APQL| POPROTEI N E POLYMORPHI SM AND TREATMENT OF ALZHEI MER' S DI SEASE
BACKGFK1N£&6%3%§$$I NVENTION 5 (a) Field of the Invention The _invention

rel at es od for the treatmsntk ,of Al zhejner's dlseaé%c?ﬁA%mwéf ent
based on the cholinergic activity in the brain. 10 (b) Description of-
Prior. Art Apolipoprotein E (apo E) functions as a ligand in the process of
receptor nediated internalization of lipid-wich |ipoproteins, and it is
probably al so involved in reverse I|p|d transport (Nhhley RW et 15 al.,
1983, Bi ochem Bi ophypor€ 8N 1R/ pdn¥MORPHE NDE PREAPMRNTY OUS SySt em
(CNS), apoE plays a centra Y, ZHEST MAD! & ';4;3-; redi stribution of
chol es- terol and phOSphO|IpId durlng nmenbrane renodel i ng associ at ed
with synaptic Rl &O al ., 1991, M. Brain. Res.

9: 191-195; PoiTT Brain. Res., 11:97-106; Poirier J.

et al., 1983, ﬁehrESQLQDQE;IEQ_BQ_ingg_The |nportance of apoE in the brain
is further underscor eepy tlt;ﬁ, ic e 1 atleer ¢ I&eyfpl ﬂé%oapolflogopq._ Eel ns
97

such as 25 apo Al and ap Rohei m P.S. et al 9, Proc. cad.
Sci., 76:4646- E%ﬂ@?m?ﬂttﬂgsAﬂF§§&@er ApGESWRﬁ@|¥?f%ﬂﬁﬁ¢fﬁ%ﬁohﬁﬁﬁﬁtpy in
astrocytes in the EhSlidéfgRpokcfe®et9NiahenaDE2E8N19 has three comon
alleles (E2, .E3, E4), which encode three nmajor apoE 30 isoforns.

Recent |y, t he frequency of the apoE4 allele was shown to be markedly

i ncr eased1Pn sﬂ@)aﬂ&§_££nLLQBLQﬂ_BELQHLA£L1993 Apol i poprotein E phenotype

and Al zhei mer's Di seag Iia teXt? $97a éé?g})m GEJS els ah- 14

Lancet (letter), 342: 7 n Iate 35 zhel mer alsease
(AD) (Corder ey the aroce§§99 sacem‘@r mdme@zgntqaﬁpammuep ef.
- 2-

+lipid-rich llpoprotelns, and it is probably also

"involved in reverse 1lipid transport (Mahley R.W. et

15 al., 1983, Biochem. Biophys. Acta. 737:197-222). In

' the central nervous system (CNS), apoE plays a central

‘role in the mobilization and redistribution of choles-

terol and phospholipid during membrane remodeling

associated with synaptic plasticity (Poirier J. et

20 al., 1991, Mol. Brain. Res., 9:191-195; Poirier J. et

al., 1991, Mol. Brain. Res., 11:97-106; Poirier J. et

al., 1993, Neuroscience, 55:81-90); The importance of

apoE in the brain 1is further underscored by the

absence of other key plasma apolipoproteins such as

25 "apo Al and apo B (Roheim P.S. et al., 1979, Proc.

Natl. Acad. Sci., 76:4646-4649) in this tissue. ApoOE
mRNA is found predominantly in astrocytes in the CNS.

The apoE gene on chromosome 19 has three common

alleles (E2, E3, E4), which encode three major apoE

30 isoforms. Recently, the frequency of the apoE4 allele

was shown to be markedly increased in sporadic

(Poirier J. et al., 1993, Apolipoprotein E phenotype

and Alzheimer's Disease, ILancet, 342:697-699; Noguchi

S. et al., 1993, Lancet (letter), 342:737) and late

35 onset familial Alzheimer's disease (AD) (Corder E.H.

et al., 1993, Science, 261:921-923; Payami H. et al.,
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1993, Lancet (letter), 342:738). A gen ;‘f ect was observed in both

spor adi cw?]rbg-,z 1 lial cases (i[fe: fs @r@etyy i ncreas el e copy

nunber d'ecreaé%?). woren, who drg" %g\%gg o at a};reater ?ﬁlﬁéﬁ@:«? )
|__show I pereased—F4

devel opi ng Al zhei nmer' s di sease|l_show I all el e frequency when
conpared to age matched nen. Liddel et al. (1994, J. Med. Gen., 31:197--200)
only denonstrate the presence of at |l eas?2 two sub- popul ati on of

Al zhei ner' s di sease; those carrying the 10 apoE4 nutation and those

ChatapoE nRUF Ly ers [LeBPREL, VIRA AR PRl 4684 "Gt 5T
I n: Basi c waghPbseryredein i botht sporgddc and Famidlisgicigases &hde.

Par ki nsons’ s 4lf Sages of T oaER! SincFeadBsaNagh Cas1e180Vbdhy k. nithiser ™
Press, 191-194 mae%)st-rmrtem brains of. AD patients. These results were

obt ai ned fr ofi9FRIATRE? nhosHOBRMot W AERe 9RRR¥RILY nidteg2 greater | t
\Aﬁu:q be Bi gfﬁi;s_ld@frwékbﬁibg.al?é%ﬁdﬁ%t laim?,t GHbY eintréasés

chol i nergic i it t he brain.o zhei ner' i sease,_patients to
Goternne i1 48138 kRluddl Min ‘CERELER £o "bGE RaLERta RAR  °)s
SUMVARY OF THE | NVENPrelimasazymsffudias phavenishawrenthah iapolo mREAI de

W th means to&sS8ssathe fé‘@éﬁ:{\ﬁ‘éﬂ%c ufichafided | (‘Pgﬁfigf:a'd“. optAl gpei ner’ s
di sease patients to determne if cholinom metics-hased therapjes should be
carried out. PL,. In: | BaA& dafRE WEORTAREUBAEsertidhRIHGDN 1here is
provi dedle nmeAlgMeimdr theahtie Fakinsdinssz il $@dsés i PeaNagatisu,d F.

espond t o it f6-c (WBPapfess. Hisrb presss TOI-1HIIU 0N 10
det erm ni ng tHespmaxten bfainps| pHfopPopetienEs. These results were
obtained from patients whose genotypes were undeter-
mined.
" 18 It would be highly desirable to be provided
with means to determine the cholinergic activity in

the brain of Alzheimer's disease patients to determine
if cholinomimetics-based therapies should be carried
out.

20

One aim of the present invention is to prbvide
with means to assess the cholinergié activity in the
brain of Alzheimer's disease patients to determine if

25 cholinomi_metics-based therapies should be carried out.

In accordance with the present invention there
is provided a method for the treatment of Alzheimer's
disease in a genetically characterized Alzheimer's
patient for its pre-disposition to respond to choli-

30 nomimetic therapies, which comprises: _
a) determining the presence of apolipoproteins E2
and E3 allele or the absence of apolipoprotein

E4 allele from peripheral tissues of the

patient which is indicative of the degree of

S
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and E3 allele or the absence of apolipoprotein E4 allele from peripheral
tissues WposheRspatient which is indicative of the degree pefr/nosmno240

krpai rment in brain acetyl choline synthesis and nicotinic receptor
activity; and AVENDED SHEET -3- inpairnent in brain acetylcholine
synthesis and nicotinic receptor activi Ty; and b) adm nistering to the
patient a suitable thera- peutic agent e#a‘fl ve to the degree of inpair- 5
ment of step a). Therapeutic agents to be used in accordance with the

present invention iayifigasehehtedn’ BOUIH QUGS 4 Ml SNbka! O S

of acetyl choline degra,; dation, inducers of acetylc I n€ synt esi s,
acetyl - 10 chol i ne agBAFStindf FEREPEOTAGtAVdENHi AP M- recept or

antagoni sts. In aboordamﬁmtébmbewe@@éltpaﬂyeﬁﬁl an flidabis thépa-
provided a nethod for thﬁldentlflCatl Errgg ects th co nitive
¢ vseea Q@ Gre

i npai rments due to agBRSUIACARIRBH lsa @rreﬁ‘e fdfative

di s- eases$ to be respenti o€ sbephali.-nom netic therapl es, which corrpri ses
determning the nunbei.hﬁf_. ?@Qt?é ofg é{;@ mFZ b%nduggaES ﬂengc@é£§£§éeor t he

absence of apoE4 gene a In a bfologica e_20 patient
directly by u®idy a%?ol?rﬁeﬁ%‘tapbﬂeaﬁépapm pPGbe%e%ﬁc‘F‘Fﬂll ﬁé@f‘! ythe
phenot ypi ng, @%d@%&isﬁé&ﬁ@h@ﬁeﬂﬁﬁzﬁitaEQE%fafEﬂéHyldﬂﬁﬁir%n&e@féd es
and the absence ,aqf apoE4 i ndi cate_a _pr & (1 %p sition to.res
el 2yl B

chol i nom net i Ty tABPSEFEs. 5 RecEdP ﬁéé‘gon ?\C?Tfélpr esent
i nventionl® helcélals.qﬁr agaeists net hpimios, t aad derstadnigeic M2-afedépberner’

patient to be %%%Q’qﬁls)% to cognitive enhancers and cholinom netic
t her api es, g‘h

In accordance with the present invention there
is also provided a method for the identification of
- human subjects with cognitive impairments due to agé,
15 Alzheimer's disease or other neurodegenerative dis-
eases, to be responsive to cholinomimetic therapies,
which comprises determining the number of copies of
the apoE2 and apoE3 gene alleles or the absence of
apoE4 gene allele in a biological sample of the
20 patient directly by using appropriate apoE2 and apoE3
probes or indirectly by phenotyping, and wherein the
presence of apoE2 and/or apoE3 gene alleles and the
absence of apoE4 indicate a pre-disposition to respond

to cholinomimetics-based therapies.
25 In accordance with the present invention there
 is provided a method for the identification of
Alzheimer's patient to be responsive to cognitive
enhancers and cholinomimetic therapies, which com-
prises determining the number of copies of the apoE2
30 and apoE3 gene alleles in a biological sample of the
patient directly by using appropriate apoE2 and apoE3
probes or indirectly by phenotyping, and wherein the
presence of apoE2 and/or apoE3 gene alleles and the
absence of apoE4 indicate a pre-disposition to respond
35 to cholinomimetics-based therapies indicates a predis-
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prises determ' ning the nunber of copies of the apoE2 30 and apoE3 gene

al l el es y, | ogi cal sanple of the patient directly by, L0 ropriate
apoE2 and ap %‘Pprobes or indirectly by phenotyping, and W?M?@e ;
presence of apoE2 and/or apoE3 gene alleles and the absence of apoE4

i ndicate a pre-disposition to respond 35 to cholinom netics-based therapies

I ndi cates a predis- Fig. 3 illustrates Apol i poprotein E4 allele copy
nunber, tangles and senile plaque densities in the hippocanpus in

Al zhei ner' s %b%‘i%i%n Fi g ot |I# gag&es gl [ p%q{ot cﬂn:!]:n sg:bg%sa%%copy

nunber and c I ne acety trans Se activity in 21T Fi g.
5 illustrate¥heF@Pi€Ss of neurons which synt heS| ze acetyl choI ine in the

nucl eus - basalis ofrdbyneel Sfpblet E dtﬁaoweéaﬁd 2hveheEan

Fi g. 6|IIustf iﬁesthe ef f ect_ of | i tein E4 (apo E4) allele copy
nunber on a) T&PYRE HRETE &5A tdar%??é’f% O%tivity, b) & g) nicotinic
recept or Slensity, c)THehltetrat atcogsitive enhaﬁelé'&:@st“ dfmsh.h):end)ad& t0
muscari ni c 0 n '- , e ' ni ¢ t or
density in N(p)ngfgﬂms)ltf %1 gg% oldﬂ{%A% ﬁ é@é}: ela\\/‘%r%r cﬁfe

hi ppocanpal f"’éﬁﬂﬁroﬁ-tarkﬁ twh%hwmrzorspatlaéspempmelo,r fiqtual

il lustrates mamorydianadwd! 1@5&9@ ctaliﬁl&m and nor phol ogi cal
characteristics.aSsogi ated 20 ¢hol i ner ic system.in the brai n of

the various Al zhei met?€ HREBas EL%EI“BBFI{“PGF-CC apiesst iigatintendrfrig. 8
i | lustral@®s the mélanhalrmys Sthh‘lS&ﬂﬁﬁlaSﬁﬁésmﬁbtiﬁﬁ| 3 Wyﬂﬁidﬁﬂ@l ues

25 terent aBeE SBAGEyBe. ‘PeTATHPHE A bT A e diiitottne’ 1 o

Apol i popr ot eFiniEhesiaangi scélﬁﬁ)-rtaWheSR dothgs | tn¢indehobust arel moid

phosphol i pi d1§mARERAOT tof F OfARIBitors of acetylcholine degradation
(acetylcholine _esterase inhibitors 1like tacrine),

15 drugs that mimic acetylcholine structure and function
(agonist: muscarinic Ml-receptor agonist is a typical
exampie), drugs that block _' acetylcholine uptake by
neurons and drugs that interact pre-synaptic receptors
to induce acetylcholine release from cholinergic

20 neurons.

The term "appropriate apoE2 and apoE3 probes"
refers to nucleic acid primer sequences that selec-
tively recognize the apoE3 or apoE2 allele on chromo-

_ some 19 and that can be used to selectively amplify

25 (by PCR) these different mutatioris of the apoE gene.

EF D IP P
Fig. 1 is a Northern blot analysis of apoE mRNA
expression in the hippocampus of Alzheimer's and con-
30 trol individuals; '
Fig. 2 is a Western blot analysis of the apoE
protein levels in the hippocampus of AD and control
individuals; '
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30 cell to another. ApoE binds with great affinity to the apoE/ apoB LDL
receptor tgoghed,a4e the internalization and catabolism of cheresbEbdl and
phosphol i pid- containing |ipoproteins. It is a polynorphic protern w

three conmmon all el es coding from apoE2, apoE3 and 35 _a ecently,
the apoE4 allele was shown to be -5 - Fi .77 aireBEAO N popr ot ei'n
E4 allele copy nunber, tangl es and senil® Pl A

hi-ppocanpus in Al zheimer's disease; Fig. 4 il{ustrates—Agolrpoprotein E4

allele 5 copy nunber agggchgl i 9¢, dEebulblany %fa.%ggp% ddY g0 AHELEr S

di sease; Fig. 5 illustra es t he Toss of neur Tt hedi ze
acetyl chol i ne PﬁPﬁ’hemh@é?éus angles andveserile amiamet héeasagesal Pand of

Broca, and 10 the hippddatpus iin USinlferd 1e &fd&ude of apol i poprotein E4
(apo E4) allele copy rrber on %Pﬁpol I ne acetyl - transferase achw{g b)

ni cotinic receptor Wy Tab€Ear i ipoprAteingeded 2
muscarini c M. cppyt m;mm | a)xdarmh@nmsmtyitr&ﬂsfer&géoradiﬁmﬂﬁw b in

post - nortem cogyLgl S disease brains in the hippocanpal
formati on and terrpgrla Cortegergge 7 illustrates the individual neuropa-

t hol ogi cal and nor phol B§g ¢ab @H&W@ﬁeﬁ | $heaskoes - afi egeusonBe which

cholinergic Sygbﬂ"ﬂh'e%ltz@e Bbé‘t'}l%ixotl'lﬁezomVa{hQUSntﬂ:ZQﬁé m%a§aﬂi§eaéf and
control cases jnvesti- gated; 8 illustrates the Al zheiner's

di sease assesshayResta d(ABAéﬁhedQ%a&%%&a%rﬁf \BERRR ARRs screen
val ues) inaacrine-trepigd éDipatstnateni the25f(flef:ftero€mta;&£mi:b@fw¢qm

DETAI LED DESCRERTI ((%ige St:e;-g:z alﬁ%liu;; %Apghhgggr Qf ei Q ém%&(i@e | So é{gpfr t ant

in modu- latin ranspo rom one
ransferase act:w:.ty, b} nicotinic receptor density,

c) total muscarinic receptor density, d) muscarinic Ml
(post-synaptic) and e) muscarinic M2 receptor density

15 in post-mortem control and Alzheimer's disease brains
in the hippocampal formation and temporal cortex;

Fig. 7 illustrates the individual neuropa-
thological and morphological characteristics associ-
ated to the cholinergic system in the brain of the

20 various Alzheimer's disease and control cases investi-
gated; and

Fig. 8 illustrates the Alzheimer's disease
assessment scale (ADAS) delta values (end values minus
screen values) in tacrine-treated AD patients with

25 different apoE genotype.

Apolxpoproteln E (apoE) is important in modu-

lating cholesterol and phospholipid transport from one

30 cell to another. ApoE binds with great affinity to
the apoE/apoB LDL receptor to mediate the internaliza-
.tion and catabolism of cholesterol- and phospholipid-
containing lipoproteins. It is a polymorphic protein
with three common alleles coding from apoE2, apoE3 and

35 apoE4. Recently, the apoE4 allele was shown to Dbe
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30 cell to another. ApoE binds with great affinity to the apoE/ apoB LDL
recept or wigyspgs;at e the internaliza- tion and catabolism %-ﬁmmrol
and phosphol i pi d- containing |ipoproteins. It is a polynorphic protein with -

t hree- common al |l el es coding from apoE2, . apoE3 and 35 apoE4. Recently,
t he apoE4 all.el e was shown to be - 6- assom ated wth sporadic and
| at e-onset familial Al zheiner's diseasé (AD) The present study denon-

strates that the apoEf allele has little or no effect on apoE nRNA | evel s

and protein cgasgpiat8al havitid- SpoPRAREPUANY Alhte-SRYEYVET £altff 13RQW 2
strong and S|gazglf|cant correl atlﬁé tween t he aggE4 al l el e copy nunber

and the anyl o PAIBGEE Bo L3P ¢ Jh% cBFefeREd SN ugeRenTm
areas. Mor estppbesanhlat, ﬁmefapusmutamlenaehasea@m@foihﬁoam%cétl lele

has a 10 drapati o] u ct|V|t f _ghalin . -
acetyl transf eggse%(oéip%ﬁ“ ﬁ'«?v} nﬁq %(f «?d"\ n ¥ﬂge§§nt’1?es e pip-
acet yl chol3 nepocampnar lofd A@ductl-lqmeve:n. CwaT shoaw vat stramd oamd isn'.gbot h t he

hi ppocanpus apgde§BanteNPOEAL1SLLORX HELIEERN t ;;&ﬁ% a
4/ 3 when conpar ed tg thogeﬁémlteitahe lgée%oyéq St ® agggdfé/aé |%§E, | dual s

(except one) BHFPEFedaRdonth® amyleid que nﬁ%ﬂ“m ca?s‘bs the h Cado
genotype 3/ 3 stbictham arid \@arﬁumlmra&bﬁal Ueslore Ih@oﬁ:(tdmzlyt,l on in

ChAT act t d f

synt host 21 ng” 48 oty LR THRY | FRE, B2ahbries SECERPS apP Rl AT S B8R 4 ne
di agonal lI$anddvamatica.impast pesuthe sgsidualt hactavityeneht cttbla.peE4 in
the pat hogeneaeatgitépnaeerasav' 28 th‘.ﬁﬁ‘; 'éz?éexnﬁé migy %.a' bi g

expl anation for t het er ogenei ty 0 1T n uncti ons reported‘
in sporadi c ABYnBBegdSe ahomcelifiche W%erl\lAAarfEPf}F%@elliﬁq‘&Fl%} sin s
mer kedly i ncrenaed idctiwity ppasamound!ignbothi Rdle CRipPEcaBBUSNARA At S

(Poirier J. e{:he ‘temporal cortex of humans with the apoE genotype
15 4/3 when compared to those with the genotype 3/3. All
apoE4/3 individuals (except one) suffered from AD.
Interestingly, most AD cases with apoE genotype 3/3
show ChAT activities near normal values. ' The reduc-
tion in ChAT activity is apparently caused by a selec-
20 tive loss of neurons synthes:.z:.ng acetylcholine in the
nucleus basal:.s of Maynert and in the diagonal band of
Broca. These results support the involvement of apoE4
in the pathogenesis of AD and provide for the first
time a possible explanation for the heterogeneity of

25 cholinergic dysfunctions reported in sporadic AD.
Because apoE expression (mRNA and protein lev-
els) is markedly increased in the hippocampus of
entorhinal cortex lesioned rats (Poirier J. et al.,
1991, Mol. Brain. Res., 9:191-195; Poirier J. et al.,
30 1991, Mol. Brain. Res., 11:97-106; Poirier J. et al.,
1993, Neuroscience, 55:81-90) and in humans with mul-
tiple sclerosis, we examined apoE mRNA and protein
levels in the hippocampus of AD patients whose geno-

types has previously been established. '
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1991, Mol. Brain. Res., 9:191-195; Poirier J. et al., 30 1991, Ml . Brain.
Res., 11: WedfifgasPoirier J. et al., 1993, Neuroscience, 55: Ber/eQddsevady i n
humans with mul - tiple sclerosis, we exam ned apoE nRNA and protein levels
i n the hi ppocanpus of AD patients whose geno- types has previously been
est abl i shed. -7- Figures 1 and 2 illustyate Northern and Western bl ot -
anal yses of apoE |levels in the hippocanpus’ of control and AD patients as a
function of their respective genotype. 5 Frozen hi ppocanpi from

post - mor t em contr ol anﬂlé*&estieaha verq 193430 NdrAnd e Qw%éétémpi tal
Brain Bank in Bg_l%gt{eal g?an sex were matched and post-nortem del a
0

were simlar f 20R4Y fis @PPE hieyelspgin . ePr?-BBPS?E‘pHﬁ |I 24
hours have 10 cbnitiriod | mpakt XIn gpotientdi | asy alelfunealdionT. ,ofl9%hKel¥i n.

Chim Acta, 20§b%§gc}_€i ' %%qlgegp%an be stored at [err] for several nonths

W t hout noticea trace adat i on. Hi ppocanpal total RNA was
extracted ahd quantif i B¥o2§n ohigpeeampiy ol 7po$ brmastens contadll 5and

previously (Ponbi %aéxe@és a'werelggﬁtayﬁéd Bé Pl RS- podg1l€- ]I-Q:_@p:.tal
Hybri di zati on Brotoco f the full_length apoE_cRNA probé used in these

experi nent was®F&8d8 ¥ JQRYERAL | orAge %{‘daﬁex 95? matiches 5304 Res.
9:191-195). poght -noir¢en ade heyghtwdddA wamildael afmhl 2@hef r ewof rqeips

cerebel | um or Rquor,% cortgéﬁesmgggg&egetllgg % ?.{1 54 %%@gzygaev%vaet

al ., 1986, Bi ochem "Bi oph APOE "genaot
det ermi nedt®by aftsle sﬂémcft conxtapnd oAatabipatyf i GeehtimakDNE. usi¥tpk,

modi fi cation 2@11911‘ g alTe ik szd\@li'vﬁlwif éﬁ/&' EltRcEn Ble aétore@% J.
Li pid. Res. 8§83 187 The_prinmers |abe and H were

synt hesi zed f or 88S by nBﬁE"BFoM#{SI' hE”PBBHFar&PthF)Qab $etERFReof

sequences are degradation. Hippocampal total RNA was extracted and
quantified by o0ligo(dT) hybridization as described

15 previously (Poirier J. et al., 1991, Mol. Brain. Res.,
11:97-106). Hybridization protocol of the full length
apoE cRNA probe used in these experiment was described
before (Poirier J. et al., 1991, Mol. Brain. Res.,
9:191-195). High molecular weight DNA was isolated

20 from frozen cerebellum or temporal cortex as adapted
from Goelz et al. (Goelz S.E. et al., 1986, Biochem.

Biophys. Res. Comm., 130:118-126).

ApoE genotype was determined by allele-specific

extension of purified brain DNA using a modification

25 of the method of Main et al. (Main R.F. et al., 1991,
J. Lipid. Res., 32:183-187). The primers labeled D,
E, F, G, and H were synthesized for us by Genosys
Biotech (The Woodland, TX); the primer sequences are
given in Main et al. {(Main R.F. et al., 1991, J.

30 Lipid. Res., 32:183-187). Reactions were carried out
in a wvolume of 50ul. containing 1 ug of DNA;
deoxyadenosine triphosphate, deoxycytidine triphosph-
ate, deoxythymidine triphosphate and deoxyguanosine
triphosphate, each 0.2 mmol/L; 10% dimethyl sulfoxide;

35 12.5 pmol of either primer D, E, F, G,; 25 pmol of
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given in Main et al. (Main RF. et al., 1991, J. 30 Lipid. Res.
32: 183- actions were carried out in a volunme of ing 1
Dﬁ}i&b 29287 pgbs Rg%p o@éd“ _

ug of eoxyaden05| ne triphosphat e, deoxycytidine tri

deoxyt hym dine triphosphate and deoxyguanosine triphosphate, each 0. 2

mol /L; 10% di net hyl sul foxide; 35 12.5 pnol of either primer D, E, F,- G;
25 pnol of - 8- pri rrer H and 10 uL ©f810 PCR reacti on buffer (Vector

Bi osystem Toronto, The DNA in the reaction mxture was first

denat ur ed f0rf%héﬂgaBathe&b]u&Torohf@ EER ERakt b Hueddie tebedt, T2

pol ymer ase (Vector | osyste th sam
pl e. Each sarﬁi@&ﬁ@@eh@é?@&tpmr QN ) at'ﬂ[QerF’}*U’&ama!1 s tbieecreact o0

gycl tes IP a tfiitide CHakere wgth aeﬁatﬁyéhte £S1 6t Inic}gx Ofag. b%o;i:ecand 't
enat ur ati on err se n er an m n. ensi on a
[err]. 10 Tt@%a%?%loﬁgp?%dg “3?'2 é’l[f zTLA? @P]&W?%h Cters of
10[err] of t IBiosymitenn 'nmxdmrte, i DNE 1 YowagAritsen g&ﬂdednttal datth T$imbuf f er
(0.08 mol /L Ty h ED{Akoand, i de_.(0.15
ug/ m.) for 1-E{1resafﬁ <$7lQ QE@RQ %\Aer?%ﬁ%?u Eogogra #’e é?dtylge %%dbandl ng
profile was Eo¥pRcked otRndfn %{%r% aBrtlamgal SGYGQGGf wiitdp ceacibal

homogenate, Riyt1d rESAEHsWIAG U a0TL (S RRHERELaLIBHC OINE 0@ 25 M |
| ong SDS pol yacryl am d 10{% 8nd run 3 hours at room ter‘rperature
n

Proteins wer 8% aﬁgneig"gﬁef’r nlat"rdocél F“lil-lnosee’FF??%W‘i‘nattheG? err]
Trans- blOt cmrHd reak tibdrecproduetst Werepoishand zeds hionﬂdtti‘bpmwéycl onal

anti body r ai %%dagfl At ntﬁ@%é%&d% aﬁﬁ@&kel Nl C(%P%%e

Dil. 1:2000) sorption of the a arrfied apo ‘
pl etely bloclagd tWH@%@éﬂGoﬂ'Pﬁ hufefemnﬁﬂ aﬁomoﬂdlid Trisnpliaspisaten.

Mol ecul ar weiglhgodrembeys, (EFAPOUnR ! &€h$aitME Y G e (9. 18" hd/RE) acent

well's while for 1 hr at 67v. The gel were then photographed and
15 the banding profile was compared to known standards.

| Briefly, 50 ug of hippocampal homogenate, pre-

treated with 1 u of neuraminidase, were loaded on a 25

cm long SDS polyacrylamide gel (108) and run for

3 hours at room temperature. Proteins were trans-

20 ferred on nitrocellulose filter in the BIORAD™ Trans-

blot cell and detection of the apoE band was done with

a polyclonal antibody raised against human apoE

(International Immunology Corp., CA, Dil. 1:2000).

Adsorption of the antibody with purified apoE com-

25 pletely blocked the detection of the human apoE band

' at MW 34-36 kDa. Molecular weight markers (Rainbow

markers, Amersham) were run in adjacent wells while

visualization of the bands was done with a chemilumi-

nescence detection kit (Amersham, Cat. No. RPN 2100).

30 Quantification of the autoradiographic signals was

done on the MCID image analysis system (Ste-Catherine,
Ontario) equipped with the 1lD-gel analysis software.

Autoradiographic analyses of the band corres-

ponding to apoE revealed no differences between con-

35 trol and AD hippocampal tissues, whether the apoE4
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vi sual i zation of the bands was done with a chem | um - nescence det ecti on
kit (Anmer . No. RPN 2100). 30 Quantification

aut or adi o??ap |e%§si ghals was done on the M D inage anal y%ﬁ’%ﬁ’m
(Ste-Catherine, Ontario) equipped with the 1D gel anal ysis software.
Aut or adi ogr aphi ¢ anal yses of the band corres- ponding to apoE reveal ed no
di fferences between con- 35 trol and AD Hhi$pocanpal tissues, whether the
apoE4  -9- allele is present or not. These results are in agree- nent

with a previougjr t J...€ -, Basi c andtherapeutlc
strategies in %Ilzlﬁg%rrrelr # d&&ar%l n’é%ﬁé' sTéggéagg u]'Fs Bt 2

Abraham 5 ed@ent\aitiork, prevhonsPreport 1@9ﬂ19¥19r\/\llil.chtsraiv\e,d 191911
despite astrocyti.C hme&eea&ﬁavv;h)éﬁ%dtwe fétéﬁ'.zé‘.?”?zcy%%)&bhg

fibrillary acidic l evels in | ppocanpus apo gene
expr essi on ren‘&f‘r‘?e ﬁﬁ%ﬁ&ﬁﬁé’ﬁ i®n f’lﬁéeﬁrsﬁﬁoca'ﬁ'pus agatsy. | nfr eAewRrhan.
exg/r essi on 51(‘1 €BAR,i sNedt eﬁ’onls,edpa&nﬁﬁ[ l@fe@é ongai-1e M f {Aient |ssﬁém

and/ or neuro e r 0 a

o 107 165) . O PRAY UedBTTabkFbetrat. merdeaRtINTeY aPRe TR A9 T
tation and cel F-nl o§§trﬁcn'ﬁech|gbbeénpﬁsbnilmywm:lﬁ poeeiml .mRNDS4,
Science, 225, 13681KLEY . tR0ORiBBBEaRBCCR Olb ! CHBLES ouRdl ek gigover

the presence of a sin Ie cQ lele 1n rain a pears 0 have
little or no efPEBLNG nGef ikatde dirocampusme | Ahap ingreased
The in vi\io rreteabcrbssmf AN GFAP NisheféenC Wskd A9 mAPReBERE 643 be

Qi vt BgSERbnsaRsBR daado? [RAGEsfeSdieraFioty CRotrithordmi Iy

high | evels of e&i rali at iZ2P1, pMpdeo- BBainei IRes. i ndrdaded 95)asnma Thus L DL

chol esterol anphake. rddeies LLBGRSY einadl Felsitd ORarRes" it aa®
tation and cell loss in the hippocampus of AD (Hyman

15 BT et al., 1984, Science, 225, 1168-1170), apoE gene
expression remains unaltered. Moreover, the presence
of a single copy of the E4 allele in the brain appears
to have little or no effect on the steady state levels
of apoE in AD.

20 The in vivo metabolism of apoE4 in the circula-
tion has been shown to be kinetically different from
apoE3 in humans (Gregg R.E. et al., 1986, J. Clin.
Invest., 87:815-821). The E4 allele is associated
with abnormally high levels of circulating lipopro-

25 teins, increased plasma and LDL cholesterol amounts,
altered 1lipoprotein distribution, decreased plasma
apoE in patients homozygote for E4, and rapid catabo-
lism of apoE4 compared to apoE3 (Gregg R.E. et al.,
1986, J. Clin. Invest., 87:815-821). This may suggest

30 that apoE4 is metabolically different from apoE3 and
could thus explain disturbances in 1lipid homeostasis
reported in the AD brain. For example, phosphatidyl-
choline (PC), phosphatidylethanolamine (PE) and cho-
lesterol 1levels are all significantly reduced in AD

35 brains (Pettegrew J.W., 1989, Ann. NY Acad. Sci.,
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apoE in patients honozygote for E4, and rapid catabo- |ism of apoE4

conpar ed 3 (Gegg RE et aI , 1986, J. din. Invest 87:815-821).

Thi s rraywtsdl}g"gzg 30 that apoE4 is netabolically di f f er enPCTIGATH %ES and .
coul d thus explain disturbances in |ipid honeostasis reported in-the AD '
brain. For exanple, phosphatidyl- choline (PC), phosphatidyl et hanol am ne
(PE) and cho- lesterol levels are all =silghificantly reduced in AD 35 brains
(Pettegrew J. W, 1989, Ann NY Acad. Sci . - 10 - 568:5-28).

Mor eover, th 1 Vv hos hati d atid
et hanol ani ne %nd %h% Zst ero eBEent\{ ﬁve?g‘é? 0082 EEQIPR%FHdWre nunber
of senile pl ehekine: vvephosphatedlvll apd:hddolamide/ SamPet tholestér¥d, 1989,

Ann. NV Acad-nafe . beéi¥: SrificadiGf Oldlirilinhr i il NEle! "RuRbLEC! opf APOE4

allele copy nunber on the 1nci enl e plaques and neur Il ary
tangles in tHeHt IocBipauess betweepat m@caio ayer IF gand3 1v

il ylst r at Fs {Pettegrewe! aT.POBS 1|9|tas; WemnﬁpNE4Ac<#[dhe|§c1 popgsgn?n‘ggg an?

senil e a rofjbrillart | es i ree ferent_areas o

the hi ppgca?rpthgés %%J&ngt he eCAe?ta?ﬁ%eél e §5%P8§I u‘?ifrar‘?t?% BAt&iBbI cul um
in i ndi vi dual @ORY t mugibieer ont it dipcidenidec| ef caenilab@lagaesot gapd Wwas

det d aal. 3 €My : t | it

eter m ne %uﬂ@ﬁ%t?ﬁﬁarxfrorta'ﬂ%eefbéﬁerﬁﬂf BiBpueanBls’ A0 SLeRp! 1Y

neasures were perfornmed as descri ore
Neur ochem , %‘2%“"3%’1) Paraf fi n enbedded hi p- 20 pocarrpal ti ssue

from 5910autopsied #Bg.paBi emnusw@ateat atned éegféiaelaﬁyglﬁétbgéni tal
Brai n Bank an%) I ne hemat ox gxbn and eosin dified Bi el chow sky,

and al kat i ne Bongo re glg\i@aﬁﬂ"? 85 pARekt -S§1ile, Plaguess apd ‘
neurofibrill m%t@@@h@smnﬁ% ipl athmemmiefﬁt:d’éaaws arelalsowvst A

mcronetric Slﬂ?éehi‘ﬁﬁpcampus, namely the CA 1 sub-field, subiculum
and the parasubiculum in individuals with 'different

15 apoE4 allele copy number.
Genotype was determined as described for
Fig. 1. Senile plaque and tangle density measures. were
performed as described before (Aubert I. et al., 1992,
J. Neurochem., 58:529-541). Paraffin embedded hip-
20 pocampal tissue from 59 autopsied AD patients was
obtained ftom the Douglas Hospital Brain Bank and
stained with hematoxylin and eosin, modified Bielchow-
sky, and alkaline Congo red. Quantitative morphomet-
ric evaluations of neurofibrillary tangles and senile
25 plaques were done as follows. A micrometric scale was
used for calibration. Readings were done with a 10 X
objective for plaques and 25X objective for tangles.
Diffuse plaques were excluded from these measurements.
Screening of alkaline Congo™ red stains under
30 polarized light was used to control the reli_ability of
tangie staining and, to a lesser extent, of senile
plaque's affinity for the modified Bielchowsky prepa-
ration. Idiopathic Parkinson's disease (IPD) was diag-

nosed according to the presence of significant loss of
35 pigmented neurons, Lewy bodies in residual neurons,
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used for calibration. Readings were done with a 10 X objective for plaques

and 25X olweosmers7for tangles. D ffuse plagues were excl ude cgg%, e
measurenents. Screening of alkaline [err] red stains Qgg 033

pol ari zed |ight was used to control the reliability of tangle staining and
to a |l esser extent, of senile plaque's affinity for the nodified

Bi el chowsky prepa- ration. |diopathic Par Rlnson' s di sease (I PD) was di ag-
nosed according to the presence of S|gn|f|cant | oss of 35 pignmented

neurons, Lewy kddisterdsn dSﬁSinduﬁprQBéQnS and c{]éﬂ%sflst ﬁ%ﬂgt& %fﬁ 'S n?gra

macrophages I | o) ars, com

These usual |y %orc%e $%t &h "ﬁ’%raen?ﬁﬁtéﬂrg?f?asm'E’é?s?ea'ﬁ!t‘taééYofc‘I’PEﬁ‘such
as resting tred@ted |vglthtpreamdra§im edessicalStféatites 5of061|PIﬁ,n3éx‘x’éh5 Was
performed usinggt | [er as p t he
Systat St at|sthcalhl%é(\aérﬁr[}d pac g%g G?lglc;%érq'lyél a"i"f% Ngé?ﬁﬁéﬁ ap%ﬁ"éﬂ'?ﬂ'e copy
num ber aml t F@ldARALXEiF wasiperformed isingr thet MuitiivariiatelGen+ hree

hi ppocanpal regadnLinear™ MEAR1sCHY Ghftd 08fb€ixlé’e E :
nunber and the n%%}rofl il - Iaré t angl gés I ndex was a o) %;Sn&*é caﬁf ‘?r(;r t he
| h

CAl and the sug ar BRCKA%G hese resul ts support the concept that apoE4

plays a role in the paﬂ‘ﬂl@pbysrah.ag;ioi:Sblewe@B dpcEd Qmmémaoﬁo[?ydsn\ﬁﬂ-f:h as
rtant .rol e

PC d PE whi
ava?lnabl it | C? Pﬁgt%%t Eieé ra I i m ﬁgl%gggﬁggﬁr i veTd: ﬁt(ﬁ?dﬁq et
(Ach) . %l naﬂ-évelténiﬁe cheippecampal( regdoessed by'rné 5@brnreld? farnt al

and pari et al Cgétﬁéeﬁngﬁagﬁl\éﬁ & 9 A ?li
89:1671-1675) Simlar FLchoeestte:rogg %unﬁ){ are Iy req%:llrre ]the
@/ﬁ)l

proper functioh®b¥ SRS RO c"‘?%cééﬁ@r %W%?p@%nt—Jm the. @l
McNanee M G, &888,the subiculum areas. These results support the

concept that apoE4 plays a role in the pathophysiology
15 of AD.

Brain phospholipids such as PC and PE which
have been shown to play an important role in the
availability of choline, the rate-limiting precursor
of acetylcholine (Ach). Brain levels of choline are

20 decreased by 40-50% in AD frontal and parietal cortex
(Nitch RM et al., 1992, Proc. Natl. Acad. Sci.,
89:1671-1675). Similarly, cholesterol is apparently
required for the proper function of some cholinergic
receptor sub-types (Jones 0O.T. & McNamee M.G., 1988,

25 Biochemistry, 27:2364-2374). On the basis of possible
interrelationships between apoE4, senile plaque and
neurofibrillary tangle counts and Ach, we evaluated
the next possi_ble association between the presence of
apoE4 and cholinergic dysfunction, a classical hall-

30 mark of AD (Bowen DM et al., 1981, N. Engl. J. Med.,
305:1016; Whitehouse PJ et al., 1982, Science,
215:1237). We focused our attention on the determina-
tion of ChAT activity, the key enzyme involved in the
synthesis of Ach, in post-mortem hippocampus and tem-
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25 Bi ochem

I nt err elwblogBendy ps bet ween apoE4, senile plaque and neuro{,t@éhbg,m% tangl e
on between

stry, 27:2364-2374). "On the basis of possi bl e

counts and Ach, we eval uated the next possible associati

presence of

of AD (Bowen
et al., 19
determ na- t
of Ach, inp
|nd|V|duaIs

illustrate t

assays were
frozen in 2-
hi ppocam 510
i ncubated fo

- described in

apoE4 and cholinergic dysfunction, a classical hall- 30

nark

DMet al., 1981, M Engl. J. Med. , 305:1016; \hitehouse- PJ
82, Science, 215:1237). 'v& f Gcused our attention on the
i on of ChAT activity, the key enzyne |nvoIved in the synthesis

Qﬁhﬁﬂpré8fiékpE&CQﬁﬂﬂ§vﬁ&9ai§”§Pffeg akDCQ{EFXde

sufferlng fromAD and 1n contro I gs an

[OTHEUc ¢ QHJQQEFpresence of apoE4 |soforn10n hi ppocanpal and
tenporal 5 cortex Chﬁgsct i i Tdhd Lef t ibeasepacee dre b@ﬂﬁ@fk fge biwehem cal

FESHARE 08 BBoEl sl Ba i RRRoapeplr A iensld

Cqﬁﬂe&uﬁhkﬂnqn#xﬂltXHtlcal areas were honngenlzed and

detail el sewhere

" o0 "EpES PHEAEEOREREl hNOLLCT ideq ool Y B {REROLEYI OUS!Y

deepl
rom

58: 529- 541) . 2ARAYHsWexs: t BAFELARRAstiR ke ik nééoasmﬁés&QWlS f or
Fig. 3. Apolsyiemstquicklgeantly @eeply deician ned asu&s@mm&@rafl g. 1.

Hi ghl f t in Ch T t E4
n’the hi ppociiogs {9 tarade cahi FAPSF: GhiFSls b nfRecane [orr)

20 0.9310co

ap0Es & ¢! Chnchitlad 1e A0 300N %)t 1l Pedd T BRsLARIABOTA) UL

protein/ hr,

mﬁﬂolaa@otﬁmparak)emmfﬂcallehx#usEhé@eOh@ﬁogéﬁlapﬂEBdﬁd

respectively. Stat I'stical ses I ndica r

apoE3/ 3 ChAT tWWAReA a8 spgmwe%m ﬁ%ﬁqmé?%t in detail elsewhere

15

20

25

30

35

(Aubert I. et al., 1992, J. Neurochem., 58:529-541).
The post-mortem diagnostic was performed as described

for Fig. 3. Apolipoprotein E genotype was determlned

as described for Fig. 1.

Highly significant reductions in ChAT activity
were seen in apoE4 carriers. In the hippocampus (22
ADs and 7 controls), ChaT activity values are "9.44:I:
0.93 (control apo E3/3, no apoE4 allele), 6.09%t 0.36
(AD apoE3/3, no apoE4 allele), 3.2110.31 (AD apoE4/3)
and 2.94+1.52 (AD apoE4/4) nmol ACh/mg protein/hr,
respectively. Statistical analyses indicate that con-
trol apoE3/3 ChAT values are sigﬁificantly different
from the AD apoE3/3 group (p<0.05) and the apoE4/3
group (p<0.0001) whereas, AD apoE3/3 ChAT levels are
significantly different from the AD apoE4/3 group
(p<0.0001) and likely the apoE4/4 group, although sta-
tistical evaluation could not be performed because of
the 1limited number of apoE4 homozygotes available.
Similar results were obtained in the temporal cortex
(26 ADs and 7 controls) with ChAT activity values of
7.4840.74  (control apoE3/3), 5.65+0.33 (AD apoE3/3),
2.914+0.66 (AD apoE4/3) and 1.5610.47 (AD apoE4/4) nmol
ACh/mg protein/hr, respectively; Statistical analyses
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25 fromthe AD apoE3/3 group (p<0.05) and the apoE4/3 group (p<0.0001)
wher eas, B. /3 ChAT levels are significantly di fferent fromthe AD
apoE4/ 3 g L?g ?% O 000l) and likely the apoE4/ 4 group, al t it é‘ﬁ"s"foﬁ“o
tistical evaluation could not be perforned because. of 30 the |imted
nunber of apoE4 honozygotes available. Simlar results were obtained-in
the tenporal cortex (26 ADs and 7 cont#olL8)-with ChAT activity val ues of
[err] (control apoE3/3), 5. 650 33 (AD apoE3/3), [err] (AD apoE4/3) and

1.560.47 (AD apqE4 nmol ACh protein/hr, respectively,
Statistical %&*g&‘) that 13°°n1F‘FRﬂ g‘%’?@@ﬁét ChAR: ValugSo By THINLLHT ues

artca) glog%nl fi -E4/c=amtlly dld:’fﬁ:minﬁ rq;]rg&hl ADlgrnnpSg&-@ﬁ%s.OS (]E o,aqzl,)ESf&?nd t
p< apo re p s_are sjgnifi y eren
fromthe AD a g’éfﬁg‘% %?oug ? ggioﬁ%%/di h@' 5582?/ AA[gr 888%?250 %%'I' The

apoE4 allele mlmrﬂm -Figni fHicantily t AbAfeneChATromt ithiet AL capeE443 caused
by at |eass ty¢eotkpS{pkicl@oDhenie aﬂﬂﬁé}&l ﬂtﬁ?&@é@'@? such as PC and

PE whi ch can serve as_precursqors to choline in synt esis of Ach

coul d be transported THE o8REEROALLIGLE (FRPY | BUBPRE T RlatedD redRGHi R
pat hway. Anlhsm'nﬂadehﬁld}enéoumabEEG:aﬁﬁyd ay oatoflebe tﬁwswé-t of

phosphol i pi ds. of ap arri.ers xpl t he duc

| evel s of PC, tbgc %naqmef{’e 9?‘55 rt é’&’qﬁ?r’ﬁ%‘ ’Hf ‘ﬁ%ﬁ Fgafr

decreased Ac hPEymlhm:hc c@@qoaserves as)\| peerursoeisy, to hehoddus | ¢n |the
neuronal (@ATsgathdshisenmntichalineg ﬁévekénSBukégae 1HREONRIRed yopoes of

cholinergic ngﬂr I n the basal forebrain, 1nhcluding the nucleus basalis
of 20 Meyner g%»assd, nAPOBHRL o FeseRtar MRhhvA- t h8Ns ARATOrRT ea.

Anal ysis of debendaumbe&mpa&reacetrﬂgultaftqldme%tferaﬁﬂapqgratnspbﬂeur&ms in
the NBMand DER.gEnd13fR4s MPYRE" HRRR bE" 8pb8T ) A SYPELEY JRILE
' explain the reduced 1levels of PC, PE and choline

15 reported in AD; this then 1leading to decreased Ach
synthetic capacities. Alternatively, the reduction in
neuronal ChAT activities and choline levels could be
secondary to 1losses o0f cholinergic neurons in the
basal forebrain, including the nucleus basalis of

20 Meynert (NBM), diagonal band of Broca (DBB) and the
septal area. Analysis o¢of the number of acetyl-
cholinesterase-positive neurons in the NBM and DBB of
a small number of AD patients (n=7) revealed marked
losses of cholinergic neurons in apoE4 versus apoE3

25 homozygous AD cases (170% in NBM and Y45% in DBB, Fig.
5).

These results clearly indicate that there are
distinct genetic entities in sporadic AD which show
differential degrees of alterations of cholinergic

30 activity, at least as revealed by ChAT activity. Our
data also suggest that cholinergic function in AD-E3/3
bearers may be spared and that these patients could be
better responders to a cholinomimetic-based therapy:;
which hypothesis will be discussed in detail below.

35 The cholinergic hypothesis of geriatric memory dys-
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| osses of cholinergic neurons in apoE4 versus apoE3 25 honpbzygous AD cases.
[err] i &@49 45%in DBB, Fig. 5). These results clean é‘“ﬁ) pe that
t here a?ve I'Stinct genetic entities in sporadic AD vvhlchﬂsq"?o ??erential .
degrees of alterations of cholinergic 30 activity, at least as reveal ed by
ChAT activity. Qur data al so suggest that cholinergic function in AD-E3/3

bearers may be spared and that these patd ents coul d be better responders to
a cholinom nmetic-based therapy; which hypothesis will be discussed in

det ai | below e ol i ner hypot | riatar r :
-14- funct|onuggglér[gwge%\ec#eo%%ecq ¥’9 Hg)? of | ea'g&t;es?aor%olre% erg) &ogécade ago
(Bartus R T.thangh depsgie Mehbért‘zﬁ.i?M@B 4@7)31‘& sbaagonﬁcﬂ-m@&mnt al

questions reﬁﬁfdllOBn@l?'S'erQ‘its%HO%i{’é t%ﬁﬁ&?@@rsgﬁegemm Febhegent 5
cholinom netjics in AD, The absence qof cl ear bene ef f écts of :

chol i ne and 8% tHh% Gﬁtﬁéﬂgﬁnﬁ%ypaf’ erﬁ%saﬁ%e%n&%% udifperent; ||
per pl exi 15y. Eholbaombmetiesl tirpl XDcl | rYlel abserces ofSi deast bene€d ~

hi bi t t
contrary to Soing SEEpBEYc ok FAITind! and { deciinlfy Bol BRI
per f or mance DﬁtmntSorvjlthsk%ndaerEhMSlkIeralﬂ y S&iddg pedblexdmg.aged
subj ects (BagphpenE&rhors! ﬂ:lulftz.%ﬁ%z ¢ 156 e, s@li&léﬁ)snsﬂﬂx%) eS'l:.er.'|a@:esExami)I e

Il below, the,  effect of_ -apokE 15 gengtype on drug efficacy will be
exani ned. Th#BBibitapBeaPychnafst hBRYFRSEAGELBE { AR pERETAR | é‘aé('ﬁpears to

be gne_ qfo thﬁl}bﬁﬁ fﬂ@i@r&:dml tobl 9oﬁﬁg | b yechts] wiie abpimadccurring
In raln chnoLLn

chol i nergic aﬁﬁg gosgh tc%q‘%@r%%? o‘€ i+€%%t?§§?89§§§ggt éte‘ﬁoeype has
been det er ni Y. taskﬁswa;gmi webhsiderabdlyy amorgsiipdividual i aget on th
design of  gybjects (Bartus R.T. et al., 1982, Science, 217:408-
417). In Example II below, the effect of apoE
15 genotype on drug efficacy will be examined.

"Thus, it appears that the presence of the apoE4
allele appears to be one of the key factors responsi-
ble for individual variations occurring in brain
cholinergic systems and individual responses  to

20 cholinergic a'génts should be monitored in patients
whose génotype has been determined. This issue will
- certainly have significant impact on the design of
future clinical trials in AD. Prospective-retrospec-
tive analyses of AD patients which are either good or -

25 poor responders to cholinomimetics is discussed in
Example II.

In conclusion, the presence of apoE4 was shown
to be closely associated with three hallmarks of the
pathophysiology of Ab, namely senile plaques, tangles

30 and ChAT activity. The relationships between apoE and
these three established markers of AD pathology is
highly dependent upon the number of copies of the E4
allele. These results could as well explained previ-
ous observations indicating that the apoE4 allele copy

35 numbers is correlated to the age of onset in familial
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future clinical trials in AD Prospective-retrospec- tive analyses of AD
patients ei ther good or 25 poor responders to cholinomnetics is
di scussed%[j%?g‘#gl [1. In conclusion, the presence of apoﬂqr’ﬁégs’%‘lﬂ/m to
be closely associated with three hall marks of the pathophysi ol ogy of AD,
nanely senile plaques, tangles 30 and ChAT activity. The relationships

bet ween apoE and these three established rmrkers of AD pathology is highly

dependent upon the nunber of copies of the E4 allele. These results could
as well explalggd revi- ers is correlated to the age of onset in
famlial Eor%ré’r E“—H - 1a] 1993 9o FCignGeac 262632529232 3)anthd

spor adi ¢ AD (Psporadld ABt (Poirikd93s. /&mlapoprmbssn EpRhepoprerteitnd:

Al zh L t, 6 F th
przsglnggrof a%@%ﬁggﬁgar g&?&; tﬁll’\izég%ngr ¥ et %Jrﬁ)eaﬁe'on I(ﬁ‘fb‘f?tlng?d‘? \C/|th ©

in the brain, P's proposed that clinical trials i nvol vi ng

chol i nom nat | cs basedpt i 1R} e Ss S| C r act
t hat geneti cal %% disti lct ent [ tssl es 10&%%§?égﬁe§p§?a§?bﬁa %I rrlal:trJ'q"J

di sease and t hAtVEhé&y bﬁ?ﬁ exFRAGE { AR hakinergic cpckdvigyodiandhsoor

responders. Fuptéenpoie, 5 neeopbsled ophaet lcQﬁh&'éﬁ& n@is’:.@?s“%%oltxﬁng
enhance cogni} di sease

anc non
subj ect's (younﬁgfln%ﬂ&ﬁgé}cs sﬁgefieﬁh%‘ﬁfeﬁ hgi'ﬁ}’gge %v%ﬂ??oﬁqnndl cate
t hat cogni - tlﬁ'ledwtmﬂahl}es fect t-hat resneticialiyedishhaoteanity tiiles
adm ni st rafpi onep{s€hglyd n S Sigie cet i DR t
(ML- agoni st : xanosrr?al tlrrlie fg%%gg'}? 20 Llﬁeﬁa § Hlsl&%r% eggorgagén ag:onlyst
(Bl BN- 99 f reE e fRIgem | khei m‘éﬁyncenmﬂm gdthesi geedylantd| poor
degr adati on susdéspondécsi ne (Par ke-Davis) or E-2020

Furthermore, since cholinomimetic drugs may be
used to enhance cognitive performances in non-

15 Alzheimer's disease subjects (young and old), the
results of the present invention indicate that cogni-
tive performances could be restored, even enhanced by
the administration of cholinomimetics such as acetyl-
choline agonists (Ml-agonist: xanomeline from Eli

20 Lilly), M2receptors-antagonist {BIBN-99 from
Boehringer Ingeilheim), inhibitors of acetylcholine
degradation such as tacrine (Parke-Davis) or E-2020
(Pfizer) in subjects carrying apoE2 or apoE3 but not
apoE4.

25 The present invention will be more readily un-
derstood by referring to the following examples which
are given to illustrate the invention rather than to
limit its scope.
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(Pfizer) in subjects carrying apoE2 or apoE3 but not apoE4. 25 The
present ' wll be nore readily un- derstood by ref | ot he
fol |l ow nﬁ%gr?% es which are given to illustrate the i nveﬁ%’gbﬁgr t han
tolimt its scope. SUBSTI TUTE SHEET - 16 - EXAMPLE | Additi onal

Neur ochem cal Alterations and Therapeutic Response in Subjects Treated with
Chol i nominetics 5 |- Post - Mort em St Uy of Chol i nergic Marker -Case |

Sel ection and apoE genotyping: Frozen tissues from 84 aut opsy confirned

cases of sporadic AD (35 10 feml esmg*; years: 49 males, 76.1 + 9.5

years) and from 14 control individu Ies 71.6+3.6 years; 6 mal es,

66. 4+3. 1 year s ha#ltd opla1? NeRi: B !
: R e

Montreal, Canadeges Jﬁuf'eamrsm?eees fP6atER &d 20,0 +
15 4.6 hgurs for and control subjects, respectively. Tt shouFd be noted
t hat the. avai#abillt ~limted,

probably due To the. fatT—trrat=cp ooy PO MR represent |ess
than 1% of the entire popul at i on. 20 Hi gh m)l ecul ar wei ght DNA for

genot ype analGase v@slection c@and oapok  genotypiag:unFoozeenpbisbuesrt ex as
adapt ed fromfﬁ@,{lb%m Oghutépsgt é’dnflﬁn?%ﬁl CEEQQ' %f t EéGrag\iél L& (gF
uro

apol i poprot ei y nutatr o
36: 889- 89%) . %%ESQS"&eﬁét Ppd WeATRY e4?n ﬁé&eﬁy A6-d1 c sPe3i YEBrENt ensi on

of purified bamdnfDNA L[B4 neoﬁ&bﬁarﬂﬂm%&aﬁ @b 1fe7n&9.ldes Pr gdi, Stl-BVG val ue

of apolipoprotein E4_nu t|on|nA|z
36: 880- 885')0 YRRED i fopal PEneflq4s3- E Ylgarés) %"%%"t\kﬁﬁg?‘zéﬂefor
Douglas Hospital Brain Bank in Montréal Canada. The '

15 4.6 hours for AD and control subjects, respectively.
It should be noted that the availability of apoE4/4
homozygous subjects is very limited, probably due to
the fact that apoE4/4 homozygote individuals represent
less than 1% of the entire population.

20 High molecular weight DNA for genotype analysis
was isolated from frozen cerebellum or temporal cortex
as adapted from (Nalbantoglu J. et al., 1994, Predic~
tive value of apolipoprotein E4 mutation in
Alzheimer's Disease, Ann. Neurol. 36:889-895). ApoE

25 genotype was determined by allele-specific extension
of purified brain DNA using (Nalbantoglu J. et al.,
1994, Predictive value of apolipoprotein E4 mutation
in Alzheimer's Disease, Ann. Neurol. 36:889-895). The
primers labeled D, E, F, G, and H were synthesized for

30 us by Genosys Biotech (The wOodland, TX); primer
sequences are given in Main et al. (Main R.F. et al.,
1991,' J. Lipid. Res., 32:183-187). Reactions were car-
ried out in a volume of 50ul containing 1 ug of DNA;

average post-mortem delay was 17.2 + 1.3 and 20.0 + )

deoxyadenosine triphosphate, deoxycytidine triphosph-
35 ate, deoxythymidine triphosphate and deoxyguanosine
triphosphate (Pharmacia, Montreal, CANADA.), each 0.2
mmol/L; 10% dimethyl sulfoxide; 12.5 pmol of either
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30 us by Genosys Biotech (The Wodl and, TX); prinmer sequences are given in
Main et al wadddonsR F. et al., 1991, J. Lipid. Res., 32: 183#@&&9&%@% i ons

were car- ried
deoxyadenosi ne
deoxyt hym di ne

out in a volunme of [err] containing 1 ug of
tri phosphate, deoxycytidine triphosph- 35 ate,

tri phosphate and deoxyguanosine triphosphate (Pharnacia;

Montreal, CANADA.)., each 0.2 mol/L; 10%di met hyl sul foxide; 12.5 pnol

ei t her - 17
PCR reaction b
reaction m xtu

was t hen added
[err] and subj
consi sting of

el ectrophor esi

AN DR IaPf 8 ' ] re.i,n a 1% agarose gel
cont ai ni ng TPEtguffe? (0?%8&&%?/ La%r%ltds?g%gééhgt SURP 0082 IFE'“E%?A,W%? gna,

St-Louis, USA)

- primer Db E, F, G; 25 pnol of prinmer H and 10 ulL of

of
10

ritled MfeCtBI Bi Ogyst nt g, NADA).. Th in the
lrﬁ Was_ fi rs? dgﬁat&dre?'gf (?;E%L]g %n‘.’%‘f‘e e%’r’] aéﬁd%e‘h’"cBSl ed
to [err]. 5 O‘}Z) \llj\%l ofFeR&t1pH yRuffies ((¥ecterBi BigsyshemJor DotontEANADA)

CavAB2Oh t Phe. DK N iSANBhE w&aé@%hr%%ﬁ%

f 2 'P tat
f O.cycles i,n a thermal cycler wt ea%scyc es
ggixngsu g%dgefn%‘tyu*gt Poft - aY 18 C 3¥dethgpnEfoleg £0 19°Clerr]
and 1 min. extOR§ emitt ¢&rTaq pdhgmerasti dVepitod BiGisy SARn, ViSeshtged by

fG Sahented bferi de M 15a159648¢ Mnd f subjebtedt tB7V30

gel s were thencpbaes- igr apheHeamd1t @dl@idimwrééﬁzhec%iecm

st andar ds. Neup@pat rqu ogi cal

seni |l e pl aque

ary-tangl e an

Anal yses: Neurofibril
I ndi ces Were 83{‘8gﬁ¥ﬁg&°§s A8 1 Ded3? nseet anmealinshart

The
known

(Aubert | 1Gt BB°C 20d21 mimNewextemsion ,a686528: 54 fheFlrietta g fitod .

€8CGerddl ; . l.cron paratfi nmbedded
hi ppocanpal sect onse#eer &é@}#&?&wq{ ée#?%‘g?%%%?s % °%o Pi’n"farﬁf‘ee
modi fied Biel FTRBGERGN Sature ghn al KA | agsatoagogedd t contaialinge TPE
neurof i brillarpufser dliE0&NHCILA! I Fr Ll HMSSonLHaNT iof Y02/ Py RN HBHA | €

1986, Neurosci

15

20

25

30

35

Sigma, St-Louis, USA) and ethidium bromide (0.15
ug/mL} for 1 hr at 67v. The gels were then photo-
graphed and the banding profile was compared to known
standards.

Neuropathological Analyses: Neurofibrillary tangle and
senile plaque indices were determined as described in
detail elsewhere (Aubert I. et al., 1992, J. Neuro-
chem., 58:529-541; Etienne P. et al, 1986, Neurosci-
ence, 19:1279-1291). Fifteen micron paraffin embedded
hippocampal sections were stained with either hema-
toxylin and eosin, modified Bielchowsky stain, and
alkaline Congo red to visualize neurofibrillary tan-
gles and senile plaques. Quantitative morphometric
evaluation of neurofibrillary tangles and senile
Plaques were determined: using a micrometric scale for
calibration readings were done with a 10 X objective
for senile plaques and a 25X objective for neurofi-
brillary tangles. Diffuse plaques were excluded from
all measurements. Screening of alkaline Congo red
stains under polarized light was used to control for
the reliability of tangle staining and, to a lesser
extent, of the senile plaques' affinity for the modi-
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eval uation neurofibrillary tangles and senile plaques were
determ gam’crorretric scale for 30 calibratio vvere
done w ’pﬁ&%t"#g‘}' X objective for senile plaques and a 25X @fys@g
neurofi- brillary tangles. Diffuse plaques were excluded from all

measur enent s. Screeni ng of al kaline Congo red stains under polarized:-
light was used to control for 35 the*relsa-bility of tangle staining and, to
a |l esser extent, of the senile plaques' affinity for the nodi- - 18 -

fied Bielcho arat| . These crjteria.are con- sistent with those
used in the g’iﬁés%ﬁ ?‘(yf %%Q‘I‘ﬁ?é?%n CRESE, (CHiteriy are;gon- |

Neurochem , 58sb8ft54%jith5 theose (keli néngi d:hEuncﬂ.lass:LLfridalté.oBostoﬂmrtem

Br ai f Co t I 4 I

[err] (87“%ﬁ%1=?99“f§9n[ S T S48 - 59352, ThoNstEed ) 1
[err] (84.558¢hRAMBAYL). and [err] (48.8 nCi/mpl) are purchased from
New Engl and Nucl ear (Boston, MA, U.S.A ). N cotine (f ree base) at ropi ne

sul fate, chokgre chI dTine. Ll-' ePak g_ 415 Ulhi g4 ihoPtém D Widiin from
Si gma Chemical Co. ! ori de was supplied

by Hof f mann- .(B Swi T, Y)W yabel ety are
pur chased erg% 1 is 2 aﬁfﬂ%% m(?%r?aheg:ﬁ{mﬁgg iﬁgllﬁ?rap(ﬁe] 3i bor on
(sodi um sal t fi/mmgl3. h %h]Mrr@ﬂFe 116 L 4D3 chSEedl, OrthO Al @ii/emol0heni cal

Co. 20 I W | aggigte L omg rg can
Chem callgsdwCoY\aHE{gﬁc (84J sseﬁ%)é nﬁcg%gda) Bovi [ngeg?g{r:lngg %ﬁir\n %%‘g)fatty

acid free) aﬂﬁ tlﬂqré’(qacﬁ?%ocﬁ(’f%ﬂ‘l Hew pEpgkavdg 3N Bi o-
chemicals (I r(noaeonCAmIJ &‘uAs)A ierr]u;.}éo}_&@;e( 10f¥¢e 2baséi Nt idtrdipigie gr ade q

was from An‘ers‘sﬁ%g]tgf\rl ﬂg&gné chlor:.de, and eserine hemisulfate.
salts are bought from Sigma Chemical Co. (St_; Louis,
15 MO, U.S.A.). ACh chloride was supplied by Hoffmann-
LaRoche (Basel, Switzerland). Unlabelled acetyl-CoA
are purchased from Boehringer Mannheim (Mannheim,
F.R.G.). Tetraphenylboron (sodium salt) and 3-hep-
tanone are purchased from Aldrich Chemical Co.
20 (Milwaukee, WI, U.S.A.). Ethyl acetate was bought from
American Chemicals. Co. (Montreal, Québe_c, Canada).
Bovine serum albumin (98% fatty acid free) and Ecolite
scintillation cocktail are purchased from ICN Bio-
chemicals (Irvine, CA, U.S.A.). Triton™ X-100 (100%)
25 scintillation grade was from Amersham (Arlington, IL,
U.S.A.). All dther chemicals were from Fisher Scien-
tific (Montreal, Quebec, Canada).

Human brain tissues are obtained at autopsy from indi-
30 viduals clinically diagnosed as having AD, PD, or
PD/AD and from neurological normal age-matched con-
trols. Tissues are provided by the Brain Bank of the
Douglas Hospital Research Center (Y. Robitaille, neu-
ropathologist). Histopathological criteria have been
35 described earlier. Hemispheres to be used. for bio-
chemical assays are sectioned into thick (10 mm) coro-

SUBSTITUTE SHEET



US A). Al other chemcals were fromFisher Scien- tific (Mntreal,

Quebec, GapagdmbasyHunan brain tissues are obtained at autop & Wi - 30
viduals clinically diagnosed as having AD, PD, or PD/AD an rom

neur ol ogi cal normal age-nmatched con- trols. Tissues are provided by the
Brain Bank of the Dougl as Hospital Research Center (Y. Robitaille, neu-
ropat hol ogi st). Hi stopathol ogical criteril® ttave been 88" described earlier.
Hem spheres to be used for bio- chem cal assays are sectioned into thick

10 cor o- CLi n A 4 Vi e, segn | E
f:ar r im(?r S. ChA'Ix'lavlal@leg@%grle&?gg}riége%?gd-&e%% o .éﬁllo%%ﬁ{ t’h‘g %i-%%gtéggrr%‘dga(‘% ADs
and 30 controldd 340G hpbese éGPF@Ge(:EtADgO%ﬁd 1 Befome obipchemippl

_sugj ects \tmht Pés:;ljsi‘,ereilﬂaidﬂs%ii@ebs?p%{é‘é a's!l?hﬂ- Sttgfag%ﬁi Cgh aagl &5124)
i ndi cate tha evels ,in ects (wi an copi es of apo are
sig- nificant ng]a(ﬁ%'f Bt %ﬁ?%%f#’bﬁgc turgs cefe @issearest 2scopy

of apoE4).510follows: AtetnytaholBnedmanasarpas 9 \end€l0 Pnasi@nsémpoi-n t he

sub-corti cal ase BY SHrGiA N t t oral I hi ppocappal
structures ar gra?ep(r%sent edﬂi%: |sg.9§.' %etjr 3%& %818 I";eii}fén"g;glI %/l?ggth %2,
Chda and Ch4i PRCAMPYH car@dcesepeddumt (afsecoasral lowl mathdlagyobrainol - 15
une i s expresaa@a)n [err]. Plaque density is expressed as nunber per mmB in
t he hi ppocanpus of the same patients. Portion of these results were

publ i shed}gy tniaein g AN Ie! eagu (1986, Neuroscience, 19:

1279-1297). 91 nal patients was unknown and coul d 20
not be done then. SinBindhng, parameterssdk4 handatBpd,n valjuest)s werewhich

genot ype coul ¢ehg eEphRe hr, | e {heARQE4 Lke wbereas
four AD subj eg:ths g(ré? agg}%g}-_ g%%%-t is\e/ag?‘ﬁg%;@ul t% ?ce?relglﬁ y coﬁp?fg%ﬁﬁev&gus
findings thatPeaADroRRBleEigedsHpRrhodr KFANQYs (Aybért I. et al.,

1992, J. Neurochem., 58:529-541). Statistical sig-

15 nificance of differences between control and AD (0, 1,
2 copies of E4 alleles) brain was evaluated using Stu-
dent's unpaired t test, with values of p < 0.05 being
considered significant.

20 Assay for Choline Acetvltransferase (ChAT) Activity:

Tissues from various brain regions were homoge-
nized and incubated for 15 min. in buffer containing
[14Cclacetyl-CoA as previously described in details
(Aubert I. et al., 1992, J. Neurochem., 58:529-541) to

25 determine ChAT activity.

Multiple bicochemical and anatomopathological
studies have shown that the immunoreactivities and
activities of cholinergic marker enzymes, such as
ChAT, decrease in the neocortex as well as in the hip-

30 pocampus of patients with AD. As shown in Fig. 6, the
apoE4 allele copy number is inversely correlated with
ChAT activity in the hippocampus and' temporal cortex
of age-matched control and AD subjects. In Fig. 6
each bar refers to mean value + S.E.M.. Significant

35 differences between groups are indicated by the number
of stars: *; p<0.05, **: p<0.0l, ***<0.001. Striking

SUBSTITUTE SHEET



25 cholinergic neurons in Ch2, Ch4a and Ch4i but also highlight the fact

that th of the apoE4 aIIeIe potentiate significantly the |oss of
neuronseWﬁ ?’?Pég%:hZ and Ch2a (P<O 01) and in the Chéi p<OP@3¥ A95492405; ndi ng

of [err] to t0‘
subcorti cal t|:
centrifuged, _
in detail for ' “@]

act|V|ty were seen.in apoE4 carri- ers. ChAT values are represented in
figure 1 in FRAUGEIODSAILCRAR ABEiNAly3(Wwarsnt$eRR)1Ana ST IcDr- tex

(30 ADs and #2scontCHAE) valudP gy ecepreséhtédf in5S frfan ﬂOS.QS e apoE4

allele. Stat I [ e evels in AD subjects (wt
1 and 2 copi gébg%%amgg%) y(a%%: Asl:f% ﬁf?@aﬁh’g@# cPBf HERPRAT f‘#’cb‘m coht ro
subj ects (w £BX0 (@ro ARsoAndflaeeutrold) of AD sibdegtshetittestif-ase

posi ti ve sieuaRedtntbsl bel ApoHIDaAAGIgal areas proj ecting to the
terrporal cor- tex and ? goca al structures are represented in FI 7.

Neur onal cell denS|t
control val uda. ANUduhjebtsiniﬂﬂlEEandSZ €5pi&ssed apbE4YMare Migpue

density is ] r t hg_hi ppoc of the sanme
pati ents.  Poirantlysaisd8rent e7HR, A, oot SRAFTPE: Fumis

Col | eagues (198&h Re@rodcicopye ofl ®poEANS- 1291). The genotype of the '
originaligatients 2%cé@flé%ﬂfﬂ‘@s@éf‘aﬁ@UbQﬁQEEvQEnQQQQnt Ia%’ﬁgliggt G then,

we reanalyse t he ta i'n subjects for genot¥ e coul ern1ned

Three AD subj Q&? ~eorfdenl areas REeifpetiag teuthaptemporals cans

apoE4- pOS|t|tex and hippocampal structures are represented in Fig.
7. Neuronal cell density in the Ch2, Chda and Chdi
are expressed as percent of control values. Nucleolar
"l5 wvolume is expressed in umz. Pla_que density is
~expressed as number per mm3 in the hippocampus of the
same patients. Portion of these results were pub-
lished by Etienne and Colleagues (1986, Neuroscience,
19: 1279-1291). The genotype of the original patients
20 was unknown .and could not be done then. Since then, we
reanalysed the data in subjects -fd: which genotype
could be determined. Three AD Subjects are apoE4 nega-
tive whereas four AD subjects are apoE4-positive.
_ Results clearly confirm previous findings that AD sub-
25 jects show marked loss of cholinergic neurons in Ch2,
Ch4a and Ch4i but also highlig_ht the fact that the
present of the apoE4 allele potentiate significantly
the loss of neurons in the Ch2 and Ch2a (P<0.0l) and

in the Ch4i (p<0.05). | |

Eubj ects and AD brains are honpgeni zed,
ebs-bpdfer as previ- 35 ously described
AVENDED SHEET: -20- reductions in ChAT

30 . . )
Binding of [3HIONB to total populations of muscarinic
sites:

Punches of cortical and subcortical tissues

from control subjects and AD brains ‘are homogenized,
35 centrifuged, and resuspended in Ktebs buffer as previ-h
ously described in detail for [3n]pz assay. Final

heet Has Been Re(ilaced

svsermuresneer i

muscarini c sites: Punches of cortical and-

h
I

2anglygeg,dndigats ¢ %&br@@é@dlﬁy%kﬁcent of

|

3



Results clearly confirmprevious findings that AD sub- 25 jects show

mar ked | g2s6hol i nergi ¢ neurons in Ch2, Ch4a and Ch4i

hi ghl i gh?w?kngzggt that the present of the apoE4 allele po?gr{{‘?iagt%ieaouo
significantly the loss of neurons in the Ch2 and Ch2a (P<0.01) and in the
Ch4i (p<0.05). 30 Binding of [err] to total populations of muscarinic ’
sites: Punches of cortical and subcoldical -tissues fromcontrol

subj ects and AD brains are honogeni zed, 35 centrifuged, and resuspended in

Krebs buffer | 5 .de [ | | rr S Fi nal

- 21 - rrenbrag%ng{e, et slgélaﬂégg%sgg%d%z%dné}hﬁ 2:ir'Jl a%ggf%%nggn?gtgé??gﬁ-

appr oxi mat i ng IR apPEexpRating/ dl- 0-5A0 -mayuef s paptedmimdne- edliched
honpgenat g (?-cﬁ:dts{) .ant Qfenmﬁrfé-‘%nﬁi{d-héd'c ?iaﬁbgéniar&flgr E%szyf 623@ Nok het
presence 5 of _a saturating goncentration_of [e[r n or mn. a
room t enper at lfrréﬁ[ee’ﬂ)] ?’?‘gal?%‘f%‘?t% I ﬁPrEKBFb%. ?"‘#If.(er ig |thg pyesepce
performed §n cfplacasaturBding [condentratipon abed FIHIQNB e€1bi gd Byrrapid
filtration un uc S ~ahey & 1 h . 32
glass filter (SFU rﬁ?’géogge? ﬁﬁ%%ﬁ%%ﬁ%gt 3)%33(# m %% go&tﬂtlgght@ﬂ%?%goa

Brandel Cell [ -Ov8stik- apphkht @5sa¥sanace, Farformedbuly, AEPlicste.).

Filters are tIsyunap[ 3 yonsshed yégdratea CerBmbWled . 185088 WyTsapigh 4.5

m each, beforflela%l dried, The 15 éadloactlwt of the filters is

det ermi ned by 14t Hden Fefuce nPFﬁBSH§an’§°B‘&PKr§ﬁPJH%’c@Fe’[S‘YOOO

scintill al®onSohmeldr NoA48%2f fgtasacyfilllterseci ffresvakEdg,idefonkd in

t he presence e{?{ | | n a fat res a <15% of

total bindi nggoéé | r};&ieﬁg&g) eg??akéoﬁﬂn%s%fii % ﬁiﬁ%%%##l c%‘elrr a/%l tes:
vester apparatus (Brandel, Gaithersburg, MD, U.S.A.).
Filters are then rapidly washed with ice-cold buffer,
three times with 4.5 ml each, before being dried. The

15 radioactivity of the filters is determined by 1liquid

scintillation counting using a Beckman model LS7000
scintillation counter at 48% efficiency. Nonspecific
binding, defined in the presence of 1 uM atropine sul-

fate, represents usually <15% of total binding.

Binding of [§H]PZ to human brain muscarinic Ml sites:

Brain tissues are processed as previously
described earlier. Aliquots of final homogenates are
incubated in Krebs buffer with various concentrations

25 of [3H]PZ (0.1-20 nM) for 60 min. at room temperature
(23°C). Assays are terminated and radioactivity is
determined as described above for [3H]QONB binding.
Nonspecific binding, defined in the presence of total
binding at ligand concentrations approximating Kg val-

30 ues.

20

Binding of [3H]AF-DX 116 to human brain muscarinic
putative M, sites:

Bra—in tissues are processed as described above

35 for [3HIQNB. Aliquots of final homogenates are incu-

bated in Krebs buffer with various concentfations of

[3H]AF-DX 116 (0.1-20 nM) for 60 min. at 4°C. Assays
SUBSTITUTE SHEET



Brain tissues are processed as previously described earlier. Aliquots of
final h s are incubated in Krebs buffer with vari - trations
25 of nggf’%?%‘?l 20 nM for 60 mn. at roomtenperaturef@??%&g ays are .
term nated and radioactivity is determ ned as described above for [err]
bi ndi ng. Nonspecific binding, defined in the presence of total binding -at

| i gand concentrations approxi mating Ke 2al- 30 wues. Binding of [err] 116
to human brain nuscarinic putative [err] sites: Brain tissues are processed

as described above 35, for Jerr Aliquots .of final h enat es, are i ncu-
bated i n K eBESOUERERIAPERS, afibls TORIORREAT S e 151 | CEEAFIAREY 0 5. 20 niy
for 60 nin. desgeibpd Asbaye for 213HIQNB t buimidiaged andNoneiewsictiic/ity is
determ ned ag; i be e ;for e iadi pg. NSRsEd

bi ndi ng, def ?ﬁggilﬁﬁ't hgeggggéncléaofuié grhseg‘ltclréopﬁge ]s'ul ate, ré{olrrfeesents

usual | y <40954¥AIpseal HARKASAPYEE BSuall¥ind <40 of r BetahsPipRing @k i ng Kd
val ues. Miscaigand kRiondiend ratii®ns( Ta(iipﬁolehﬂhﬁrndvﬁt)%afﬂd&i. altered in the

hi ppocanpus of AD versus coniro] ,sybjects. The ,apok genotype S no _
~ significant inpact o‘ﬁu?_‘l’%r%t‘&?vh'?ab*‘gt FaLes; 's.Mf/uégar& i @8} and 10 -

M2 receptor sbtesahteredt ial tthe hippbcampuiss cHnADol venspscicontrdine

t enporal cor . rea e = C t (LNB). . LRI |.hdi ng
sites are %ﬁléa t?’f 'r?ﬁ%eﬁs‘?ﬁ §Bhggrg’%sq%:aosntr%ll L%ﬂg}%gg é%lla( (r\?'gmgiegr?otype
effect on thpPy rdepaetivityppf theSiendtegeriorsy riuscanindn Mlaiand

ni cotinify Si M2S rediclitbd | $5LES are RoRCAAIULASinIeAS! LVaedusb@eh il
[BHHONB with _the “exception, that _sanpl.es re hom%ﬂenl zed |r15 nivi
Tris-HA buf ﬁé‘P.Jeﬁltisqu‘cﬂ sthe temporal cortex whereas e so-calle

total (QNB) muscarinic binding sites are slightly '
reduced in AD versus control subjects (no genotype
effect on this receptor group). '

Binding of [3H]MCC to human brain nicotinic sites:

Brain tissues are processed as described above
for [3HIQNB with the exception that samples were
homogenized in 50 mM Tris-HCl buffer. Aliquots of
20 final homogenates were incubated in 50 mM Tris-HCl

buffer with various concentrations of [3HIMCC (0.1-20
nM) for 60 min. at 4°C. Assays are terminated and
radioactivity is determined as described above for
[3H]QNB binding. Nonspecific binding, defined in the
25 presence of 10 uM nicotine, represents usually <50% of

15

total binding at ligand concentrations approximating
Kq values. '

Nicotinic Receptor Binding Sites are signifi-
cantly reduced in apoE4 AD subjects whereas AD sub~-
30 jects not carrying apoE4 are not different from con-
| trols subjects. This is valid for both the hippocampal

and the temporal areas in AD. _ _
Analysis performed in our labo:atofy indicates
that despite marked deafferentation and neuronal cell
35 losses in the hippocampus of AD subjects, apoE protein
levels remain unchanged or, decreased in apoE4 carrier
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20 final honobgenates were incubated in 50 MM Tris-HC buffer with various
concent r aky@isieey [err] (0.1-20 nM for 60 mn. at [err].

re
t-erm nated and radi oactivity is determ ned as descri bed abo¥/ ’?yﬁ(fogfﬂr]

bi ndi ng.
ni coti ne,

cantly reduced in apoE4 AD subjects whereas AD sub- 30

Nonspeci fic binding, defined in the 25 presence of 10 [err]
represents usually <50% of total binding at |igand concentrations
approxi mati ng Kd values. N cotinic Receptad® Binding Sites are signifi-

apoE4 are not

t he hi ppocanpa

i 1 con-_ trol jects. This is yalid for hoth
PUSIEEERL EBRRL AN oRSaSrANRLA AR, 9% SrESvT SpeaeRomir

j ects not carrying

| abor at ory i ndi2iRes nonaphéaotiyredeARedutgadctisr entehie oE4arll hele odal cel |

35 | i ' i g Sph ! |
C3iES |1 4RGSR AR ek ey A bl B

unchanged or,

consi stent wi t3PYr 3Pl B IR

FOPSEN tFFLI@NFONOH h SHgK inty sdbpepre:-
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Efl ﬁ' lele Ets alsesies At ]gidxdﬂeazsl‘ﬁci't phmb?a.nwst hoﬁbgp{asﬁ.w Ay lr.@\tﬁljéhe&eQEmE ?nd
i gh concentr 0 r at i | ro- ei ng, increased, anounts o

pl asma and L_Dﬁgéclﬁ%f'es- a?' gg%kid e{‘rr}tgpe?pelgoo"??*’boppéﬁgfﬁb“&?%i R4 on™MOgfd

nmost i nport antigPoriAntyt abrpid m odtapokismonpfir cdpbB4apobipatedggtB E. et
al ., 1986, J. |
10

nmet abol i -

4pdEB
cal |
t urbances in Iq7p’|#5h'o§%30§t asTBiscpayt Syggesthdhat RROFA 1ormekabplé-

(Biedlg - R8E.818c82d). Thiggdmy SUOGSTY [ NG AREES 1S

different from apo coul d tThus™éxpl ain

FhOSthat | gl lc:tﬂﬂne_difﬂri'tle@hoﬁﬁoﬂhabbﬁzk%h?a%ﬁ@ %{f@xﬁﬂgiﬁ h?h\sﬁt er ol
evel s are a can reduced in rains (Pe r ew W,
t&csﬂabgu ¢Isécsf . ,”’5%@’:@%; g’ﬁﬂeeﬁ H 59&’91'1'@;3, 1B og.heNaPP.

1989, Ann.
Acad. Sci .
with the
15
20
25
30
35

NY

, S¥reain.- 1698) examplee baehospivanidylokol iner &) ,cophekat ed

phatidylethanolamine (PE) and cholesterol 1levels are
all significantly reduced in AD brains (Pettegrew
J.W., 1989, Ann. NY Acad. Sci., 568:5-28; Nitch RM et
al., 1992, Proc. Natl. Acad. Sci., 89:1671-1675) and
have been shown to be inversely correlated with the
number of senile plaques in cortical layers II and IV
(Pettegrew J.W., 1989, Ann. NY Acad. Sci., 568:5-28).
Brain membrane phospholipids, especially PC and
PE, have been shown to play important roles in the
availability of choline, a rate-limiting precursor of
acetylcholine (ACh) (Nitch RM et al., 1992, Proc.
Natl. Acad. Sci., 89:1671-1675). The release from PC
of free choline precursor for ACh synthesis is accom-
plished in a one step process through a phospholipase-
D type enzyme in cholinergic neurons (Lee H.E. et al,
1993, Proc. Natl. Acad. Aci. USA, 90:10086-10090).
Brain levels of choline are decreased by up to 40-50%
in frontal and parietal cortices of AD patients (Nitch
RM et al., 1992, Proc. Natl. Acad. Sci., 89:1671-
1675). Similarly, cholesterol is apparently required
for the proper functioning of the nicotinic receptor
(Jones O.T. & McNamee M.G., 1988, Biochemistry,
27:2364-2374). As 1losses of cholinergic neurons
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nunber of senile plaques in cortical layers Il and IV (Pettegrew J. W,
1989, A 9%£2ad. Sci., 568:5-28). 20 Brai n nenbrane

phosphol |%| special |y PC and PE, have been shown to .pPGY/CAR9Rnt
roles in the availability of choline, a rate-limting precursor of

acetyl choline (ACh) (Nitch RMet al., 1992, Proc. Natl. Acad. Sci.,
89:1671-1675). The release fromPC 26 2of-free choline precursor for ACh
synthesis is accom pl i shed in a one step process t hrough a phosphol i pase-
D type enzyne dp Mﬁ neur ons (Lee HE et al, 1993, Proc. Natl. .
Acad. Aci. UBRY/8E: tygr are |wakh skppwangtlagsigal qdaldased by
up to 40- 500/ma®k5| o £f thbPemm PaKiL eeal a1qr t1TEE, of. ARNefdoizentsei N tch RM

et al., 199234Phaq.Rat! p Ci 7 16

chol est er ol |s gggarzg’ﬁtl dre%ae% rlgd ?Ergaheqp*osperz‘;%ﬁ%?fg‘ﬁ ra'léloéf) 1t 1

ni cotinic rePepsd 1@\](#%1)5/131’—-'(91!5111& britMeepe thé GapoE#oSgenoBypehamdstry, 35
27 2364- B14kholinbegiboedicills (48! BIBRANC as WIANEy SLEFLLILEE I EET

- 24 - and/or Ilgg%%' vity are well_ known cl assi ca

(Perry E. K &PVEP e ghfefvedsthat pedugtion. ip,¢hAT PCté{V‘aI
1976, Lancet itg: i403he m:;p;&mahl;msf edrd i ﬂéﬁﬂ%ﬁabewath be G\DOE‘ASG;@OWDG

and 5 cholingcgig s hig rele nvest| ate. W
observed thatgg dmg?;%%i# W{[@&f I?‘iii%he ?n? %’Fr'g & afPR enpor al
cortex of ADeEbBEx |(sl4ewe|a§e|§zpp%p@r1tlae5;eal copyt hmm4mdmlasempy
nunber (iig e. cﬁﬁ'rapaéélaitﬁl CAéCPYagedPe’ OdE! SRR LS 0 tidl T c13%Y

decr eased) . thus clearl | nd| cate t e exlstence o d| st| nct

genetic enti H?éécﬁﬁ EBPa(ﬁ"é'ch%ﬁ% iskinet ggenetin patitiegr das  of (
al terations sporhdicnerap c whiehvatshgw aH;lfQ&&bn&ialleVG@éQﬂeeby dgesi dual

B?i}eg?rgﬁ”]aE@éIatiBhEv'éi’ éﬁ%lfﬂggé¥%- r Eb%'nar erIeasthOIInergIC
revealed by residual post-mortem ChAT activity.
15 Another presynaptic marker 6f cholinergic projection,
the nicotinic receptor, was aiso found to be markedly
reduced in apoE4 AD subjects. Conversely, the typical
post-synaptic marker, Ml-muscarinic receptor was unal-
tered in AD versus control subjects, whether apoE4 is
20 present or not. The M2-muscarinic receptor which
represent a composite pre- and post-synaptic-marker is
also unaffected by the apoE4 allele gene dosage.
The correlation between apoE4 allele copy num-
ber and reductions in ChAT activity ‘and nicotinic
25 receptors may be explained by at least two distinct
phenomena. First, phospholipids such as PC and PE,
that can serve as precursors to choline in the synthe-
sis of ACh, could be transported into neurons via the
classical apoE-LDL receptor pathway (Goldstein J.L. et
30 al, 1977, Ann. Rev. Biochem., 46:897-930). An iso-
form-dependent impaired regulation of the transport of
phospholipids in the brain of apoE4 carriers could
explain the reduced 1levels of PC, PE and choline
reported in AD (Pettegrew J.W., 1989, Ann. NY Acad.
35 Sci., 568:5-28; Nitch RM et al., 1992, Proc. Natl.
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the nicotinic receptor, was also found to be markedly reduced in apoE4 AD
subj ect s. ly, the typical post-synaptic nmarker, M - I_Ni

r-ecept or vgg@&%glﬁq tered in AD versus control subjects, Me?@?@%"i s 20
present or not. The M-nuscarinic receptor which represent a conposite pre-
and post-synaptic marker is also unaffected by the apoE4 all el e gene -
dosage. The correl ati on between apoE4 aftl &be-copy num ber and reductions
in ChAT activity and nicotinic 25 receptors nmay be expl ained by at |east

two distinct pheaeneng; Fi rgg 1@4}195}2@9155 ﬂiciucih u%ghang65:5 e&I'bat can

serve as precursors to cHoline int SIS0
transported i nHECREAEERAs AFh shatdetds cfaiipespDEleS)L r efepsorhypithesis

(Gol dstein J. L.Lsetc6@s1§£en’é97v71tlf~mheuﬁ?ﬁéné3' 4§e§8¥:t§§0)1n A | so-
formdependent alred requl ation of the tranlsngort of oliprds  in
the brain of aBORASEhPriSHP RFuCRANGRS,| 0t membranee %%YoﬂnPGh@E and

chol i ne repor t biipPacABpaBeangg paatk 1M/t s J&B%Dﬁpaué?(téxcad Thad 1088 -of
568:5-28; Nitg : I 0 | TUTE,_SHEE
Acad. Sci., 89 ﬁ?%e%ggg \ﬁ?joch in Jfaurﬁncggﬁ agﬁg %c?ﬁa?@&gﬂdﬁm

synthetic capaRtfpEénic ?Hpéilemléiﬁ slssowerxtennswsthnnemrthnd:rmaf ects

reported in Athﬁunu!ﬂhﬁa&éh aipﬁha%%ds'%a@i@f’ I}Jéﬁh Lty inthe 5
hi ppocanpus and pl atel ets 8 AD patients. The | 0SS o ‘esterol reported

in AD and the effect +t30ny c&beni EegrREinag atRi \neyronal e GhAT
consi st entlOwj thctinrapeEMamra)achmde pndvbmafewxem PAWAPLEESthe 1Dss
addition, the d e I T 10 CtIV nd.chol,in Ievels
could paral | eld”fhle:|ﬁ %ggeg lgho %rg%ne%t% alga?ﬁ h8r3§§3fmf'or"

i nclud- ing t hBRGuctheas med@uss baspdyiser of ( NBAgnexit agcﬂmﬁ),badd.agbnlarloca

(DBB) and the s&p&abrapedcal MBBRN2IakY the septal area. The analysis
, of the number of acetylcholinesterase-positive neurons
15 in the NBM and DBB in genotypes AD patients revealed
marked losses of cholinergic néurons in apoE4 carriers
versus apoE3 homozygous AD cases.

. EXAMPLE II
20
Acetylcholinesterase-inhibitor (tacrine, Parke-Davis)
treatment in human with Alzheimer's disease: Effect of
apoE genotype.
Study design
25 The tacrine study results described here were

originally published by Knapp, Gracon et al. {1994,
Journal American Medical Association, 271: 985-991),
however, apoE genotypes were unknown in those days.
The study was a 30-weék study in which patients were
30 randomized to one of four treatment groups: placebo or
escalating doses of tacrine. In the tacrine treated
group, all patients began treatment at 40 mg/day. One
group had tacrine increased to 80 mg/day, on which
they remained until the end of the study. The other
35 two groups received tacrine in dosages escalated
beyond 80 mg/days to 120 and 160 mg/day. Only the
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of the nunmber of acetyl cholinesterase-positive neurons 15 in the NBM and
DBB in g&lnot#?es AD patients reveal ed marked | osses of choli ner%c neur ons
in apoEAY@APM%Ef s versus apoE3 hompzygous AD cases. EXAVPREI/CA9SR9240

[err] Study design 25 The tacrine study. results described here
were originally pubkished by Knapp, G acon et al. (1994, Journal Anerican
Medi cal Association, 271: 985-991), heweges, apoE genotypes were unknown in
t hose days. The study was a 30-week study in which patients were 30

random zed t ne of four treatnent groups: placebo _or escal ating doses of
tacri ne. I a?.ﬁ Tt &4 ‘ifl'_e%ﬁ*e’c)e‘b‘?%uﬁ? afPngatieEfts ipe fhe mxafentht at 40
ng/ day. One genotypad analyisis.i ncreased to 80 ng/day, on which they

remai ned until the . . The other .35 . two, groups, received
tacrine in dosage?gﬁgéa%gﬁgég%%onﬂlgggﬁg/ @éﬁf?ﬁn(}:leUhgncfef&“ffgfday.
nly the thes maximumrdoseupfoftanninmt 640amgddnsiaer €dwerkshe 80 esent
genot ype s\namgyias. 6 Faekks/ Z150 "Re/di SEAS € 6Palddil S1860 AL fEQ t{go 4
weeks ny

maxi nrum dose of .tacrine (é%ﬁrkg/d of 6 vveekz, 80 5 /

for 6 weeks YBE%FyA®%r & A& 1P weeks) apf sompletesd LHhe eted -
the drug tri aciadr aveasd esébected debeddterntiinE HHOROphRACLYPRY UEIHgN
proteins as I bed e OLLLEL . aly. . 2.1993, Ql.i poprptein E
phenot ype anggzlﬁg%&? ]h%?gjs"?%o a(sg éégggfg%gnc%%f%rﬁ: #”5@'@% egTFPéI TPatients
sel ection wad9@8ne Arakipdproteln pEes@hanabybebsande @lzaheigex'sponse to
the treaigenbistage’N ZNhd®r 34D §§956995SeSSFRAL p&ihﬁté-AQ@ef‘\%%r uﬂglsﬁg to

nonitor treatnment effects. Half of the selected patients showe
r esponsi vene¥as( [90e QR HrASPABLEcOfHRKRESACE f/Rdopbsence of drug q

response to the treatment. The Alzheimer's Disease
Assessment Scale (ADAS) was used to monitor treatment
effects. Half of the selected patients showed drug
15 responsiveness (positive ADAS differences) or lack of
response (negative ADAS delta). We then examine the
impact of different genotypes (apoE2/2, 3/2, 3/3, 3/4,
2/4 and 4/4) on therapeutic response using the ADAS-
cog and the ADAS total test results obtained prior to
20 and after tacrine administration. The ADAS-cog is an
objective test that evaluates memory, attention, rea-
soning, orientation and prakis: a decrease score over
time (or a positive difference) indicates improvement
(Rosen W.G. et al, 1984, Am. J. Psychiatr.,
25 141:1356-1364). The ADAS total includes the cognitive
and non-cognitive portion of the ADAS. | '

Cholinergic Drug Response in Genotyped AD Subjects:
Fig. 8 1illustrates the drug fesponsiveness
30 (ADAD-cog and ADAS total) of AD subjects as a function
of apoE4 éllele. Each bar represents an individual
subjects. Positive delta values (difference in ADAS
score at the 'end minus ADAS score prior to drug treat-
ment) indicate improx}ement in cognitive performance
35 (ADAS cog) and in global performances (ADAS-total).
Negative values represent patients who deteriorated
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response (negative ADAS delta). W then exam ne the inpact of different
genotypes“( g_,z 3/2, 3/3, 3/4, 2/4 and 4/4) on therapeutic response
usi ng the ADAS-""Cog and the ADAS total test results obtai ne’&cﬂpﬁ 0240 20
and after tacrine adm nistration. The ADAS-cog is an objective test that
eval uates nenory, attention, rea- soning, orientation and: gr@axis: a '
decrease score over tine (or a positive— @7 f~erence) indicates inprovenent
(Rosen WG et aI 1984, J. Psychiatr., 25 141:1356-1364).
The ADAS t ot aI |t|ve and non- gnltlve ortion of the

s th
ADAS. Chol i nergl c 'g R8§§ %S{-g’% R EAdISey APl St SWPIaSts are A
illustrates tlﬂalhﬂa@ts.espbhsweeae&xe@ﬁ:e(dADﬁﬁlco@handaﬁBA&ﬁug,al atoi:hAD
subj ects as a t %Q,qglﬂ I o] i dual
subj ect s. Poiﬁ%v%gggﬁfa va u%lgé gaﬁﬁer{%g%il)%; AD%@ scor e“}S a%gf' %eggéd
ni nus ADAS scdri@R% othad dﬂ&ﬁfﬁréaﬂ'-—‘-aﬁséﬁt ) themdi kst £he npresemset orn

cogni tive per fapsaie &5 D spsmg)apnéhén gl obal perfornmances
(ADAS-total). Negati v éges repr.esent :@?t | entéaggo deteriorate - 28 -

more, clinical tri aI Poreni A 8% hofs
physosti gm ne t(tm\amom Lnegatai:e §0B9echls Ehow imprdvemerdd)lwPelo- 884> and

acrine (Davi g ihd, afnidlhpcS83onlt (KORL: chedlSd WARLAE5%420e NEkE ShOW

that contrary to young subjects 0Se necessary
facilitate pe nci%o‘-bhtM %F?J?GERS }8Li eWOrEes| fokwingongrug

i ndi vi dual 0 agastextimen . sth %h%zandof@spau C8hE- sThGuﬂiééeaceamttas apoE4
all el e appears now.to be th Ep”%gp i,mportant fac responsi bl e
d

i ndi vi dual vafat iTHEPINEF e IiNg RS RPRE %gPesF-ﬁl’ré'Pvatﬂl’% NﬁAﬁD and
clearly predi ctoglscalml shows ostmblarhekspongec prafddel Har apie®s €htAi cal

responsi veness je3-«£Qld r}%xgié‘aﬁgféﬁé moni tored in genotyped AD patients

denonstrat ed
Taken together, our data clearly suggest that

"15 cholinergic function in AD-E3/3, 3/2 and 2/2 subjects
are at least partially spared when compared to AD-
E4/3, AD-E4/2 and AD-E4/4 carriers. Most importantly,
this genetic susceptibility apparently results in sub-
groups of AD patients which respond differently to

20 cholinomimetic-based therapies; with E4 carriers at a
greater risk for loss of their ACh synthetic capaci-
ties. This hypothesis was formally tested in tacrine-
treated AD subjects which showed different apoE geno-
types. As expected, apoE4 negative subjects were found

25 to respond  tremendously well to the acetyl-
cholinesterase inhibitor tacrine (an acetylcholine
metabolism enhancer) when compared to apoE4 carriers.

The cholinergic hypothesis of geriatric memory
dysfunction (Bartus R.T. et al., 1982, Science,

30 217:408-417) raises some fundamental questions regard-
ing the observed heterogeneity of clinical responses
toward various cholinomimetics in different AD
patients. The absence of clear beneficial effects of
choline and 1lecithin in geriatric patients. with and

35 without AD has always been quite perplexing. Further-
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that apoE4 carriers are unlikely to be good responders at least with the

use of A%,g),gﬁg rsors and esterase- based therapies. l\@ -
FAL %ed

- 1. A—api hod 0 the treatnent of genetlcally
AIZhEiWE1:ﬂﬂS@WE§ﬂHAOB%GN the pre- disposition to respond to

chol i nommet i c REPEABEDES ich conprises: a) determning the presence of
apol i poproterns<tE2—and=E2-all| el e or the2&bsence of apoli poprotein E4 allele

from peri pheral t| ssues of said patient which is indicative of the degree

f l.¢chal h d t t
cctivity, antobf: " EHRERLY i Rk 8R Bpeaint ersREeRoL i o

agent rel ati yBhibitarg (ﬁ;g?meagf physostigmine of( Detveis aK.L2. et alhe net hod
of claim1l, whpagi nnNsai gnpher ageut ppgageng lsggngg&gd Ehgm q._ggrg_?‘gup

consi sting OLDI nhi bi tors of acetyl.chol|ne egra ati1on ucers 0

acetyl chol i ne?2¥yRt hel1R; &t yPdhol | A822agorkst s' ErFL ni nichs, Mol
muscar i nisc MZ?etEﬁBelzaab agaviestshowh thatTontRiak9d €8 ¢behdg Qub\mere' n

th d.E3 allel th sen

apol | popr ot 3ot ek LB AT BCpEF| abde™ netansiny ofo o RERTSERor

i ndirectly bhepfersangengn fuemory Ataskiocaried heonsibderablyt amongf human
sub- jects lﬁ‘ﬁihlduﬁﬂga{;éhvéonti'gﬂahEHSEE§S aflie -AD hgtleﬁgg Al zhei mer ' s

di sease or other neurodegenerative_ dis- responsi ve

to cholinoninetic tiRe RFesenemhih fc‘?ﬁrp??%%% yblelei ﬁPlﬂgﬁFﬁenﬁHrrBQr of
copi es a0 t hise aphE2 moxt aimf&rﬂme ghtebes z@sﬁd’iﬁﬁﬂ@nﬁ&: ofinanokd-gene
ZLLEEea'nS /2 BA21 98-8k s 300 & Ote8PhlaP?bralh AMLINGISIE 1RReRVE2CNCE ©f P
tion in AD and clearly predict clinical outcome of
cholinergic based therapies. 'c1inica1 responsiveness
to cholinergic agents monitored in genotyped AD
15 patients demonstrated that- apoE4 carriers are unlikely
to be good responders, at least with the use of AcCh
precursors and esterase-based therapies.
While the invention has been described in con-
nection with specific embodiments thereof, it will be
20 understood that it is capable of further modifications
and' this application is intended to cover any varia-
tions, uses, or adaptations of the invention follow-
ing, in general, the principles of the invention and
including such departures from the present disclosure
25 as come within known or customary practice within the
art to which the invention pertains and as may be
applied to the essent'i_al features hereinbefore set
forth, and as follows in the scope of the appended
claims. | '

-
Sheet Has Been Reﬁaced

\\Il\l\\ TN
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-30- apoE3 gene alleles and the absence of apoE4 indicate a pre-disposition
to responWQes/2928% i nom neti cs-based therapies. 5. The nedgrososmgo240 ai m
4, wherein the presence of apolipoproteins E2 and E3 allele or the absence
of apolipoprotein E4 allele is determned directly by genotyping using
appropri ate apoE2 and apoE3 probes or |n<§| rectly by phenotyping. 6.~

nmet hod for the identification of Al zhei me? s patient

responsive to cognitive enhancers and chol i nom net i mllm Wmﬂm””m""m ch
conpri ses det & IQLAIMe t he nunber of copies of the apoE2 ahd 'apdE3 sgenme
alleles in a biological sanple of said patient, and wherein the presence of

apoE2 and/or apoE3 gene alleles and the absence of apoE4 indicate a
pre-di spositidmr to re3psedhod dins i toer teeatvebised tikierl'agnm §.dis- The

met hod of cl alégs@ wWagr e tgeengrtqmqg, of cARP bEQE&QEQI n f:l'q EB allele
or the absence ol oprote| n E4_allel e |s determ ned rect

genot ypi ng usﬂ?}’fﬁ& t sapﬁE%’%ﬁ%P‘aﬁbE3°ﬁrd‘l§bsr%$PPﬂﬁl &t ¢

phenot ypi ng. Mzﬁi‘ilﬁlé&ﬁ-l&lﬁérapres’m wh 2819 ESonsinEsés | el es and t he absence of .
apoE4 indicate a gne A respond to cholin I GS base

t her api es. 5. heg%réggﬁﬁﬁﬁ ttg’e -SHITRi Rt AP é%ec?f“s

apol i poprot ei ns E2 andn€3E3| |adiiels ehethesabeence aqﬁ)lammlermteﬁd

allele is determnefs duigeliby BYofCNYerighe Al NG AP IG5 € ppE2 and
apoE3 probes or patient which is indicative of the degree of
impairment in brain acetylcholine synthesis and
nicotinic receptor activity; and
b} administering to said patient a suitable thera-
peutic agent relative to said degree of impair-
ment of step a).

2. The method of claim 1, wherein said therapeutic
agent is selected from the group consisting of
inhibitors of acetylcholine degradation, inducers of
acetylcholine synthesis, acetylcholine agonists or
mimics, and muscarinic M2-receptor antagonists.

3. The method of claim 2, wherein the presence of
apolipoproteins E2 and E3 allele or the absence of
apolipoprotein E4 allele is determined directly by
genotyping or indirectly by phenotyping.

4. A method for the identification of human sub-
jects with cognitive impairments due to age,
Alzheimer's disease or other neurodegenerative dis-
eases, to be responsive to cholinomimetic therapies,
which comprises determining the number of copies of
the apoE2 and apoE3 gene alleles or the absence of
apoE4 gene allele in a biological sample of said
patient, and wherein the presence of apoE2 and/or
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i ndirectly by phenotyping. 6. A nmethod for the identification of
Al zhei |ent to be responsive to cognitive enhanc
choringﬁ&ﬂéﬁﬁgg*herapies, whi ch conpri ses determ ning th?kﬁﬁﬁgg%mgpcopies

of the apoE2 and apoE3 gene alleles in a biological

and wherein the presence of apoE2 and/or apoE3 gene | t
of apoE4 indicate a pre-dis- position t30 respond to“m“ﬁlmmllmm
t her api es |nd|cates a predi sposition to respond to cholﬁndnl- mdt i ts- based

t her api es.

sanpl e of said patient,

absence
based

0 C 6, mhereln sen
apollpoprote?ﬂgEézgﬁﬁﬁ Eéqﬁﬂﬁélgﬂé?%ﬂﬁe @# pbBﬁbF@%ﬁ Ba allele
IS detern1neprdrdéspbglbyogenbbypregpondngtappchpiuabalap&EESabasepoE3

probes or 'nghé§9£5¥sby phenot ypi ng.

5. The method of claim 4, wherein the presence of
apolipoproteins E2 and E3 allele or the absence of
apolipoprotein E4 allele is determined directly by

- genotyping using appropriate apoE2 and apoE3 probes or

indirectly by phenotyping.

6. A method for the identification of Alzheimer's
patient to be responsive to cognitive enhancers and
cholinomimetic therapies, which comprises determining

_the number of copies of the apoE2 and apoE3 gene

alleles in a biological sample of said patient, and
wherein the presence of apoE2 and/or apoE3 gene
alleles and the absence of apoE4 indicate a pre-dis-
position to respond to cholinomimetics-based therapies
indicates a predisposition to respond to cholinomi-
metics-based. therapies.

7. The method of claim 6, wherein the presence of
apolipoproteins E2 and E3 allele or. the absence of
apolipoprotein E4 allele is determined directly by
genotyping usihg appropriate apoE2 and apoE3 probes or
indirectly by phenotyping.
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