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METHOD OF SCREENI NG COMPOUNDS HAVI NG ANTI - AMYLO D
PROPERTI ES The present invention concerns the nedica
field and is of interest especially to pharmacol ogical
research units. The invention relates in fact to a

met hod of screening 5 conpoeunrds having anti-anyl oid
properties. To that end, the invention enploys

bi ocheni cal t RITHOPEOF SCREBNIRG OXPPOIANDS! S Of
bi ol ogi cal sanples allowing the rapid identification of

conpounds i nt EMEINGANTHAMYLQIDRRORERTIESr event i ve

treat nent of neurodegenerative di seases, especially

Al zhei ner's di sease. The invention accordingly rel ates
Theopeeseret hventidh coneem nig: ansielndsdt Aat iare aage! espebially to

10 dissocjating high-affinity conpl exes between the )
phasnacglogica fﬁ@%}‘gh deitandhe fyepfbislape in facktg |acmethodeof screening

: ' tissues. Al zheiner's disease

CO?§6§R%?%§@%§§F§gﬂﬁgg?%ggggﬁérative di sease whi ch
Toafhabend, the liaveption pmgpoyst biochenficd] hecteligles [ fyr pepes aivbamalysis of

.In .clinical terms, the, disease.is characterjsed by a )
SR T N P R R R —
andl/dr PRVERRARA QG 6Rheilr&d merﬁ!ix%hﬁée??éél E?Sp&éalg;l ﬁ?z?éﬁner‘s disease.

h Wwo types o

mani fests itself in the presence of t p
Theiistenpan hedoodjnglal relates éd p aheth@bofmszeningrophmpodngs thapues capable of
.and neurofihrillar egeneration (NFD). A third o
iR bEhiaib, Rl RE bebrocs e Samuloid pemitco and ftesapicotini
@lIcReE Pk gd 39! ronounced neuronal | oss.
acng achﬁnggionhg%ﬁggﬁgﬁvFg? "(A(3) peptides in the
formof intraneuronal deposits and of anyloid plaques,

r .seni l.e pl agues, around the neurons i.s consjdered to
AIPHCIREY HReRs PR rafe S RerSuRrBaa) BredeohBiceRists o large
pr(ﬁd_’oﬁt@cﬁﬁﬁ thé BldeAPpERAATEAN Ve RemaSHeals@hRds %Séﬁtéﬁs\éﬁ by a loss

i sturbances and the neurofibrillary degeneration, the

of arcEnttilead iaodechine impoaitivedipaiinssin neprmseiogcal hernsanllzheimer's

: ryI: f. ure of all fornms . Al zhei mer’ s .
GRS YRS B0 Bl Perdr B B0 of historRBS GRaeb Pl lsions:
anmy&gé nplbquids 0 ind OfueERINES, tdeg@itrdtidh AUEYY. 0Rlthird characteristic of

ccumul ation of fibrils 25 formed of paired helica
Alghamyers fiseags ispyreortiglpgoplevhishporsesaonds ta pranssaersinegronal loss.

of tau m crotubul e-associ ated proteins. Biochem ca

characterisation of these proteins reveals the

Thpraeamndeticaf ofed-amyDid {ABPbeptided inahn Al iMtraneuronal deposits and of
phosphoryl ated and aggregated tau proteins (tau 60, 64
amgid gaIueser peiletplaguet. greind the ngheryi soydidarediteplie af tBe origin of

thel iagﬁoclog}asofo @@ﬁ%ﬁgertso dgegls%. %n conjunction with the associated cognitive
disturbances and the neurofibrillary degeneration, the accumulation of amyloid deposits
represents the early and unvarying feature of all forms of Alzheimer's disease, including
the familial forms.

Neurofibrillary degeneration corresponds to an intraneuronal accumulation of fibrils
formed of paired helical filaments or PHFs. PHFs are composed of an assemblage of tau
microtubule-associated proteins. Biochemical characterisation of these proteins reveals the
presence of a major triplet of abnormally phosphorylated and aggregated tau proteins (tau

60, 64 and 69). Normal tau protein is phosphorylated 2 to 3 times, as opposed to 5 to 9
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-2- times in Al zheiner's disease, and it plays a part
in the polyrnerisation/depolynerisation of
m crot ubul es of the neuronal cytoskeleton and also in
axonal transport. Cortical atrophy nmanifests itself in
Al zhei mer's di sease patients4mn a loss of 8 to 10 % of
the weight of the brain every ten years, whereas in
tithesaint Alzheioisy e dissasehatd it plgs b padrih yheZpdlymerisatfon/témdymerisation of

atr.o i S,acco ni e dil atatjion of the cerebra
]nggﬁP§$§1@@hgﬂﬁnggﬁfﬁgggg%P?E%fdgbmﬁﬁPnﬁ§“Qﬂ¥EHuction in

the vol une of the hippocanpus and al so by neuronal | oss
which especially affects the cholinergic system
Caxtigtlaitigppy arpnéfssts diself in Atzbminggr's bidease mhefpotsiin & logs of 8 to 10 % of

T TR, BB B GST P BB St oty 2%
Chanioairnti@phys3adcO@padiyd BY dilatatidiPoflhe ctRbalWERlitlePaRd bEfe cortical
has a beta-sheet structure giving it its insoluble

suiaPrag reducking in the Yadwme iof yhe tippoqaginas apd elsd yemtuiretal lass which
By Lo s PSR BMEL (a1 ord pr ecursbr br ot oi n).

The anyl oi d plaques are surrounded by neuritic
ARRI b Gt TP R eiisiar Japstic Ry HCSOFRRdrs Ariieid sebance i
oL R TR i oSN R A DBt

Tiaf pagtybsdd Ryptidebs @BYhehekt daRasHd Sivinkhie its HeL MO éfleﬁnjﬂ&é’r and its
of the (3-anyloid peptide constitutes a nmajor problem

toxigity Riec-aeyloid deladea noRed eatabsliaiptiodsct stiaundrhiating pigcoprotein
| oid pl aques | ted jn . the extracellular space are

of ke sizg SIWO%BT T (?Véd%d FFETHEUN oRFS HAY i TG agwlérd/ plaques are

suSrdBsdedtyl idurifi6 VLR hRNo1of cany gk gm?%@@?ﬂagﬁes'iﬁﬁlltlta{éﬁhe nervous

| ySOSOI’TH| CO ar( nent . I S | ntraneufona ccumul at1 on
PagigBEBa dagetifiveg imn thé conisalgreyemnaiteradl glélrbgiemd of Hien brain. The

oo e G P S bE TR el <fGRAT iy erE ApyP gevosis. The
neRtAGHIEsy (NG BLEAbidHeptidOQA it 8 M RbSeh iﬁ%‘lﬁﬁiiﬁgﬁs disease.

surrounded by neuritic processes and glial cells an
contain fragnents of nuclei (evidence that the plaques

REERLLbH LTSRS PSR e, bl ot 5Pl g e 0o
reeindficdl 1ysi 6 deifonl QUViARS vl DRSS a0nNMIBNrARRMd d&Rsits in

Wang et at. have shown that the A(3 peptide binds
the, hysesamal gompagimeniai ks iitgghewapnal piceymuplatiorh eauses7 degeneration of the

j I i ' recept ors 7. nACh resen n
k5P 35 MLE RS By LSEPL 0L B DI BSPRN B e
g0y . fotmingrthe tangoidf pladies ANdgde Rt idde20009.08kd atlyYoill aques are
Al 3ﬁ? Qsptlde, W th . .
surrounded by neuritic processes and glial cells and contain fragments of nuclei (evidence
that the plaques result from dead neurons). The o7 type nicotinic receptor plays a

fundamental role in entry of the AP peptide into the neurons (D’ Andrea and Nagele 2006).

Wang et al. have shown that the AP peptide binds specifically and with high affinity to the
a7 nicotinic acetylcholine receptors (7 nAChR) present on the extracellular surface of the
neuron (Wang ef al. 2000). Interaction of the AB peptide, especially the AB4; peptide, with

the a7nAChR receptor seems to be an essential step prior to the intraneuronal
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the a7 nAChR receptor seens to be an essential step

prior to the intraneuronal -3- accunul ation of the

Al1342-a7 nAChR conpl exes, said conpl exes on the surface

of the neurons undergoi ng endocytosis which results in

their accunulation in the |ysbsomal conpart ment

(Nagele et at. 2002). In addition, the intraneurona
acgeoulatibmol de dff1-bd e\ G{RB-campasy) adiddsomsless Sora flR0suiRake of the

5 phosphorylation of tau (Wang et al, 2003) and .
neé‘{/ﬁ’ﬁp‘ﬂlfdgr GRS Wﬁ@?‘u‘&?‘ﬁ@ B thei %Fﬁémzyfaﬁon in the lysosomal
coptpRkhRET M dpeReMLOHHENSM Ssion (Roselli et al. 2005;

Al'nmei da g?%gt. ZOOS?HShener et at. 2006). This data,

Int zidgrona theainwiurdueonal ecdsmilatioshefwhbdeal paiTr eitisoudids tauks @hormal
of the a7 nAChR_receptors by Ap peptides, especi al

PhRgREOTHalien el (Wang kel PAEDIdd aierptin dyefusgifons miakeing ofilure of
ch%gnéhﬁhﬁlﬁr&f' mijésg)ﬁ stlf & §1° Qb(?ﬁ%gy;&fe%ha”i amﬁgéﬁhé:rﬁ]er et al.

A(3 peptides bring about neurona uncti ons,
2006y.mat i on of amyl oid pl aqgues and the phosphoryl ation of

t.au proteins |lying at the origin of fibrillary

Thig sleie ddfen etsat ivBIpIc. dends ko Al ilbat cdironie bwuptips ohshe a7 aAChR

iphibitinag the, A(342-a7 nAChR .interacti .
S P A I N T .
AXZBElbRH N Gisthe if Qr sAAlrhOMeSanish? HTWio gxﬁp%) H4ES bARE about neuronal
neuronal dysfunctions. It accordingly appears to be of

dysngiéons; ghet fasmptierhof efytdi@iptaquepand drecghosphorylation of tau proteins

' d -rel ated pat hol ogi es, t
WA ARl Be ARadRERdLT G on the  Aba2 a7

NAChR conpl ex, which lies at the origin of the
formati on of anyloid plaques. Identification of these
Ag @nmsersdecnean compeundsi tdt amt dopablardfoinhibignghdbls Ao, nAChR

. di ng ;20 on . the situatiop, are found to, be re.or
inflGRARE Pitara®d o 8 Rttty Sl e diretaubing e fofmation of
anhyléid i@t CariMmdub@ial d@MhRBEs.are then useful only when

conbi ned and, in any event, they have a certain nunber

of advantages and drawbacks which are sunmari sed

i I i Wi | e. discussed on the basis .
1 BREFUIE R PN Gl b E TRl BE BB ncracve
and alagetrdlyted Wpathblogiesp awe ddamify heompsiddar icgp‘abl@ dfheacting on the
causative conditions of the pathol ogy and 25 the
Aferdd MAGHY corapiesHVBIED it 2t thereigin of hedormaignddsuyiqid plagues.
validity, which is based on the simlarity in the
behavi oural states that are brought about.
Identification of these compounds can be carried out by various methods which, depending

on the situation, are found to be more or less suitable and efficient. They are sometimes
inadequate on their own and are then useful only when combined and, in any event, they
have a certain number of advantages and drawbacks which are summarised hereinbelow
and which will be discussed on the basis of two animal model validity criteria: construct
validity, which is based on the similarity in the causative conditions of the pathology and
the underlying neurobiological mechanisms; and descriptive validity, which is based on the

similarity in the behavioural states that are brought about.

A first method consists of an injection of B-amyloid proteins into the brains of mice,

carried out using a cannula in an intra-cerebro-ventricular (i.c.v.) position. This method
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A first method consists of an injection of (3-anyloid
proteins into the brains of mce, carried out using a
cannula in an intra-cerebro-ventricular (i.c.v)
position. This nmethod -4- (Yanada et al. 2005; Mazzol a
et al. 2003) nakes it possibt€-to obtain mce having a
nmenory deficit after 7 days' exogenous introduction of
(Y8nalaydroild 20@pt Mdesla Fhik 2088) mekesThdgissibk foaghteihymice having a
Obtalaﬂ%g g can be used for testing new prospective
MEFHHEY Sr/ fhe" exqgenquseantrodictine of fdegeaish léﬁpl“ﬂdés This murine
di sease.
s T o o T T e BT FRB Beca slgances for he

tresgmentse memtoldegquataltma bythblokgyespéciAyzARhBBler's diseiss EASE method is
I n,fact od of |dent|fy|n npounds acting on

basgd, 0}3\(%&19(1‘217\&7}%& es @Bh‘fﬁ Y RElRICd ?gtppmtbcpﬁhyg@]fqgm afyAlzheimer's
h
e AR HelR R P e Flifhs PR BpcRE oy nacom

camplex dasrnd ebpatestsvalidity $atdusé yhe @ANEHHOUSLy é‘iaédréerIYa%eﬁlg does not
w of .the fact that, on the one hand, the E%ﬁ
ahefl Beti e m_l@deéxbg S o grvseehnvoe o ey ot satisty

cd?ﬁlgg#%ﬂdf‘@/ itk b%wa(ﬂj dt c‘ffllaga’t o%nth on %Iaqu rt{l% n?,?zl(élgtpiegﬁdes are of

S anlna human.

exigesgeipin and 3mﬁ H&’ﬂuﬁull@ re@iced Eb?/ thb %ﬁnél%dh bAItRS offer hand, the
m ce nmakes it necessary to work in vivo, whi ch

mﬁii%clﬁ @aé%altﬂ@dan&émma inalbyn the |1mjgctu3$1e<af ¢>mgtmm1@|gfarhplmd peptides

ant.i - hei mer co
R G R Bt BERELL PG o G B BURuSEeds s method
fromdelm uséd AdLlZlhellyl"fo scﬁeeﬂin‘{g%a edentiffng Eﬁﬂ%@ﬁféirﬁelr&)ﬁﬁ)mmds
whi ch carry nutations that are present in the famlial

forns of Alzhelner s di sease, on the APP and/or PSI

S&@fﬁ%@l@rlﬂlé}h&as fYJ % dcé)‘rf]lﬁg)%fx&s ﬁ \éfalrlllléoddfe;rﬁfo z&]&?lexfn&r 5 disease,

els 1s acc or
tripsgerhe glideywhiieh amaja hﬂnteftmhs tHaearepp@eadinGhd LiniEal ALY Alzheimer's

oo Ay 8) Rad S @reSenEnmiy enroiioncaphogt Shlibeet these
m(@liels l@%@«)m@ﬂhg@ ug&nﬂggﬁb If(ﬁ'e{ﬁgt AR PRy argg‘tl\g %%Patfll%le for the

Hol conb et al’. 1998 escriptive val
ﬁ@bﬁWEﬁuesoﬂmdedmﬁmansgﬁnMGmmﬁdékﬁcwﬁsnot conpl ete

because they do not reliably reproduce the

physi opat hol ogi cal features associated with Al zheinmer's

Adisespe of tthakgnRehddsed E’Aérﬁgst At mhiB8oRRE m"ﬁ{sﬁd"et al 1996) or a

absence of neurofibrill Y degenerati on and,
deyblremuissing in |ARR prd BS1 gdo cnmbrem | 199<8$5T1m1diesa1hp;tmet MChty of the
rte

I N NER LT ST
the phydiepstifiodibeg fodvsh atsocibealwith Al AeRNG8HidhS; Brere being found, on
the one hand, an absence of neurofibrillary degeneration and, on the other hand, little or no
neuronal loss and also the tardy appearance of senile plaques in the cortex of the single or
double transgenic mice. As a consequence, in view of the physiological differences vis-a-
vis Alzheimer's disease and the time that it takes for the lesions associated with this
pathology to appear, the use of single or double transgenic mouse models is not

recommended.
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vis Al zheiner's disease and the tinme that it takes for
the |l esions associated with this pathology to appear,
the use of single or double transgenic nouse nodels is
not reconmended. -5- The use of a transgenic nodel of
m ce harbouring three nutant-genes (APP, PSI and tau)
(LaFerla et at. 2003) al so has di sadvant ages. The
TROBS SUCk: a
ot Stk NO ST ico HERR AELS RPP2HEP 1

(Linlfeda iedra/. ﬁ@m)pﬁlms éng disadventayas STl o @tiutg vARGR of this model is
in the tau gene. However,

dét%lﬁéa%% bcﬁgg%g% %%Iﬁeagﬁa t:hg Ip?(%:gglpg iydelspay éqldlfq gnaé &atation, not present
mbl(iiﬁﬁéiﬁesu'ﬂterlﬂ% Sisece: Aﬁ%ﬂléﬁﬂ%&e dRBXS] Rl op ?&% t11 %1 g he, (ﬁowever the

Al zhei mer' s di sease, which consist o
deseiiptore veHdity af ;hlﬂd@@édss gDOd)hecanﬁ: it nﬁmnc(srmd:ll ’[heqﬁlysmloglcal lesions
ui.r es eri mont

of RSy B ORI L SOU LS 5, Berl 00, o S IRALIE L0

ndueRiabitss { MPWewdr, Qs Me@d@i rBRfires ahSRAST 6 ﬁ‘%nﬁls to 12 months before
consequence, th|S transgen|c nouse node 8

mifg | argl phtaipgd dhat haze ﬂ@tlh%@ﬂsf typicelorif Alzheimgr's Hiseaset As hQonsequence,
r t d ound in yiew of

2R Sy 1S SR L

ancpidyiroeriies @ tested c@rﬁﬁdiﬁid Hugas anabbyhe Qm%sﬁﬁ'eﬂ f?ﬁ se(lj1d model and

i ng conmpounds in the first instance.
thﬁéffﬁslgw %??gryé@g Htout, 2 oot enasingbly st used Soi ﬂgjem compounds in

thébid idsyanefl conpounds to prevent the formation of
conpl exes bet ween exogenously introduced AG3 pepti des
and a7 present 15 in rat tissues (rat hippocanpus and
This in vitro nmethod is quicker

A B Bl e o DB RSl 8 ATt cBpORRdS to prevent
thg@(ﬁﬁqahar‘{ %f‘:@ﬁ Q%m&%elpgx%gﬂ lgg) lnl odlgcee §§Ité??t§l Ve%fx% plesent

t he conplexes t at are prese UanS

in bata:ussuﬁxtatdnpmcampus &lﬁb@br&ﬂ@yﬁi}ﬁosﬁfr@sﬁ qpis ﬂeﬁtr@h%thod is quicker
¢ %ﬁ ushﬁ troduced. As a consequence, this nodel
o Bt &?@%%@mﬁ%@ﬁm%mmemmmwmg

re @§entdﬁQ§ ffRd ¢ Ei#sﬂhétvaﬁe égels BM Iaﬁé b%ga %er: ?%trbﬁ% Bdalzfﬁgcts are

or using this screen

usc(bpaﬂ)lthe B @cpﬂldag a8 exbfenohlPdidtraducbACAR e@@ﬂﬁﬁe%nc&\hth@shmodel
i.n of the formation of anyloid Iaques

sa ?S ﬁF’é’%eéﬁﬁeF Wansdar seustrel ey Reisthosee %@pmmitwe validity that

hods
arefjiéegﬁft?ﬁ f;/@lﬁ Hgﬁggf#% gﬁdr%lgfs 1'11‘(%1:182%F@BP%Yeelhﬁlgncogﬁyongcﬁs QP61 for acting on

th¢ 3B aryT oA GhR ComMExRwhixhitiek axs origint T tide $6k@UtidiPof amyloid plaques.
overcom ng, at least in part, the known drawbacks "of

t he
The present invention accordingly has the objective of proposing an alternative strategy to

the methods of identifying compounds capable of acting on pB-amyloid-a7 nAChR
complexes, with a view to overcoming, at least in part, the known drawbacks of the
methods of selecting said compounds. To that effect, the invention accordingly proposes a
method of ex vivo screening which recreates the physiological conditions present in
Alzheimer's disease patients. These optimal conditions are obtained by using human
brains, especially frontal cortices obtained from Alzheimer's disease patients. By
definition, this model meets the criteria of construct validity and descriptive validity

because it involves directly using diseased human tissue.
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25 net hods of selecting said conpounds. To that effect,

the invention accordingly proposes a nethod of ex vivo
screeni ng which recreates the physiol ogical conditions
present in Alzheiner's disease patients. These optina
condi ti ons are obtained by usfng human brains,

especially frontal cortices obtained from Al zheiner's
The eerse coratitienstod thyereegfy methodagcotdingtonthel lventiet makdie possible

nstruct and descri ve validity
ol Bt Sl R0 ke WAt i g 260 LBibG of Bt odels
Mor&see the fise ofRneX% Bid)lﬁglcﬂQﬁﬁbﬁélQﬂaﬁ(eQﬁt JoBREbReH %@&H %Q the artefacts
t hod accordngbto the invention make it possib

GTUS eseciatsdsvithitie hysiobagidah dtereticeh thah eXlsmlpﬁt‘emmmmgl species

o) ver, th
ar i mﬁ%ﬁ%?’g ?é(;gslecéafl }ﬁﬂﬁ rlPla 1cgl %atgrlf'}ﬁnglg% gcin%?xé ? 611 vg?eamg method
a(&bfdutﬁ] ED &ret vaan:tﬁ(ih isaeupeEall O irBpeee® Gh ddH ofithd) fidR®hat Alzheimer's
dgﬁ% dlfferences t hat exi st between ani nal

eﬁ?}ﬁ%ﬁspath%gl@ﬁs@ ggnerpldrarptiskist vajiuely in species other
ﬂﬁﬁh@ﬁmﬁ. in the context of the screening nethod
according to the invention is especially inmportant in
viem;of the fact that Alzheiner s disease and

eur o ener athologl general do not exi st
The e ‘1 CF@@‘E&?%@%Y@%W& ﬁ@ﬁ SEEERRS conmpamds thah fiegiapable of

d ound
SRERGy D9 DloyehiAt Shmbieye PR BRIRN (RBHRSTMEE afBITRG e 1chotine
fecmmisdmeﬁedoﬁom:huawlb@alds.peptl des with nicotinic

T cet Ichol §F tors derived fromhuman brai ns. The
hi "Oélrfe ﬂé?saﬁrs %5%%? érkﬂﬂy)dt‘af Séf‘??ﬁtqu‘d)mu@@& @ahpggapable of

diSQRAHNdS, t 0 PGk at |

or even%]l ng %{F{[n gﬁ’ l?%x% arET{/I Oi §7p0é% Q%e Wi Difhgp7 nicotinic

acatyddibling mcelaostc;etrwb@frbﬂﬁnmemlﬁg s deri ved fr om human
brains. 15 The screening nethod according to the

invention accordingly nmakes it possible to identify

TIOSTRRUNDG S LR a&%\fcﬁng WS ffeliNGnBbn Q&g)\écﬁgélg\{ﬁaﬂgg @%% gl‘bﬁs’[b identify

dependi ng on whet her ~sal conpoun capa
CO(H@I@SID@S dhatnhpver caftipe e)repltvengl,ve r espatits, Vdﬂpyndlhg €on whether said

2da7 nACh 8?@‘ Iexes An "antj-ainylaqid" or
1P YBE &2 951Gpe Pt 9T Prsvemiimer weprstivels. the Afaea7 nAChR
Cd%ﬁ&ﬁ%y of a 20 conpound to dissociate - or oppose the
formation of - intracellular or extracellular deposits
of (3-anyloid peptides be it by neans of dissociating
An "9k i nhi bi t t he
anti- a%yre(?‘nor anti- eta-amy&m property is understood to be the ability of a
compound to dissociate - or oppose the formation of - intracellular or extracellular deposits
of B-amyloid peptides, be it by means of dissociating - or by means of inhibiting the
formation of - the complexes that are formed by AP peptides with nicotinic acetylcholine

receptors.

In the context of the invention the alpha-7 nicotinic acetylcholine receptor (a7 nAChR)
denotes a cellular receptor having a pentameric surface, which is expressed principally in

the cortex and hippocampus and which has an important role in learning and memory.
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formation of - the conplexes that are forned by A(3

peptides with nicotinic acetylcholine receptors. In

the context of the invention the al pha-7 nicotinic

acetyl choline receptor (a7 nAChR) 25 denotes a

cellul ar receptor having a pehtaneric surface, which is
expressed principally in the cortex and hi ppocanpus
Lanke wbhtek BAShANNVTABH! AR eXRERidnd 1HRALGING, ARG NBRDFY Amyloid
-7- In the context of the invention, the expressions ™
pergidgialae e the'en(idty afbratny(Bd peptides,dnclpdipg itebeseptiddsa B 4 or APso,

he enti,rety of 3- | oid peptides, including the

A&?éﬁ?t ?rdég“OAFgB_ISQ oprAM1:338142 WD Bao Adn43apB B3, ARE- fiagmesnts thereof

, , . r, Al1343 nd f.ragnents. .
Skt 7009, 2 AR08 B30 R 58100, S RESTLSvty
cqrelpt usdé irf thagereatisg v dlicedr@@ik @ theafbdeMi herdidd. S$aif &AohBnts are,

used in the screening nethod according to the presen?

for gy ample o yABragnddbssar e, for exanple, fragnents

| 2 nd A(325-35 The G3-a id peptides used in .
Th8, Brarflo Bl el vl cPura o the dpbieian 4 eeiay The peptides

tAFlesap i A8, @3,.Aq41, nd f The .
ARSI A3 oSO8 A2 SRR e Wi o o
nigpiewe i aetylcoding | whetoneandabptmost anportdae w@RsStin the aetiology of
A%ﬁgorta%t role in the aetiology of 10 Al zheiner's

SRILE USFHE- present screening nethod is carried out
usi ng sanpl es from human brain, preferably human

cortex and hi ppocanpus. These sanples are taken
Theo present sereaning omatiddzseiamiad eut udingesaswplepatdne htiman Bdn, preferably

invention pr.eferably relates to a screeni ng net hod .
bR Rt Thed® Saepifh SRSt voshvoreopneAlabeimer'
diedasé Batsmy. oi d peptides and a7 nicotinic acetylcholine

receptors is denonstrated by inmmunohi stochem stry. In
the context of the invention, the term

b |.S Sty - relates to the entirety aof . .
T%%??ggﬁgéebggﬁgﬂg %%%ﬁ%ﬁﬁu%s“ﬂ%PH§ gﬁ?ﬁ%&&%@@x?gﬁﬁtWéthﬂ the
didicieibh ofl complesed &t B-amyRid Pepideednd BB GESHES acetflcHdMie receptors
. screeni ng nethod preferably conprises the follow ng
is dlemgasteated byrigupohistocdemistiynpl exes of (3- anyl oi d

j i h. nicotinic _acetylchgline receptars in.the.,
AERLLAES o L SRS SRR s o
amdgeprevieniaid caehoiquédesiagomtibodiés Panthdi &EQEibAtRisolation of defined

molecules.

The screening method preferably comprises the following steps of: incubation of
complexes of B-amyloid peptides with nicotinic acetylcholine receptors in the presence or
absence of a compound under test and then determination of the amount of non-dissociated
complexes in the presence or absence of compound under test and evaluation of the
difference in amount of non-dissociated complexes, that difference indicating that the
compound under test mediates the dissociation of complexes of B-amyloid peptides with

nicotinic acetylcholine receptors.
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conpl exes in the presence or absence of conpound under

test and evaluation of the difference in anount of

non-di ssoci at ed conpl exes, that difference indicating

that the 25 conpound under test nediates the

di ssoci ati on of conpl exes of -§3-anyl oid peptides with

ni cotinic acetyl choline receptors. 8- The screening
Thetsbedniag Gaedbd gicé&dfngeto' ¥ elﬂ(férfgl’ir(hlp[?~I FeSdiP! SOaJ}O?'J. Qorises, a step of
conprises a step of isolation of the non-dissocCi a%
isplgiph eqB sthof n¢Bdmmydiaed Eaptiéexdes ofv B-amylddt péptides with nicotinic

%ﬁ]%)chollne receptors u3|ng anti-(3-anyloid peptide
ATt éﬂFé?mpﬁﬁ%u%ﬁ&@ﬂT@ﬁﬁﬁyl peptislsntibediemt | bodi es used

in the screening nmethod are preferably directed 5 to

the (3-anyloid peptides Al 339, AN, A(341, A1347 and/or
Thd 34Bp-afdsid peptiddxdibedics aded B theForS Bin® fm FIRSHL zir% preferably directed

n&goclonal anti bodi es. Even nore preferably,
tonfhe samyloid peptides Afes.ndlkoi ABahadvbac tiel/osAflsbiThesevenibbdigs can be

n@g#%ﬁé§gh¥og&ﬂguyésﬁﬁﬁn82{?LIgethod non- di ssoci at ed

es usin acetyl chol i ne receptor
anti bodi es, especially anti-a7 nicotinic acetylcholine
receptor 10 anti bodi es. Advantageously, the screening
Evgn mege apebrahlng theo prasenti peresmingomdibal Shomarattesised by revealing,

S%Q%TQI‘P)E %gngp‘ﬁé%t)g/ﬁ]) bg)‘t (rEetrl}%cti hwn-%lswﬁteaj[ -ca@pw‘e.@) uging; guisgjcotinic
acetylclwiiher iedeptor ah@BBdIS, dsPedifly afRIHO Hﬁ%tlﬁﬁp?g’étﬂch&ﬂle receptor
t he one hand, of inhibiting the formation

mﬂ@OQW?I0|d a7 nAChR conpl exes and, on the other hand,
of dissociating said f3 15 anyloid-a? NAChR conpl exes
that have accumul ated in anyl oid plagues around the

Ad‘mmltergﬁomimi heencdefagi methol n§dc@ﬁhﬁgh®co”ﬁi@ WentiB€ has shown the
conpo g zg4795 identified the screening nethod of
Y [ me uaeh hanone
D oert TRvcift| drlHrasomepkmalrb! cobiporn i
[ S (3
CBFAa 2103 SRSRTPLREESoR (2, LB i

oth fainndoidfa AnAGRTEbInletles @ag coRahé iy Bhd, %'fscﬁss%&atmg said B-
aql)ﬂhjbltln the formati on of 20 said conpl exes.

QW] MGl spewplesps dhat diawe clecwonpedniad adglotd plaqdes around the
accardin e

B By BP0 DSV LI b

scoenings infetlayd ©6 nliié | Sregit iafen®ohi M€ accordingly a compound capable of

dissociating the complexes of B-amyloid peptides with nicotinic acetylcholine receptors

present in the brains of Alzheimer's disease patients and also of inhibiting the formation of

said complexes.

The invention relates also to each compound identified using the screening method

according to the invention.

The invention relates also to a pharmaceutical composition comprising, as active
ingredient, the compound obtained using the screening method according to the invention,
in combination with one or more pharmaceutically acceptable excipient(s).

An ‘"active ingredient" is understood to be any substance responsible for the

pharmacodynamic or therapeutic properties of the pharmaceutical composition. In the
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i ngredi ent, the conpound obtained using the screening

nmet hod according to the invention, 25 in conbination

with one or nore pharmaceutically acceptable

excipient(s). An "active ingredient” is understood to

be any substance responsi bl e-Por the pharnmacodynam c

or therapeutic properties of the pharnaceutica

cewergadi the amvention, t"becipi@ntst aft @iderstfodt 1Bebel HYEMbE@Rbe with which the
"e XCi E ﬁnts are understqod to be any subStance with
agihicReerient gt WQIC?WﬁPfelélﬂéf‘rW‘P%ﬁteé ipretfier tovéaailitits its preparation and
adERRHRALA reparation and
adn1nlstrgsggkﬁgﬁgpﬁgC&ﬁl ?&§1%§9%§%gﬁgﬁgncy, form and

ngrtpe anmng trhernmeeautically @cce@th’bld@&ﬁﬂéﬂt@ﬂieké’may be mentioned, by
%Qﬁptablz %kﬁients there may be nentioned, by 5 way
exanpl hOHG HRPY s V}Ynémﬁﬁ‘}m}’ i filuenis; selvents, preservatives,
waitingeibsis, SRLYERLS AL
enu:gs Irgf s, SR spe?lgg‘%tgagﬁg ,Htd §¥se§\?velh§gtaéélﬂg & sq%tﬁ%rghts retardants,
Ingrieanit, ajsaaensy agettarsdspension agmm icolantasits a’ﬁbmﬁzmﬂfg‘ﬁ
agents, suspension agents, colourants and fl avouri ngs.
Furt hernore, the pharnmaceuti cal conpositions i nt ended
Fluthierthbe, fegphanhd et doRpoditi SRtMEMNed Of 1ihe prevention and/or treatment
urodegeneratlve pat hol ogi es, espe0|$ N'Zhei
gﬁ‘ JElegeneggtyeingtheldgigspespatin dp Adzhconer slﬁlseasrea hre in a fonn su1table for

r , S e or .trans-cut.ane rectal
ik T e AT T ——

a@mpfstra%ﬂ yesp@tﬂll@ttsbleﬂ‘s ofl dagees susiHlLAINgGbals §a%ﬂl:t§g§aquets capsules,
sachetﬁp aquets, capsules, glossettes, 1 ozeng

ngf*PﬁB%?s 26%, SUPPRSIKIes.o PiPRmEN DB meRR dérngpé| gelamdd injectable or

driMaBRl@o81eRr drinkabl e anpoul es. The present
invention farther relates to use of conpounds

identified using the screening 15 nethod according to
the inventian in obtaining pharnmaceutical conpositions
Thepig ﬁed’i dryegrion dypthes r é@@ﬁ {9 p¢ ahapmpounds adengified aping the screening

mﬁtﬁticﬂ QEReEne rt@ftlievﬁvgitﬁ)ﬁ‘%E JHE Ipﬁgrgﬁagytﬂgﬁl I c?ﬁ%ﬁit@rng (iinteﬁ/ded for

t he screening net hod accor di mven

the peeyentipn andéor tcatateme nf ne{mfrodelgemﬂrmdxegﬁéaieat ive
pat hol ogi es" such as, for exanple, Al zheinmer's
di sease, Pick's disease Lewy body denenti a,

THst @ﬁhﬁnﬂﬁﬂéﬁﬁﬁﬁ%ﬁﬁﬁ@%&@ﬁm Q%Qﬁbdz&cébfﬂﬁg mventlon are used in
Shy- Drager _syndrone, arnyotrophic latera Ferosi
they Eﬁaaﬁ@ge%r BeUrQéeeaneIRiive patHalogiasytsonh Sasdlfse&xanple Alzheimer's

ehaha 5159%#%8?3%3&'d”?é%fp%%tﬁgr%ﬂaﬁm}@?&ail ainfrgrge. Down

Syddmmet Ehy«mragée Rpedtyms, st el lsbRbossPASYREI
Veer dnj g befn%ﬁﬁggrggases KJS%? ber g- ET e, ataxia,

H }tglgggg im@, §§élﬁ§scm sséigepse, primary progressive aphasia, Machado- -Joseph
disease, Tourette syndrome, paralytic dysarthria, Kennedy's disease, familial spasmodic

paralysis, Werdnig-Hoffmann disease, Kugelberg-Welander disease, Tay-Sachs disease,
Sandhoff disease, Wohlfart-Kugelberg-Welander disease, spastic paraparesis, progressive
multifocal leukoencephalitis and prion-related dlseases including Creutzfeldt-Jakob and

Gerstmann-Striussler-Scheinker disease.

" oy . . . .
The term "preventive" in accordance with the invention corresponds to preventively

directed treatment having the objective of reducing the risk of developing Alzheimer's
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Sandhof f di sease, Wohl fart-Kugel ber g- &l ander di sease,
spastic paraparesis, progressive 25 nultifoca

| eukoencephalitis and prion-related di seases including
Creut zf el dt - Jakob and Gerstrnanr-Straussl er-Scheinl cer

di sease. The term "preventivelo4n accordance with the

i nvention corresponds to preventively directed

diseaset b AhhibAMcNGe tHLiAP] ing

devel ?Sl ng Al g hei mer 12@_0‘%’%%‘?10% gsgg 1'|%n?%i§’ n&f& nf’é(ta %tyldmhne

r?ﬁeﬁ@iﬁh d hist mbibltacnfylnmtsi theefptmatem dfg3- aﬂlyliblldléw inAIGhR complexes, which
tors. This inhibition limts the

| chal
k%et gléé)fnl aﬁiyég‘;elﬁ?‘ﬂ‘eéﬂﬂﬁl@w lesinps Bsesent indilgheimprsedisease. In
a&dmbiﬂ et}@rteﬁhn"lﬁéveﬁﬂyé"obagl BL qglﬂ@l% oo\ﬁ'hé Q c?zru?ary e}ffﬁxpenf' igp.Wwhich is

present in Al zheinmer's di sease.

lﬂtﬁnd@dé%tqde prssEpiene hyrrdéucitgibe p&%r@semradaﬁmaﬂbﬂﬁﬂfeud%ase
which is 5 intended to reduce preval ence by reducing

t he progression and duration of the disease.

"Trea@edniei8 iindérStol 4€b&ih e OkkaRvel P80 FHE 1E1¥t§41 é/scgb&f" £ 83 purpose

treatment prescribed for the purpose
of\| tiaEngreplzhettiersadisepat paiens by dissamingt tlRg Btfhﬁylmd-oﬁ nAChR

ar7_nA exes that are present In
énlﬁﬂﬁ’@%ﬁ%u i S PR ﬂ?ﬁ‘é‘ﬂm%nﬁ%ms fnd ghag (é?ﬂsp@tepffead@ Blaqueshe
use of conpounds resulting fromthe screeni ng nethod
accordlng to the invention in 10 obtaining
The, &?%@%@Q}@ﬁs mnbmglftqrm e dcseenimgemethpé acakdiylg itd tiRNdeshtion in

d/ 1 t t Al zh
AR oS B kel AT e,
araﬁohmatigelﬁ offaﬂﬂieuﬁ@%r@%ﬁgseﬁh%%ﬁ%,' ve di sease affecting

w&grnr y and nental function with, in particular,
SRieps SEeRis” oF undaigoedes b@mstmf%merwﬁgenemmpb ldamhﬁdaffectlng

s.of orientati.on.in
e R R CR—
cqmydlcawdrraowenerﬂ;i hd ﬂsmd@ﬂ%ﬂ‘@h@@tibﬁ' inltR8d QRS s V\% act e‘Fhés‘é‘ cogmtlve
mg ggg and. n uroflbrlllary degeneration -
PIECI ST H%SPP@@ dViEy s F@rﬁé@tﬁlﬁmet@mthwl@elcpk J@sxem - semle plaques
aﬂdhé@fﬂﬂb?ﬂlaf}sdég:eh&ﬁttl&?t\? cmékz)\b%sfdg@n 1Ve gl%g s%ééqsi—mrtem.

wi thout bei'nglimted t
blot illustrating the |nh|b|t|on by S 24795, of

|ned ost-nmortem from
Tl% %m%egz 1118/81%](&(& é@!ﬁs éi)g ﬁ]ées}o pwmgz i vithoytpegrigslimided thereby:
patFiefes t 3 Ch
pa r’rpl xels ngregtelrﬁn%lg gﬁfégbﬁ% ﬁ:te 1&%1’[6 §~Y (Si?‘l@? QF ﬁséiégr ?7 nAChR
on domplees obtained pdsenpriesefion @i)nta &ﬂﬁ%ﬁ%yﬁé’}ﬁ@@olﬁe@ rof AlPheimer's

tes, followed by incubation in the presence of AP42

pctj §ea%e pientspr cppineleybjects. The AByp-o7 IIACER complexes are incubated in

the medium (Krebs-Ringer) on its own or in the presence of S 24795 (30uM) for
10 minutes, followed by incubation in the presence of A4, peptide for 30 minutes.

- Figure 2: Quantification of the inhibition of the formation of ABs-07 nAChR
complexes in human frontal cortex synaptosomes obtained post-mortem from
Alzheimer's disease patients and control subjects and incubated with S 24795
(30pM) - or not - and then with ARy, peptides (100nM). * : p<0.01 for controls and
Alzheimer's disease patients, Newman-Keuls test for multiple comparisons.

- Figure 3: Western blot illustrating the dissociation, caused by S 24795, of

AB42-0.7 nAChR complexes obtained post-mortem from frontal cortex synaptosomes
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- Figure 2: Quantification of the inhibition of the

formati on of AY42-0 nAChR conpl exes in human frontal

cortex synaptosonmes obtained post-nortemfrom 25

Al zhei mer' s di sease patients and control subjects and

i ncubated with S 24795 (30M-Ll-or not - and then with

AP42 peptides (100nM. * : p<0.01 for controls and

Al zbieAlrheinser'didiseasepapiahts ®R tontrdNQWHREs Kend ﬁg{zeo?f nABHR complexes
mul tiple conparisons. - Figure 3: 'Wstern ot

i || YERcabrtad 1 the nerdiwn (Keebs-Ringerbersitsiowy oSinha phesert of S 24795

Al 342~+87+mA exes .obtain ast-nortem from

fr oﬁlf ;P %@ P ?(2)6(% %fyiﬂ g%‘t E@%@teg Tléag@lfq 1 the, gresgioe O fibsage of ABa
pat {1eodlg).or control subjects. The A042-a7 nAChR

conpl exes are_incubated in the nmedi um (Krebs-Ri nger)

on YigureghRuantifigatiohef treedismociatiof oSh24mfactiqrlof dDnABARGéceptors
100M for. 1Q.mnutes and f{hen in the presence or

abs %Céatgc} WAT(hgﬁu 42 10y hyspgmAronts| corfeXgiymaptgsomes obtained post-mortem

Quanbif A ] ] b af | . L.he interactio
Sy BRIt BheRaPLasam B B ol DAL 5 20
f r offitoad 1 ¢ O@M ymchphicn $0tRpreRh&@ deds@mes lof 10,188 ﬁ@OnI(/I').Om p<0.01
Al zheiner's di sease _ patients and control sugj ects and

<}

i ncibdrBdeky i Slshepoer's disedm natiests] OdwymamBenlsetest for multiple
theco%ﬁﬁg(g}g_e or absence of A(342 (10OnM. * : p<0.01

for controls and Al zheiner's di sease patients,

NewrrgweKéul Quardgiicafimr ofultid piney 0 CosPanits ORSmar frontal cortex
Figure 5: antification of the entry of 45Ca2} into
hu?Fﬁ/ﬂaRt?W | OREPEEPOSISHAEFR s el 1 Zboimer h alisepess patiapkst end from
fr anbZ Qv arkl ¢l | RAt i rol; -
U et e PR RE 23 o T Rt 30 SO} fpeubated in
sl itbe preaereei afcAibat(&aMi) R or tnbe- priesenbe tehtndd 2/ith1dP47950(10uM).
not .- prior to the treatnent with S 24795 (101V)). 15

Cal AT, 15 roBglyahiett aidhsuitbyeq.T Mepnibty (PAVU899RTsor by NMDA
(P : by NVMDA added to glycine. 1. Materials
anggdﬁ/b&fﬁ)ggg%m{?{. 1) Patients Post-nortem human frontal
cortices obtained from Al zhei ner' s di sease patients and

20 healthy control subjects are obtained from brain

banks (Harvard Brain Ti ssue Resource

I. Materials and Methods

1.1) Patients
Post-mortem human frontal cortices obtained from Alzheimer's disease patients and
healthy control subjects are obtained from brain banks (Harvard Brain Tissue Resource
Center and Analytical Biological Services).
The patients and controls included in the study were between 50 and 90 years of age.
The controls were people who, during their life, showed no cognitive disorders or manifest
signs of loss of memory.
In addition, the Alzheimer's disease patients were divided into two sub-groups having, or
not having, associated vascular pathologies. Only the brains of patients without associated
pathology were used in the present study. |
It is to be noted that the diagnosis of Alzheimer's disease was confirmed by the

immunohistochemical method of the National Institute on Aging and of the Reagan



10

15

20

25

Center and Anal ytical Biological Services). The
patients and controls included in the study were
bet ween 50 and 90 years of age. The controls were
peopl e who, during their life, showed no cognitive
di sorders or manifest signs!8f |oss of nenobry. 25 In
addition, the Al zheiner's disease patients were divided
Insttnge Warksigh Ggougu pﬂ Dm\ghamc Griteriaofor hid¢ i NehroRgHar isk@dment of
A scul ar.. pat hol ogi y the brains of patients
FESHE diseassan Ax tS%@tﬁ@P@E?ihﬁ?énﬁgéﬂﬂpwnﬁhe pr esent
study. It is to be noted that the di agnosis of
Alzhe|ner s di sease was confirmed by the
fticaet hod of the National Institute on
and t he Reagan - stitute Working oup on
PUEISERToIR ey BT HORGR BoNe POt SeaPmas b i e fongit of the
st&dl;zdflﬁtthﬁbnﬁ)ed l% %ﬁﬁe BaniPaduERY %th}Pth@)i? Bl ?‘fliol' Rethat removal
clinical synpto 1.2) Preparation of ‘% ortices In
The genoved coridied aawtomis at A Camtidrtheyf act ssedtihehe orteeiag method
context of the 5 study cone from people
mﬁg éf@ {H&ggcﬁrred within the 15 hours prior to that
renoval . The renoved cortices are stored at -80C until

they are used in the screening method according to the
ﬁéﬁﬁﬁi@ﬁLii@B¥EEﬁErage of the cortices After renoval,
Afta‘é:eﬁl%%ﬂ &%Scﬁﬂ[c%s %{I %/?fd’rp%tgétec? 901 ecks 6. 5?/[ sorc]hum ph/cl)sphate buffer

I'um pho

(I\(alIhPBE’QHQQBMZR@mE@fD | ZH2Q) cphlaihirh) 2@ %(\WVF‘ k@20 THey are then
ucrose, They are then frozen for 1 mnute in

fr 7§8p‘9@ht éﬁ@%}%ﬁapweatlalatatr@ﬁﬁé raathpéra@ﬂe 0308 i(h ins gxtlidgcarbon
SRUE0M % 0080y B A Y R OGS eBied

cryostat

-3BP@ $Supet Eﬁ)sFPlsh Eisher) aarreplabamm 0.02M FBYRIVPBR] Beh fs@ked at 4°C.
and then stored at 4C. 1.4) Preparation of
svnapt osonmes 15 100 ng of post-nortem frontal cortex

g1 VP LbE B hnSpidoiRgeni sed in 10 volunes of  10mM
EﬁES_BFF7_ﬂ“ﬁ%&%%aTWé% on ice and oxygenated in the
100rmeg @Iﬁ@estahoﬂerﬁfmwalmaemgeotﬂ:ﬂdnﬁlcﬂ:I’ﬁﬁt& Ebihégentdtiiel0 volumes of
on/ as tissue grinder at 4Cin a
1%}8 EEEMII?J‘ tns QoltE ANAiI My oA MEBIESPisRenze mf 0.32mM
subFRMaEDDAMPOEDTAN aff then mixed in a Teflon/glass tissue grinder at 4°C in a
homogenisation solution containing 25mM HEPES pH 7.5, ImM EDTA, 50 pg/ml of

leupeptin, 10 pg/ml of aprotinin, 2 pg/ml of soy trypsin inhibitor, 0.04mM PMSF, a
mixture of phosphatase inhibitor proteins, and 0.2 % 2-mercaptomethanol.

The homogenate is centrifuged, firstly, at 1000 g and 4°C for 10 minutes. The supernatant
obtained in that first centrifugation is centrifuged for a second time at 15000 g for
30 minutes to obtain a sediment of synaptosomes.

The sediment of synaptosomes is washed twice by suspension in 10 ml of Krebs-Ringer
solution, maintained on ice, comprising 25mM HEPES pH 7.4, 118mM NaCl, 4.8mM
KCl, 25mM NaHCOs3, 1.3mM CaCl,, 1.2mM MgSO,, 1.2mM KH,PO,, 10mM glucose,
100pM ascorbic acid, 50 pg/ml of leupeptin, 10 pg/ml of aprotinin, 2 pg/ml of soy trypsin
inhibitor, 0.04mM PMSF and a mixture of phosphatase inhibitor proteins, aerated for
10 minutes using 95 % 02/5 % CO, and then centrifuged again at 15000 g for 10 minutes



10

15

20

25

30

| eupeptin, 10 g/m of aprotinin, 2 g/nil of soy trypsin
i nhibitor, 0.04nM PMSF, a 20 m xture of phosphat ase
i nhibitor proteins, and 0.2 % 2-nercapt onet hanol . The
honogenate is centrifuged, firstly, at 1000 g and 4C
for 10 m nutes. The supernatadt- obtained in that first
centrifugation is centrifuged for a second tine at
atl4500 Ohg waslied sFhaprosunicssird heo biispeiided i6 @ dhIgdxydénated Krebs-Ringer
Syna t sgmss. .The sedi pent_ of synaptosonies is washed
54 %“Bﬁ”@;f S BOBRR PR TR one T spid synapiesemerpRgasion Fdetermined by the
Bl in@thodei Nt ai ned on ice, conprising 25nM HEPES pH
7.4, 118mM Nad, 4.8nl KC1, 25mM NaHCO3, 1.3mM Cad 2,
1.2mM MgSH4, 1. 2nM KH2PO4, 10mM gl ucose, 100M ascorbic
arIi I 50 g/nil.of |eupeptin, 10 g/m of aprotinin, 2
g/ ol i nhi bitor, 0.04nM PMSF and a
ThE KhHaec@iexPia 4 LR ' t ion i
e oy A OSEASL NEUBlElp &1 L ERTed REBIRe Sbtution in
thg pagsancerof 1O cmmpePUndrS 247 9friahdit°€sfor 30 Sinates #G tofeh éncsdstivadvolume

tesones are uspended jn 1 m of oxygenated

oFJUEEE AR RE 4 RN e Sl e Sgtion of
1,594, d 0NN GUIARE Db 3y i

B o T o1 R Pl oft the SThtiertl bhiAE qaiad o, the
Smpﬁgmmssyara[atsosi?uémtedriﬁ thmp:‘gkmte df 100 Ag)gy ﬁﬁﬁﬁihe @reser(ljce of the

rebs-Ri nger. solution |n _the presence of the conpoun

v&ia7HR Bchost Spas! hy e Witha I Sorlapt prelisiani @fnlmM EDTA
ARk orPi_Ee 5@%9_0@&11 iom RS2 CONROMHA %&S%ﬁg% égﬁltf?)g}%fig Mc@ntrifuging

the reaction mxture at a concentrati

fop Ol0 ronu e 01 1 5089 gratidngl (o nA frdrereenapelr ofrert supbmiatigt, e rsediehent of
out, the lyna tosopes are also incubated in the

SYSPRIQRITRSS 8? GBI Pot A0 thet pieswippeccaitapipe bugfer (25mM

' T fon_ | dil uti (th 1. ..
RXPRHe STORAERIO A ERSPRt, B S LUGIR, WAk o i,
2 pghngli ofadyotty s ntribidr! DQUIMNKITRASF BnAGL migatdlbf BRE@ADhosphatase
. then centrifugi nsg for 10 m nutes at 15000 g and 4C.
injhitars) coREENg OF> Yndigiopiar At %nthelatdde sakai nandt 0.6f% NP-40. After

. bt ai ned- i i n.250. | . of o .
A N A NN S ——

arf¥a6dniri fipMeERT A% / ' - fap._
apr (?tt ri1 nlgir\é,g 15 2C %8/ %1 mo?%’&i? e@??gglﬁblf #%l'l%ﬁgjo }}% é.B&%nAChR

coPBExearge asoldted by emofunppretipitaighosphah@es,, antibdlidspiehbated in
containing 0,5 %digitonin 0.2 %chelated sodiiun and

th61_r PIEFeRES g(g 1 foggs at 4°C and concentrated by incubation for 2 hours in the

presence of 25 pl of A/G-conjugated agarose beads (Cai et al. 1999, Wang et al. 2000, Jin

et al. 2001).

1.6) Electrophoresis and Western Blot

After three washings with 1 ml of phosphate buffer saline solution pH 7.2 followed by
centrifugation, the isolated APg-a7 nAChR complexes are dissolved in 100 ul of
SDS-PAGE buffer (62.5mM Tris-HCI pH 6.8, 10 % glycerol, 2 % SDS, 5 % 2-mercapto-
ethanol, 0.1 % bromophenol blue) in the hot state for 5 minutes. The complexes are then
placed on a 8 - 16 % SDS-polyacrylamide electrophoresis gel.

Anti-o7 nAChR monoclonal antibodies are used in the Western Blot analysis and then

revealed by chemoluminescence. The intensity of the bands obtained is analysed by
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diluting the synaptosonmes with 750 | of

i munopr eci pitation buffer naintained on ice and
centrifuging at 4C so as to renove the insol uble

resi dues, the A042-a7 nAChR conpl exes are isolated by

I nnmmopr eci pi tation usi ng anti4-AR42 anti bodi es,

i ncubated in 20 their presence for 16 hours at 4C and
desihogsty &t edeby quadtiiahé effedt®bf theROMHSUNR, is@ﬁm@ﬁ@ns §M&Eir dose,
of 25 | of A/ G conjugated agarose beads (Cai et al
on fggmopahef ABsa17 n2GHR codiplexes dnt ek preg@0l) . 1. 6)

El ectrophoresis and Western Bl ot After three washings

with 1 m of phosphate buffer saline solution pH 7.2

f dl7) eweichnwloidZntRuad | f ugati on, the isol ated Al342-a7

NAChR conpl exes are dissolved in 100 | of SDS-PAGE
The FP@POIP‘gS AP TS ysadcas pi-emgloid @z din ylese eo vivo 2scaeesiDg, method
ﬁ’C%??ﬁBﬁﬁﬁﬁkﬂkeﬁﬁggﬂﬁl 0.1 % bronmophenol blue) in the

m Ut es. The conpl exes are then placed
Tha camﬂoundls 2478PSs popyradiny lcampbEiRl 8dedCAsr P PRRORTLENIASE facilitator
é NAChR nonocl onal antibodies are used in the
capgllecs BV INgnePEFETE BrAgetsheind/3 of eppasiag thy cognitive disorders
0
aSbagel %%H;%gegf‘g? G porBe ek oc%g%lhbee d&aﬂgt%rs BhhQ fd%ecﬂy on
thelvented]fobolisergik syktems, Oth@ Obmﬁ&lndaS 24795uB ¢dck iy 10 fhyb bﬂbﬂ’mlc activity,
gwge an the %nnunt AR42- a7 nAChR conpl exes that
WHICE  BpibdBhcany by traphl Fsogeﬁ/ua. e HBERAT Thepalishsoswiderde from
ndfdReehatiiels@se anti - aunyl oid agent in the ex vino
screening nethod 5 protocol according to the
i nvention. The conpound S 24795 is a pyridine conpound
e facilitator capable of

€104

C ocesses and/or of opposing the
Tﬁ@ﬂﬂlbﬁd)ﬂé@ r@ﬂo$&*’yd=&b§r1m@1ﬁ§ afl @bed Mtﬁﬁn?%@dlﬁ’égaccbfﬂmg totI .2 obtained

contrast to the nnenocognitive facilitators that ac
frammagienty aggerdingéo kbnt r al chollnerglc systens, the

cki other bvity,. 10
TERTRRHIRY Ry 009 S AL LI ACuTARRI LS 2425 b Patara
Wﬂﬁ&éféﬂ:ﬁﬁe fouhé edltieh AW EUERARBANE rakpiRs. I wRAS8ed after 1 hour
1.8) Functional recovery nethod The functional recovery

O@X@@nﬁtt@nﬂss 2 & Ten Jongod] brainsusipngpdtio Aifas(3aanimntts \gnd an brains of
Ail'zhem?e?ts adlsease patients. The treatments using ABs, (IuM) and S 24795 (10pM) are
carried out on slices of cortex obtained from those brains. Synaptosomes are then prepared
as described in 1.4. In order to evaluate the Ca’* influxes via the a7 and NMDA receptors,
the synaptosomes are incubated in the presence of Ca’" (5 uM) for 5 minutes at 37°C in
Krebs-Ringer medium. The Ca®* fluxes are brought about for a7 selective a7nAChR
receptor agonist, PNU282987 (0.1, 1 and 10uM), and for the NMDAR receptors by the
addition of NMDA (0.1, 1, 10uM) and glycine (1uM). The reaction is stopped by the
addition of Krebs-Ringer (4°C) containing EGTA but not containing calcium. After two
washings, the synaptosomes are lysed by sonication in ethanol (95 %) and the radioactivity
is counted by liquid scintillation spectrometry. The specificity of the calcium influxes is

checked by means of the addition of selective inhibitors of the o7 receptor

(o-bungarotoxin) and of the NMDA receptor (AP-5).
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frompatients according to 1.1. 15 The functi onal
recovery brought about by the treatnment with S 24795
(10M is evaluated wth reference to the cal ci um
influx via a7 and NVDA receptors. It was tested after 1
hour of treatnent with S 24795 on control brains
exposed to A(342 (30 m nutes) and on brains of
Al zhei ner' s di sease patients. The treatnents using
A(342 (1M and S 24795 (10M are <carried out on slices
HgRe tex obtained fromthose brains. Synaptosones are
then prepared 20 as described in 1.4. In order to
eval uate the Ca2+ influxes via the a7 and NVDA
Theeleaptsmiemonsttdnetmty@&t cﬁéaffeemﬁhecérnpmt&mﬁ% t he
presence of, 4' Ca2+ for 5 mnutes at 37C in

Fikitip eRPW@@Pg ﬁ%ililqﬂﬁlakﬂﬁét eepsiblg qousi%rglfar\éh%r/é@ @ﬁl@tld&w@t added to

L e T Y A T

redstdt td o @SB dFOA fp-of nABNR 18k KC TRl 1M canl BE seen from
reaction is stopped by the 25 addition of Krebs-Ri nger

Figa@)1, clenadslitnomof AFpaptidds tn otonehsmamdrimmga.ncairEk sgmapbdsoates brings

t wo shi.ngs, the synaptosones ar sed by sonication
ahoyt %ﬁggwélm%%e% tt ﬁﬁﬁlqunteofrféfélqw@?dw@hﬁyomp@xeﬁount ed by

nt | 0 spectronetr S cifi.cit
WS 2 RELE Pt Rl SRR bagy e BB el i amount of
ABPiT hACKRS cagpleedsi fEméd N Ridh&ISHPI2Uh v SERRL Bat $24795 (at
(a- bungarotoxin) and of the NVDA treceptor (AP-5). -

30uM) Reganty @e 'fdmmatlea of thesclemplstasatiesetiby they AP peplidess f e ct
of the co 795, Firstly e scr enlng et h
I SpoSBeL fpiged B0 Baeqriges it 6?315%@%“35‘?5@‘?113 amount
. f _
B

oft At ﬂfﬁptiﬂe]ar dwetsi wot aaﬁseAﬁMchaé’asaAﬁJ‘tﬁb ammhexﬁmmplred@eplresm in the

.can pe. seen fromFigure 1, the addition of A(3 peptides
dlﬁ??S?fﬁﬁlS&fegeéléf‘e&OH ot c@?t@fo%%}ﬁaﬁﬁ%%egelﬁgl %@dy abbipted by

BB AGUEET i Hhe TRyl AR o iy

cmm\@rlﬁopdmf ﬁ(SBZzﬁkaStbedmse itt dissoaiaty tbmplexesPiR4Pwearé foMkatRefore the
SR S B R G o o
SR AT e BT, 475 o
Thi sedsellpstiatehinsigib e @miuntthe ability of the screening method to identify a
compound having a curative property because, without AB peptides being added, this
compound can bring about dissociation of the complexes already present in the diseased
human tissues. Indeed, in the absence of exogenous A peptides the compound S 24795
causes, even at a concentration of 1uM, a reduction of about 22% in the AP4-a7 nAChR
complexes previously present in the diseased brain extracts. This reduction becomes
substantial at concentrations of 10, 30 and 100uM S 24795, with non-dissociated
complexes being reduced in dose-dependent manner in the order of 63 % at the highest
concentration (p<0.01 2-factor ANOVA followed by a Newman-Keuls test for multiple

comparisons).
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of conpl exes present is twenty tinmes higher than in the
non-di seased controls. The addition of A3 peptides
does not cause an increase in the anmount of conpl exes
present in the diseased tissues, the totality of the
nicotinic receptors being arﬂéady saturated by 15
endogenous A(3 peptides. In this case, the screening

Thist 6eningk ewtiod pesordingls mekdsd@npaskiplea to caleat, i mespecific manner,

I f 24795 because .t di ssocj.ates conpl.exe
o PRSI P by THE 0 BT A7, e sl kBB B EPRRIER SBeomplores,
wRkH 9B Bpliogise abowdrlya divehist sltdsalwhepd uld iaeflod DM compounds is

amount of  A(342-a7 nAChR conpl exes present in the
PreYQdiyse andh 08 8 . otirpie hanss aet eapableueft dissasinting thi geomeplgres already
i e, k.l ] i t ho i dent i .
P58 A RSB . bl GBS0 PRURLORE o ek 490 B i
ofwhé¢ baupoutdS isxepdtivdes bei ng added, this conpound can
about di ssociation of the conplexes already

bring. . .
Dﬁﬁ%%%mﬂ ofnthe HePaeiod AR camplanes Wil peavent thgeaxgessive infraneuronal

Q ogen 3 peptides the c ound 24795
o F 085 3 0T IO ot PER o S L NE LY i el ceath
dehosd epdsits.t he A(342-0 nAChR conpl exes previously
present in the diseased brain extracts. This reduction

becones 25 substantial at concentrations of 10, 30 and
ex.es bein

S 24795, wi.th = di i,at I .
CHOME St R el ARG REHEE T, BRORUTNER BFngTuggan brain
syatiptolemdsi gnedd theC aRERAS rald fike( Postived adsdoddibd witNeMVA differences

fol | onwed a, Newman- Keels test for nultiple

by a. S : : .

betyrgarTBIghsnecies pad Impass. daraddiiongtheescivey Bosedue Rgityis screening
- Lhl e t Yo ifie [ g s

B s PR Bc! RAREL Sl OB DR compouncs
thpt ewvendapaiget b diggoviating Nncadhpl&MIPbEXBEamyloM SdptidSs with nicotinic

agpliqable to ear|y disease stages, where the action of )
acehachodng desrators. sFinpllevasnthiy screetiog arethase emplras hielegical material

of..di.Ss0oci at. | 09 |r ead : .
GRRERLE Lol onOE LD ADRCFRIPURES, RGPS, g i s

tosseleet anddideg g eosipagei, thatvailect ftey el sape odfhetdi®ase. The screening
C ounds. is curative. Dissociation of the A(342-a7
mEReR Retuipeds dbe WRYoRtpR evakht 1t ppssiblectesidpridly compounds that can be

delt fAARUEGAM e 1RGNN Gt | e fikedloCh X feimer’
#gnd consehueﬁily oppose ?ﬂgongﬁﬁ%%éﬁ gggtﬁ’ §€g852§'ﬁﬁﬁmnwrs
dis¢ssse deposits. 10 Carrying out the screening nmethod

according:to the invention using human brain
Furthermore, a specific experiment was conducted in order to evaluate possible functional
recovery after dissociation of the AB4-at7 nAChR complexes. This experiment shows that
the dissociation of the ABs-a7 nAChR complexes brought about by S 24795 allows
recovery of certain functionalities of the o7 nAChR receptors and glutamate receptors of
the NMDAR type. In comparison with the synaptosomes of control subjects, the entry of
calcium via o7 nAChR and NMDAR into the synaptosomes of Alzheimer's disease
patients is, in fact, greatly reduced (35 % of the control values) (Figure 5). This reduction
in the entry of calcium is clearly due to the formation of the ABs,-a.7 nAChR complexes
because the addition of AP to brain slices of control subjects brings about a reduction in

the entry of calcium to a level comparable to that of the patients. Treatment with S 24795,
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synapt osones avoids the artefacts and fal se positives

associated with the differences between ani mal species

and humans. In addition, the ex vivo procedure of this

screening nethod nmakes it possible to achieve rapidity

and repeatability in identifyrag conpounds that are

capabl e of dissociating conplexes of (3-anyloid

j i i i c ' I tor .

TR s o R B SR GG s Riefgprishment of
thate@ T euatly. representing a severe, fixed stage of

34§ zheig&rts di sease, it accordingly makes it possible )
B SEPEXEblndTRRARL MYt ohpddies of hike wamplexgst alieady formed in
AlzhBialer's URGReYaithe b?i'n%?é&ﬁn agﬁﬁstéﬁ{a? g%ké&?%}rge%h %ﬂtry of the order

according to the 1 nvention nakes | SsS 0
ofi The¥it dohypacasito b minshaft untzated & Izhesmer's disdabepatienat Fisgire 5 shows

ol SRL b, 35145 BI85 Rhe Wb f Al wingpdisazes phtents and of
; ot : .

TR R0 8 LIS AU SyRRASIALL

65034 ZheaconaldRuesonphex &p. Thi s experi ment shows t hat

the dissqciation of the Al342-a7 nAChR conpl exes
It & ¥rsgrringlp sgmopsiratebly s sxpesimgent theg dheedigsogtatiorr hranght about by

tienahit] t AChR receptors .and glutanmate.
S DB s SEARE RnRE R, e Bt REE i rBe it gheimers
disysapdteanmaked oSt Host-HorRing edstoratidheo fRREAM cOfula fiintlidHRities -
. via 0 nAChR and NVDAR into the synaptosones of

in g pastiglar qasgcalewgrentpati ents is, in fact, greatly
: 9 r I Fi e 5), .This

T et e b DAORIRL ERPHTR i SR e benoa.
the formation of the A 342-a7 nAChR conpl exes because
the addition of A(3 to brain slices of control subjects
bri ngs about a reduction in 30 the entry of calciumto
a level conparable to that of the patients. Treatnent
with S 24795, - 17 by opposing the action of AR in the
control brains, shows substantial re-establishnment of
that Ca" entry. Mdire remarkably, treatnment, with S
24795, of the conplexes already formed in Al zheinmer's
di sease patients brings about a substantial increase in
Ca'+ entry of the order 5 of 75 % conpared to the
brains of untreated Al zheinmer's di sease patients.
Figure 5 shows that, after treatnment, with S 24795, of
the brains of Al zheiner's di sease patients and of
controls pretreated with A(3, Ca'+ entry reaches
conpar abl e | evel s correspondi ng to about
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65 % of the control values without A(3. It is

accordingly denonstrated by this experinment that the

di ssoci ati on, brought about by 10 S 24795, of AR42-a7
NAChR conpl exes in diseased tissue obtained from

Al zheimer' s disease patientddnmakes possible
post-nortemrestoration of certain cellular

functionalities - in this particular case cal ci um

entry. This experinent accgggingly underlines the

t herapeutic value of this ng met hod. -is- CLAIM

1. Method of screening conpounds capabl e of

di ssoci ating or preventing conpl exes of (3-anyloid
pépt¥ghed wi serepninp compeuatsenpatdh of dnsociaingpirqreveténg vedplexes
fromhuman, .brains. 5. 2.. Scr.eeni t hod according to

ol e Oloie BEREES SR SiROTHA R E TR PG deved oM human
conmupsls have curative or preventive properties. 3.
Screeni ng net hod according to claim1l, characterised in
that the nicotinic acetylcholine receptors are of the

O, type. 4. Screening nmethod accordi to.clajm]1, o

c %’aréa)%?egmgs éTGEtl?Qﬁi taﬁcgi‘ étl?‘ﬁ el §%5Pry i o APtacierissd iy s the eidentified
A33%omDBaads K334 turatiider RBM AN e frodédics. D SCreeni ng

nmet hod according to claim1l, characterised in that the

conpl exes of 3-anyloid peptides with nicotinic

t j ived, f .h C e
SSeLLEIY WRASESE G821 SRRLIREIALTI o g, o

10 Gletylehdline@ade @fd STaHe b tffeat the dissociation of

15 conpl exes of (3-anyloid peptides and nicotinic
acetylcholine receptors is denonstrated by

ign%pohistoch mstry. .. 7. Screening method according to i
clai'th T enaF eF‘F%é‘Hn% ot HAm ; b %"&Fﬁ?ﬁf%‘? ippgat the B-amyloid
fol | Rwidg 54 8BS AB. RBUPAR, Of 48 AGopl exes of

Js-éﬁy?oid peg%fdg?’mﬁgﬁ ?ﬁ%g%?%fgﬁﬁcetylcholine 20
receptors in the presence or absence of a conpound

upder test; - _determ.nation of the anount of
non-TEBEE TP AT FRIR He hrasEHEs i that the complexes of
B-amyloid peptides with nicotinic acetylcholine receptors are derived from human

cortices or hippocampi.

6. Screening method according to claim 1, characterised in that the dissociation of
complexes of [B-amyloid peptides and nicotinic acetylcholine receptors is

demonstrated by immunohistochemistry.

7. Screening method according to claim 1, characterised in that it comprises the
following steps:
- incubation of complexes of B-amyloid peptides with nicotinic acetylcholine
receptors in the presence or absence of a. compound under test;
- determination of the amount of non-dissociated complexes in the presence
or absence of compound under test and evaluation of the difference in

amount of non-dissociated complexes.
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or absence of conpound under test and eval uation of the
difference in arnount of non-dissociated conpl exes. -
19 8. Screening nethod according to claim?7,
characterised in that the non-dissociated conpl exes
are isolated using anti-43-aml-oi d peptide anti bodi es.
9. Screening nethod according to claim@8, characterised
i 8.t Baterihe netiiddoadbeking te claihh 17 ch@tctéseli g thad-BembRidisociated
peptides A133q, A1340, A341, A(342 and/or A(343. 5 10.
Scr eBHNPIgSYerhisalated wsingi ang--emyloid paptide etihodisser i sed i n
that the non-di ssociated conplexes are denonstrated
usi ng anti bodies directed to nicotinic acetylcholine

r éceptroeifing histhdd aaerding tielNa®, aterbtiBe 1Ptk #hddthodies are
characterised in that the non-dissoci ated conplexes

ar e diEsebidsioth Bamyktidhgentities A8%. AiBen tibi, & PacatdydreXbh.i ne
receptor 10 antibodies. 12. Conpound identified by the
screeni ng net hod according to claim1. 13. Conpound

ad@oSﬁbggr_lg @isﬂ%o}ll #Bcding haciamt 91 tBRaktéikell NAthdtNhS non-dissociated
conmpouna I's 1-(4- . o . " .
br onBEARINAS) are -demopgiraigd usingyantibodip digeoted teenivativiveacetylcholine
14. Rhangmceutical conposition, characterised in that

it conﬂilsés one or nore 15 pharmaceutically acceptabl e

exci pient(s) and one or nore conpound(s) according to

clﬁigy12“ 15. Use of conpounds according to claim12 in

obt aPHEFHE S Fisthed asaendmg o apo ). chameterisad: iartheidhe apnissociated
preveph a nt .. of urodegener at i :

di seas e%%fG EPJUSO%H%)E‘ 9%%%0%%% %@c%?dﬁ%%m}l% %‘f%ﬁﬂ?offei feeeptor
obt aamibndicphar maceuti cal conpositions 20 intended for

the prevention and/or treatnment of Al zheiner's disease.

12. Compound identified by the screening method according to claim 1.

13. Compound according to claim 12, characterised in that this compound is 1-(4-

bromopheny!)-2-(1-methyl-2-pyridiniumyl)-1-ethanone.

14. Pharmaceutical composition, characterised in that it comprises one or more

pharmaceutically acceptable excipient(s) and one or more compound(s) according

to claim 12.

15. Use of compounds according to claim 12 in obtaining pharmaceutical compositions

intended for the prevention and/or treatment of neurodegenerative diseases.

16. Use of compounds according to claim 12 in obtaining pharmaceutical compositions

intended for the prevention and/or treatment of Alzheimer's disease.



