ta eous absorhtion Urlnar excretion
account s'f % O8RS Pﬁgkﬂﬁ%ﬁfloao%Ehefﬂﬁ ny SRioHing t yhieh hnste

| i kelsy duiggitea marﬂabet|aqtnvmtyaﬁsanhmwamlaaithgugh variability in

nmet abol i sm cannot be excluded. Fromurinary excretion data, it is possible
to calculate that whole 20 body clearance is 56 ng/kg/hr. Therefore, the
-dosage r%ﬁﬂPﬁe&9t6h°a%Hﬂ€V€aaha@ﬁﬁEGﬁ?Ve5§e@ghﬂmﬂﬁseﬁéﬂtoﬁcéﬁtda$¢on of 4
“(err)Mis 1.73 ng/kg/day (0.58 ng/kg tds) if there were conplete
absorbtgﬂp is clear that total urinary

excreti on, érﬁeﬁSQi%ﬁ?%ﬁﬁ;P% m%%ﬂ%%ﬁ&?l%b??lﬁ%fe Peepteditied 28 RupRit§on of
dosdf Thtoor alnddoses riequiisedto cardk agerrl. 7 Pk gl days 74, s Gappmw1rmgoel y 2X

t he dos ul aye b | e rance. refore the
act ual ?gﬁhﬁﬁgg dggaﬂ%ﬂPe%%% ﬁ?ﬁég%%g%@gf&%[gﬁﬂxfi Etl?ﬁls i $T8se t Lo

the mi niffuRAiSOUEVAGLIYPLE freasfé@éﬂmseedaén el |Pyysh mﬁﬁanes e@2 718 3the

t r eat mentor®find AgoBEEa 3h uhrmﬁafy é;{caetclbﬂfeﬁms)an( B/ day)s- 5 &eibl/eday

.nalntenapce gﬁal dosa e erefare a proxi matel 'y
or 75 my 14 Peak® fTEale F%@%fgﬁ’rélf EHEG OBt AR HaldardPy %?Wﬂl?and t he
ti sdde IHl ff_m:JI dpeei $n abot kg2shimieacs., 35skihy liencabtarecesi absoistidie
Charged @ﬁﬂ@elgéhdiﬁﬁihéfy'@kc@é%&éﬁ“%ccounﬁs for 54 - 98% of the 1ngested ¥
‘dose This variability is most likely due to varlablllty 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 S
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 approx1mately 225 mg/day, or 75 mg tds Peak’
tlssue Ievels are reached at approx1mately l hr and the tlssue
half-life is about 12 hours.

35 Methylene blue exists in the eharged 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)
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- required to prevent tau aggregation by 50% (ie the EC50) 15 July.2005 WO
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is the leuko- form which is preferentially active. It is shown by D
and Wagner (1972) that approximately 78% of the methyl ene blue recov

in. urine is in the reduced form and ¥tom anatoni cal studies follow

iv adm nistration, the only formwhich is bound to tissues is the
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therefore 20 ng tds, 50

‘g tds or 100 ny tds conbined with 2x ng ratio of ascorbic acid in such a
manngr aftlfé c.hi re than 90%

20

igh y 11 ely that var;ahlllty 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.
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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,




30 reduction prior to ingestion. Fornulation and admi ni strat on of

t herapeutics Suitable conpounds, such as those with a f or mul'g Y4Y 20R8wn
above or ~ 35 their pharnaceutically-acceptable salts, may be incorporated
into coM¥BIOIEYE of this aspect of the present inventi oRCITGRIZ/OPLI3t her
testing for toxicity. The conpositions may include, in addition to the
above constituent's, pharnmaceutical |l y-acceptabl e excipients, 15 July 2005
WO. 02/ 055720 PCT/ GB02/ 00153 38 carriep$, buffers, stabilisers or other
‘materials well known to those skilled in the art. Such materials should be
. non-t oxi cawriccrsshbuffenot sitabalieres witt bthhe reftfferdaty ofllt Heoaot tve
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on 5 the route of adm nistration. ere ecorrp05|t|on|sforrmlated|nto
a phar meteit ot dBRpPHEIIS @ﬁthth‘ée@ﬁﬁlﬁﬁgvrei B eREFERfINCHeIBENEF f ect ed

par ent al tiye ﬁ:&tﬁd’ls@s n@tatd )b,f ithet Brif DIiMoef opRyE @it ert abl®lys depeatiedn
tablets, 10 dr % ?‘f‘ %nd soft. gel ati ne capsul es, solutions, enulsions
. or usp%lﬁ%llf)%% REs AT "G PR  t he form of nasal sprays) or rectally t
"(e.g. in the form of supposi tor| es). However, the admnistration V can

al so be #ecta paReOLAl Lo S4CH, A%, ] NATHES W %rhasemaa:g&{fefaqnousl Y,

. cut aneo subcut aneously, or 1ntraperitoneal . In the form of
i nj ecti oﬁo%%cl’iﬂttrl&ﬁ’s) thevrstd e phiphdeETePEafa T Sgﬁ??‘%ﬁ? B reRtahdY f or m

.of a tabseth dd4 odmyyj nid uihe &osﬁﬂcbﬂ @Adere] Sdmlktas g@&@éa I’t%b@.étaﬂ

adj uyant For Sthe g‘an %act#_r t abl et s, . coat equtcg gees and har d

20 gel at‘l“:lﬁaeg%%rfsu e act Ve %%‘F‘r%ouﬁ’gglan'd Théi rorﬁﬁar atheaft y-

accept ab$eSm:’dica7did| naorllsal(es ge abn b\éleprfgmseédlawiaﬂhSppdrm)nmeu?pt;ally U

inert, iporganiC e SLARNL RPpbPL AN Res) LACHORErer, TRhE CadmillstRa®lion
_derlvatlves t hereof, talc, stearic_acid or its salts etc. can be used, for

“exanpl e, ©&8 3t RexEfprehfic PR bt e rchyRe g SBHACRL ALY -

‘gel ati neisapsuresisli taldrecextypi eicitaneously, 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,




~ the formafowaripar egtees) |nmaseenipble,agueqys sel ution whic

for soft gelatine capsules are, for exanple, vegetable oil 5115%6'%3'0 fats,
in Po

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

a liquid pharmaceutical 30 formulation, it will generally include a |iquid
carrier such as water, petroleum aninmal or vegetable oils, mneral oil or
synthetic oil. Physiological saline solution, dextrose or other saccharide

solution or glycols such as ethylene glycol, propylene glycol or

pol yet hyl ene glycol may al so be included Oher suitable 35 excipients for

the manufacture of solutions and syrups are, for exanple, water, polyols,

~saccharos&c.invert sugar, glucose, trihalose, etc. Suitable excipients for

injection solutions are, for, exanple, water, alcohols, polyols, glycerol,

vegetabl e qQils, 15 July 2005 39 etc. Suitable excipients for _
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agents, galiss f Worv@tYing.d he gsmotic 10 re;ssurg, gﬁ?%ledr Fregrtd®t i ng

agents. For |ntravenous. cutaneous o ‘8Ghedt divesUsstaieasti ohabokising

i nt racat AT wRGSien agrogsy hemtblr%iifty,ingh@gaﬁisi,vgwéélﬂirﬁ@ig_egﬁe#ér! - be in
is

pyr ogen- and has_suitable pH - isotonicity and StabBiPFi Eye osmrsée of

rel evantgl'rse%%ulrei' ng?%%erfr‘t Car ‘éo%ell‘lg &BPet30 prepare suitable solutions

,using, for exanple, isotonic vehicles such as Sodium Chloride Injection,

Ri nger' sdmjiget-hodn +actatg jhger' s, I njection. Preservatives,

stabi | i sers, buff ers .ané: org%ﬁser%rzﬁu%ﬂﬂi FV8S I PBdonrncduded, as

requi r ed"A*EBRPTSTE B atenriditegthe hiwinpr esendctinenblaiRY hE) 1

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,
Sodium Chloride Injection,

isotonic vehicles such as
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
LY - ‘

simultaneocusly or sequentially, dependent upon the condition or

25 disease to bhe 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.
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adm ni stered alone, or in conbination wth other treatnents, e'}%&r _
si mul taneously or sequentially, dependent upon the conditi oﬂsdfl"y' 05
-disease to. be treated. In still another aspect of the present invention,
there is provided a nethod, use, or c¥®osition as described herein

~wherein the nedi canent /nmedi canent conposition is suitable for giving a

prophylactically effective anount or a therapeutically effective anount of
t he medi cmcgor}%di canment conposition to a patient in need of treatment or
prophyl axi s of a tauophtHy thesPuRAepE0dEverdganl nthe cosaanse;: rbheapgesent
i nvent i iSRS fisy nbe atsahToPr end edpnPeleid iRy, be used jéor the
prophyl axdisedsel I REFEHeQbnAizNel Ter s di sease, 1OUO fedrdhedressse,
Lewy body, di sease, Pick's di sease or UProdrsssiiressupr Ahdceali sPass Yo O
any’ ot her” "CHTEPPI B8R Biprgingchser Hadsyhi ah angduersk: cCpbor @t iqal ..
0ol BT | Siat mmchfiﬂiﬁ&i'%ﬂf&ﬁnatiigﬂ%i gated (see Figure S)_ Tn par fTul ar,
as descriiglﬁg.ic <detail _helow the for MIPAPESNHR BE adudtedr ihe
e da g@l o End*9PHRi Bi-t | B Rfrtpathet0gis akstalbddaUnagsogiat i on:
Exanpl es S¥hetediunmgles:iéamchapl BE QGQS Ngql bove can_be, found in
" Rem ngt Qﬁhib?@%r{%i&%ﬁgﬁ %?Ci gnces", 15?% %{%ﬂ?%ﬁ%ﬁ,ﬁ“&oﬁog“%ﬁt’(%.@ﬁ 1980.
‘ 19 3005 U023 9BSIALG.0PET/ GB02/ 00153 40 In a
further aspect, the present invention relates to the use of a conposition
of the pEremplery oFSpaEt tedihi j agnosj s, prognosis or treatnent of a
condi ti op_jn. whi gh, | nduced cgﬂfg%?‘i#g‘?%ﬁ ?é%lspggi}ﬁé?‘?%jatapeﬁe ofamabprotein is
i npl i cated. The cOWHFHEFE Mafidenareudisehstrisnehsas Wt gk PBL, S dligease, or
any ot heb- ctailti a@gof the type described hérein. Use of diffusion”
constant as a screen: ~




10 As stated above, by converting a conpound into, and/or st éh@?g |ts
reduced form the inhibitory potency of the conpound can be 1 ed.
However, ‘as described in nore detail in the exanples hereinafter

sur pri si NP 92/63542 r edox potential of a conpound does not HCTEHI0RPIS3
determne its inhibitory activity with respect to induced confornational

pol yneri sation of proteins, and that, therefore, neither the oxidation
nodel nor a catal ytic reduction model 4te 20 relevant to an under st andi ng
of the activity of conpounds as tau- tau aggregation inhibitors. The
inventors have found-that there is a strong inverse correlation between

the inhig taon:ylrmé@rﬁg@ctof tRe ?x}m@dlﬁwl% balstadl to2%nbi Agk nge and the
square or third power of its ffusion coefficient. The diffusion

coefflC|%QHPQ%§t&8?e??nWﬂﬁjpﬁﬁc??ﬁP%uﬁﬁﬁﬁFtofubﬁﬁﬁkﬁfﬁﬁn?ﬁlﬁm DERBPYRSF °F ,
mol ecul eﬁreﬁtn@ntabhoﬁia:orﬁxpebn nia:ntvaillcyi ifidiicedc abnbermaviainadt ed by nmeasuri ng
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diffu i 'S i verséf ated w egree

aggr egat dpyeagfe Shehd¢sdﬁa$geme€h3ehﬁeaseredU@@U)0§h@%|@ﬁpdmtﬂhﬁn0f the

the_j lej t%slaygta HIHNg- at, the cathode. These aggregates form by
pi - bonded stacking interactions across the phenol ring systens. 35 In one
nodel, the lower the diffusion coefficient, the higher the tendency to
stack, amgke tdre drurespet ertnsthet canpourgets in i nhibiting i nduced
confgormational polynerisation of proteins such 15 July 2005 WD 02/055720
PCTI'GB02/ 00153 41 as tau-tau binding, as reflected by a low K;. The

st acki ngpofstditadi pophendtvhicarieesinmy bewpaysl favouraeitesterhélisiiecul )
is in the oxlgdeed EORM t%lenﬁﬁhiﬁ'!i&rfyobai:éx&f@%r 984, cHPb RS Lak AP be

envi saged to repel other, |ike noleculés. This. phenomenon

optimised

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 is in

inhibiting induced conformational polymerlsatlon of proteins such




may thus explain the greater efficacy of the reduced form of
di ami nophenot hi azines in the inhibition of tau aggregation (1§elgly2g0§

"Figure 9). 10 Thus an assessment of the diffusion coefficient (dependent on

“.st ackabiWwiotog/oss7ahi ch is in turn dependent on shape and charg®h6a8; be a
useful step in the devel opnent of effective nodulators. One such

sterically-relevant paraneter is diffusion coefficient which can be

di m ni shed by providing di am nophenot hiazines in their 15 reduced form
Thus, the present inventors teach herein that the efficacy of a conpound
in the bhsckingaureblfig, 0AsOkefIHHHRIGL bONa Ofod RPUCed conf or nmati onal
polynmerisation of a protein (hereinafter referred to 20 as "inhibitory
pot ency” can be tested in an assay nethod which includes the step of
measur i n§he hetadiKifngs pHnlicoéhbpiémerithiefzinhe mayobpolask ﬂdemzeedi whdil THEST
general £o¥ouidiaEasa cLAYEDLd bR OXLAES dhi <2Po HELOGAALSST egnl ng- - for
n

an- agent that bl ocks, nodul ates or i nhi bi t I nduced co ion
pol yrer i S8t P k5t SRVhraiss ho wpeh Orféételﬁodlllf%é‘l"&ﬁé%l%ﬁhe Té’ﬂtléppbﬁﬁnmwrl ng

__ t'hef ?! ffﬂSlfOﬂllCEO@fxbllEJalertﬂieOfgyréﬁlﬁar i’iﬁaﬂibﬁcﬂ' her use Bédﬁéhk_% gbfr:fnu§f Onf _
coeffi ci oandin_ particular square or_ third power of its
- di f f usi oﬁﬂ%oeﬁplﬁ%’n %Pl PN hsEEs ¢ ﬁ‘égf‘ﬁje 1 r?% g?‘t‘ o?‘%ﬂ’i?@?é?‘l@ §te

phenot hi @z¥ nef{@ing. %4s descri bed above) for the treatnment of a disease as
descri bed_ herein forns a further aspect of the present invention. The step

| . ITF rlgen% the di ffusion coefficient of the test agent 35 may be
-:,)l)nco Q(E)l rated Ht A%y e °6f %el%fféﬁs%ﬁr%%ﬁﬁfﬁﬁlﬁ?‘bg‘fg{%ﬂ?&deﬂéroﬁ denti fying
R

r opti ntstagkghitlatyVe wWichsiabin shed detkddinersn sikhie Iaaagenaf@)hgdmvm |
typical | y.fur i A escribed her in the prior
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PCT/ CBOZ?‘@@l%ter&?a@hﬁé“qeéﬁt’éFt d%@@rffeéprl h%tciayf@esuameqmﬁfe cmpshevgutqm screen

' _for agentsn 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




whi ch bl ock, nodulate or inhibit tau-tau aggregation, the nethod may
include the steps of contacting: 5 (a) a tau protein or a ddridvii2008
t hereof containing the tau core fragment, with; (b) a substance to be
tested f8YOI¥SSRi1ity to block, nmodulate or inhibit tauR€EHGBEHMEYati on;
and (c) a labelled tau protein or a | abelled derivative thereof which 10
is capable of binding to the tau protein of step (a) or a tau protein or a
~derivative thereof which is distinct f4om the tau protein of step (a) and
al so captg%lt f binding to,the tau protein of step (a) 15 The diffusion
coeffici qﬁgfreﬁec?ﬁéea%?rrea“ﬁ?a%?y YhPR PR HERAS, Lo fsireens fahcrgscor di ng
5(7)4E:)h<237rmﬁrmdb_obck/urmc!styu1a!ﬁd Re?ﬁyli@tclh.e%n%aip@ggrg@d@w {ggnﬁ?ghé&S?, 80.
45- Thi ublication also.  _included sone determ ned val'ues o
di f f usi %%ycd:é?fl?lglge%% %S’lps Bﬁe‘:rlo()r‘ttﬁicgifl?lé dyes and its content is
specifically incorporated 20 herein by reference. Thus, the diffusion
coef ki ci @t MY uSPLL ALY e s NBast Yegyeld [0, an agueous
acidic ium vvhgreby t he magni tl{?%gvgf t&%%drf(e:ﬁ?x‘? %ﬁﬂgﬁttglgr{é%%x@%e | is
t est éd gfteratqlf@nlted%??"on potential 25 of the conpound. The method may
i ncl ude tthe astepsoinperdoobli tgsfddr ttber i tesdis 10ayt e pi1agent no8ubatd Gr
asce”a'i’hﬂitlﬁtslﬁgﬁ'—{é&!égﬁ gﬁagf 4.nhibitor or nodul ator of induced
conf or mat 1 onal  pol yneri Sation or 'a particular 30 protein (e.g. tau), or to
det er m n&)i s 1p Sii:%émli eaPtei caprabipétiedodesinatibid ithprast awhiagent f or
adniini stiratdapabte an bl to TR %Hﬁpﬁ%&ée@l beaghing -3s opr Quigded herein,
that the effi.cacy of  an gS ag‘fetpt i n bl ocking,  nodul ating or I nhibiting
i nduced péfc?rﬁedpr’rﬁ¥i BT VBGLY et i ROt o R bR dSpAdskinFY Srg@pEhacky at Iea@
in part pmrtetiheofdsfdusiadnagded ficcicaphbbd dtheiaghnf tocahebeattptdisad i n the
optim sajd Qrepf (ap agent’'s efficacy. The present inventors have 15 July
2005

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 agueous acidic medium, whereby the magnitude of

current flow in a redox cell is tested at the reduction potential

25 _©of the compound. - ®

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




WD 02/ 055720 PCT/ GB02/ 00153 43 establ i shed that an agent' Ju{y%Bh%ory
potency towards induced conformational polynerisation of a prote
inversely related to the square or third power of its dlffu5|on

coef fici epb.o2hss78¢ her words, the inhibitory potency of ?‘%Q(ﬁﬁn be
optimsed by 5 providing the agent in a fofmin which |ts usi on

coefficient is mnimsed. Thus, in a further aspect, the present i nvention
concerns a nethod of optimsing the efficacy of an agent in bl ocking,
nmodul ating or 10 inhibiting induced conformational polynerisation of a

protei n, e whdiohs JRINQHaE NGl 'ég@ﬁt't§1ej.rﬁr3_39t8£y ?o@emﬁzl 0g,the diffusion
coefficient _of the agent. In a further aspect present FAVENt i on
provi des S A5 R R eﬂ?]i%Fl%@WSPtfl BnP¥Yreihés plopsinpledxi selortadr ¢at nent

of a conbétimeden oWhtﬁhrd pauee b £ ArkonMBEL O cROFyAEhsatl | B Afhe?
ound which is provided

protein s,.,the osition conprisin c

. in, or cgﬁg/%sﬁt ed i i olb Yo Ry F‘T”P%loéhafltgg thgg Bh Op(’EéE‘F??Q:ltefnt is
M ni M seBroRiimg $hegpdefiuirharfomspectiidi itthedififvenitcnoronfficiketbett er
under st oggn i &ference to the follow ng figures and experinental data,
given only by way of exanple. 25..Figures Figure 1 shows a schematic
illustration of the structure of a paired helical filanment (top) and the
i mrunochemist rin ef fulﬁewﬁ)faisbéci:ﬂ: J amhe tpaegéxe& 1d1b&éhﬂgorprc@g&§§§§ Qn n%fthod

Al zhei e i_qur concept ual schene

wherei n (?:?lcfp?dc%ﬁ%sﬁgl eat (el}%%%g%tooér:g% P ?/I? de a‘ﬁ%%ejdl r\,\ﬁggﬁlé}‘%n{g fes tau
- captlhre, Wﬁ%!{%ﬂndee%bmegfmmwmmesﬁsﬁw @f3ashowsia, put ati ve
;pthOQGHWEldHNHﬁtﬂaﬁ AhZhRiHBEhS éﬂé§e€§em1nlmlslng the diffusion

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
: 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 nucleeting
factors provide a ‘seed’ whlch initiates tau capture, which then
. becomes ‘autocatalytic.
35
o 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




Tau aggregation is a proximl process prior to failure of axlgr‘ljab( 0transport
and consequent neuronal death. The tau aggregation ---------7>- U200 y 2005
WO 021055720 PCT/ GB02/ 00153 44 cascade can be triggered either by a -

~ seedi ng/ WRPEBITWn event arising from upstream changes oPCTGBM/NISIASY
mutations in the tau gene. 5 Figure 4 shows how i nduction of full-length
.tau can lead to its conversion into the 12 kD fragnent, provided there is
some preexisting 12 kD tau in the cell .4¥igure Sa-b shows a table listing
proteins which play a role in 10 diseases of protein aggregation. Al so

| i sted areas¢rdeli sundes trigasnesi edsher Hey aygreedant ud@adiionandent nut ation
bel i eved £ bend ler-duVigk¥ b AEnbRE &Ptif%_ldr&/%r(iﬁi‘#' 0a il boSERY Mo
size. One or nore literature refefences for €ach protein is given. 1

Figure 6 9R8%s a schematic illustration of the binding sites of various
nonocl onal antibodies to different forns of N and C truncated tau. Figure
7a-b shows_ the nucl eotide and predicted am no acjd sequences 20 of a human -
“tau prot eFHFVSIHrHC“PhBOY el Ed ofiast detiicddmBEBNYRDAR drafietnt Hkm 0.
Figure 8 showsrdite Shitucths a3 ab thigmime, prohoabanmiedieositdgomt '

chl or promazi ne, at%d tggr%ﬁe. / 2? Fi?ﬁ e 9 gives cellular assay data for

di am nophRhSPHIEZ%es? SRR 8t FHiGt 1y rel ated anthroqui none along with
apparent KI val ues, determ ned as described herein. Ln the Figures and

I ' f ., h b | ,
caaml o= DS e 8 BUELDST 8178 S P Bl Ul 8L 2 Lo, 0P oss

n"a manner- direc e condi ti o
cel | -1Basediigaesmp, odndreherefagoreproinmi nglsn Lhdishtarentbeé dhesaddssue

concent r ati ik iies) PAM! PegheBHy ' Eshli% A0RY6Y GuldiRion believed to be ()
involved, and the 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 parameter, B50, has been calculated to express

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

n ‘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 'pfoductioq of the 12 kD band from full-length tau was reduced to
50% of\;hat obsexvedain tﬁe absence of the cowpound. There is a

simple linear relationship between apparent KI value and BS0 value -

as follows: RECTIFIED SHEET (RULE 91}




corresponding activity in vivo. The B50 value is the concenty, 5%,%# of test
conpound used in the cell assay at which relative 35 productl Phe 12
kD band fromfull-length tau was reduced to 500 of that observed in the
absence o¥ovhessemnpound. There is a sinple |linear rel atisrsGB/dieianeen
apparent Kl value and B50 value 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 néds of conpounds as 5 therapeutics, it
may be desired to cal culate an LD50 val ue. Where .inhibitory properties are
simlar, preferred conpounds for clinical use nay be those which have the
hi ghest LD50 val ue. A therapeytgey r@,dgm{F%I[&dx) may be cal cul ated for
each of conpounds tested in the cell assays as follows: 10 Rxlndx = LD50 /
B50 Toxicity of the conpounds may be neasured by cell nunbers after 24 hrs
exposur erg @iridae ﬁ@@&hﬁb&euﬁhﬂgrﬂdtaﬁbaﬁﬁaﬂﬂﬂh)édﬁchﬂnﬁt&@oaﬁaé-)’as 15 kit

+ TOX-7( S 9’? Bi osci encgs) aac}g Qésn L0 },hc?a nc’:a ul‘:act ur. r5 stru ans after
Clysi S of “FERICHTAGS cett FAYAPE eF A el From 8ma ?’Ey t8Tox 96)
" may be usmblagawnpam@eﬁgam smlammﬁ%@tuﬁ@rcwpmgﬂsuém crignig@lFi gure

10 shomué@%ﬂaryeﬁgl Lﬁo&i ml A9ndwdugedni

LI BBsb VAN BT E8ERIpcvent i on,
based on a data set of 7 experinents. observed cell data fo

product i SRFAGT (Rénds! R‘E?ngﬁdci%ﬁiﬂb"éefil Fredact| 85 e‘F‘i"‘P(Oi.“‘é‘dSbE"‘e?t\F‘é’d le

predi ct eth€ atgiel askaps coefrbitéwnt > 0.9), to a standard function

dESC{Oi bing inhibition of tau-tau binding in _25_vitro. To obtain this fit,
two assunptions need to be nade, which are consistent with results from

)ot her cell-based and i nR¥ind=o= épﬁwl/e@%l) the intracellular concentration

of tau is approxi mtely 500 nM

Toxicity of the compounds may be measured by cell numbers after 24
hrs exposure to the compound using a lactate dehydrdgenase 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 to 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




30 2) the tau-tau binding affinity. is 22-nM using these a t t he;
~ .function for cellular activity predicted via standard i nhﬁ%ﬁn})c#q%ﬁndel
is: 35 Aqbd\hbistm [tau] / ([tau] Kd* (1 + [thionine] / K %,lé {&&iﬁﬁe sol ved
by standard nunerical nethods to derive a value for appa L
i ndi cated, the value for the reduced formof 15 July 2005 WO 02/ 055720
PCT/ GB02/ 00153 46 thionine is 100 nM4phich is essentially the sanme as
t hat observed for tau-tau binding in V|tro at a tau concentration of 500

M ernalfs difeKdsV @by Sud. Ot a2 MREL 001 | SrkNOM 0. REE2MMcered on of

Therefore, the activit I oni ne,
the 12kB%% d‘r"i‘t’:’af:?BanF‘%};d‘Hc%anthﬁCf @it 3| tagtdrncgntration bg 6Rpl vt hed
quant i ta,meyn@ y:h@nKahealti@SIfaroﬁa@ﬁiaeﬁﬁalﬁ&m@fl@'khb% O pd B8 lau-tau binding -
occurri {: e repeat dopmain wi,thin the Thi s confirms that
G-

t he exten 8% 45itdihy ‘fﬁljc:atté"rjﬁnﬁé%' ‘H}%?Tuéf‘?oﬁ?ﬁ%ﬁ Preiprot eol ytical ly
st abbe moeiqcauounpf e (ARD PHRAuncHY iwint bidtitdie feehl cull1esybseguentcan '
cel | ul arbé"’@%ﬁ%@ﬁeﬁfq&%t'x‘éh{:iﬁél;ﬁfon‘)ttﬂgrba@é)rg)%%nexten g{ ggrted in the

same standardi sed for nmat ane assunptrons Fedgar

i nt racel TR &RUr4a corrcimer Q?GEWJ(%‘:()@hﬁngaridlel@epa@t t@mabmndmlguafﬁnml ty

(22 nM ddinaugithi becdtmeat deaithe REONF ©ALaabows BNRIILGS Hénm{es
condi ti fd N, which_t e reduc c@g&nts ave been omtte I oXl di sed

t hi oni n gt 2 0% P5BC% FuP SR Ec CPUR t 524 93ited c’flé%l Rjify

starlﬂardmtﬁvhrlbltheomlrﬂndel Act|V|ty [tau] / ([tau] Kd* (1 + [Ox. Thio.]

/ KlI)) In this case, thionine now has an apparent Kl value of 1200 nM 25

This confirnms_that the di ani nophenot hi azi nes require to be in the reduced

for m f oP i SHPPEFICHE SEh T cordivisFont v idtisedf rodireranaiysirsisof i n

Vitro bienei mgpdated (Jl‘res:ulat§arﬁl@tst$ﬂﬂﬂwmilséﬂ FehRad? whowenkhatndy using
reduct N KmBRELLA! LK BIGT 110 =201 5008 LM MEL NGNS, P! 86, ARRPALS M
, 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))




based assay than predicted fromin vitro studies in which thg jiHRgscourse
of the assay (1-2 hours) had not been sufficient to achieve re&’uctl on. 35
Cellular activity is again predicted via standard inhibition nodel:

Acti vity sgolob@skhrd ([tau] Kd* (1 + [MB]. / KI)) 15 July 280pcY¥a¢9sy 055720
PCT/ GB02/ 00153 47 In the cell assay, the apparent Kl val ue for nethylene

blue is 123 nM which is within the same range as thionine and tol oni um
chtoride. As indicated in Figure 9, ther corresponding brain tissue
concentration (i.e. B50 value) required to inhibit tau aggregation 5 would

be 2- 3. Min FiigulR 1132558005 13RI hpsnendi RY ealde Bagsedeachlicvkt y1datia fios.
r educed ol qni um.chl or.i de, .i ndi cati ng agai.n .that the predi cted Kl val ue
dorived PRomiiehy i, b CHite cHIt BB HRCHF (0HGRSRE | T BPOGBEE on of 10 the

12 kD fraghenitdef.r obsf ihdidegrgt bn tRigura gelile. cGekbshardiagt byvainy Hissue
predi ct ed,yi adar d; i nhidat | IWVELY ] Kd* (1
+ [TC /g%g?%ﬁgﬁ?s%br%vi%gs ?il}lr%grg&%"‘bln#%ﬁa!tl F%Jﬁb% ttt%ﬁeaé%lf%gt&a# %nof t he
mat hethat Ye@td &falydi 8¥procedure used. Figure 14 shows that DHL12

(ant hroqui none) which is structurally 20 related to the

di am nopphenot hi_azipes is inactive in itf condi tions OJ t he assay. Figures
15°@ 16 SRS PHPYE T YEebopd i S8R hARET A66UE T “atrghrbeaiiead bt
for chl otplenam gblantde acimdieatogpegtivethat tRE, plsiingetihBI saripe

assunpt i Qélj_siveQ %ﬂgoﬁoﬂﬁe\%{ﬁt isfeﬂdfgss CQM b@qgehalﬂbt aé's&l@%' P_gocli%%é%_nn%1 and

cellular activity predicted via standard inhibition node Activity =
[tau}?/ EPt ] MRofrpgmant dFop Fuddlpnoll %ave iRppsttht K val ues for

}hl or pronmazi ne and tacrine (2117 nM and

Cellular activity is predicted via standard inhibition 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}} -
30 ) |
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




|

%

802 nM respectl vely)are greater than anticipated fromthe in_vitro

studies. 35 Figure 17 shows the extent of reduction of vari dﬁsjuh’o?t%éunds in
the. pre TT. Figure 18 shows the percentage redu

pl ot t ed 3’8@?%’2 f’%"D ----------------- 15 July 2005 V\%Ek%gfg"fiwg
PCT/.GB02/ 00153 48 ratlo of MB:Vitanmin C. Figure 19(a) shows that by

assum ng a target tissue concentration,g of 4(err)M(i.e. 1.5 pg/g) it is
possible to determ ne fromthe data of ~ 5 Di Santo and Wagner (1972) that

" tissue co ncent raf L é .tRis order would be achieved at an |V dosage of

0.11 ng/lllg JLOF| gur “sHows a nodel for the distribution of MB foll ow ng
a single 100 ng dose in a-70 kg subject, assum ng instantaneous 10

absor bt [0z} 19Tk Wifon20 t%HF“@%'a%%%m&ﬂ%@eeséﬂgre% EoboddediRneL ehton

expression of ta rrents T3 and | s based upon data from
both ik Athodilcat hmi W/ 8 hihi E2IPOSRpBEF ehOS teIBipk o e¥%it8R dpta of
recosbi n@idarital ahoagRRs (1o7epkaiaotiesael cercsasrapesdordednas boddons.

Ei ght tau 0 rug an3|en y resse 3 cells and COS-7 cells
were exan ﬁled;%by |1tr1nl‘r%neocy H Orsya%eaﬂ§ ?n%‘runggf:gts. The extent of
expression in each cell type was 20 given sem-quantitatively on the basis

of both g 1§ceOfl9r(S§uéﬁc§vs = moB&1 d@éle%@bafs@ewu%%hoaf MB IRNY oWERK a
i mmunor ea |1 VI t + to ++++, i ncr easi ng | evel s Q pOSI tive

i mrunor eXet94A t1390 1% 993° dRsas’O i SUPISTC (S THREBIW R BHAREBAst ruct to

- obt aign tdwesdmwesilobs. I n addition the specificity was confirmed for each

construct by using 25 a panel of antibodies against different domains of

tau protein -------------- -- (mAbs 499, T14, Taul, 342, 7.51, 423 and j )
T46) . Ko&;g@n§e@@eﬁg@gﬁrlses the results for the transient expression of -

tau fragments in 3T3 and COS-7 cells based upon data from both
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 agains;_dif@ereht 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




were absent in the first six contructs, but were present in
constructs 7 and 8. 30 Figure 21 |IIustrat es the inducible exprgsm on of

full-length human tau in 3T6 fibroblasts in two cell lines. T40.22 shows

| ow | evelwohaosggemund | eakage of full length tau in the upipduceshist ate
("U), and high levels of expression after addition of IPTG (i.e. induced,
"1"). T40.37 shows the sane, but |ower |evels of expression wthout 35

i nduction. Figure 22 shows a result of4% triple vector system A vector
permtting very low | evel constitutive expression of the 12 kD 15 July 2005
VO 02/ 055%2fheRETH &R0 3dHmBed 4thtor agmesﬁ\tlﬂm intwiodhicedduaiwliecel s lines in
Wnichl e ful | t d alread hi eved
(in fac Iﬁf)lnnég'lﬁf)l %Qnﬁ%t\l/mt%ﬁhnhégn%lr% b éh Chlﬁgeé{ Qvelr%gggf | PTG
are i ntqreéduéeaet 849%@@0@%p¥%§§ﬂéﬁeoﬁ fahqvel)en@ctm lexgls fof OPWG TS, 5
there is; pL f 2 a ckground
| eakage" n;%%ggggé’okgoﬁ%u% ?én S’%ﬁog of h&lll 159 %er}%ﬁuvegg érdme IF?F}I -l ength
tau i5s iHthrsed sbyeint foddeivag ¢ﬁpgfl¢€|5101|1emf’elté18012IIPT(Qannlmr-emblehe

full -1 engded@bubs coMMBfdedxbadenlds KB 1SABREES talQ ELgure 23 shows the

inhibitory effects_of reduced thionine. In each” set of lanes, there is
i nduci bIRF YFEIFETPOR B FEL A2 WEtBahat 7+ iPAECRT deeiesrefusitg: Baghag
concent riafviedns o6f 1PRT,G rareUOE nighehifgherledgnreltsu of s TebhweAsed e ttheon ne

-concent rg} |5%%icié_%?i ncreased, the 15 production of the 12 kD band from T40 is

suppr essed e 24 shows quantitatively the results of Figure 23. In the
absefce of thionine, induction of T40 at i ncreasi ng concentrations of |PTG

{ )l eads, t orianG@r RESERAR NGhd REREASSEyDE BELIAL OF Qédﬁée%{ 12k n20 1nf cagReENt .

In the prese of 2 err Ivlth ni, there i s st i nduction .of T40 but
1o g erben (g R TURRR apptneion o ene' 19988 AL
the presence of increasing concentrations of IPTG inducing higher

levels 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

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




Figure 25 shows conparative in vitro KI values for various @J@@H&s in
nNM The KI values relate to the particular assay ~3__ _conditions used
(50.0:. DIT: conpouna, 120-mtnutes see Figure 17) . Figures 26 and 27 show
t he i nhi BY@8%95583f ect on tau-tau binding of phenothi azi nestiGBonasd, 2, 3
or 0, 4, 6 methyl groups, respectively. 30 Figure 28 shows the derivation
of two paraneters- useful for neasuring the inhibition" of' tau-tau

associ ation. by test’ conpounds. STB ¥& the standardised binding relative
"to that seen in the absence of conpound, taken as the nean observed at 1
and 10 pbf melagsrasielesT dompdund: 14D §80807665 5ak S38-val wenafing. 0
represeng | Jachi JV ts r | nce of conpound,
wher eas a&#ﬁe@g?g‘%gﬁ %(I?i%ga%ﬁegugé.'hgbsg (Zgbqﬁ |01r‘11801\§\1/2§ fsg(siﬁded to a mean of
20% at test conpound concentrations of | and 10 (err)g/m . LB50 is log 15
July 200BiquAR @B/ 66562 GHRCTEGBO 240053 bebledkD 9l ahal &4 @ Rf-aporpouNd: t au
produci n %O%Ht %u-gggwrpi ndibng conpar gd V\Ph t hat seen_in the absence of
conpoundglf 50)". “Fi gur e Shofs tHEMT dMBEFUHE Ip tB&t #R:% STB and LB50
paranmeters. 5 STB can be shown to be a |inear function of the LB50. STB is
a |l ogarigfumc fou i st i CO d: | t hich tau-tau
bi ndi ng éis, rgdgcgg&%%g%{%: ?gnﬁg%%ﬁ i({sfaithg 1{?%5&0?9 ?Eg ?r%f%ﬁn %Fj 3?‘%\21{&& at
conmpound”itth tRESpRL tPinsirgy s aFeqiticch Py atl%-au binding is 50% of that ’
observed in the absence of conpound LB50 = 0.05 + (2.65 x STB) r=0.95 15
es that there be sone de%ree of

- T d 1, i f o it B50 i
%. eﬁggdﬂ#gakhg nl(:)jg B::Efn 5Y1Ie rﬁlglasa ra?rtgggclyg afiolﬂngoizlgd %bt‘[taairﬁggef)g, to ta

inhi'bition of tau-ta ndi ng, an oV
“ext r apol @ ivd¥.chDever i dinghngf i ST Y efutires ohoesved in the absence of .

compound -
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

Figure 33 shows the relationship betweén the perCentége of compound
- that is reduced, as determined experimentally, and the known '

‘reduction potential of the compound. The reductipn.potential




extrapol ati on procedure. 20 Figure 30 shows conpounds for which both STB
and B50 val ues have been determined. Assuning that the tot dP Jul?005
concentration in cells is approxinately 500 nM (i.e. the concentration of

tau used wozide2ssay), the B50 val ues provide an approxpdpheeiooisy the 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 formal

rel ati onship between the in vitro LB50s7 value and the |1 og KI value for the
di am nophenot hi azine series. 30 Figure 32 shows the relationship between

the numbgr.@f iRyl oh A QURSekfot HratBRPNRROLRI fzd ne (NVETH) and the.
redox. potenti al and diffusion coefficient (DIF) Italicised figures

redox. g (5 and 1T .
i ndi cat e EBFAREPEN 3@ Frci ents (R) and p val ues after exclusion of MB.
35 Figure 33 shows the rel ationshi p between the percentage of conpound

that is peduce a rm.n xperinmentally: d the kno reducti on
ot ent © arOpcs hidao SnaE, R TERe FA RS WITEL By e ACFon I RO d *
02/ 055720nPTYEBY2PObIBY agd phedixtentt he wiskhetied aiktwmpoohds educti on of

the di ap pophene! bhagd nese FhEA 342p,5P00s, tihahot Nere 48nbe &A%
rel ationship between 5 inhibitory potency and the extent of reduction of

- conpound®Y TEFUHENIANL IR t hat i nhibitory potency is not deternined
sinply by reduction potential. Figure 35 shows that the inhibitory potency.

- can be r T \V 0 i,.ffusi effigie Lch. is
neasur e g#%ﬁ% %eﬁgg%%:ythg t{l%e{%&ugggy fl_:’:)oroér%nt% 8 é%llégie %&gﬁggré;lgraﬁce ol
__Figulles B® &Rl BELuRbep twefpreaeet dohiehats enghrperbetindds tesdsnmat e LB50

¢ X "ESTLB5Qh) anehSEBréiESTSTBA bk Valdieggregsnact i vel y,

-Figures 36 and 37 show the predicted relationships 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
e —P5-—tau 40 -the -agueocus phase,--and-the key shows varying 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 and reduction potential and diffusion coefficient, in whighy WOS
diffusion coefficient is given the greater weighting. Figure g shows t he
crystalline structure of Methylene Blue. 20 Figure 39 shows tau-tau

bi ndi ng iWOtA&5*esence of 1nM DTT, as neasured in the solici/ghrsersassay of
WO 96/ 30766. Two different antibodies were used to detect tau-tau binding,
namely mAb 342 (top) and 499 (botton). The vertical axis represents
tau-tau binding, the horizontal axis 8hows the concentration of

' ‘fuII-Iength --2-5---- -tau in---the- aqueous phase, --and- -.the key-- shows
b

varyi ng EofEeht¥dbi opowpfhap|tihg- phéde kDaspedsex arrilsessesn, tdwpliatay bi ndi ng
still ocghtsced Rrbbeopyese P e I ous specjes of
tau fragnents .arr% douﬁeis%%&s% ojgggge%%g%ﬁgm%}tgﬁoﬁsi?%ugﬁgt iggnh(e’ u')
and fol | oW G MRAGCPT Dht(eqs jShorR By ddie arrpe-hsfadshe present inventi on.
These include species with nobilities equivalent to 12/14 kD, -25/27 kD,
-30/ 32 kP; 5 ' - 4 (see Ex le 3)...35 Figure 41(a) shows
how t he %QI%%! %r%agﬁgﬁgn%rpll;%/s Oéi g}? ear?ﬁaﬁ?ggn%)‘#d@dlb%?%o‘f@ttih@ processi ng
of full -FRIGGF CAUFhoreul €S 44t antiethedppleng et €. rpasii ho ensi s hewndbys t he
arrow heads.. 15 July 2005 WD 02/055720 PCT/ GB02/00153 52 Figure 41(b)
shows ho¥\ét he 3/ ZIZ kD species arises via tenplate- induced proteolytic
processi nge of fdl PEPERGHIT tAGINBIER Niefigrrehei0-48prosi Matiatessals oo shown
by the aetwtheddsreSidiiguros 427 shewsiuas PhRictofist hecapgarRNlengelsMobIi | iti es
of t; I£%.0f -El es, . 40- d.thejr.le hs_in am no-acid residues.
Fi guirh: 4§é s (()awi:atah]é l%e?éagnz)ﬁt gag% #é&r‘esﬁilb-%g%i‘?efﬁ?g[f‘?ﬂﬁ FaFsP®f  either
- 34 resi MEFasLd. fron o WhAPEASId ct AgorepsAbeabena simplel@esiagl e tau | 3
repeat, mrotkaliftdé tleaviidesObctheridagients Sy chengengiat-adsf Lom @ basic-
heptamerjc agdregate as a sinple set of ) proteolytic cleavages occurring

. at the positions indicated by the 1 arrowheads. _

15 Figpre 44 shows these same fragments in descending order of length .
-and increasing 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 ' ‘

DMMB has an apparent KI within the cell of 4.47nM, and the cellular
B50 value is ~100 nM. - . |
Examples

35

General_mate:ials'and methods




15 Figure 44 shows these same fragments in descending order 18f é{ % h and
i ncreasing gel nobility. Figure 45 shows that DMMB is surpri %§ ot ent
inthe cell nodel. Its inhibitory activity could be seen both in the
absence oWoloB#£67220 i nduction and fol |l owi ng i nducti on (sepcEesopbrasH) .

- Figure 46 shows the activity of DMVB on base-line expression of the 12/14
kD species, using the sane set of assunptions regarding intracellular tau
concentration and in vitro tau-tau bingting 25 affinity used in Figs 10-16.
Cellular activity is predicted via standard inhibition nodel: activity =
[tau] / Gkbawdeidt ofl3teH RMYB] 1indt)) 30 DMMB has an apparent KI within the
cell of 4.4 nM and the cellular B50 value is -100 rim Exanples. 35
General materials and nethods 15 July 2005 WD 02/ 055720 PCT/ GB02/ 00153 53
Pr oduct i emﬁo&e&'EBHeeeIECpldcn'as: 61 e oisMoete WCASCANoinB6IPRGO1 Mouse Swi ss
Al bino E (9%1 Firoblasts. For the inducible system the experinents
enpl oyed Lac vm%ch(err) from Stratagene using the p3'SS vector to express
the Lac repressor protein and pOPRSVI CAT to express the full-length tau

under thesrComd rolaueipid e ds@tn eﬂﬁ@%ﬁ@%mﬁéxﬂf&%&b@&é& ﬂ.a{tdl{'ﬁv@@cw 48
addition_ 10 of IPTG, Initially 3T6 cells were trﬁstect

el ect r opSFEEFRFE W EHCY HE® B3 'S8 BHUSH §°aftP ESFo %sLascelree&%%S%’g?
hygronycpmotesmsﬂahp@?R&VIG®Eonese$¢mﬁsSWEhe Bxpréssgnly war yndgr| evel s of the

Lac repr Eﬁ?ﬁx@olﬁoﬂ%ﬁé el dL (4 g&@&é@f‘e%@fekg{&[‘%ﬂﬁ&@@é& HY Yohe VRES: P K€D,

and al so e non-cl oned s were retained for conparison.
- 10 of IPTG.
RY;

Initially 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 £ilm overnight at - 70°C.




Production of pOPRSVT40 vector 20 The T40 insert for cloni ng r{IE‘[ h
POPRSVI CAT vector was prepared by PCR with Vent polynerase ? %O g ng
prinmers ( ngp bel ow) that included a Not | site and a start or stop codon
as appr op t'8%57Fhe " PCR product and pOPRSVI CAT vector wePET(GRO2WIH 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 transfetted into conpetent E. col cells and
-the cells plated out on anp plates. Colonies were picked and gridded out
on a new lﬁfﬁaf:@lm@cﬁsor‘f?rﬁ $¢ eqhefeapdi@iPWo theryBhnnken by4B¢Rrandn nyl on
- menbr anerdAmcshan) dfgmstpcassmhhﬁnﬁos:htel yESserfiR] 66t £k b €R:0N¥Yhe use

hybrldls |on sing. d 2P) dCTP Arrersha (using an
ol i gol abel I5 7§ o h?f C%gl}lr(r:%é?ré eteftéjﬁ)‘gh% %ﬁw)”]gf‘i“%“% hﬁ‘tNgﬁOr%a%ol um

( Phar nac#ra%emtotlet-h) Yhe HHRtodi 'sratqmewasrmtrata@nouwhea GSEnaveionght in
Chur gh Byfd ahse38si Rhd QuRd RYndx2Q @sn@o\'@éﬂ%sc ' glg&gschl\e’ﬁsfiéne Posidd ve
colonies, |abeled wth radioactive probe, were detected by exposing 7't he
blots = t@3AE O FAY VertftPghRercn orhentasion £pr 2eureanion?/ 055720

PCT/ GB02/ 00153 54 Positive colonies were selected and grown, then checked
by PCR rqmrestrlgtlon digest to confirmthe presence of the insert. The
use of @a’si ngle Festriction site for the cloni ng nmeans that T40 can
insert into the vector in either orientation. The orientation of 5 the

i nsgpt s grag deygrRlped so as to select colonies with the vector containing
T40 in the correct orientation for expression. Priners used 10 5 -3
T40-Not | start 5'-gtc gac tct aga ggc ggc cgc ATG GCCT GAG CCC CGG CAG )

- GAG 3 Not | 15 start
5'~gtc gac tct aga ggc gge cgc ATG GCT GAG CCC CGG CAG GAG-3'
Not I

15
31-57 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.




31-5'" T40- Not | stop 20 5'-act ctt aag ggt cgc ggc cgc TCA CAA CAA ACC -
CTG CTT G&C CAG -3" Not | Sequence conplenentary to T40 sedﬁe’Hh’é’o% shown
in capitals, the start and stop codons are marked. The Not | site to be
- added is é)o z‘ﬁs*%%—’ _ Sawn. -underlined The.remai ni ng. sequence shown in
| over cas® 253" 13 base pair overhang to allow the Not PCTEBVARESE o 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 Orientationwas. det@Pmined- .uaing .a -restriction
enzynme that--cuts the insert once and the vector at nost a few tines, and
that gives a differing restriction digest pattern for each orientation.
Hi nd 35 |Bdrwhictis (¢dmsetorotaidmation POBREYT40. | f{othe,d nserpqis, absent two
restricti nds._ar roduced. If the insert is_present three bands are
pr oduced I%n%(?l%t% eé’aezngca%fo?he bands depéﬁ&ie%h théglo‘?’? ent attdnPRf t he
insert as shown below. . 15 July 2005 WO 02/055720 PCT/ GB02/ 00153 55
Forwakd ( : Fentat i p 81 b verse Orientation
6101 Ep 3%?%%%%@%%%9%0 urc%t%lggﬁgo$gdg§8F§Pe§’§r é:s?gFﬁﬁRFTo AUhder the
control offEFLPLadRIEIster pronot er The pOPRSVT40 plasmi d was produced and
purified by CsO gradient centrifugation. This was transfected (by

el ectropqQrati i.nto 3T6H .10 cells (expressing the Lac repressor protein)
o oduced e ORI e Shist o Ep i BBt B Tig sAceY dexa FFar Byt

‘resi st ancentyi A4S icat. TBI)gaH Frakesiciednibyg allericespyesel 4i)ckado andrgr own
.. on. The leMek (of..expressian af. fulls gL hTAQ nd wthout the
~~addition of | IST(S was ldgt er i ned %%%Asg%t f:?%_%e%ng‘nht_lgg ?%%Maosygﬁ‘afﬁl
munocyPEOMEm st tANE Felster®rp| stlected for by resistance to G418 (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

15  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
ww~“éﬁwmmprimersﬁfsensevanﬁraﬁtiseﬁsén“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




Production of pZeo295-391 The plasm d pZeo295- 391 was desi gq%duli dﬁéor ess
protein 20 corresponding to the truncated fragnment of tau (reS|

295-391; see below). A constitutive, system (pcDNA3.1 from InVi t rogen

Net her | arfiQP2#2sed - t he plasmid inparts resistance toPEREBOMISHI ot i C
zeocin. The cDNA for this region was anplified by polynerase chain
reaction (PCR), using specific oligonucleotide 23 -priners {seise and

anti sense; see bel ow) - The sense -prinet® contained an EcoRl site and the
antisense, a BanH site. The fragnents were subcloned into pcDNA3.1 (-)zeo
(Invitr dgaetr?ataiﬂéﬁﬁéﬁ%}l%ﬁ%%waﬁé@m%ﬁa@éggé@twaaa@@gmqawm The
i nsert echddWyd s rdenagigRatbsomadaut omegal ovirus pronoter sequence 30 and
upstream of a polyadenylation signal. The plasmd contains the DNA
sequence. for the expression of anpicillin and zeocirk -resistance for

sel ect i orrtigradigeteriecandogtaryaidtygeetsaatespegddgmityactibeaggacaga

aut hent i % confirnmed by full-length sequencing
of bothds:@tér%r?fjts gggg Nuc e%’??ge an r% no acid sequence for truncated tau

- fragnent 295- 391 15 July 2005 WO 02/055720 PCT/ GB02/ 00153 56

- gat aat at@aa:a;&saa@gtcees@g@@gggggﬁeﬁﬁa@@@ag&@@i&bagw&%gegmcc

aggt gacct ccaagt gt gget cat t ag caa
cat ccat cat zfaacc g6a9ytggce gg?%‘@%agt aaaat ct gagaagctt gactt caaggacaga 5
gt ccagt cgaagat t gggt ccct ggacaat at

cacggac 9:51\?1@&4@%%gﬁ@ﬂﬁﬁ@%ﬂ@m%ﬁﬁm%ﬁﬁéﬁﬁ%ﬂ&%ﬁ%%% IT

aaagcCcaagacagaccac
DNI KHVPG&%&% 9%%%?%%§&%{@@WKPGGGQ\/EVKSEKL DFKDRVQSKI GSLDNI T )
‘HVPGGGNKKI ETHKLTFRENAKAKTDHGAE 15 295 sense prinmer net asp295

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




5" - CGG AAT TCC ACC ATG GAT AAT ATC AAA CAC GIC CCG - 3" EcoRI 20 391
anti-sense priner stop glu 391 Q----- 5' ---C GC G - GGA- TCCdoduty 2R06
cGC--CCC---GTA--Gn. --G -=CTT 11GC----3' BanH The start and stop codons
are in bokooamsk7ethe EcoRI and BanmHl restriction sites topdtpcasmisare
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,
Scotl and. This was supplenented 35 wi$h 10% FCS ( Hel ena Bi oSci ences), 50
Um penicillin, 50 jig/m streptonycin, plsu further antibiotic as
appropri abénfenaidg, 590amgflmlnG&D@(p@imvemam@ﬁ:lbh(hrﬁ&|11ﬁ\:lﬁﬂéndﬂcﬁa$m d.

Anti bi ot ralho r 0Q, 4 g/ cin 3SSseIect|on and
15 July 30055 LV DAP OB B e RBO 50758 ~ S tath: Bhdeey et

A18( pOPRSVT40 sel ection and nai ntenance), 400 or 200 pg/m zeoci n
(pZeo295 S Entgpan rown._a in a

hum di fi gé%%? %%%PQHO?ESA l(“'I) 3 ﬁﬁ%édla%d gt%?saﬁ) ned | Of ?&72d| shes, and
spl i-tSwhérliheyrappiotehned onf Loencishied am isliémeked thceel hispwvasted with
PBS and %@Hf§uer‘i<.% eﬁ@@.@u@ylg rr)é[:ﬂé{réﬁs%te'l@g %‘Aéﬂédlwﬁthoisé éL%BS&QL(stTA

solution /_ 10cmdish. Cel]ls are resuspende In fresh I um at
di | uti onEeiBRSHHIoREYPFIHFaFiPRNG O B | R |%¥§SFF6W@ sofytierny 10 |
(appr oxi Etnbel@ﬁﬂO@eumsZé)ﬂ@G:e@abﬂ:@idmﬂ)m fBdometthent £stii:ng ef 1. ebiugs, cells

2B ob 2L bBe Bty O 2l of MLALESCAL A ”1'5 fo gdeps ty that wll

allow th r ow confluency urs.” Drugs are added
_to t A mépppg@x;mﬁtpéMSSOOO to 20000 cells/cm)

For the testing of drugs, cells 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 furthér 24
hpurs 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
 5. e previously (Goedert, M. & Jakes, R. (1990) EMBO J. 9:4225; Goedert,
2 ‘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




15 concentrations, expression of full-length tau is induced 1lgy hﬁ)
addition of .IPTGat 0 - 50 pM Cells are grown for a further ¥ s and
then collected for analysis by SDS PAGE/ Western bl otting. Prepar ation of
tau prot XXIBESRIconbi nant tau (cl one htau40) and perchi RGEHGEBVEMSDH| 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 9P 5066). 25 Gel El ectrophoresis and
Bl otting own_as outlined above are washed once with PBS then |ysed

| r
in 50 | %\Wéﬂ‘ﬂ °pHek e5)°%0° $66uH1q%6 WRePloph dudspr| soml Hsuf fed. 30
- Sanpl es mﬁxmg)meailaﬁuth?@@,s/bon% echded204 Bdifd RBhit@hodP iURREAGLON php %

acryl . t Q niPratean Il mni gel system Protein -
i's tran erre 8?—1’\/%% é]%br ane&’i‘gl' %@strg?’ {}'Bnttrlsﬁﬁm) usi ng the CAPs buffer
system The rrenbr anes are incubat ed in block buffer (5% non-fat mlk

powder (dBsveelane gc;r@érmmozg LSRR £Ara @%Ltler%;& qV. s%ggé? uTau

protein 0det cte i ncubating the menbranes ted 1 :5
with blo &P P%r Amgrsatof Qf%ﬁéfﬁfl@h%avqﬁa%. ﬁgqulemth PBS/ 0. 1%

Tween20, Demuhmteltmg mftﬁhelﬁ%ﬂuhyd&ﬁﬁﬁ: bMQZJSO%ZEQnE@ LBO2£Q0153 58
anti - %5[3 Q0 ti Ioc buff r 1 hr, and washing well
Wi th PBgcga \ke Z%md%oaﬁn anrt'1 c?dly Fgw%ret &Ct 83 by .ECL reaction detected

on ECL hyperfilm (Amershanm). 5 Blots are scanned into a conputer on a
Hewett Packasdoacapist 6100C flatbed scanner at 600dpi and saved as tiff
files. Densitometry of the T40 and dGAE bands is perforned with the
Scananal ysi s program on an Apple Power Mac G3. 10 Drug preparation U
~ Thi oni neThiretimg, enetifueye BB, BuMEB,t @h@Nt dIBnGbhOFh 06 i1l 2@kl 211

prepared as a 1 mM stock in ddH20. Prior to use a 100 w dilute

stock is prepared in HBSS which is added directly to the medium on
15 cells.

For oxidised,drug.this is prepared simply by diluting the ImM stock
in HBSS and filter sterilising.

20 For reducéd drug the 1 mM is treated with ascorbic acid and DTT Eo
yleld 0 5mM drug, 50mM ascorbic acid 50mM DTT, this is allowed to
stand for 15mins (turns blue to colourless) before making the
dilute stock. This is diluted in HBSS to yield 100 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 aé
describéd préviouSlY (Wischik, C. M. et al. (1988) Proc. Natl.
Acad. Sci. USA 85:4506; Novak, M.,et al. (1993) EMBO J. 12:365;
35 Jakes, R. et al.(1991) EMBO ., 10:2725}). Immunoblots were developed -
'~ with the ABC kit (Vector Laboratories) The monoclonal antlbodles
{mAbs) 7.51, 21.D10, 499 and 342 were used as undlluted hybridoma




prepared as a 1 nMstock in ddH20. Prior to use a 100 pMdilute stock is
"prepared in HBSS which is added directly to the nmedi um on 155(:'H|YI2§’95_ For
oxi dised drug this is prepared sinply by diluting the 1nM stock in HBSS
and filtewoszassizosi ng. 20 For reduced drug the 1 mMis tpesicad2uish
ascorbic acid and DTIT to vyield 0.5mM drug, 50mM ascorbic acid 50nM DITT,
this is allowed to stand for 15mns (turns blue to col ourl ess) before
‘making the dilute stock. This is diluf8d in HBSS to yield 100 pM drug,
10mM - . ascorbic acid, 1O DTT and filter sterilised. Cells are treated 3
- 25-wi t heprhivge ugpegmatant Adysdeenawiit A8t i(dmsodenetios, tHed gteduceds dr ug

the ascogbibg @€i cen i Nt @ loo an
oo QlTuOoRcomAietlone ube TNE NS0 ool an |0

t hr oughout ,b% usj ngC apﬁ%/ggri ate quantities of 100
oxi di sed®BLbCR® atli H6 JEBPBFC RS HOOTE, fock. 230 S91¢elProc. Natl.
El ect r opherasi scandydamugoisat | nge Bt andand - 8L&LHEPNANLT 2 BRfha1 1y

*imnupoblottin r gcedur,. es re_used as .. described previousl W'schi k,
o o e e BB G5 T S AP (i s bR o Hs 08 Mo ARSOMN et I

(1993) ENBO-J.N4L! 365ad35sdiakesa RS efsoml;. N62091 ). EMBQLL (150327250 7.
Lmunobl ghser  slpvelapad - bh e ARG (yselar, Leboraler c5), The
undi | ut edehiBreciy 13 Jud \B1R08S: B WiSCB5R20.PET/ €1302/(00968 r&S-.cul ture

super nat gl | phgds. gD L ppogeneti Gs 54 8e{ 8 . d.at_ 1/1000
dilution, Anti -téa% _mﬁﬁs Q%%lg(g \?\,hi chr eajggi_ﬁﬁgeas@al%m Eg%%gﬁgg?nat CRES
repedlt; BEEVRRN alESIHuest S%ﬂ"?“%l@fgiﬁwéé. ) Natio 21 pRHY wasSciraissh 88: 5837),
{ 423 (whi sbatecogiicsesst-am Graeh ndfaldst Grbspncawedy ated @3 dueo§ u- 391, 4 see
: W schi k, .C. M, %a_l .67%988) Proc. Natl. Acad. Sci. USA 85:4506; Novak, M
et al. (fﬁé@?% d'J 2:365), 499 (which recogni ses a human-specific tau
segnent between residues Ay-14 and 3 n-26; see Wschik, C M et al.
gég?rg)nt Prog_piNaidy AAGag. Sci. USA 93:11213), and 342 (which recognises a
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 washing, horseradish peroxidase—conjugatéd‘goat—anti~mouse
antibody (1/1000 in PBST) was incubated for 1 h at 37°C. The plate
30 was washed and incubated with substrate solution éontaining
- tetramethylbenzidine. and H,0, and.the rate of change of absorbance =
measured?using“a'W;;;ﬁate*reader TMbIeeular Diagrsstics, ™
California) as described previously (Harrington, €. R. et al,
_ i(1990) J. Immunol. Meth. 134:261). Each-experimeht was performed iﬁ
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.




10 between residues Ser-208 and Pro-251). mAb 21. D10 was rai1§«‘e]gl fgggl nst
the A68-tau brain extract (Lee, V. M-Y. et al. (1991) Sci ence”’ Y 675).
Tau Binding Assay 15 - This was carried out basically as described in
W schi k, .W?b%? al. (1996) Proc. Natl. Acad. Sci. USAPe3/qi@n8is3Sol id
phase tau (0- 20 g/m) was coated on 96-well poly(vinyl chloride)
mcrotitre plates in 50 mM carbonate buffer at 37C for 1 h. The plate was
20. washed twice with 0.05% Tween 20, tRen bl ocked with 2% Marvel in PBST
for 1 h at 37C. After washing again, the. plate was incubated for 1 h at
37C wi th aqueous phase tau (0 - 300 pg/m in PBST containing 1%gelatin).
“In the presentnalppiscati on, 1nM DTT was al so added. 25 The pl ate was
washed tw ce and incubated for 1 h at 37Cwith mAb 499 or 342, diluted
with an equal volunme of 2% Marvel in PBST. After washing, horseradish
per oxi dagbisomuigatrEdrgedtastnidscrabee imntsbady dd/:500Q51,0,BBST) was
i ncubat e ate. The pl.ate 30 ,was washed and incubated with
subs'?s? at gufsrg%%h%ﬁ Efégg%? Mg 1:‘I%tl B Bhettty FBRAIMG REvaRdoPDGEIRfdet he rat e
. of chang83bfiddmarbarleenermas fhédadekihig) 8E Mmvatpl(@eesr eader chMahgsyl ar
Di agnost pgsgrakalusiagNig) s i ri Lousl Harrppgton, C R et. al.
(1990) Pl Mot B lg}’:egﬁ? . %fg%ﬁﬁ Eef'%%%?‘:ﬂ‘neérﬁr("ﬁasfltsg?‘r%rned in 35
tripli caf:grg%ga@ﬁ?& GEBHCORES| 87F no e Anbblh Bioirésphase and  aqueous
phase tau were absent, and also with either one of the two absent. . 15
- Jul y4200 y / Q5 0. PCT/.(B02/ 00153 60 _Data Anal ysis This was perforned
as é%aogcrg' '21 égtlt% ESbEEE98aat herleryncated %‘E@‘ordi ng

to the LBREMET t8%uation with the . 0
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‘Expression of tau in eukaryotic 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_trUncatéd tau fragment frbm.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
_is: (i) present in the PHF-core; (ii) detected as deposits in AD
brain tissue during the,earlj 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 truncationaat either N- or C- termini was
varied, baseg partly on the immunoéhemical properties of the tau
molecule. Six constructs were created with truncation at the N-
terminus-(186—44l ; 297-441) at the C- and N- ﬁermini (186-391;




Kal ei dagraph (Synergy, Philadel phia) or Systat (SPSS Inc., Chicago)
prograns using quasi - Newton approximation. Curve-fitting céﬁr’B'IY%Ppén
coefficients are given in the Figures. 10 Exanple 1 - constitutive

expressi wo of/osswol -1 ength, truncated and nutated tau ExmeERsBayoonss tau in
eukaryotic cell lines was sought to generate a cellular nodel of tau
aggregation under physiol ogical conditions 15 which did not suffer fromthe
lim-tations of |ipofectin-based approgtches. This involves the expression
of full-length tau and truncated tau fragnments for both normal tau and tau

- carryi ngzopadiggenicatuimt icens:-mﬁﬁ;qullmbengmet putﬁ/&f\_ém o&or mal ful | -1 ength

tau (T40) was transfecte 15) ressed
and i nvol VR T hevhsse ;/:ESfSJt?h CO“%I%EV%Y%%I }él tl?dv\,P??ﬁ]n he cells.
Tr uncat eantdepdimist vak| tyanath:éec Dﬁlﬁdifmrltnnumtatgediltlaqf frteegment fHagmarnttlse core
of the PHE G4 espepdingto fragment 297-391, was transfected into non-
30 neuronal 3T3 fi brobl asts this truncated tau was selected since it is:
(i) present in the PHF-core; «(ii) detected as deposits in AD brain tissue.

during tbeeeaddsticageseaf e&b@eéﬁéﬁ&&e;eu(giai:}jrc)tl%aﬁébisﬁ bdth SURROIdIHIG the

cat al ytii: ca#gp:] nggl%tper Qpaga Or ncpf %ghﬁc ture H}%} Vi trggﬂSubsequently,
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wWith truncation at the N term nus (186-441 ; 297-441) at he - and N

ter i P48%. FPEPE5IYEHY, f@@%ﬂpwr@éﬁéssw PeTF o Bacteniaidy- 391)
and at taepfedwidrprtse{ds 38ihg Jiel Patketne OfectbmWL&@CQDVhiﬁIMnaﬁﬁrseEshe Si X

“constr UC£1§ éghlﬁl ! 'f?]: ‘ﬁ %1{%%36 *ﬁra men%gt !LR ngf%n\élaéog apact?ell?[s Further

d| scrimnating a
results showed that the expre551on 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, EsﬂleT-RAQGWQAéHKl§3Q5N -which affects—the-altermative
splicing of the tau gene in vivo. In general, cells expressing
full-length tau éarrying 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,




generated in this way. 5 The constructs were expressed in eua 4 cells
both transiently (using pSGs as the vector) and stably (using pl and
pZeo as weOmsssdo . Stable transfectants are sel ected on tpagydasisiaf
resistance to the antibiotics geneticin and zeocin for plF2 and 10 pZeo,
respectively. Epitope analysis was perfornmed on bacterially 4w expressed
proteins using pRK1L72 as the vector. Figgure 20 sunmarises the results for
various fragnments in 3T3 and COS-7 cells. Further results showed that the

~expressi 80ggést iy fhss iahetant ithiBe%:.S(ﬁi&ti%%' brcan affrésﬁ%né.g%&%gggef n of

imnore%%givjfég . For exgnglg, 1ﬁ,sta | e expression of 1-391 an 391
resul ts I the” appear &TceCottehiHIF ne 2 DRTdrss ThihilRttrE sxites However;
mai nt ai ndpyessictaioel [thati hransttdbheaand thepr aduei bt-acshahe pravedgekysi ve.
Mutated tay;s t i f -le h tau s_used.to, generate known
clinical . %%%??%sﬁ%T@gge&\a\%eg sgt%%c#%pne 5 trtlfEl 0 plFZ % l?t%\‘glaénovrphous

t r anst ec8RPILI LY et @edbipn BT mharaidudelr setweri. Mitabte ofprmstsabhons

i ncl udi ngs thasmahicels akf esl fraghehtbw18.a58800) Yo ' i b

(@72V, 28-; 37M 5 301 -5 6340,6w%--§nd€?$381§§%9?% vE Uhil
al ter nat T8 CEpPHEHY °6f CEhtS ¢ ZYLgbiks iy sFefovas mgederaily cel I's expressing
full -1 engebredwcidarer.yi ng nmutations exhibited [ abelling of the m crotubular
networ k and was indistinguishable fromcells transfected with wild-type
tau. Cell.lines expressing certain 30 truncated tau fragnments incl uding

nut at9 onEXgpRlad ndighreble ypapasiom ofn tsunnmked talfe constitutive
expression of truncated tau within 35 eukaryotic cells proved difficult to

achi eve. LAl th transient-_ transfection stens pernmtted the {
opti m sagﬁoén %‘g&re}lxeﬁ:r 35%?‘3% of° TEAHy? ﬁ%ﬁ‘?"zér at TR el e teBns ensus J
surroundivhghewe the toatcbty xodohatal WAgH- taustiheisxpesssiaionl €. g.
,297i391 vasué&inid éﬂ@Q%§Eio&5ﬁg%h¥ égggitau'fragment of the PHF (i.e. 297-

15 .39} — which is 12 kD) was attempted.

' Several inducible systemé for expression of proteins in eﬁkaryotic-
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 p37SS vector codes for
censtitutive expression of the Jac T gene; and ekpressors are
selected on the basis of hygromycin resistance;- The second,

.pOPRSVICAT incorporates the DNA coding for the tau protein fragment ,:)

25" under the control of a strong RSV promoter which contains operator
sequences from thé 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 inéorporated protein |

30 {(i.e. tau } controlied—by the Lac operon. The addition of the sugar
'IPTG competes for the binding of lac I to the Lae operon, and so

permits expression 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




WD 02/ 055720 PCT/ GB02/ 00153 62 suggesting sone inherent to%ljg‘; t| es
of the fragnent. Stable transfections reiterated this concl ‘f

| atter system denonstrated that truncation at either N or G terni n| _
resul t ed WO 02455R¢ ghtly greater propensity for the tau toprassmbbessn
anor phous 5 deposits rather than in a mcrotubul ar network. Stable
expression of conbinations of tau fragnents al so generated aggregates
within the cytoplasmof cells, but thi®8 systemwas not readily

reproduci ble. 10 Exanple 2 - inducible expression of truncated tau In a
further aggcaprtian oreatas exgiealbkbd, neprlddeer hbeysteny £ivin hLeutlém
toxicityeg ind CI bI r essi on of
e cor iR Tt At ot ha Bl o 1y PREl e ek MRSIE B U

at t enpt e eSEv‘éF%?atllﬁﬂuc‘i“ﬁf’élgsﬁl?e?rﬁglfwate?pr@Isds|’C@P£leitprmm5ﬁsbm to
eukar yot mnteell S MEkenbiii Eithead! phoysbsdite pE&fSIdLdaSYsLSM WA Lhe J# ac
svmtc §tem In this system two vectors are incorporated into 20 cells
t ypi caI |y “"3T6 fibrobl asts which do not express any endogenous tau

. protein. The first, the p3 SS vector codes for constitutive expression of

the |ac by@RPEe ANd GXPEESEOI $rALE BElACHEd N i 19,080 8 Qlusl hégggwc' n |
resi st ance. Ine second, pu—’l—(bVI CA r the tau

prot ei n FREGRERIR 25 under the control of a strong RSV.pronoter which
cont ai ns operat or sequences fromthe Lac operon. Cells which incorporate

t hi s;yectar e basi s. of . neo n resistance. Cells which
have d/| nt%gr‘ﬁ%)%ﬂét ed‘%%l %g orsoﬁa(/e t%urtlpl?ﬁpgyﬁq(fmt Hat euibest foirrs

)expr essi 8ﬁsé‘ﬁeI%%tltlurpreﬁbhtlsmexpﬂe%%lbﬂ -df andheclioneer plosaied wvprot Base B0

(i.e. taun) 3@@%&1@& eﬁcmc tmﬁ k3¢ OpEs %uslhﬁl%%dh&b% ?mté}% sugar | PTG
Corrpet es e bin e Lac operon ermts

:
expr essi gﬁg ?b %Et]:sﬂr8?%19‘?15531“%58%1'{98%eggﬁubﬁ-"eé‘leai:h’é““lazl ktBuf Paggient was
carri ed tbe tcontmed o35agelddddibes. piteserdatd notunshewd appiecicabl e2xd=svel s of

tau p§otebl) under the control of a constitutive promoter.

: Cells expressing T40 under the control of an inducible promoter,
T40.22.10, were transfected (by lipofection) with the 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 analy51s with Mab 7.51.

;t) ‘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 expre5510n of the 12 kD fragment was. 1ntroduced 1nto
_“cell llnes 1n Wthh 1nduc1ble expre551on of full length tau had
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
-1eVe1 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




expression until after 3 days treatnent W|th | PTG at which stage high
| evel s of 12 kD suddenly appeared, forming intracellular ad§relys2086 which

pronpt | y v bdigd-dehe cell. The process of 15 July 2005
PCT/ GB02/ 00153 63 aggregation was, as expected, non- |.X?§$%%%§%§‘éss| ng

fromlow |l evel expression to sudden accunulatlon of toxic aggregates
wi thout any clear gradation, naking the aggregation and toxicity
i npossible to control. This non- Iinear-progression prevented a proper
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lines according.to invention 10 In view o t her
syst em WaLeHEE lagef?ﬂQWﬁﬁsm°1ﬁﬁP*ﬁrs@@éqbﬁlfﬁﬁq@eeébl(¢aau;lDHd19nzmQEe4 and
clones tdweragaf ineregHasedndlaon 36 peelihded ECACC No: 86120801 Mouse Swiss
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under the control of an inducible pronoter and truncated human tau (295-
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' 15. (e.g. in the cell line designated DH 19.4.1.4A.B2). Following

induction with IPTG, a further series of doublets may appear, with

‘gel mobilities ~30/32 kD, ~36/38 kP 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).




cell lines in which inducible expression of full length taufaﬂd 2@' [ eady
been achi eved (T40.22 shown in Figure 21). Figure 22 shows 4 gﬁpens
when |l ow 'l evels of I PTG are introduced to induce 35 expression of

full -l eng¥@o0z/83572At O pM I PTG there is very low |evel er@riessiegnsof the

12 kD band, and | ow "background | eakage"” expression of full-length tau. As
progressively nore full-length tau is induced by introducing higher |evels
of -1 PTG nore of the 15 July 2005 WO&32/ 055720 PCT/ GB02100153 64
full-length tau is converted to the 12 kD species, and nore of the

i nt er rediatieviingherdumlieaul(@tguwrd ght fr.agnenter{Hescddhied bh dmbectdet ail
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const i t #3dFESERPR esidioredprenee top FkDufesdiderdt - shows that the 12 kD speci es

is not produced as a truncation by-product of full-length tau induction.
Enha cedq expr SI on of the 12 kD band followi ng induction of T40 was seen
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SO appear W ap aren of 25/27 kD
when t hethagrreseatet it Sﬁﬁeoﬁnﬁ?ﬁ‘ﬂﬂ?@@ Jsﬁtlaattélsﬁ (e.g. inthe cell line
desi gnat ed DH 19.4.1.4A.B2). Following induction with IPTG a further

seriges qubl appear bilities -30/32 kD, -36/38 kD
andll%42/ 4 fls eseer&aﬁﬁe%?%r%re sﬁ&\%"ﬁj ﬁgléfauf’éa%rﬁﬁt AT&i 3thout i nducti on

u)( "U') Znit&mdah)ldﬁ)wmgemnda&trmd(léds "Jr. ~Alls oeshdwes athéchhis paket er ns of -

- munor e@ﬁw&uwt s L h%& mgiéaw{?%ﬁeéﬁe%rwghf%? 342 @ g 9%92 term nal

pol ycl onal antib ich recognlses epltopes ocate etween resi dues
Ser 422 afrﬁf‘gﬁ‘éﬁﬁﬁlge%a?ﬁé‘ geri Varedrr o Rederatrhtss d8éhinh frhe ani nduced

“state (isiemplel2¢dbkPrando2dt iy NBhvidys becaxplad nad day pefariense to Figure

41. s

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




Figure 41(a) shows how the 12 kD fragnent arises via tenpl atg nduced
proteolytic processing of full-length tau nol ecul es at the 48 %&Dgfl mat e
positions shown by the arrow heads. In the case of the 25/27 kD speci es,

t hese fr JYPEHPFWannot represent dimers of the the 12/ 14 rPkDXGHRO0BS, 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 @fpproxi mate positions shown by the
arrowheads in Figure 41(b). 15 July 2005 WD 02/055720 PCT/ GB02/00153 65
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posi tion 5di &ﬁfi‘éﬂt’(ﬁf‘ PreT4P rﬁﬁé‘&%aﬁhﬂ% wppceniBefrem afhasie

~hept anerieadsager agaberesfp@fnmedgasncﬁJ&W@dl prédie-tiogus . tid thig schenme the
fra ggents_ar |eP% ag e full conbinatorial set of the proposed cleavages
occUrri ng e 37 podsiHcEcapproxismitletbb¥tineonsherpvire dhilihe arr owheads
at ei t hemantioh bheraygbegaie. iThetcebnespasidiingo 26, pradiet ¢d
|m*runoreﬂcaldm Viky patterns seen-with mAb 342 and T46 associated with theée)
fragments dre also tabulated. Figure 44 shows these sane fragments in
descendi ng order of length and increasing gel nobility. Al though the

‘hept anerd< Rg@cegdatBidSine 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 reduc1ng 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




25 --shown-for convenience as arising entirely fromfull-le tau
nol ecules, it wll be appreciated that the 12/14 kD fragnent%c‘g‘l}fgoo%e

i nterposed within the proposed aggregate, replacing some of the binding
par t ner s, wamnloistizx t he preci se pattern of inclusion of tHEEEBEHEF3
fragments 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. 6Vsbetter .uuderstood- as a.- possible
repertoire- which. can be instantiated in various ways within the cell. 35
Exanpl e flegrigiigint @Wdebteotesceoalmmmdsdmmr diduend omMBf (dpnetiedl-ytic
fragment Hay| 1g,aGh %Eed a stable cell systemin which production of the 12
15 July 2005 WD 02/055720 PCTI GB02100153 66 kD fragnent (and ot hers)
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t hi oni ne%ql nduc’f@on of %ﬁ%cth[veﬂ crté%lm %‘Sﬁcojr:]]lcedrﬁ%rrgt%?%ﬁ%n FPBTE leads to a
corr espomdithin i rior eadéd Prnodhmt eepenifeniceewifh KB bOdf pPEYEERts. showh highat
presencee@_ten aﬂgér.téytoﬂ QS+1H]§ ?o!iéctsltolnl L:af' &gélcﬁ:[ﬂ/qq Q{J JZL:Q!J_GQURSI'[ i's not

converted intoto the 12 fragnent re ucedthlonlne is itself
t oxi d9 i targehecdaieamired lébrﬁgrqéﬁg?‘blron 1§h?%d£ﬁ7t iths FARtHEYEAVRl s of T40

\) nduced l@)to&@d&itﬁﬁrpmmlmg doessaf rradiatat shighars leavpes wf1dwhitBai hevellhi s

can be acty ﬁvg et erm %{P%tt he rlastel Q o{ 12@53 Sgéqj whi cQa gg&nsts
averaging 't da A adr oSS | Vel$%and shous a d05e- gnﬂ reduction

in the Begepgatiatheol2skbe regdaghi vevels fathin arwg hle'éléuwhlch 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

28~ —30/32,--36/38; 42/44 kB} is alse dependent on critical tau-tau
binding interactions occurring through the repeat domain, as shown

in Figures 41, 43 and 44.

Figure 46 shows the activity of DMMB on base—line expression of the
30 12/14 kD species, using the same set of assumptions regarding

. intracellular tau concentration and in vitro tau—tau binding

- affinity used in Figs 10 - 16. In this 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




20 The activities of various conpounds in the T40/12 kD asegxi 2§ shown in

" Figures 9 to 16. Results are expressed in terns of the rati W99 p - 140
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seen both:.i n t he absence of I'PTG induction and follow ng induction.

- Treat nen %1 eff ctlvel abol i shed al | degradation products
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tr
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-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 of 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 Wlth lnhlbltory




.the absence of treatnent with a tau-aggregation inhibitor %ﬁ/ Q(Sfelf be
dom nat ed by tenpl ated aggregati on-dependent production 1 A eakage
| evel s of T40 produced in absence of induction. Watever the conbination
of factorswonriostrglet erm nes the levels of 20 the 12/ 14 kDP mﬁmbj n the
base-line condition, its apparent expression can be essentially
elimnated, along with higher nolecular weight aggregation products, by a
pot ent aggregation i nhi bitor such as RYMB. These results further confirm
that production of the higher nolecular weight proteolytic fragments (ie
-25 30-/ 32itendd/ 88+ 12/ i epen n_critical tau-tau
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apparént tRp W‘E‘Fﬁfmthe ceI | of 4.4 nM and the cellular B50 value is -100

nM  Thi s indi cates that DVMMB is highly potent within 35 the cellular
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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




predi cted fromthe approximate Kd and Kl val ues determ ned %
experinentally in vitro. 15 Exanple 6 - exam nation of i nhil HW53905
properties of diam nophenothiazines In in vitro studies, the nost active
i nhi bi t oMO0@2/03532-t au binding identified were the r educedctamBoEonss

di am nophenot hi azi nes having 20 0, 2 or 3 nethyl groups. Figure 25 shows
the reduced fornms of such conmpounds. The correspondi ng tau-tau bindi ng
‘curves are shown as a function of nolap ratio with respect to tau in
Figures 26 and 27. As shown, conpounds of the "desnethyl series" (0, 2 or
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25 (shomn g%nt vertical axis) at, nolar ratios of
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~ other feahtres okitbe i qmn@ga}hea@&ﬁyc%l Be lC&;{H%%EB c&@ﬁffél%ﬁtcﬁltic{ I ed out.
_Substltuttg of theﬁf fero FIC ni trogen or sul phur atons was .found to

sever el y3 At EHP8r 8 BPEDr -eRS I urS i BH659 WO 9y e55P2bhe
PCT/ CBOZQ@QQ@OﬂGQOpﬁfmtdFlghﬁes:@rﬁpoﬁlﬁldﬁld l3r7kew sexh refv.ako afnd he
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t hus appeared that the diamno and ocyclic are
i nportan n?%ﬂd¥§€t?V|?Sﬁ(ﬁortHégh@ﬁENMEF§3V¢¥FQSﬁd1nnpat¢i¢uﬁalomethaﬂéﬁetau )

bi ndi ng. bhes, @uﬂwaﬁﬂﬁcﬂherbmﬁsnEt&EHﬁioﬁ@f@&dﬁ%%@l&olgﬁtfﬂﬂgﬂy%okyrgd%e%%§y
' relative to the number 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
stdcking 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 WO96/30766. 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
demoﬁsérated,in_the presence of DFT (1 mM) in the standard
' configﬁration of the assay described above (i.e. the data fdr STB

35 and LB50)J. The 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




activity in the tau-tau assay: STB is the nmean tau-tau bi nﬂégg ﬁgserved at
1 and 10 pg/m of conpound at standard tau 10 concentratio ly 2968 nM
LB50 is loglO nmolar ratio of conpound:tau r-~ producing 50% i nhibition of
tau-tau bwodlxgs(2ki gure 28). As shown in Figure 29, theregdrfcrzabisang

- correlation between the STB and LB50 values for a range of conpounds, wth

chl or promazi ne and riboflavin being two outliers (see also Figures 30 and
31). 15 Exanple 7 inhibitory activity anfd di ffusion potential Figure 32
indicates that there is a correlation between the nunber of nethyl groups
(NMVETH) igxcskest gpppound and both the reduction 20 potential (E) and

diffusion coefficient (DIE). In all conparisons, the Spearman rank

correlation was used. As shown in Figure 32, a strong inverse relationship
bet ween time smundey, ofhenmprbydnigrionpatotNYebididangk e begyedignpot enti al

b Ly 1 | bl [ I d | .t : | at i
vl ues | narEarRy o RS st Fo e CEGRR Soe MG a-ual abs

excl udli nGifeefyFepiech isisud} zheimies’ sntti sedes inhebictephykenes hinderhas a

di spr oporitigeratiebyn i@l ti s£MUGJ19R POt N IAl of &l afd ¥§ 159 puber, of, net hyl
groups (NVET 30, this series. There is also a strong posifive

i
correl at ngﬁeEéFV\g%ﬁhﬁlﬁlgrhﬁn%leﬁﬂagﬁ hetpRfhodrglpal dmg-the Hitdissi.onThe
coeffi ci dmpofrBhki tddqpings 32 .thisAsppeldatasnt herL dagk ngndoiialiser vgd

. correl atig g puher o 35 of meth ro and, reduction potenti al
(Bl oo AREERRICED 05 MLy 0By CndBlat B 0PRS,ALE LSS U0 P

(Figure 33), it sdr pr 1’81 ngl y i WS HY ofSer ved
cor r &f at iLBR1Bét AR Potendyctdwmrdgoteht i ialdugrd ¢ovfidsintbi yngoteptiah (Fi gure

B4b), al phayghrisle xt end ﬁte&%@!ﬂfi%% gh%%éﬁe ﬂﬂ?&@&%@%ﬁéi §gs in the

15 July 2005 2/ 055720 PCTI.GB02/00153 condi tions of the“assay is
hi ghl'y CSP%FS%%'&?W% ﬁ’%re P30 ot MEPELAe FiasPeY 389, ddsgaFREeceech t here

i s no coesehatheimdetswlépease. Finally, by combining the findings on the
- preferality of the reduced form of MB, and demonstration of its
.15 éctivity in the cell-based assay at concentrations substantially
below those predicted selely on the basis of in vitro data, the
.inventors have shown that this compound, and others like it, could

be -used an appropriate reducing formulation for the prophylaxis or
treatment of AD and related disorders.
20 .
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|1 15 July 2005 76 Clains 1 A nethod of proteolytically CQ‘%:;FE)%&- a
precursor protein to a product fragnent in a stable cell Ii u i ch:
‘precursor protein is associated with a disease state in which the
precursor protein aggregates pathol ogically, which nethod conprises: (a)
providing a stable cell line transfected wth nucleic acid encoding: 10
(i) atenplate fragnent of the precursog protein such that the tenplate
fragnent is constitutively expressed in ¥he cell at a level which is not
toxic to the cell; and (ii) the precursor protein, which proteinis

i nduci bl y.?exprgss%gwiﬂn the cell in response to a stimulus, (b) subjecting
the cell to tHe ST &3 Sadfredsiroanndwei bf yeladmpr St B QHRLEENT SON

protei n ipluteditel ¢f diFfeheneyrddieRr a6t +Qf _fhe t | ate fragment with
the precursor protein causes a confor ma%i onal a%%é’rfﬁgg?ﬁgt he precursor

pr ot e#n such as to cause aggregation and proteolytic processing of the
precur sor © pr ot 2iFPhedt he praiect ihir agaBOt. WRQrQ; A ARt hed, as cl ali &%d in:
claim1 wherein pathological aggregation |eads to prot eo?y'tll o Sp (Bssi ng
of the pregcur 500t RLOL ej nli_&ln a dji sease state associated with -

neur odegener ati on and\or S &HTH it 2BenehRtiof the mrexegintodlabns| ai ned in

clai f 1 othexpan itz whedettiomathat opasl oagyhRAatt OfrLfnddie 11 ecur sor
- protein. imantihersk sease state leads to proteolytic processing to a core
dormain fragnment and the tenplate fragnment conprises at |east the core
fragnent of the tenplate protein. 30 4 A nethod as clainmed in claim3

wher ei n &le’ t 8npédicel Ffoagimiti fying a modulator of aggregation and\or

proteolytic processing of the precursor protein associated with the
15 disease state

which method comprises:

(a)‘ providing an agent suspected of being capable of modulating the.
aggregation, )

{b) performing a method as claimed in claim 9 in the presence of |
20 the agent,

{c) correlating the production of the or each product fragment

monitored with the modulatory activity of the agent.

11 A method as claimed in 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

sufficj.ent 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. - ' |




consists essentially of the core fragnent. 15 July 2005 76a 5 A nethod as
clai medin any one of the preceding claims wherein the proddétup9sent

produced in the cell is toxic. 6 A nethod as clained in any one of the

pr ecedi n§¥@hz935820 wherei n the product fragnent is the sanmecesBiim@isenpl at e
fragment. 15 July 2005 77 7 A nethod as clained in any one of clainms 1 to
5 wherein a plurality of different product fragnents are produced. 5 8 A

method as clained in. claiml wherein The stinmulus is IPTG 9 A nethod as
clainmed in any one of the preceding clains 10 wherein the production of at

| east onk? pr oflusetiodagaestaimed nonatpradt: clids mEt hed1Bowhégent ithygi ng a

modul at ol egaty n (o] ' r ssing. of the precursor
pr ot ei no‘%gsouc(?%?)%dggw %t%qtc}%egg%{la %ﬁocgcg}fge%%%%‘?eﬁmﬁgg énre od (%’W‘Bgfes(gs: (a)
provi di - Hh SadehereucHdédea- of being capabl e of nodul ating the

aggregation, (b) performng a nethod as clainmed in claim9 in the presence

of 0t agent c) _correlatjng the, production of the or each product
f rag%entpﬁnon?t%?te%d)waF h® %é“%‘#o&& 8?‘6}‘@ Hetbhoreyr dher kefagente VALUA net hod

as cl ai netl 9atadingidnki Pasferriing stlep rdhhod sipahboat®enc? pdhyhe( agestl t uri ng
the cells on one or nore plates, (b) incubating the cells with the agent

- for a period of time sufficient to entry of the agent into the cells. 30
12 A nethdd 28 ReHIeds i fEmgdmi212wnmetns oft pkaiaged? ke 15 ntrawdeetireo t he

cel'l s t caginte whithnd peREaBEr B | ¥ Rtehes@ERs1to 5k (@il of
10 cro;sing the blood-brain barrier.
17 B 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.




13 A rrethod as clainmed in any one clains 10 to 12 wherein SJ'@roductlon of
a plurality of different product fragnments is nonitored. 19°5#/4IK208805 WO
02/ 055720 PCT/ GB02/ 00153 78 14 A nethod as clainmed in any one cI aims 10 to
13 wher eiwolgh@ss7i¢ oducti on of the or each product fragrreq;cﬂggbﬁt,dﬁﬁd IS
conpared wth a reference value. 5 15 A nethod as clainmed in claim1
wherein the reference value 1is obtained by performng the nmethod in the
absence of the agent. 16 A nethod as ghainmed in any one of clainms 10 to 15
wherein the agent which is provided is selected such as to be capabl e of
10 crossi ng t he bl ood- brai n barrier. 17 A nethod as clained in any one of

clalmsl #e\/\g]:)cﬂ rlsesthe step of selecting the agent to be
provi ded ASurThgGS ﬁe 199 g GhaEBety MERPERID Ghet herlgdst Tangment
correl at cngs:létst et di frapicon edetdi ch:arhdnhg ffrbﬂea@wb%laghtﬁ,t Ol
potent i d d. i n 0 to 17 further
. conprj S?Jr)@ %%ﬁ ﬁs%te%etlg? ca cu|e§'%?§%s aébgaB}rl Qleto%etlé%?ﬂ{ﬁ %ﬁn‘i@‘ﬂfaﬁet hod as
“cl ai fed PROBRLL oevsf iel Blignd -10 to 18 further conprising the step of
assessing the effect of the agent on cell viability. 20 A nethod as
cl ai ned %g cl gl urther, conprising the step 25 of calculating an LD50

for the agent? h6UPHEE LG ABY TP g sard. to R oRpriEsnnghe he
step of pcadimttiam d antdm:rr@eemat@ly r1dex1ipr25t,h27agﬂnt_ 32,306 226A met hod as

- clained yp any ,gpe diﬁgtefgr Gedi | rein the precursor protein
is a tau protein. 537 ag as c alccrartgdylgnmo laij]r:ﬁcg’z wherein the tenplate

fraglr?e conprises a core fragnment of tau. 35 24 A nethod as clained in
K;}ﬂ aln]232VWN3rBImetﬁﬁﬂ.benﬁiéﬁmbéliﬁgﬂﬁ£ﬁm 26 wherein the production of an

approximately 12 kDa product fragment of tau is monitored.

28 A method as claimed in any one of claims 22 to 27 wherein

15 production of the or each toxic product fragment is monitored on
. SDS PAGE,

29 - A method as claimed in any one of claims 22 to 28 wherein
production of the or each toxic product fragment is monitored

20 immunologically.

Bb A method as claimed 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 -

' “_comprises ‘the step of selectlng the agent to be prOVlded by
determining the ablllty of the agent to modulate the ablllty of a
fragment of tau correspondlng 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 whereln the

agent is a phenoth1az1ne




conprises a fragnment of tau extending from am no acids 186-%%€&J0 390- 441
of the full-length tau protein shown in Fig 7. 15 July 2005 YoPP855720
PCT/ GB02100153 79 25 A nethod as claimed in claim24 wherein the tenplate
fragment consists of a fragnment of tau extending from am no acids 295, 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 cl ai ned8®n any one of clains 22-to 25
wherein the production of an approximately 12, 14, 25, 27, 30, 32, 36, 38,
42 or 44 kDa product fragnment of tau is nonitored. 10 27 A nethod as

claimed b3 ol 8l afohier el duddie 10T oG] o ALeal, (RRPLOXLmRLely 12 kba
pr oduct fr@@gent of tau is nnni%ore : gﬁkwﬁg '%hfﬁgsag?%ﬁﬂﬁﬁain any one of
cl ai s 25°FHesy PREBPERIRZIBS - pr oduct i on of the or each toxic product

~fragment is nonitored on . SDS PAGE. 29 A nethod as clainmed in any one of
cl ai 22, t0 erein roduction of the_ or each toxic product fragnent
s rm@rsli t%% ed g%bgghnqrdrﬁﬁgfo%lr@gﬁlw gﬁ)r R MEthodRed £PLi ¥R 45 acl ai m 29

wher ei n EhRrapghitior engrognptbis agenainfobothe itsesalat ed b efaspaBRoC! onal
ant i bodyynirCRetfibd & pecific for a human-specific epitope located in the
region 25 between Ay-16 and A n-26 of tau; (ii) is specific for the core
tau fraGleRErfPaRted admgthed @s3giained iin jagysereiofi cledms 22ydweBBc t au
epi tope {0 sheetepeatmodol@idts Bavihy)a ithe¥RPELEiC ihALx B AYESRES €8an

spegpfi g generic tau epitope |ocated between Ser-208 and Ser-238. 30 31 A
met hod as clainmed in any one of clainms 22 to 30 which conprises the step
-of selecting the agent to be provided by determning the ability of the

agent. { asmodul fbentii%Abibihda O B1alh ALl AL caLespONdNg fo the
core repeat domain, which has been.adsorbed to a Sol I"d p%ase Substrate, to
capture g ?ﬁ&ﬁéaﬁqﬂmlglzhelmer's disease, motor neuron disease, Lewy body
disease, Pick's disease or Progressive Supranuclear Palsy.
15 M.
36 A method for producing a medicament for use as a therapeutic
or.prognostic modulator for the treatment of A tauopathy, which
method comprises
(2) carrying out a method as claimed in any of claim 34 or claim 3%
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 fhe
phenothiazine such that it is ﬁiesent in at leést 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.




35 length tau. 32 A rrethod as claimed in any one of clainms 22 to 31 wherein
‘the agent is a phenothiazine. 15 July 2005 80 .33 . A net A8dul¥£08Fai ned
in claim32 wherein the agent is a reduced phenot hi azine. 5 34 A nethod

| for scre a nedi canent for use as . a therapeutic sfic
QD055 212%99@ 1

agent for the treatment of a tauopathy whi ch met hod conpt i
- performng a nethod as clainmed in any one of clains 22 to 33 (b) selecting
- modul ators having a therapeutic index gf greater than 10 2. 35 A rret hod as
“clainmed in claim 34 wherein the di sease i's sel ected from Al zheinmer's

di sease, 4ot Of;sBEYEO asge, 0 di s di sease or
Pr ogr essi ve Sggr anﬁc%%ﬁé%a% Clla?@%g dl){eretlﬁ1 urcgg %PH@ *# medi canent

for use &53Rtheedgeuthe retﬂucﬁrf‘ogh@%ﬁt iy ﬁédutmropfferstdtt&mlseagnemnm a
tauopat hy, which nethod conprises (a) carrying out a nethod as clainmed in
any of cligim 34 Ol o cft §5 20 t.o |ﬁ]ent|f the medi canent, (b) providing
the medi cament agehit “1h 8ot ™t whereA nnbhe opdised| &PFRdiS n cl ai m 36
further dwaphibisrf wishnthaasiteyil heimgentnas a medi canent conposition for
use-in the 25 treatnent of the tauopathy. 38 Use of the nedi canent agent
~in isol at d formof claim36: in the manufacture of a nedi canent

‘conposi tfon fdFeusE ?r?fteﬁéemt%%ﬁ?tfeﬁazan@amﬁt%yrep@@a@@m ef a

phenot hi agdheament hﬁmpdﬁﬁlﬁfe&t E6p wie anmede C@i@%ﬁen@%@%’o&;b?@ai‘c% 4s€, i n

the t t th wh t
et CoLUEOh RO 43 e e AP 5 S B SP 0

Copr estht PR% a@f|té§streggcecgdleggo brform of the phenothlaz:.ne
O
: 44 Use as claimed in any one of claims 39 to 43 wherein the
medicament composition further comprises one or more of the

following: a pharmaceutically-acceptable excipients, carriers or
15 buffers.

45 Use as claimed in claim 44 wherein the medicament composition

is prepared as a slow release formulation.

20 46 Use as claimed in any one of claims 3% to 45 wherein the

phenothiazine is a diaminophenothiazine.

47 Use as claimed in any one of claims 39 to 46 wherein the pre—
ﬂ{:) : 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 alko;ty;




199% reduced (leuco-) form 35 40 Use as clainmed in claim39 wherein the
phenot hi azine is pre- reduced by addition of an exogenous réﬁdé‘ﬂ?@oﬁgent.
15 July 2005 WD 02/055720 PCT/ GB02/ 00153 81 41 Use as clainmed in claim40
wherein the reduced formis stabilised in the reduced state by addition of
a stabilising agent. 42 Use as clained in claim41l wherein the reduced
formis 5 lyophilised wwth the stabilising agent. 43 Use of a pre-reduced
phenot hi azine in the preparation of a ##dicanment conposition for use in
the treatymen phy] axis of a tauopathy, wherein the nedi cament
conpri seszglgt EF%%S‘[Q{(EOH}QQ&F]'Q%‘?Q dﬁldemen@g%lyofseubetéde(iii@ﬁdh@%b@{,) form of
3 0

the phendWsFaxynecambold, Usabasi tabMBe idh @l T g3 to 43
wher ei n thgoxpedi canent conposi tion further c%?r%%és)easﬁ%’ ér-rg?lcfﬁké(lof)rt he
foll owi ng: a pharnaceutically-acceptabl e excipients, carriers or 15

buffers. 45 Use as clained in claim44 wherein the nedi canent conposition
i s pre&papedissa psl@wceet fasef QL t.i.0N. 46 Use as claimed in any one .
of clainms 39 to 45 wherein theYf pggé%f%ea'zsiaﬁg Fhezeodi anmi nophenot hi azi ne. 47
Use as clained in any one of clains 39 to 46 wherein the pre- reduced

(1 euco-) 4phenbehi azidained thefQuMY a;pl5 (| 5 NR3 RoNI S
\.J NRI carKihdRPeRhieRlA, 30, Wherein RI, Ii%,%l&?uggl,{ﬁl??ﬁgnggﬁp"ara@d R9
i ndependently sel ectedtrom om -hydrogen, —CHs, -C;Hs or —CiH,;
: eac 10 and R11 are independently selected from hydrogen, -CH,, -
10 CHs or -CaHy; and ! 3

R5 is hydrogen, -CHj, —C:Hs or —C3H,.

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.




hydr ogen, hal ogen, hydroxy, carboxy, substituted or unsubst”%gtfg al kyl ,
hal oal kyl or al koxy; R5 is selected from hydrogen, hydroxy, Y ,
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 clainmed in claim47
wherein Rl, R3, R4, R6, R7 and RO are intdependently selected from

- hydr ogen, s6CH3 5 / each RlO and R11 are independently

sel ect ed fron1hyd?ggggaﬁg%ﬁé§£boi £ Soflatmgdy ing agy Reue wothydrdgenss - €53,
“C2H5 or - C3HOT A Ude &@ecttﬁahmﬁnmnoaqym@ﬁ@iailgI@fQ§tggobgtéﬁ wherein the
- phenot hi azi ne i s a di am nophenot hi azi ne which has 0, 2, 3 or " 15 met hyl
groups around the diamn phenothqulne nucl eus, 50 Use as clajnmed.in any

one of claffis 48"% "% Uhe? ePRETHEGSHe R HPE’Z’rarFelries 3 f&Afi8pRenBt ﬁPéim ne
whi ch is asysmet rd:JGa&ImIsy 47mbh)5|2ahﬁdreﬁ0 tHe Lﬂﬂ&n&ﬂihﬁhﬂilﬁ'@dlﬂ natCliaia@c580, -
wherein th Egpothl toIonW$ hl ori azure A, az yr.e B agg

't hi oni ne. e As T alne ©n “EFEF aﬁ@‘ﬁﬁb of O ai frs CTEP T i@nwﬁé iR 25
t he phenotsiaddilieers isel eitd ehahnbametivtehybene Bhewdicakehui didi@oBli tibon 0 foor

1, 9-Di net e Bl.u 5 A nmedi canent conposition conprising a

pre- reducg%lgﬁh%ﬁ%t féﬁfﬁgo scribed in any one of clains 47 to 52 30
wherein the phenoth|a2|ne is at least 80, 90, 95, or 99% of the reduced
(leuco-) farm 0 S I|z 547 -nedicanent . _.
Conposi Li o as SRR (e D Lhllofu S b Blaimmy 8, g™, v e ctatms
stabiliser34 3®» 52, clalm 56 or claim 57 whereln the medicament/medicament

composition 1is suitable for giving a prophylactically 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.




55 A nedi canment conposition as clainmed in claim53 or claim v%er ei n t he
- stabiliser i's ascorbate. 15 July 2005 83 56 A nedi canent co%p’b‘g’
clainmed in any one of clains 53 to 55 for use in the treatnent or
prophyl axi s of a tauopathy. 57 The us®®f a pre-reduced phenothiazi 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 canent conposition for treatnent of
-a tauopathy. 58 A nethod, use, or conposition as clainmed in any one of
clainms 34 to 52,. claim 56 or claim57 wherein the nedi canent/ nmedi canent
conposition is suitable for giving a prophylactically effective anount or
a therapeutically effective anount of the nedicanment/ nmedi canent
conposiéli on & acahpdf iwnt, on newsbwiftiohr eat abmimear ipr aphycbr&xioﬁ el abms
t auopat 5 thod use, Qr.coppo Qn cl a| gne of clains
39 to , tcI %Zl'n 56751 c arm gﬁl)a%egglﬁh%ﬁwem at?f ltcf’"ﬁ%n? camenf’m“ent
~ conposicomppsisigui tiabl suftcblg vnfqg Zilvrrggt ds IB(bnmhtLds:Lm 1@@chy igds,
- conbi ned rati i achleve
nor e t %%%%re Lr%t’l g% gfg%lhl? fgh?‘gm rPemﬁ{H Ore§¥g§|®n%;§t ?%/%%t
pati ent& pﬁtn@led igpf neﬁéawfrm:tea@mept cxph)plra&’hsl@ilsa oft au@pa@WhYGO A met hod,
use,” or conposition as clained in any one of clains 39 to 52, claimb56 or
cl ai m 57 wherein the nedi canent/ nedi canent conposition is suitable for
gi ving®8 phénpréfess rerwpireusing tthistabhe falh tai luseddoagemethdsbtageen 1
and 1009, {fk PP cm) 'dﬁe dpvidednsniocd £ Gn it ldcfc%%% (B PO e in need
of treatnment or prophylaxis of a tauopathy. 15 J 005 " 83a 61 A net hod,
use, orsteéPRpoxi t ipkredyicdnai medd naam—‘jeld;nel\@fle@balmd encoding (i) a

template fragment of the precursor protein such that the template
fragment is constitutively expressed in the cell at a level which
is not toxic to the cell; and (ii) the precursor protein such that
the disease proteln is inducibly expressed in the cell in response

to a stlmulus




39 to 52, claim56 or claim57 wherein the nedi canment /nedi canent
conposition is suitable for giving a phenothi azi ne which ist HHBH@péne

blue, ina daily dosage of approximtely 3.2-3.5 ng/kgto a patient in need
of - treatnent or prophylaxis of a tauopathy. 62 A process for producing a
stable cell for use in a nethod as clained 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 fragnent of theBQrecursor 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 such that the

di sease protein is inducibly expressed in the cell in response to a
stinmulus. B Jdl Pr20e8s 84 GBxiMedr dueskaias &2 aherdihntled aiup182cVWhei i N t he
nucl ei ¢ aGioden§ OH G ARG REECHLESY; PLRt el n._is, operably |inked to a |ac
inducible, ronp?%r. 5q%4 A pro§g§§gggpéga§ﬁ§ﬂ |§r§ﬁ§?ﬁg6§°W% n

expr essi o " GPCRte BFOBEEZor protein is induced by the addition of |PTG at
1 - 50snM 65 A process as clainmed in any one of clains 62 to 64 wherein

the 10 nucleic_acid encoding the tenplate fragment is operably linked to a
cyt omegal Vi r ué BFB?%?%@%(S%@%W@@.”BGJIR%& 68 cvliersin |eaipredsion arfy thee of

clai ns 62precsarheretaihhes FHBRIRECHACGKE QA RY ggqgmtaae_f%ﬁ%nt is

“introduced as a 15 tenplate vector and the nucleic acid encoding The
precursor protein is introduced as a separate precursor protein vector. 67

A processéas chaprmtbsion asl alal@ét ilmesay Nodd & DI RE0E2 PESTE WheYEELO0LLLS
derivgd f : v of .1 nt ich the nucleic._20 acid encoding

the prec ulglgomréltgf gtg g%&éﬁ?ﬂgﬁég %@"p;ia%re \(I)\%gggm%@t FRiWETPHY cHafadb door

¢l ai m 67 SHfEmEPRieRErUs Gixomaterf seqremee.vector i s derived fromthe plasmd
'pZe0295-391 vector into which the nucleic acid encoding the precursor

protein . . '
) 66 A process as claimed in any one of c¢laims 62 to 65 wherein the

nucleic acid encoding the template fragment is introduced as a
15 . template vector and the nucleic acid encoding the precursor 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 template fragment encodes encodes a fragment of tau
..35_ extending from bett&een amino acids 186-297 to 390-441 of the full-
length protein. '
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25 is cloned. 69 A process as clained in any one of clains 6% EP 6%@§herein
the precursor proteinis tau. 30 70 A process as clained in A

wherein the nucleic acid encoding the tenplate fragnent encodes a core
fragment ywh ob@skre 71 A process as claimed in claim70 whepajpthe oucleic
acid encoding the tenplate fragnent encodes encodes -a fragnent o au 35
ext endi ng from bet ween am no acids 186-297 to 390-441 of the full- length
protein. RECTIFI ED SHEET (RULE 91) 15 July 2005 WO 02/055720

PCT/ G802/ 00153 85 72 A process as claing®l in claim71 wherein the nucleic
acid encoding the tenplate fragnent encodes encodes a fragnent of tau

ext endi ng 72r omzbetrveess & mdadindd 285012396 70rwikde o tar nocheid adigsi dues

390 or 39 f .the full- u. protein sho i Fi .5 73 A process
20 ol ni oagohalfie ¢l LebBROLD FOUled! EhlRHOMIcbRCE & dhaaribaldoh LLOC
fragnment emteddinegrfrvuebebwéempmenmoagfids ails.ePEndirngP betoveerinanaid aci d

resi dues %%éiaafé%oagrsggmf Meifd % f1-104h éaﬁOH?Qéé:{ﬂ Ogho%}-‘ Hﬁt Lﬂﬁ% 7.
conprising' nucleic acid encoding f5 a tenplate fragnent of the precursor
proteith such that the tenplate fragment is constitutively expressed in the

cel | at aghevely Yab&dss =3 ROLi0EXI £ntA difer8elerednd chbi huliS PrLEHr SOT
protein such that the disease protein is jnducibly expressed in the cel

i n respon§8°o9srY FhE EETRALR FIRNTERTnERIVIE GBFRIFS HdSASmEBE PR Y one
.of cl ai nexbaniling dethedn naimmml iadidhestidads 205 absfoymed whbtmnug i #Aci d
of claim 74 such as to express (i) a tenplate fragnment of' the precursor
.20 protein such that the tenplate fragnent constitutively at a |evel which
N's not0toXic té thepaditionanf gatfert heompresirs aucpedt eaold wivodihgt (1 hea

di sease prcgltnﬁigté %riaBgélﬁf.: t}:l:ﬁ/ Hlfé E_J%BQPéc?r &)Qo@eﬁaimwst'hat the template
| fré.gment 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 si:imulating production of the precursor protein or an

: ag.ent:% for 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.
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76 Acell as clained in claim75 which is froma neuronal cel] 05(5 | i ne or
a fibroblast cell line. 77.A cell as clainmed in claim76 whi IR Uy V%ect ed

fromthe following cell lines: 3T3; N P-115; 3T6; N2A, SYSY;, COs-7. 30 78
A kit comBPit¥Pig20a host cell as claimed in any one of cl aiP€8/GBBA0KE3I77 pl us
at | east one further conponent selected from an agent for stinulating
‘production of the precursor protein or an agent, for detecting the
interaction of the precursor protein Witlg6 the tenplate fragnent. 35 79 A
kit as clainmed in claim78 wherein the détection agent is an anti body.

RECTI FI ED SHEET, (RULE.91) 15 July 200 WD, 02/ 055720 PCT/ GB02/ 00153 86 80
A nucleic 'Sgci d Flge%%]c%é? 'lf‘iégnﬁe]?%‘i'é%d t'zﬁﬂf}l-’Not | 5'-gtc gac tct aga

ggc ggc cgc ATG GCT GAG CCC CGG CAG GAG 3" 5 3'-5" T40-Not I 5" -act ctt .

aag ggt (C::%QS—%%CT%%%}J% CAA CAA ACC CTG CTIT GCC CAG -3 295 sense primer
10 5' - T ACC ATG GAT AAT ATC AAA CAC GIC CCG - 3" 391

anti - sensé’'psitAesas’ tet GIBCAIGEYT CGCT GAGCECT CHg> G GG CGEG F@F-LCTT GCC -
3" REETIFIED SHEET (RULE 91)

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

10 5' - CGG AAT TCC ACC ATG GAT AAT ATC AAA CAC GTC CCG - 3! .
0
391 anti-sense primer
5" - C GGG GEGA TCC TCA CTC CGC CCC GTG GTC TGT CTT GGC - 3!

-
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