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(54) Title: NEUROFIBRILLARY LABELS

(57) Abstract: Disclosed are methads for determining the stage of neorofibrillary degeneration associated with a tauopathy in a
subject believed to suffer from the disease, which methods comprise the steps of: (i} introducing into the subject a ligand capable
: 4: of Tabelling aggregated paired helical filament (PHF) tan protein, (i} determining the presence and/er amount of li gand bound to
~ extracellular aggregated PHF tau in the medial temporal lobe of the brain of the subject, (iii) correlating the result of the determina-
@ tion made in (ii} with the extent of nenrofibrillary degeneration in the subject. The methods can be used for pre-mortem diagnosis
v={ and staging of tauopathies such as Alzheimer's Disease. Preferred tigands include sulphonated-benzothiazole-like compounds and
€} diaminophenothiazines. Novel ligands (e.g. saiphonated-benzothiazole-like compounds) are also provided. The method may aiso
include the use of "blocking Hgands” to block competing binding sites. In other aspects the invention provides in vitro methods for
F) identifying ligands capable of iabeling aggregated PHF tau protein, the methods comprising the steps of: (i) providing a first agent
— suspected of being capable of labeling aggregated PHF tau protein, {if) contacting (a) a tan protein or a derivative thereof containing
the tau core fragment bound to a solid phase so as to expose a high affinity tau capture site, with (b) a Hquid phase tau protein or
derivative thereof capable of binding to the solid phase tau protein or derivative, and (c) said selected first agent and (d) a second
agent known to be tau-tau binding inhibitor, (jii) selecting firstagent whick fully or partially relieves the inhibition of binding of the
a fiquid phase tan protein or derivative of (b) to the solid phase tau protein or derivative of (a) by the inhibitor (d). Ligands may also
" be tested fo confirm that they are not themselves inthibitors. - :




20 Septenber 2005 WD 02/075318 PCTI GB02101318 hburofig#h&A%%F §®b§ Field
- of the invention The present invention concerns nateri g nd
model s relating generally to the |abelling and detection of
neurofibrillary tangles. In addition, it concerns the identification and
devel opment of |igands suitable for 10 neuropathol ogical staging and their
use in the djagnosis, prognosis or treatnent of diseases such as

Al zhei mer's WP%@ PR (AD) Background to the invention Igﬂﬁﬁﬁﬁbﬂ&thologlcal
stagi ng and AD The neur opat hol ogi cal staging proposed by Braak (Braak, H et
al. (1991), Acta. Neuropathol. 82, 239-259) provides the best avail able
“definition of progression of relatively pure neurofibrillary 20
degeneration of the Al zheimer-type which is diagnostic of AD (Wschik et

al . (2000), "Neurobiol ogy of Irer. s ease", Eds. Dawbarn at al.,
The Mol ecul ar and Cel | ul ar @J’“ur Eupilate lap . Bios Scientific

Publ i shers, Oxford). This stagl ng i s shown schematically in terns of brain
region i n Figlemf sbel ihventagred on a 25 regul ar regional hierarchy of
neurofil@illary tangle (NFT) distribution. Regions of the brain which

appear ear'ixﬁrpféhew%nv&lt%@ %HXeJRQVrFatQQtaQs rmreh tan Ies and are affected in
| ess severe g§fod ﬁe’f’oa‘f’tei‘%nshl p between

ter. |
AD, clinical g mag tgeneral:L neur ala?f”ﬁH%&Fé‘&l“%‘f%@?hﬁ The provision of an
effective dF?r°ﬁﬁ??%ﬁF&§§§§§ﬁ%ntﬂbﬁmBﬁaak Bt agwermotthd be of use in the
assessnent ¥sdtificatimenindofievaDoprfent athifandb stiiepdi fsherential i ncl udes Lewy
Body detmentrie@irofRamkidSest st4liisngass, thel@ldsQUs Ly H!Fa Qb ro}r%goo temporal and
cortico-basgl cdeganer %E'ﬂ@easegr%%gessﬂ% 2 %r agoligease (;B), 4fda range of

rare neurol ogi cal syndrones ept enb 09

Background to the invention

15 Neuropathological staging and AD

The neuropathological staging proposed by Braak {(Braak, H et al.
(1991}, Acta. Neuropathol. 82, 239-259) providés the best available
definition of progression of relatively pure neurofibrillary

20  degeneration of the Alzheimer-type which is diagnostic of AD
(Wischik et al. {2000}, “Neurobiology of Alzheimer’s Diséase”, Eds.
bDawbarn et al., The Molecular and Cellular Neurobiology Series,
Bios Scientific Publishers, Oxford). This staging is shown
schematically in terms of brain region in Fig 2B, and is based on a

25 regular regional hierarchy of neurofibrilliary fangle (NE'T)
distribution. Regions of the brain which appear earlier in the

hierarchy have both more tangles and are affected in less severe
cases than those later in the list.

30 Relationship between AD, clinical dementia and neuropathological
staging

The provision of an effective pre-mortem assessment of Braak Stage

would be of use in the assessment and treatment of AD, for which
35 the differential includes Lewy Body dementia, Parkinson’s disease,
various forms of fronto-temporal and cortico-basal degeneration,

progressive supranuclear bPalsy and a range of rare neurologlcal
syndromes.




e WO 02/075318 PCTI GB02/01318 2 The origi nal nodel pro d. by, Br was
essentially qualitative in nature, and was not |i nked%sg%f)rji‘?/xp?ﬁﬁ%lﬁgati ons
about the threshold for devel opnent of clinical denentia and synptons. 5
In terns of the appearance of clinical denmentia by DSMIV criteria, this
corresponds statistically to the.transition between Braak stages 3 and 4
(Fig 2c). The DSM 1V criteria (D agnostic and Statistical Mnual of Mental
Di sorders, 4¥POEIFHEon, Anerican 10 Psychi atric Associ aci/eezoelneri can
Psychiatric Press, Washington DC (1994)) for the definition of denmentia
equate to an MVBE (M ni- Mental State Exam nation) cut-off point of about
18, and corresponds to a denentia preéval ence of about 5% of the popul ation
over-65 years old (over-65"s represent about 17% of the total 15

popul ation). Gertz et al. ((1996) Bur. Arch. Psychiatry Cdin. Neurosci.
246, 132-67° STHHREY W4k SLPRAsPR B Frb Magerreratiaplnctiateatioepast - mort em
whi ch wer e ritgorourstyvasharadisieisedant ke cetions Gabul @ueltn2Qndsi Ng CAVDEX
(Roth et al forl@88s10pddtr 6RMDEANGE de¥aHF:RalLkoNf o), Mental Disorders of the
El derly { CAMDEX)" Canbridge University Press). These were staged
post-rmrten%byt the criteria of Braak and, after excluding all cases with
any degree Of “VEELOF ar™pHHTOTBYGS FotHd: frosdenppEiaehy DsMehe crigraiaed

uncert ai nt y*hig abrgerorgs sueitthireldyofo clasesamttidieb@aicat peiai ransition.
That is, abetigesrs anthi niObciCasRs pi-trth d1644101 GALoH-a0nqgis of AD are
actual |y atst@atdaBnaak. SLAGRSSbARES. L 3)w Jave vascul ar pathol ogy, or
have cgglcolggytcggétrligvg/sgg.d jDat ho 019% Us there B¢ i WEECR i gh degree of
uncertainty, “even in the best pract Pt PEsttrin etti Ryehimen3d: pr edoni nant
neur opat hol B§P4R) fefibder dtfénitiae afsderential fynape cwemt Mushanid-r out i ne
clinical di¥gtesidabd EABniIregthmdecutSo R BFinRDS 2 abditCEY,t @hd).

corresponds to a dementia prevalence of about 5% of the population

over-65 years old (over-65's represent about 17% of the total
15 population).

Gertz et al. ({1996) Eur. Arch. Psychiétry Clin. Neurosci. 246,
132-6)) studied cases followed from general practice to post-
mortem, which were rigorously characterised at the clinical level

20 using CAMDEX (Roth et al, 1988, “The Cambridge Examination for
Mental Disorders of the Elderly (CEMDEX)*” Cambridge University
Press). These were staged post-mortem by the criteria of Braak
and, after excluding ail cases with any degree of vascular
pathology found post-mortem, there remaiped uncertainty in about

25 one third of cases at the point of transition. That is, about one
third of cases with a clinical diagnosis of AD are actually at
early Braak stages {stages 1-3}, have vascular pathology, or have
concomitant Lewy body pathology. Thus there exists a-high degree
of uncertainty, even in the best practice research setting. The

30 predominant neuropathological substrate that is actually present

when a routine clinical diagnosis of BD is made is even more
uncertain.

| It has recently been reported that a molecule (FDDNP, 2-({1-{6~[(2-

357 [“F]fluoroethyl)(methyl)amino}—2—naphthyl}ethylidene)malononitrile}

: demonstrates increased relative retention time (RRT) in medial
temporal lobe brain regions {hippocampus, entorhinal cortex and
amygdala) following injection and PET imaging in cases with a




It has r'ebently'been reported that a nol ecul e( FDDNP, Zéq]-éé%rk gr 0%%
(18F}fluoroet hyl) (nethyl)am no] - 2- napht hyl } et hyl i dene) ne oni

denonstrates -increased relative retention tinme (RRT) in nedial terrporal

| obe brain regions (hippocanpus, entorhinal cortex and amnygdala) follow ng
injection and PET imaging in cases with a 20 Septenber 2005 WD 021075318
PCTI G(B02/ 01315 3 clinical and neuroradiol ogical diagnosis of Al zheiner's

di sease (Sheogtworsdeedid et al., Am J. Ceriatr. Psychi aperc@Redis 10: 24- 35) .

- Although binding to NFTs and anyl oid plaques is discussed, no binding to

- NFTs is shown, although the conpound does bind with high affinity to
synthetic beta-anyloid fibrils in vitro. Wen cases were matched for
correspondi ng di sease severity by MMSF score with a neuropathol ogi cal case
series in whighcyaged ngrraredipdohidadgyizgasiexs ntedindhe RREayal ues reported
by Shoghi - Jasticghstsaaad et WAL e HQUAT cbO€0S 'b?*c@z&@tﬁ’“ Eﬁbzbemzé'%l y0i d pl aque
counts but not vmth measures of neurofibrillary tangi’e pathol'ogy, as shown
bel ow. Speaj man orrel atl on coefficients: 15 20 .25 MIL AP d obal AP
MIL NFTQ ob3 gﬁﬁélﬁg 6655 gk AmKlopd PAawies gl Fiaqrseed.<6001 >0. 1>0. 1
Pear son tor ?’é’ldétf“if dn WIef ¥4 ehwmy salthflohAPeGrabalndARod biNEREobaky NFT

RRTO. 602* 0. 58B:10t2 66 G:yd N tpshe@ o<y 0Ga0s 137031 MW, L he paraneters are
defined as follows: MIL AP nedi al tenporal |obe anyloid plaques G obal AP

average a | oad. in_.12 brain regions 30 MILNFT nedi al tenporal
| obe %eur gﬁﬂ’%’” %Je@qvpeg‘e rﬁ)al%checp for correspondglgg digease severity by MMSE P

score w1th a neuropathologlcal case series in which vascularn
10 pathology was excluded, the RRT values reported by Shoghi-Jadid et
al. were found to correlate with beta—amyloid plagque counts but not

with measures of neurcfibrillary tangle pathology, as shown below.

Spearman rank correlation coefficients:

15
MTL AP  Global AP  MTL NFT Global NET

RRT  0.665%%  0,654%+ 0.244 0.189

P <0.01 <0.01 >0.1 >0.1

20 Pearson correlation coefficients:

MTL AP Global AP MTL NFT Global NFT

RRT 0.602+ G.596* 0.266 0.275
D <0.05 <0.05 >0.3 >0.3
.25
Where the parameters are defined as follows:
MTL AP - medial temporal lobe amyloid plagues
Globkal AP average amyloid plaque load in 12 brain regions
- 30 MTLNET medial temporal lobe neurofibiillary tangles

Global NFY average NEFT load in 12 brain regions

However, beta-amyloid deposition is known to discriminate poorly
between normal aging and Alszheimer’s disease {see Figure 24

.35 herein}, and beta-amyloid pathology does not prov1de a sound basis
for neuropathological staging (Braak and Braak, 1921), Therefore,

FDDNP-RRT does not provide a method for in vivc neuropathologlcal
staging of Alzheimer’s disease.




A obal NFT average NFT load in 12 brain regions However,, #g&tgmggyi -0
deposition is known to discrimnate poorly between normal "agi ng an
Al zhei mer' s ‘di sease (see Figure 2d 35 herein), and beta-anyl oid pathol ogy
does not provide a sound basis for neuropathol ogi cal staging (Brack and
Braak, 1991). Therefore, FDDNP-RRT does not provide a nethod for in vivo
neur opat hol ogi cal staging of Al zheinmer's disease. 20 Septenber 2005 WO
02/ 075318 4 vrsklogB@2/ 01318 Al though it is possible thapefighdigis ref i nenent
inclinical nmethods wth particular reference to nore specific
neuropsycho.logical indicators (e.g. split attention tasks, delayed

mat ching to sanple, 5 etc.) may inprove the accuracyof clinical diagnosis,
an essential problemis to develop nethods for the direct neasurenent of
under | yi ng neuropat hol ogy during life, in particular the extent of

neur of i br i |31ahyuategensr abicapiofnitheuAlizheid@iadyPan 40,PLAOLESSLON Of

neur of i br i |sahyo4eaeAREAL1QR.AR0:d A \SpHESSL IRELA0GYE,,LNE TaU-based

pat hol ogy of AD s a of li‘t'ez;clgure of e phenot fp)é. ) i€ hi ghl y

correl ated W R extent Sof PrhedF bR ONdEPFtc EP et ratadRe ol Pemilschi k et al .
(2000) - I'oc Tt . maF5 1y Fo%e ¢8p | AFCEradyast slinirel fddpgrationanfeshEfigairom Tau is
bel i eved t cproptoededtasiefdlop omshodsnsithenealiese aasthgicht f@r mati on and

_ a_cc':lﬁ_rml a’:] i omdepﬁiﬂngdnéi&b'b&abld‘giy}@dm% iilég,HEﬁ)pafr}:;{C%Eala%ﬁg%% .g%ta%ﬁ ' Li | ament s
wirthin the | r ro r ay ol | goners i C econe
truncat ed prﬁ%?ﬂtb%?%arfg’ ?%gga%tlé%nu%gt%gf%/l%?ﬁfleéé?gﬁbl y (Refs 26,27). They
then go on to formclassical intracellular NFTs. In this state, PHFs

consi stthf #ogorasioh aff aeratidil arvamdreaerdti@y ynoeker coat cont ai ni ng
full-length tau (Wschik et al. (2000) loc. cit.). The assenbly process is

exponent i alas GONSUBLAGLENE ar €&lbulal oRARY.Qf LPLMR functional tau and

i nducing n au is a major
%a%ure of the phenotype. It is highly correlated with extent of

neuronal destruction (reviewed in Wischik et al. (2000} loc cit).
.15

On a qellular basis, the formation of NFTs from Tau is believed to

proceed as follows. In the course of their formation and

accumulation, paired helical filaments (PHEs) first assemble as

filaments within the cytoplasm, probably from early tau oligomers
20 which become truncated prior to, and in the course of, PHF assembly

{Refs 26,27). fThey then go on to form classical intracellular
NFTs. In this state, PHFs consist of a core of truncated tau and a
fuzzy outer coat containing full-length tau (Wischik et al. {2000)
loc. cit.). The assembly process is exponentiél, consuming the

25 cellular pool of normal functional tau and inducing new tau
synthesis to make up the deficit (Ref 29). Eventually functional
impairment of the neurone progresses to the point of cell death,
leaving behind an extracellular NFT. Cell death is higﬁly
correlated with the number of extracellular NFTs (Bondareff, W, et

30 al. (1993} Arc. Gen. Psychiatry 50: 350-6). As the outer neuronal

' membrane is damaged and NFTs are extruded into the extracellular
space, there is progressive loss of the fuzzy outer coat of the
neurone with corresponding loss of N-terminal tav immunoreactivity,

but preservation of tau immunoreactivity associated with the pHp
35 core (Figure 3; Ref 30).

In the process of aggregation, tau protein undergoes a

conformational change in the repeat domain associated with a half~



synthesis to make up the deficit (Ref 29). Event uaIIy 1
i npai rment of the neurone progresses to the point of ce #Fg%ﬁt '%ﬁlerzq eavi ng

behi nd an extraceliular NFT. Cell death is highly correlated with the
nunber of extracellular NFTs (Bondareff, W et 30 al. (1993) Arc. Cen. .
Psychiatry 50: 350-6). As, the outer neuronal nenbrane is damaged and NFTs
-are extruded into the extracellular space, there is progressive | oss of
the fuzzy ouwemzeeat of the neurone with correspondi NgclRgHefis Nt er m nal
tau i nmunoreactivity, but preservation of tau i munoreactivity associated
with the PHF 35 core (Figure 3; Ref 30). In the process of aggregation.
tau protein undergoes a confornationai change in the repeat donain
associated with a half 20 Septenber 2005 WO 02/ 075318 PCT/ GB02/ 01318 5
repeat phasé&eBHitf phasRefis f82(R885 3273H)s cmeatesataspd @&@@oﬁ,hggﬂ stabl e
fragment whiseibliescidgRekd 6Rlchl s tﬂi@:&tﬁc@ﬂ@@ ﬂth e £ QL Qf L he g' red

el s srenie Gt canr D (e B Bt Bangles

characteri sti c 15 ana T h"6t

the process nn% “P‘f %ﬁ?}/ ‘?‘RR)IF\S/ a’é‘?‘Fte’é’isﬁh‘a*)ﬁé}Di XBY guijetwy-sithargeehange in
conf or maPi oRTPFEY| AEeepathon \Wysedmisk Wbk mbeesc2000) 1i10Cy Givbivks dgeneral |y
speaki-ng t hetgf:ohelixt be bagHsegald Kungé ihadbniR-bEn 10 considered in 3

stages: int gasglikuwlak; ol(hggﬂei@c Lt gacel lular filaments (stage .1 of Fig
3); extracellular filanments (stages of Fig 3). However, to date, no

definitive correl ation has been established 15 between these stages, which
occur at thEREPHY gpeakdpe|thersf@rposhe bhyregetidnfdenentcanatees and

pr obabi APt i esndidethd LeBehtageegiionsacel ik el Dfcakfs; anEk-BE BLOOr €SSi on of

pat hol ogy aecoamdhrg (beagehe ordefy B i LaNRGHN,C J[laﬁ% tse:? of Br aak and Braak
which, as digcygsed above, is the best available Ft1%8h of Progressi on
of 20 relatively pure neurofibrillary degeneration.'

However, to date, no definitive correlation has been established
i5 between these stages, which occur at the cellular level, and
possibly at different rates and probabilities in different regions
in the brain, and the progrgsaion of pathology according to the
defined hierarchical system of Braak and Braak which, as discussed
above, is the best available definition of progression of
20 relatively pure neurofibrillary degeneration. '

Invasive methods for assessing AD

Lumbar-puncture CSF measurements enable discrimination between AD
25 and controls, and between AD and other neurological disorders, but
lumbar-puncture is more invasive then nuclear medicine-based
approaches, and carries a higher risk (Refs, '17 to 21). EEG-
neurclogical diagnosis has also been developed {Refs 22—25), but in
this regard there remains a need for cheap instrumentation which
30 can be used at the point of clinician contact, |

Neurofibrillary degeneration via brain atrophy - SPECT and PET

Numerous studies have shown that global brain afrophy and specific
35 medial temporal lobe atrophy, particularly of the hippocampus, are
closely linked to underlying neurofibrillary degeneratlon of the

Alzheimer-type, and are valuable in the early diagnosis of AD (Refs
1 8}.




I nvasi ve net hods for assessing AD Lunbar-puncture CSF urengngﬁ)snable
di scrim nation between AD 25 and controls, and betweerf A é t 8
neurol.ogi cal disorders, but |unbar-puncture is nore invasive then nuclear
medi ci ne- based approaches, and carries a higher risk (Refs. 17 to 21). EEG
neur ol ogi cal diagnosis has al so been devel oped (Refs 22-25), but in this
regard there renmains a need for cheap instrunentation which 30 can be used
at the poi nt wofoziedsimi ci an contact. Neurofibrillary degeeeicahl@isvVia brain
atrophy - SPECT and PET Nunerous studi es have shown that gl obal brain
atrophy and specific 35 nedial tenporal |obe atrophy, particularly of the
hi ppocanpus, are closely linked to underlying neurofibrillary degeneration
of the Al zheiner-type, and are valuable in the early diagnosis of AD (Refs
1-8). 20 Septenber 2005 WO 02/075318 6 PCT/ GB02/ 01318 However, although the
di agnosi s of®XyeBy FSheugbrihegdigloodels of abrby adoiephyigl SRESSSRLS, a

net hodol ogy awirdly cfite bRt IBARARANRIGY dlcR caf S8 LN SeLLing, there are

difficultieseddh. defdRing, and, feas jk@%mgt%grqgh%,ln spé%f%f— %rain regi ons,
and Iikegﬁsgtgph;hqlneas repent  of gl obaf nb 8‘?¥?E%Fm§ﬂF@ﬁWyngln any
case, a di agnosl s basSBE oH PotitetiHBry aps dpkyrismyncomentmordanhe for
effective t PEdPBMt Peqitsticahanteopuen Bdwencess,i & dka@iestiagedethodol ogy in
recent year g¢tect@b¥eoktophngat hent debt itk call oF.0f: di aguestic features in
SPECT scans (Refs 9-12; characteristic patterns of perfusion defect
detected bywny, PET scaps (Refs 13-15; netabolic defect detected
by gl uggse fo%%e?g%%%%vf 7o) f%ra]agamsus‘i:gﬁ@m?ﬁ@ﬁy 16 reenbateabsai n

at rophy,  speCifI't"h it éfrrEiGtoatbtmes atiropopic tSiturbese, stde smst 15

general |y attdssPii%e ehesadiRrisnd IBPEGHs & pasuPRh beekOradtbeeqPLesent tine
linited to semor emiomhi ehr haves l@oal spesj abised. GYAILtLQ1.aNT,

radi ochem s§rutocap@abhbdit ¥n EQ(;fJ.E.QP aﬂ&%qrsgi}ainsor}Rgg 16; global brain
atrophy, specific patterns of lobar atrophy}. Of these, the most
15 generally accessible are MRY and SPECT, since PET is for the
present time limited to centres which have local specialised
cyclotron and radiochemistry capability for the Preparation of

shoxrt half-life injectable radioligands ({Aberdien,

‘ London,
Cambridge in UK),

. Notably, the characteristic early stage temporo-—
. Parietal perfusion defect detected by HMPAO SPECT in patients with
AD corresponds very closely to the pattern of tau pathology which

can be detected biochemically (Figure 1). .

20

The bicchemical changes
precede overt neurofibrillary degeneration as seen by the
appearance of NFTs (Figure 2; Mukaetova-ladinska et al., 2000 am '

25 7. Pathol. Vol. 157, No. 2, 623-636). '

However, although MRI and SPECT scans are useful for detecting

specific patterns of perfusion defects characteristic of AD;

discrimination between different neuropathological stages, or
30 between AD and other types of dementia, is difficult.

For instance, SPECT is useful for detection of a spécific pattern

of bilateral temporo-parietal perfusion defect that is

Characteristic of AD (Refs 9 ~ 11), which can be useful even at

.35 very early stage disease. However, SPECT changes discriminate

neuropathological stages boorly (Ref 12). Furthermore,

discrimination between BAD ang Lewy Body dementia is difficult. Both

have a bilateral temporo-parietal perfusion defect, but only in the




short half-life injectable radioligands (Aber deen Loncﬁc'@,ns\e tgﬁgg}rzlogge in
UK). Notably, the characteristic early stage tenporo 20 parl etal perfusion
def ect detected by HWPAO SPECT in patients with AD corresponds very
closely to the pattern of tau pathol ogy which can be detected :

bi ochem cally (Figure 1). The bi ochem cal changes precede overt
neurofibrillary degeneration as seen by the appearance of NFTs (Figure 2;
Mukaet ova- - Lsélpamsssae et al ., 2000 Am 25 J. Pathol . VobkcrdiimsNo. 2,
623-636). However, although MRl and SPECT scans are useful for detecting
specific patterns of perfusion defects characteristic of AD,

di scrimnation between different neuragpathol ogical stages, or 30 between
AL) and other types of dementia, is difficult. For instance, SPECT is
useful for HE8EIIPER B °eciBpEr) P?Itfuf'ﬂa{ﬂtfé?fﬁct Gfembltloa!beepaésehtarrpﬁéo pari et al
per fusi on d&fmecpattthats jof defhar ot ekl Sbest@ht DU RET S Onea sddanentVhi ch can be
usef ul_evenoniylfhauoistasarian 58990 6as @utléﬂ £1;SPECT changes -

di scrim natg st ages oor J15') Furt her nore,
di sor i mi pat Fae dé{l\%g%}r‘?h%) %ié"“'LdemengL RS WPl . Both have a

bi | at e_ra? t enpor o- pari et al perfu5| on def ect but only in the 20 Septenber
2005 WO 02/ 075318 PETHEBOEEELS 8roh daht BY RéDAS, adhe O:GbiH it &dy per f usi on
def ect tendsxtc@ehffumrmemtdetlbﬁonScﬁﬁé‘asla@taiteﬁ%koeftagg §¢l ;L% be %em)nst rated

usi ng PET npasug Bis ;9fe@l UGO ol.Lsm R t he
probl em of di st |%§§ ip ag?fsmuﬁ §§ H?%ggresﬁ? a er éclﬁs'i 35? (Frt S§S rmdal ity. 5
e

Thus, as_can be. c&ﬁ‘fezfs?lﬁ’ REP 1 Fetetied meo BT thosytiofe
Successtll SPEEPSdaE tpPeh 16F @Aes3dt (Bhalorsbeigeeosl &xmisr 50% and  at
stages 3&4 ¥heréb¥%e F1ilj so ekkyctato st aest 586 prbadta96% efrse@ses becone

SPECT- p(i)zlz t iﬁpgégﬁangrzgﬁy @ﬁ@ﬁ&;@%u(@%h%@aﬂgﬁﬁp%rﬁ 1%‘.'1%{1] 0 co]thI dl be at
st ages O W ere ore al to
detect 40 - 5006 ég%ﬂhg gren%t age %f Jtt roe ek Sorail boreenent
betWween BCT diagnosis and cllnlcal dlagn051s was of the order of
15 50%.

Thus, in developing a treatment aimed specifically at preventing
neurofibrillary degeneration of the Alzheimer-type, there is a
critical need to develop, in parallel, non-invasive means of

20 . selecting patients for treatment, and monitoring their response to

the treatment, according to a defined and reproducible definition
.of disease progression.

Disclosure of the invention’

.25

Brief summary of the invention

The present inventors have used immunochemical properties {Refs 26,
27, 30} to distinguish intracellular tangles from extracellular

30 tangles. Both the frequency of cases with tangles in these
categories (i.e. ,probability) and their quantity {i.e. counts per
mn?) were determined in a prospective case series and grouped into
the regions of the brain known to represent stages in the

progression of pathology according to the system of Braak and
35 Braak.

- As describEd,in more detail below, these antibody studies

_demonstrate for the first time that by employing extracellular vs.




popul ation for early diagnosis and therapeutic intervenjq urt her
study (data not--shown) it was shown that overall agreen@eﬁng&t%%gﬁgr?%SPECT
di agnosi s and clinical diagnosis was of the order of 15 50% Thus, in
devel oping a treatnment ained specifically at preventing neurofibrillary
degeneration of the Al zheiner-type, there is a critical need to devel op,
in parallel, non-invasive neans of 2.0 selecting patients for treatnent,
~and noni t oriwgotdvedig response to the treatment, accor gdi-fgpdiss defi ned and
reproduci-ble definition of disease progression. Disclosure of the
invention 25 Brief summary of the Invention The present inventors have used
i mmunochem cal properties (Refs 26, 27, 30) to distinguish intracellular
tangles fromextracellular 30 tangles. Both the frequency of cases with
tangl es in thHeseellpdepgordidscity, dnproBad birayn) ramdnd heesosgquanisi ty (i . e.
counts per PR puwepeidies enpinecr ichpaipiOSPRLhy \? ease series and grouped
into the regiQRsnahi1iReqddead e kNOWR 40 represent stages in the progression
of pat hol ogy according to the system of Braak and 35 Braak. As descri bed
in nore detail below, these antibody studies denonstrate for the first
time thal by EnpkRFenfrext r lkePreeat pxention Septideber n20RE MO 02/ 075318
PCT/ GB02/ 0184@Bidimpr dheettaut arf speofflircitayy defertehiftadadioaidtneygi ons,

deposi ts ofwidtHEadapdtiy vigdear basi sufi0ée e8RibiLaL sitagl ng.0f L he

neurof i bril hary.deqgens! a0l Lh.AR: Thus in_one aspect, the present
i nvention pr pvi.gles a .rre%gg fcgrpégg ghﬁisﬁﬁe 9 °Fhe stage of neurofibrillary

i R
degener at i of-’adB6 R8P kPt Hher Srdpst ﬁylj@é]?‘g.caﬁb)leicﬁ hebaibiect bel i eved to .

“suffer #tonf9grevatfidsBEsEan,whi ch net hod conpri ses the steps of;

(ii) determining the presence and\or amount of ligand bound to
extracellular aggregated PHF tau in the medial temporal lobe of the
brain of the subject,

{(iii} correlating the result of the determination made in (1i) with

i5 the extent of neurofibrillary degeneration in the subject,

As described in the introduction, progression of newvrofibrillary
degeneration is definitive of the neuropatholegical staging
proposed by Braak, which in turn is the best available

20 neuropathological definition of progression of AD. The methods of
the present invention can thus be used to provide an actual Braak
stage result. In preferred embodiments they can be used to
diagnose patients at early Braak stages {e.g. Braak stage 2) even
before clinical symptoms may be readily apparent - such diagnosis

25 can be used to direct timely treatment and advice.

Interestingly, results shown in Gertz et al. (1996) Ioc cit, based
on immunological detection of NFTs, but which did not distinguish
extracellular and intracellular tangles, showed little difference

30 between the numbers detected in demented {(generally Braak stage 4¥

. 6} and non-demented (generally Braak stage 1-3) subjects in medial

temporal lobe structures (see Figure 1 and Table 2, page 134
therein; the relevant structures are lahelled Pre alpha ent., cal,
Pri Ento.). Thus the correlation demonstrated by the present

35 invention is particularly surprising.

The invention further provides novel ligands for use in labelling
“tau aggregates, plus also novel screens for discovering such




!

(1) |ntrodu0|ng into the subject a Ilgand capabl e of IabeII|n

aggregated PHF tau, (ii) determining the presence and\ of0 §ﬁﬁﬁﬁ@eb¥m¥ﬁgand
bound to extracellular aggregated PHF tau in the nmedial tenporal |obe of
the brain of the subject, (iii) correlating the result of the

determ nation made in (ii) with 15 the extent of neurofibrillary
degeneration in the subject. As described in the introduction, progression
of neur of i brwbloa#7ysis degeneration is definitive of the pe %&P&@$ Qloglca
staging proposed by Braak, which in turn is the best avai

neur opat hol ogi cal def|n|t|on of progression of AD. The net hods of t he

pr esent invention can thus be used to ¢provide an actual Braak stage

resul t. ?referred enbodi ments they can be used to diagnose patients at
early Braak §F§§%s (e.g. Braak stage 2) even before clinical synptons may
be readily apparent - such diagnosis 25 can be used to direct tinely

treat ment anchead¥itee.a @I:tﬁ;r%tﬂhQQJn}é tz et al. (1996)
loc Ot, based: 9, % o %% e?le%tsﬁt)aﬁgo %‘Iagov%fj"tlf APEHPedi d not

dlstlngu extrace Far “and |ntracellular tangl es, showed little

_differen%e 30 between the nunbers detected in demented (generally Braak
stage 4- 6)Cxidenohsdeiwent ed (general ly Braak stage 1-3) subjects in nedial

tenporal | obe structures (see Figure 1 and Table 2 page 134 therein; the

rel evant st LS lled Pre al pha ent. Pri Ento.). Thus the
correl ati onéda%%rgirls%%r gd‘l %Q? neEhed E*Pé’g ‘T’er}\'?%ifﬁdi 8‘?1 e B3ait iodul arl y

51 eSe A
surpri si ng. Wgnﬂ?\‘?%]nt S‘E‘Fr%urtTﬁ‘ésr the doitied srdvetioni ofandsatient wse in
| abel | i by {HOLEyGhegaees, npteystalcsgonooy elvabotbensy fapegiessayeri ng such 20
Sept enber 26051 WAN) &Buibn3orl BRG] (38024594 3189 bi gRALR, .S of the

aspects of 4iigilinenty ORodthBaS AR ARV AL DOY,DS, s dg3LL Wi th in more

detaH
~evaluation of level of cognitive function using neuropathologically

validated battery.
" 15
Ligands

The ligand is capable of labelling aggregated PHF-tau, the

formation of which is discussed above. It may specifically or
20 preferentiaily bind such tau-(preferentially with respect to

competing binding sites present in the relevant region of the

brain). Suitable ligands {including novel ligands) and methods of
identifying them are discussed below.

. 25 More specifically, the disclosure that Braak staging can be
assessed on the basis described herein has significant implications
for the cheice and\or development of ligands for use in diagnostic
labelling. Immunological methods suffer from the drawback that
antibodies do not readily eross the blood-brain barrier in a

30 gquantitative manner, and furthermore, the method may be clinically

' unsuitable since adverse reactions may be triggered by the
injection of antibodies into the body for this purpose. It is
eonsequently difficult to-discriminate between different stages of

tau aggregation on the basis of differential patterns of
35 immunoreactivity in living subjects,

The present inventors have therefore investigated the critical

chemical characterietics of cdmpounds which bind to neurofibrillary




5 Choi ce of subj ect Swtabl e subjects for t he rret hod ma?/ ge sel ec %g on the
basis of conventional factors. Thus the initial select?bRERYEM erpidq ent may
- 10 involve any one or nore of: rigorous evaluation by experienced
clinician; exclusion of non-AD diagnosis as far as possible by

suppl enmentary | aboratory and other investigations; objective evaluation of
| evel of cognitive function using neuropathologically validated battery.
15 Li gands Feodorgand i s capable of |abelling aggregat egrBEhBrymid -au, the
formati on of which is discussed above. It may specifically or 20
preferentially bind such tau (preferentially with respect to conpeting

bi nding sites present in the relevantigegion of the brain). Suitable

| i gands (i ncluding novel |igands) and nethods of identifying themare

di scussed bErghes- ZSTWr@fO%&thF?:@I fyiniieé diesbiedsermcthat r8uasda st agi ng
can be ass&ssbihding tvhicthass sngesaridad heseiznidasn Sdhgndlefvlaﬁﬂﬁtenﬂ WD' i cations

for the choar@eu@@k%mgamg%mﬂgan% del %@Qéb{:ﬁhag V\"Bn di g

| abel | i ng. nol_ogj cal u rom t af’uc antl bodi es
do not reaa’]li er oégl The Eoﬁl}cg %Iﬂ‘a’?"rrl PR PEPeEE3P gt i t ati ve manner,
and furt%er%ﬂ?ﬁﬁtl"t“he met hod may be clinically, unsui tabl e since adverse
reactions may be triggered by the injection of antibodies into the body

for this pue@ssred 1ighsds, C%lﬁﬁgth)%ldilgfah&sUléret 8: Jh§eld M nate between

di fferent siages .ol aggr.e n the bas ferential patterns
of 35 i rmur‘hor eact] v?mgmr'gwt g 19rhu%e t's. paflr%\lcu;)lra’éssélrﬂ’f‘?r‘ﬁ‘%"e%t ors have

therefore e\?égﬁldé?lédl’tkt‘?ec?f‘}p"il cf,sal(S ecﬁeqn Bigrre Hay sderi stics of compounds
whi ch bithd Higmhephetdtbiadings y(52@ eSgptFéaer 81286 5eWD B2 O 3didePET/ GBBO2/ 01318

10 compounds sharing an appropriate minimal chemical structure with
either of these. Compositions comprising, or consisting of,
combinations of the ligands disclosed herein {preferably
distinguishable ligands e.g. in terms of labelling) and\or

i5 combinations of ligands with blocking agents {see below) form

various aspects of the invention.
Binding to extracellular tau

20 The determination of (ii) above is made based on extracellular .
aggregated tau. In general terms, for the purposes of the present
invention, this may be determined from extracellular tangles (see
e.g. Refs 26, 27 and Examples, Methods and Materials, Table).

25 It has previously been shown from histological studies that, during
the course of aggregation, tau protein acquires binding sites for
compounds such as thiazin red and thioflavin-S (Refs 26, 27). The
binding site can be shown to exist within the tangle itself, and
not in extraneous proteins (Ref 34). Thus both intracellular and

- 30  extracellular tangles are labelled to some extent by such ligands,
as judged histologically.

In general terms, the probability or amount of extracellulax
binding sites (as opposed to total binding sites, or intracellular

35 sites) may be determined either by using ligaﬁds which are too
large to gain ready intracellular access, or ligands which can act
intracellularly, but at a defined {relatively lower) concentration
at which extracellular action is favoured.




tangl es. They provide herein a mniml chemcal structure required for
bi ndi ng whi ch has inplications, inter aiia, in the develbptripmbera{iPouse of
conpounds as ligands of neurofibrillary tangles and such processes, uses
and conmpounds form further aspects of the 5 invention. Preferred |igands,
i ncluding novel |igands, are disclosed in nore detail hereinafter, but may
include in particul ar sul phonat ed- benzot hi azol e--1i ke conpounds (see e.qg.
Figure 4a) and“¥y5Hf ani nophenot hi azi nes (see e.g. Fi gurerBpnasisel | as
other mnetic conpounds sharing an appropriate mniml chem cal structure
with either of these. Conpositions conprising, or consisting of,
conbi nations of the ligands discl osedlherein (preferably distinguishable
ligands e.g. in terns of labelling) and\or 15 conbinations of ligands with
bl ocki ng agﬁnts gsee below) form various aspects of the invention. Binding
to extracel 'Sy SRHFE20 A dgetsephigattoon subospiihlcabovietéaismag based on
extracel | ul &FECTaggrdgared teated ko genenal rehel MBa ik JpeRurposes of the
present i neetdaiconmulbhirg@ds. kRuseg8 rziagl&qegrﬂggggi&r%grﬂ ular tangles (see
S,

e.g. Refs 2ote2l: 29y I Mt hods ‘and Materia abl 8§*%25 't has
previ ousl y g:e:[ ntégol\%n%%%grpnbﬁ?gtg/?%cl glg S PO dTEE T At ardtAoRks. t he course of

aggregati on, - tad prot el n ERquiTewehi #dify certesrdtéon. Componadsssuch as

thi azi n red®arfdetMssEraPIrRSoYRelias 26at X0kh JEheheshi MdieBEi oS f@ncaN be shown

to exist wibdHenpetrmtianghesrhasatigingnnedabed 018X LE AREPYS; POt €I NS (Ref

' 34). Thus beidyibnbimace) hubab. ard30.£xL1 agellu ar. tan Les are |labelled to
some exi@nt g4k SUGR 'l@%?ﬂs e 223 Jydged histol 0 Cal 3.3 Phe%fé&feral terns,

the probability or anount of® ERPFSERITFUMSr T hPHiAtEP SPresi¢mdvopposed to

total bindi HFSF tEE2* G- adET NyReeTs3E: BkY bs) impaytaoe wetsyuaiyned either by

usi ng | i gantiTa@fs ciigh @re oot dndy gerstegai BréBasly thotiasehly ar access, or

i gands vhilsfertan st asentingcakanaa loterdindle 3, I60L0S, (1] at T vel y | ower)

concent r at | apos2és Wai afy-ekeacel, Wlan, aaLLEN L3, Tavoured =

15 property when conjugated to further compounds

However, for the aveidance of doubt, ligands may be visualised or

detected by any suitable means, and the skilled person will

appreciate that any suitable detection means ag is known in the art
20 could be substituted for these examples.

Enhancement of preferential tau binding

In one embodiment of the invention, steps (1) and\or (ii) of the
25 method are performed in conjunction with (preferably precedad by)
the further step of introducing into the subject a second ligand
which labeis competing (i.e. non-aggregated tau) binding sites

present in the relevant region of the brain preferentially to the
first ligand.

30

Thus the methods and other embodiments herein may include a step:

(ibis) introducing into the subject a blocking ligand which labels
non-aggregated tau binding sites in the brain of the subject

preferentially to the ligand capable of labelling aggregated pHF
tau.

35

A competing binding site may be one which is provided by e.g.




20 Septenber 2005 ' WD 02/075318 11 PCT/ GB02101318 Lar %e éhel at ed |i gands,
such as those susceptible to detection by SPECT, coul FhecRi&HReT e ¥t o at

| east reach and bind appropriate extracellular targets. Conpounds |abelled
directly for PET could 5 potentially detect both intracellular or
extracel lular targets, wth the latter being favoured at | ow
concentration. Thus the work of the present inventors shows that both of

t hese det ectvonmzemsiithods have potential in Braak stagi pgrcehgngised with an
appropriate tangle--binding ligand. Nevertheless, in the light of the
present 10 disclosure, it will be appreciated that in order to
conveniently assess Braak stage via E2FT nunbers it may be inportant to
enpl oy Iiganq%, ich are not only capable of crossing the blood brain
barrier and“Tataf IF'AFSpetioPi Bu ek PP Ferentl by the suhieckeedyl ul ar  deposits of
aggr egat ed R CABRINI pFUcheteabhd ligamdal iswo ridk adub dd, Sthkb rQI-@PRS LY When

conj ugat ed tordctftehesn@atROUMS: HOWEMSEand! Ha1108 AV 0Ldance of doubt,

| i gands may.h8..¥isiaal d ard ted,k ny suitabl e nmeans, and the
skilled Qerg?ﬁ\%\ﬁ akiéﬁ%egigat ggé%gf gnyyaéog? °8PTE 488t i8R means as is

|1 a
known in"the arktmgzé’mﬁpooﬁﬁ%ls BB EEhStrtRR 8prbred Mséneranpleestib&mhancenment of
pref er ent i aPe¥edu Bitnthergriminpertivbbdi teriudofoetdteibrientduem assi.eps (i)
and\ or (i i) sigfunt fre Figbren®t Rathoahid: PRIhardTedadoRn&0R) et d %E'oé&jiﬁgb (preferably
preceded bylidahe dayr sdebot 0 sabaii0bILGuSi 00 i ff 0 the sybject a second

ligand whigh L | s t (1..e. non-aggregated tau) “binding sites
present_jin t%é: re évzaogl?mgg%g_%sbfdlf‘ﬁgsﬁ? zi‘f’%‘gepref-erenti ally to the first

| igand. “30 Thus the nethods and ot her enbodi nents herein nmay include a
step: (i biBjaipnteveduci ng i nto the subject a blocking ligand which | abels
non- aggregated tau binding sites in the brain of the subject
The significance of the medial temporal lobe i.e. E2/Trans
(Entorhinal cortex layer 2/transitional entorhinal cortex) and
15 B4/HC (Entorhinal cortex layer 4 and hippocampus) regions, and also
neocortical structures (F/T/P regions - frontal, temporal,

parietal) of the brain are demonstrated in Figures 25, 27, and 29.

In one embodiment, the method comprises only analysing the data
20 based on extracellular NFTs in the medial temporal lobe.

If a further embodiment, both this region and the neocortical

structure data is assessed. In the latter case it may be preferable
to assess intracellular PHF deposits.
25

Thus the methods and other embodiments herein may include a further
step: '

(iib) additionally determining the presence and\or amount of ligand
.30 .bound to intracellular aggregated PHF tau in a neocortical
structure of the brain of the subject,

This may be followed by:

35 (iii) correlating the result of the determination made in (ii} and
optionally (iib} with the extent of neurofibriliary degeneration in
the subject, and hence the AP state of the subject.




35 preferentially to the Iigand capable of labelling a R tau. A
conpeting binding site nmay be one which is provided byg%.r%%ﬁg‘gedgtﬁgnber
2005 WO 02/ 075318 PC T/ @B02/01318 12 anyl oid pl agues, such as nay be ‘
present in'the subject. By introducing such second ligands into the
subject, the relative or effective concentration of first |ligand avail able
to bind to aggregated tau may be enhanced. Suitable second |igands (or
bl ocki ng cor’rwggﬁﬁ?l%ls they may be described herein) arecdemenised bel ow,
but they may in particular include benzthiazoles such as are shown in
Figure 5, conpounds 1B and 2. Another suitable blocking I|igand nay be
FDDNP of Shoghi-Jadid et al., Am J. ®riatr. Psychiatr. 2002, 10: 24- 35,
di scussed V& i p_xeqions The significance of the nedial tenporal
| obe i . e. E%%T?égn%n% %ﬁt %"rrm”%é‘ﬁce?&%‘?ae& LRy Linaopay heringnde bentier hi nal
cortex) and®¥% £3/%e" (Rt dPhicrhracedbwlex lahykiing, amd phéppesanpus) regions,
and al so neocéffsmat sstivarctabeesed Bl HiRctiegi00such fa@niala, t.enporal ,
parietal) o:ﬂistthftglhrsaédlb@rﬁaﬁlﬁr@m%&ﬁ{gegrdc@sfiig%re‘gs 22sq)27+ and 29. 1n one
enbodi ment, the nmethod conprises only anal ysing fe"@ata 20 based on
extracel lulgr NETs.in the medial tenporal lobe. If a further enbodinent,
both this regi 6n and t'h&"REIEE e Barticetariy uskerded dot ssassasged. | n the
| atter case®TFIREIbBPEPerdble degancasisies sini aisassl htllpaga PHE fleposits. 25
Thus the nett%eds and ot her enbodi nents herein may include a further step:
(iib) additionally determ ning the presence and\or anount of ligand 30
bound tg i q;gt%g_%!l . ar a9gr ega ed PHF tau in a neocortical structure of the
upj

! na% on o { i
brain of t Hete ec%, uroribrillary degeneration

The determination may be of the presence of binding in a given
area. This determination can then be related to a hormal range of
values for cases without any pathology (i.e. cases putatively at

15 Braak Stage 1), or ranges of reference values which have been
determined for successive Braak stages to determine the
neuropathological stage corresponding to the given determination.
'I‘hg correlation may be done by means of a lookfup table or graph,
e.g. based on data corresponding to the Figures and Table 1 in

20 Example 1 herein for density. Alternatively, a given determination

may be related with reference to a given threshold value to =a

probability of a case being at a Stage more advanced that Stage 1
(e.g. based on data corresponding to the Figures herein for
probability), and thereby giving a probability of correctly

_25 attributing a diagnosis of Alzheimer’s disease,

Usesr of the method

The determination may be as part of a method of diagnosis or
30 prognosis. It may be used to select a patient for treatment, or to
assess the effectiveness of a treatment or a therapeutic e.g. ap

inhibitor of tau-tau association administered to the subject

Thus embodiments of the invention include:
35

A ligand which is capable of labelling extracellular aggregated PHF
tau for use in a method of diagnosis or prognosis of AD in a

gubject believed to suffeir frem the disease, which method comprises




This nmay be foll'owed by: 35 (iii) correlating the resul f th
determ nation made in (ii) and optionally (iib) with t# %gg?rgﬁ?r%qos _
neurofibriliary degeneration in the subject, and hence the AD state of the
subj ect. 20 Septenber 2005 WO 02/ 075318 13 PCT/ GB02101318 The |igand used
for intracellular labelling may in principle be the sane as that used for
entracellular |abelling, but preferably will be different and\or |abelled
di stinctivelWOP2GB that it can be distinguished by whatesenizisnagi ng
process is being used). The additional steps may be particularly preferred
for assessing or confirmng neurofibrillary degeneration in subjects at
Braak stage 2- 6. 10 Determ nation ofimeurofibrillary degeneration The
determ nati an be of the presence of binding in a given area. This

det ermi nati 61 f&% t#en be related to a nor mal range of values for cases

wi t hout any“ﬁa%flffépéwnqlméo hased]pet atliively catanld Br aadeiBiage 1), or
ranges of rafoeepitee ragl es whi ch have been determ ned for successive Braak

st ages to d ter 008, iR 0 cal s correspondl ng to the given
det erm pli§ t 1 Eg t@g%rggtg}cg al%%r amoun% é‘ﬁaél O}TDHS |t60k up tabl e or

xr1]: ace-Eéulag:or ! er gt 1N %Eh’d s £
gr aph, e gD FHEITGHr BEptih Gt 0Tt He Fedjal ctempma I Tadlee 1 in 20
Exanple 1 h¥ &b Preis @érdiet yibiggther natively, a given deternination may be
rel ated wit ik bfeorenigeinp the gevan shieshotdnyalyen Tde@ lnp(ﬁl?%'?‘é ity of a

case bei ng @l &tShage HONEraAY ) o Al A0E baséd on data
correspondlt{gg?é chg% F+agcur:é§ F%e Qg% %;E&?étr ,bs'?gbgbtfll t%@e “Ghdt'her eby giving a

p_robablid ty of correct R hg a diagnosis of Al zheimer's
di sease.”. Uses of the nethod The determ nation may be as part of a nethod
of di agnosi®eott 301 igEBgdées is|dapatly O lsksadidp sel.06i1u@apati ent for
treat nent, ayréddrted PHF tau in a method for preparing a diagnostic or
prognostic reagent suitable for use in a method of determining the
stage of neurofibrillary degeneration associated with AD in a
15 subject believed to suffer from the disease, which method comprises
the steps of:
(i) introducing into the subject said reagent which is capable of
labelllng aggregated PHF tau,
(11) determining the presence and\or amount of the reagent bound to
20 ' extracellular aggregated PHF tau in the nedial- temporal lobe of the
brain ¢f the subject,
'(iii} correlating the result of the determination made in (ii) with

the extent of neurefibrillary degeneration in the subject.

25 In a still further aspect, the invention provides a kit for
performing the uses and methods described above, the kit comprising
one or more ligands or derivatives as provided herein, which are
capable of binding to the aggregated molecules. It may- include
means for increasing the detectability of such compounds e.g. a

30  technetium chelating group, plus optionally means to conjugate this
to the ligand, plus optionally technetium. Where the kit comprises
a derivative of a compound as disclosed herein, this may be e.q,
fluoroscopically detectable, as discussed elsewhere in this
description. The kit may also include means for detecting or

35 visualising the ligand, ©.g. where the ligand has an incorporated

biotin group, the kit preferably includes an antibiotin antibody.

Similarly, the kit may include means for detecting the inherent

fluorescence of a compound, means for detecting photoactivatabie




assess the effectiveness of a treatment or a therapeutig G flemBét 20050i bi tor
of tau-tau association admnistered to the subject. Thus enbodi nents of the
invention include: 35 A ligand whichiss capable of |abelling extracellular
aggregated PHF tau for use in a nethod of diagnosis or prognosis of AD in
a subject believed to suffer fromthe di sease, which nmethod conprises 20
Sept enpeou2005uWO2/11H5318d 1lah tREIHGBO,2/31318 the steps of: (i) introducing
into the subject a ligand capable of labelling aggregated PHF tau, (ii)
- determ ning the presence and\or anpunt of |igand bound to 5 extracellular
aggr egéaedRBHPre feriad ttheaonds tive medi al thenpetriaddd abe oofict he brain of the
subj.ec {5l o) ti . of .the determ.nation made in (ii)
-~ with %rﬁbeédelﬁe)elﬁtg (g eér%ukggf%{r‘?Illlhgrrgﬁucf)engewﬁel?a Tora nthe §thj¥cfo™8nd  hence
t heé ADlstaitle 6f edeh subpecthosk0siseled im khgamdt whildhapsresipakl ehaf
| abel | | ng £t pacehliliak. -A90rA9aLA0 PHE LAY 10,8 mRibhgd for preparing a
di agnostic or ~prognostic reagent suitable’for use in a nethod of
det er it @Y Sttheed t Hy& ereaetrof ifhri | taty cdagensioat itonths sodiiageedowit h AD in
a 15 sybjactheliemed sbens Yl fdintr o the Jdhseaserhish fes had conprises
the steps of (i) introducing into the subject said reagent which is capable
of | ab#19%g aggregated VHF tau, (ii) determning the presence and\ or
angunt of the reagent bound to 20 'extracellular aggregated PHF tau in the
medi al , tenporal |obe of the brain of the subject, (iii) correlating the

" resul t SotPRoRE tRETRATACK AL £ B GTdd&ei HLqANAS wi th

‘Suitable ligands for use in this aspect of the present invention

are compounds of the formula:

~ SOM'
X XxpW,
RBTn—H——Y)I )—RL—Ar'
\zf/ N .

"W.is S, O, or NH;

15

wherein:

7 exactly one of X, Y, and Z is CH or N;
the others of X, Y, and Z are CH;
20 M is an alkali metal cation;
Rl is a rigid linker group;
Ar' is an Ce.20aryl group:
n is an integer from 0 to 3; and,
eaéh R¥ is a core-substituent;
25
‘ In one embodiment,reach-of X, Y, and 2 is CH,  and the compounds

" 'have the following formula:




the extent of neurofibrillary degeneration in the subj g h till
further aspect, the invention provides a kit for perforn?%é 'k s and
nmet hods descri bed above, the kit conprd sing one or nore |igands or
derivatives as provided herein, which are capable of binding to the
aggregated nol ecules. It may- include neans for increasing the

det ect alpi bnéyemtfocﬁmehtp@mmjrmdsmaxgd A a30 beehneti umiched aldmeugasup, plus
opti onal_| ans .t.o conj this to the Iigand, plus optionally
techne%ﬁuﬁlge éﬁ@lfﬁe fises a derivative of a compound as

di scl osed herein, this nay be e. g pf!l uoroscopi cal Iy detectable, as

di scussed elsemhere inthis des rﬁptlon The kit nmay al so include neans
for detecting or 35 visualisin e lywgand, e.g. where the ligand has an

i ncorporated biotin grouppTt K?T aferﬁga y i.ncludes an antibiotin
antibody. Simlarly, the ki y_ilacl|dde AVor detecting the inherent
fl uorescence of a compound, means”forNdetecting photoactivatable 20

Sept enber 2005 15 10 15 groups, further | abelled antibodies, etc. Various

- preferred ligands for use in the nethods and ot her enbodi ments of the

pr esentinj ayeranboginght, rﬁbvilsw ok souk gedrineadr €H;detadi the lcompacidcase,
‘those ﬁgbé|éﬁglf%lﬁg lﬁgtfo gh appreciate that instead of admnistering

l'i gands directly, ey cou be admnistered in a precursor form for
conversion to the actlve form bgcan|act|vat|ng agent present in, or

. admnistered to, the sane subj.e¢t.” Sul phonated' benzot hi azol e- I|ke | i gands
~Suitable ligands for use in thi of the present invention are

conpounds of the formul a:p® 2}———RL——Ar

In one embodiment, Z is N; X and Y are each CH; and the compounds

10 - have the following formula:

1
SOM
W
RT— )—RL—Ar'

In one embodiment, W is S, and the compounds have the following

formula:
SOM'
X XS
R -w%%— >———RL~*A
: Yo _= / !
15 T 4

In one embodiment, W is O, and the compounds have the following

formula:.

20




RBT -~-~ YZ N wherein: Wis S, 0, or NH, exactly one gﬁterXe 5Z_ is CH
or N, the others of X, Y, and Z are CH, 20 ML is an al a?‘l neFa! cation;
RLis arigid linker group; Arl is ary C5_20aryl group; n is an integer
fromO to 3; and, each RBT is a core substituent. 25 RL-Arl .In one

enbodi nent, each of X, Y, and Z' is CH ' and the conmpounds have the

f ol I owlpgoheremiogtinRnt Arid 20 N8epamdrbgre 208podifdd maocaetintrodisviig X is N, Y
and Z gpe,gaeh CH and the conpounds have-the following formula: In one -
enbodinment, Yis N, X and Z are each CH, and the conpounds have the
foll'owing fornula: -RL-AF"' In omg gftbodinent, Z is N, X and Y are ea_ch CH;
and the conpounds 10 have the fdllPowyng formula: RL-Ari In one enbodi nent,

Wis S, and the conpounds haveX foNlowing forrmula: X RS T_- | /)RL-Arl
15 - 1'Il1 Z° ~N RET /> RL—A"
! Y\Z/ N

5 In one embodiment, each of X, Y, and % is CH; and W is S.
In one embgdiment, each of X, Y, and 2 is CH; and W is O.

In one embodiment, each of X, Y, and Z is CH; and W is NH.

In one embodiment, X is N; Y and 2 are each CH; and W is S.

i0 In one embodiment, X is N; Y and % are each CH; and W is O.

In one embodiment, X is N; Y and 2 are each CH; and W is NH.

In cone embodiment, Y is N; X and Z are each CH; and W is §.
In one embodiment, Y is N; X and Z are each CH; and W is 0.

15 In one embodiment, Y is N; X and Z are each CH; and W is NH.

In one embodiment, Z is N; X and Y are 'each CH; and W is S.

In one embodiment, Z is N; X and Y are each CH; and W is O.

In one embodiment, Z is N; X and Y are each CH; and W is NH.

20

The bicyclic group, comprising W, X, Y, and Z, may be denoted the
"core group.”™ When each of X, Y, and 2 is CH, and W is 5, the
compound may -be referred to as a benzothiazole compbund, and may be
considered to have, as a core group, a benzothiazole\broup. The
25 “core substituents" may be then be referred to as "benzothiazole

substituents."




I n one enbodi nent, Wis 0, and the conpounds have the f oW n mul a: .
SO3ML BT Xa RY ~}-RL-Ar ~Z N 20 20 Sept enber 20059%9\,\4‘?"%%%& |
enbodi ment, Wis NH, and the conpounds,have the following fornula: SG3ML H
BT i XN /RL-Ar1 Y :1 z N In one enbodinment, each of X, Y, and Z is CH
and Wis S. In one enbodi ment, each of X, Y, and Z is CH, and Wis 0. 1In

a s CH_ and is NH In one enbodi ment,
i”?se”“@?%f%%‘rﬁegriéﬁeﬁ%h&r,useaﬁ‘*’\&higsaspef% O Ui PN e onG. Ny
and Z ar® %ddFath; caprdundi /f othy fosmelentiodi nent,, X is N, Y and Z are each
CH, and Wis NH. In one enbodiment, Yiis N X and Z In one enbodi ment, Y
'is N X and z 15 I n one enbodi me ,3Mis N:. X and Z are each CH and.W|s
S. are each CH and Wis 0. ar CH and Wis NH In one enbodi nent,

Zis N Xand Y are each Ch; a In one enbodiment, Zis N, X and
Y are each CH, and Wis 0.R"; RL—Ar

o

wherein:
5 M' is an alkali metal cation;
RI. is a rigid lihker group;
Ar' is an Csearyl group;
n is an integer from 0 to 3; and,
each R* is a independently benzothiazole substituent.
10
Both the rigid linker group, RL, and the aryl group, Ar', are
substantially planar. In addition, the rigid linker group, RL, and
the aryl group, Ar!, together with the core group (e.g.,
benzothiazole group), form,é compound which is substantially
15 planar. By "substantially planar," it is meant. that the
moiety/compound has a high degree of planarity e.g. less than 5, 4,
3, 2 or 1° twist between the comﬁbnents, as quantified using l
standard chemical models and assumptions. Preferably the twist
_ will be no greater than that of the compound of Figure 16.
20
In one embodiment, the compound has a compound length which is from
about 14.7 AU to about 15.3 AU.

The present inventors have determined that compounds héving the
25 characteristics described above may be particularly suitable for

the ‘Braak staging’ methods of the invention. Such compounds may

be known in the art, or may be novel as descrlbed in more detail

‘below.

- 30 The "compound length"™ is the distance between the two most distant
aromatic ring atoms (denoted "reference atbms"). For-exémple, for
benzothiazole compounds, at the benzothiazole. "end" of the

molecule, the reference atom will be one of two atoms: -




In one enbodinent, Zis N, X .and Y are each CH ; and Vvifs b cﬁg
bi cycli-c group, -conprising W X, Y, and Z, may be denot’ed ?ﬂ%m I group
When each of X, Y, and Zis CH and Wjs S, the conpound maybe referred to
as a benzot hi azol e conpound, and may be considered to have, as a core
group, a benzothi azol e group. The 25 "core substituents" may be then be

referred to as "benzot hi azol subs g}wﬁnts." 20 Septenber 20X. 18 A
~preferred ligand for use in shk;\aSr et of the present invention is a
l'igand conmpound of the fornul ) :

,aBNg mhereln 5 M is an al kali netal
cation; RL is a rigid |linker_gfouf g C5-20aryl group; n is an

integer fromO0 to 3; and, Bh a igfdependent|y benzot hi azol e
substituent. 10 Both the r|g|d i nker” grdup, RL, and the aryl group, Arl,
are substantially planar. Ip/ézeition, the rigid |inker group, RL, and

the aryl group, Arl, together with the core group (e.g., benzothiazole
~group), fornra conpound which is substantially 15 planar. By "substantially

planar i S ant he i y/ conpound, has a hi gh degree of
pl anar i Fy e aryI es$ %t grh € 4o %Cﬁ?forh% Arpi &1 PeLWELOEI® Barponhents, as

quantlﬁlemaudrmgrestaﬂﬁamdowhemu&akemed@h&a&mdmaﬁﬁummklgﬂg ofrieferably t he
twi gt a@£+g.be no greater than that of the conpound of Figure 16. 20 In one
-.enbodi nent,” t he conpound has a conpound | ength which is from about 14.7 AU
to about 15.3 AU. The present inventori/baVe det erm ned that conpounds

‘havi ng the :

g

R \

q

Distances used herein may be computed using 'Chemical Database
Service', Daresbury, and the Cambridge Structure Database, using
10 ‘Chemical structure search and retrieval software'. This data and

software are available in the public domain.

In one embodiment, M is Li;} Na, K, or Cs.
In one embodiment, M is Na or K.
15
In one embodiment, n is 0. 1In one embodiment, n is‘l.

In one embodiment, n is 2. 1In one embodiment, n is 3.

'In one embodiment, each R¥ is independently selected from:

20 Cb4alky1, hydroxy, Cisalkoxy, nitro, cyano, halo, and amino.

In one embodiment, each R¥™ is independently selected from: -Me, -~

Et, —nP;, —-iPr, ~CH, -OMe, -OEt, -O{(nPrj, —O(iPr),'—NOZ, ~CN, -F, -

ci, -Br, -I, -NH;, -NH,, —-NHMe, -NHEt, -NH(iPr), -NH{nPr), -WMe,, -
25 NEt,, N({iPr),, and —-N{nPr),. ‘

' In one embodiment, each R® is independently selected from: C,-
salkyl. 1In one embodiment, each R is selected from: -Me, -Et, -

nPr, and -iPr. In one embodiment, each R¥ is -Me..




25 characteristics described above may be parti-cul ar ydid’ﬁg blg f t he
"Braak staging' nethods of the invention. Such conpoun @‘ Swn i n
the art, or may be novel as described2dn nore detail below. 30 The
"corrpound l ength” is the distance between the two nost distant aromatic
ring atons (denoted "reference atoms") For exanple, for benzothiazole
conpounds, at the benzothiazole "end" of the nolecule, the ref erence at om

w1 berpng ok 98 @l QT8 5 -2Q gepienber, 2005 19 At t he ar%/ter "end" of the
‘nol ecul'e, when Arl is an aryl group havi ng af) e

referende O&teoﬁﬁﬂv\ﬁ’thm@b‘é:oﬂel@fl tahde®™ &¢ ome. Di stances used herein may be

A= cBF e ¥ bel ow), the
conmput ed usi ng ' Chem cal Database Service', Daresbury, and the Canbridge
Structure Database, using 10 ' Chenical structure search and retrieval

sof Pwarlg: ,O-mfhﬁ@b%ltn@néndtheso:qrmﬂeddra@ avai faldlowing fédwewmadl i ¢ donmin. In

one enbodiment, Mis Liy Na, K qgr In one enbodinent, Mis Na or K 15
In one enbodinent, nis 0. In OnOGMDOdI ment, nis 1. 1In one enbodinent, n
i's 2. In one embodi ment, RT. ope enbodi ment, each RBT is
- independently selected from - Ky hydrr%By, Cl_4al koxy, nitro,
cyano, halo, and ami no. In one [ %;rrﬁ T is independently
selected from -Me, - Et, -nPr, r,N oH -Owe, -CEt, -Q(nPr), -QikPr),

-NO®2; -CN, -F, - d, -Br, -I, -NH2 -NH2, - NHMWe, -NHEt -NH (iPr) , -NH

(nPr) , -NMe2, - 25 NEt2, N(iPr)2, and - N(nPr)2 I n one enbodi ment, each

ROT i s rindapeadantikynsel et %‘émﬁaé&’iﬁ hQ%_thé‘aﬂoﬂbmﬁu? ARG §000dI ment, each
i P

RBT. is selected from - M, , - nPr n one enbodi nent, each
RBT is,-Me. 20 Septenber 2005 2CBOM
Me

S
)—RL—A"
N

10

In one embodiment, RL is a group of the formula:

RRL

m

W
N —_—

wherein m is an integer from 0 to 4, and each R™ is independently a

rigid linker aryl substituent, and the compounds have the formula:

SO,M' RR

15 N—Ar
In one embodiment, m is 0. In one embeodiment, m is 1.
In one embodiment, m is 2. In one embodiment, m is 3.
In one embodiment, m is 4.
_-20
In one embodiment, each R is independently selected from:

Cysalkyl, hydroxy, C;alkoxy, nitro, cyano, halo, -and amino.




In one embodiment, nis i and RBT is -M, -Et, -nPr, % e
embodiment, nis 1 and RBT is -Me. 5 In one enbodi rrent Zq ‘épt%‘ﬁﬁ has

the followng fornula: sGM In one egbodi nent, the corrpound has t he

following formula: SOG3M RL-Arl 10 In one errbodi ment. RS, is a group of
the fornmula: wherein mis an integer fromO to 4, and each RRL is

i ndepengdesid Yemdodingh@, |darker™-aty| i rsdpshiibpent ,seae@!té@ef&ﬁ{mouads— have the
formula: 15 In one enbodinent, mis 0. In one enbodinent, mis 1. I n one

enbodi ent 2R 5187 | 1PHne¥abodiFrantO (3 5)y 30 (APR) ondentidil mefit, “mis 4.

20 In ong egﬁa,omxr,renmz,eagnz RRinms, i-ngependentipe)selget o\, r ofe,, CJ_ 4al kyl .,

hydron% i al koxy, nitro, cyano hal o, and am no. 20 Septenber 2005 21 In
one e %EH mEAEE T e RRRRIY {18 T ! idependent |y sel ected from -Me, - Et, -nPr,
-iBF, -OH, -Owe, -Cet, -QnPr), -QiPr), -N®2, -CN, -F, a, -r, -1,
-NH2, - NH2 - NEt2, N (iPr) 2,

“and NII{’n‘IBﬁ lgwgi‘f‘%n%neeaé;ﬁbg&dl h%n%ndegﬁﬁﬂer&%g S?Fﬁﬁ%’\%eﬁﬁ?@nt Fy sel ected

from gEitkyldalkyl _ In one enbodinment, RL is a group of the fornmula: 10 In

.one enbodinent, RL is a group of the formul a: wherei np is an integer fromOoO
: to 3, and each RRL is independently a

In one embodiment, RL is a group of the formula:

10
In one embodiment, RL is a group of the formula:
g s
_ />
N
RL
R p
wherein p is an integer from 0 to 3, and each R*™ is independently a
rigid linker aryl substituent, and the compouncas have the formula:
SOM
1
“ :l >—@:/>—Ar
15

'In one embodiment, p is 0. In one embodiment, p is 1.

In one embodiment, p is 2. In one embodiment, p is 3.

20 1In one embodiment, each R*™ is independently selected from:

Ci.qalkyl, hydroxy, Ci4alkoxy, nitro, cyano, hale, and amino.

In one embodiment, each R®™ is independently selected from: -Me, -
Et, -nPr, -iPr, ~0H, -OMe, -0Et, -O(nPr}, -0(iPrj, -NO,, -CN, -F, -
25 c1l, -Br, -I, -NH,, -NH,, -NHMe, -NHEt, -NH(iPr), -NH(nPr), -NMe,, -




rigid linker aryl substituent, and the conpounds have t formul a; SO3ML
159I n one enbodinent, pis 0. In one enbodinent, p is- 1_988pﬂteg)|$§r2005
enbodinment,'p is 2. In one enbodi mantz, pis 3. 20 In one enbodi nent, each
RRL is independently selected from 81_4a| kyl, hydroxy, Cl_4al koxy, nitro,
cyano, halo, and ami no. In one enbodi nent, each RRL is independently
sel ect from, -Me, - Bty . -nPr, -iPr, -OH -0Ow, -OEt, -O(nPr) , -0 (iPr)
, -Noz?qg-tmwlﬁfme'z?“&,“ F)2 ) ONH2, -NH2, NHMVB, -NHEt, -NH (iPr) , -NH
(nPr.) , -Nwe2, 20 Septenber 2005 22 NEt2, N(iPr)2, and -N(nPr)2_ In one
enbodi Fgn eagh LS dgependen I from._ _C 4al kyl . In one
enbodi gn%n?eRL igaglglé%buép&glf p\t hggf %lllr%lﬁﬁegl:d%%g asr{:'*y]1ecg1;ﬁe glu%fon,}l(r Ié,(‘ is a
C5 2Qar3t*Wr-oup. The term"C5 20aryl," as 10 . used herein, pertains to a
mongval ent noi ety obtained by renoving a hydrogen atom from an aromatic
ring atomof a C5 20aromatic conpound, said conpound having one ring, or
two or IppPee rethysiipenty. RIf ised)Irown@thabe ngpimudm: 5 to 20 ring atons, and
wherein at | east one of said.,ing(s) is an aromatic ring. Preferably, each
ring has fromb5 15 to 7 ring jtons,.~'C5 20" denotes ring atons, whether
carbon atons or heteroatons. 8% 0 CS _20Oaryl groups which do not
have ring heteroatons. (i.e., boaﬂ\r yI groups) include, but are not
limted to, those 20 derived frombénzere (i.e., phenyl) (C6), naphthal ene
(C10), anthracene (Cl4) , phenanthrene (Cl4) , naphthacene (C18) , and
pyrene (Cl16). Exanples of C5_20heteroaryl groups include, but are not
| i mtetthté oaryR25rGohetiar'oaiyla groppns/iderbupd frem:tunarc.(Qxeye)y dshi ophene
t hy ol rrqQle (azol.e), . imdazole.(1, 3-di azol g),. zole (1, 2-diazole),
e o ofkea e BREGEhope ™ IRFRyBr bR R e bl F B ssupier
hydrogen atom from an aromatic ring atom of a Csyaromatic compound,

said compound having one ring, or two or more rings {e.g., fused),

and having from 5 to 20 ring atoms, and wherein at least one of

said ring(s} is an aromatic ring. Preferably, each ring has from 5
15 to 7 ring atoms. "Cso" denotes ring atoms, whether carbon atoms or

heterocatoms.

Examples of Csparyl groups which do not have ring heteroatoms

(i.e., Cspcarboaryl groups) include, but are not limited to, those

20  derived from benzene (i.e., phenyl) (C¢), naphthalene (Cyg),
anthracene (Cp4), phenanthrene (C;;), naphthacene (Cj3), and pyrene

(Ci6) .

Examples of Cs heterocaryl groups include, but are not limited to,
25 Csheteroaryl groups derived from furan (oxole), thiopiene (thiole),
pyrrole {(azole), imidazole (1,3-diazole), pyrazole (1,2-diazolé),
triazole, oxazole, isoxazole, thiazolé, isothiazole, oxadiazole,
and oxatriazole; and Csheteroaryl groups derived from isoxazine,
pyridine (azine), pyridazine {1,2-diazine), pyrimidine (1,3-
30 diazine; e.g., cytosine, thymine, uracil), pyraiine_(l,4—diazine),

triazine, tetrazole, and oxadiazole (furazan).

Examples of Cs4ﬂhetero¢y¢lic groups (ingluding Cszpheteroaryl
groups) which comprise fused rings, include, but are not limited

35 to, Csheterocyclic groups derived from behzofuran, isobenzofuran,



and oxatriazol e; and Coheteroaryl groups derived fromisoxazine, d%rldlne

(azine), pyridazine (1,2-diazine), pyrimdine (1,3 30 #&3¢RigMP ‘ér%jjo

cytosine, thymne, uracil), pyrazine é 4-di azine), triazine, tetrazole,

and oxadi azol e (furazan). Exanples of _20het erocyclic groups (including

C5_20heteroaryl groups) which conprise fused rings, include, but are not .
limte 0, 0 psS ed from benz

: |soben;1(;1f%§rl§n l&h‘%‘é’g%en%&“r%og 3’ |%§‘ér l\(‘e’i%'(l)al"hJL o? B[e)ﬁzfjrr?féia(zglﬁ

adeni n&lof@}&ﬁpﬁwll%&@ﬁﬁﬁd&@i@d f@m@h@merod@yehcscgnmnpslderl ved from

qui nol iY@zl $LEHANO i a do i_noxal i ne;

Cl3het erocyclic groﬁgggdﬂggﬁgégg rg%gggi aé%[égﬁ%%%% Fggyc ﬁcgﬁroups

der|ve@ﬁFﬂHﬁ?5ﬂ&€PﬁﬂFHéz°¥%nﬁhéﬁéerﬁﬁéﬁb%aQWpunS<#hen@ﬁ|ﬁe¢mphenoxa2|ne
phenot hi-giaiAe, ﬁdﬁﬂﬂ@ﬁeeqnggkﬁﬁﬁhmlﬁwlpHéﬁa@Qn@r¥hmgﬁggglﬂ§V|ng a phenyl

core, and has the formula: 10 15 erein g is an integer fromO to
5; and PESBATRRF 109 ‘ndependent |y an aryl substltuent Rc, is present, is a
reactive conjugating substituent, or Rc is, or contains a detectable

1 abel ; _and the caonpound has the formula: RAa In one enbodlnent Its, if
presentt PES PHROUFEGE. Anj hgath RFYls GFSER haydng, 2 aplprivd: &0§¢oupuhh|ch is
Sui t ablhesf ehe ctymukgati on to anot her nol ecul e or chem cal species. 20 In

- one enbodinent, Rc, if present, is a reactlve conjugating substituent, and

is, or contains, a reactive functio Ehp suitable for conjugation to

-~ another ol ecul e by chenical rea

A
10 Rq
wherein g is an integer from 0 to 5; and each R® is independently an
aryl substituent; R®, is present, is a reactive conjugating
 substituent, or R° is, or contains, a detectable label; and the
compound has the formula: -

SO,M'
A

S
BT
R )—RL
N
R

15 .9
In one embodiment, R% if present, is a reactive conjugating
 substituent, and ‘is‘a group which is suitable for conjugation to

another molecule or chemical species.

20 *In one embodiment, R, if present, is a reactive conjugating
substituent, and is, or contains, a reactive functional group A
suitable for conjugation to another molecule by chemical reaction
'therewith, to form a covalent linkage therebetween. Examples of

. suitable reactive functional groups include active esters (e.g.,

25  succinimidyl esters).

In one embodiment, R°, if present, is a reactive conjugating
substituent, and is, or contains, a moiety suitable for conjugation

to another mnle;ule by a strong non-covalent ‘interaction. Examples




| L

~ therewith, to forma coval ent |inkage therebetween. aﬂa%ﬁ ij tabl e

| reactive functional groups include active esters (e.g. i dyl

| esters). In one enbodinment, Rc, if present, is a reactive conj ugatl ng
substituent, and is, or contains, a noiety suitable for conjugation to

~anot her nol ecul e by a strong non-coval ent-interacti on. Exanples 20
Sept ember 2005 WO 02/ 075318 24 PCT/ GB02/ 01318 of such groups include biotin
(for bi ndi ngWRi%¥¥53b| ecul es bearing avidin or streptawcgicBlyeidi one
enbodi ment, R if present, is a reactive- conjugating 5 substituent, and
is, or contains, a noiety suitable for conjugation to another nol ecul e by
conpl ex or chelate formation, e g., a24chelating group. Exanples of such
groups i ncl lex with or chelate, e.g., netal ions,

e.g. techn(g%tj%ﬁ%ﬁ( %gﬁ\?sv@xg( ddo éo ¥ {%Chln(jill%ﬁsth ﬁ@lﬂf@ées bearlng

di et hyl enet FV:g4F rPé‘p%‘?ﬁeBE%i"éfi%’ -acid. 10 In one enbodinent, Re, if present,
is, or contains, a detectable |abel. Exanples of detectable |abels
i nclude, e.1n pn«d}é&ﬁ@dlmfeﬁﬂJO[{ESQﬁ e SR K i.genic, Ir oups, stabl e and
unst abl & | S@LEPSSNe ANGs RS &1 gnryreg}lsttt g aé:g?%%% ®a° 6931 one enbodi nent
15 R, if preserlctnﬁﬁls or contains, d @ é%"tYaB‘F’éaP’aﬁbéPr@@nprgasng a stable
i sot ope | n"oné e ’Reomfilﬁxmreg@iﬁte ifgrmagton,cend.ai s, a detectabl e
label conprifeiainaneienst aBkempilsotogpsichi g‘roulmsnencﬁﬁfﬁ@djxﬁ'ﬁw whﬁ% if present,
is, or cont®mpdgx k6 ofrth@[]ﬁ:e,eéﬂg()ﬂlﬂ{’éem iokE: ¢ I, p{e% ent, .S, _or cont ai ns,
a det ect ablsxahg! o 2Qu SO RLY ﬂ%lﬁdé’%ﬂé{?&eemtf ng car B%n °8Fom Furt her

: t

RCsubstyigt uent s are di scussed bel ow. enbodi P -2 aRet i apidesent , and
is as defi ned above. 25 In one errbodl rrent gis 0. In one enbodinent, q is
1. | one embodiment, R% if present, is, or contains, a detectable

label. Examples of detectable labels include, e.9g., dyes,
fluorescent markers, antigenic gi:oups, stable and unstable
isotopes, and positron-emitting carbon atems. .In one embodiment,

15 RC, if present, is, or contains, a detectable label comprising a
stable isotope. In one embodiment, R, if present, isg, or
contains, a detectable label comprising an unstable isotope. In

0 c . )
one embodiment, R%, if bresent, is, or contains, F. In one

embodiment, R%, if present, is, or contains, a detectable label
20 comprising a positron-emitting carbon atom.

Further R® substituents are discussed below.

In one embodiment, R is bresent, and is as defined above.

25

In one embodiment, g is 0. In one embodiment, g is 1.
In one embodiment, g is 2. In one embodiment, q is 3.

In one embodiment, q is 4. In one embodiment, "g is 5,

30 In one embodiment, each R igs independently selected from: -CH,
~NHp, -NHR', -NR'R’, -SOiM%, Cjsalkyl, wherein R' and R? are each
Ci-salkyl, and M* is an alkali metal cation, as defined above.

In one embodiment, at least one R is ~OH or -NH,.
35 "




in one enbodinent, qis 2. In one enbodinment, qis 3. one di ment ,
is 4. In one enbodiﬂent,'q is 5 .. 30 In one enbodinen#&sggﬁﬁgﬁﬂg

i ndependently selected from -OH -Nd2, -NHR, -NRLR2, -SO03M2, Cl_4al kyl,
wherein R and R2 are each d..4alkyl, and M2 is an alkali netal cation,
as defined above. In one enbodinent, at least one e is -OH or -NH2. 35 20

Sept entzar oﬂ@%ﬂﬂﬁiib@n@ﬂ@&ﬁn@@% awl HEbup A1 ng" Yh egﬁl%lépsﬂgélﬁl%t%'&

am no- sybstjtut ed e core, has the fornul a: wherein r
is an PHFE& r*45omiet B 'j§h§°§%5+ﬁf?'l s |ndependently an aryl
substituent, as defined above I n gre—~enbodinent, r is 0. In one
enbodinent, r is 1. In one enbodif Bhﬁe In one enbodinent, r is 3.
In one enbodinent, r is 4. 10 In o fbo is 1 and Arl is a group
of the fornmula: NH2 In one enbodi nert; the conpound has the fornula: so3M

~NH2 15 RA r In one enbodi nent, the c-hpound has the formula: 50 M NH2 20

Septenber 2005 WO 02/ 075318

wherein r is an integer from 0 to 4, and each R* is independently an

5 aryl substltuent, as defined above.

In one embodiment, r is 0. In one embodiment, r is 1.
In one embodiment, r is 2. In one embodiment, r is 3.

In one embodiment, r is 4.

10
In one embodiment, r is 1 and Ar! is a group of the formula:
In one embodiment, the compound has the formula:
SC)M
15

In one embodiment, the compound has the formula:

SC)M

ﬁﬁ@




26 PCTI GBO2/ 01318 In one enbodinent, Ara is an aryl graoyp.havi .
hydr oxy-- substi-tuted phenyl core, and has the formnul a:ﬂ@&emg%%‘?@rei-n s
is an integer fromO to 4, and each RA is independently 5 an aryl
substituent, as defined above, and Rc, is present, is a reactive
conjugating substituent, or Ris, or contains, a detectable |abel, as

defi ned above. In one enbodinent, s is 0. In one enbodinent, s is 1. 10 In
one enbodi neWP 225318 2. | n one enbodinent, s is 3. | nronesemipagi mrent, s is
4. In one enbodinment, Ar' is a group of the formula: HO 15 In one

enbodi ment, Arl is a group of the formula: HO In one enbodinment, Ara is a
group of the formula: HO 20 Septenber22005 27 I n one enbodiment, Arl is an

aryl group hayj thyl; core, and has the fornmula: RAt whereint
is an integer %‘?%r%g?)&tﬁg%, X]ﬂ % Bt FYEP beF Ui ® hverwy- and each RA is

i ndependent T8PSEH4FY IPPets FPteuetnd has tHefforedaabove, and the, conpound has
the forrmula: SOG3M In one enbodinHot, Arl is an aryl group having a
hydr oxy-substituted 10 naphthyl cor ngchas the fornula: A

R
wherein s is an integer from 0 to 4, and each R® is independently
5 . an aryl substituent, as defined above, and R is present, is a
reactive conjugating substituent, or R® is, or contains, a

detectable label, as defined-above.

In one embodiment, s is 0. In one embodiment, s is 1.
10 In one embodiment, s is 2. In one embodiment, s is 3.

In one embodiment, s is 4.

In one embodiment, Ar' is a group of the formula:

HQO

15 In one embodiment, Ar' is a group of the formula:
HQ '
RC

In one embodiment, Ar' is a group of the formula:

0 N

/
0-0




RV wherein v is an integer fromO to 2, uis an integer.from?o0 4, and
each RA is independently an aryl substituent. 15 In onéﬁéﬁﬁgagﬁﬁ%éébQAr' has -
the formula: HO 20 Septenber 2005 28 In one enbodi nent, the conpound has
the formula: In one enbodi nent, the conmpound has the formula: SO3M \11 N
In one enbodi nent, the ligand is a conpound as described bel ow under the
headi ngn" bref@itiedmstt phortat edsbenzat kéﬁpkﬁﬁkh§garh%%%ﬁ f'éogﬂ gﬂgpounds'
of thehtgpg descri bed above, e.g. of fornula (1), for us i'n vhé

di agnoSfTc et HJd&8f the present invention, may be prepared conventional

. means - see e.g. Reference 31.. Al such cquounds descri bed herein (or

derivatives thereof) having 15 the appropriate fornula, size, planarity,
and activity may be referred to ggne but not limtatively,
hereinafter as " sul phonated benzd dzol’e- | i ke conpounds' or 'SB
ligands'). Such conpounds will gengrally be |igands of aggregated tau
nol ecul es, e.g. those found in paifed helical filanents or neurofibrillary
20 tangl es. The |igands descri bed H@ﬁein can suitably be detected by
incorporating a positron-emtting carbon into one of the methyl groups of
t he colpetfid ds idi ael bvegehefeim,0 dod3det eict bngisteyadb reenpound by use of
POSs t r QR4 eLA$SidN P I's.kn i,n the art. Alternatively,
or in addi ticgfm,R o 5: gg%%étéﬁq%%lﬁ;%l %i?%fg 3ub 8P herde!} L0 8 e bV,

-and the compound has the formula: ‘

soM' A

‘RU
e O
T (S
N

A
t

R

In one embodiment, Ar! is an aryl group having a hydroxy-substituted

10 - naphthyl core, and has the formula:

A

RA

v

wherein v is an integer from 0 to 2, u is an integer from 0 to 4,

‘and each R is independently an aryl substituent.

15  In one embodiment, Ar! has the formula:
. b <!ii!>

SO,M




20 Sept ember 2005 WO 02/075318 PCTI GB02101318 29 chel at sy §8fteRBer 2005

i ncorporated into the conpound (e.g. as in the Rc group of the conmpounds
descri bed herein), so that selective etection of entracellular tangles
coul d be achieved. A preferred chelé%lng group is lke =

di et hyl enetri am nepentaacetic acid. 5 The |igands may be conjugated

chel al ed, od SLBSIMcSE, ABROCIALSHna M Q! REL, sheri cal groups, dyes,

fl uorescent narkers, antlgenlc groups, erape %°c noieties, or any ot her
entity which may ald |nso@mﬁrognosthm, di agnostic or therapeutlc
.application. For instange, 10 mhere the ligand is attached to a dye or

fl uorescent group, J A aggregated tau
or tau-like molgEllel rafel l'ul ar or
extracel | ul ar tangles [ of Al]. 1 azi nes The present
inventors have previously |o-nt|f|eo anot conmpounds, nenbers
of which disrupt the structure of PHFs, and WvgrSe the proteolytic
stability of the PHF core (w0 96/ 30766). 20 Di anjmophenot hi azi ne conpounds
described in WO 96/ 30766 are shown by the structwes of Figure 8a_ Fornul a
(1'V) i BaFLANT &Sy resgn LeAt [ espnance formof (Il) included for
clarity. %%npounégégp --(F%ngéﬁyéFﬁ tﬁ d?égﬁ'?orns while (1) is a
reduced 25 form Such cosgquhds (whi ch nay be referred to hereinafter as

" di am nophenot hi azjgrnes’ ' phenot hi azi nes') |nclude e.g. tolonium

chl ori de and net hyt ene bkye. -Exanplessare shomm i n -Are $b. Al of these
are shown in the oxidil$ i i ﬁ&cept th|o being in the form

Conpounds whi ch may be uSed i grein may be any

22N \ ag gutra
[ i'h the et hods™d
having a fornmula shown in Figure 8a, wherein:

In one embodiment, the ligand is a compound as described below
under the heading "Preferred sulphonated-benzothiazole-1like

ligands."

10 = Compounds of the type described above, e.g. of formula (I), for use

in the diagnostic methods of the present invention, may be prepared

Qzlconventional means - see e.g. Reference 311

All such compounds described herein (or derivatives thereof) ha#ing
15 the appropriate formula, size, planarity, and activity may be
referred to generally, but not limitatively, hereinafter as
‘sulphonated benzothiazole-like compounds’ or. ‘SB ligands’). Such
 compounds will generally be ligands of aggregated tau molecules,

€.g. those found in paired helical filaments or neurofibrillary
20 tangles.

The ligands described herein can suitably be detected by
incorporating a positron-emitting carbon into one of the-methyl
,. groups of the compound as disclosed herein, and detecting the
25 compound by use of positron emission tomography (PET) as is known

in the art. Alternatively, or in addition, a'technetium—containing




each of Rl, R3i R4, R61 R7 and RO is independently hydr al ogen,
hydr oxy, carboxy, substituted or unsubstituted al kyl, a egjg‘%}ﬂbefr?%rogal koxy;
Rs is hydrogen, hydroxy, carboxy, substituted or unsubstituted alkyl,

hal oal kyl or al koxy; and, 20 Septenber 2005 WO 02/075318 30 PCTI GBO2101318
Rio and R11 are independently hydrogen, hydroxy, carboxy, substituted or
unsubstituted al kyl, hal oal kyl or al koxy; and pharmaceutically acceptable
salts thereofVQ 9875348 one enbodi nent: each of Ry,, R3, R#crBBezeRisand RO is

i ndependent |y hydrogen, hal ogen, hydroxy, carboxy, substituted or
unsubstituted Cl_6al kyl, Cl_4hal oal kyl, or Cl_6al koxy; R5 is independently
hydr ogen, hydroxy, carboxy, substitut2® or 10 unsubstituted Cl..6al kyl,

G _4hal oal kyl e cC%-];‘Gal koxy; 0.and R11 are independently selected from
hydrogen, hydroxy, > car BERYE 8BS Pt ULRY OPPURS UBsT i Rated BB BBal kyl |

Cl_4hal oal K§A°Port tg comtonney dedmiffgre hewrim ;' abkyht @3etisod in this respect

refers to sdatargitn of exbraalines: ehadiksJERAUPSe mh@g@gdabjl%rgg%grgg one to

ei ght, nor ecnephefdy ghly QR 4 Qsslngr LALDAN B1Q0E,  EOr example, “alkyl " may
refer togynethyl, ethyl, n-propyl, "i sopr opyln, ebutycﬁ I sobutyl, sec- butyl,
tert-butyl, pentyl, isopentyl, tert-pentyl, hexyl, isohexyl, 20 and the
like. Suita _eel§ F iRl it PEBF2teHe dabaierlt retthatdipk aggpoupsdaused in the
i nventi on i'HdueEer heheprixred agonps t Hyoet A resdaht markead] N@igdnyLoxy, hal ogen,
hydroxyl, ansupss boesppegrioupseaes, Wl kn@Std:Ybnti6Y Ghoal k¥l and; non-aryl

het erocycl i £ bR c,28:aH06si 871 cndlkOXN . Jel£rs; Lo groups as defined
herei n gpovg as .al @/Ia gr;oups, .as t he case r?ﬁy Be “Nhi ¢ 4148 CHrry an
oxygen atom i nterposad between thEmlah Phdliimsses st ecquesitdae to which

t hey are conjugate can be used as a label of aggregated tau or tav-like

molecules. It can thus be used to label intracellular or
extracellular tangles characteristic of aD.

is Phenothiazines

The present inventors have previously identified another class of

compounds, members of which disrupt the structure of PHFs, and
reverse the proteolytic stability of the PHF core (WO 96/30766) .

20

Diaminophenothiazine compounds described in WO 96/30766 are shown

by the structures of Figure 8a. Formula (IVv) in Figure B8a

represents different resonance form of {IT) included for clarity.
Compounds (II)-{IV) are all oxidised forms while {(I) is a reduced
25 fPrm- Such compounds (which may bhe referred to hereinafter as
‘diaminophenothiazines’ or ‘phenothiazines’) include, e.g. tolonium
chloride and methylene blue. FExamples are shown in Figure 8b., All
of these are shown in the oxidised form, with all except thionine

being in the form stabilised salts (thionine is shown as a neutral
30 oxidised form).

Compounds which may be used in the methods described herein may be
any having a formula shown in Figure 8a, wherein:
each of Ry, Rs; Ryy R, Ry and Ry is independently hydrogen,
35 halogen, hydroxy, carboxy, substituted or unsubstituted alkyl,
‘ haloalkyl or alkoxy;

R; is hydrogen, hydroxy, carboxy, substituted or unsubstitute
alkyl, haloalkyl or alkoxy; and, '



and R9 are i ndéferff

attached. 30 The term "hal oal kyl" represents a strai ghtzdjée%r%ﬂ&%sal kyl

chain having fromone to four carbon atonms with 1, 2 or hal ogen at ons

attached to it. Typical haloal kyl groups include chloronethyl, 2-

bronet hyl ; - 1-chl or oi sopropyl, 3-fluoropropyl, 2,3-dibronbutyl, 3--

chl oroi sobutyl, iodo-t-butyl, trifluoronethyl and the |like. 35 The

"hal'ogen" represents fluoro, chloro, bronp or iodo. Sone of these

phenot hi azi n¥9 '4¢f84d&ss one or nore asymmetrically 20 Sepiephi2005 WO

02/ 075318 PCT/ GB02/ 01318 31 substituted carbon atons and therefore exist in

racem c and optically active forns. The invention is intended to enconpass

the racemc forns of the conpounds asowel| as any of the optically active

forms thereof. Acid addition salts may be fornmed between basi c conpounds of

Figure 8a or ‘8bARd™ AET JaATRENGRAEHS hvdrqgenhypadusral iceraeivds such as

hydr ochl or i ER¢EEEPtEAChydrdistBrked athd, isubgiulidc adicdy; nitric acid,

phosphoric ami dheteceutobaliygadtest a6t ha1€s GneAGel i ¢ acid, 10 citric acid,

mal efic acid, fumaric acid, tartaric acid, nethanesuiphonic acid,

p-t ol uengsu nic.acid etc. In a particular preferred enbodi nent the

pr esent ignvckaﬁ[&?%nemgog’lmgng' a phenot hi azi ne wherein: 15 Rf, R3, R4, R6, R7
gg‘tfl gm-ﬁ,r BeCHR3, and(GRHEs ipdepeBi¥]y hRhfAgand R11 are

i ndependent Patoady, h@HR%Y- CEHR9r suEBHTutddBoi Smsdbet +QEBy o GEHS, O - - C3HT;

~or a phar meceuticeakyy, asagRialke salt thereof. 20 The presen i nventors now

teach herein tghaty Sy hiazine . conmpounds of this sort can bind to
the PHFg, at nasuégtéglfi geg%?lgﬂ} \%lrgﬂe%[ph (‘grgg SAFPRe FERitdtyiedi tar bi ndi ng

charact 6f i st e8> 8 e - thitE¥d b ap 1B hae® S-aMh the sui phonat ed
benzot hi azol e-f4 k& Reohfrodhdpendtatiy pbledteb @vey hednghi,Ndya-bhe, bi ndi ng of
t he carboxy, substituted or unsubstituted Crealkyl, Cishaloalkyl, or

Cigalkoxy.

15 The term “alkyl” as used in this respect refers to straight ox
branched chain groups, preferably having one to eight, more
preferably one to six, carbon atoms. For example, “alkyl” may
reﬁer to methyl, ethyl, n-propyl, isapropyl, butyl, isobutyl, sec-
butyl, tert-butyl, pentyl, isopentyl, tert-pentyl, hexyl, ischexyl,

20 and the like. Suitable substituents for the substituted alkyl
groups used in the invention include the mercapto, thiocether,
nitro, amino, aryloxy, halegen, hydroxyl, and carbonyl groups ag
well as aryl, cycloalkyl and non~aryl heterocyclic groups.

25 The terms “alkoxy” refers to groups as defined herein above as

alkyl groups, as the case may be, which also carry an oxygen atom

interposed between them and the substrate residue to which they are
attached.

30 The term “haloalkyl” represents a straight or branched alkyl chain

having from one to four carbon atoms with 1, 2 or 3 halogen atoms

attached to it. ‘ypical haloalkyl groups include chloromethyl, 2-
bromethyl, 1-chloroisopropyl, 3-fluoropropyl, 2,3~dibrombutyl, 3~
chloroisobutyl, iodo-t-butyl, triflvoromethyl and the like.

- 35

| The “halogen” represents fluoro, chloro, bromo or iocdo.

- Some of these phenothiazines possaess one or more asymmetrically




25 phenot hi azi ne conpounds to this site is thought to effect the
i nhi-bition of tau aggregation. Phenothiazine conmpounds ifhge%@magfe%ﬁoﬁn t he
nmet hods and-. ot her enbodi nents descri bed above, incorporating |abels as
appropriate. 30 Wien suitably |labeled with a positron-emtting functional
group (detectable by PET - see Figures 11, lib, 12, 13) such conpounds
woul d serve as ligands for all tau aggregates, and woul d be capable of
crossi ng t hewBlggdibrai n--barrier (Ref 36) and enteringcgebdmizdd 1 h.a
further enbodinment, in the light of the disclosure herein, it wll be
appreci ated that the effect of, and particularly the progress of, therapy
based on tau-tau binding inhibitors may be nonitorable by use of SB

| i gands. 20 Septenber 2005 32 Bl ocking |igands Preferably these are

benzt hi azol ESbi A PEHRUIEMS F0 therpfore ighdpefavenic jasdan i nteger from0
to 4; each ®BTcaklyi stépeddent.| yrha hiveskiongis igandedenzaibinzal 6.

subst i t uent taddhi® rafnsi bf @E&Tcokb O £0udi L0668 Re iSihdependently a

phenyl ene sybsti tal rn8aGh R is independently -H or an ani Ho substituent;
and, eigher: RN aﬁ% SC(t-le are both absent and the associated (tertiary)

nitrogen -atomis neutral; 15 or: RN is a benzothiazolino substituent and
the associ A€d Fdfiatar praity ) maynbd Fogen attesanbiseris enpesidsi oe refakge, and- X_
i S a count efa boreb Ricefismyedideazishiazolgsrdnacidei dshiuwgf Lavin T. As shown
in-the hydrochloric acid and hydrobromic acid, sulphuric acid, nitric
acid, phosphoric acid ete., or organic acid, e.g. acetic acid,
10  citric acid, maleic acid, fumaric acid, tartaric acid,

methanesulphonic acid, p-toluenesulphonic acid etc.

In a particular preferred embodiment the present invention employs
a phenothiazine wherein:

15 Ris Rss Ry Rgr By and Ry are independentiy -H, —CHi, —CzHs, or -CsHy;
Ryp and Ry, are independently -H, -CH;, ~CpHs or —CsHq;
Rs is —H, —CHi, -CyHs, or -CiH;;

or a pharmaceutically acceptable salt thereof.

20 The present inventors now teach herein that such phenothiazine
compounds of this sort can bind to the PHFs at a specific site
which appears, on the basis of its binding characteristics, to be
distinct from that at which the sulphonated benzothiazole-like
compounds, described above, can bind. The binding of the

25 phenothiazine compounds to this site is thought to effect the
inhibition of tau aggregation.

Phenothiazine compounds may be used in the methods and.other
embodiments described above, incorporating labels as appropriate.

30  When suitably labeled with a positron-emitting functional group
(detectable by PET - see Figures 11, 11b, 12, 13} such compounds
would serve as ligands for all tau aggregates, and would be capable
of crossing the blood-brain-barrier {Ref 36) and entering cells.

35 In a further embodiment, in the light of the disclosure herein, it
will be appreciated that the effect of, and particularly the

progress of, therapy based on tau-tau binding inhibitors may be
monitorable by use of 8B ligands. ! '




20 Exanpl es bel ow, such conmpounds (e.g. Ib or 2 in Flgure 5) are dIS | aced
from NFTs by SB-ligands (e.g. la in Figure 5)_ However 2&gept eE@ﬁﬁ@Hﬁgs do
bind preferentially to anyloid. In ong embodiment, nis 0. In one
enbodiment, nis 1. 25 In one enbodinent, nis 2. In one enbodinment, n is
3. In one enbodinent, nis 4. In one enbodlnent, nis 0, 1, or 2. Exanples
of bl ogkbREihd g@@gnggnzothlazole substituents, RBT, include, but are not
limted to, Cl _4al kyl groups, -SO8H, and ---SC3M3, 30 wherein MB is a
cation. In one enbodinent, M3 is an alkali netal cation. In one

enbodi pRRterdBiy $hkbe Noo Hénz@hiLHo1dsNo®NEne &RQCIgENt, M3 is Na or K
Exanpl es of Cl1_4al kyl groups incl ude, but are not limted to, -M, -Et,
--nPr, and -iPr. 20 Septenber 2005 VE)021075318 33 PC1%=B02/ 01318 I n one
enbodinent each 0 is |ndependently a C1 Kal kyl group. In one enbodinent,
each RBT is selected from < -\ and - iPr. In one enbodi nent,

- each RBT is -Me. In @¥ RBT is -Me, -Et, -nPr, or
i Pr. In one enbodi nent; -Me. In one enbodi nent, one -
of the RBx groups is -SGBH or -3803M3. In one enbodinent, one of the RBT
groups is -SMBH or -3S03M3, and andRher of  the R8T groups is a Cl-4al kyl
grosp: L0001 enmbodinment, nis 2 and 10 one RBT is a Cz_4al kyl group and
one RBT TS -SOBH or -SCOBMB. In one enbodiment, nis .2 and one RBT is -M
and one RBTRn ntgggk bHrom QOLNB4: I n one enbodinent R' and X- are both
absent sl r n utral. 15 In one
enbodlﬁggg g Q“?§§§@Egﬁggrﬁ§;§o%%%%%?gbhg?%%ﬁ2?g%§gﬁi %ESSOC|ated
(quateﬁhﬁ?vyﬂﬁmﬁrogen atom bears a positive charge, and X- is a counter

ion. Eﬁagph§§lgkeggpzp&ﬁ{@zgglyo substituents, RN, include, but are not

limted to, ,Cl 4alky rouP I'n one
10 each R® is 1ndependent y a phenylene substituent;

each R is independently -H or an amino substituent; and,
either:
R" and X~ are both absent and the associated (tertiary) nitrogen
atom is neutral;
15 or:
R" is a benzothiazolino substituent and the associated {quaternary)

nitrogen atom bears a positive charge, and X is a counter ion.

Preferred benzthiazoles include thioflavin T. As shown in the
20 Examples below, such compounds {e.g. 1lb or 2 in Figure 5) are
displaced from NFTs by SB-ligands {(e.g. la in Figure 5). However

such compounds do bind preferentially to amyloid.

In one embodiment, n is 0. In one embodiment, n is 1.
25 1In one embodiment, n is 2. In one embodiment, n is 3.

In one embodiment, n is 4. In one embodiment, n is 0, 1, or 2.

Examples of blocking ligand benzothiazole substituents, R®T,

include, but are not limited to, Cij,alkyl groups, —SOs;H, and -SO:M,
- 30 wherein M’ is a cation. In one embodiment, M’ is an alkali metal

cation. In one embodiment, M’ is Li, Na, K, or Cs. 1In one

embodiment, M’ is Na or K. Examples of Cy,alkyl groups include, but

are not limited to, -Me, -Bt, -nPr, and -iPr.




20 enbodinent, R' is -Me, -Et, -nPr, or -iPr. i_n one e@pgé&g&bgﬁ%i SBr-
-Me. Exanpl es of counter ions include, but are not linmted to,rTb et
and |-. In one enbodinment, RNis -Me and X" is C-. In one _es (2) |Imre] ohe
is 0. In one enbodiment, inis 1. 25 In one enbodinent, IP |h 2. n
enbodi ment, mis 3. In one enbodinent, mis 4. Exanples of pheny 20 In
substituents, Rl, include, but are not Ilimted to, O _4alkyl groups.
one enbodi r‘rei"'}’to,ﬂi’-/éﬁ@:lh Ris -H and the amino group is -I}JU;?,GB(IL%ngg
enbodi ment, one Ris -H and one.R is an am no substi tufent . In o i uent s
enbodi nrent, each R is an am no sulc):stléltgﬁnlt. Egﬁg};l efn035a(r)nn20enbodi -
include, but are not limted to, C _4akkyl gr . ,

¥ i - - - - NH (nPr) , -NMe2, -NEt2,
the amino group i s _-NH2, -NHWe, NHEt , NH(1 Pr), _ _
N (iPr) 2rg6’? °an| Tefient. ppgt 87ty indrperteomtht 8 @fqablh,aclﬁd&g.zl i gﬁ}g?zrfgg
shown in Fi uranebengsdiz@nSepbenti®r 1200684 QQJHQOLMQS—E{O, g{;ﬁi{ haéndpr_esent
N e e oeno kS LA e BBl T S
invention, Lhegkd gangs uge! 19 | apel., the : ' _
extracel Lul ag, A gr egat'ed tau preSent™ in ”_f\lle—"fes,em%?dém%'&np@wﬁd_é Argy | in%ttehgr
formul a %IT%{ 3\‘/ﬁ%eli‘(ee‘i n: 10 M is an alkali metal cation; B |§tan ! gﬂs
fromO to 3; each RBT is a independently benzothi azole sul st: . ﬁﬁgr ; e
an integer fmome(erbodideneache Ritze ks glr&q%pfsnd§ﬂﬁkyrR%\séagg‘: gld.‘elorel%dent | g; an
substi t uent embokBmént} SnaMod BELGET gr.foruggnig_ls(agid'br e_%ﬁim\a/@ ag) rﬁ“ﬂ&éﬁ'ﬁpﬂﬁ
SUbst tyont or BRY 508 cuetBP RO, B ane b hamel 1 ie 5 and
substi tyt?nt bne Rew ‘J.sCa Cii4alkyl group and one R¥ is -SO4H or ~50;°. Tn one

embodiment, n is 2 and one R* is -Me and one R is ~SOsH or -SOsM°.

In one embodiment, R¥ and X~ are both absent and the associated
{tertiary) nitrogen atom is neutral.

15
In one embodiment, R is a benzothiazolino substituent and the
agsociated (quaternary) nitrogen atom bears a positive charge, and
X is a counter ion. Examples of benzothiazolino substituents, R,

include, but are not limited to, Ci4alkyl groups. In one
20 embodiment, RY is -Me, -Ef, -nPr, or -iPr.

In one embodiment, R isg
~Me. Examples of counter ions include, but are not limited to, Cl1-

+ Br, and I". In one embodiment, R" is -Me and X~ is Ci-,

in one embodiment, m is 0. In one embodiment, mw is 1.
25 in one embodiment, m is 2. Tn one embodiment, m is 3.
In one embodiment, m is 4.

Examples of phenylene substituents, R, include, but are not
limited to, Cl_.lalky1 groups.
- 30
In one embodiment, each R is -H, and the amino group is “NH,. In
one embodiment, one R is -H and one R is an amino substituent. in

one embodiment, each R is an amino substituent. Examples of amino

substituents include, but are not limited to, Cl-;'alkyl groups. In

35 one embodiment, the amine group is -NH;, -NHMe, -NHEt, ~NH(iPr), -
NH(nPr), -NMe,, -NEt,, N(iPr},, or ~N(nPr),.

Preferred embodiments of blocking ligands are shown in Figure 5 as




20 In various enbodi nents, ML, n, each RDT, each RRL h Rc
are‘as;described herein (e.g., under the heading " Sulphg%§§§8m§é?2iﬂp
benzot hi azol e-1i ke Iigands," above). Jhe rigid linker group, RL, and the
aryl group, Ar'', together with 25 t%e benzot hi azol e group, forma
conpound which is substantially planar, that is, has a high degree of
pl anar idahpofiias oW gepei n, such conpounds may be particularly effective
when it is desired to incorporate a bulky Regroup in order to facilitate
30 detection. 20 Septenber 2005 35 I n one enbodi nent, the conpound has the
for mul apreO-Nedl 41 oR8ae8h0l iR ia L L corROYN. DAS the formuia: HO5 N N
~I'n one enbodi nent, the conpound has the formula: SGBM HO N N I n one
enbodi ment, the conpound has the fornula: SO03M- 10 In various enbodi nents,

s may lm a&ed‘h@ﬁe&tﬁ‘ﬁ@d 8hoViere de tONBySTHRGHI, MBfd 11 :8AGAs RAsd S ﬂcﬂqgggﬂdent Iy
selected fromthe substltuentnglven above in relation to formula (1). 20

Septenﬁ: 38B5°9- 9% CoHe RIISIPREALSX HIREeL biiuRdIRaga taé oot prkaent

in NFTs, are compounds having the formula (II):

oM

wherein:
10 ™' is an alkali metal cation;

n is an integer from 0 to 3;

each R® is a independently benzothiazole substituent;

m is an integer from ¢ to 4;

each Ru'is independently a rigid linker aryl substituent;
15 s is an integer from 0 to 4; . ‘

each R® is independently an'aryl‘substituent; and,

R°, if present, is a reactive conjugating substituent, or

R® is, or contains, a detectable label.

20 In various embodiments, M', n, each R*, each R*™, s, each R® and R®
are as described herein (e.g., under the‘heading "Sulphonated-

benzothiazole-like ligands," above).

The rigid linker group, RL, and the aryl group, Ar!, together with
25  the benzothiazole group, form a compound which is substantially

planar, that is, has a high degree of planarity.

As shown herein, such compounds may be particularly effective when
it is desired to incorporate a bulky R® group in order to facilitate

30 dQetection.




SG3M HO N Varlous RCsubstituents are di scussed el sewh n one
enbodi nent, the conpound has the fornula: N N In one eﬁ%odgﬁéﬁ?&ﬂ¥ﬁb
conmpound has the fornula: SGBM RRL msS 10 I n one enbodi ment,. the conpound
has the fornula: WBM 20 Septem )er 2005 38 In one enbodinent, t he
compound has the fornula: SOG3ML | n one enbodi nent, the conpound has the
forml an 56BNem>NmiNnd, Som® mpbhes ey eher Fedwcenpounds are shown in

- Figures 4a-c, and derlvatlves t hereof . Thus, according to one aspect, the

‘present invention prOV|de§Cgk410 conpgpihd represented by the formul a shown
in Figure 4a, or a derivatlive thereof je.y. wherein Ris a conjugating group
. as described above, TRy : HéPei nafter, such derivatives
(e.g. conpound 4b)RFe ) ‘ [ 2 tiN¢ty. 15 The novel
conmpounds di scl osed (e ' C

In one_eﬁbodiment, the compound has the formula:

SC)M

ﬁ@@

In one embodiment, the compound has the formula:

so,M'

In one embodiment, the compound has the formula:

SC)M
ﬁ
10 In various embodiments, s may be as discussed above.

In one embodiment, ecach R* is independently selected from the

substituents given above in relation to formula (I).




. .determ ned. The provision by

useful interalia as synthetjc |ligands of neurofibrillar | es uch as
t hose characteristic of AD. The di scovery of the mni rruér:q %%ﬁ%i@%’izoso ructure
required, for binding to these tangleg thus 20 provides for the
possibility of designing high-affinity |igands which can be used to target
the tangles, and can thus be used in the diagndsis, prognosis or treatnent
of di segseseSthabo@SiAR. N ferred to bel ow as
preferred SB Iigand§@@25§%%2§%%ggggpg%?gégrggﬁmg%'ligands 20 Sept enber 2005
WO 02/ 075318 PC IGBOZ/OlBl&x};mHn gene¢g«, there are several steps conmonly
taken in the design of a nminetic fromj monpound having a given target
property (in this case a-prefe&ed SBgtqu--tau l#Qgregation |igand) of
whi ch the nost i npegt ant ¢ Li.qul ar parts of the conpound that
are critical and/or i%fp6 detNe ni ngh t he et property are
t he present i nvBnto the m ni num
critical structure required for high affinity bindiMg/to aggregated tau
ol eCUlﬁSohésel{ﬁQﬂjﬁl@ﬁg, timé c%[‘n@gun c%1&1-g]%hreﬁ ci)rnuumagri tical structure of
conpound 4a can be nodeled according to 1ts 6%ysrcal properties, e.g.
stereochenistry, bonding, seige and/or charge, using data froma! range of
" sources, e.g. spectroscopi ¢ techniques, X-ray diffraction data and NNLIR
Conput ati onal anal ysis, sinil ar$ty aping (whi ¢fonodel s the charge 15
and/ or volume of thgHigdnd { he, bondiig bet ween atoms) and
ot her techni ques can b® usedl i 2l in In a variant of this
approach, the three-di nensional'“structure of erred SB Iigand and
its binding partner are nodeled. This 20 can be espegfally useful where the

| i-gand yangf or.Rijadi,n tner change _conformation on binding, allow ng the
nodel to téﬁéaaéboungtpg%et%F%p?$P¥%@ﬁdg§?g%”%P&?he mmetic. A tenplate
nol ecule is then selected onto which chem cal groups which mmc the

m ni mum

In one embodiment, the compound has the formula:

SO,Na |

ﬁl%( ) “
/ N
N N

10 In one embodiment, the compound has the formula:

S HO
/>—< >~N\ R®

" In one embodiment, the compound has the formula:




or Optl m sation, e. g.

.present invention prus p OV|d§§ a met hod of

critical structure can be grafted. The tenpl ate-nol eculfog Qj mE rzq%%
chem cal groups-grafted on to it can conveniently be sete Rk at the

mmetic is easy to synthesise, is likgly to be pharmacol ogically
acceptabl e, and does not degrade in vivo,. while retaining the required

. biological activity. The mmetic or mnetics found by this approach can
" then be screened to see

éﬂaer 30 they have the target property, or to

3" Further optimsation or nodification can then
e or nore final E}ﬂEtICS for further testing

0 \or ¢ al tesﬁ g. Cptlnlsatlon may

i nclude selecting-a m coprpouny o[< &rlber =hoyR° and 35. contacting

it wwth a preparation gragat ed tad nol gpulg e preaggregated tau

in solution, or bound to a solid phase, or isol&ed/fromPTiFs -- see

W96/ 30766 and assays described below) and determning the extent to which

the t edh SUDHAHEERSHE hitets croptied 20sSeit efrrew: 12005 WO 021075318 40

PCTI GB02/ 01318 aggr egat ed tﬁ@ nmol ecul es and\ or di spl aces conpound 4a from

the nolecul es. Methods G belli ng aggregated tau In one aspect, the

what extent they exhibit
be carried out to RAl

I.;elllng aggregated tau or

tau-1i ke nol ecul es, coOYp ing the ogregated tau nol ecul es
with a preferred SB—Ilg compou del,j vat i of as provided
herein (e.g. of fornul a~t& (TN)) and—détect pk esence of said

conpound or derivative. Methods of use may be perfgrnmed e.g. by analogy to
the use of the |Iligands given in Refs 26-34. \Were used herein, the term
"tau pYaridus' Rf stibptigeandsakliy diosarppedlsl prudikeknhefeithe tau protein
famgly. Tau proteins are characterised as being one anong a | arger nunber
of protein 'famlies which co- purify with m crotubul es during repeated

- cycl esI®fongs sEhpHlimeiid the compound has the formula:

SOIM

10 In one embodiment, the compound has the formula:

SOM'




di sassenbly (Shel anski et al. (1973) Proc. Natl. Acad. %&#EP ﬁ%mﬁéég,

765-768), and are known as m crotubul e--associ at ed- pr ot

Menbers of the tau famly share the cggmon features of having a
characteristic N-term nal segnent, sequences of approxinmtely 50 am no
acids inserted in the N-termnal segnent, which are devel opnentally
regula&gdohélgﬂy%dQﬁghgi heC RALAGLET ISk Ehe t AN gghrepeat regi on consisting
of or 4 tanden1repeats of 31-32 25 am no aci and a C-termnal tai

"Tau | i ke" "nol ecul esd Ml ude, for instance, MAP2, which is the predonlnant
m cr ot ubul e- g@gﬂClatef protein in the sonatodendrltlc conpartnment ( Matus,

A, in "Mcrotfubule r kloyd dd®.] 30 pp 155-166, John Wley and
Sons, NY). MAP2 i $ e 3 ) inin the tandem
repeat region, bu ; AN i emce and extent of

the N--term nal dommain . Res. 26,
218-224). Neverthel ess, aggregation in the‘te @at region is not 35
selective for the tau repeat domain. Thus it w e appreciated that any
di scussion herein_in relation to tau' protein or tau-tau aggregation should
be takdéR 2aRe r@beCifgniad dder 6orRRRNgARES Blpyrisganian, MAP2- MAP2 aggregati on
and so on. 20 Septegbepgz2005 WO 02/ 075318 41 PCT/ GB02/ 01318 The preferred

SB | irgand may be co jﬁgated chel ated, or otherwi se associated with, a

further groupMér_e a dlagmﬂstlc prognostic or therapeutic
pur pose or effect‘ 3 %f”t hus) enabl es
vi sual i.sati on of " angies nd bi nds

and uses 10

Di agnosti ¢ conposi ttons Ilgand
according to the present invention (e.g. > y be provided
in an isolated and/or purified form i.e. anyially pure Thi s may

iru?ude being in

Some of these preferred compounds are shown in Figures 4a-c, and

derivatives thereof.

Thus, according to one aspect, the present invention provides a
IO. compound represented by the formula shown in Figure 4a, or a
derivative thereof e.q. wherein R is a conjugating group as
described above. As shown in the Examples hereinafter, such
derivatives (e.g. compound 4b) retain the appropriate binding
‘éctivity. ’
i5

The novel compounds disclosed (e.g. of formula (II)} herein are

useful inter alia as synthetic ligands of neurofibrillary tangles,

$uch-asrthose characteristic of AD. The discovery of the minimum

critical structure required for binding to thése tangles -thus |
20  provides for the possibility of designing ﬁigh—affinity ligands

which can be used to target the tangles, and can thus be used in

the diagnosis, prognosis or treatment of diseases such as AD.

_ Such compounds will be referred to below as preferred SB ligands.
25

Mimetics of preferred SB ligands




a conposition where it represents at |east about 90% ac |ve gr edi ent,
nmore preferably at |east about 95% nore preferably at 19 P@'&EI SRR 98%
Such a conposition may, however, include inert carrier materials or other
pharmaceut.i cal | y- and physi ol ogi cal | y- accept abl e exci pients. A conposition
according to the present invention may include in addition to a preferred
SB ligand as disclosed herein, one or nore other nol ecul es of diagnostic,
20 prognost i WO8#HEr apeutic use. A preferred SB |igandcsubgismce accor di ng
to the present invention, or a conposition conprising such a |ligand, may
be provided for use in a nmethod of diagnosis, prognosis or treatnent of

t he human or 25 animal body by therapye especially inrelation to a

condi tion sych as AD as described below. In a further aspect, the present
i nvention provfaesta HSthddeoteverilatiimesi @rpenlyr bunosinsthet hesigtdrod

conpri si ng adiretist Brdmg twortind BYinarpivea wWi-gaNesddeed) |(Va tggs

prognosti catd#-aqfrkeeﬁﬁemesmwbu QbgRderi Rl 141RES qujé@&* (gg SB |gands as

descri bed hggRi-PantThi Sp@SRRE par e3,.Such gompoun GS8%in a met hod
of di aganﬁfcagtm%ﬁs gc%g ) ﬁm&ﬁ? PEFS 3 aﬁ&g? n@”W?)’Bdu@éE %Pe enconpassed

by this 5 6mpr?§Fal’P5d’§’ ﬁ%ﬁFrBié’lﬁér‘%‘herif?éae‘*b}?r@ertxobtal ning a
sanmpl e 35 of°tapptHri dite rucgstien favothearmsbpedhyentbis of Ok aghiag: t he sanpl e
with the pr@fléptpfeidSSBldtugamdqul(red ifpr detieGEEng Ly he@nanguat ?.5}@%9{

| ocal i sat i otaubholde@igy @EeIbethtSP thigargd, bound to the sanple (iv
correlating the result of (v) with the stage or severity of the 20

Sept enbey 2& WO 02/075318 42 disease in the subject. PCT/GB02/01318 In a
further aspectmqlﬁ‘gm SFASERL THUSHER G pmBoieda che heseodeled a  preferred SB
| i gand or WV‘&H‘JVEO d&s prroei @édorhesmiies. kot berbodmaidagt ure of a

conposi ti onedndind . heizth agiasi Gharfd, OGRS c&thfro&rHEE:Qr@é QE s§1.1]:q:|e§ease as
described adQ@Vespectroscopic techniques, X-ray diffraction data and NMR.
: Computational analysis, similarity mapping (which models the charge
15 and/or volume of the ligand, rather than the bonding between atoms)
and other techniques can be used in this modeling process.

"In a variant of this approach, the three-dimensional structure of
the preferred SB ligand and its binding partner are modeled. This
20  can be especially useful where the ligand and/or binding partner

change conformation on binding, allowing the model to take account:

of this in the design of the mimetic. A template molecule 1s then

selected onto which chemical groups which mimic the minimum

critical structure can be grafted. The template molecule and the
25 chemical groups grafted on to it can convenlently be selected so

that the mimetic is easy to synthesise, is llkely to be

pharmacologically acceptable, and does pot degrade in vivo, while
retaining the required biological activity. The mimetic or
mimetics found by this approach can then be screened to see whether

30 they have the target property, or to what extent they exhibit it.
Further optimisation or modification can then be carried out to
arrive at one or more final mimetics for Further testing or
optimisation, e.g. in vivo or cliniecal testing. Optimisation may
include selecting a mimetic compound as described above, and

35 contacting it with a preparation of aggregated tau molecules (e.g.

preaggregated tau in solution, or bound to a solid phasa, or .
isolated from PHFs - see WO096/30766 and assays described below} and

determining the extent to which the test substance{s) binds to the




The di sease or condition may be e.g. AD, or an AD-|i ke condition, r any
ot her condition.in which aggregated protein nolecul es a%oegeﬁt@“f%ﬁﬁqogat ed.
Notably it is not only Al zheimer's Di sease in which tau protein (and
aberrant function or processing thereof) may play a role. The pathogenesis
of neurodegenerative disorders such as Pick's disease 15 and Progressive
Supr anucl ear Pal sy gPSP) appears to correlate with an accunul ati on of

pat hol ogi cal "Pgc¥ed tau aggregates in the dentate gyresnandsstellate
pyram dal cells of the neocortex, respectively. Qher denentias include
fronto-tenporal denentia (FTD); parkinsonismlinked to chronosone 17
(STDP-17); 20 d.isinhibition-denentia-4oparki nsoni sm anyotrophy' conpl ex

( DDPAC) ; p%l IJi:do{:éS)é)nt o-ni gral degeneration (PPND); Guam ALS syndrone;

pal i do- - ni §ro-i193yeT 4A" JeYEHeFafPdRT( PiNpDices compowd- basabn tBegener ati on
(CBD) and of*Att¥esee Wschik et al. 2000, loc. cit, for detailed

di scussion - especially Table 5.1). Al of these 25 di seases, which are
char act eri zedsfyds"EF ilgyelggngog{f%zieggéeyé p%' abnormal tau aggregation, are
referredsto herein as "tauopathies”. agnostic conpositions may conpri se,
in additiron_to one of the above SB--ligand derivatives, a diagnosticly
accept abl e &Xci15i ffect 3¢Ghe arpiat, inyehfion, thet ghbrisers mofndatfer material s
wel | known tep4lidse agsieighteedtam ot hauarike rBu6H1BRL €648k §;,ghoul d be

non- -1 oxi ¢ aoktazhodl Ghe BEEreitl LA] foMchiL:t PG,0L Nding activity of the

subst ance t Qo AAd5 &Y a r the efficacy. ol BFDEETTA%Edr oup | i nked
to or of he{rgﬂ')ieg% sg{l:ﬁ:%g}gréetd%\,it?lﬁr? eassBB%‘?Q?%@?reFﬁeyepﬂecifséowawre of the
r

35 carrier t IRECEFIRF Ry weperd Tidideepouwdter gérivagideni strati on,
e.g. oral, Pitedierfonse meubarnegtemed sgboit @ReOHS to tAaSHe, of RLLaMuscul ar,
i ntraperit ohesdnds ciives .in28:c5eqet-enber 2005 WO 02/ 075318 43 Diagnostic
conpositions for oral adm nistration may be in tablet,

Where used herein, the term "tau protein”
15 protein of the tau protein family.

refers generally to any

Tau proteins are characterised
as being one among a larger number of protein families which co~

purify with microtubules during repeated cycles of assembly and
disassembly {Shelanski et al. (1973) Proc. Natl. Acad. Sci. Ush,
70., 765-768), and are known as microtubule~associated—proteins
20 (MAPs} . Members of the tau family share the common features of
having a characteristic N-terminal segment, sequences of
approximately 50 amino acids inserted in the N-terminal segment,
which are developmentally regulated in the brain, a characteristic
tandem repeat region consisting of 3 or 4 tandem repeats of 31-32
25 amino acids, and a C-terminal tail.

“rfau like” molecules include, for instance, MAP2, which is the
bredominant microtubule-associated protein in the somatodendritic
compartment (Matgs, A, in “Microtubules” [Hyams and Lloyd, eds.]
30 Pp 155-166, John Wiley and_Sons, NY). MAPZ isoforms are almost '
identical to tau protein in the tanden repeat region, but differ
substantially both in the sequence and extent of the N-terminal
domain (Kindler and Garner (1994) Mol. Brain Res. 2§, 218~224}.

Nevertheless, aggregation in the tandem-repeat region is not

35 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.




capsul e, povvder or i quid formA tablet. may include a solid carrier such

as gelatin or an adjuvant.Liquid diagnostic conpositi o %%CH%’PE‘FW?;Q Pncl ude
a liquid carrier such as water, 5 petroleum aninmal or vegetable oils,

mneral oil or synthetic oil. Physiological saline solution,dextrose or

ot her sacchari de solution or glycols such as ethylene glycol,

propyl ene glycol or polyethylene glycol may be included. 10 For

i nt ravenous, WeWt#iAdHus or subcut aneous injection, or imnreekizedis at the site

of affliction, the ligand will be in the formof a parenterally acceptable

aqueous solution which is pyrogen-free and has suitable pH, isotonicity

and stability. Those of relevant skid4l in the art are well able to prepare

sui tabl e solutions using, 15 for exanple, isotonic vehicles such as Sodi um

Chloride Injection, Ringer's Injection, Lactated R nger's |njection.

Preser vat i Vi&§, Preferid FR i gandoweyf be sonhnbteki dentsedaand/ etnel,her additi ves

may be i nCElSlsde:ds,teaSnItEqw f@dher? Grdu 0RAE dyl mcg%age§g 5%41%% acbove may be

adm ni st er 8gd-oghéRec Wr Efbra er treat ei't her
sinulta oqiug%g ofh Fg%gggréng%@i%%e%g 3((134 B %trcl hd ESntitIFT5t B e treat ed.

| dent i f| cation o eéd’lﬂ“ﬁ‘ﬂf??féfl %P%&fﬁﬂliadén‘ﬂﬂﬁ%mg | i gands
for- aggregé’t"eﬂhjt“&uther stflinfiddnds-screeni ng assay which can be used in a
format which permts high through-put screening of chemical' libraries to

identify cawperddscWokbodiREord:eHd (&4 activity. Until now, no such

10 Generally, a preferred SB ligand according to the present invention
(e.g. of formula (II)) may be provided in an iéolated and/or
purified form, i.e. substantially pure. This may include being in
a composition where it represents at least about 90% active
ingredient, more preferably at least about 95%, more preferably at

15 least about 98%. Such a composition may, however, include inert
carrier materials or other pharmaceutically- and rhysiologically-
acceptable excipients. A composition according to the present
invention may include in addition to a preferred 8B ligand as
dlsclosed herein, one or more other molecules of diagnostic,

" 20 . prognostic or therapeutic use.

A preferred SB ligand substance according to the present invention,
or a composition comprising such a ligand, may be provided for use
in a method of diagnosis, prognosis or treatment of the human or

25  animal body by therapy, especially in relation to a condition such
as AD as described below.

In a further aspect, the present invention provides a method of

diagnosis or prognosis, the method comprisinﬁ administering to the

30 mammal a diagnostically- or prognostically- effective amount of ore
or more preferred SB ligands as described herein. This aspect
embraces such compounds for use in a method of diagnosis or
prognosis. Both in vitro and in vivo uses are encompassed by this
aspect. In vitro methods may be perfoxrmed by (i) obtaining a sample

35

of appropriate tissue from a subject; (ii) contacting the sample
with the preferred SB ligand; (iii) detecting the amount and\oxr
localisation of the preferred SB ligand bound to the sample (iv)

correlating the result of (v) with the stage or severity of the




met hod has been readily avail able. Preferred nethods myﬁﬂggé}m r ire
pre- | abel | ed conpounds, since the |abelling process ma 8’?‘8?&/&%%1 t

chemi cal search capacity. In a further aspect of the present invention a
met hod is provided 35 which can be used as a high through-put screening
assay, which is not limted by the need to have pre-|abelled test
substances. In preferred enbodi nents the nmethod enpl oys the foll ow ng
steps; 1. th¥&aR8H3Eapacity generation of tau proteins scicBodo@ign Whi ch 20
Sept ember 2005 WO 02/ 075318 PCT/ G 302/ 01318 44 have undergone parti al
aggregation in the course of preparation; 2. using tau proteins prepared
in this manner for testing putative HKigands in the tau-tau binding assay
provi ded in [3Q7 to .identify substances which have mnimal or
entirely abg)é/%%%c% g% f“%jeé:g' t au- aggr egati on inhibitors or enhance
tau--tau binding at high concentrations; 3. testing putative ligands in
t he presencé®cf furthex erphair.y thopeddent tiaberdgH S9ak QD tihPhsti lor, such as
AMW at anpidfeicbéd G5 Y1igeRNGE Nl 90, a}%ﬁgvidggthatrie}(e i gands“can be
identified Ryndshe.,Rropert y 1 ngittitorgejfx | ack capamety Y o*bI*BEk tau-tau

bi ndi ng through the repeat domain, | bdfe steeestfhe rromiepit ory activity of a
potent t au- 8907 8Yati drfSP3si BF BFCril®! Tears. t he i nvention provides an in
vitro nethod for identifying a |igand capable of |abeling aggregated PHF
tau prot ei nThe désemdt hod coknipdi 5hP8e the. she ~(i.) providing a first
agent suspee# aqujthpgidggdﬁqggtynewiqchlaa gel EEE%? %@F eigl)é‘?ecé’n%ﬁﬁmffau protein,
20 (ii )1§0n1&fclgj:£1c%d( a) a tau protein of A der PVEEHY &°ter¥tevfre cont ai ni ng
the tau core fragnment bound to a solid phase so as to expose a high
affinity tau capture site (e.g. a truncated tau protein corresponding to
the core frigbht iantk per whRAWLAGIAEr s Disease in which tau protein

{and aberrant function or processing thereof) may play a role The

pathogenesis of neurodegenerative disorders such as Pick’'s disease

15 and Progressive Supranuclear Palsy (PSP) appears to correlate with.
an accumulation of pathological truncated tau aggregates in the
dentate gyrus and stellate pyramidal cells of the neocortey,

'reépectively. Other dementias include fronto-temporal dementia
{FID); parkinsonism linked to chromosome 17 (FTDP-17);

20 disinhibition—dementia~parkinsonism—amyotrophy’complex (DDPAC) ;
pallido-ponto-nigral degeneration (PPND) ; Guam-ALS syndrome;:
pallido-nigro-luysian degeneration (PNLD); cortico-basal
degeneration (CBD) and others (see Wischik et al. 2000, loc. oit,
for detailed discussion - especially Table 5.1). BAll of these

25 diseases, which are characterized primarily or partialiy by

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

Diagnostic compositions may comprise, in addition to one of the

.above SB~ligand derivatives, a diagnosticly acceptable excipient
i

30 carrier, buffer, stabiliser, or other materials well kinown to those

skilled in the art. Such materials should be non-~toxic and should
not interfere with the binding activity of the substance to
aggregated tau, or the efficacy of any biocactive group linked to or
otherwise associated with the substance. The precise nature of the
35 carrier or other material may depend on thé route of

administration, 2.9. oral, intravenous, cutaneous or subcutaneous
r

nasal, intramuscular, intraperitoneal routes.




Ala390 -- d&), 'vvith_ (b) a liquid phase tau protein o; ﬂfé@r{%b&f‘zc%%
deri vati ve(e.g. dGAE whi ch termnates at G u-391), and (c) said sel ected
??:L;/a;b\éﬁg eé%d (d) a second agent known to be tau-tau binding inhibitor,
lecting a first agent which fully or partially relieves the 30
§hh:£if?oﬁ of ginding of the liquid phase tau protein or derivative of (b)
to the solid'BAH¥&au protein or derivative of (a) byP@ﬁ@Bozmng: bi :(ﬁr (d).
Agents satisfying (iii) may be provided as ligands. 35 Preferably tﬁ
method is carried out in conjunction with (before, duri ng,/gflgirs) _ b?s)
fol l ow ng steps: 20 Septenber 2005dV\D.4@§i ?\Zg%ﬁefgofmlcgﬁgi e tl(’lle 1s)
core 1 ragnery houny eARBLELPS Eal SR8l afin bt G e donbgHont T nl Ty ¢ AU
ggerte u]; ;agimts‘g"‘,‘p_s(“g;' &OFiFuPd htddef e Aprailet. maprindbrdevatsoyen t hﬁr eof ca{)gbl e
of binding t&rTihe Sehiad pllase brtaauaqiueidi.n MEudeaiabing, W td'- (c) sa
first agentcamdsitiohbignéyaldetiecidadth hRR:RI &4-Q0,0f, Chagg tw?%'ert?' Polt gignagr
cxhi o119 e bhags of RBelg L, Reyl Liig ghece [l proveln o
b o Ve }fhgrfsti gjr;1)ggit§1‘g‘)1f ?S?]giﬁzgﬁ’:%'ﬁifi%is%ﬁtm§ 91 pthedl sagrhabisent 10 activity as
E:algl tS éﬁ) bisﬁiﬁl(rzfﬁli‘?’hﬁﬂﬁlﬁ/s@si B\ or eoptleanallyoplenhanaene tayediaby: bi ndi ng.
Agents sat imsflyrtigrlene ighy@ndndy bé Sndjudgry be provi dgd as ngangzbvéS(ggt
inhibitor is preferably a di am nophenathiozine as descri bed . abov
i SR e e ol A W o B
COH}[)O_undbr I%:glt}q?/;ﬁtr}g%eof; g% ?cntigﬁ, the ligand will be in the form of a
pro EIrT .parenterally acceptable agueous solution which is pyrogen-free and
has suitable pH, isotonicity and stability. Those of relevant
skill in the art are well able to pPrepare suitable solutions using,
15  for example, isotonic vehicles such as Sodium Chloride Injection,
"Ringer's Injection, Lactated Ringer‘s Injection. Preservatives,
stabilisers, buffers, antioxidants and/or other additives may be
included, as required.

20 A composition as described above may be administered alcne or in
combination with other treatments, either simultaneously or

sequentially, depending on the condition to be treated.

Identification of ligands
25
A further method for identifying ligands for aggregated tau
requires a screening assay which can be used in a format which
permits high through-put screening of chemical libraries to
identify compounds with the required activity. Until now, no such
method has been readily available. Preferred metheds would not

require pre-labelled compounds, since the labelling process may
severely limit chemical search capacity.

- 30

In a further aspect of the pPresent invention a method is provided .
35 which can be used as a high through-put screening assay, which is
not limited by the need to have pre-labelled test substances. In
preferred embodiments the method employs the foliowing steps:

1. the high capacity generation of tau proteins in a form which




:

20 prepared in a formwhich has undergone partial"’ aggrﬁngéét%@bgr%@rﬁi Lo

exposure to the solid phase. Apart fromthat, the assay ed out
broadly as described in W96/ 30766 and sunmarised in nore detail in the
Exanpl es bel ow. Preferably al kaline or physiological conditions (e.g. PBS)
are used for the binding. steps,, 25 and results are detected

i munol ogi cally. These and ot her aspects of the present invention wll
becone nor e WEPHEFEht on readi ng the ensuing non-Iim tPewGcEveIE es, -in

whi ch enbodi nents of the invention will be described by way of exanple 30
only. Reference is made to the acconpanying figures, in which: Brief
description of the Figures Figure 1 shpws the regional distribution of
PHF-tau, measured using 35 antibodies mAb423 (A) or iuAb7.51 after formc
aci d treat nBiie BerppeppE-tiphcuprryatBp, if dhe Fucases poépadBtiofaken from
Mikaet ova- Ladivséia taetprateins (8k883)kd AMthib nbabR0or d43inPba278: 20

Sept enber 20{0Hnd6 ik Gl ea@tg@)biggﬁ\gsagsgf p§g%_rdggaitn| &%Gggo,’tﬁﬁqﬁorm! ecul es and
the appear @igf %i;:ra %ésb[,ﬂ.lclhg{%etn%rﬁ s _during the pathologi cal stages
of AD. Taken romg aet ova- Ladinska, BB SPHHELY *Pe0H) actAmity. Pat hol .
Vol . 1570 NO° P3W95eH36T° PHPitrswer FReanSe Heur tyabivdingiht &isst agi ng
proposed bycBrgakat{eds:shows that the appearance of clinical denentia by
DSM | V cri t &ritaseppeaiati® 10ARESIA0NE Slabist &@@h'é@ﬁ&&?%&&%ﬁ“ tion

e

betveen st aakalierdey 1ol iV Rl ol SO TIETUTE et e amy of o

. : b e .
protein isolated 10 fromcontrol cases ant Cases™ Wt &l zhei mer' s di sease,

as reporte?ﬁ n rrindgton et al., (AmJ Pathol 1994; 145: 1472-1484).

Al t hough® t hd- FEEAFiveapards pvgheridpatifed harkhe roropettyotisy tHRY% of AD  cases
overlap w thrdkevedesitf thdtlacianyh-aiad Hiaand tHro6@Nthdlrepsbispls, 15 Figure 3
shows a schemabléck ey Qﬁlﬁmﬁ@&ﬂyo&iﬁtri@ PeYr ﬂjﬂeQE I‘tlall-aarg}_/;regation

inhibitor,

15 Thus the invention provides an in vitro method for identifying a

' ligand capable of labeling aggregated PHF tau protein, the method
comprising the steps of:

(i) providing a first agent suspected of being capable of labeling
aggregated PHF tau protein,

20 {ii) contacting {(a) a tau protein or a derivative thereof
-containing the tau core fraguent bound to a solid phase s¢ as to
expose a high affinity tau capture site {e.g. a truncated tau
protein corresponding to the core fragment and terminating at
Ala390 - dea), with (b} a liquid phase tau protein or derivative

25 thereof capable of binding to the solid phase tau protein or
derivative{e.g. JdGAE which terminates at Glu-391), and (c¢) said
selected first agent and (d) a second agent known to be tau-taun
binding inhibitor,

. (iii) selecting a first agent which fully or partially relieves the
3¢ inhibition of binding of the liquid phase tau protein or derivative

of (b) to the solid phase tau protein or derivative of (a) by the
inhibitor (d).

Bhgents satisfying (iii) may be provided as ligands.

35

. Preferably the method is carried out in conjunction with (before,
during, after} the following steps:




tangle (top), and the imunoreactivity changes that are served ring
di sease progression (bottom. Taken from Bondareff et ?c?gel?tf@gﬁﬁmg)%
Neur opat hol . Exp. Neurol. 53, 2, 158-164. . 20 Figure 4 shows the chemi cal
structures of: the minimnumcritical structure which enables high affinity
bi nding to aggregated tau nol ecules (conpound 4a); a biotinylated version
of conpound 4a (conpound 4b); and an R-substituted derivative of conpound
4a 25 (conmpoM®d?4E§8 wherein R is any suitable substitueniceiddigere 5 shows
the chem cal structures of: prinmulin (conmpound la); thioflavin-T (conpound
| b); 2-(4-am no phenyl)-6-nethvl-7-- sul phonate benzot hi azol e (conpound 2);
thiazin red (conpound 3a); 30 and thidgzin yellow (conpound 3b). Figure 6
shows the fluorescence peaks of primulin in solution (left), and when
bound wi t hi AlﬁlﬁguF%“tﬁF@ﬁar & i driapfrprEs o aghar)jvatdBe Ribgue 7 shows t he
f | uor escencé&opedkinnthprameorn firogmnot twultHEs 2 stnid psabsence. (! eft) and
presence (righide 8fhigh taratnRl CravaBlydrd gﬁte,A&&i §|1§Q9M nlt Laconi ¢

aer

anhydri de has,itdhg gf fdisrupting.the or y structure& of PHFs and
rel easin f?eoe fau ,at%%q%?%ev eu‘lh egﬁ(% caﬁil&ﬁlﬂfi HRAE% FAdRi wlanhmpdrs de al so

has the gffé‘%‘f FSPEF RV SPRGat s SeitefderaisdobssyWaseay @#8318 PC / GB02/ 01318
47 the char d&¥nl) yiskerripesnbiEsiands tthistarayinalgoaplaayigeb@lsg in

rel easi ng thehipiinat bn bifdi@yr &5 +B8& 1386 8bhaisk Igggggrgggineégr@L [y;lau-tau
binding | nhbbi (97 o end B8l bREIOBRH pENLYD2020700,  HlOyre Shows the
fluor escencgittglfs ?Llsmg” i,n _bound to PEFs in the ~pr ede®de'Br alcian blue. The
figure denonstrafes that™ Pn " tHE 25redence et mtieparrhbibeenta di srupter of
PHE stra®t uREE{(VREY 233%au-tay pirskiag | isohily teis ut\banceiofalt henshaeact eri stic
bound pri nukd#n-taplhiodsgcence peak at 460nm _

Agents satisfying (iii) and (ibis.2) may be provided as ligands.

i5 The inhibitor is preferably a diaminophenathiozine as described
above (most preferably DMMB). The compounds selected for screening
may be any compound, including SB-ligands.

In preferred forms the liquid phase tau protein or derivative is
20 prepared in a form which has undergone partial aggregation prior to

exposure to the solid phase. Bapart from that, the assay may be

carried out broadly as described in W096/30766 and summarised in

more detail in the Examples below. Preferably alkaline or

physiological conditions (e.g. PBS) are used for the binding steps,
23 and results are detected immunologically.

These and other aspects of the present invention will become more
apparent on reading the ensuing non-limiting Examples,- in which
embodiments of the invention will be described by way of example

30 only. Reference is made to the accompanying figures, in which:

Brief description of the Figures

Figure 1 shows the regional distribution of PﬁFétau, measured using

35 antibodies mAb423 (A) or mAb7.51 after formic acid treatment of the
PHF fraction {B), for 18 cases of AD. Taken frbm Mukaétova
et al., (199%3), Am. J. Pathol. 143, 5&5-578.

-Ladinska




Figure 10 shows the effect of various conpounds ("M, %geﬁfgé J $hos0f
conpound: tau) on tau-tau binding using tau proteins prepar é accordi ng

t he net hod provided in W96/ 30766 and gefered to herein as "Preparation
1". Figure lla show schematically the Synthesis of [11C] -I|abelled

met hyl epegbtdie. (AheskSactinenghRcpRdSHY t f e 20 am nes
wth [" Cf? odomet(hgne HPLC caﬁt5 be ugég Jt)% dﬂ&p}%'ﬂé@xﬁés gggl ?%a% product from
any by- prRRAFANSS Bf ipwrafibrihbiey &ardieh url@?n*é*l’féﬁ%hbé@wadn t hi oni n,

Nai | angite&&d?sl ofFRgur eraihé’ensff%ﬁ &Mk%%@bb&aiddin%ﬂg sy.hesi $; 0f (2000)
[11C] - | abel | ed Azure B. _The react.i oné)rocee s via N-nethyl ati on of the

am nes WitH 1fféf‘f°3)do¥ﬁa]t hdnd: ¥PLE c8A3peUsedPt osusi £9et he desired
pro@ctne&f@m&lyo@yc@r mctla@‘ﬁ_ﬁg ﬁm@edlﬁy eWs; schemabi:sathat tthe synt hesis
of a 1187]-labelle ative o ound 4a of Figure 4. The reaction
~ proceed?? 735 HRGEl & p?\]i]t’}lc?a&%%‘?‘}tclasﬁﬁs'?? Ui GRIGHEPeBYPRAH tHo0- group on a
pr ecur sosroipadndtasi exichangetb fok ar{aﬂﬂlfdlohl bOfwegl QURgedRZ€ ga8 Dbe used
to puri t he desired product from any by-products. 35 Fl gure 14 shows the
structurées Prinulin, Benthothiazole Anal ogue and Thiazin Yellow The sizes

of thesédnoiheesl esvemaa/e)ﬂaeea iketiebr: nesk Oanyhei basics «0fi GdIadiegt ances
structures ed A and B for each nol ecul e.

K h
TR?MEZ- CH’ZJ%E% [)t e sfﬁognﬁocwsofégﬁﬁ%%%mtﬁgnﬁt%eﬁﬁ‘é' a& fol | ows:

Pri mul i regdotieddm Hdrﬂfngktin daxaIum(ah. 1 lPaAtdol Megeu ;14495 Adz2Anakegue M ni mum
15.05 A&itﬂﬂ%ﬁhnyﬂé%éﬁgpléyel 1aQMgEer 1nlAD than in contrels, 70% of AD

cases overlap with levels of beta-amyloid found in control

subijects.
15 ' 7
Figure 3 shows a schematic representation of a neurofibrillary
tangle (top), and the immunoreactivity changes that are observed
during disease progression-{bottom). Taken from Bondareff et al.
‘ (1994} J. Neuropathol. Exp. Neurol. 53, 2, 158-164.
20

Figure 4 shows the chemical structures of: the minimum critical
structure which enables high affinity binding ﬁo aggregated tau
nolecules (compound 4a); a biotinylated version of compound 4a
(compound 4b); and an R-substituted defivative of compound 4a

25 {compound 4c¢), whérein R is any suitable substituent.

Figure 5 shows the chemical structures of: primulin {compound la):
thioflavin-T (compound 1b); 2-(4-amino phenyl)—G—metﬂyl—?—
sulphonate benzothiazole (compound 2); thiazin red (compound 3a);

30 and thiazin yellow (compound 3b).

Figure 6 shows the fluorescence peaks of primulin in solution

(left}, and when bound within a pure preparation of PHFs (right).

35 Figure 7 shows the fluorescence peaks of primulin bound to PHFs, in
the absence (left) and presence (right) of citraconic anhydride.
"As is shown, citraconic anhydride has the effect of disrupting.the
orderly structure of PHFs and releasing freeitau and free unbound

primulin. Citraconic anhydride also has the effect of reversing




10 Thiaz. Yellow M nimum 15.73 AU Maxi nrum 16. 14 AU Nggp 1
PCTI G(B02/ 01318 15 Figures 15 and 16 illustrate the crys a?e§?$§%¢%¥é of the

"B part of the primulin structure (Soon-Beng Teo et al., 1995, Acta
Crystallogr., Sect. C, 591. Figures 17 and 18 illustrate the crystal
structure of a conpound 20 denoted N2A (G lardi, R D., 1972, Acta
Chrystallogrwnﬂgﬁpt. B, 107). .25 Figures 19 and 20 show the crysta
structure of 'a dl aZdam nobenzene (d adkova & Kondr ash@&¢T/GR@pis
Kristallografiya (41) 17 33. Figures 21 and 22 illustrate how the nol ecul e
of Figures 15 and 16 «crystalises in space. Figure 23 shows a conpari son of
t he nean, maxi mum and m ni num 30 extdrts of nol ecul es which are active

l'i gands (priguljn_and "anal og"),,, and thiazin yellow (which is inactive as a
| i gand) . Thgﬂycﬁhﬁr@ YsPon: ?Ja“reegegs?lﬂ%‘?ﬁ PRY SRt rromLemiplay @A)le & gure 24 shows
a sinilar cORPEriRoE¢ Grimdénbasi ¢ benzot hi azole 35 nucleus (i.e.

nol ecules Ib and 2 of Figure 5) and the di am nophenot hi azi nes. These

di st ances argqngakbfnasd @n GaiaR cdi 2Q_Sept ember 2005 WO 02/ 075318
49 PCT/ GE2101318, F.9W,en@3e30us S?%%ggﬁff?gqé¥q§§ TocEM Bt ®rst angl es as a
function of Braak staging. Stages 2 - 4 can be clearly distinguished from
stage 1 on the basis of probability of extracellular tangles in E2/Trans
and E4/ HC. Eigree® 2Bowhbins throbalsincktor pfimunin B&ekl ¢ anrd apahes as a

functi on presence of alcian blue. The figure demonstrates that, in the
bPresence of alcian blue, a disrupter of PHF structure (Ref 33},
10 there is no disturbance of the characteristic bound primulin
fluorescence peak at 460nm.

Figure 10 shows the effect of various compounds {(“MR"”, molar ratio
of compound:tau)} on tau-tau binding using tau proteins prepared '

15 according the method provided in W096/30766 and refered to herein
as “Preparation 17,

F;gure lla show schematically the synthesis of [''¢]~labelled
methylene blue. The reaction proceeds via N-methylation of the

20  amines with ["Cliodomethane. HPLC can be used to purify the
desired product from any by-products. Figure 11b shows a further
synthesis based on thionin, NaH and CH,I.

‘Figure 12 shows schematically the synthesis of [**'Cl-labelled Azure
25 B, fThe reaction proceeds via N-methylation of the amines with
[“'Cliodomethane. HPLC can be used to purify the desired product
from any by-products.
Figure 13 shows schematically the synthesis of a {**F]-labelied
3Q derivative of compound 4a of Figure 4. The reaction proceeds via
nucleophilic aromatic substitution whereby a nitro-group on a
precursor compound is exchanged for a [®F] fluoro group. HPLC can
be used to purify the desired proeduct from any by-products.

35 Figure 14 shows the structures Primulin, Benthothiazole Lnalogue
and Thiazin Yellow. The sizes of thess molecules have been
determined on the basis of ¢-C distances known from chrystal
structures, and designated B and B for each molecule. The ¢




.of Braak staging. Intracellular tangles provide a poor si,s for
discrimnation of early stages in these regions, but a %%%Dt%'gg?rszooﬁor
di scrimnating stages 4 and 5 using neocortical regions. 10 Figure 27
corresponds to Figure 25, but wherein cases with MVBE scores greater than
21 in the 12 nonths prior to death were selected. Simlar results are

obt ai ned. 15 Figure 28 corresponds to Figure 26, but using cases with MVSE
scores greatpoxdism 21 in the 12 nonths prior to deat hpevEmzoSg ect ed.
Simlar results are obtained. Figure 29 shows extracellular tangle
densities (counts per nrm2) 20 as a function of Braak staging. Simlar
results are obtained to those shown 4gn Figure 25. Figure 30 shows
intracellular tangle densities (counts per M) as a function of Braak
stagi ng. 23°Wtgarer3ta Shbws:a barely visible tangle visualised with
thioflavin-T at 0.001% (arrowhead). In ifl suspensions such as this,

tangl es can bgrsgem, by ke fiueg egcence which is. not distinct fromthat
associ ated wi th bindi H%i?nf coﬁt inants in the 30 preparation. The bottom
panel shows that blue tangre I Fscence produced by thioflavin-T at
0.001% s di spl aced bYedfel | o4 &hdi¥e fl uorescence produced by prinulin at
0.001% . Figure 31b shows Electron-mcroscopy of PHFs | abelled after
Proiiase di gea#di08ue (Rinintdhemcas duabel ling with the biotinylated

benzot hi azol e anal ogu h 4b in Figure 4. PHFs were deposited on a
carbon-coated grid ag?%?l rgl\rllggg'g%(gi gestion, and incubated briefly with
conpound 4b, and t hel® ncubat®ed’ &t h an anti-biotin antibody preparation
that hd8 been conjugated with colloidal gold. Decoration of 20 Septenber
2005 WO 02/ 07583 . PETh&BeR 1318550 ksol at ed PHFs establishes that the

conpound 4b binds to L08num 16.14 AU
Mean 15.93 AU

15 Figures 15 and 16 illustrate the crystal structure of the 'B' part
of the primulin structure (Scon-Beng Teo et al., 1995, Acta
Crystallogr., Sect. C, 591.

Figures 17 and 18 illustrate the crystal structure of a compound
20 denoted N2A (Gilardi, R.DP., 1972, Acta Chrystallogr., Sect. B,
107).

Figures 1% and 20 show the crystal structure of a diazoamincbenzene
(Gladkova & Kondrashev, 1972, Kristallografiyaz(41) 17 33.
25

Figures 21 and 22 illustrate how the molecule of Figures 15 and 16
crystalises in space.

Figure 23 shows a comparison of the mean, maximum and minimum

30 extents of molecules which are active ligands {primulin and
Yanalog”), and thiazin yellow (which is inactive as a ligand). The
dimensions are given in angstrom units (AU).

Figure 24 shows a similar comparison for the basic benzothiazole
35 nucleus (i.e. molecules ib and 2 of Figure 5) and the

diaminophenothiazines. These distances are carbon-to-carbon
distances. '




| proteolytically stable PHF structure. (b) mAb 423 i nmu bel | i hr f
i solated PHFs after Pronase digestion., followed by i nzﬁng‘ﬁ%'ﬁbe%qoﬁ a

gol d- conj ugat ed goat anti-nmouse second anti body as described 5 in Novak et
al. 1993 (Novak M Kabat J, Wschik CM (1993) "Mblecular characterisation
of the mnimal protease-resistant tau wunit of the Al zheiners' disease
paired helical filanment", EMBOJ 12: 365-370). As shown in this paper, mAb
423 fabl es PHPIYEHEved fromintracellul ar tangl es (Wrcelspigsgr ve

N-term nal tau 10 i munoreactivity in the fuzzy outer coat) poorly, but
Pronase digested PHFs strongly. Likew se Mena et al. (1996) (Mena R,
Edwards PC, Harrington CR, Mikaetova-Eadi nska EB, Wschik CM "Staging the
pat hol ogi cak;ass f ated ta rotein into paired helical
filaments ' | Pgad%l %L’%&’E %‘t"&g@%é}s: woE ?{%:%Fgc%é‘tﬁp%aﬁﬁb?s 25 DEuncB3Gk 641) shows
that in intradsfPursoPangtasesin- 423 banvierol patstitiguystes frangel y

occl uded, b@tadeah PBethexpusedobyriobiiicy @tk peatineat RBY 0f; sections.

Fi gure 32 shviwsandeepamragd.on 2" of purified tau protein as 20 described in
Exanpl e § bel ow. Figure 33 shows a graphical plot of the results of a
preparative,, run 2fGor dGA. "Purificatjon-fold" is expressed as the ratio of
specific i OF eac IV tRFOPUF 1A EE T inkETqed nler dahgtnsnaes eaircvidy / 25
protei n con®eRFrat FEYNE 0 I3pecikiudak rhrngier agotidsl & pobh Hahes PE-f | ow

through. Fi disceiBashonst getls btddeatinOeebr QEBLRINARNY pf 4 pogré;lz%i ed dGAE.
Apparent el fdd OfscShid®athd 9k isng..eonditions: 30 1 - - kD, 2 - -80
kD, 3 -7530 kD, 4 - -10 kgInD Abggg?@%%/oso l%ﬁbne??qf HHMARGEBACti vity el utes in
fractions Ec_orrespondi ng to species of size > |5kD. Figure 35 shows gel
filtration CHFEREY oFFAPTRPPET HuFidredsTa0t whssiApparentitelmitsion Size in
non- denat ur¥§et gReRterorsn 41 in-B0LKDyntls pridbQo kddatd were - 55 KD. About 50%
of WAb 499 sereurmr. esiatilad tysllt88 dafdeacti ons  corresponding to species
of size > 6CkD .

15 Figure 28 corresponds to Figure 26, but using cases ﬁith MMSE
scores greater than 21 in the 12 months prior to death were
selected. Similar results are obtained.

Figure 29 shows extracellular tangle densities (counts per ron)

20 as a function of Braak staging. Similar results are obtained to
those shown in Figure 25.

Figure 30 shows intracellular tangle densities (counts per mm?®)
as a function of Braak staging.
25

Figure 3la shows a barely visible tangle visualised with
thioflavin-T at 0.001% {arrowhead). In ifI suspensions such as
this, tangles can be seen by blue fluorescence which is not
distinct from that agssociated with binding of contaminants in the
30  preparation. The bottom panel shows that blue tangle Elucrescence
produced by thioflavin-T at 0.001% is displaced by yellow tangle
fluorescence produced by primulin at 0.001%. Figure 31b shows
Electron-microscopy of PHFs labelled after Prohase digestion. (
Chemical labelling with the biotinylated benzothiazole analogue
35 shown as 4b in Figure 4. PHFs were deposited on a carbon-coated

grid after Pronase digestion, and incubated briefly with compound
4b, and then incubated with an anti

a)

-biotin antibody Preparation
that had been conjugated with colloidal gold. Decoration of




20 Sept ember 2005 WO 021075318 PCT/ GB02101318 51 Fi gur gg r“BXPZ(%)s' oni ne
activity against tau-tau binding in Preparations | Rfl gure shows
tol oni um chl ori de activity agai nst tau-tau binding | n Preparatl ons 1 & 2.
Figure 38 shows DMMVB activity against tau-tau binding in Preparations 1 &
2. 10 Figures 39a-c show that full-length tau protein (hT40) prepared
according to the Preparation 2 protocol denonstrated mniml tau- tau

bi ndi ng act iwop3wTghen used in the aqueous-phase with defrbinbiRe

sol i d-phase(b). However, when hT40 was used in the solid-phase (c), 15

bi ndi ng of dGAE was simlar to that obtained for binding of dGAE to dGA in
the solid-phase (a). Figure 40 shows pgimulin and thiazin red have no

i nhibitory , cci JCV| té agai nst tau-tau binding in Preparation 2, and indeed
20 enhance SCRCHI AEFHGSEAPLINGR Eohcist rapberistd Bigls eo 4keshows bl ocki ng of
i nhi bi t ory Rifeehsrighlly pibDMIBF Grirddture ! ab) BERG2B Girnindilge Ak gsENCE Of

i ncreasi ng ebneentueat invesareér PE&dﬁH'dm@eéﬂ%nangolml«@cfbg Red (b % expressed

as "nol ar e;xlct@ls&%"goiiﬁ_éo% aliue Lo DB, I mlar Fesyl L2 are Shdhn for 15 pM
DVVB in ¢ Lncr 8asi Ng- concent 1 art SREYGAY Fisi frforibqc) and

Thi azi n M@Eﬂ‘)’a IE gadvelgz?ﬂ SRBHE Matiebntidh i BEckikdot d¥e9Bal of inhibtion of
Tau- Tau AERYSg PHRrrEMeBidatiethef prheseimden10hrdtaedeass Pk a; excess of

Primulin. Iﬁgnteaf:hhgrraphemIedj dpdéabé R NG heilgilomahgng,hem&r esence of

const ant - conaeREs-abPNEs WholMYB 595 -ﬂaggyb?&}e]q%y\nlaﬁesrl milinat O, Ix, 5x,

| Ox, 100x t nt ons | tTon of ESTRENTEY bi ndi ng
produce f}%w%@ag&?%greéa \"}e“T );WBJ[ AP eE A sat vsrsed in the

presence of”imﬁ’é?réa&ﬂ”rf’ ERoPaiee ki ds souser RrpHubPITly Fibytr®roddseshows a tau- Tau
bi ndi ng curdigesred ﬁ@FBpﬁ’ensvembe DfkeRBsepMbna et al. (1996) (Mena R,

Edwards PC, Harrington CR, Mukaetova- -Ladinska EB, Wischik CM,

“Staging the pathological agsembly of truncated tau protein inte

paired helical filaments in Alzheimer's disease”, Acta Neuropathol

15 91: 633-641) shows that in intraceliular tangles mAb 423

immunoreactivity is largely occluded, but can be exposed by formic
acid pretreatment of sections.

Figure 32 shows “Preparation 27 of purified tau protein as
20 described in Example 7 below.

Figure 33 shows a graphical plot of the resulits of a preparative
run -for dGA. “Purification-fold” is expressed as the ratio of
specific immunoreactivity for each fraction {ie immunoreactivity /

25 protein concentration} to specific immunoreactivity in the DE flow-—
"~ through.

Figure 34 shows gel filtration chromatography of purified dGaE.
Apparent elution size in non-denaturing conditions:

30 . 1 - ~320 kD; 2 ~ ~80 kD; 3 ~ ~30 kD; 4 — ~10 kD
About 64% of mab 7.51 immunoreactivity elutes in fractions
corresponding to species of size > 15kD.

Figure 35 shows gel filtration chromatography of purified T40.
35 BApparent elution size in non—denaturing conditions:
"1 - ~450 kD; 2 - ~160 kD; 3 -~ ~55 kn.
About 50% of mAb 499 immunoreactivity elutes in fractions
corresponding to species of size > gOkD.




DMMVB and increasing Primulin nolar excess as shown. Tau:.Tau . bindi 20
Sept enber 2005 WD 02/ 075318 PCTI GB02101318 52 can be e ?%8‘“5% é}gﬁ ows:
Binding 5 Were BM,, Kd r 1.67 13.37 0.977 (observed vs predi cted)
Figure 44 shows a tau-Tau binding curve in the presence of 5 pM 10 DWB
and increasing Prinulin nolar excess as shown. Tau-Tau binding can be
nodel led as follows: Binding = (BMax x [Priml) / (Kd + [Prim ) 15 Were
BVax = 1.38 WR@247538. 86 r = 0. 927 (observed vs predict edychizgisis 45 shows a
tau- Tau binding curve in the presence of 5 pM 20 DMVB and i ncreasing
Thiazin Red nol ar excess as shown. Tau-Tau bi nding can be nodel |l ed as
follows: Binding = (BVax x [TR]) / (Kd8l+ [TR]) 25 Where Box = 1.64 Kd =
17.45 r = 0.915 (observed vs predicted) Exanples 30 Methods and materials
PHF- bi ndi ng_conpounds _ Max x [Prin]) / (Kd + [Prinj) 35 Conpounds used
herei n wer e "${i5p1 1% P8 Seerbitapefdetin pesdnst tahese bistiieeth ot her wi se.

Thi of | avi n- Trandatiknazi ne2.yel | ow were purchased

5 Figure 37 shows tolonium chloride activity against tau-tau binding
in Preparations 1 & 2.

Figure 38 shows DMMB activity against tau-tau binding in
Preparations 1 & 2.
10
Figures 39a-c show that full-length tau protein (hT40} prepared
according to the Preparation 2 protocol demonstrated minimal tau-
tau binding activity when used in the aqueous—phase with dG& in the
solid-phase (b} . However, when hT40 was used in the solid-phase (c),
15 binding of dGAE was similar to that obtained for binding of dGAE to
dGA in the solid-phase (a).

Figure 40 shows primulin and thiazin red have no inhibitory
activity against tau-tau binding in Preparation 2, and indeed

20 enhance such binding at high concentrations.

Figure 41 shows blocking of inhibitory effects of 5 p¥ DMMB on tau-
tau binding in the presence of increasing concentrations of
Primulin (a) and Thiazin Red (b}, expressed as “molar excess”
25 relative to DMMB. Similar results are shown for 15 pM PBMMB in the
presence of increasing concentrations of Primulin (¢} and Thiazin
Red (d).
Figure 42 shows attenuation and reversal of inhibtion of Tau-Tau
30  binding by DMMB in the presence of increasing molar excess of
Primulin. For each graph, Tau-Tau binding is shown in the pPresence
of constant concentrations of DMMB co~incubated with Primulin at
Ox, 1x, 5x, 10x, 100x the DMMB concentrations shown. Inhibition of
Tau-Tau binding produced by DMMB is progressively attenuated and

‘35 reversed in the presence of increasing molar excess of Primulin.

Figure 43 shows a tau-Tau binding curve in the presence of 25 uM
DMMB and increasing Primulin molar excess as shown. Tau—Téu binding




from Fl uka AG 20 Septenmber 2005 WD 02/ 075318 PCT/ G110
Quantitat.ion of Fluorescence Serial 16 jnu sections arzzéoééeﬁ%g'??éorn%opﬁ
hi ppocanpus of a case dying wth clinically and neuropathol ogi cally
confirmed AD. These 5 sections were stained with thioflavin-S at _
concentrations 0.01% 0.001% ar 0.0001%in water for 5-10 mn, then washed
in water, and nounted in Apathe's aqueous nedium In a second series of
experi ment s, W8T HYhs were cut fromthe hi ppocanpus andcnusheuss basalis of
Meynert. These sections were stained with prinmulin at 10 concentrations
0.1% 0.01% O0.001% and 0.00001% in water for 5-10 mn, then washed in
wat er, and nounted in Apathe's aqueoud nmedium A Leitz fluorescence
m croscope fdif LedaWhiRaa PROLQ; Ul tiplyer tube (Mdel MV--2) was used to
quantitate fluorescence emssion. Three 15 Leitz filter bl ocks were used
as follows: 1. Filter block H2, code 513 417 Excitation range Band pass
390-490nm M rror BRKPnG10 < i (B¥ax &r eingnit /badaow (Bdinm) 20 Suppression filter
LP 515 (i.e. reflect above 515 nm 3. Filter block G code 513 416
Excitatipn rangeyRand gpass 350-460 nm Mrror RKP 510 (i.e. transmt bel ow
510 nm) 25 Suppressi orﬁdfilther LP 515 (i.e. reflect above 515 nn) 4. Filter
bl ock A, code 513 410 “Excitati-dd range Wband pass 340-380 nm M rror RKP
400 (i.e. transmit belFow 460 AH7730-bSemeressheaifiekdt er LP 430 (i.e. reflect
above 430 ma) Preparation of if I and Il Ifl nmaterial was prepared as
descri bed mBiq\WEschi dhoat aa{:al.(—ibglg%).ncilingigélrgél !1 %ihglpr]é(s)oz 19 5_51912' il

. v L 1M
mat eri alg %Qrﬁ%&%egﬁng%géélqumoq rvgxggs@ Es g}*;ow%l. zﬁgi binding

can be modelled as follows:

Binding = {BMax x [Prim]} / (Kd + [Brim])

i5 Where Bya, = 1.38
Kd = 13.8s6

r 0.927 (observed vs predicted)

Figure 45 shows a tau—Tau binding curve in the presence of 5 1M
20 DMMB and increasing Thiazin Red molar excess as shown. Tau-Tau
binding can be modelled as follows:

Binding = {BMax x [TR]) / (Kd-.i- [TR])
25 Where By = 1.64
Kd = 17.45
r = 0.915 (observed vs predicted)
Examples

30

Methods and materials

PHF-binding compounds

35 Compounds used herein were supplied by ICI Pharmmaceuticals unless

stated otherwise. Thioflavin-T and thiazine yellow were purchased
from Fluka AG.




Neur obi ol Aging 16: 409-431. For experiments invol ving pnop-prona 0
Sept enber 2005 WO 02/ 075318 PCT/ GB02/ 01318 54 di gest ed %[bf%&%{ﬁg‘?r?r’g)ﬂgi cal
protocol was followed, omtting the pronase digestion step.
Spectrofluorimetry of ifll These measurenents were carried out in a

Per ki n- El mer spectrofluorineter (nodel MPF-3). A concentration of |igand
of 0.00001% was routinely used for all nmeasurenents. Primulin was found
to have an e¥&i'%V%fiHn peak at 370 nm and an emi ssi on peakcatzeils 515 nm Al |
measurenents were therefore carried out at a standard excitation

wavel ength of 370 nm and a constant slit width of 3 mm Conpetitive

Bi nding Assay 15 Ifl material was homdyenised in a 0.2 ml gl ass honpgeni ses
in PBS. To ; i on, test conpounds were added to fi nal
concent_ratig%%%%gér%?ﬁg%ﬁ‘?%r%r “f85% 0 0.00001% These were allowed to
incubate for 5 mn and primulin was added at equival ent or | ower
concent r at i $¥ialHé Busperishonseweter ionant! Ribe6kias 250k 255 Hife, 20 and
exan ned bywfthuerieseangeanll £4LSCORY1 ACLOSS dnEANS zﬁjf fluorescence filter
bl ocks, - sovesdng,Lxeld 3tdanaanth ¢l sskon, vavel enat s befieen 380 nm and
570 nm The, end, poi {;t sought in Thesd ObsetvaTIGRSakasdf sPfacenment of
typical prinulin o5 Y PSPESEBAREST o Tahglia: fther ventes. iR Fatdgansh

El ect r onni cFO8EYhy " PHES <l or #apechs motimn iifiia beathi anivere deposited on a
carbon coat @gergrends atberiops eRas eutlig6stthem:psndnbacubated hriefly with a
30 prepar atidarf obivlhind. ads PLbmLLD . A0d L NCN Lngubdted W ih an
anti-bipgi %&Qgﬁtﬂggéﬁ}sh@H hg}s ?%een anj ugat 6d; W Th™C |ROTYa" ol d by the
met hod of S0t an 6z (1981% QUL APt 8% &ntr ERtERGr Bbhy of  2f Xi

35 n, then washed in water, and mounted in Apathe’s agqueous medium.

A Leitz fluorescence microscope fitted with a photo-multiplyer tuﬁe
{Model MPV~2} was used to quantitate fluorescence emission. Three
15 Leitz filter blocks were used as follows: .

1. Filter block H2, code 513 417
Excitation rangeBand pass 390-49Cnm
' Mirror REKP 510 (i.e. transmit below 510 nm)
20 Suppression filter ILP 515 (i.e. reflect above 515 nm)

3. Filter block G, code 513 41€
Execitation range Band pass 350-460 nm
Mirror REP 510 (i.e. transmit below 510 nm}
25 Suppression filter LP 515 (i.e. reflect above 515 nm)

4, Filter block A, code 513 410
Excitation range UV band pass 340-380 nm
. Mirror RKP 400 (i.e. transmit below 400 nm}
30 *  Suppression filter LP 430 {i.e. reflect above 430 nm)

Preparation of if I and II

ILfY material was prepared as described by Wischik et al (1985) g
35 Cell Biol 100: 1905-1912. |

IfII material was Prepared as described by Wischik et al (1995}

Heurobiol RAging 16: 409-431. For experiments involving non-pronase




Washed ifii fractions were taken up in 8 Murea/50 mM borate (1 ml pH 9)
and sonicated, 1 m succinic anhydride in acetone was a%?%gﬁpteé‘Be'a?qﬂﬁnm
concentration of 250 nM succinate in 4 m, and the pH 20 Septenber 2005 WO
02/ 075318 55 PC 1 GB02/ 01318 was maintained at 8.5 wi th sodi um hydr oxi de.
The solution was «clarified by centrifugation and applied to a Sephacryl
S200 colum equili brated bicarbonate. The colum el uate was nonitored at
ei ther 230 ovo280s3mm 5 Because succinyl ated fractionspefidh@eng be

vi sual i sed by Coonassie staining or silver staining of gels, bands were
detected by autoradi ography after specific chemcal labelling of if Il
fractions wth Bolton-Hunter reagent 5§ Anersham. 10 For photoaffinity

| abel I i ng 0&'1 IZI;IE %erfhved _pegtj des, ifl or ifll fractions were

pre-incubat e W th an P> *ERHER! RFOpIRA ofagbfldovater puigtinethel 5 The

phot ol abel | RifPrFacipottiru@iitmg at a Kav of 0.21 was concentrated by
ultrafiltration through an Ami con YM2 nenbrane (10m ), digested with

chynot r ypsi Sodd rOd ubBl#2k )y bR §3;MM ammoni um  bi carbonate. Chynotryptic
fragnments for sequence analysis were isolated by Dr H C. Thogersen by

reverse phase HPLC using a C18 20 colum, with a 0-100% acetyl nitrile
gradi ent, - TR TRatvperents Feks sarded culcinda FEyIRELYRt i ¢ pepti des were
sequenced. WschhwilogiigateStutice suat-3PHRS dbilochb RELSBNER,Qf Jphenot hi azi nes
25 For these cespey kgPRbSsinbly hsld 361 100068 018Pared Sxl described above

for el ect r of,is his,material et her incubat8d™®*directly with
pr epar aféj on%;:of C‘%’ﬁgg‘%?%? ae}i:%teas?l%‘% BerhaF o8 gFf B PRt TS AgimapRskNRE bet ween
0.

0.1% an 0185 afit” FREH-EHCF dtp=e Fhegefrboracti@renitynt ds standrexam ned
directly aft¥éfteiPrAaagelingtim@f 370 nm, and a constant slit width of 3 mm.

Competitive Binding Assay

15 IfI material was homogenised in a 0.2 ml glass homogeniser in DRS.
To the suspension, test compounds were added to final
concentrations ranging from 0.1% to 0.00001%. These were allowed
to.incubate for 5 min and primulin was added at equivalent or lower
concentration. The suspensions were transferred to a glass slide,

20 and examined by fluorescence microscopy across a range of
fluorescence filter blocks, covering excitation and emission
wavelengths between 380 nm and 570 mm. The end point sought in
these observations was displacement of typical primulin
fluorescence from tangle fragments.

25

Ligand Electronmicroscopy

PHFs derived from an ifI fraction were deposited on a carbon coated
grid after pronase digestion, and incubated briefly with a -
30  preparation of biotinylated Primulin, and then incubated with an

anti-biotin antibody that has been conjugated with colleidal gold
by the method of Slot and Guesze (1981).

Sueceinylation and Chromatography of IFIT
35

Washed ifII fractions were taken up in 8 M urea/50 mM borate (I ml

PH 9} and sonicated, 1 ml succinic anhydride in acetone was added.

to a final concentration of 250 mM succinate in 4 ml, and the pH




30 (19%9. Alternatively, ifll suspensions were deposited r at ed
grids, partially dried, and washed with sol utions of %@%8 F&?f%%OCSOSUCh

preparations were eit her stained directl y with LiPTA or were processed :
further for imrunoel ectron mcroscopy using 6.423 as the primary anti body.
El ectron m crographs were recorded 35 at nom nal magnifications between
25,000 and 45, 000. Calcul ation of aggregated tau protein in the

extracel | ul awospases expressed in 4tg/ g of brain tissugcpgednlswiction of-
Braak staging 20 Septenber 2005 WO 02/ 075318 PCT/ GB02/ 01318 56 Previously
reported PHF-tau levels in pnol/g (P) and tangle counts per nmm2 (T) in a
clinically and neuropathol ogically staged cohort (R Y.K Lai, et al.,

Neur obi ol Aging_16, 433 1995)) were used to derive an estimte of PHF-tau
| evel per a ?e%f‘é’&ltaﬁ)??%r?l dal | soslivphydyerigyy/ cBlel saisichep tie same ELISA in
human br ai nS1aéiedhigl eenteugitipe ranandppt oy kees sahaeshi gﬁgec@‘un& he nunber
of affectedeqpyiartdal bicalonatd.t Nt SolNRh WiBatk 10 Yok AWM X, 0-1 mm (0. 0001
cnB), allowidig-tHat camket.gnal e profile counted in a nonmnal 7 Pm section
coul d exgend - 45 pmorthogonal to the section in either direction 10 (S. M
Blinkov, I.1. dezer, The human brain in figures and tables, a

quantit at | VECIRRAR ORI PR U R B, cdiYd 1968, vTahl Bed0d) codh@s; LOT €

PHF-t au | evetaipfinpgrcaBves st@imind oi glfH.l@ tdaadPldEf@gg@ecgg&ub fragment is 10 kD

(C. M W schiloredii @kaphyPh fiGr Hf 1988)). From
this, PC = ‘gﬁthgpt)on_H‘%] . Qa gl);; @%L 15 Br aaEISAlga%fg‘bst% 6°14 (tllonE‘Br aak, E.
Braak, Ag¢ta Neuropatho f 3 T regi onal val ues for PCin grey
matter were: frontal ~cortex, 0.13 O. 05 pg/ceII hi ppocanpus, 0.60 0.39

pg/ cel | ; tEpBRefioaginiex, 1ahelg7dy of. 2 denver bemakedOF €%y 11756 1- 0.63
pg/ cel | . Thesettids ersnees-ineiheat waﬁawm%aﬂabgil%%g%%ﬁu 20 different
regi onal rad€@svefiwdi sease progression (C Bancher, H. raaek P. Fischer,

K. Jellinger, Neurosci. Lett 162, 179 (1993), ‘also Gertz et al ., Acta
Neur opa{@olThEQLSDhotly (1988)), and the

abeiled fraction running at a Kav of 0.21 was
concentrated by ultrafiltration through an Amicon Y42 nembrane
(10ml), digested with chymotrypsin (0.0l mg/mi) in 50 mM ammonium
bicarbonate. Chymotryptic fragments for sequence analysis were
isolated by Dr H.C. Thogersen by reverse phase HPLC using a Ci8
20 column, with a 0-100% acetyl nitrile gradient, with 0.1%

trifluorocacetic acid. Chymotryptic peptides were sequenced.

Morphelogical Studies of PHF's in the presence of phenothiazines
25 For these experiments, ifIr fractions were prepared as described
above for electren micrescopy. This material was either 1ncubated
directly with preparations of phenothiazines at final
concentrations ranging between 0.1% and 0. 0001% and then applied to
__carbon coated grids, and examined directly after LipPTA staining
- 30 (1%}. Alternatively, ifII suspensions were deposited on carbon
coated grids, partially dried, and washed with solutions of
phencthiazine. Such preparations were either stained directly with
LiPTA or were processed further for 1mmunoelectron microscopy using
6.423 as the primary antibedy. Electron micrographs were recorded
35 at nominal magnifications between 25,000 and 45,000,

Calculation of aggregated tau protein in the extracellular space

expressed in ug/g of brain tissue as a function of Braak staging




degree to which tangle counts underesti mate PHFs accu n[? 'én 5
dystrophic neuritis at nore advanced stages of patholo i ?rzgj al ,
1995, .loc cit). The overall means provide an approximation for the
PHF-1 evel s per cell which would be relevant to AD. These are 0.37 0.08
pg/cell for cases at Braak stages 1-3, and 1.08 0.28 pg/cell for cases at
Braak stages 4-6. 30 For the purpose of estimating extracellul ar aggregated
PHF tau, shemnziediow in the Table, and in Figure 26, Bdwcedoeand 31,
tangles were counted as extracellular if mAb 423 i munoreactivity could be
denonstrated after treatnent of glass-nmounted sections with 98% formc
acid for-5 mnutes prior to incubatiopgswth mAb 423 for 1 35 hr: For the
avoi dance of doubt, this nethodol ogy differs fromthat reported in Mena et
al . (1996) %%F@“?ere’éeﬁ"%% PHG toT bestlonin reedyi Gnsamekendlacushated briefly
with form creeime (Ehdnt hedinigethniaghheniobhriayid2By dagshQmoin t hat
report, thisrlakterai?2QeSept, eﬁ@ﬁﬁbﬁﬁojégl\é\? Q2/4%§5€1§§5,F§CT | 6802/01318 57

overni ght f I ecti ro achi eve ° 423 i rmuno
reactivity I[i%?ll %t%ggge a?aﬁé%téaﬁlrilL ?ae'lsievigop%had?fé‘étefjh%‘fmﬁﬂal $dracel | ul ar

tangl es Cont&f’n &S/ 9d ?Sfﬁ?ﬁn‘ii’tee%lel WAlfy inghuged tbrpin.a Tist pdrgisubst antial |y
occl uded byceUrt Pezmy pravédesc emtesdimatther Pk Em:@asee:thﬁqu:ee@) The purpose
of the presentampadt eenls VRS G SAISKHE S nflBXL r&m |oaf9q,lm| 0%e8f Jd1e Stage 3 and

Stage2tang1§,$”i1 I [ n 3 ite manm d ree of '| abel i ng of
intracel lul gr -t ?é:tgég 9{,%(; élré ?@bfg%e%?‘?rte? exc 81 7 RdEEbit i ng

| e
attenpts have aI 50 % %Qr‘?ﬁd%“\lkﬁ%"fné L Fostns W?%lﬂl%éhwrﬁhmcrm has been
attenpt 28, {9M4oWepbe? e fizeer Thsthumant bsaidoim6lqwags eadwisbbesdensity or
pr obabi | i t ya ofuahedyetivengamgibodiangletsn byefﬁAbuﬂTﬁge(aFl B £504 5, %Qe, 32), which

s solely |Bbreaomhid abvernndl sshaws: Comml elaby. Gl el tprOf' es wth
respect neug glptollggmc% fs'tﬁagg fromthose reveal e mAb 423. For the

pur poses of % resent carcul at1ong, ®154t hdraf-ofiets- c%‘t‘fﬁ’t sgcéf U#Ab
423- - | mlTéJno? a2PY8 ELTEEN Y1 E5omshis  Bken (hg 100 / (T / 0.0001). at

Braak stages 4-6 (H. Braak, E. Braak, Acta Neuropathol, 82, 239
{1981})}, regional values for PC in grey matter were: frontal
coxtex, 0.13 * 0.05 pg/cell; hippocampus, 0.60 + 0.39 pg/cell;
temporal cortex, 1.074 * 0.44; entorhinal cortex 1.56 + 0.63
pg/cell. These differences reflect anatomical differences,

20 different regional rates of disease progression (C. Bancher, H.
Braak, P. Fischer, K. Jellinger, Neurosci. Lett. 162, 179 (1993),
also Gertz et al., Acta Neuropathel., 95, 154 (1988)), and the
degree to which tangle counts wnderestimate PHFS accumulating in
dystrophic neuritis at more advanced stages of pathelogy (Lai et

25 al, 1895, loc cit). The overall means provide an approximation for
the PHF-levels per cell which would be relevant to AD. These are

0.37 £ 0.08B pg/cell for cases at Braak stages l ~3, and 1.08 + (.28
pyg/cell for cases at Braak stages 4-6. h

30 For the purpose of estimating extracellular aggregated PHF tau,
| shown below in the Table, and in Figure 26, 27, 29 and 31, tangles
were counted as extracel;ular if mAb 423 immunoreactivity could be
demonstrated after treatment of glass-mounted sections with 98%
formic acid for-5 minutes prior to incubation wifh wmAb 423 for 1
35 hr. For the avoidance of doubt, this methodology differs from that
reported in Mena et al. (1996) where free-floating v1brotome
sections were incubated briefly with formic acid, and then
~ overnight with mab 423._As shown in that report, this latter




fally or entirely representative of entracellulgygd b& >0aat hol ogy
Z'ltjbgt :gfalsalz ;nd-?, as_sho?//m ilr[: Figure 3, but substanti aI%’E{/ Fﬁ%}tq stage 1 03-
Figure 3.- For the avoidance of doubt, the Stages referred to in Figure
are not Braak stages, but stages of 20 degeneration of a single neuroge ;
containing a tangle. 25 30 35 The specific data shown in Table 1 was base
on the follow ng: Nunmber BSTMEI TAPCPT4AREG3BSE1T4
11. 00000. 398%293B&HYD. 62121. 00000. 3982 PCT/GB02/61318
22.00006. 72591. 560010. 49241. 00002. 7047
33.000014. 96461. 560023. 344212% 8888%098523

000033. 62971. 560052. 46
55, 000044, 31mi@m@s@~f2¢&1n@@eaﬂlgn§?8o&l %@g@%@%&ﬁ@ﬁﬁa&%ﬁoooo 020
Sept enber 20@Embrddde 18 WA 0240 E53LP . 50
72.00001. 38%@9&@@ 18?%%%1 8000g 4551%@ 82‘%%§ééri]z§?§:g?§qgei3(ﬁza 00000. 80 |

94. 00008. 938 60
105. 000023. 9 ‘%ﬁgﬁita’raélsfs??d@é%&m%ﬁ%m QOO00o00 o6GA60eHE3. 00000. 0

122. 00000. 06}59505%“933)00'3%13@!?1’86 B0OR0pHRH000Q3L WAOAQ. fasure
144. 00000. 1R638wp G0 104y 6. RO0LGL2D3nq Stage 2 tanales illustrated in

155 00002. 2@.@219& 6.909(;me3391%§ Qe%QQJ' 09613%6% ing of intracellular tangles
could not be entirely excluded, and counting attempts have also
been made where a subjective discrimination has been attempted.

10 ~However, the latter estimates do not agree with density or
probability of labelling of tangles by mAb AT8 (Figures 28, 30,
32), which is solely intracellular, and shows completely different
profiles with respect neuropathological stage from those revealed
using mAb 423. For the purposes of the present calculations, )

15 therefore, counts of mAb 423-immunoreactive tangles were taken as
substantially or entirely representative of extracellular tangle
pathology at Stages 2 and 3 as shown in Figure 3, but substantially
not Stage 1 of Figure 3. For the avoidance of doubt, the Stages
referred to in Figure 3 are not Braak stages, but stages of

20  degeneration of a single neurone containing a tangle.

The specific data shown in Table 1 was based on the following:

Number BST ME1T4 =~ PC PT4 REG3B SE1T4
25
1 1.0000 0.3982 1.5600 0.6212 1.0000 0.3982
2 . 2.0000 6.7259 1.5600 10.4924 1.0000 2.7047
.30 3 3.0000 14.9646 1.5600 23.3448  1.0000 2.9836
4 4.0000 33.62%7 1.56900 52.4624 1.0000 10.9883
5 5.0000 44.3102 1.5600 69,1240 - 1.0000 13.0298
35

6 1.0000 0.0 0.86000 0.0 . 2.0000 0.0




BS's is Braak Stage ME1T4 is the extracellular tangle ¢ uﬂt P —i o
estimate of the PHF--tau concentration per cell (calculéﬁé&ﬁeégeé%ﬁse) 25

PT4 is the PHF content ascribed to extracellular tangles (PC x MElT4)
REG3B i s the grouping of brain regions into 3 groups as per rigs 26 and 27
of the SE1T4 is the standard error of the extracellular tangle count 30
Exanple 1 - aggregated tau in Braak staging Based on i nmunochem cal '
properties (Wefezo3@s 27, 30), it is possible to distipgdiceieinsracellular
tangles fromextracellular 35 tangles. Both frequency of cases with tangles
in these categories (ie probability)5gnd their quantity Us counts per mmR)
-were determned in a prospective casé series and grouped into the 20

Sept ember 2005 WO 02:00t5818 1PEEECB02/33318 H931£91 aNgydgrowy %Qﬂyepresent
stages in the progression of pathology according to the system of Braak

and Braak shown i j.qur 5 stages 2 -- 4 can be clearly distinguished
5 fron1sta3§ 1 on thgigggisgdﬁﬁarob%:P?qtyi%?3%&trébé¢mhlaﬁ-&umgles in

E2/ Trans and E4/HC. Al so shown are the figures for F/ T/ P regions
(neoeort Pcal®_r egi ons4-00Pponeadssst enpeoad , paséRt al b odf) Conversel v,
intracel lular tangles provide a poor basis for -discrimnation of early

stages in thgse regi bu od sis for discrimnating stages 4 and
5 using neocorti cal ?@Pgn5%3-%§?% |”a?’?‘§}’, wHén*®dseg- %%h MvBB&Scor es

greater than 21 in the 12 nonths prior to death were selected, simlar
resul ts werélobt ai ned-00986 Agai n, siaveb@r reswlts wer énoabt apned when tangl e
densiti @8 were

iz 2.0000 0.0 0.6000 0.0 3.0000 0.0
13 3.0000 ¢.0 0.6000 0.0 ' 3.0000 0.0

i5 14 4.0000 0.1293 0.6000 0.0776 3.0600 0.1293
15 5.0000 2.2007 0.6000 1.3204 3.0000 1.0634
wherein:

20
BST is Braak Stage
MEIT4 is the extracellular tangle count
BC is an estimate of the PHF-tan concentration per cell (calculated
as above)

25 PT4 is the PHF content ascribed to extracellular tangles {PC x
MEIT4) '
REG3B is the grouping of brain regions into 3 groups as per Figs 26
and 27 of the SHIT4 is the standard error of the extracellular

o tangle count i

30
Example 1 - aggregated tau in Braak staging

Based on immunochemical properties {Refs 2q, é?, 30), it is
possible to distinguish intracellular tangles from extracellular
35 tangles. Both frequency of cases with tangles in these categories
{ie probability) and their guantity (ie counts per ﬁmﬁ) were
determined in a prospective case series and grouped into the




determ ned. These results can be converted into approxXijgetd Qsed Pookhe
quantity of aggregated tau protein in the extracellular space expressed in
20 g/ g of brain tissue as described in Materials and Met hods above. 25 30
The results are shown in Table 1. These are underestimates, as the tangle
counts underestinmate the quantity of aggregated tau protein. Table 1:

ESTI MATE PHF- TAU CONTENT I N ECT'S BY REG ON AND STAGE REQ ON BST PHF/ TAU

(pg/ g) E2/ TRAQS2/4759862 2 10.49 3 23.34 4 52.46 5 6%ckdpemide/ E4 1 0 2
0.83 3 2.23 4 5.36 20 Septenber 2005 WO 021075315 PCTI GB02/01318 60 5
14.36 5 F/T/P10 20 30 40.08 5 1.32 Table 1 shows quantity of
aggregated tau protein in the 10 extragel | ul ar space expressed in gg/g of
brain tissue as a function of Braak staging. The data was cal cul ated as
descri bed i FePHES HBricar®ramtnetdvedsin the progression of pathology

according to the system of Braak and Braak

As shown in Figure 25, stages 2 ~ 4 can be clearly distinguished
5 from staqe.l on the basis of probability of extracellular tangles

in E2/%rans

and E4/HC. BAlso shown are the figures for F/T/P regions

(neoco;tical.regions - frontal, temporal, parietal).

10 Conversely, intracellular tangles provide a poor basis for
discrimination of early stages in thesge regions, but a good basis
for disériminating stages 4 and 5 using neocortical regions.
Similarly, when cases with MMSE scores greater than 21 in the 12
months prior to death were selected, similar results were obtained.

15 Again, similar results were obtained when tangle densities were
determined.

These results can be converted into approximations for the quantity

of aggregated tau protein in the extracellular space expressed in
20 pg/g of brain tissue as described in Materials and Methods above.

The results are shown in Table 1. These are underestimates, as the

tangle counts underestimate the quantity of aggregated tau protein.

Tablg 1: ESTIMATE PHF-TAU CONTENT IN ECT'S BY REGION AND STAGE

25 _
REGION BST PHF/TAU (ng/qg)

E2/TRANS 1 0.62
30 2 10.49
3 23.34
4 52.46
5

63.12

35 HC/E4
0.83
2.23
5.36

W N e




In summary, these results dempnstrate that extracellul aj, §§;§{8ﬁb£§200%5 of
PHF-tau in nmedial tenporal |obe structures provide a basis tor enpirical
staging of the neurofibrillary degeneration of AD. Such staging could only
be acconplished by radio-i magi ng met hods provided suitable |igands coul d
be created. 20 Exanple 2 - assessnent of conpounds binding within the
aggregated . repeat domain of PHF-core tau protein A prototype conpound was
obt ai ned as wnexwsnponent of the crude, comercially- g¢@idsahlfs Preparation
of thioflavin-S was separated 25 into -20 distinct constituents by

anal ytical thin-1ayer chromatography, and preparative chromatography. Tests
showed that not all of the constituepjs were able to act as effective
tangle |ligands. Specifically, pure prinmulin (Figure 5 conpound |a) was
found to | abel tangl®es, but3ét he benzothiazole thioflavjn-T (Figure 30 5,
conpound I b) was nmuch | ess effective, although it |labelled anyloid
preferenti agpyp Furthernpre, conpound la was found to displace conpound Ib
at tangles en the latter was introduced at 10-fold excess into crude 35
tangl e extracts. A pZOSSiB| e difference was postul ated to be the sul phonate
group at® position I3 (Figure 5, conpound 2 [2 - (4 - amino phenyl) - 6 20
Sept ember 2005 WO 02/ 0758108 PCT/ GB02/ 01318 61 nethyl - 1 - sul phonate
benzot hi azol e] ). Howevery grinulin (conpound la) was found to displace
this fromtangles (though not amnyloid). Therefore, tangle | abelling is not
due solely to_the suiphonated benzothiazole structure, indicating that a

| onger 5 ardhst ilc SE¥MeugtantEsy of raggtdgatell tPuprfiedd trhimzin red (Figure 5,
COMpOUIK) Sekeas atundsiaecoiel £a W Lot BALIBLEI YR o
concentr at i @Ng,, ] oun iazjn yell ow, Figure [

not. Ther efmorte}}.‘EL nggea%?izgndege ;a?%g)rrg f'cca%‘allﬁéen‘iz%f © %%/‘Ib%ds‘flrﬂt?t ure does not,
per se, det&rfiHe® MYh HPA% ng

In summary, these results demonstrate that extracellular deposits

15 of PHF-tau in medial temporal lobe strucfures provide a basis for
empirical staging of the neurofibrillary degeneration of AD. Such
staging could only be accomplished by radio-imaging methods
provided suitable ligands could be created.

20 -Example 2 - assessment of compounds binding within the aggregatéd
repeat domain of PHF-core tau protein

A prototype compound was obtained as one component of the crude,
commercially-~available preparation of thioflavin-S was separated
‘25 into ~20 distinct constituents by analytical thin-layer
chromatography, and preparative chromatography. Tests showed thaf
not all of the constituents were able to act as effective tangle
ligands. Specifically, pure primulin (Figure 85, compouﬂd la) was
found to label tangles, but the benzothiazole thioflavin-T (Figure

30 5, compound 1b} was much less effective, although it labelled
amyloid preferentiaily.

Furthermore, compound la was found to displace compound 1b at

tangles when the latter was introduced at 10-fold excess into crude
.35 tangle extracts.

A possible difference was postulated to be the sulphonate group at
position 1 (Figure 5, compound 2 [2 - {4 - amino phenyl} - 6 -




affinity within tangles. In order to define a m ninum Cidé%pﬁe%bé Er ement
for conpetitive binding, the suiphonated benzothiazol e was extended by
~addition of 15 a single phenyl group across a diam no-1|inkage. This

- conmpound (Figure 4, conpound 4a), although not fluorescent, was found to

. conpete out thiazin red and prinmulin fluorescence at equival ent
concentrations. Conpound 4a therefore defines the mninmumcritical
structure regabressid or high affinity binding wthin thect/ésghgis 20 I n order
to prove that the binding site within the tangle was in fact the PHF
irtself, conmpound 4a was further extended with addition of a biotin group
(Figure 4, conpound 4b). Since this wes still found to conpete prinulin
and thiazin red, conpound 4b preserved 25 high affinity binding within the
tangl e. Furti®¥hor &, SHRMBYS Henzeskijaagiel bd Havrvexbiratihuliant i body was found
to | abel i sticapethdPHASwapreundcebabgtcwithhs o eun «4binvhigr §&s no

| abel | i ng Wagy1o0@TONHekatdd, WahBQUL ik e NGHRAL QD % Y € lgubation wi th

biotin alo i =R en_a.phot o- act.i vat €d conjugate of the
30 conpoun isjgr}oarggégér%ﬁetﬁl ?Ze‘o\/l\ﬁsgtﬁ\é\,és}célfﬁ'l é‘e‘{}&a?’d’gn‘fl?aftya dRBvequence t he

| abel | e prfBRHLC FHIYSTWees 1F FGAY 8- be the same core tau fragment as that
isolated fromthe core of the PITh', which conprises the repeat region of
the tau probeiified3bhianis WAHB(RL guid18S @ofR5mlt 5) dREDASKE ale.dhpeaqui vocal |y
that the Dbj:ngi pG.5ide-f 4b.is w thin the aggregated
repeat domajn of. th%lltnt gﬁ%qF%%gF %ygg&teﬁ%ag&%s éo‘?hgfeﬁfu%?%é?%?“é? %gt hey
dempnst r at ' that - coApSind T5cah B8 Whed aEiarThat s<ESHbr 2onsdst enber 2005
WO 02/ 053 1 npetiriapeiz] o4y e8us) degdd it orezofe. f detetrinorahigr Binasna t hout

di st ur bi ng dfifgatd atthividaygles.t hin the PHF core. Therefore, conmpound 4a
could be used as chelate for addition of technetium or other imaging

ol ety 10 APOEAA fo Aok AN AL ARLE. LR SR SELEDG S G Sy A0l Tul ar

binding, the sulphonated benzothiazole was extended by addition of
15 a single phenyl group across a diamino-linkage. This compound
{Figure 4, compound 4a)}, although not fluorescent, was found to
compete out thiazin red and primulin fluorescence at equivalent
concentrations. Compéund 4a therefore defines the minimum critical
structure required for high affinity binding within the tangle,
20
In order to prove that the binding site within the tangle was in
fact the PHF itself, compound 4a was further extended with addition
of a biotin group (Figure 4, compound 4b). Since this was still
found to compete primulin and thiazin red, compound 4b preserved
25  high affinity binding within the tangle. Furthermore, immunogold-
conjugated anti-biotin antibody was found to label isolated PHFs
pre-~incubated with compound 4b, whereas no labelling was
demonstrated without pre-incubation or pre-incubation with biotin
alone (Fig 31b). Finally, when a photo-activated conjugate of the
30 compound was prepared, it was possible to identify and sequence tﬁe
labelled protein. This was found to be the same core tau fragment
as that isclated from the core of the PHF, which comprisges the
repeat region of the tau-protein.

35 in summary, these results demonstrate unequivocally that the
binding site for compounds 4a and 4b is within the aggregated
repeat domain of the tau protein of the PHF-core. Furthermore,

they demonstrate that compound 4a can be used as a chelate for




5in AD. Exanple 3 - determ nation of optinmm di nensi ong, '

nol ecul es Figure 14 shows three of the structures descp?%géptg@g\%g?ooasl ong
~with 10 their dinensions as indicated. For exanple, the Cl1--d distance
and C10-d distance are shown for prinulin, a benzothiazole anal ogue _
(denoted "analog'), and "thiazin yellow . Figure 15 and 16 illustrate the
crystal structures of the 'B" part 15 of the primulin structure (Soon-Beng
Teo et al., WO9BUSHEta Crystallogr., Sect. C, 591. As eancBmoseen from
Figure 16, which is a 'side-on' view, the nolecule is essentially flat,
although it has a slight twist. The' A part of primulin can be conputed
from the same nolecule. Fromthis, oAz can derive neasures of A+B, which

20 provide an .itndi catjon of the actual length of one of the active species
of the presant TRvEHt TBITEIOPE! oM Bl tpw: Sistabing Hwandmatogtyshown in
Figure 14, YE&durigirefil carengBhegsiodef rompdnd GateulafbeFagur es 15, and

measur ement cli:aas @t(i Mezd:m o dedtnetid &P loerds %nqﬂ@ﬁ@h@ﬁetyzé and shown in )
Fi gures 17 ratd A Gdaah Ui e B3 D Act rysta r., Sect. B, 107).
As can pe gig{é fromthe side- éﬁfyirel%llg%tlﬁﬁgeﬁrgé - factekll@gf)awgbefs t he

nmol ecul e is conpletely flat. The sane nmeasurenments apply to thiazin red,
which is identical in its dinmensions to the "anal og". 30 The size of

t hi azi n yel Exampls Hownddteriingtice ¢ ppmiass dehelsabmeds asqadohdQWssThe ' A
part cones fromthe nolecule of Figure 15 which- was used for prinulin,
~While the 'B r S t lecul e . shown in Figures 19 and 20

(G adkoya e{:hgélF g %4189% %{EQ{Q Al % Fa"?“l%g‘ére%d AT PeAFLCRE pEYY BIGF t he

mol ecul & i s ESRpTEEBF I 3t (MU Lhe ToRISFamelief fdreridaCividistanespect to t he
mol ecul e sh¥ith St i 4t giftance7ajes shawhefordpsimahie Heewsaniidoee ar omati ¢ groups.
20 Sept enmbe#n=100% \WI2L0 7584189 BCThLBORE Q31 §e H3wFi gures 21 and 22
illustrate how the nol ecul e of Figure 15

Figure 15 and 16 illustrate the crystal structures of the 'B' part
15 of the primulin structure {Soon-Beng Teo et al., 1995, Acta
' Crystallogr., Sect. C, 591. BAs can be seen from Figure 16, which .
is a 'side-on' view, the molecule is essentially flat, although it
has a slight twist. The' A' part of primulin ¢an be computed from
the same molecule. From this, one can derive measures of A+B, which
20 provide an indication of the actual length of one of the active
species of the present invention.

To compute the size of the “analog” shown in Figure 14, measurement
A was used from the data of Figure 15, and measurement B was

25 determined from a molecule denoted N2A and shown in Figures 17 and

18 (Gilardi, R.D., 1972, Acta Chrystallogr., Sect. B, 107). BAs can

be seen from the side-on view in Figure 18, this part of the

molecule is completely flat. The same measurements apply to
thiazin red, which is identical in its dimensions to the “analog”.

- 30 '
The size of thiazin vellow (shown in Figure 14) was determined as
follows. The 'A' part comes from the molecule of Figure 15 which '
was used for primulin, while the 'B' part comes from the molecule

_ shown in Figures 19 and 20 (Gladkova et al., 1972, Kristallografiya

35 41). Again, part B of the molecule is completély flat, and the only
difference_with respect to the molecule shown in Figure 17 is the
distance between the aromatic groups,




crystallises in space. As can be seen, the nol ecule forzrasSea? gértz%gati ng
"herring-bone' pattern, and does not stack. In conpari son,p‘%rﬂe crystal
structure of nethylene blue indicates that 5 the nolecules formstacks with
alternating sheets of water nolecules between the pi--bonded stacks. Table
-2 tabul ates the m ni nrum maxi rum and nean di nensions for prinulin
("PRIM'), the analog ("ANAL"), thiazin yellow, and the 10 benzot hi azol e
unit al one (YO&X78%§ uctures |b and 2 as shown in Fi gur@/Shozoibize
correspondi ng net hyl ene bl ue dinmensions are given as 'MBCC (carbon to
carbon) and ' MBNN (nitrogen to nitrogen): 123456
PRI MANALTHI AZYBENZTHI AMBCCIVBNN 63
M ni numi4. 783015 220015. 72708. 77007. 08499. 9600
MVaxi nunl5. 172515 28 157622 S5H8 -0850 0w 4hr3 B l36ale of Figure 15
Meanl4. 9475¥F518803% 92 ZRB-B6 257 .80 ItIsR60Ghd Iokbgilker2ds SHOWS a conpari son
f’f thg n?amlmfﬂmméaa&iﬂhmoﬁuwae%&ﬁ,ntaﬁdszoemhﬁ%g . V\h‘ﬂgﬂ{ ﬁh are active
i gands (pré EoANGne " g. t.hi azi el Jow (which is inactive as
a l'igand). ;l;ldﬁfgmol%i nPnsi oc%ggééa?eséf\?g%%ionpg%égﬁ%n# i YELEREP. thalk Fi gure 24,
a sinilar conpartson e nBdE f ok rétyaetinopdeaett kEamebe nucl eus 20 (i . e.
nol ecul es |P1&fe Reftvimngtihe phyboadel stesksdi ami nophenot hi azi nes. These
di stances are carbon--to-.carbon distances. The above results illustrate
that the notapcellesaniievdsdest RekiGhn, %ggimuggnﬁq[g%gqpl}njegil Yo ffl at. There is,
however, a fundameptak,di fferenge in act! Vltt¥/ yet ween 11 gafds according to
the pregent, invention and ot her “fol €¢ | & tH R G bt thieAs s shown i n
the Fi gures; "*SUFPHBPe™ P gHtds Heordufgtes Hhand Aventshom tonprise | ong,
flat no| eciHIBEe W t I¥heli aveneirortingatenbpiond 4178 Sidad: dbh: 261 gMdn O the 30
ot her hand, 'Mact origemontloeeatben) sue v uad't (Midzidanye) howo uhi.ch exceeds these
di nensi ons (nean 15.927 AU) does not serve as an effective ligand, even

though it j-s—Hat—Hemever, 2r~pr'r:-\i al sharter, flat, nolecules bind
preferenti 0i d. ! > 6
PRIM ANAL THIRZY |BENZTHIA |MBCC | MBNN
Minimum 14.7830 | 15.0500 { 15,7270 {8.7700 | 7.0849 | 5.5600
Maximum 15.1120[15.2610 | 16.1380 | §.9550 | 7.4443 | 9.9600
Mean 14.9475[15.1680 | 15.9273 | 8.68625 7.3031 |$.9600

15 Figure 23 shows a comparison of the mean, maximum and minimum
extents of molecules which are active ligands (primulin and
“analog”), and thiazin yellow (which is inactive as a ligand). The
dimensions are given in angstrom units (AU). In Figure 24, a
similar comparison is made for the basic benzothiazole nucleus

.20 {i.e. molecules 1b and 2 of Figure 5) and the

diaminophenothiazines. These distances are carbon-to~carhon
distances.

The above results illustrate that the molecules provided herein are

25 substantlally flat. There is, hbwever, a fundamental difference in

activity between ligands according to the present invention and
other molecules discussed‘above. As is shown in the Figures,
suitable ligands according to the invention comprise long, flat
molecules with dimensions between 14.783 and 15,261 AU. On the
30 other hand, a longer molecule, such as thiazin yellow,.which
exceeds these dimensions {mean 15.927 AU) does not Serve as an
effective ligand, even though it is flat. However,

certain shorter,
flat, molecules bind preferentially to amyloid.




20 Septenber 2005 WO 02/075318 PCT/ GB02101318 64 Exa - i ng
~ligand nol ecules and inhibitors Figures 11 to 13 indi g%LOZSe?)§/e6?t£eg;50§€nt hesi s
. met hods which could be used to convert either the di am nophenot hi azi nes or
the "analog”" into positron emtting species. Figure 11b in particular
shows a nethod whereby thionin is treated wth NaH foll owed by | abelled
nmet hyl 1odide to give nethylene blue. 10 A simlar procedure can be adopted
~for the syntwesiosssaf nmethyl ene blue starting from Azug&,ds,@dfdisAzZure B.

O her- strong bases may al so be used. Other nethods that nmay be used
include HCl and | abelled McOH, 15 |l abelled trimethyl phosphoric acid,

| abel | ed di net hyl sul phoxi de and Labgll ed formal dehyde. The chemi stry of

t he syntheses and general nethodology are all famliar to persons skilled
in the art. These exanples are given without any inplied restriction as to
ultimate ER0EOL Ogysr 20145 AMRLE rB1scdbboaki NEnld:gands Conpounds such as
thioflavin-T and -S strongly stainamyToird deposits. However Figure 31
denonstrates that_such conpounds can be 25 displaced fromtangles by
prinulin. ThEFSPot® 5 HesYHonpolimisahayrtigelyeeidiods wiek ldontd Peagents to
saturat & biuaed g sives: whitch Hheediandtopbéndthiaglest onithhotnaledti bi ting t he

bi ndi ng  ofintd gardisohcemi GG egatad.t au. 30 Examle 6 - conparison of |i and
nol ecul es and inhibitors There appears to be a fundanmental difference in
~activity of..the l.ecul es ich are effective |igands, conpared with those
which ar efFé?‘fréechl{%\?énipr? Fbclug\%‘ﬁr SSQ%"?S £ AT PR IR ABtortRel éRAERAI azol e 35
mol ecul e d¥&E? H6E RLEPHipt PR I ¢tbPretiyd dedido tamyvofmethelehe gimds, wher eas
t he di dfi nophemdtin azegrduserie be Golstdd fhretiRHbyrthefibemBthallet au

aggregati Olﬂ:li.:é'lhsjtbjrﬁi(ﬂﬁsfrom Azure A and Azure B. Other strong bases may

also be used.

Other methods that may be used include HCl and labelled MeOH;
15 labelled trimethyl phosphoric acid; labelled dimethylsulphoxide and
' Labelled formaldehyde. The chemistry of the syntheses and general
methodology are all familiar to persons skilled in the art. These
examples are given without any implied restriction as to ultimate
methodology.
20 '

Example 5 - blocking ligands

Compounds such as thioflavin-T and -S strongly stain amyloid
deposits. However Figure 31 demonstrates that such compounds can be

25 displaced from tangles by primulin., Therefore these compounds may
be used as blocking reagents to saturate binding sites which are
not of interest without inhibiting the binding‘of ligands to
aggregated tau.

30 Example 6 - comparison of ligand molecules and inhibitors

There appears to be a fundamental difference in activity of the
molecules which are effective ligands, éompared with those which
are effective inhibitors of tau-tau binding. The benzothiazole

35 molecule does not disrupt PHFs, nor indeed do any of the ligands,
whereas the diaminophenothiazine series constitute PHF-disrupters
and tau aggregation inhibitors. ' '



20 Septenber 2005 WO 02/ 075318 PCT/ GB02/ 01318 65 Furth i I 0oNs
into-the relationship between aggxegation- dependent t%#é%‘%ﬂ%@g%tg tau
aggregation inhibitors were carried out using primulin. Prinmulin in
solution has a fluorescence peak at 520 nm This shifts to 470 nm when
primulin is bound within a pure 5 preparation of PHFs (Figure 6). Treatnment
of PHFs with citraconic anhydride, which has been shown to disrupt the
structure ofwd @ B and liberate free tau (as well ag.fevshsidg the
charge on lysines), was found abolish the 470 nm fl uorescence peak (Figure
7). Therefore, binding by such conpounds is dependent on the 10 pol yneri sed
state of tau found in the PHF, but isgpot present in free tau. Conpounds
have been identified which disrupt the structure of the PHF and reverse

t he prot eolBrrtigerstatdiskigatiofs tihie PIRF reDit@odshep BMD.dM 96394863 Exanpl es of

such COWDQU:[&ggmﬁ!he t%hloy\ﬂ;ainas %%@q:rmasnﬁﬂirgﬂti&{ gHﬁJ’%igorsTpgrepéa?r%?Qé. i .”V‘an.t OI’ES
have now i dentif.ied t.Q t au at a specific binding

£ us i g# thl.gslrenu i%o OUP%S blhn %4
site within the Righ afrrinity taust &0 BriditRy JSMEIHocmEnarer 25t is found
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- tau- aggr egatre@n:aunhi bi tors, although they 30 may still affect the

inhibitory properties of those inhibitors (see Exanple 7 below). This

poi nt was further exam ned b sjtudg/i ng the potency of typical
Compounds have been identified which disrupt the structiure of the

PHF and reverse the proteolytic stability of the PHF core (see WO
15 96/30766). Ezamples of such compounds are shown in accompanying
Figure 8. The present inventors have now identified that these
. compounds bind to tau at a specific binding site within the high
affinity tau-tau binding deomain. However, it is found that such
compounds may not disrupt the binding of primulin to tau in
20 aggregated tau molecules, as shown by the retention of the

_fluorescence peak of primulin at 470 nm in the presence of alcian
blue {(Figure 9). ‘

Thus it appears that although alcian blue can inhibit tau-tau

25 interactions, either the site of the inhibition, or perhaps the
order of binding interaction at which it acts, are such as to leave
binding site for SB-ligands extant. Thus compounds which act as
ligands of aggregated tau do not appear to bind at the same site (s}
as compounds which are tau-aggregation inhibiﬁbrs, although they

30 may still affect the inhibitory properties of those inhibitors (sée
Example 7 below).

This point was further examined by studying the potency of typical
aggregated tau ligands as tau-agyregation inhibitors. It has been

35 shown previously that tau aggregation inhibitors {e.g.
diaminophenothiazines) can be identified on the basis of inhibition
of tau-tau binding in a solid-phase assay (WO 96/30766),  When

tested in the same assay, primulin and thiazin red were found to be
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aggregated tau |ligands as tau-aggregation inhibitors. | %a bﬁe;bzq()ﬁS shown
previously that -tau aggregation inhibitors (e.g. diam n%op STRE" es) can
be identified on the basis of inhibition of tau-tau binding in a

.sol i d-phase. assay (WD 96/30766). Wien tested in the same assay, prinulin

and thiazin red were found to be 20 Septenber 2005 WO 021075318

PCT/ GB02/ 01318 66 weak inhibitors of tau-tau binding (Figure 1.0). Thus,

al t hough thesexesnpounds are potent |igands for tau WekRichodoligs PHF- core,
they are at nost weak inhibitors at the site required for inhibition of
tau-tau binding. 5 Denonstration that conmpounds of the

di am nophenot hi azi ne-1i ke class bindgtau in the aggregated state is

provi ded by the direct denonstration of disruption of PHF structure in the
presence of weakufifliidibeds| of hingteae dnieentyr atiigons 10par thiwy |l @rchyaq@f conmpounds
such as 10 ﬂt&té&)’l:@lﬁﬁurkﬂsuﬂce poUest GGRRQUAGS tQI wiiBn the PHE-core,

di ami nophengthj azi ng- mJSEK%ak%]nﬁfélt\/\@é ch are, thhrlebl tors of tau-tau binding
can serve as 290l <9 gat ed-t au Swir corcentr &ti ons. In sunmary,

5 U tARPPEN% possi bl e to define 15 two cl asses of
binding $ite within the core'-PHF tau aggregate. Both are potentially
useful for bvdendewalieprrid calpoiadd Ok Qg CallamidopRGoNgl d-h BaNdte ofhss

Sul phonat ed»henzeh flha@z@ ggg&g&aeceélgt%e lgogmwzqsbyofthé f&ﬁe type, 20

a es such as techpetju may serve as |igands

for extracelTUlar t'wn °§ dlsﬁ“lf 2 F ety SR TE Sli‘lealpﬁ‘ése“f?lo)f
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~Wwith a pbsitetylien blieng Thunc ichamahndgoduhe danitboEeiotti &Sn29 ke gands for

all tau aggepgat @ichaind mutﬂzob@ srapahk g, @Enﬂw%zhn&m& he
bl 00d- br ai - fakbhela- (AP 3%, 300 SEeLRDG. RS, Thus these —compounds, and

derivatives ereof, have potential use °1 abel | i ng of intracellular

tangl es, e.g. those present- in the
In summary, the inventors have found that it is possible to define

i5 two classes of binding site within the core-PHF tau aggregate.

Both are potentially useful for the development of radiological
imaging ligands:

(1) Sulphonated benzothiazole-like sites: compounds of this type,
20 associated with suitable chelates such as technetium, may serve as

ligands for extracellular tangles, due to their size and charge.

{ii) pDiaminophenothiazine-like sites: such compounds, when suitably
labelled with a positron-emitting functional group, would serve as
25 ligands for all tau aggregates, and would be capable of crossing
the blood~brain-barrier (Ref 36) and entering cells. Thus these
compounds, and derivatives thereof, have potential use in the
labelling of intracellular tangles, e.g. those present in the

brains of AD patients, or intracellular tangles when used at lower
30 concentration.

Example 7 - example assays for identifying further.diagnostic
ligands bagsed on relief of inhibition

_ 35 (1) Preparation of Tau protein in which partiél aggregation has
ocourred.

. The preparation (“Preparation 2“) is shown schematically in Figure




brains of AD patients, or intracellular tangles when usﬂﬂS?ﬁteJ‘nﬁMOOfSSO
concentration. Exanple 7 - exanple assays for identifying rther

di agnostic |igands based on relief of inhibition .35 (1) Preparation of
Tau protein In which partial aggregation has occurred. The preparation
("Preparation 2") is shown schematically in Figure 20 Septenber 2005 WO
02/ 075318 PCT/ GB02/ 01318 67 32, and differs fromearlier described nethods
(e.g. in WYE/H0Z07FB6- "Preparation 1" - shown in (ii) betewhosihe

reconbi nant cDNA plasm ds are those described in W96/ 30766 the 5

di scl osure of which is herein incorporated by reference. Briefly, tau cDNA
was generated using standard protocol §7(Sanbrook, Fritsch & Maniatis

" Mol ecul ar g%woni ng.. /A Laboratory Manual " (1989) - Cold Spring Harbor

Labor at ory, >N 97§ FFomenEiR Fadien desTribn betdioAs 1@-44 ssue of an Al zhei mer
pati ent who¥¥&/Pefe VRrspohtiimet -3skpvaftrenii)deatdy). The cDNA |ibrary was
screened with synthetic 17-nmer ol igonucl eotide probes derived fromthe

sequence fregn patdmy9far BRE -£0Q protein ((oedert et al. (1988) Proc.
Nat|. Acad.  Sci, USA,.85, — 40 Theay” e gﬁ%’é’ﬁlg f CDIR P GHEstheer e

, 8 . 3
subcl oned i%ltsgl?ﬁuereE?:foﬂFi%ms?“te’éﬂé‘fl SFEY°hRY sifererder ect ed nut agenesi s
used to introduce a Ndel site in the context of the initiator codon.
Fol | owi ng RBtiedimgéawidhia Ndelgeanthtbe aRing bhednes wkbidags £ NALLagments were

subcl oned deswists eamaheiheudit R4 %'nYﬂH%rﬁsz.%bg{% [..0%0 el / EcoRl
-cut expressi;an.pl:asm 72 (NEL et al . (1987 SUPEMER®SY 6,
T 1@5@%3%?‘1%1%?3%”& e”g%Rbfi‘”? FRY? i*&elafpd fagmtesinmt very high

729-736), PRK1/Z-1s a ) .
copy nuither “1SFUE O 8P iALatrdne PRERHY dftost tistne wyRRIPRIGEDY muamker contr ol
regi on. Thedgfiths niTde ca'dildorany vaanpirsiehdd nittesyshance1gase for sel ection of
r ecombi nantolclgomes.eohie CddNpe £ @BSivel Clrom GALI G404 %Joh{”&a%%eo f %\%5 of tau
Were preparéste hfRUuARMLRS: ARSLL PRfls) N NOVEK £t 8l (1993 EMBOJ., 12,
365-370.  4051-4055). Full length cDNA clomes were subclomed inte the mee
into the EcoRI
15 site of M13mpl¢ and site-directed mutagenesis used teo intreoduce a
NdeI site in the context of the initiator codon. Following
cleavage with NdeI and EcoRI, the resulting cDNA fragments were
subcloned downstream of the T7 RNA polymerase promotor into
NdeI/EcoRI -cut expression plasmid pRK172-(McLeod et al. (1987)
20 EMBO J., 6, 729-736}. PREK172 is a derivative of pBR322 that is
propagated at very high copy number in E. coli due to removal of
the pBR322 copy number control region. The plasmid carries an

ampicillin resistance gene for selection of recombinant clones

25 cDNA constructs coding for truncated forms of tau were Prepared
from mRMA as described in Wovak et al. (1993) EMBO J., 12, 365-370.
The mRNA was used as a template for polymerase. chain re;;£ion {PCR)
using specific oligonucleotide primers. The sense primer contained
) . an Ndel site and the 4anti-sense, an EcoRI site., PCR fragments were
© 30  subcloned into pRK172 as described above. The primers used for
construction of dGAE are given in Figure 22. The authenticity of

all DNA fragments used for expression was confirmed-by full length
sequencing of both strands. '

35 Details for the construction of htaud0 {(“T40") cDNA are described
in (Goedert et al. (1989), Neuron 3: 519-526). This sequence is
the largest form of tau found in the CNS and encodes tau protein

.that contains both the 2 N-terminal inserts of 29 amino acids each




The mRNA was' used as a tenplate for polyner ase.chain r usi ng
specific oligonucleotide primers. The sense priner confzgf%%[geméﬁ%a site

and the "anti-sense, an EcoRl site. PCR fragments were 30 subcloned into
pRK172 as descri bed above. The priners used for construction of dGAE are
given in Figure 22. The authenticity of all DNA fragnents used for
‘expression was confirnmed by full length. sequencing of both strands. 35
‘Details for VA&ESASt ructi on of htaud0 ("T40") cDNA ar ectesenidied in
(Goedert et al. (1989), Neuron 3: 519-526). This sequence is the |argest
formof tau found in the CNS and encodes tau protein that contains both-
the 2 Ntermnal inserts of 29 amno ggids each 20 Septenber 2005 WO

02/ 07i 318 PCTI GB02/ 01318 68 and an extra 31 anmino acid repeat in the

t ubul i n- bi riIhE™ FShER Al Fimecshdinsast Pt abwitdsuMerieindseg dbaaikr ansf or m E.
coli BL21 (DE3) a strain used for prokaryotic expression which carries a
chrompsonmal  copy of the bacteriophage T7 RNA pol ynerase gene under control
of the lac W5 pronotor (Studier and Mffat (1986), J. Ml. Biol. 189,
113-130). eponentl ally growing cultures were induced with |PTG 10'

- (i so- propyf FRITGET RLETUAS ST orsedite trmmgiarscil eobuiBhel aatdlon (1 litre
bacteri al ciireis efpedfor awokdnyagire pkisrenmidnoiith edroills ascdesabhded by

Goedert andecbakes thd 896ceri EVRGE Jr7, mith pé@aérﬁgsﬁé defep d8.005 ppdifications.
f

Cells were 45 o f Lregz eIIetlnllqwd
5 %stw%ggﬂv\%% @Q{é% %us%eﬂ#\ fer Meonfitni H50 m

ni trogen rrlia #ﬁ %ﬁf’

Pl PES, dr t i ot APET6H2 ¢ EBT@‘F)"WPHHC‘BRS)‘ES THRE {PrircRdstigh| @R ot ei ns i n

t he su:'d)e deamzopey shthoalyeedisyaresthPl PES/ DTT, then applied to a col um
cont ai ni ng phosphocel | ul ose equilibrated in the same buffer. 20 Tau

protein m&(&ebw@dl%gﬂﬂc&{l@gl (a_ngl,gte Mgl :(0- 4%0§MeJ' N the above buffer.

Fractions wgre analyse o5; P omassi & et ai ni ng and
i mmunobl ot %%;Tﬁose rac | SHE acson S&f%eaoby PRI he 89 pBgre d 19 al ysed
agal nst1525 pl—}’”SZhZ’Sﬁno’é_ﬁBdlflcatlons Cells were

dlsrupted by rapld freez1ng of the cell pellet in liquid nitrogen.
The pellets were then suspended in buffer contalning 50 mM PIPES, 1
mM dithiothreitol (DTT) (pH 6.8}. The thermostable proteins in the
supernatant were dlalysed against PIPES/DTT, then applied to a

column containing phosphocellulose eguilibrated in the same buffer.
20 Tau protein was eluted with a gradient of NaCl (0-0.5M) in the

above buffer. Fractions were analysed by SDS-PAGE and both
Coomassie staining and immunoblotting. Those fractions containing
tau were pooled, dialysed against 25mM MES, 1 mM DTT {pH 6.25} and
stored at -20°C at approximately 5 mg/ml. Protein concentrations

25 were measured by the Lowxry method (Harrington CR{1990), “Lowry
protein assay containing sodium dodecyl sulphate in microtitre
plates for protein determinations on fractlons from brain tissue”,
Analytical Biochemistry 186 285 -287}). -

30  Preparation 2 differs from Preparation 1 above in tﬁe following
respects: (1) The concentration of cells at the sonication stage is
increased by 5~fold. (2) A batchwise adsorption of non-tau
proteins to DE52 is included. (3) The proteins are not subjected

to heat treatment. (4) The final step involves concentration using
- 35 polyethylene glycol.

- Escherichia coli is grown in 2xTY wedium {Oxoid) supplemented with
ampicillin (50_mierqgrams per ml) to late-logarithmic phase. cells



stored at -20C at approximately 5 ng/ni. Protei n conce . wer e
nmeasured by the Lowy nethod (Harrington CR(1990), " Lomr%trog/@édpt)ér}g %ri%%gssay'
cont ai ni ng sodi um dodecyl sul phate in mcrotitre plates for protein

-determ nations on fractions frombrain tissue"”, Analytical Biochemstry

186: 285-287). 30 Preparation 2 differs fromPreparation |I above in the
follow ng respects: (1) The concentration of cells at the sonication stage

i's increased®oyursifol d. (2) A batchwi se adsorption of pgpfgh@Mds Proteins to

DE52 is included. (3) The proteins are not subjected to heat treatnent.
(4) The final step involves concentration using 35 polyethylene glycol.
Escherichia coli is grown in 2xTY nmedéuam (Oxoi d) suppl enented with
anpicil].i nﬁt%%oé\g,cro%rans per m) to late-logarithm c phase. Cells 20

Sept enber 2 15570 75 B PETISL BUZLOET 1Sy 66ntri fruabidn tresnef. culture are
harvest ed b§Pldeptitiettgarieonrandiy heer coddidpakiefes. f razeR11aARI gly over
liquid nit rmﬁgﬁmebln@g&y@; e(pnut @,}g@ncld,;gai\g@igg 189 E'BM,PHELFS (pH 6.8) _
cont ai ni ng Jiyh A; + reit n )

phenyl ey hygas%!aPhowl%ll%% i ‘g&egi ethﬁ%alllgh%ﬁ%ggﬁ“ﬁel (RSB Bpdsoni cation (2
x 3 mn)” at 46 - Th&YMNXPUreicetiogeft i § dged aat4ct0, DOOrnpme 05 20 m n. The

super nat ant°§$*+Bvat ed 1%i0Ph rbm gioamtofindh attranpBERR af0s It 4C.  The
m xture is wigsphratediombaneobesmrand kher fdcowrhbrayugh mprerial that fails

- to  bind tosdpEbLdaSod RCHHALLUnE Q:Elesfllagr—&tcoda%%bma\{t\%%glr gtation, mth 0.4 g 10.

. a, i
ccommenan S SRELLE LIS e G UL b et p1PES, o
6.8 cortai ncifngh%w%Aff%ﬁHymA?e@FWﬁ@:@ya tomvh{Bctueti-capt oet hanol and
1M PNBF) . *P&g™prdeeions] s Bleuteldmstiopwisied With cobud. durdeOr |(sM g adi ent  of
KO 1 o e fnackuanesiboaomia o LSLERS
I MMunoa )
c)(;nft ai ni ng?&pﬁiﬁﬁﬁﬁﬁ%ﬁﬁ%égﬁﬁ%ﬁrlcsa?lélg?%_e?ﬁ%qw,isﬁﬁgﬁ@ di al ysis
t Ubll1g fg:trLo%tggLigglLaér(gggééiﬁ ‘3 D e s o
ned by ‘immuncassay) are pooled and dialysed
against 80mM PIPES (pH6.8) containing 1mM EGTA, ImM MgCl; and 5mM
P—mercatoethanol, using dialysis tubing with a nolecular weight
cut-off of 1,000. The dialysate is concentrated by applying
polyethylene glycol 8000 to the outside of the sac for 2-3 hr. The
20 final concentration of tau ranged from 3 to 10 ng per wml.
In a typical large scale preparative run, the specific
immunoreactivity of tau is purified approximately 30- to 40-fold
from the material that fails to bind to DES2. Approximately 60% of

the tau is recovered in the final product with 10% failing to bind

25 to PI1 and the remainder in fractions ignored from the column.
Table 3 shows the details of a preparative run for dGA.
“Purification-fold” is expressed as the ratio of specific
immunoreactivity for each fraction (ie immunoreactivity / protein

30

concentration) to specific immunoreactivity in the DE flow—througﬁ.




cut-off of 1,000. The dialysate is concentrated by applyy yl ene
gl ycol 8000 to the outside of the sac for 2-3 hr. The %ﬁ%rﬁgér%bg
concentration of tau ranged from3 to 10 ng per mM. In a typical large
scal e preparative run, the specific inmunoreactivity of tau is purified
approximately 30- to 40-fold fromthe material that fails to bind to DE52.
Approximately 60% of the tau is recovered in the final product with 10%
failing to WoAN’@BE t o P11 and the remai nder in fracti eoschgnened fromthe
colum. Table 3 shows the details of a preparative run for dGA
"Purification-fold" is expressed as the ratio of specific inmunoreactivity
for each fraction (ie imuno reactividy / protein 30 concentration) to
specific i mmunoreactivity in the DE flowthrough. 20 Septenber 2005 WO
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Figure 33 is a graphical plot of the data from Table 3.

Table 4 summarises yields from typical preparative runs for the
5 tau. protein species: dGA, dGAE and hT40.

Tau Protein concentration {mg/mi) based on: immunoreactivity Protein yield

preparation absat 260 nm  Protein assay (BSAref) (mAb 7/51; AU/ml) (per 10 litres)

dGAE (711) 3.3 3.8 ' 300,000 100 mg

dGA (1511) 8.1 8.4 600,000 122 mg
T40 (1311) 35 3.1 125,000 120 mg
based on extinction coefficients ahs at 280 nm
BSA {reference) 10 mgfiul 6.6
Tau protein 10 mg/ml ' 14.7

EBroteins were separated by running down a 50 x lcm sepharose CL-6B
gel filtration column equilibrated with PBS buffer and run at room
temperature. A molecular weight standard curve was prepared for the
column by running molecular weight markers over the .range 12,400 to
10 200,000 down the column. A standard curve was prepared by plotting
the logye of the Mr in Kd against Ve/Vo for each protein standaxd, .
where Ve.is _the elution volume for the standard and Vo is the void
volume for the column determined with blue dextran.




preparational es at 280 nnProtein assay (BSA ref)(nmb 7 AUI %QSQ
litres) dGAE (711) 3. 33.8300, 000100 ng dGA (1511)8. 18. 4 T40
(1311) 3.53. 1125, 000120 ng based on extinction coeffici ent s abs at 280 nm
BSA (reference) 10 nmg/m 6.6 Tau protein 10 ng/m 14.7 Proteins were
separated by running down a 50 x | cm sepharose CL-6B gel filtration colum
equilibrated with P133 buffer and run at room tenperature. A nolecul ar

wei ght st andaodzeusse was prepared for the colum by rpgpkng41p! ecul ar

wei ght markers over the range 12,400 to 10 200, 000 down the colum. A
standard curve was prepared by plotting the |0gl0 of the M in Kd agai nst
Ve/ Vo for each protein standard, where Via is the elution volune for the
standard and Vo is the void volune for the columm determned with bl ue
dextran. 20TEepretBErvereOBatet 02/ O PEB 8L RETAEEAZ/B130:3Th0 04 dGAE were
| oaded i n OcdHleched fierint onbatninag H¥% Gy RN Yloraddin ctglal ected in I m

fractions. EE@%@eéﬁlﬁé ebthol e Jugs, deter i ned
spect rophot g Ty %&tt hﬁl wﬁ ttggngfé}ag’% t%ﬁdab o Pretnt¥™Bf dGAE or T40

FRIhLE Ae denllVor! R0 S27 eRehgS

was det ect ed wth rmno Spot8Y dt PRy VR srenerlonsd respectivel y.
ELXSA as3ay? °€5ér7|/?]edrdi§’t9 F9Fregs vk | EIRVE apbat @as asrfiald ewsin 50pl sanpl es
of each fraBéivsAli mEtipdbeesl by falld’d2C, wash plate in 0. 05%tvveen 20 and

then block bondbagiss taseds! f:2008] sPRB.ce 2% ,000c ab miLk. pouder for I hr

t 37C. VasP_gdsalfohbo0, bat Pel e
gntl body d??u{g%a&ﬁe 'nrbo sté%énmgg%%k Qindl?gafpcgl‘% eo%%d’é} fPSE A I%?fl g?r 37C. Wash

pl ate | n 0. D% i 211 f@“der hEuBat vt Ch “@belé@céﬁdhﬁ?‘ ameébedy (goat
anti - notSe ’r’QﬁbFHDWl’ébﬁPl&gaPé‘)arma{nml@dmmlﬂBS #12%mens fraks mohk powder for
| hr at 37(: fat milk powder for 1lhr at 37C. Wash plate in 0.052 tween-20,

incubate with 50pl secondary antibody (goat anti-mouse IgG:HRP
conjugate) diluted in PBS + 2% non fat milk powder for ihr at 37C.
| Wash plate in 0.05% tween-20 then rinse in deionised water, add
15 50pl freshly prepared substrate (TMB [tetramethylbenzidine] in
sodium aeetate buffer PH5.0 with Hy0,, freshly prepared) and read
rate of change in 0D 650 over 2 minutes.

The elution profile of purified dGAE and purified T40 is shown in
20 Figures 34 (dGAE) and 35 {(hT40). Although both these fragments
typically~run at about 12 kD and 55 kD respectively, about 64% of
mAb 7.51 immunoreactivity (dGAE) elutes in fractions corresponding
“to species of size > 15kD and about 50% of mAb 499 immunoreactivity
(h'740)eluted in fractions corresponding to species of size > 60kD.
.25 Thus the tau proteins are present, at least in part, in pre-
aggregated form.

(ii} effect of tau aggregation inhibifors measured usihg different

pPreparations of Tau protein

30
When the proteins dGA and dGAE were prepared as indicated above
{“Preparation 27), the properties of the tau—tau binding assay were
altered relative to the properties obtained using the prepérative
method described in WO096/30766 (“Preparation 1”).

35

The assay is performed using 96 well PVC plates (Falcon Cat. No.
353912 are used), and the following steps:




Wash plate in 0.05%tween-20 then rinse in deionised wajeL, ,ad 50pl
freshly prepared substrate (TMB [tetranet hyl benzi di neﬁ%éé@%gﬂrﬁjoiéet ate
buf fer pH5.0 with H202, freshly prepared) and read rate of change in OD

-~ 650 over 2 ninutes. The elution profile of purified dGAE and purified T40

is showmn in 20 Figures 34 (dGAE) and 35 (hT40). Although both these
fragnents typically run at about 12 kD and 55 kD respectively, about 64% of
mMAb 7. 51 i mwoareassi vity (dGAE) elutes in fractions coprgspangding to
species of size > 15kD and about 50% of mAb 499 i munoreactivity
(hT40)eluted in fractions corresponding to species of size > 6CkD. 25 Thus
the.tau proteins are present, at least2in part, in pre aggregated form
(i) effect 1of5 t au aggrgﬁati on inhibitors neasured usin different

prepar at i ond: -f Mralfipl 3L efd ™3 inyrapbatae préfei nscdBhcand: dGAR WES €
prepared as indicated above ("Preparation 2"), the properties of the
tau-tau bi ndtngorssayusiere s5@hienechhel atl the properties obtained
using the pggga{qggdoy%_ggr%%]p)d descri bed%%%%%ﬁ?» 62-6(()9?328%61}35[9' on 1"). 35
The assay is perforned using 96 well PVC plates (Falcon Cat. No. 353912
are used), and the foll ow ng steps; 20 Septenber 2005 WO 02/ 075318

PCT/ GB02/ 0131d'27h Hlatg@npp- B$&Aweet@0pg/ m ) in carbonate buffer, incubate.l
h at 37C. (Carbonate buffer: 50 mM carbonate bicarbonate, pH 9.6 (Na2CC3
1.59 g/1, NaH@08:2283v8/ dddve?, 18P 8L g idy-0. 05% Tween-20. 3 200 pl
PBS+2% Marvel , incubate 1 h at 37C. 10 4. ﬁl nsé plate 2X in deoinised

wat er , #penéwash in_0.05% Tween-20. 5 50 pl dGAE (-10 pg/m) plus drug-in
PBS+l % 1 sh* sKI'AS® &Rt PR+ 8595 FRESIAELD, there wbst én 10. hsatre@sC20 .

5 50 pl dGRE (~10 pg/ml) plus drug in PBS+1% fish skin
gelatin+0.05% Tween-20, incubate 1 h at 37°C.

15 6 Wash plate in 0.05% Tween-20.

7 50 pl antibody 423 (1:10 dilution in PBS+2% Marvel), incubate 1
h at 37°C.

20 8 Rinse plate 2X in deionised water, then wash in 0.05% Tween-20.

9 50 ul HRP-anti-mouse (131000 dilution in PBS+0.05% Tween—-20},
incubate 1 h at 37°C.

25 10 Wash plate in 0.05% Tween~20, then rinse 1X with deionised
water. '

i1 50 pl substrate solution, read immediately initial rate over 2
: ‘min in plate reader at op650.
30
(Substrate solution: 50 mM sodium acetate, pH 5.0 + TMB (1 m1/100
ml of a 10 mg/ml solution in DMSO) + B202 (10 p1/100 ml}).

The compounds thionine and tolonium chloride were found to require
35 higher concentrations to exert inhibitory effacts in Preparation 2
_ than in Preparation 1. This is shown in Figures 36 and 37.
Furthermore, the compound dimethyl methylene blue (DMMB) was found
- to have a higher inhibitory potency in Preparation 2 than in




15 6 Wash plate in 0.05% Tween-20. 7 50 pl antibody 423 dekmbid stfdson in
PBS+2% Marvel ), -incubate 1 h at 37C. 20 8 Rinse plate 2X 1 n del oni sed
water, then wash in 0.05% Tween-20. 9 50 pl HRP--anti-nouse (1:1000
dilution in PBS+0.05% Tween-20), incubate 1 h at 37C. 25 10 Wash plate in
0. 05% Tween-20, then rinse 1X with deionised water. 11 50 pl substrate
solution, read immediately initial rate over 2 mn in plate reader at
0D650. 30 (Swbstwmsiie sol ution: 50 mM sodi um acet at e, pl;tflﬁ %”&r# (1
m/100- m of a 10 my/m sol ution in DVBO) t H2C2 (10 pi/ 108 mY). The
conmpounds thionine and tol onium chloride were found to require 35 higher
concentrations to exert inhibitory effgcts in Preparation 2 than in
Preparationpl. Thi,s is shown in Figures 36 and 37. Furthernore, the
compound di EERYT B thy Fefel bishern BMPBYusgass f ound to have a hi gher
inhibitory potency in Preparation 2 than in 20 Septenber 2005 W
(c) 2107533827 3i Rt epadidte@icds cdiliSph Sesh LNofekgure 38. PCT/ (B02101318 As
sinilar diffepenaas,conld.he b%ﬁe SN h_ggg)‘ﬂé’prg}[u &%E%?neﬁﬁ?pgae%ﬁy tHe
Preparatd on_J,net hod,. but_whic hag” BERACAR IPOWREt & adgrceym &nin 5 vitro
over tine, thé interpret dbFf otaterehitdor ofettisi «ffast fisl d=0MsL10wdi gher
concent r at i B¥ESHicoreAMpEUASS Sdctrrasurtdhi orh ne andntQl 9Ri W .ghLOri de are
required sisidertdoasf Fegtisehavsed ewderachl aued don,. QLier t (?LtnaChi eve maxi mal
inhibition afdetadd baiebi Rding; 1Q:.d1...di sruption of pre-exi sting aggregates
in the aqueous-phase; 2. %[%%ilbji;nt%il%lntlg? 06:’% g Bt"%B%eous- phase species to
t he sol{od Iohgse. The greater potency of DMMB in the Preparation 2 assay
can be + disruption Of pre-existing aggregates in the aqueous-phase;

2. inhibition of binding of aqueous-phase species to the solid

phase,

The greater potency of DMMB in the Preparation 2 assay can be
15 explained by greater binding affinity at the site of action
required for both inhibitory effects.

Full-length tau protein (hT44) prepared according te the

Preparation 2 protocol demonstrated minimal tau—tau binding
20 activity when used in the adqueous~-phase with dGA in the solid-

phase. Howeéver, when hT40 was used in the solid~phase, binding of
dGAE was similar to that obtained for binding of dGAE to dga in the
solid-phase {see Figure 39a-c¢). The interpretation is that in hT40

aggregates formed in the aqueous-phase tau-tau binding has already

25 occurred in or through domains required for the binding interaction
with dGA in the solid-phase. When hT40 is First plated in the
solid-phase, the binding to pvC unfolds the protein/aggregates in
such as manner as to make the critical tau~tan binding sites
available.

30

(iii) effect of tau aggregation inhibitors measured using differen
Preparations of Tau protein - '

In the Preparation 2 assay format, potent ligands of the kind

35 typified by Primulin and Thiazin Red have no inhibitory activity on
?au—tau binding. This is shown in Figure 40 {cf. Figure 10). Indeed
in this assay, these compounds enhance tau-tau binding at -

concentrations greater than 100 WM {i.e. 100-fold molar ratio with




15 expl ained by greater binding affinity at the site of,@gLhRmpeedstg ed for
both inhibitory effects. Full-length tau protein (hT40) prepared according
to the Preparation 2 protocol denonstrated mniml tau-tau binding 20
activity when used in the aqueous-phase with dGA in the solid phase.

" However, when hT40 was used in the solid-phase, binding of dGAE was
.simlar to that obtained for binding of dGAE to dGA in the solid-phase
(see Figure ®¥9axyepsis The interpretation is that in hT40[, BE8L5 %es f or med
in the aqueous-phase tau--tau, binding has already 25 occurred 1 n or

t hrough domains required for the binding interaction wth dGA in the

sol i d-phase. VWen hT40 is first plated,in the solid-phase, the binding to
PVC unfol ds the protein/aggregates in such as manner as to make the
critical tati*siegh ¥i mek wgotedintes available. 30 (iii) effect of tau
aggregation inhibitors neasured using different preparations of Tau
protein In bl R had ssay. format, potent |igands of the kind 35
typified by_prj ”}3 ?%1%159 q|%?;12|a"h1 éldblr?ggrégﬁ HhntrwPEsSeyt depiclty on
tau-tau bi nd ng™ Thi%s“1% 25 HYh 5i W1 PRgUFE 00! 15 Bl guiLecive)to kasieed i n
this assay, StHeda Eenprasnes obrifhice tau-tau binding at concentrations
greater than 100 pM(i.e. 100-fold nolar ratio with 20 Septenber 2005 WO
102/ 075318 7dnd:@8peSd1y} Qnt AUnRRLE] P 02/01318 DWMVB typical ly reduces
tau-tau bi ngg_qglc,g%gtgﬁ tigutl{ér e;en%y?igflfgg‘{aﬁ ea(fo-r"f§‘|aoli\‘7)ly t'ETOS% kY DMMB 5 pM
and 17% at DMVB. 15 oM rel ati Vet hatrorsasiwncintertrat idssericoigf DVVB.
Unexpect edl V-5 0AFS YA 1o fiedf e Brinsair bed Gbigdietrekly meversed by

“co- i ncub%t i SrHrnin Waopreeslence of increasing concentrations of high

Therefore, aggregated-tau ligands may be characterised functionally
as compounds which do not themselves inhibit tau-tau binding, but

block the inhibitory effects of potent inhibitors of tau-tan
15 binding.

As can be seen in Figure 42, inhibition of Tau-Tau binding produced

by DMMB is progressively attenuated and reversed in the presence of
increasing molar excess of Primulin. A similar effect can be shown

20 for Thiazin Red. This indicates that the maximum inhibitory effect
of DMMB is reduced by these compounds, and hence that they are
acting as non-competitive inhibitors of DMME. One possible
explanation might be that the ligands stabilise the tayu aggregates
used in the assay, for example in regions outside the critical

25 binding domain required for DMMB activity, and hence prevent the
inhibitory effect of DMMB on Tau-Tau binding.

Figures 43 - 45 show that for any given concentration of CMMB,
there is quantitative enhancement of Tau-Tau binding in the
30 presence of Primulin (43; 44) or Thiazin Red (45) which can be
modelled by a standard Michaelis-Menten equation. This implies that
the Tau-aggregation enhancement effect of these ligands isg
- proportional to the fraction of ligand-binding sites occupied,
presumably within the Tau aggregates inroduced into the aqueous-—
35 phase of the assay. The mean Bmax for both ligands is ~ 1.6. That
is, the maximum ligand effect is to produce 1.6~Fold the Tau-

- ' ' Tau
binding signal seen in the absence of any drug. The mean Kd for

this effect is ~ 15x. That is, for any given concentration of DMMB




affinity ligands typified by Prinulin and Thiazin Red. 1S, ] own in
Figure'41l. Therefore, aggregated-tau |igands may be chg;ﬁrﬁ:{pééﬁ%%%(ﬁg '
functionally as conpounds which do not thenselves inhibit tau-tau binding,
but block the inhibitory effects of potent inhibitors of tau-tau 15

bi ndi ng. As can be seen in Figure 42, inhibition of Tau-Tau binding
produced by DMMB is progressively attenuated and reversed in the presence
of increasiwgommiay excess of Prinulin. A simlar effp&t‘,mg&gl??e shown 20
for Thiazin Red. This indicates that the maxi muminhibitory eftrect of DWB
is reduced by these conpounds, and hence that they are acting as
non-conpetitive inhibitors of DMVB. Ope possible explanation mght be.

that the ligands stabilise the tau aggregates used in the assay, for .
exanpl e in ?egibng0bwtsident henbaricthaal of2GabiridibagaidgnBinLd egui red for DWVVB
activity, aﬂ%nhﬁ[EQid&'hamhrté}@esg @pillgj-fogﬁyregggi%%t £ tthMVB on Tau- Tau

bi ndi ng. Fi g £3:43i5n 4P D%HQW that for any gliven concéntrati on of DMVB,
there is quantitative enhancenent of Tau-Tau binding in the 30 presence of
Primulin (43, 44) or Thiazin Red (45) which can be nodelled by a standard
‘M.chael i %- Metfpie dqnigikprgle Jdvags ifoplidesitimiy rddi@ed atlaa@gfegat i on
enhancenment 18kh@Cbasdd bhasQaldsg@ilSadaSne R PPOrtional to the fraction of

| i gand- bi nding sites occupied, presumably within the Tau aggregates

i nroduced, ipto the a%?eé)us B2 ghase of the assay. The nean Bmax. for both
ligands is M 125 STHAt “°scl3978° méxiifens 1y 4ftreébedeboves stidaproduce

1.6-fol d t hEPTTaReF4ire BibtdimgdPsi Gutliersdemndsncarhbe absenged afsiany drug. The
mean pf P f othe eénipoumlsy dotivhsives lixscréhding i SsafQr r@iYeick€n concentration of
DVVB 20 SepicibEing 2088:M0c02/075318 o4 eoR85t. Lo-day protein).

PCT/ GB02/ 01318 DMMVB typically reduces tau-tau bindin w thetau pr esent

typically

(i) Identification of novel ligands at the sulphonated-
benzothiazole site. '
15 .

Using a suitably labelled preparation of a known sulphonated
bepzothiazole, incubated with a preparation of aggregated taun
molecules (e.g. preaggregated tau in solution,'or bound to a solid
phase, or highly enriched PHFs isclated from AD brain - see
20 W096/30766) compounds suspected of belng suitable ligands can be
©  introduced, and their capacity to compete with the known ligand in

such a way as to prevent binding within the PHF can be tested.

{ii) Identification of novel ligands at the Phenothiazine site.
25
The tau-tau binding assay described in WO 96/3076¢ can be used as a
preliminary screen to identify potential inhibitors at the tau-tau
binding site, Likewise, a suitably-labelled preparatian of known
diaminophenothiazines, incubated with a aggregated tau as described
30 above, could be used to screen for other compounds which are

suspected of being competitors at this PHF-binding site and thus
potentially suitable PHF ligands.

The physical implementation of competitive assays is well known in

35 the art. It may include measurement of fluorescence, radioactivity

or any other suitable reporting system which derives from

sulphonated benzothiazole-like compounds or diaminophenothiazine-

like compounds not bound to PHFs, i.e. those which remain in




at 1 pM to 23%at DWB 5 pMand 17%at DWB 15 pMrel ajg §&tApddttos S seen
in the absence of DWMMB. Unexpectedly, this inhibitory effect can be:
conpletely reversed by co-incubation in the presence of increasing
concentrations of high affinity ligands typified by Primulin and Thiazin
Red. This is 10 shown in Figure 41. Therefore, aggregated-tau |ligands may
be characterised functionally as conpounds which do not thensel ves inhibit
tau-tau bi ndwegzoemus bl ock the inhibitory effects of pefeaeisphi bitors of
tau-tau 15 binding. As can be seen in Figure 42, inhibition of Tau-Tau

bi ndi ng produced by DMVB is progressively attenuated and reversed in the
presence of increasing nolar excess @ Prinmulin. A simlar effect can be
shown' 20 foémgﬁké%in Red. This indicates that the maxi muminhibitory effect
of DMMB is reduced by these conpounds, and hence that they are acting as
non- conpetitive inhibitors of DMMB. One possi ble explanation m ght be.
that the |iBsfiesdsnsgsabilise the tau aggregates wused in the assay, for
exanple in regions outside the critical 25 binding domain required for DVVB

activitys aﬂd]ﬂﬁgﬁgigﬁeveﬂ% £he inhi bitory effect of DMVMB on Tau- Tau
: \ : a-Morre ; . i ing |
bi ndi ng.  Fi ngFS§ 437 45 sHow that! fblrggglhyx@*r\‘?%wle@h@é“*glag”@m of DWMB,
‘there is qu it Pt ati ve enhancenent of Tau- Tau binding in the 30 presence of
Prinulin (48, edjewmr eThilazilaoRedidbdioahiczhagiay, he, ogelil.ed by a standard
M chael i s- Mentwei £GUak 0. (13593 AdPh! 65, 4hal, %&?J%‘i‘ aggr egati on
enhancenent, effact  of these ligands iIs btFrop r |onal_?b the fraction of
i gand-hj nd%zg,g Sites occupirad, °prestitadisy=oiitsni Bsydrdataucaggeegat es
i ntroduced,’nto the aqueous 35 phase of the assay. The nean Bmax for both
| i gands i s ™ BobinsRhat¥. s a1t hesymyimmmd sgangd. gf.fect is to produce
1.6-fold the TFau; fag. hbsdi RgL-8ignral g8en,in the absence of any drug. The
mean pfd for Lhiscekfeet S %Pﬁ' TQat is, for any given concentration of
“R. 1 . 49; - :
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20 Sept ermper 20450f 5&;},‘5 4 02/013 e of ali and capabl e
of 1 abe ngr A HS e aguon%(f é" re ﬁ éﬂi%?ﬁ"% Blnin the
pr epar at i afer@inidy fitef fn ulofed Pr det ermining

the st %’% %’iﬂcﬁfeé’d""\’}{] 2 [ugPathY st h
SUE] Zc?g%hﬁ,{ﬁ%%éﬁfgégi@mﬁ S% % 81 V&! iCHPHERHBA steprsr: ngs %/hlen "

steps of i (iwherdih kR t and, wherein the |igand
i's capabl e Q,fhquéf %aw&ec Bie gro %fb r” dtkin the ligand is

conj ugat etk ¢a! e ag‘@% OéP M'ﬁ?f‘?ﬁog'at%t"’@ﬁtaabl e cheni cal

group, l(ll))dettf%ﬁf tﬂb@, E%g gree{?ﬁ(?u (imp\or u‘ﬁ? of Li,gand bound to
ext racel Lgk@ F‘ laébe of the brain
of the: sugfeg?teaggfﬁﬁatlcorr 43l é}ﬁ o gﬁﬁ? £ DEin o J%?m nati on made in

(i) witHKi %reé@wame E?FSU“ ke Qﬁieb'ﬂinﬁif%’va@@@dhwlﬂ’t ih@@Xtem ofhe. subj ect .
| neurofubn!lary degeneration in the subject.

2. A method as claimed in clalm 1 wherein the determination in step
15 (ii} is used to establish the density ligand binding.

. 3 A method as claimed in claim 1 or claim 2 wherein the

correlation in step (iii)} is made by reference to historical data

20 i-]— A method as claimed in any one of the preceding claims wherein
the tauopathy is Alzheimer Disease (AD}.
5 A method as claimed in claim 4 wherein the extent of
neurofibrillary degeneration is related to the neuropathologicai
25

staging of the progression of AD according to the defined
hierarchical system ShOWn in Figure Zc.

I L ) ) ) :
35 i Q A method as claimed in claim ‘1 Wherein the ligand is labelled

for SPECT and is not capable taken up intracellularly.

7' A method as claimed in claim: 6 wherein a ligand comprises a



~. A nethod as clained in claim1 wherein the determ najd 8B tbRbet 85 15
(ii1) is used to establish the density ligand binding. A nethod as cl ai ned
inclaimi or claim2 wherein the coryglation in step (iii) is made by
reference to historical data. 20 A nethod as clainmed in any one of the
preceding clains wherein the tauopathy is Al zheiner D sease (AD). A nethod
as cl aiﬂmﬂnéai@ﬁaiﬁaléty\n@r@jdﬁpt.he extent of neurofibrillary degeneration is
rel ated to the neuropathol ogical 25 staging of the progression of AD
according to the defined hierarchical systemshown in Figure 2c. 35 A
met hod : s clmidedod mLlabitd whenein | Rgddgandnd s ilahgl | &d 4f.9% .SPECT and
is not capable taken up.intracellularly. ~"', A method as cl ai mec]i In claim
wher ei m°4 P?@h‘iﬁ?%&f?ﬁ??’s‘%‘é ComoGT Yokt e(r%‘é"ﬂ -2005 79 technetiumchel ating
grofip. A method as clained in claimt wherein the ligand is labelled 5 for
positr em,ssi g‘q %orm%r agh%/ (PET),_.A get hod as clainmed in claim8 wherein
the |ighnd CoRprieR<sa pasred ot SHFERI Ag "ar LM, Ehspiignad | seupTéeepor at ed
_into apoethydn-egrietpnpreae,i Bpt endirganteod ri@ed Mathadagngl ai med in
~any on rgf theespr%cegiY&Q%gLI.ai me wherein the ligand is a conpound of the
formul & "B R REY SRS \z N .15 wherein: Wis S, 0, or NH
‘exactly one of X, Y. and Zis CHor N :

10 190 A method as claimed in any one of the preceding claims wherein

-the ligand is a compound of the formula:

1 |
SOM
XX W
RBTn—@—JI )—RL—aAr"

W is S, 0, or NH;

wherein:

15 ‘ exactly one of ¥, Y, and 2 is CH or N;
the others of ¥, Y, and Z are CH;

M* is an alkali metal cation selected from: Li, Na, K, or

Cs.
RL is a rigid linker group;
20 Ar' is an Cspearyl group;
n is an integer from 0 to 3; and,
each R™ is independently a core substituent.

-

N A method as claimed in claim 10 wherein each of X, Y, and Z is
25 CH.

2 A method as claimed in claim || wherein the ligand is a

compound of the formula:

S |
)—RL—A"
N |

30 | wherein:




the others of X, Y, and Z are CH, ML is an alkali netal2xgéptenbsctonst ed
from Li, Na, K or Cs. 20 RLis arigid |linker group; Ar' is an C5_20aryl
group; nis an integer fromO to 3; and, each RBT is independently a core
substituent. :1l A nethod as clained in claim 10 wherein each of X, Y, and
Zis 25 CH A nethod as clainmed in claim It wherein the ligand is a
conpound -of ‘mg"}; 3rtgrul a: 30 . wherein: 20 Septenber 2005 80 Ma is an al kali
metal cation sefécted from Li, Na, K or Cs. RLis a PEYEBP2013 K er gr oup;
Ara is an C5_2Qaryl group; 5 nis an integer fromO to 3; and, each RBT is
i ndependent|y a benzot hi azol e substituent. 13 A nethod as clained in any
one of clains, 10 :to; U wherein eacho of the rigid |inker group, RL, and
t he aryl group, ﬁiﬁl" are %%,substant ially planar. 15 WO 02/075318

PCT/ GBO2101318 14" R Wbt aletel 53eep Phlesrsa dAenobicMai ks &0cs0 ; wher ei n
the rigid -linker group, RL, and the aryl group, Arl, together with the
core group, formra coapougnd MhAkeh gi&psubstantially planar. 1.5.:A nethod as
claimed in any ongof & ai &I%uiglperei nthe twst is no greater than that
of the cgnpound %f.Fiagur% 6. f1 A et hod as clainmed in any one of clains O
toy wherein the" 20 %Cop68Hd Fds Ca™cdingdimd 1 ength which is from about
14.7 AU to about °245RY #¢)independently a benzothiazole substituent.

i3 A method as claimed in any one of claims._‘- 10 ;: to;iaz wherein each
of the rigid linker group, RL, and the aryl group,. Ar', are
. 10  substantially planar.

II’}'A method as claimed in any one of claims 10 to l3 ‘wherein th.e
rigid linker group, RL, and the aryl group, Ar?, to.ge{:her with the
core group, form a compound which is substantially planar.

15 o s
' 15 'A method as claimed in any one of claims !0 to n}‘wherein the
ttfist is no greater than that of the compound of Figure 16.

‘ ]ﬁ‘) & method as claimed in any one of claims 10 ‘-to.i |5 wherein the
20  compound has a compound length which is from about 14.7 AU to about
15.3 AU.

” A method as claimed in any one of claims. IOto I wherein each

BT . .
R™ is independently Cy.alkyl, hydroxy, Ci,alkoxy, nitro, cyano,
. 25 halo, or amino.

!g ‘A method as claimed in claim Wi; wherein each R™ is

independently -Me, ~Et, -nPr, ~-iPr, -CH, -OMe, -OEt, —-6(nl?r),

~O(iPr), -NO;, -CN, -F, -Cl, ~Br, -I, -NH,, -NH,, -NHMe, ~NHEt,
30 “NH({iPr), -NH(nPr}, -NMe,, —~NEi,, N(iPr)z, or -W{nPr),.

. qu i A method as claimed in cla:.ms”?__: wherein each R® is
independently Ci,alkyl.
‘35_ IQO ‘B method as claimed in any one of claims ” tof:lﬂ fwherein nis
-1, and R” is independently -Me, -Et, ~-nPr, or —-iPr.




,,,,,

i ndependently a rigid |linker ar

17 A method as clainmed in any one of clainsto,: wherei rg@@&ﬂem@'lﬁdog

i ndependently Cl_4al kyl, hydroxy, Ca_4al koxy, nltro cyano, 25 halo, or
amino. } Anmethod as clained in claind; 17 each RHT is independently --M
-Et, -nPr, -iPr, -OH, -OWw, -CEt, -Q(nPr), -Q1Pr), -NX2, -CN, -F, -d,
-Br, -1, -NH2r -NH2, -NHWe, -NHEt, 30 -NH (iPr) , -NH(nPr), -Nwe2, -NEt2, N
(i Pr) 21 or A NethPi)a clalnddnit hog ase CbRIJTREmk nitclai R wRerdiidepgndent | y

C, - 4al kyl . a R thod as clainmed in any one of
clainms J to Vﬂ% g\C/%/hré%eCtnqlenI%l li?wmg HHE#F?S i ndependently -Me, -Et, -nPr, or

-iPr. 20 Septenber 2005 81 A rretgﬁ,dMas clainmed in any one of clains |Qto
20 wherein the |igand has the f Bow ng formula: SGBM 5 ;22 A nethod as
clainmed in claim2l whereild has t he foIIovmngformJIa 22 A

met hod as clained in any one 0] ms:\rto erein RL 10 is a group of
the formula: . wherein: mis a eg frg?n )ICA?)4, and each RRL is
substituent, and the ligand has the

formula:: SOBM RRL MS A nethod as clained in'claimZ3 wherein each RRL is
i ndepengent |y Cl_4al kyl, hydroxy, Cl_4al koxy, nitro, cyano, halo, or 20
aniho. 225 A methed s céhamaredin plelmi A Fhpruher@ien 189660 RRls ke

foliowing formula:

1

s
)—RL—Ar
N

SO,M
Me

2% A method as claimed in any one of claims [{) to 22 wherein RL

10 is a group of the formula:

wherein:
m 1s an integer from 0 to 4, and

each R™ is independently a rigid linker aryl
15  substituent,

and the ligand has the formula:
' 1

24 A method as claimed in claim 23 wherein each R™ is

1ndependently Ciqalkyl, hydroxy, Clﬂalkoxy, nitro, c¢yano, halo, or

20 amino.

25 A method as claimed in claim 24 wherein each R® is

independently -Me, -Et, ~nPr, -iPr, -OH, -OMe, -OEt, -O(nPr),




i ndependently -Me, -Et, -nPr, -iPr, -OH -QOW, --NH2 %géateﬂéﬁ%tenber

2005 82 -O (iPr) , -N®2, -CN, -F, -d, -Br, - - NHEt
-NH (iPr) , -NH (nPr) , -Nwe2r -NEt2,82N(iPr) 2 or -N (nPr) 2. A nethod as

‘claimed in claimQ 4 wherein each RRL is i ndependent ly Cldal kyl. 2.1 10

.2t A nmethod as clainmed in any one of clains 1 to Z2 wherein RL is a group

of t he -batpuj A: -, etdiod -a5 ctp) nag i nyanyggne @f,, claing® 1\@.22- wherein
of the formula: 15 wherein pIS anlnteger om’0t03 and

RLis a aro F
each RRENEFThdepBHaBRt1 yWeei giES:i MkErPrapylor stiiBPrYaent, and t he
conpounds have the formula: 503ML />-Arl ftL RP . 2.1 A met hod as

claimedyin ¢glaim20 wherein each 20 i ndependently Cl_4al kyl,
hydrox?f)"zJ 01%4§FE%?< 25 ‘?bme‘g)?é’n&laﬁ’él i"f wreredi ¢ash & méthod as clai med in

clabm zndemm@imyeagbaml is independently -Me, -Et, -nPr, -iPr, -OH,

~OWe', -CEt, -O(nPr), 25 QiPr) , -N®, -CN, -F., -C, -Br, -1, -NH2,

-NH2, -NHMWe, -NHEt, -
' 27 A method as claimed in any one of claims 1 to 22wherein RL is

a group of the formula:

§ O“{;\,_

10 2% A method as claimed in any one of claims 1 to 22 wherein RL is

a group of the formula:

wherein
p is an integer from 0 to 3, and
- 15 each R*™ is independently a rigid linker aryl
'  substituent,

and the compounds have the formula:

| SO,M'

29 A method as claiméd in claim 2% wherein each R™ is
20  independently C_l_qalkyl, hydroxy, €;salkoxy, nitro, cyano, halo, or

amino.

30 A method as claimed in claim 29 wherein each R™ is .
independently -Me, -Et, -nPr, -iPr, -OH, -0Me, -OEt, -O(nPr), -

25 O(iPr), -NO, __~cN, -F, -Cl, -Br, -I, -NHp, -NH,, -NHMe, -NHEt, -
NH(lPr), -NH(nPr), ~NMe., -—NE‘.tz, N(lPr)z, or -N(nPr)2




NH (iPr) , -NH (nPr) , -NWe2, -NEt2, N (iPr) 2, or --N (nPr) 2. 20
Sept enber 2005 83 31 A method as claimed in claim2 eeriemhe2ORRL i s
i ndependently Cl-4 alkyl. 5 A nmethod as clainmed in any one of clains 10 to
22 and 30 to 33 wherein Rh is a gro8 of the fornula: ,33 A nethod as
clainmed in any one of clains 10 to 32 wherein Arl 10 is selected from
groups derived from benzene (Cr,) , naphthal ene (C10), anthracene (Cl4),
phenant hrene (Cl14), naphthacene (C18), and pyrene (Cl16) . a- A nethod as
cl ai medyji n ﬁ%@{&l ab el il @ £0aBR IMeneldi fNehenlir $ssel ected from 20
25 pyrazine (1, 4- d|a2|ne% triazine, tetrazole, and oxadi azole (furazan).
C5hete%ﬁ@ﬁ%ﬂnﬁjPééﬁscﬁmﬁi ¥H- from furan (oxol e), thiophene (thiole),
pyrrole (azole), imdazole (1, 3-diazole), pyrazole (1,2-diazole),
tr| ‘é oxazol ,. 1 soxazpol e, thiazole, |soth|a2ﬁ0e, xadi azol e, and

Jol oh BididbRat 6 OIS idh BRSO BLR FIORY | Soyaia. IByFo dihe

(a2| ne) pywhé&hezin@L( 1s 2a df@2iph e}, cipy riordife (1, 3-di azine), A nethod as
claimed in any one of claimstO to 3 2 wherein Art is selected from

‘C9het erocyclic groups derived from benzofuran, isobenzofuran, indole,
i soi ndol e, purine, benzi m dazql-e; sY ocydic groups derived from
qui nol i ne, -30 isoqui.noline, ben‘bdia'ing i dopyri di ne, qui noxali ne;

Cl3het erocyclic groups derived frog zol ;. and, Cl4heterocyclic groups
derived from acridi ne, xanthene, phenoxathlln phenazi ne, phenoxazi ne,
phenot hi azi ne. 20 Sept enber 2005

33 A method as claimed in any one of claims i0 to 32 wherein Ar!

10 is selected from groups derived from benzene (Cg), naphthalene (Cig)

r

anthracene (Cyu}, phenanthrene (Cy), naphthacene (Cis), and pyrene

(Ci6) -

3y A method as claimed in any one of claims [0 to 22 wherein ar!
15 is selected from:
| Csheteroaryl groups derived from furan (oxole), thiophene
{thicle), pyrrole (azole), imidazole (1,3-diazole), pyrazole

(1,2-diazole), triazole, oxazole, isoxazole, thiazole, isothiazole,

oxadiazole, and oxatriazole; and
20 . Cgheteroaryl groups derived from isoxazine, pyridine
(azine), pyridazine (1,2-diazine), pyrimidine (1,3-diazine),
pyrazine {(1,4-diazine}, triazine, tetrazole, and oxadiazole
{(furazan) . | |
25 35 A method as claimed in any one of claims {0 to 3 2 wherein Ar!
is selected from: ' '
Csheterocyelic groups derlved from benzofuran,
isobeniofuran, indole, isceindole, purine, benzimidazole;
Cioheterocyclic groups derived from quinoline,
30  isoquinoline, benzodiazine, pyridopyridine, quinoxaline;
_Cnhete;ocyclic groups derived from carbezole; and,
Cisheterccyclic groups derived from acridine, xanthene,

phenoxathiin, phenazine, phenoxazine, phenothiazine.



84 ,.3b A nethod as clainmed in claim _33 wherein Arl | S2@Bepteybe2OOH
havi ng- a phenyl core, and has the formula: R C5 10 wherein ¢-is an
integer fromO to 5; and each RA is iggependently an aryl substituent; RC
if present, is a reactive conjugating substituent, or Rc is, or contains,
a detectable | abel; and the conpound has the fornmula: A nethod as clai med
in clai BB -AwhanhebinaRG:ifineHe$ent1 And23SywRe FEAChIFVE LR g?g}i [l .

substi tuent . an i S 1 cont ains, a reactive 15 functional” group-suitable
for conUgari n TS EnSCREr Bt &GG EPByEOmNdAI cal reaction therewith, to
~forma coval ent |inkage therebetween, 3 QxpdA nethod as clained in claim31
wherein RCis present and is, 20 oy caxtalrns, an active ester. 21 A nethod
as claimed in claim~,wherein RCTS \er.egent and is, or contains, a
succinimdyl ester.. 25 4"() A method+{as clained in claim31 wherein Rc is
present and is a reactive conjugatingasubstituent, and is., or contains, a
nmoi ety suitable for conjugation to ahother nol ecule by a strong non-

coval ent, i ntgr.action. 20 Septenber 2005 WO 02/075318 PC /GBO2101318 85 41
A nethod as clainmed in claimi'fO wherein Ris present and is, or

. confai ns, biotin.d Aspeehbetessrcfapmel tion5¢l andn 31 wherein Ris present and

is a 5 reactive cof K93l NSRS AY] Lips Ol QLI NS, @ noi ety

I's] . N . s .
R°, if present, is a reactive conjugating substituent, or

R® is, or contains, a detectable label;

and the compound has the formula:

10

sSoM'

S
Rgl ‘ 2}-——RL
N

A
Rq
37 A method as claimed in claim 3f wherein ‘R is present and is a
. reactive conjugating substituent, and is, or contains, a reabtive
15 functional group suitable for conjugation to another molecule by
chemical reaction therewith, to form a covalent linkage

therebetween.

" ‘ . . . . ’
Qﬂv A method as claimed in cla1m31 wherein R® is present and is,

20 or contains, an active ester.

§gq A method as claimed in claim gﬁ,wherein R® is present and is,

or contains, a succinimidyl ester.

25 Y0 A method as claimed in claim 37 wherein R® is present and is a
reactive conjugating substituent, and is} or contains, a moiety
suitable for conjugation to another molecule by a strong non-

covalent interaction.




suitable for conjugation to another nolecule by conplex or chelate
formation. J7° A nethod as clained in clai mPDwherei n Ro2¢ Septeadben0fihd i s,
or 10 contains, a technetiumchelating group. A nethod as clainmed in claim
k3 wherein Rc is present and is; or contains diethylenetriani nepentaacetic
acid. 15 A nmethod as clained in claim36 wherein RCis present and is, or
contains, a detectable label. lit A nethod as clainmed in claimfc wherein R
is present ¥0d*E3180r contains, a dye, a fluorescent wardminiz@n anti genic
group, a stable 20 or an unstable isotope, or a positron-emtting carbon
atom A nethod as clainmed in clainfb wherein RCis present and is, or
contains, 18F. 25 M B A nethod as ckginmed in claim%wherein-0 is present
and is, contains, a positron-emtting carbon atom A nethod as clai ned
in any onel“)fA Bpthosas-Glaidedviertiin #ohereRR Wsis pdependaatiy sel ect ed
from 30 -@GMtaifNbRBicthNR]1, -NRLR2, -SO03M2, and G -4al kyl; wherein: R and
R2 are each Cl-4al kyl, and M2 is an alkali nmetal cation selected from hi,

Na, K, or | .ai. in.claim9 wherein at |east one e
1&5 & 45nll 4 TELAQY 111285351 8?‘ glier,&l?ré‘t HEdPERSSRF @itfred An ¢l ai m 50

is -- -NH2. 20 Septe
wher elar_lg Ar Foa%E 5 C%?WE ﬁ‘bsﬁh"\ﬁeﬁb ard dfi reo- subystis ub ediphenyl core, and

has t he fofHiieale KpP cBnip@ation to another molecule by complex or chelate
formation.

: ”3’ A method as claimed in claim ”ﬁwherein R® is present and is, or
10  contains, a technetium-chelating group.

]}][{‘ ' A method as claimed in claim K3 wherein R is present and
contains diethylenetriaminepentaacetic acid.

is, or

15 LH,S . A method as claimed in claim@{-’; wherein R® is present and is, or
contains, a detectable lahel.

| % A method as claimed in claim (u,gwheren,n R® is present and is, or
contalns, a dye, a fluorescent marker, an antigenic group, a stable

20 or an unstable isotope, or a positron~emitting carbon atom.

! H'-' B method as claimed in claim H’b wherein R® is present and is,
contains, ®p.

or

25 ‘H'B__‘A method as claimed in claim;i’l'ﬁ wherein R® is present and is, or
contains, a positron-emitting carbon atom.

] H ‘] A method as claimed in any one of claims .36 to fl’i'e‘.wherein each
: R* is independently selected from:

30 ~OH, -NH;, -NHR', -NR'R?, -SOiM°, and Cjalkyl;
' wherein: :
R' and R® are each Ci.qalkyl, and

2 3 : a
M° is an akkali metal cation selected from .3, Na, K, or Cs.

35 —

50 A method as claimed in claim; ”q wherein at least one R* iz -OH
or —Nﬂz




15 .52 wherein r is an integer fromO to 4, and each LS. ntly
an aryl substituent. A nethod as clained claim& mher%bé%ﬂgﬁggﬁ%

i ndependently selected from -OH -N#®i -NHRL, -NR R2, -S03M2, and

Cl-4al kyl; wherein: RL and R2 are each Cl1_4al kyl, and M2 is an al kal i
metal cation seleted fromLi, Na, K or Cs. A-nethod as clainmed in claimlL2
wher ei i/t he A ingandahas d18metiof ;i in arA 0 l.aimed in
claim ?3‘ wherei.n the ligand has, the g@nﬁ%a&ﬁH%rZOl@gégt%ﬁﬁf%S 87 A
met hod as cl™HEE #h FHAorrLls et & PaprY} o8- argd hpsotpe hemiulg:a

- . hydroxy-substituted phenyl core, and-has the formula: HO wherein s is an
integer fromO to 4, and each R'_i 8 ently an aryl substituent, and
Rc, if present, is a reactive conjlgdti/ng Substituent, or Rc is, or
contains, a detectable |abel. 10 . A met hod as clainmed in claimSS
wherein the ligand is as defined inp&ny one of clainms 104 to lg~, sJ A

met hod as clainmed in claim33 wherein Arl is an having a naphthyl core,
‘and has thewherauha: RA '

5 'r is an integer from 0 to 4,

and each Bﬁ is independently an aryl substituent.

'52 - A method as claimed claim & wherein each R® is independently
selected from:
10 . -OH, -NH;, -NHR', -NR'R’, -S0;M?, and C,,alkyl;
. wherein: '
R! and R? are each Ci4alkyl, and
M?> is an alkali metal cation seleted from Li, Na, K, or
Cs. . '
15

£2 A method as claimed in claim §) wherein the ligand has the

formula:

RL,
R p

. 1
SO,M
RBT‘@[S S
n /4
. N )—@7'\"—'2
N
A .
- R

20 5lf A method as claimed in claim §3 wherein the ligand has the

formula;
B
RT

soM'
e |
/ : S
N 4 —NH,




15 each RA is independently an aryl substituent, 20 wh LN Lhl SR
integer fromO to 3, uis an integer fromO to 4, and :inogé?%%mc%rrrpoﬁnd has

the formula: SCBM aryl group 20 Sept er 2005 88 A method as clained in
claim7 wherein Ara is an aryl group ~having a hydroxy-substi.tuted naphthyl
core, and has the fornula: wherein v is an integer fromO to 2, uis an

I nt egergiro , 1S, .. ndependent |y ;an aryl substitueet_ A
met hgd ‘bags clrﬂa?ﬂr?% Oléna%lr]%la%ﬁég ?rﬁccﬁaéfu @‘B ev]\:ﬁépe%(’ﬁ éﬁcﬂxﬁylls 9tAependent | y
sel ect ed frd®vingHa llzdfidxy-bubPsituted piNRiy12 cordHRindRhas the formula:

| HO

RC

R,
wherein
5 3 is an integer from 0 to 4, and _
each R* is independently an aryl substituent, and
R, if present, is a reactive conjugating substituent, or

R® is, or contains, a detectable label.

10 56 A method as claimed in claim £§ wherein the ligand is as

defined in any one of claims |0y to |} .

57 A method as claimed in claim 33 wherein Ar! is an aryl group

having a naphthyl core, and has the formula:

15 , t
wherein
t is an integer from 0 to 3,
u is an integer from 0 to 4, and
each R* is independently an aryl sﬁbstitueﬁt,

20 _ | and the compound has the formula:

SO,M'

A
SIvSnE,
o / RL

N . '




, -S03M , and C;_4alkyl; wherein: Rl and R2 are eacho§gedhipgt 2008nd 15M2
is an al kali metal cation selected from Li, Na,/K,or Cs. A nethod as
claimed in claimq wherein the ligand has the forrmula: 20 N N 20 Sept enber
2005 89 A nmethod as clainmed in clai M%0 wherein the |l i gand has the
formula: SGBM2 A nethod as clainmed in any one of clains 1 to 9 wherein the

| i gand dps a ,C d, of .qne of. the followng .fornmulae: (1) to wherein:
eagh ofb%l, AR%?Q%Q aF?G,Clﬁllm%(% rhif(iﬁémimé‘ﬁ]@ GeRtHy Ajdrdgerl 96°%Rpt enber
2005 WD 02/ 625348 H0yRChYEHI N3 L8 chataramy 1 hysitoxXvndCcaEHRNE Substitut ed

or unsubstityted; ..
o A
vl
RA

v
5 - . wherein
v is an integer from 0 to 2,
u is an integer from 0 to 4, and

each R is independently an aryl substituent.

10 _gq A method as claimed in claim 57 or claim §@ wherein each R is
independently selected from:
-OH, -NH,;, -NHR', -NR'R®, -50;M?, and C;_salkyl;
wherein:
R' and R? are each ¢;_salkyl, and
15 M* is an alkali metal cation selected from: Li, MNa, K, or

Cs.

60 A method as claimed in clahngﬁ wherein the ligand has the

formula:

m

so,M’ RRC

20 - - v




al kyl, hal oal kyl, or al koxy; R5 is independently hydrog :

carboxy, substituted or unsubstituted aIkyI,'hanaIkylgwg?&éﬁkgﬁggoqzu) d

R11 are independently selected from hydrogen, hydroxy, carboxy,

substituted or unsubstituted al kyl, hal oal kyl, or al koxy; or a

pharmaceutically acceptable salt thereof. 10 A nethod as clainmed in claim

(j 2 whebli n:Acagbhed & cReimgy irRe: 1R bl R nesin rdepenidentd yhawdr ogen,

hal ogen, hyd*@gyfoﬁﬁﬁggxy, substituted or unsubstituted Cl_6al kyl,

Cl_4hal oal kyl', "or ~bal koxy; R5 is independently hydrogen, hydroxy,

. carboxy, substituted 15ggypfinsubstituted Cl_6al kyl, C _4hal oal kyl, or

Cl. . 6al koxy; R10 and Ri X are independently sel ected from hydrogen, hydroxy,

car boxy, substitutfd RS i _4hal oal kyl, or

C _6al koxy. 20 1W.A ng d as\cl ai in,claim\J3 wi \n said Cl_6al kyl

~is selected from net et hyl , i tyI, i sobutyl,

sec-butyl, tert-butyl, pe tyIN I Sopet —hexyl, and

i sohexyl. 25 :65A nethod as clained in claim®63 ¢l ai m wherein the
substituents of said substituted G _6al kyl are sel e&ffronl mer capt o,
‘thioether, nitro, am no, aryloxy, hal ogen, hydroxyl, “>e@drbonyl, CS 26aryl,

G _6cycl gal kyl nd,non- | ohet erocyclyl .. 30 A.nethaod as clained in
any Qnek)gf 'ﬁa‘f‘%ﬁho%s‘?‘?o‘? l%%?ﬁ? r‘ia%yaiod‘gélj%/.cm“ﬁall{s:lo i% $E1AHY from
chl gr onet hyl th&- bxgaka hyd ,a Jdomddh DI SORIMRPWE 3 |AeQrIQRIiGRY !

2, 3-di bronbutyl, _3-chloroisobutyl, iodo-t-butyl, and trifluoronethyl. 35 A
net hod. as clBPHE#L#P° any one of clains Z to wherein the ligand is an acid
addition salt forned between ﬁecoquund4described in said. clains and an
acid. 20 Septenber 2005 I R .

7 3

N, R

()]
R'%_ | _R'" |

~ )
11 R9 . R‘l R11

(i)

i)

(V)

10 '_ R R R
wherein: _ _
each of Ry, R3, Ry, Re, Ry and Ry is independently

hydrogen_, _ 7 :




WO 02/ 075318 PCT/ GB02/ 01318 91 40A nethod as cl ai ned ig §I a\ém{ mm n
the acid is an inorganic acid or an organic acid. A ne 91 gPSEog] din
claim'68 ,wherein the ligand is a chloride salt. 10 A nethod as cl ai ned
in claim:wherein said organic acid is selected from acetic acid, citric
acid, maleic acid, fumaric acid, tartaric acid, nethanesul phonic acid, and
p-tol uenesul phonic acid. 10 A nethod as clainmed in any one of clains;
6. 2t 014i wher BHPBHE R3, H4, R6, R7 and H9 are indepermamsbymisisl, - - CH3,
- -QH5, or -C3H7; Rio and Rii are independently --H, --CH31 -C215 or -C3H7;
15 R5 is independently -H -CH3, -C2HSi or -C3H7. 12 A nethod as clained in
claim71 wherein the ligand is shown igp Figure 8b. 20 13; A nethod as
claimed in any one of clainmsi6 to wherein the |igand conprises a
posi t ron-enitti ML dwdrany: ACHRPPOd sutstEthdeded impuasyitanel of t he
precedi ng cl ai neehkbler 8alpalkyl,) of wrkd@t conprises the step of additionally
determ ni ng the =5 spiereberRnandyOd. u {( a_li,gand bound to _
intracel | ul ar ag%r g%g&%l@% Lifggmeﬁlrkﬁdgg y’sflrl%b%f;ﬂ’r ésu%%lf‘hté?dbrai n of the
subj ect._A method as clai med. rn-cr a4 Rher$Pf¥it he i gand used to bind
30 to exiracel | ulRar 2% §yr ¥gat MErerEnt HU s¢Tect4re fnedhadrogenpoyaloxyobe and t he
| i gand used to lFeabedvo fubttidobdd wkamsaggt egated kPHF nhadkiikpr t he  neocorti cal
structure of thekeai;:n are | abelled distinctively. A nmethod as clained in
claim'7 or claig.% wheLeln; | | gand, .35- used tq bind intracellul ar
aggregated tau i smrtfg i ggén l%%@&r%%eeﬁtébﬁ% &Ry tg‘ﬁ’ée"gf claims b2. to"13 A
met hod as 5cé.§i med in any one of the
10 i t& method as claimed in claim_62§ wherein:
each of Ry, Rs, Ry, Rg, Ry and Ry is independently hydrogen,
halogen, hydroxy, carboxy, substituted or unsubstituted Cyealkyl,
Ci-shaloalkyl, or Cigalkoxy:
Rs is independently hydrogen, hydroxy, carboxy, substituted
15 or unsubstituted Ci.ealkyl, Cyshaloalkyl, or Cr.¢alkoxy;
Rip and Ry; are independently selected from hydrogen, hydroxy,

carboxy, substituted or unsubstituted Ci-salkyl, €ishaloalkyl, or
Ci-galkoxy.

20 :j‘ 6’1{—"2& method as claimed in clainm 1’)3 wherein said C; galkyl is
selected from: methyl, ethyl, n—-prbpyl, isopropyl, butyl, isobutyl,

sec~butyl, tert-butyl, pentyl, isopentyl, tert-pentyl, hexyl, and
ischexyl.

25 ‘EEA method as claimed in claim €3 or claim'wgwherein fhe
substituents of said substituted Cj.salkyl are selected from:
mercapto, thioether, nitro, amino, aryloxy, halogen, hydroxyl,

carbonyl, Cs.pparyl, Ci-ecycloalkyl, and non-aryl Cz-goheterocyclyl.

30 ‘éﬁ ‘A method as claimed in any one of claims '63 to é5 wherein said
Ci-shaloalkyl is selected from: uchlcucomeﬂ:h:\il',E '2~—bro§met£1yl,
I-chloroisopropyl, 3-fluoropropyl, 2,3—-dibrombutyl,'
3-chloroisobutyl, iodo-t-butyl, and trifluoromethyl.

35 I‘ €7} A method as claimed in any one of claims ﬁ?Z; to 366}wherein the
ligand is an acid addition salt formed between a compound described
in said claims and an acid. '




y preceding clainms wherein 20 September 2005 92 the |iggnge &éﬁggrgﬁgregated
PHF tau preferentially with respect to conpeting binding sites present in
the relevant region of the brain. 5 '76 A nethod as clainmed in any one of
the preceding claims wherein steps (i) and\or (ii) of the nethod are
performed in conjunction with the further step of introducing into the
subject a further blocking ligand which |abels the conpeting binding sites
present in tX8%%¥f8%ant region of the brain preferenti athgsboiihe 10

| i gand -used to bind aggregated PHF tau. 79 A nethod as clained in claimlF,
wherein the blocking ligand is [18F] FDDNP. 15 BO A nethod as clainmed in
claim Th mherein t he bIocking | i gand P% a benzthi azole of the formula:

wher ei n: qf gabé-asl |nte er‘% on10 to 4; each RBT is independently
a bl ocki ng jenzot” ?%“f%llé‘ Pirnsin theiasidris At égergeiom 0 to 4;
each Re is ?ﬁ%%ﬁ%ﬁﬂeﬁﬁﬁ?“ﬁaﬁhenylene substituent; each R is independently
-H or an am-no substituent; and, either: RN and X are both absent and the
associ at ed §4'er kB as BLLHRGE b

benzot hi@azolj;po substituent ang ?%3H5328@§§ ﬁ%kéllﬁg?ﬁaﬁé?§§hﬁPF?ogen at om
bears a p05|t|ve charge, and X is

—m A method as claimed in clain éb wherein said organic acid is

selected from: acetic acid, citric acid, maleic acid, fumarie acid,

tartaric acid, methanesulphonig acid, and p-toluenesulphonic acid

10
r“ A method as claimed in any one of claims :Egito 10 ?.wherein:
Rir Ry, Ryr Rg, By and Ry are independently -H, "‘CH3;r —-CHz, or
~C3H7;
Rip and Ry; are independently -H, ~CHz, —CsHs or —~CaHq;
15 Rs is independently -H, —CHy, ~CsHs, or —CsHj.

12 A method asg clamed in claim 7[
Flgure 8b.

wherein the ligand is shown in

20 13 A method as claimed in any one of cla1m5162 to 'Llwherein the

ligand comprises a positron- emitting carbon.

1“’ & method as claimed in any one of the preceding claims wherein
{ii) further comprises the step of additionally determining the
Presence and\or amount of a ligand bound to intracellular

aggregated tau in a neocortical structure of the brain of the
subject,

25

75 A method as claimed in claim! 7lf wherein the ligand used to bind
to extracellular, aggregated PHF tau in the medial temporal lobe and
the ligand used to bind to intracellular aggregated PHF tau in the

neocortical structure of the brain are labelled dlstlnctlvely_

30

76 A method as claimed in claim, 7",‘ or claim 15 wherein the ligand

used to bind intraceliular aggregated tau is the ligand described
in any one of claimsifHd to' 3,

35

M med §
o A method as claimed ip any one of the preceding claims wherein




a counter ion. X31 A nethod as clained in claim$O V\:hEQ% BpichibebRa®ki ng
ligand is thioflavin-T. 20 Septenber 2005 WO 02/ 075318 CTPGBOZ/ 01318 93 A
met hod as claimed in claim80 wherein each ROT, is independently Cl_4al kyl,
-SMBH, or --S03M3, wherein MB is a catdon. 63 A method as clained in claim
92 wherein H3 is an alkali nmetal cation selected from Li, Na, K or Cs.
84 A nethod as clainmed in any one of clainse $ a to .61 whereinnis 1, and
ROT is the, ligend bhpls agpregiphed PHFBLau oRAdeRBRAtLRLIM HABIT$TPEI it BL

wher ei ng Rcﬂpe%ﬂag 8064 AT shi S es MBrescA el hatk as1ebahiaddiBnChbai asherein one
of - the roups is -SO3H or -SO3MB, and another of the ROT groups is

g _4al k‘%a”&S S | A nethod as clainmed in any one of clains 80 to "3 wherein
nis 2; and one ROT is Ci -aal kyl, and one ROT is -SO3H or -SO03M3. A nethod

as ¢ dln claimc, ?1 V\/nerelnnl and one RBT
is - CB Baphbed 29 Sdamed E)Bt?f‘%l?é“@nf’faﬁbe tpﬁgcgg%%l%ﬁaéﬁ‘ S(tertiary)

neut r al whéﬂanﬁ\ Febpod(ias aelaabﬁedlll)n oanyhé)m&t(hbdcéﬁt @r&ﬁrtn@dSﬁL wherein RN
and nitrogen atomis 25 90 Ialrre in an ains' 80 to, 8
8 wher eF L0 BEHY S 536{%3% S§ﬁBs?ftld’§ﬁf’ ahe™d h é‘tgsgg?:l%l?n ct a

(quat er p@¥ther BLbERDEN l1dan bewich aape;s:t tihee cope gimg @Iiddi(ﬁgl&t&éscount er

ion. A nethod as cl ai d in any .one clains! & to. B wher .S
Ox-4 alR§FeCK Bt Wy s SYrAF nkd? i @ aildﬁ? %r'—’lwﬁe}r)re‘cffnerlsl{it‘wﬂ ° B -nPr
or Bp AligdmiDdhsad c©b anmetiaggr@g'qﬁe@n@HEftm.al m d-, Br-, and |-

79 A method as claimed in claim 78 wherein the blocking ligand
is ['®F]FDDNP.

15 B0 A method as claimed in claim T% wherein the blocking ligand

is a benzthiazole of the formula:

s .
RBTr©: / NR, X-

n is an integer from 0 to 4;

wherein:

20 . each RPT is independently a blocking ligand benzothiazole
substituent;
m is an integer from 0 to 4; \
each R is independently a phenylene substituént;
each R is independently -H or an amino substituent; and,
25 ' either:
R¥ and X are both absent and the assoc1ated {tertiary)
nitrogen atom is neutral;
or: | e
RF,is_ahbgnzgtﬁiazdlihb-sﬁbstituent and the associated
_,mm39~~ﬂ“""”“(qﬁéféihary} nitrogen atom bears a positive chargé, and X is

a counter ion.

% A method as claimed in claim ${ wherein the blocking ligand

is thioflaVin—T.




(OVA to 8b wherein x- is A nethod as clainmed in any o ABE go to
13 wherein RT is 20 Septenber 2005 Cil-4al kyl . 94 55 %?)rr%)%q%%ﬂgarsﬁ?ﬁai med in
any one of claims Rto 114 wherein each R is -H and the amno group is
-NH2. 5 90 A nethod as clainmed in any one of claine Ris -H and one Ris
an am no substituent. 80 to 94. wherein one 97 A nethod as clained in any
one of clai %0%75% 9: wherein each 10 Ris an am no substituent_ 90 A

met hod as cl'al med-tn claim97 wherein each of the ani MET/GBEdESEt uents i s
Cl-4alkyl. 15 99 A nethod as clainmed in any one of clainms 80 to 94 wherein
the am no group, -NR2, is -NH21 -NHWMe, -NHEt, -NH (iPr), -NH(nPr), -Nwe2,
-NEt2, N (iPr) 2, or --N (nPr) 2. 1003A nethod as clained in claim99
wherein th g_b%%% Log_ligand . 20 is a aenzt hi azole of the fornula: Me-'S
NVe2 Gi- M 1 mefhodas “cthi PR vBpegimears B8 bénzt hi azol e of the

formul a: WHBTEISAIRHRY Fhotiirhg SPHant 9 M-2h2Beib08® As nethadaas cl ained in
any one of the preceding clains for .use in .the diagnosis or prognosis of

a tauopat h§3i a racasbhechahell gyed.: .t B2 SHLSE £rom sai g, di ssage. 30

5 cation selected from: Li, Na, K, or Cs.

BL} & method as claimed in any one of clains BO to 83 wherein n is
1, and R™ is -Me, -Et, -nPr, or —iPr.

10 85 A method as claimed in claim 6H’wherein nis 1, and R*™ ig -Me.

'3({/ A method as claimed in c]_aimﬁz wherein one of the R™ groups is

—503H or ~S0;M°, and another of the RET groups is Cj.zalkyl.

15 Be] A method as claimed in any cne of ::laims‘-g_0 to 53 wherein n is

2; and one R™ is C;alkyl, and one R™ is ~805H or -go,M°.

‘%% A method as claimed in claim'®7 wherein n is 2, and one R®™ is -
Me, and one R™ is -SO0:H or -SO,M°.

20

i

'84 & method as claimed in any one of claims -Bﬂ to 88 wherein RY and
X" are both absent and the associated {tertiary) nitrogen atom is
neutral. ‘

25 A0 2 method as claimed in any one of claims 80 togggg wherein RY is
a benzothiazolino substituent and the associated (quaternary)
nitrogen atom bears a positive charge, and X~ is a counter ion.

' ‘ii & method as claimed in any one of claims-f%.togs wherein RY is

30 Cyq alkyl. T ‘

C!Z. ‘A method as claimed in claim 9] wherein " is -Me, -Et, -nPr, or
H . 1
~-iPr, '

: 735 ﬂ& A method as claimed in any one of claims E{) to B% wherein X~ is
: . C1l7, Bxr, and I .

‘Ti% A methed as claimed in any one of claims;’;ﬁo to 43 wherein Ré is



103 A nethod as clained in claiml|EZ wherein tauopathy »$sARemb@4boh ! i gand
of the fornula: SG3ML wherein: 15 ML is an alkali netal cation; n i's an
integer fromO to 3; each ROT is a inglgpendently benzot hi azol e
substituen.t; mis an integer fromO to 4; each RRL is independently a
rigid linker aryl 20 substituent; s is an integer fromO to 4; each RAis
i ndepengentkyian aryl substituent; and, RC, if present, is a reactive
conjugating substituent, or RCis, or contains, a detectable |abel. .25
105 A ligand as clainmed in claim104 wherein M is Li, Ha, K or GCs. 106 A
ligand . 86 clmimRdoinasl@iamnd@4iPrargl 8hen 303 uheLeRy €achy BRT es‘[3:p da%h

i ndependently G 4al kyl, hydroxy, Cl_4al koxy, nitro, cyano, halo, or

ami no. P2658éét etBbrths0881 95 9rotPALlfi glld as clained in claim| Q wherein
each RBT is independently -Me, -Et, -nPr, -iPr, -OH -Ow, -CEt, -QnPr),
- O(iPg), , -- , .-CN, -F, -d, -Br, -1, -NH2, -NH2, -NHWe, -NHEt, - NH

(i Pr) % NE (“ﬁNgﬁ?d,aS- IGveamed Nt AnYNORE Y aipp GR §nFYY whersin @geA | i gand

as cl airméd in sididnel Ot iywhar eimAneagkbfRPEukstr. | ndependent |y Cl_4al kyl. 109 A
ligand as clained in claim1()q wherein each RBT is 10 - independently
-Me, -Et, -nPr, or -iPr. 110! A ligand as clainmed in claim10g wherein each

ROT is YWe. Alidthodigandadsed| @i @Y bile dRICT1AY HPheiLiOn Mhéseik caBf RBT is

10 R is an amino substituent.

9 A method as claimed in claim 97 wherein each of the amino

substituents is C;jalkyl.

15 99 A method as claimed in any one of claims 80 to Q4 wherein the
amino group, -NR;, is -NHp, -NHMe, -NHEt, -NH(iPr), -NH(nPr}, -NMe,,
~NEt,, N(iPr),, or -N(nPr),. '

160 A method as claimed in claim 99 wherein the blocking ligand

20 is a benzthiazole of the formula:
- Me S
C[ /)—@—NMez
+hﬁ
Ct Me .

101 A method as claimed in claim 99 wherein the blocking.ligand

is a benzthiazole of the formula:

SO;Na

- Me. S :
N

25
102 A method as claimed in any one of the precediné claims for use
in the diagnosis or prognosis of a tauopathy in a subject believed
: - to suffer from said disease,.
30 |

1034 A method as claimed in claim 1¢2 wherein tauopathy is AD.




15 independénL]y -Me, -Et, -nPr, or -iPr. 112" A Iigand:a aimed in claim
111 wherein n is-1, and RBT is -Me. 20 .1;13 A |ligand as%@%%FW%EP?ﬁ?OQﬁy
one of clainms 1OL ~+to Ill, wherein' the benzothi azole group has the

" following formula: so3M 111 A ligan®®s claimed in claim113 wherein the

~ligand has the 25 following formula:- 115. A.ligand as clained in any. one
i of clains to 114 wherein each RRL is independently Cl_4al kyl, hydroxy,

. Cl. - 4al koxy, nitro, 30 cyano, halo, or amino. 20 Septenber 2005 WO

. 021075318 PCTI GB02/ 01318 97 11Y1L Aligand as independently --Me, O (iPr)
", -NQz, -CDT, 5 NH(iPr}, -NH(nPr), clained in claiml1,' wherein each RRL
is -Et, -nPr, -iPr, -OH -OW, -CEt, -Q(nPr), - -F, -d, -Br, --2, -NH
-NH2; -NHWMe, -NHEt, - -NMe2, -NEtzr N (iPr) z, or -N (nPr) 2, 117 A ligand
as claimed in claitn. 116 wherein each RRL is independently Cl_4alkyl. 10 A
ligand as clained in any one of clainms 1(r) toll 7 wherein each RRis

i ndependently selected from -OH -NH2, -NHR1L, -NR R2, -SO03M2, and

C _4al kyl; wherein: 131 and 132 are each C _4alkyl, and 15 M2 is an al kal
metal cation.

104 A ligand of the formula:
SOM'
HO

wheréin:
‘15 M' is an alkali metal cation;
- n is an integer from 0 to 3;
~ each R” is a independently benzothiazole substituent;
m is an integer from 0 to 4;
_ each R™ is independently a rigid linker aryl
20 substituent;
s is an integer from 0 to 4; )
each R* is independently an aryl substituent; and,
R, if present, is a ieactive conjugating substituent, or
BF is, or contains, a detectable label.
25
105 A ligand as claimed in claim 104 wherein M' is Li, Na, K, or
Cs.

_iﬁ@ A ligand as claimed in claim 104 or claim 109 wherein each R®T
30 is independently C;j,alkyl, hydroxy, Ci;,alkoxy, nitro, cyano, halo,

‘Or amino.




(1i. GCs. Aligand as cI ainmed-in claim1lRB wherein M Q@Sgbtemlygrz(b@5 or 20
'J QAligand as clainmed in any one of claims;! ~ . to 1 t{ wherein Rcis
present and is a reactive conjugating.ubstituent, and is, or contains, a
reactive functional group suitable for conjugation to another nolecul e by

chem cal reaction therewith, to forma covalent Iinkage therebetween. 25 A
| gandigs chai fghd %sClc%i‘Rlécﬂl‘ﬁhéighﬁ' ¥ LBePLESC et sLs, or contains,
an active ester 2 Aligand. as clarned in cla #1 ®) wherein Ris

pr esen%nﬁwn@@‘tllé' e, C”C?I"Ftrarﬂgrr a idgeci O BMe, es@@tr, —|0(nPrA, l+gand as

cl ai med(ipr-c| ang, f 2&pherei noRe g, pPresenty, anqm D{eachhgg conj ugati ng
substituent, and is, or contains, a noi ety sul t*abl e conj ugatl onto

anot hel' ﬁbﬁ"é’cul"é’HtWPﬁ) st1¥keg Mo tas5 WEwal entor nilénBibi-on. 2Lf A |igand as

clgmed in claim 12 33wherein Rc is present and is, or contains, biotin.

20 Sep{tggb 2005 98 125 A ligand as clainmed in claim 120 wherein Rc is

pr esent“@nd?i $19309 @5cELyEbApughtitmdleubberetremachaRd is, or contains, a

- noi et yin&admlene 1{,06,_gonyugati on to anot her nol ecul e by corrpl ex or chelate

formation. 5 12t Aligand as clainmed in claim125 wherein Rc is present

~and is; or contains, a technetiumchelating group. 12.7 A ligand as

gl ai rr:eld()'% n &l Bigad a6: cWhBiei ﬂnR@]déﬁn pogsaﬂ%r@ﬂggiagh Rsll:OiQrdcont ai ns f
i.et hyl enetri epent aaceti c_aci 12 igand as clainmed in any one o

c|1§%ns‘%/£e d% ) eb?eéln% ~nPr, or -1Pp

10t A ligand as claimed in claim 109 wherein each R™ is —Me.

111 * A ligand as claimed in claim 109 whereln n is 1, and R¥ is

15 1ndependently -Me, -Et, -nPr, or —-iPr.

112 A ligand as claimed in claim 11} wherein n is 1, and R™ is

-Me .

200 133 A ligand as claimed in any one of claims 104} to i) wherein-

the benzothiazole group has the following formula:

SOM'

4 A ligand as claimed in claim 113 wherein the llgand has the
25 following formula:

SO,M'

115 A ligand as claimed in any one of claims /0¥ to ¥ wherein -
each R®™ is independently C;.,alkyl, hydroxy, CL4alkoxy, nitro,

30 cyano, halo, or amino.




is present and is, or contains, a detectable |label. 15 J78cAcl,dARshsAS
claimed in claim1Z2 wherein Re is present and is, or contains, a dye, a
fluorescent marker, an antigenic group, a stable or an unstable isotope,
or a positron-emtting carbon atom 130 Aligand as clained in claim 129
wherein Rc is present and is, 20 or contains, 18F 131 A ligand as cl ai ned
in claiml~-JkbwieEgsn Rc is present and is, or contains, a
positron-enmitting carbon atom 25 137- A ligand as cl affE@sz#1uasny one of
clainms 104 to 131 wherein the ligand has the fornula: 20 Septenber 2005 99
133 Aligand as clained in claim13Z wherein the ligand has the formla:
RBT n NN HOlit- Aligand as claimed®i n claim 133 wherein the |igand has
the fornmula: HOA ligand as clainmed in claim13 , wherein the |igand has
t he 10forl | a:a and. as.cl g in claim135 wherein the Iigand
has the \(I)bnwgg X HHQ %J)A;aésééagré%be %geﬁh‘i’%in@alchgéhdsas claimed in
cl ai m 13& errféfrl n°the T{egarft hadrt hdPr, ~on, -oMe, —oEt, -o(npr), -

5 NHL:::)’ ﬁ; N TEy Gl oBr, oI, NH N -NAMe, -NAEt

‘ (nPrj), -NMe,, ~NEt,, N(iPr);, or -N{nPr),.

N7 a ligand as claimed in claim' [Ib wherein each R®
independently Cigalkyl.

is

16 |if. A ligand as claimed in any one of claims Hm‘ to |} wherein’
each r* is independently selected from:
~OH, -NH;, -NHR', -NR'R?, -SOM?, and C14alkyl;
wherein:
! and R? are each Ciqalkyl, and
15 M® is an alkali metal cation.

;_“q: A ligand as claimed in claim “%’wherein M is Li, Na,
Cs.

K, or

20 'IQO A ligand as claimed in any one of clzims: [m‘,’ to.“q wherein

R® is present and
o nd is a reactive conjugating substltuent, and is, or

contains, a reactive functional group suitable for conjugation to
another molecule by chemical reaction therewith,
l:l.nkage therebetween.

to form a covalent

25

:12 i A ligand as claimed in claim: |2,G wherein R®
1s, or contains, an actlve ester.

is present and

~

422 A ligand as claimed in clalm 1 2] wherein R® is present and
30 is, or contains, a succinimidyl ester. |

J Q_ 4 A ligand as claimed in claim | ]2@ wherein ®® ig bresent and is
a reactive conjugatlng substltuent, and is, or contains, a moiety

suitable for conjugation to another molecule by a strong non-
35 covalent interaction,

124 A ligand as claimed in ctaim' 123 wherein nc is present and
i=, or contains, biotin.




fornula: HON NG5 -j3' 3, Aligand as clainmed in claimi13 I e
| rgand has the formula: 139 Aligand as clained in cl %%@%@dg}%n t he
| igand has the 10 fornula: 140 A Iiggrgd as claimed in claim13 wherein the
ligand has the formula: HO 15 N N 20" Sept enber 2005 101 141 A ligand as

claimed in claim130 wherein the ligand has the fornula: 5 142 A |igand as
cl ai med,,i-n c} aj j he | i gan as. t he ermul a: 14S A ligand as
cl ai madizigg c%{ali{rﬁa]lnﬁ aﬁg‘?%ﬂr}'c{ ﬁgl Flig%{?lgzﬁagh?ﬂeem' %0 ForhgesRt 1379 45A 1§ gand
as cl ai aexkdqtiyey conpugrtiobabnbs li4enher aid itsheor| ¢gand nbasa thei fgr mul a:
SBML 15,20,.3eptg 102, 145! |.igand gs ¢l ainmed in claiml4-

wher ei n t he b|§l gangbﬁg%j tégglgj?o%%mﬁ%é):tﬁgfﬂ%gleﬁ&ﬁ ’Ig?’g%o q&é‘ 8F aFed5en any
one of Epzatsion32, to 145 which is conjugated, chel ated, or otherw se
assaci ated, with a detectable

126 A ligand as claimed in claim 126 wherein_R? is present and is,

or contains, a technetium-chelating group.

1277 A ligand as claimed in claim:;ﬁblwherein R® is present and is,

10  or contains diethylenetriaminepentaacetic acid.

12% A ligand as claimed in any one of claims {D§ to H9 wherein R®

is present and is, or contains, a detectable label.

15 129 A ligand as claimed in claim }2$ wherein RC is'present and is,
or contains, a dye, a fluorescent marker, an antigenic group, a

.stable or an unstable isotope, or a positron-emitting carbon atom.

150 A ligand as claimed in claim |29 wherein R is present andris,

20 or contains, *F.

13j A ligand as claimed in claim I%) wherein R® is present and is,

or contains, a positron-emitting carbon atom.

25 1% A ligand as claimed in any one of claims 104 to 13} wherein
the ligand has the formula:




chemical group. 141 A diagnostic conposition conprising@8ehfethndfbdose
ingredient at least 90% 95% or 98% of the |ligand of any one of clains
10Lj- to 10 14C. 14) A diagnostic cogposition as clainmed in claim 147
further conprising a carrier material or other pharnmaceutically- and

physi ol ogi.cal | y-acceptabl e excipient. 15 1L}9 A nethod of |abelling

aggr egalied t U3 ogaddiisl bheil asubegin LOMRESLNY GANG I6LLNG, L NG, 300" egat ed
noleculgs with a ligand or conposition of any one of cfaims 10Of to 146. 20
|tO An FR™Yt%0 method of diagnosis or prognosis of a tauopathy in a

Subj ect believed to suffer,fromthe disease, the method conprising (i)
obtai ning a sanpl e of appﬁ% ate tissue froma subject; (ii) contacting
the sanple with a |igand cogposition of any,gne of clains-108 to 152;
(iii1) detecting the_@ano Ad\ar 25 al i sati'om of the.ligand bound to
the sanple (iv) corrtehat he/ T1e of N4 ii) wreh tlRé stage or severity
of the disease in the s ect’N 151 A—+ret hodNa :@: in claim11g9 where
the tauopathy is AD. 30 1S2 A ligand according to # one of claims 1014 to
IL.( or use in a nethod of diagnosis, prognosis or|therapeutic treatnent
~of the 20 Septenber 2005 WO 02/ 075318 PCT/GBCQlOlSIHZlOS human or ani nmal
body for a tauopathy. 153, Aligand as clained in claim1,r) where the

- tauopathy is AD. 5 1S+ A nethod for identifying a conpound capabl e of

bi ni NgISIA0GRCORLAM baUcDIGA An LNRBLBOM CAIRY IALNDI N $hePBhe (1)
prodelqﬂgg sanpl e of aggregated tau profein to-which a ligan as clainmed
i'n any b ‘clains 108 to 150 has been bound,

So,M'

i
S HO
C
N N
| . RA o

: -

1%5} A ligand as claimed in claim 135 wherein the ligand has the
10 . formula: '

So,M' -
S ' HO
| RPZ‘&Ei::[: 2>_—<<:::>}——N\ i:::
h N \N

.13@__ A ligand as claimed in claim 135 wherein the ligand has the

formula;

15




~to a solid phase; IS & An in vitro ne

'solid phase tau protein o erMNvative—4and (N

(i) contacting the sanple with the putative tau-bindi ngnegpRaibRae?00510
(ii1) determning the extent of displacenent of the |igand fromthe
aggregated tau protein by the putatinb au- bi ndi ng conpound (i V)
correlating the result of the determmnation made in (iii) with the ability
of the compound to bind aggregated tau protein. 15 13 A nethod as cl ai ned

of 'the compound to | d e n. 15 13 A method as ol ai ned
0 & S0l phasa 5% AETAw 11 c Wabnba MIR- B A R AgRa HOdAE capabl o

of | abéPFRglaggregated PHF tau protein, the nethod conprising the 20

~steps of: (i) providing a fdh §i; agent suspected of being.capable of

| abel i ng aggregated PHF t
a derivative thereof M&g
phase so as to 25 exposg re site, with (b) a

Nf gh\af f | capt
l'iquid phase tau protein der i #at i 3%1 capabté of binding to the
- b

Uudrotein, (ii) contacting (a) a tau protein or
&0 au, core frggnment bound to a solid

| ected first agent
M bitor, (iii)

and (d) a second agent known to be tau-tau binding

~selecting first agent which fully or partially relieves the 30 inhibition

of binding of the liquid phase tau protein or derivative of (b) to the

- sol i phiSe Baligiret eisncosimtel ivati¥en 032 ahe BYid hae LORLDE hor (L. A

nmet hod ?gréﬂfg,ned in claimwherein step (ii) is 35 carried out In
conjunction wth: (ibis) contacting (a) a tau protein or a derivative
thereof containing the tahgpre fragnent bound to a solid phase so as to
expose a high affinity tay cCapture site, with (b) a liquid phase 20

Sept ember 2005 WD 02/ 075 PCGl GB02101318 104 tjgu protein or derivative
thereof capabl e of ¢fTnd 0 the sg c
n /4 N, R

139 A ligand as claimed in claim 13§ wherein the ligand has the
.10 formula:

) RBT

So,M' S
S HO
C
N%@‘% >:j R

140 A ligand as claimed in claim 134 wherein the ligand has the
formula:

S | SO_3M1
Me. . S .
OOy
N N

15




~prepared in a form
exposure to thg 2

phase tau protein or derivative, and (c) said first age 1)
detecting inhibition of tau-tau binding as exhibited byﬂ5 |Sﬁ g‘lb'?lﬁ%éry%f
bi nding of the liquid phase tau proteln or derivative of (b) to the solid
phase tau protein or derivative of (&°! (ibis.2) selecting first agent
whi ch has mninmal or absent activity as tau-tau binding inhibitors and\or
optlona e nce tauy-tau bj ndi n A nethod as _clainmed in claim 196
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i n any 6oenwofa: clalns 10~L to 7 . 151 15 DVWMB. A nethod as clained in

. claim/9J wherein the inhibitor is I~-0 A nmethod as clained in any one of

claims fit to 1S q weékMn the Rfhuid phase tau protein or derivative is
|chshas unmer one parﬁlal aggregatlpn prior to

sai d preparatﬂom 0 conprises the
steps of: (i) sonice Qr 25 (i)
exposing said tau protein or derivative to rough assentper neabl e
menbrane. 16P A nethod as clainmed in any one © ipsD%to | f, I.,

Wwherein the step of contacting said agent. and | ¥d phase tau protein or

30 derivative with said solid phase tau protein or derivative is carried

out in an al kaline buffer of pH 9-10. 163 A nethod as clained in any one of
cl aidms 1466 td Ui@and, apherasimed fhecktiiep [of wlontsdet khg BRithagast tead |iquid

phase tay.prat.ein or 35 derivative with said solid phase tau protein or
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143 A ligand as claimed in claim 141 wherein the ligand has the
10 formula: '
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-144 A ligand as claimed in any one of claim 143 wherein the -

ligand has the formula:
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PCT/ GBO2/ 01318 j, A nethod as clainmed in any one of cl agggegt%mbtepgé{ﬁ;
wherein -the step of contacting the or each agent and |iquid phase tau
protein or derivative with said solid ase tau protein or derivative is
carried out in 50-400 mm sodiumchloride or a salt or 5 salt m xture of
conparabl e ionic strength, and in a pH range of 4- 10. (t, 5 A met hod as
clai mediisp any 1998n®faCl | i quid ph au protein
or derivative i sal abel eé:@hﬁll%e%girééﬂﬁﬁﬁhﬁkﬁ %gﬁgtsheclqal n§ one of
clains to "j 62 Rk*ein said |iquid phase tau protein or deri vatl ve is

i mmunol ogi caI l'y disgpngyi shable fromsaid solid phase tau protein or
derivative, and the bFndl ng i s detected by antibodies. I C | A nethod as
clainmed in anyMs a truncated tau protein
corresponding to t a390 (d&A) is
plated on a solid |e to tau-tau

associ ation, A net .'” R ai med I~/N_ N7 7 wherein
25 a truncated tau protein corresponding to gnent~and
termnating at A ue-391 (dGAE) or a full-lengthNrotein is added in Iliquid

phase to%et her with the or each agent q A nethod as- clainmed in any one of
cl ai ms Lébf upt hitgandcenprlsimmgyl tine asy epneofo if etmthsatmﬂgtbheﬁlg&ﬂtchassa

di agnostig ro reag = - claimed in any one
of cl ai ns iﬁatag QHQE?atq‘e&r %grg{%%rrrw%r%es?%go atest’ e‘ﬁl%t‘ LSRG 9agent " as a

Ilgand Fherif@ ngrAvBE- of any one of claims 1 to 8 .

INT Aidiagnostic composition comprising as its active ingredient
at least 90%, 95%, or 98% of the ligand of any one of claims 108 to
10 14¢. '

1y A diagnostic composition as claimed in claim 147 further
comprising a carrier material or other pharmaceutically- and

_ physiologically-acceptable excipient.

15
149 A method of labelling aggregated tau or tau-like molecules,
comprising coﬁtacting the aggregated molecules with a ligand or

composition of any one of claims 104 to [i$.

20 150 An in vitro method of diagnosis or prognosis of a tauopathy
in a subject believed to suffer from the diséase, the method
comprising (i) obtaining a sample of appropriate tissue from a
subject; (i1) contacting the sample with a ligand or compositipn of
any one of claims 108 to 152; (iii) detecting the amount and\or

25_ localisation of the ligand bound to the saﬁple (iv) correlating the
result of (iii) with the stage or severity of the disease in the

subject.

' 151 A method as claimed in claim 149 where the tauopathy is AD.
30 | |
132 A ligand according to any one of claims 104 to IYf; for use in

a method of diagnosis, prognosis or therapeuﬁic treatment of the
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human or animal body for a tauopathy.

|§5 A ligand as claimed in claim )£} where the tauopathy is AD.

151} A method for identifying a compound capable of binding
aggregated tau protein, the method comprising the steps:

{i) providing a sample of aggregated tau protein to which a ligand
as claimed in any one of claims 108 to 150 has been bound,

{ii) contacting the sample with the putative tau-binding compound,
(iii} determining the extent of displacement of the ligand from the
aggregated tau protein by the putative tau-binding compound

{iv) correlating the result of the determination made in {iii) with
the ability of the compound to bind aggregated tau protein.

LY A method as claimed in claim.igq wherein the aggregated tau’
protein is in solution or bound to a solid phase.

156’ An in vitro method for identifying a ligand capable of
labeling aggregated PHF tau protein, the method comprising the
steps of: .

(i) providing a first agent suspected of being capable of labeling
aggregated PHF tau protein, '

(ii) contacting (a) a tau protein or a derivative thereof
containing the tau core fragment bound to a solid phase so as to
expose a high affinity tau capture site, with {b) a liquid phase
tau protein or derivative thereof capable of binding to the solid
phase tau protein or derivative, and {(c} said selected first agent
and (d) a second agent known to be tau-tau binding inhibitor,

(iii) selecting first agent which fully or partially relieves the
inhibition of binding of the liquid phase tau protein or derivative
of (b) teo the solid phase taun protein or derivative of (a} by the
inhibitor (d).

k§? A method as claimed in clahn[gé wherein step (ii) is
carried out in conjunction with:

(ibis) contacting (a) a tau protein or a derivative thereof
containing the tau core fragment bound to a sclid phase so as to

expose a high affinity tau capture site, with (b} a liquid phase
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tau protein or derivative theresof capable of binding to the solid
phase tau protein or derivative, and {c) said first agent, and
(ibis.1) detecting inhibition of tau-tau binding as exhibited by
inhibition of binding of the liquid phase tau protein or derivative
of (b} to the solid phase tau protein or derivative of (a),

{ibis.2) selecting first agent which has minimal or absent activity
as tau-tau binding inhibitors and\or optionally enhance tau-tau
binding.

i@ A method as claimed in claim I8 or claim 187 wherein the

inhibitor is a diaminophenathiozine as described in any cne of

claims t;l to '72

igﬁ' A method as claimed in claim 15% wherein the inhibitor is
DMME .

10 A method as claimed in any one of claims LSG to |{] wherein
the liquid phase tau protein or derxivative is prepared in a form

‘which has undergene partial aggregation prior to exposure to the

solid phase.

I@! A method as claimed:hlclahnlgo vherein said preparation of
ligquid phase tau protein or derivative comprises the steps of:

(i) sonicating said tau protein or derivative and\or

{(ii) exposing said tau protein or derivative to PEG through a semi-
permeable membrane. -

l@éi A method as claimed in any one of cla1ms|§5 11)]@1, wherein
the step of contacting said agent and liguid phase tau protein or
derivative with said solid phase tau protein or derivative is
carried out in an alkaline buffer of pH 9-10.

163 A method as claimed in any one of claims 1£6 toif) . wherein
the step of contacting said agent and liquid phase tau protein or
derivative with said solid phase tau protein or derivative is

carried out in physiolegical buffer conditioens.
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A A method as claimed in any one of claims I$¢ to 1¢j. wherein
the step of contacting the or each agent and liquid phase tau
protein or derivative with said solid phase Tau protein or
derivative is carried out in 50-400 mM sodium chloride or a salt or

salt mixture of comparable iocnic strength, and in a pH range of 4-
10.

[LB & method as claimed in any one of claimsl_g@ to léq., wherein
said liquid phase tau protein or derivative is labeled.

N’Pb A method as claimed in any one of claims if{e to ‘b'rl‘ wherein
said liquid phase tau protein or derivative is immunolegically
distinguishable from =aid solid phase tau protein or derivative,
and the binding is detected by antibodies.

1671 A method as claimed in any one of claims f_rb to ]6% wherein
a truncated tau protein corresponding to the core fragment and
terminating at Ala390 (dGA) is plated on & solid phase in buffer

conditions unfavourable to tau—-tau association,

73 A method as claimed in any one of claims 1$¢ to j{'7 wherein

4 truncated tau protein corresponding to the core fragment and
texminating at Glue~391 (dGAE) or a full-length protein is added in
liquid phase together with the or each agent

”:/‘? A method as claimed in any one of claimslgi} to ﬁ@&further

comprising the step of formulating the agent as a diagnostic or
prognostic reagent.

[ To A method as claimed in any one of claims l_’{i{ to |é€,_ further
comprising the step of usiug the agent as a ligand in the method of
any one of claims 1 to 8 .




