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of transgenic ani mals, neurodegenerative 10 disease, and of identifying
conpounds to treat such diseases. BACKGROUND OF THE | NVENTI ON Many
neur ol ogi cal di seases such as Al zheinmer's di sease, frontotenporal denentia
and Par ki nsonismlinked to chronmosone 17 (FTDP-17), progressive
supranucl ear pal sy, 15 corticobasal degeneration, and ot her undefined
denentias, have the common pat hol ogi cal feature of neurofibrillary tangles
(NFTs). NFTs are structures nmade up of paired helical filaments (PHFs),
conposed primarily of tau protein in a hyperphosphorylated state. Tau
belongs to a famly of mcrotubul e associated proteins (MAPs) that are
thought to play critical roles in stabilizing and renodeling the neuronal
cyt oskel eton. Under normal 20 physiological conditions tau is found
primarily in the brain, associated with the cellular cytoskeleton. The
adult human brain expresses six different isofornms of tau protein, ranging
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FIELD OF THE INVENTION

This invention is related to the fields of transgenic animals, neurodegenerative

10 disease, and of identifying compounds to treat such diseases.

BACKGROUND OF THE INVENTION
Many neurological diseases such as Alzheimer’s disease, frontotemporal dementia
and Parkinsonism linked to chromosome 17 (FTDP-17), progressive supranuclear palsy,
15  corticobasal degeneration, and other undefined dementias, have the common pathological
feature of neurofibrillary tangles (NFTs). NFTs are structures made up of paired helical
filaments (PHFs), composed primarily of tau protein in a hyperphosphorylated state. Tau
belongs to a family of microtubule associated proteins (MAPs) that are thought to play
critical roles in stabilizing and remodeling the neuronal cytoskeleton. Under normal
20  physiological conditions tau is found primarily in the brain, associated with the cellular
cytoskeleton.
. The adult human brain expresses six different isoforms of tau protein, ranging in
size from 352 to 441 amino acid residues. The isoforms differ by having either three or
four microtubule binding domains, and by the presence or absence of amino-terminal

25 inserts. Tau is phosphorylated in the brain by a variety of kinases, although the

telationship between hyperphosphorylation and tsngle formation is unclear. It is also
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5 al., 1998, Neuron 21:955-958). The signature neuropathy associ atefl!llt B004
FTDP-17 is insoluble filanmentous aggregates of hyperphosphoryl ated tau
protei n wooursd4ng in the absence of anyl oid pl aque and Le®RgThisdieis4o
hal | mar ks of Al zheimer's di sease and Pick's disease, respectively. Tau
deposits are present not only in neurons, but also in |arge nunbers of
glial cells including predom nantly oligodendrocytes, and al so astrocytes
10 (Spillantini et al., 1997, Proc. Natl. Acad. Sci. USA 94:4113-4118).
Many of the tau protein deposits also react with antibodi es directed

agai nst ubiquitjn. Innuno-elec%ron, m croscopy. denonstrates that tau is
present asmelFRbMBIAALE 31d)tanals, jormatian Ipgds du pRENG Ve diefungiion aad nekapRad A

filaments if,Quichtd BitNATARINETs Bseiesease, but these helical filanments have a
different dianeter and periodicity (Spillantini et al., 1998, Am J.
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used the hu Thy-I1 pronoter to.express., i ni ¢ m.ce, the |ongest
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cont ai ni ngabkéree b8amplonioplagiecina iewp bodiesyhalitharksn e lzhaimdr’$ dseaserand Bickibul e

bi nding domains. Bri . (1999, Am_ J. Pathol. 154:255-270) used the
mur' e a- AR esPRaveDl Top il weateFlaatonit B s & R BHBEE) 1o
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| ength, contains .no am no-1erninal inger n three m.crotubul e
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reactivity wwth the PHF1L and AT8 nonocl onal antibodi es that recognize
phosphoepi PEHEESOREm@sTaies thaftigh BiPFEsentds £YiaPIpfic Algments 1rmausceptpidhy norease

in tau phosphehyliat iffehf fOGROARA eRferR)isch e bE1ARTBhEIRAT HfamRnts have a
conf ormati on- dependent epitope associated with early Al zheiner's disease
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ei t her tr affogmvd? ¢/ 988 Am. dlwm. &iengt] 64:41804R)). Soc. Neurosci. 25: A)447.1)
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expression in nce o ont al ni ng /M nmut ation ., the
val i ne at Gotz e al. (1995, EMBO ]., 14:1304-1313) used the human Thy-1 promoter to express, in

transgenic mice, the longest isoform of wild-type human tau, which is 441 amino acids in

20 length, containing the 58 amino acid amino-terminal insert and four microtubule binding
domains. Brion et al. (1999, Am. J. Pathol. 154:255-270) used the murine 3-hydroxy-
methyl-glitary] CoA reductase (HMG-CR) promoter to express the shortest human tau
isoform, which is 352 amino acids in length, contains no amino-terminal inserts, and has
three microtubule binding domains. An increase in tau phosphorylation at sites associated

25  with Alzheimer’s disease pathogenesis is seen in both models, as shown by reactivity with
the PHF1 and AT8 monoclonal antibodies that recognize phosphoepitopes on the tau
protein. In the HMG-CR/tau mice, this increase in tau phosphorylation is accompanied by
the formation of a conformation-dependent epitope associated with early Alzheimer’s
disease pathology (Brion ef al., supra). This epitope is detected with an antibody

30  designated Alz50, raised against paired helical filaments purified from Alzheimer’s

disease brain. Neurofibrillary 1angles were not present in either transgenic model.

Zahr er al. (1999, Soc. Neurosci. 25(A)447.1) have recently reported transgenic
2




position 337 of the wild-type is replaced with nethionine) in the %Le?[}[]l.
of a three mcrotubule binding domain isoform under the regul atory
control @l dR834gouse prion promotor. 5 Additional transgepegrpgmohés i n
whi ch an increase in tau phosphorylation is seen include mce expressing
mut ant human anyl oi d precursor protein (APP) (Sturchler-Pierrat el al.,
1997, Proc. Natl. Acad. Sci. USA 94:13287-13292), gl ycogen synt hase

ki nase-3beta (Brownlees et al., 1997, Neuroreport 8:3251-3255), and the
sei ne/threoni ne kinase Mbs (Janes et al., 1996, Neurobiol. Aging
17:235-241). Filamentous tau pathology is also to absent fromthese nodels.
Consi der abdxpresfiboirt miaof bmemt put conmirngrtikMI§ 7Mravistemii e, fedelize af human

neur odegener at i di.sease, based X e of
pat hogeni cp‘?‘?ﬂﬁ’ﬁ:{ﬁ? ﬁhﬁ‘&t‘\"ﬁdn © @{8‘?9%‘:53 Sht et% at mn%?%n&}%e%%&?P#f%{tE} a%sgene
vect or, expiceatahé binding MY ikefben, uyipeshe efulmenr angol it mpasegeni C
expression of the nmutant hunman protein at sufficient levels are 15 all

critical tBHo8Q¥€ess. Strategies for creation of transgeni c nodels have
therefofe vari egadinbib® trinsgBfiE mRYAST Which Aeintfeastsiy e phosphdalistionds seeani | i al

anyotrophic lateral sclerosis used the 12 Kb SCDl ge ssion of
human Cu, ZinchidpBHESGRE SHNE Myt2at s fmy! ﬂ%ﬁ?c?rﬁ%’ W&‘t(%ﬁi%%ﬁ%(%ﬁ?ﬁey et
al ., 1994, ,9gi Wp%@wﬂ&aﬂs?&)usx 9@371%7(1\3@9:9 gayc@km syntte90 Rinad¥eibean
14:1105- 1116) 20 Transgeni c nodel s for _anyloid P-p I de dgposmlon in

Al zhei ner’ éBrdwnlea%@! aha 7, Newaregent BSg A Ia&f‘é‘lcéF‘ Tegrae 8% MO% act or

pr onot er : 2335319 Braaeflous taRMbICRH id 440 t he
human pr|o e%eet%?H?iga()oNl%gﬁm] I>‘%Eljlgr\leura ranasm Slsjpp§)e 0%9i35 144), or

t he hurman Hlbiyntlfrqsndwsttepdf(l&urchl er-Pierrat et al., supra) to elicit
transgeni o expr 3sh il cAIPhATU LA 6 BRMHE Han el Slddels SPRLAN N9 i ther

t he "London" nut ati ons assocCiated with famli al
ear|y- onsehexﬂbdﬂgenamwesilsiaspéas@ on‘lélxessﬁlortly pessgofic miggefpathcaenis bmat e

becom ng ext rgior dlaﬁor.i I uo%blchmcteooftnjé'ﬁ JZF:?EEH }eS8bn in a?ﬂf#??-ﬁi’r)fp% their

use as "ga els or precllnlc uatfon o si ng drug
candi dat es of Mrmamml teanefeniUexipreasiorsef thcamulahﬁlmmwtgm@i Sufﬁ¢lalztd¢\@18| afe t he
transgenlc

oo o e OB R SRS AEnggg {0 have
drug | at er vh@gpnEortekemple! tht trassgbic ﬁqbﬁdslﬁ)ﬂﬁdhrbljaaldwmlﬁp'lﬁd lagerall stetayis used
JAEIJT gbgzr attllleolrilz If(l()) I’SO qege;[aé &?E}q}%gstsmgfof Lurﬁanheu n sx%e?o%c?ée dismi Mrsielcgﬁtaﬂ?n% s 3 21
the mutations G93A (Gurney et al., 1994, Science 264:1772-1775) or G37R (Wonger ol
1995, Neuron 14:1105-1116).
20 Transgenic models for amyloid B-peptide deposition in Alzheimer's disease have
used either the platelet-derived growth factor promoter (Games er al., 1995, Nature
373:523-527), insertion into the human prion gene (Hsiao, 1997, J. Neural. Transm. Suppl.
49:135-144), or the human Thy-1 promoter (Sturchler-Pierrat er al., supra) to elicit
transgenic expression of the amyloid precursor proiein, containing either the "London" or
25 "Swedish" mutations associated with familial, early-onset Alzheimer’s disease. These
types of transgenic mice are becoming extraordinarily valuable 1o the pharmaceutical
industry for their use as "gatekeeper” models for preclinical evaluation of promising drug
candidates. An example of such a use was the testing of riluzole in the transgenic model
of amyotrophic lateral sclerosis, where it proved to have a beneficial effect (Gumey et al.,
30 1996, Ann. Neurol. 39:147-157). The drug later became the first to be approved by the
Food and Drug Administration for the treatment of the human disease. Similar use is
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WO 01/53340 PCT/ US01/ 01740 bei ng made of transgenic mce that nodel Z’ﬁpliJLO i
aspects of Al zheiner's disease pathology. The current transgenic nodels o
Al zhei rerwo otisz@ase, whi ch are based on expression of nut aptrABREN7MYI 0i d
precursor protein, are inconplete nodels of the 5 disease. Although they
show anyl oid f3-peptide deposition in plaque, no neurofibrillary tangles
are noted, nor is there extensive neuronal cell |oss or consequent brain
atrophy. Thus, the art is in need of new and/or better nodels of

Al zhei nmer's di sease as well as other neurodegenerative di seases. The
present invention is directed to addressing these and ot her needs. 10
SUMVARY OFPSHREM3R/R W%T”é‘:eitwg‘f?ﬂfﬂo‘ﬂ“ﬁ? WB‘@%%‘?'&B@@&% H5535% e expr essi ng

Wil d-type gdtédgnt isofornms of human tau protein. The transgenic nice of
the invention can be used for screening candidate drug conmpounds, which
may be ef f ecti véhagreR rapeeiomeddnelAkhamers disease vch upbassé ker di seases

I nvol vi ng E)ﬁﬂ%,@ﬁwﬁcﬁf%tﬁﬁhuﬁﬁ?ar%ﬂﬂﬂﬁﬂ@éﬁl%r Pitdin, Qe BEnAIBY HlideRDsGRN al so  be

used in genetic crosses wth other transgenic mce strains to nodel the
progr essi odisedse. pdthpeglahenshowtampdord Byepude deposiboeingdgppe;ino rehmfibrdawnt
invention Js direct to .a.transgeni c _npuse [ essi a..human tau protein
under the PRBfF ARG, b ARRRRRL Rt S PR SRR TR, P20
human tau Phid, dierart l9ad needd of xew ersB@cbetter hbdeid sfaisipemecs distaseagmesll e ei t her

wild-type or may contain.a.,mutatipon. The nutation,my.be one previously
dent 11 adOPRF RRTRHFEEHSRUVE dircasg T pacasht HTREP G Omerhd e PR ISt ot e n
expressed gmyother miys.of the six different isoforns. The invention is also

directed to the use of the transgenic mce of the invention as 25 nodels
of neurbdegenerative disease. In another aspect of the invention, the

transgeni csUnVESLAKE OB THE INVESTIONR! drugs that nodul ate tau protein
expression and/or activity. These and ot her aspects of the invention are

more ful |y descHhisdeveptipmirovides IBREEIICEISCRKPTSON - YPECDRAAPNSE oMM gur e 1
shows a scRepBhifalbrdeihathd #ARSGRNRicE OP e ikdntibs 6 BeQst £P & rEerfind

candidate drug compounds, which may be effective against neurodegenerative diseases
15 and other diseases involving taupathologies. The transgenic mice of the invention can also
be used in genetic crosses with other transgenic mice strains to model the progression of
neurodegenerative disease.
In one aspect, the present invention is directed to a transgenic mouse expressing a
human tau protein under the regulatory control of the mouse prion gene promoter. The
20  human tau protein that is expressed in the transgenic mouse may be either wild-type or
may contain a mutation. The mutation may be one previously ientified in humans, or
may be a novel mutation. The human tau protein expressed may be any of the six
different isoforms.
The invention is also directed to the use of the transgenic mice of the invention as
25 models of neurodegenerative disease.
In another aspect of the invention, the ransgenic mice are used to discover drugs
that modulate tau protein expression and/or activity.

These and other aspects of the invention are more fully described below.

30  BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic of a tau transgene construct used to prepare a




21 JUL NO4 WD 01/53340 PCT/ US01/ 01740 transgeni c nouse of the present
invention. See also Table 3,infra. Figure 2 shows inmmunobl ot anal ¥5eL @l
human t alV@PBIBtth expression in the brains of wld-type aRdTugsIRIHAUs of
mut ant tau transgenic mce. Muse brain sanples are 5 identified by nouse
transponder |ID nunber (5 digit nunber) or by ear tag nunber (337 and 341)
(see Table 4, infra). Sanples 21080, 21089, 21096, 22410, 22418, and 22435
serve as controls wi thout human tau protein expression, and are from
non-transgeni c Iitter mates of the transgenic mce. Mce with transponder

nunber s arethe eny,.of the _ori mece mated with (C57B1/6 X
SJL) F1 par ttWE?%“ ‘g"é é{@ﬁpfeﬁfffgéﬂ‘fap “tagfﬁaﬁﬂﬁﬁ@fzé éfc‘é t he founder mice.
DETAI LED DESCRI PTI ON OF THE I NVENTI ON The invention provides transgenic

~mce, containing transgenes of humantau, and expressing human tau protein.
15 Transgenic a A8PES %S}Pd‘ﬁt“%WW"V\?l?”rﬁ“ﬂlyﬁﬁéifﬂ’“’ﬁ‘éﬁE‘Plpém?%ﬁteéP‘FﬁFO“s'Br‘ﬁ? 'ﬁé‘ﬁétl c

i nformatiops uﬁ]ﬁ%@ﬁ@tﬁﬁ ki@t Gﬁﬂhﬁmzafﬁﬁnsg&ﬁm:@e Mousé ﬁﬁﬁ%ﬂip@es@?&ls e m ght
have a human gene inserted into its genetic material. f orei n genetic

mat eri al® i gdenifigd by mopss EagspenderiBryphse(S drgianurgles) ¢ lmeeetae alhmbér @éher at ed
ina ”U”bern@ﬁ4i”§‘ft51=!lel"a%1ek419w3 1 8ah 1S5 086, 5653, '2109%03%{10%!&13%11 obypically, a

transgenic ani nal genérat ed according 'to the folTow ng basic™ steps: 1)
engi neer a Seye Iaéi:@ntaz&ﬁ withoyhlimpancav plotein expivssiontaad afer feqyu hen-uernsgemq liserces)

and cDNA qf, t&ed}*?héﬁ?&‘ég cﬁ:ﬁlc‘é’f Mil¥ h ?rgnsB@dehhmré ng)ﬂ%i’]%%%eglkt%?[hﬁt he

transgene construct ronuc e enbryos
i nto the uteagumal fmndcrpsmmuequmgrﬁ@mmfﬁe\rﬂléﬂ pai')nesschnvitMraafdﬁgpri ng t hat

are borpn (t S LN he case of mice) for the presence of 25 the
transgeﬁe Iﬁm e%)a?%ag?dmfl?{m] Ffansgene- positive pups (founders) to get

transgenic "I ines." Exanples of these and related techni ques are found

in,e.g eds., Manipul ating the
Mouse EWWAﬁBPm%GEITHﬁm&%E%g Har bor Laboratory Press,
Col d Spring Har e invifittidnl?86des talbgeRici ihice,icon@iniR Binggbntdf@uhah)m fder ence

inits entlret)é 30 Tau is Predom nantly expressed in neurons; the protein
i s princi pdP¥ YREIMAIA PRI he axons.  Sonme expression has al so been not ed

i n ol i ggdendr ocyitrafspeiclarimbls @6thiaSwvith®l deir dérdehie bRral sfeQled®iOhfdmbtidl Ot ei n
are expr essﬁegn gl?ot}ler;%rgaaglléll]t r}?%peaxnam%c?la rt]ransEg(?lcl(%lrc]: xrlnosu(gt;l,c r(x)lggrl?t Lasve a human gene
“inserted into its genetic material. Such foreign genetic material is referred 10 as a
transgene.
Transgenic mice can be generated in a number of manners known to those of skill
20 inthe art. Typically, a transgenic animal is generated according to the following basic
steps: 1) engineer a nucleic acid construct with a promoter (regulatory sequences) and
cDNA or gene sequences of interest; 2) linearize and inject the transgene construct mnto the
pronuclei of embryos; 3) implant the embryos into the uterus of a pseudo-pregnant female;
4) screen the offspring that are born (the live pups in the case of mice) for the presence of
25  the transgene; and 5) breed the transgene-positive pups (founders) to get transgenic
“lines.” Examples of these and related techniques are found in,e.g., Hogan, B.,
Costantini, F. & Lacy, E., eds., Manipulating the Mouse Embryo : A Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY (1986), which 1s
Incorporated herein by reference i its entirety.
30 Tau is predominantly expressed in neurons; the protein is principally localized in

the axons. Some expression has also been noted in oligodendrocytes and astrocytes. Six

different isoforms of tau protein are expressed in the adulthuman brain. Each isoform is
5




S 21 JU 2D04 WO 01/53340 PCT/USO1/ 01740 generated by differential
splicing of an RNA transcript fromthe single tau gene, located o 1 UL 2004
chr onosomeo d¥/5338bie si x i sofornms range in size from 352 to 4edrasiinersac d
residues. The isofornms differ by having either three or four mcrotubul e
bi ndi ng domai ns (inperfect repeats of 31 or 32 am no acid residues) in the
carboxy-term nus, and by the presence or 5 absence of 29- or 58-amno acid
i nserts, of unknown function, in the amno-termnus. Tau protein

m cr ot ubul e bi ndi ng domai ns, which contain the core m crotubule binding
domain notif proline-glycine-glycine-glycine (PG33, are designated Rl, R2,
R3, and R4£ef§ﬁd°%\’>é§‘é‘%668%‘&%%}“ e , “f@?"“fgg"‘ah}%? spaele o EpRe 19fy.  Exon
10, which £RRELRSorAE NOTIRCALisbRehEHaSe B /el fitndyshoAAP amito Aid RLAGL Vel Y
utilized (present in three of 10 the Six |soforms?, such that the R2

i cr ot ubul &hisattimmg differhy having phss Bre a5 AoYr miprofubyle bindsngpdompaiaoamasfiichg f our
repeats. T L sof or: : LA :S] ' ' i dues
p [pRats bP$1 bt £4iHB a&&?&?duggtnﬁ{%%alfbro%me%%ﬁﬁﬁ,ghgﬁﬁ?‘Iféngesggngébr

(W th no amno-termnal iInserts an ree m crotubu _ jomal ns) to
441 anb noabsehck ofdr dubsartinbahidan®as, afinigoawi funcion.io thesamineradrminusert  and

four m crotubul alell ' : l.e I I { s of the
Ssi X human tau i?%"f gllrogr%sq'll H’\%ﬁ?@ﬁ;ﬁﬁgﬁ%}%-ﬁg@gﬁah‘gﬁ%ﬁﬁﬁﬁf éﬁgﬁ“’ﬁﬁ‘% he

i sof or ns mhindalgsieniaén mesfymolinevglgine-gliveme-gthcine (BGGGH ambdesgmiated RIhRdugh "6, "
or by theirg,.tot | epgt h in I N0 _agi d r.esj s. Taple 1. The Siix.|sof orns
of Fhnmn: T BERRE e e Bk o R, o B s B e B T gt
am no 20acefkodédanmdAbid r&iduead¥htiragh d8338dkethbvayutikzed (pasiad dthisrefie4383
25E29 am no agi ds4412) FSE am nq aci ds44 lg:l n fetal. brain, or]l){ t he smal | est
i sof or fof e (FORMSInSUE] thal they E‘Céﬁfé‘?”i% NS SHBANATRTRE ALY T B dues in
tau protei Rofdri@abftasdp Bhr repisO Mhus, Wi sdivhOiahdeinsRE GohEIb 2 Aniby atine 30

position nunber they would have in the | argest 1 sof gﬁr?g\rr% F'), which has 441
resi dues, ressuesiyith agaminp-tarmegad ipserts anddlrgs migratypide Lomains) tofiid_ 433,

amino acid residues (with a 58 amino acid amino-terminal insert and four microtubule
binding domains). Table 1 summarizes the features of the six human tau 1soforms, which
15  are designated “A” through “F.” The isoforms may also be respectively referred 1o as

numbers “1” through “6,” or by their total length in amino acid residues.

Tabie 1: The Six Isoforms of Human Tau Protein:

N-Terminal Insert  Microtubule Binding Domains Length (amino

20 acids)

A none 3 352

B 29 amino acids 3 381

C 58 amino acids 3 410

D none 4 383
25 E 29 amino acids 4 412

F 58 amino acids 4 441

In fetal brain, only the smallest isoform of tau (“A™ in Table 1) is expressed. The

amino acid residues in tau protein, regardless of isoform, are typically referred to by the

30  position number they would have in the largest isoform (“F”), which has 441 residues.
See Spillantini & Goedert, 1998, Trends Neurosci. 21:428-433.

The DFTP-17 associated mutations in fau provide an important entry point in the
6




The DFTP-17 associated nutations in tau provide an inportant entryzgojuptm,.n
the 6 2" | J UL 2004 WO 01/53340 PCT/US01/ 01740 study of neurofibrilTlary
tangl e f avgpism as it relates to neuronal dysfunction andPEEAISEI0173y
mutations linked to FTDP-1 7 are either m ssense nutations (see Table 2),

| eading to substitution of one amno acid for another, or nmutations in the
5' splice site of exon 10. Most of the m ssense nutations associated with
FTDP-17 occur in or near three of 5 the four honol ogous m crotubul e

bi ndi ng domains within tau. Many of the m ssense nutations reduce the

ability of tau to bind m crotupul es and t.o onot e m ubul senbly in
bi oc h‘e%/i c attudysefaipurahbgherydn gfmfﬂ?@g? “é&lf’rgg OeHQW?%%@Sﬁﬁo%%nﬁﬂg@;‘gam gt

al ., 1998, 1EEBSk6hd linkéd o ROFP-21@e. cithiianissegienintrtibms (seeyfablehdeading @t i on at
amno acid 406 (R406W, although Iinearly distant fr?.m a rrifcr ot %)ul e

bi ndi ng doswistupieref Weanu%aql@quénféh%%réﬂlx?‘wné%bﬁefs?l’ Wik PE! §8 S Mot

contai n a repeafs diihdplsseulafohdtsiciddewith FIDPIT etdir iber readxhrediofig

t hrough a conformational change in the protein, (Ho[}@?et .,.supra). The
aspar ags nethedounimimmdogons migotuhyle biefing gemping &1 ey Mapeo e%‘b“f“@&sol L),

and seri ne t%tio%?%%ﬂ@egéhgg?ig'{y nq?% teﬁﬁlsammmmt@g b pAérBots BRdtoRBllg i n four

repeat-contairning tau 1s proteins, as these_ residues_are encoded by
al t er nat i vedsymdplin biethemal asrys (Hengeapi NIt Scrmes izl A1 AL 1257882 flle 337

(V337M nmutat)an | b fh 7, RS rbab FHRA iR adiAU
pat hol ogy I"ﬁ’ lltgg’g %‘?S%ﬂf"?%&f’s???%g@. gﬂgg{ggﬁéér gsnﬁ?hgt‘ seen in Al zheiner's
di sease  ( $pb (R40BW)) altdedinghlinearly d86int Aoma istatdia teding domap (gduei{lr kaj et
al ., 1998 Ann. Neurol. 43:815-825) . : ¥ M 8SaRsEreMUliAL | ONS
Associ afed WFNCAIGERBEXTY] %ng’bci“%ﬁ? ')ﬁ% %‘]“5%2151%3 ﬁ,l T E?IFES nLocat i on Wthin Tau
Pr ot ei nRef gfienamduRkiRMiyg thachgh a\lahformsibnall chaugeut tHearaein dHorg s fresiard) R272V)
279Asparagi ne - LysineRlL M cr Bi ndi_ng, Donmal n2. 249K QdPraline
- Leuci neRATR12eRaARM oAy iR ?2%t%h®r?ia?c ﬁglfuflngb‘i%)] %%3(7%&2 r |Zn_e e
Aspar agi neRe, M GOkt l($308N) eiubgiohloiraseed onB it 530 Fépeat-containing tau isoform

proteins, as these residues are encoded by alternatively spliced exon 10. The valine to

15  methionine at residue 337 (V337M) mutation is of particular interest, because 1t canses a

tau pathology in the brain indistinguishable from that seen in Alzheimer’s disease

(Spillantini et al., 1996, Acta Neuropathol. 92:42-48; Poorka) et al., 1998 Ann. Neurol.

43:815-825).

50 Table 2: Tau Missense Mutations Associated with FTDP-17

Codon*® | Amino Acid Substitution | Location Within Tau Protein Reference
272 Glycine — Valine R1 Microtubule Binding Domain 1

(G272V)

279 Asparagine — Lysine R1 Microtubule Binding Domain 2,3,7
(N279K)

301 Proline — Leucine R2 Microtubule Binding Domain 1,2,4,7
(P301L)

305 Serine — Asparagine R2 Microtubule Binding Domain 3,8
(S305N)

337 Valine — Methionine R3 Microtubule Binding Domain 5,6,7
(V337M)




337Valine ---> MethionineR3 M crotubul e Binding Domai n5, 6, 7 (V337I\2(9] J{JLZZ[]&’.
JUL 2004 WO 01/53340 PCT/ US01/ 01740 406Argi ni ne -+

Trypt ophaR§sy, -Termnal to R41, 7 (NAO6W M cr ot ubul e Bi gl in *
Nunberi ng |s/%§as%d on the |l ongest tau isoform containing %ﬁma%mgﬁlf?daci d
residues. 1. Hutton et al., 1998, Nature 393:702-705 2. Clark et al., 1998,
Proc. Natl. Acad. Sci. USA 95:13103-13107 5 3. Hasegawa et al., 1999, FEBS
Lett. 443:93-96 4. Dumanchin et a!., 1998, Hum Mal. Genet. 7:1825-1829 5.
Poorkaj et al., supra (refers to codon based on nunbering of a shorter tau
isoform 6. Spillantini et al., 1998, Brain Pathol. 8:387-402 7. Hong et

al ., suprf@0k0 S. [lalrgihife ST r@tophar I P CarddRiHTeRiASNIth REU: 49 /-bUll,m
have exam ned the¢ effect of several tau nutants on m crotubule structure
after transfecti oN¥6Whe tau genes Miffosbulks Biadipg Degpinyr e (payanandan ef
aI., 199 T F FEBS - =t AAGT = 2P 0232 —A ' =t 4““9,- et "chIt

10° 993- 997) NUFRETIRg is based d the Folgest faw SIS SOwipie 421 atiorecid Fesides. on

m crotubul e structure. Arawakaet al. (supra) showed that the presence of

t he V337M jut at,i resul in . feuwer processes and reduced m crotubule
net wor ks. yar‘}';l%g)gne?‘é{'{ 1%?3’]?3%%:3%'7%2%5“% no differences in morphol ogy
w th V337M. P3@lkrkadr aRAGEYYPrboditNadi AcakScidUBAaSer3¢es13107cel | processes after

treatment with t ochal asi ) ddition, Nacharaju et al. (1999, FEBS
Lett. 4£47:%95- e&%e‘ﬁgvgs’gﬁo"#’ Pot st o8t < P301L, V337M and R406W cause
an accel erat ed Daggichhadk kDN 998, Huahl MoK Gehdt! BISAILW2ON Vvitro. A nunber of

splice mutations have heen ideptified in soci gti.on wth FTDP-17. These
mut ations are |RROHRE 4SS crsrtegP%w 6o FEATRREF BB ?ﬁh@&wng%w owi ng

exon 10 of thesdigahtdEa@y., 1098, BralrAga)ss: #472402G to A at nucl eoti de position
+3 of the intron 25 (Spil1ant| ni et al., 1998, Proc. Natl. Acad. Sci. USA

95: 7737- 774 );HW&%GGS&PJ”'%B (Hutton et al., 1998, Nature 393:702-705); C
to T afy +1¢ (Hugjianetaral 999, REBbRpolth k7661 al ., supra,

Two studies have examined the effect of several tau mutants on microtubule
structure after transfection of the tau genes into cells in culture (Dayanandaner al., 1999,
FEBS Lett. 446: 228-232; Arawaka ef al., 1999, Neuroreport 10:993-997). These studtes
15  show variable effects of the mutants on microtubule structure. Arawakaer al. (supra)
showed that the presence of the V337M mutation results in fewer cell processes and
reduced microtubule networks. Dayanandan et al. (supra) reported no differences in
morphology with V337M, P301L or R406W, but did see differences in cell processes after
treatment with cytochalasin B. In addition, Nacharaju et al. (1999, FEBS Lett. 447:195-
20 199) have shown that mutants P301L, V337M and R406W cause an accelerated
aggregation of tau into filaments in vitro.
A number of splice mutations have been identified in association with FTDP-17.
These mutations are located in the 5° region of the intron immediately following exon 10
of the tau gene. The mutations are: G to A at nucleotide position +3 of the intron
25 (Spillantini ef al., 1998, Proc. Natl. Acad. Sci. USA 95:7737-7741); A to G at +13 (Hutton
et al., 1998, Nature 393:702-705); C to T at +14 (Huttone? al, supra, Clark et al., supra,
Hong et al., supra); and C to T at +16 (Honget al., supra). These splice mutations all
destabilize a potential stem-loop structure that may be involved in regulation of the

alternative splicing of exon 10. This causes more frequent usage of the 5” splice site and

8




Hong et al., supra); and Cto T at +16 (Hong et al., supra). These splice
mutations all destabilize a potential stemloop structure that ray ey

i nvol vedwigoirsggusl ati on of the alternative splicing of exdaCIWOSOIfhP4 causes
nore frequent usage of the 5 splice site and 8 WD 01/53340 21JUL 2004

PCT/ US01/ 01740 an increased proportion of tau transcripts that include exon
10 (Hutton et al., supra). The increase in transcripts containing exon 10
presunably is mrrored by an increase in the proportion of tau protein
containing four repeats of the mcrotubule binding domain. An increase in
splicing of exon 10 is also seen with two aof the t?lu m'ss?nse r;u tions, 5
aspar agi nén insTeased prapertion alipy transonpts tipirsiede s \0LPuten ¢ gl g aa‘?’lﬁe at
residue 3 rca@§§%cﬁﬂ?ééﬁhirlgnggxm|mes@h{a%$s ﬂlrﬁfr&ibﬁmﬁ“ﬁcr@d&dﬁﬂ@ or

assenbl y segawa et al ., 99 supra). Based on what is understood about
t he nut at porperEmsydiwpretingopmiringioun epeatspy the pireeiulyile hidiag dgmaing

sufficient, to.g ?rg&:gif:ng%f Qﬁ:‘ﬁrl%?h@(g&ﬁ}gWith(r&b o 3y ARGEntdRhaBbAr the 1 0

ability ofintau to mcrotu es and pronote m crotubul e assenbly;
and (2% masmragimstotlhene dtmesideg 239 {MB79ED epbsaring ip asparggine Preidier’0dont ai ni ng
four mecr e _hinding. .danmi é?l‘/tﬁ\” R R LiesHoy

t ransgeni géw&%&ﬁ%%%@%ﬁﬁhﬁ%?rgarﬁnﬁpau ger%{“gﬁﬁgﬁaﬁg el ﬁer% Iad-ty’pe or nutant
forms. |nsgme)enbodi ment of the invention, human tau protein 15 is

expressed in transgenic mce under. the control of . : ) nces from
the mouse priofPE®rH)™ h%“@F%F?B?@PO"r‘g‘gei%“ﬁ?“ F(g%'g?lgtg?y“guc e%?\ggsi onis
direct ed teppds@ niwtaions are Moffieiept 1@ fegusa bduyneutdpetholegy (2 outytios g ateshé ncl ude

the 5 flanking_sequence of the nouse rion ronpt er e first exon,
the fil¥ost abHity Sﬁt,a“éﬁhmgl‘fém?cﬁ?tt‘ ulgs %ﬁﬁ?&%‘%&‘%@?‘eﬁﬁ% SS%'EPIY piagid (éecond exon of
the nmouse R @shsIRNASrcreide 1hd propftRhf A rasiaeanBinitig, folirmaiclowriaie Biadingr ot ei n
that is expressed in the transgenic mce is the wild-type 383 am no acid
i sof or m of¢o@Sprotein (i soform D). This isoformcontains four mcrotubul e

bi ndi ng donai NSryfeipr&ent ihfentbi protRSs @2r@fenihice Ridfred3dig hidhan &l picreingn m nal
insert; it is the shortest of the four_repeat-containi n%ai soforns..In

anot her erdibet Wi tyRsfor mwant farest Ingine ebedimentRifRenYerion MEmaR /Y Bo%¥hr essed
in 25t he, LEADSEEH Sarllhse Mice Lhfer HRVRRSIT regllatirp Betfibntes frb® (ImBhIeON | S

t he V337M nutation 1 n s .
prion (PrP) gene promoter region. Preferably such expression 1s directed to the bran.
More preferably, the regulatory sequences include the 5° flanking sequence of the mouse
prion gene promoter, the first exon, the first intron, and the initial noncoding portion of the
second exon of the mouse prion gene.

20 In a preferred embodiment, the human tau protein that is expressed in the
transgenic mice is the wild-type 383 amino acid isoform of the protein (isoform D). This
isoform contains four microbule binding domains (i.e., it utilizes exon 10), but has no
amino-terminal insert; it is the shortest of the four repeat-containing 1soforms.

In another embodiment of the invention, mutant human tau protein is expressed in

25  the transgenic mice of the invention. Preferably, the mutation is the V337M mutation in
the 383 amino acid isoform of the human tau protein. Those of skill in the art will
recognize that other mutations can be used in the context of any of the six different
isoforms of tau.

The tau protein expressed in the transgenic mice of the invention may contain a

30 mutation known to be associated with FTDP-17, including, but not limited to, the G272V,
N279K, P301L, S305N, V337M, and R406W missense mutations.

The invention also provides transgenic mice expressing mutant forms of human tau
9




the 383 amno acid isoformof the human tau protein. Those of skill,inUt
art will recognize that other nutations can be used in the cont extl bf Lalé@“
of the siwOdiIFEdHBent iisoforns of tau. The tau protei n expr PeEEE0N/01740he
transgenic mce of the invention may contain a 30 nutation known to be
associated wth FTDP-17, including, but not limted to, the &72V, N279K
P301L, S305N, V337M and R406W m ssense nutations. The invention also

provi des transgenic mce expressing nutant fornms of human tau 9 21 JUL 2004
WO 01/53340 PCT/ US01/ 01740 protein, containing nutations other than those

known to be associated with FTDP-17. Those of skill .in the_art wll
Fecogni v PRATHORI LA BB s Oho et SOPHR I HAsRpeitied weh FIBEAL ons of
M cr ot ubul ehbdendtiskigl ifl Gi¥RINSi113BEb 1z Biat bEEAGItATns EaPbd deRredlbatdiontAdl
protein. Mitations to be incorporated into tau- transgenes can be chosen

based on pfeaPersed micombRlebatdrgiomamsand gher imRATEBeyRrea RIS Rpter:
di sease- as $ARhiRS b PRHNBIHOBRA inth ¢4 rdtiieAtd ORDe CABR Bade@DhFrkdiEd t hei T

effect on tau function by transfection studies on tissue- culture cells.
Those of shitenfergneeptith taw funglign oraaelogyvith disprse-assegiatedmentaugms. Surht au whi ch
modul at e ?Aﬁtzﬂ%k Yid ve J‘e‘ﬁéh f%?th‘éﬁ%@'fe&:rbnttb@ﬁ% nStebhidtsnilies dhGiskftv ent L on.
Exanpl es of amno acid residues in tau that can be nutated 1 nclude residue
332, 1 o whiltdrecellsa Tiwosd afiskilli in thei drowillmeeogning thaReny wuti@dVinirg: Whicht ed i n t he

core PGGG not,i f . of : ] CL.Qt I i_ndi n i tation of residue
332 from prml ocldi‘d;?ée %L@ﬁ%?%%@ '%Slsgg'gﬁé ,n%%pgr%mgsm ’?%‘Sejtqﬁa’lﬂgﬂ%associ at ed
alteration at r&samdples 3inif¢80d rdsjduesinttnetherae be REGEDtIufie ofsidub 832

the. mut'int oA Pimapr daoa i R PR edERe iR RReaB o TiE Measat. 1
mut ati on i R3thrrdS@dlakindiog domaini dafiariom obfresidae 3p2 Abmiprolink th lukiner enbodi ment
of the inv | I ncl ude sgeni c m ce .expressi .tau protein
cont ai ni ng?gg%#s’é@%‘és ’ﬂﬁﬁﬁ"ﬁﬁ'agiocﬁfﬁ%mﬁ@?ﬁ trrgsg&lﬁr}’% lQé@%&gc ol i ne has
been changedd® motif6f the R2 msisishibuitbihdingddrediat inaipreferrtd embadimeR@B@eot i f of

the R4 mc¢rotubul e bi nding domain, also m m cking.the FTDP-17-associ ated
nut ati on, PAXFILON, Sy pptant hb‘F@f‘ & PSR SRR EADSEERIC PHeE SNARR S h334he

nucl eotsde rSANKENIA ereeIRBAdiintfacidRofoltH BB helpedteinr Ot €i N is provided by a
nucleic acid containing ng introni¢ sequences. O her, enbodi nents may

i ncl ude i ntroni & Referembedinest phige invapriopdpdudes tapigayic MHes @tPressing jpman

tau protein containing a missense mutation at amino acid residue 364, where proline has
been changed to leucine, resulting in alteration of the core PGGG motif of the R4
microtubule binding domain, also mimicking the FTDP-17-associated mutation, P301L.

20 In a preferred embodiment of the invention, the nucleotide sequence encoding the
human tau protein is provided by a nucleic acid containing no intronic sequences. Other
embodiments may include intronic sequences in the transgene to study the effect of
mutations that occur in such intronic regions, for example, the mutation of G to A at
position +3 in the intron immediately following exon 10. Thus, the invention also

25  provides transgenic mice containing transgenes of human tau with intronic mutations.

In another embodiment, the transgenic mice of the invention are used as models of
the progression of neurodegenerative disease or other diseases whose hallmark 1s neuronal
cell death. Preferably, the transgenic mice of the invention will develop, with age, tau
pathologies including tau hyperphosphorylation and filamentous aggregates of tau. Tau

3¢ hyperphosphorylation may be revealed by immunostaining for tau phosphoepitopes such
as those recognized by PHF1 or AT8 monoclonal antibodies. Filamentous tau

neuropathology may be revealed by staining for ubiquitin immunoreactivity. More
10




mut ati ons that occur in such intronic regions, for exanple, the nutation of
Gto Aat positi on +3 in the intron imediately follow ng exon 16] JihJ&i
t he i nvewbigazisoso 25 provi des transgeni c mce contai ni ng RCEHSYWHNEY of
human tau with intronic nutations. In another enbodi nent, the transgenic

m ce of the invention are used as nodels of the progression of

neur odegener ati ve di sease or other di seases whose hallmark i s neuronal

cell death. Preferably, the transgenic mce of the invention will devel op,
with age, tau pathologies including tau hyperphosphoryl ati on and

filamentous aggregates of tau.. Tau 30 hyperphgsphoryl ation e reveal ed
by immnos]-‘tr%fFﬁgHg dpu F%ﬂﬁg%‘b@k?ﬁé"@lﬁ%]ﬂé5e‘§8%aﬁ?£§§"¥?1°&§gwf éig%é‘ﬁﬁ%%‘d by PHF1
or AT8 nonocl onghn@ftd dbRsent & thaR®eaitioH Strdndtenid it @Rpre st p0gy protyn dre

reveal ed by staining for ubiquitin _immnoreactivify. Myre 10 WO 01/53340 21

J U L 2064ised@Tcrsso foroupannds thet gandisiuped torfEeat BRYTQIEBHEHLNE 815FASEe wi | |

di splay neur ongj o hP§Sa AR SR thés¥ &1 G i HRE bit At thelfandieaichifice 6niodi ment of
t he i nventi on, transgenic mceé expressing tau proteln are used to screen

for compoupreent inuentionardyesefus fg analysis of aeunedeseperaBEnUPAEsSURV A BE BYe . |1t Wil |
be appreciat.ed by t . K1 ALl NaliveRSetet@ 80/ alRicae of the
5 present Ra&‘l?g" 'ls(bnslﬁgﬁglsg%eeflﬁ&%gk &é‘wgﬁ_’ﬁsig@@ rﬂ-:_-uﬁgrge.c[l%nerat iL\c/p(;,a di seases

i nvol vi ng inalude, bat dre moylireed WBLAdRhainerésdisnssq, Rick( sdisegse ELDBd spergspive
collectively referred t s, t.au | 8Sy, 00 FEVARomlel M ted to,
Al zhei mer" %’\éiﬁng%lﬁ%réfa? i(giﬁsangingl%é%sglgfﬁﬁegﬁ%OHg‘?glg}?’?g%%ﬁsupre ém{cl ear

pal sy ( PSPhrgydsphiiiogrhinciidesss admydbegpine tadraloale(SBMarkiDowmsingdesients enmeplex
Argyrophilic grain disease, anyotrophic | ate&%ﬁﬂ-%%i_ﬁé LK D80 sm
denent i% c® @k@@'@?awm‘%’ﬁeﬁfﬁﬁgﬁfaasﬁw%t Or ‘neur one d'?séassea'\?\n th NFT,
Ni emann- Pi cksuh&fasderbyipepanchcephilisis, fosesebialvis ipackisamen cdgpirakia t i s,

post encephal itic parkinsqgnism denenti pugj | i.sti.ca Qf oAl trophy,
Ger st mann- BEHRLIGESPENORE AXSTRE, 8T5§7éad’§%%e‘t’%{ef'§ﬁ}b ket disease Bﬂhgarn%%%i n

anyl oi d anki;Rabikin HhHSRNNtS G PREEIR dembitiahwittgiaggleand ceRiftifiosatridons, and
Hal | er vor den- Spat z di sease (Tol nay robst,..1999 r t hal.. .
Neur obi ol .Hel:lemrdellﬁpata‘F)S?anrhIf%f}ayi'Sh%%f’gé}t E@F @W8Eﬁ‘ﬂ?§ﬁ#‘?ﬁﬁﬁ%“’f%ﬂ8'e§??{on is a

model qf n@yﬁpdegenerative di sease conprising any of the above descri bed

transgenic m'ce. In another enbodinent, the tran%%gni c mce of the
i nvention are uZhe, imenoHeT eRRdERTHGHOIVENIR] toMEdt b ey rglegencrative

disease comprising any of the above described transgenic mice. In another embodiment,
the transgenic mice of the invention are used in the screening of drug compounds to
identify those capable of treating neurodegenerative disease.

20 in another embodiment, the transgenic mice of the invention are used in the
screening of drug compounds to identify those capable of modulating the expression
and/or activity of tau protein.

In another embodiment, the transgenic mice of the invention are used to screen for
compounds that can be used to treat diseases that involve neuronal cell death.

25 Other embodiments of the invention will be readily understood by those of skill in
the art.

The invention is further illustrated by way of the following examples, which are
intended to elaborate several embodiments of the invention. These exampies are not
intended, nor are they to be construed, as limiting the scope of the invention. It will be

30  clear that the invention may be practiced otherwise than as particularly described herein.

Numerous modifications and variations of the present invention are possible in view of the

teachings herein and, therefore, are within the scope of the invention.
1




identify those capable of treating neurodegenerative disease. 20 hn jgpogfer
enbodi nent, the transgenic mce of the invention are used in the screening
of drug eaypossage to identify those capabl e of nodul ating tﬂﬁ-ﬁg&?fg?ﬁﬁi on
and/or activity of tau protein. In another enbodi nent, the transgenic mce
of the invention are used to screen for conpounds that can be used to
treat diseases that involve neuronal cell death. 25 O her enbodi nents of
the invention will be readily understood by those of skill in the art. The
invention is further illustrated by way of the foll ow ng exanples, which
are intended to el aborate several enbodinents of the invention. These
exanpl es are not intended, nor are they to be construed, as |imting the
scope of thgxeamMpemgion. It will be 30 clear that the invention may be
practiced otherw se than_as prart icularly described herein. Numerous

modi f i cat iEERIAd: VEsmasttionnd Tspnsasuicjfestarht i nvention are possible in view

of the teachi M9s&n186LE i g 00 st , .
i nvention. 11 21 JULb%%E’%bﬁﬁégig?g“dﬁﬁ%&}; f%o?’%@%ﬁﬁés%ﬂégﬁpl e 1:
Pr epar &t i GAausNces: Has pltained frem tharek Pischeni Repatigpentef Megintied, Blivigiomoft of t he
nouse PrP 'y ' ' | 3 'I!?Qﬁ ; tained from
Mar ek Fi séﬁ%gﬁo%e%gébg ?rsgalr%'tg H&%ﬁ?\?}h{f&f)@eﬁgﬂi 6%9%“&6%%90 %? g‘éﬁé\l@gl}}ggﬁq?gsgses and
Hospi t al BP0JEH&19yyich. $witzerimid Pladosg T4 A lcomamingthe HaNAscadisgthe 106, CH- 809

Zurich, Swtzerlan | ' nt-akAi he. ncedi.ng the wild-
type 383 a engsa%"go flg‘ci)?s %Erﬁg' oﬁﬁﬁﬁ%ﬁautlgga[@%g&ﬁg@%&? gﬁ'?e vector pSGh
( St r at ager(8tratagentoli olBACA; GenBank Afessss A5013258)] 825 8htainedifrombiggined from
Virginia .i Lee t nent of, . Pat hol ogy .and Laborat o Medi ci ne,

Uni er S 1 JHe5 DERIT Db FToR AT S yPone bR RE, DETR RS Epiotaty oot

Phi | adel pl8choclRA M&TIiAe, 34k Spauelret, Fhilhdedpipd) PR B1oasert was confirnmed by
t he DNA Sequencj,ng Core har ja & Upjohn).. Th 214 base pair (bp)
phgPr P insert g‘éﬁ%&%‘f?@%\%é&/w’éﬁﬂbvasp%gﬂéﬂ @’o‘ﬁc hﬁ‘h%’f‘}‘l’é“%@ &T@ bp
GenBank s a@hgfiaeiade Pp§ohn). f Tie 114(0a WMbsse AU hgBiPGhdertlseqienca iad 1&@1FeR bl ON

protein Prnpa gene (Accession Nunber U29186). The phgPrP insert sequence
Extends. t OTEAREYIE J8r1 S By CeniBank spgese dspofit h MeAG SuaeRBOTSED | D

15 incubation prion protein Prupa gene (Accession Number U29186). The phgPrP insent
sequence extends the GenBank deposit by 5,047 bp of 5’ flanking sequence [SEQ ID
NQ:2]. The entire phgPrP insert was cloned into pBluescript KS+ (Stratagene, La Jolla,
CA). The resulting construct was opened with Kpnl to remove the PrP coding sequence
and 3’ flanking region of the mouse PrP gene. Amplification by polymerase chain

20 reaction {PCR) was used 1o resynthesize the 3’ mouse PrP flanking sequence such that it
contained 5’ Kpnl and Xhol sites for cloning. This created the vector 97-1, used for
subsequent steps in assembly of the PrP/tau transgene.

To assemble the PrP/tau transgene, the 97-1 vector was opened with Xhol and
Sall. This retained the mouse PrP promoter and sequences through the initial, noncoding

25  portion of PrP exon 2. Sall was used to excise the human tau-383 insert fused to the
polyadenylation site from the pSGS5 vector. After dephosphorylation of the 97-1 vector,
the two DNAs were ligated and transformed into E. coli strain DH5a (GIBCO/BRL,
Gaithersberg, MD). Bacterial colonies were screened for directional ligation of the rau
insert in the sense orientation by PCR using the primers

30 AGTAATTGAAAGAGCTCAGACGATG [SEQ ID NO:3} and
TGTCACCCTCTTGGTCTTGGTGC [SEQ ID NO:4).

The V337M mutation was introduced into the tau-383 coding sequence by
12




NO 2] . The entire phgPrP insert was cloned into pBluescript KS+ g
(Stratagene, La Jolla, CA). The resulting construct was opened\Mtrﬁkﬁﬂlmm
t o rendvgo bi)ssslks P codi ng sequence and 3' flanking regi onPel/useeorslise PrP
gene. Amplification by polynerase chain 20 reaction (PCR) was used to
resynt hesi ze the 3' nousePrP flanking sequence such that it contained 5
Kpnl and Xhol sites for cloning. This created the vector 97-1, used for
subsequent steps in assenbly of the PrP/tau transgene. To assenble the
PrP/tau transgene, the 97-1 vector was opened with Xhol and Sall. This
retained the nouse PrP pronoter and sequences, throqu §g§1ini1ial,

noncodi ngmu@geresistof 8302 bp PstPHindhh DNA Bagmenfysing Eel- (15¢ &%& SR uman

t au- 383 i nser R oE tpe @ BitShdveh o th©§8gbiRe pSCE vect or.

Af t er depﬁ%@%ﬁ%&y @ 1%ﬁwég%?ﬁgb%%?ﬁnggggggnéthegtmo BNAs,mere | i gat ed and
t r ansf or n&T AIOTIAL ATCEAMG TIGCH GTOHSEQ (IENSTEY: BReort 3" CaY e SHE CgMaNpE,
Bacterial ,cql.oni.es re screened e ' la dict ' e tau

i nsert i n‘hf%é“@?ﬁ%‘é\ﬁ’g‘ﬁ‘l‘%n FSETon cé@éggAuc?%@?ﬁgd&@g(gﬁggiﬁé

AGT AATIT CARAAEIGAGAGSATGrde SERC I Tpriv@r 3pntainihe tRGY EXBOAPGHPEETOrE ETGC [ SEQ

ID NO 4]. The V337M.nutat | ' ' '
sequence 5@“T?cﬁﬂgﬁﬁggégéﬁﬁgsx?Eﬁtﬁ%é@ggigggﬁﬁ%§1§¢g?%gj nutéggﬁgg?s of a
302 bpl%ngQﬁmgkyb}DNA fragnment using PCR_ The PCR reaction was carried
out using: a priner_positioned 5 .of the Pst | t.e, hayin e guence
GTACTCCACCCAA PRy W13 %if&‘%‘}f?&“éie%’l‘?g’r‘k’e ”'3r%%\‘/"éar/“s‘ % ﬁ‘?"r?é?gcont ai ni ng
}VrC])GGTi ndl ('l;lrlu lehési\R¥e TR MeheSETRY tfﬁﬁgﬁm% G@ﬁ@ﬁ:ﬁ:ﬁﬁﬁw . Wmﬁﬁeﬁﬁ@ir:@t5

161, and a 1onger reverse "patc | ) ’M mut at i on
havi ngot hehe %@Wﬁ@@%@ﬁf%@?&ﬁ%ﬁ@ﬁ%ﬁ%&%ﬁ%@& [ SEQ
ID NO 7]. ,ﬁ%ﬁ?ﬁ%&, AT b 38R e Ve Se aﬁ:iﬂli" bAmEOmeRsing te @38 NembatioB83 codi ng

agenes

sequence by Is using PCR. The PCR reaction was carried out using
a forwar dhpringthe Seausneg) to t he sequence CCGCCAAGAGCCGCCTGCAG [SEQ ID

NO. 8], .th%ff@cé%@%&ﬁ@ﬁﬁ%ﬁdé@hmdmm@ma@wmsectrmmh"r pri mer
cont ai ni ng the mut at1 on, having the sequence
ATGATGG [SEQ ID NO:9).

15 The PCR reaction was performed with an Advantage-HF™ high-fidelity PCR kit

(Clontech, Palo Alto, CA), using the buffer supplied with the kit. The “patch” PCR
primer was used at 1/100th the concentration of the short, flanking primers. Five cycles of
(95°C for 45 seconds, 60°C for 2 minutes, 72°C for 3 minutes) followed by 20 cycles of
(95°C for 45 seconds, 68°C for 3 minutes) were used for synthesis of the mutant fragment.
20 To construct a2 mutant fau-383 insert, the PstI-HindIll fragment from wild-type rau-383
was exchanged for a mutant fragment. Proper introduction of mutations was confirmed by
sequencing in the Pharmacia & Upjohn DNA sequencing core. The cDNA sequence for
the V337M mutant of the 383 amino acid isoform is provided in SEQ ID NO:10. The
c¢DNA sequence for the P332L mutant of the 383 amino acid 1soform is provided in SEQ
25 ID NO:11. The same procedure as described above for wild-type rau was used to
assemnble mutant inserts, fau-V337M and tau-P332L, into the PrP transgene vector. Table
3 presents the general features in the transgene constructs used to generatezau transgenic
mice. The features correspond to those depicted in Figure 1. The sequence for the entire
9990 nucleotide sequence of the PrP/tau transgene vector comprising wild-type 383 tau is

30 provided in SEQ ID NO:15.
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GCAGCAGCATCGAAGCTTCTCAGA=ACTTCCACCTGECCACCTCCTAGITT  ATGATGG [ SEQ | D NO 9} .
15 The PCR reaction was perforned with an Advant age-HP"'" hi gh-fi dgf ijg]_yﬂﬁ]gR
kit (C dReK#34Pal o Alto, CA), using the buffer supplied wdiosdigikpt. Ihe
"patch” PCR prinmer was used at 1/100th the concentration of the short,
flanking prinmers. Five cycles of (95 C for 45 seconds, 60'C for 2 m nutes,
721C for 3 mnutes) followed by 20 cycles of (95C for 45 seconds, 68 C for
3 minutes) were used for synthesis of the nmutant fragment. 20 To construct
a nutant tau-383 insert, the Pstl-H ndlll fragnment fromw |l d-type tau-383

was excha a ant fra n Proper introduction of nutations was
confi rrredr:ig‘@?e gs‘%‘i?@ﬁ%ﬁ@"ﬁrﬁs ?Hgg&}{%ﬁa sgeneyYjesions Bred fos ddisreiniegtiotor e. The
CcDNA sequencEedto¥e the V337M NudiadtideQfochfish 383 ami no acid isoformis
provi ded inC]?EQ | D NO 10. The _cDNA sequence for the P332L nutant of the
383 anino aci'd AF¥BPEtmis proVPtd in lomide!l 19047 arg desipmateh$RQ P ocedur e
as descri besiopbove for wild-type tau was used to assenble nutant inserts,
tau-V337M and tau-P332L, into the PrP transgene vector. Table 3 presents
the geferal ¥&#0Mds in the t4188$Féhe constructs used to generate tau
transgeni ¢ pEpGRronlNe feat ur eg-¢anuepspond to those depicted in Figure 1.
The sequence for the entire 9990 nucl eoti de sequence of the PrP/tau
transgene veldPexordnpri si ng W458-869pe 383 tau is 30 provided in SEQ | D NO
15. 13 W 0 JUuL 20 RGJ4 US01/ 01740 Table 3. General Features in
the Pr P/tauy%?éﬁgggﬁé Vectorgé%g 9?# or Mcroinjection Feature Nucleotide
Locati on Pr Ppqby(énetgion 1- 6197 7RBOPeDt i des 1-5047 are designated SEQ ID
NO 2) PrP exon 1 6198-6270 PrP intron 1 6271-8457 PrP exon 2 8458-8527
tau-3§ cDNA 8528-9727 poly(A) region 9728-9990 10

Example 2: Generation and Screening of Transgenic Mice

The 10 Kb plasmid inserts were prepared for microinjection by the University of
Michigan Transgenic Facility following standard protocols. They were injected into F2
fertilized mouse eggs from matings of F1 hybrid C57BV/6 x SJL mice. Progeny were
15 genotyped by Tagman™ PCR using mouse genomic DNA prepared from tail biopsies
using the Qiagen tissue kit according to manufacturer’s instructions. Amplification was
performed with the Taqgman™ PCR Core Reagents Kit (PE Biosystems) using 50mM KCl,
10mM Trnis-HC, pH 8.3, 10mM EDTA, 60nM Passive Reference Dye 1, 5mM MgCl,,
200uM each of dATP, dGTP and dCTP, 400uM dUTP, 200nM each primer, 100nM
20 Taqman probe, 0.5 units uracil-N-glycosylase, and 1.25 units AmpliTaq Gold. Specific
amplification of human tax DNA was performed using the primers G29-Fp
GCATTGGAGACACCCCCAG {SEQ ID NO:12], G29-Rp
GCTTTTACTGACCATGCGAGC [SEQ ID NO:13]}, and G29 Tagman™ probe with 5’
and 3’ colorimetric tags FAM-CTGGAAGACGAAGCTGCTGGTCACG-TAMRA [the
25 nucleotide portion of which is designated SEQ ID NO:14] with the thermal cychng
parameters, 50°C-2 minutes, 95°C-10 minutes, 40 cycles of [95C-15 seconds, 60°C-1
minute], and 25°C hold. The starting amount of mouse genomic DNA template was 10ng.
A standard curve was generated ranging 5 orders of magnitude from 10? 10 10° copies of
linearized PrP/tau transgene plasmid DNA, which was diluted into mouse genomic DNA
30 to give a final concentration of 10ng/ul. All reactions were performed in duplicate.

Multiple mice were generated from fertilized mouse eggs injected with wild-type
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Exanpl e 2: Generation and Screening of Transgenic Mce The 10 Kb plasm d
inserts were prepared for mcroinjection by the University of M chi gaZri 6L 0y
TransgeniWOPHEBHIty fol | owing standard protocols. They wer BCTRSERIEH i nt o
F2 fertilized nmouse eggs fromcoatings of FI hybrid C57B1/6 x SJL m ce.
Progeny were 15 genotyped by TagqmanTM PCR usi ng nouse genom ¢ DNA prepared
fromtail biopsies using the Q agen tissue kit according to manufacturer's
instructions. Anplification was perfornmed with the TagmanTM PCR Cor e
Reagents Kit (PE Biosystens) using 50nM KCl, 10nM Tris-HCl, pH 8.3, 10mM
EDTA, 60nM Passi ve Ref nce 2004M eac f, dAIR, dGIP
and dCTP, Jor ﬂ’ﬁm %og eac%m&"tr“it‘rrseevfimy‘l;]f%I W0 ﬁaé—'a’rrfntnc ta Ham% B units
uracil - N gwe@cseyihﬂeda Tatdd4 dhodb tlhtheEtraAEgkhicTﬂJQe GaltadnedSpeangd nmnbeamﬂ ification

of human tau. DNA erfornmed using.
AT TCOAGARREEEH I P ABRTSERES T PhicoG iy Feeis of ToRETRAERIBEREL [ SEO 1 D
NG 13], and &9 Tagman7" probe with 5 and 3' colorinetric tags

FAM CTGGAAGACGAAGCTGCTGGICACG TAMRA [the 25 nucl eotide portion of which is
desi gnat edT dess Brm@arn pf Aptlsit sl remegetn 7eyMiseng  paraneters, 50C 2

m nutes, 95 T Ut e A RYGLES u,,,&lym'gea;m s levdisnut e] , and
25' C hoI d. ’?’%Hséggstartl ng anount| of nouse genom c enplate was | Ong. A
standard ¢ eUIW&SU@emrat ed n@emyithg @P@ﬁ’é%‘oﬁf%ﬁ?ﬁlﬁﬁé@“ﬁr‘%%ﬁ to 106
copi es of Jrhﬂé arized HrP/tau|transgencpl RFTh,RNA lnngq@&n luted into
nouse genaom 30 tq give & final [concentratlon of ong/ 1. reactions
wer e perchgm(aPrPnadeBpm caﬂ@as I\/u#.tii ple m c&6,08 e generated 8rom fert ilized
nouse egg‘ nioctad v tih (g n__~7Z_1 1L \AD-_N11E2240 DOELLICO 01740

(W2 = Ve N |
or nmnut ant 'E%I\r{?ﬂj{i%'péw ?l%ga?ur cg';qstruct, sev%ral f dunder mB(;e cartying
the tau tRgSQeReay) 30BT[€ 20083011 1j36d. [ Tabl e g9%hows tfhat theeétiransgefic mce
cont ai ned {varyi ng nunbears of t{copies|of the g’r P/tau it ransgepne, fromywhich
varying | gavel s of transcr%lﬁl4 wer 'fbxpressed % Tabl € 4: Su ry of Analysis
of Tr anngT@mm nebpuse 1 dCGERghTAU RI1-[PCR T evel sTuau RT- PCR
| evel s and Tounder nouseCopy 4copi es|{67ng t ot al RNAciopi es/ 67ng totall RNA
nunber posi|VBYBMRIS anpl ledted i|lve2&T $anpl e2G8N Pr P/ tlau) 35524.0884. 616, 59981

TeN(PrPitau- 22405 0.3 19,138 0
V337M) 250 22408 0.2 21,814 0
TegN(PrPitau- 22436 0.9 10,755 2
V337M) 257 22437 02 8,842 1
TgN(PrPitau- 337 16.8 ND' ND
P332L) 337

TeN(PrP/tau- 341 1.4 ND ND
P332L) 341

"Not determined.

Table 4 summarizes the analysis of the transgenic mice. The first column lists the
transgene designation (TgN) and founder mouse number. The founder mice are indicated
10 by the numbers 355, 327, 326, 249, 250, 257, 337 or 341, after the transgene name
TgN(PrPtau), TeN(PrPtau-V337M) or TgN(PrP/tau-P332L). The second column lists
the mouse idénﬁﬁcation (1d) number (either a 5-digit transponder number or a 3-digit
founder number, as used in Figure 2). Mice with a 5-digit number are the progeny of the

founder mouse indicated in the first column by the three digit number after the transgene

13




TgN( Pr P/ tau) 327210972. 65, 40213 TgN(PrP/tau) 3262108313. 7595161 1 UL 7004
2121410. 675426 TgN(Pr P/t au-224192. 433, 6716 V337M 249224202. 626, 9%22{9

TgN( Pr P/ mepie283%@00. 319, 1380 V337M 250224080. 221, 8140 PCT/USD1/01740

TgN( Pr P/ t au- 224360. 910, 7552 V337M 257224370. 28, 8421

TgN( Pr P/ t au- 33716. 8NDND P332L) 337 TgN(PrP/tau-3411. 4ANDND P332L) 341 Not
determ ned. Table 4 sunmari zes the analysis of the transgenic mce. The
first colum lists the transgene designation (TgN) and founder nouse
nunber. The founder mce are indicated 10 by the nunbers 355, 327, 326,
249, 250, 257, _337 or 341, after the transgene nane TgN(PrP/tau),

TgN( Pr P/ t dtemgs Ihsshigrcolpmy istsihe hapld sopy nunhes ofthe Sumarial (rtaw) tagsgsne,t he
nouse i dengdséd ' (dl ' - a h- di. qi uy r or a
S gt Ty PRRIctSderiUERAL CR B e R DR, O
are the priegedey opfoupgdes pragguin @e indipgteddn thedewati edluim. {The furthstohmel s by t he

t hree diqgi 5 21 20 WD 01153340
b Uso o1 R o ) wdnGfent LKITH ERSpeknld ‘?]?gﬁrﬁ%{’ﬁ%i" EEEETARETBES of t he
humant gu (RFERUIRTPCR)s Jenbith cilame dist nhaidek dromel anmdicaniacbfalid RNARGRprEAl YSi S.

Thi s nunber. was neasured gither_in the founder or founder progeny, as
BN <L

) : Wwith cOTVErsion 10 ¢ .
i ndi cated THh 1he s&con he fourth colum lists the human tau

(htau) transgene nRNA expression, as determ ned by reverse transcriptase 5

PCR (RT-PCR). The fifth .colum ||sts the background anplification of the
RNA sanpl i?am%e?h%‘f“&fﬂfeﬁ’m%ﬁ“\no cDNA by RT. Exanple 3: Human Tau

Expressi on Mousioldedirdin Saxiid sofertBiRedicd AR5 irRdcalih@perhiltionasia diidc perfusion

wth Clool d phosphate-buffered saline, for analysis of human rau mRNA and tau protein expression.

For cardiac perfusion, mice were deeply anesthetized, then perfused transcardially unitil

the effluent was cleared of blood. Tissue samples were frozen immediately on dry ice,

then stored at -70°C unti] analysis.

Total RNA was prepared from homogenized cortical brain tissue using the RNeasy

15 mini kit (Qiagen). The RNeasy protocol was modified by the addition of the RNase free
DNase set protocel (Qiagen) to treat the RNA, while bound onto the column, with RNase
free DNase I at room temperature for 15 minutes to 1 hour, to remove any residual
genomic DNA contamination. Two micrograms of total RNA was converted to cDNA in
a 30pl reaction containing, 50mM Tris-HC], pH 8.3, 75mM KCl, 3mM MgCl,, 500uM

20 each dNTP, 0.5ug random hexamers, 30 units RNase inhibitor, and 400 units Superscript
1I reverse transcriptase (RT), which was incubated at 42 °C for 1 hour. The Superscript 11
RT enzyme was then heat inactivated by incubation at 95°C for 5 minutes. To assess the
extent of genomic DNA contamination in the total RNA samples, control reactions,
without RT, were also performed for each sample.

25 For determination of human fau mRNA expression, PCR amplification on the ABI
PRISM 7700 instrument was performed using 2X Tagman™ universal PCR master mix
(PE Biosystems) containing 200nM G29Fp and 200nM G29Rp primers and 100nM G29
Tagman probe. The final PCR reaction volume was 25y, and contained 5pl of a 1:5
dilution of the cDNA reactioﬂ described above. The thermal cycling parameters were as

30 follows, 50°C-2 minutes, 95°C-10 minutes, 40 cycles of [95°C-15 seconds, 60°C-1 minute],

and 25°C hold. A relative standard curve was generated ranging 5 orders of magnitude
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1 o phosphate-buffered saline, for analysis of human tau nmRNA and,tau
protein expression. For cardiac perfusion, mce were deeply aneslzﬁe}ULZZBﬂi
t hen perfwsegsmsmnscardially until the effluent was cl eardTafkoi0164d.

Ti ssue sanples were frozen imediately on dry ice, then stored at -70C
until analysis. Total RNA was prepared from honogeni zed cortical brain
tissue using the RNeasy 15 mni kit (Q agen). The RNeasy protocol was
nodi fied by the addition of the RNasefree DNase set protocol (Q agen) to
treat the RNA, while bound onto the colum, wth RNaso free DNase | at

room t enperatur,e f ut es 0, le a esi.dua genom ¢
DNA cont arﬁ%wdﬂlwwl%ntﬁrbeﬁpéﬁéfpg%mf ﬁ?rgge nas:)ﬁ@oAh\‘?é’rCE] ed S%u] ke E)NA in a
3041 reactj@mAiROLESHoMiODNAXGEMET échcéidationdt Bingiul. 7§1IITMH|I§IJ:S,“&HMH\@Q 2, 500M
20 each dNTP, 0.54g random hexaners, 30 units RNase inhibitor, and 400

units Sup@#lb%rrdupllca‘q or tHplGdisse transcriptase (RT), which was i ncubated at 42
Cfor I hour. Eaﬁde%é’rﬂﬁﬁﬁi%ﬁ bPhurhdn taBgroW¥ﬁﬁes%§b§' nﬁﬁumz ahf1368,iyah ed by

|ncubat|on at for 5 mnutes. To assess the ‘extent of 8enomc DNA
cont anmisnattiseue Wwas rhineedt in 6801 RMAtedalfpt @M bR pHI6.& BeM Bad; OaimdMhout RT, were

exprenet orfC Brrtratgf 208 RIS, ARyl B LR (AR 9 el
per f or ned rH;:lngn}a%tJ ﬂl@xﬂ%&ﬁhr\ﬂ%ﬁ@é HieR fRaks witegrofrdbnith DEytalkesTs)
g

contai nin 00nM &9Fp an 00nM (29 primers and 100nM ng, Ta man probe.
The fi nal qﬁ@meﬁt&aetaumcmw%?@ﬁm%kﬂsﬁue ha‘i’iﬂg"é‘é?ﬁf ArYielg v8s cgrmtesd 81 gi | ution

of the cDj doﬁgg%ﬂé%gmqﬁég£t'4b@d%?é?f{€onc&t‘@mm8f méilfik badenaraRRL g S ver e

as 30 foll ows m nutes, 95C- 10 m nutes cycles of [95C 15 seconds,
60C 1 mi nuBie]Rad paotein 25:@y feot dysatas wefeatdredat S0XA e @sedir ve was gener at ed

ranging 5 or degs%é;g 5}%@% ?fl tﬁijdl?ramqu g]é/ 5{? RES 1%o%ggggg&d%g9&fea?§@&¥@o /01740

from 102 to 10 i héari1ze au tran whi ch
was di | ut eTtis-HOL, QHES|S PR AONM BT A, @0% g‘lydaail (0 brotmopbérohblog, 2D0hg/ 1. Al |

sanples were run in either duplicate or tri cat For. . det erm nation of
human t au %WI@PWC@%WE%%‘W‘B@O Frifmeuias aé‘ﬁ&be)‘ig?é“’rﬂé‘lcaa]?" sePEaelO8de was

mnced in '599% Né)é%@‘ia?m@éjéécl ‘?:{ruﬁQm% W& 50 Bisthasd) 1 7EMINine, @Oﬁm\/l EGTA,

2mv DTT 2mv aprotinin, 10g/m | eupeptin, 10 m soy bean
SDS). The protems were transferred to Nitrobind nitrocellulose membrane (Micron

Separations Inc, Westborough, MA) in transfer buffer (25mM Tris base, 192mM glycine,
20% methanol). The membranes were blocked for 1 hour in PBS containing 5% nonfat
dry milk. Blots were probed overnight at 4C with either the T14 or HT7 ant-human tau
antibody (Zymed Laboratories, Inc., So. San Francisco, CA), diluted to 2pg 'ml na

20 solution of 10mM Tris-HC], pH 7.5, 500mM NaCl, and 0.1% Tween 20 (TINTween), plus
1% BSA and 3% dry milk. After washing in TNTween, the blots were incubated for 1
hour at room temperature with goat anti-mouse, horseradish peroxidase-conjugated
secondary antibody (Kirkegaard and Perry Laboratories, Inc., Gaithersburg. MD) at
1:5000 dilution. The immunoblots were washed again in TNTween, treated with ECL

25  reagents for 1 minute, and exposed to X-ray film.

Progeny of the transgenic founders (mated to F1 hybrid (C57BI/6 x SJL) partners)
or the founders were analyzed for PrP/tau transgene expression in the brain. Both human
tau mRNA (Table 4) and protein (Figure 2) were detected. Efficient, relatively high levels
of human tau protein expression were obtain.ed in transgenic mice using a mouse PrP gene

30 vector coupled to a heterologous human rau-383 cDNA. Roughly equivalent levels of

protein expression were obtained from wild-type and mutant PrP/tau transgenes,
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trypsin inhibitor, 5g/m pepstatin) on ice. Brain fragments were ground

with 10 strokes of a pestle in a pre-chilled TenBroeck tissue honodenilkeil
Lysat e wa® @enidoi fuged at 40,0009 for 15 minutes at 4C. PpetRishi/ni740
concentration of supernatants was determned by 1 o Bio Rad protein assay,
and | ysates were stored at-80C until used. 50g sanples of the brain |ysates
were diluted into 4X gel |oadingbuffer (250mM Tris-HCI, pH 6.8, 8% SDS,
20mM EDTA, 40% gl ycerol, 0.02% bronmophenol blue, 20% f 3-nercaptoet hanol),
heated at 100-C for 5 minutes, and el ectrophoretically separated on a 7.5%
pol yacryl am.de gel in running buffer (25nM Tri s base, 192nM gl yci ne, 0. Ol %
15 SDS). Veesepingitbatsapiesion efrmaantdsy prateirgs reletishi well n@iqrarte«t@lthmr@g@ menbr ane

(Mcron [ I r Tris
base. 19208 o olsiod BRort S fop allng} U B pdliinet b vE BBy Bpral PRI 170
I n PBS conizanor Bgobebaddonirat, almogfglmlffﬁcmahob@ilmmdnmhmbedf oabrsisivghie at 4C
W th elther the T unman rred Lahoratori es,
e oo SteiO Eraniih s TR FrER Y, SR By PR SEYERR PR of *Lom
Tris- H@ , cPireldtebwith K IRISROneasafthet df MRNARRpredlonl TNTween), plus | % BSA
and 3% dry ml k. After washing in TNTween, the blots were incubated for I

hour at roomtenperature with goat anti-nouse, horseradi sh

per oxi das ExafiplégaiadotubaiOERahization iDCHP-14KTkxRgredCard Perry
Laboratories, Inc., Gaithersbur MD) at . 1: 5000 ilution. The inmmunoblots
were washed agdPrPYegpieriestecto EfASAnn e TRieronyle @aé&afigmwaﬁ on ta¥ nut e,

and expo C?%t&ﬁ inftera8or] WithTinidPbRBAEY hitharl A8l 60 RIIAEY BEKOUNEASvedBt ed to Fl
hybri d 7B1/ 6 x SJL) partners or the founders were analyzed for PrP/tau

trans géne vanRyiemlysranafertad pib chNH encodine thei$idmman tay 1spfpum IOLTEN and
protei n ( FghSentprotel I8! SEiEHpe Erté fhe pmtb v@@hﬁt inged301 Db mbiene! s of

human tau protel n expression were o bt ai ned transgeni c m ce usli ng a nouse

PrP gene 3¢ryeslyzedchuplesesnecand hmhemwlﬂb@@b@?skﬁhﬁ‘mﬂ alCEBbglpfimutmyughl y

equi val en - type and
et g br TS P30 VAEL B S KRR RO Ml A RNDREatERIM 18 RS0

suggest i ngompated éxGFBygldoppotu meteamt tau protein is relatively well
hi gher > han t hausrRas e en SEal GHE sibhy RBAEE RaPOFERRUTIRELPRARA ob-0 O,
al t hough dodatiessemith mmrmrb!mdcse§oamdamt¢uds alsd peneait ysthe cyveplasm, not
associated with microtubules. In cells expressing high levels of wild-type tau, a
reorganization of the microtubule cytoskeleton was observed. Bundles of microtubules
could be seen, often in the form of a spiral or a ring around the circumference of the cell.
20 This is a phenomenon previously noted in non-neuronal cells expressing tau. Cells
expressing low levels of GFP-wild type tau protein, contained a fine nerwork of
microtubules, often emerging from microtubule organizing center.
Cells expressing GFP-labeled mutant tau proteins P332L, V337M, and P301L
exhibited higher levels of fluorescence dispersed in the cytoplasm than did cells
25  expressing GFP-wild type tau protein. The microtubule bundling and the microtubule
network, seen in GFP-wild type tau expressing cells, was also reduced 1n cells expressing
the mutant tau proteins.
Immunoblotting analyses of cytosolic and cytoskeletal cellular fractions confirmed
the fluorescence studies, showing that cells expressing the GFP-mutant tau proteins

30  contained more tau protein in the cytosol than did cells expressing GFP-wild type tau.

The difference was most dramatic for P332L, but the studies have confirmed that these
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used to establish | evels of protein expression. Ranking by prote

expression roughly 5 correlates with the PRI SM measurement of nRNA JUL 2004
expressi YO OB&EM| e 4: Mcrotubule O ganization in GFP-tauPTFAReFEG4kd
Cells To investigate the effect of nutations in the mcrotubul e binding
domains on tau protein interaction with m crotubules, human enbryonic

ki dney HEK293 cells were 10 transiently transfected with cDNA encoding the
383 human tau isoformfused to green fluorescent protein (GFP). WIld-type
and the P332L V337I\/l and P30lLtau nutants were anal yzed. Fluorescence and
bi ochem cal S wed t hat . GFP- | r i ns P332L,
V337M anomf’%'i ‘ﬁ ﬁ&%‘)‘é‘@ eur“ét i lqt?rgeé%‘qﬁIméjrptﬂgllmgs’tl?tfgﬁéf&o‘gﬂﬁ conpar ed
t o GFP- wi | dickotsulésau pr ot el n. 15 St udi es using an anti-tubulin antibody
reveal ed that GFP-wil d-type tau protein co- localizes with mcrotubules.
Some tau protein is also present in the cytoplasm not associated with

m cr ot ubul Bgamp1@ 5¢ EleliFlaf KBEEES b Va il TedhsheieMicof Wi | d-type tau, a
reorgani zation of the m cr of ubul e cyt oskel et on %V‘}flah observed. Bund es of

m crot ubul es  cotner! phargeenkiness stufies areuprd 1p GRHY %5 MUPAZ AL PISSFOR MG 5 ar ound

the cir Cur@ﬂs%&ﬁ@m@e tPhﬁ‘nﬁ%lJmenggm;ﬂék "ﬁlclu'iie@c@hﬁﬂﬁ%@'ﬂmﬂfrﬂﬁ'd@%uﬁoﬂm ed in
non- neur onal | S expressing tau. q_hesm ng |ow levels of GFP-wi | d
f

type tau pefdewepreleiz etpressiaadn quawcﬁéwwso e fated gy 1ation eidhe ener gi ng
from mcr Péggtﬂt%gsr &l Bihg HEAbAEnal illofi EXPLESHE BlosfREpaRalophuuL ant { au

pr ot ei ns exhi bi ted higher |evels of fluorescence
di sper sed _innlutiteg Pdiﬁl(nnldaféfr& Qﬂd&ﬁﬂdl’@%}@ﬂqﬂgl axibedips: dglemeptomruwi | d type tau

D0t e! oy THSeTTRE A S SRR bl AR YR By et oT k, seen 10

GFP-wi I'd t ressing-ce was ‘al so reduced in cells expressi ng
the nmutant tau prot eins. Imunobl otting anal yses of cytosolic and

cyt oskel et gf lA%';x fs{s%?weu%%ﬁge%%{ sea% & FrladefRMRce studies,

showi ng th reSS| n mutant tau proteins 30 contai ned more
tau protein in NhﬁodqghwaxivetdhEascds shided ingaexpisgsid mige GFRsewl advangpeft au.

nat t hesctavial SRPBRRT S Jeriosios ereRe PO L R S Ll nai g

domai n y§rut BéHaOivsaliobiegvdtion sewied), NMacthis et £, 1999 Bérl aChdmo 37464 §8-6492).

Example 7: Drug Screening in Transgenic Mice
The transgenic mice are used for the screening of compounds that affect tau
hyperphosphorylation, filament formation,or neurodegenerative disease criteria.

20  Compounds that inhibit kinase activity, protease activity, phosphatase activity, oxidative
stress Teactions, apoptosis, or protein aggregation are tested for their ability tomodulate 1)
tau phosphorylation, 2) tau aggregate formation, 3) formation of cellular inclusions of
paired helical filaments of tau, and 4) formation of neurofibrillary tangles in the transgenic
mice. Those compounds exhibiting positive effects in such tests may be useful in the

25  treatment of neurodegenerative diseases.

All references cited herein are incorporated herein in their entirety by reference.




m crot ubul es. Exanple 5: Cellular Analysis of Tau Transgenic M ce 5 Gener al
pharmacoki netic studies are used to analyze hunman tau expression MH.Mhd%&
transgeni c m ce. Pharnacokinetic studies include determ nation of the brain
distribution of tau protein expression, and kinase activity assays. The
state of phosphorylation of the tau protein is detected using nonocl onal
anti bodi es to specific phosphoepitopes of tau, including PHFI and AT8, and
vari ous polyclonal antibodies. Filanentous tau 10 neuropathol ogy is
reveal ed by staining for ubiquitin i munoreactivity. Exanple 6: Analysis of
Neur odegenerati ve Di sease in Transgenic M ce Neurodegenerative disease is
studied in tau transgenic mce by use of a variety of behavioral studies,
including the Morris water naze test, nobility and gait tests, and 15
behavi oral observation (see, e.g., Mechars et al., 1999, Biol. Chem

274: 6483-6492). Exanmple 7: Drug Screening in Transgenic Mce The transgenic
m ce are used for the screening of conpounds that affect tau
hypeﬁﬁﬁégﬁﬁé%ylation, filament formation, or neurodegenerative di sease
criteria. 20 Conpounds that inhibit kinase activity, protease activity,
phosphat ase activity, oxidati \etrarsganessouseaomiposisg a apoptngsizssd or protein
aggr agakhan cofpritiegh polyhwleotibetncodibg b bitvyart wupditdaomrab)y litkadto at least 2
phosphetiv attd Rpulaidly regidn afginegripeios gexeatvhoein sB)i rdpolatmt iegiongbmpeicr al ar

I ncl Ugb@aer of sosParidragnhals: Gahkifd dequemnd of safd frian gevanmioryter amd riget HrorPrBf

neur odxioB! Wheraiait angiesic nbubd@pies@abgeni wu pritade. Those conpounds exhi biting
positive effects in such tests nay be useful in the 25 treatnent of

neur odegenerative diseases. Al references cited herein are incorporated
herein in their entirety by reference. 19 Z 1 JUL 2004 W clains: 1. A
transyeni c mouse, cdmpiRRSEPRIC BMOPIeAASlERE, Wheatipisaid PapEHERE OETHSr i sing a

pol yresltciedtfiae thergeay cqpsiwing @hiATTRLS P e .82 B9 ffhked to at |east a
portion of a regulatory region of a nouse peon gene. wherein said
regu]atory. region conprises a pronoter O said prion gene a 5 flanking

e o e D R IBE RS0, Ugeh O B ey ctber el sald

transge, gguse eXx uman tau I’OTe sgenl ¢ nmouse of
cl ai m ein said human tau proteln is selected fromthe group
consisting of isoforms 352, 381, 410, 383, 412, and 441.

4. The transgenic mouse of claim 1, wherein said human tau protein is

selected from the group of mutants cons:snno of G272V N279K, P301L, S305N, V337M, and

R406W.

5. The transgenic mouse of claim 4, wherein said human tau protein is a

WV337M mutant of isoform 383.

6. The wransgenic mouse of claim 2, wherein said human tao protein js
furlher selected from the group of mutanis consisting of G272V, V337M, and R406W,

7. ' The transgenic mouse of claim 3, wherein said human tau protein is
further selected from the group of mutants consisting of N279K, P301L, and S305N.

S. The transgenic movse of claim 2, wherein said human tauv protein is
mutant P332L.

20




3. isoform 383. The transgenic nouse of claim2, wherein said human tau
protein, is 4. The transgenic nouse of claim1l, wherein said human ftlaflL 2004
protein is selected fromthe group of mutants consisting of Q72V, N279K,
P303 L, S305N, V337M and R406W 5. The transgeni c nouse of claim4,
wherein said human tau protein is a V337M nmutant of isoform 383 6. The
transgeni ¢ nouse of claim2, wherein said human tau protein is further
selected fromthe group of nmutants consisting of &72V, V337M and R406W
7. The transgenic nouse of claim3, wherein said human tau protein is
further selected fromthe group of nutants consisting of N279K, P30] L, and
S305N. S. The transgeni c nouse of claim2, wherein said human tau protein
is suntans P332L. 20 2 1 JUL 2604 9. The transgenic nouse of claim1,
wher@i n said human ﬁﬁ%ﬁgé@;ﬁi]ﬂoﬂﬁof@aﬁw:ﬁs&eﬂiﬂ pidHmabnal pote0s The
tran%ggrrg'gs% %P#’F%"’ﬂ claim 3, wherein said regulatory region further
conprises f] eTirst PrPintron; and the initial, noncoding portion of the
second PrP exon. 11 A nodel of neurodegenerative di sease conprising a
transgenic nmouse as in any of clainms 1, 2, 9 or 10. 12, The nodel of

neur qgegener ative di sease of Chairdhsdehidf mousescleim 1,WéieTe§t$aébTﬁBﬂ§‘°6f drugs to
treat, Sal il SEAnRisesthd firsl PP MBS landthe HAHSIONHREBALHidrVeT Y 2EAMPDExa ai m
13 for~use I n genetic crosses to generate nodels of Al zheiner's disease.
14. A method of screening for a drug that nodul ates hyperphosphorylation
of tau conprising the steps of a) admnistering the drug to a transgenic
nmouse of claim 1, wherein the transgenic nouse expresses _.

hyperjpphosphoryl at ed hunan t au Apnotebpineupdeseny 2B ¥nPERF P PRE S at e of

phos phek ydni saOlise @f intaay of taimsse@ohdr i¢.ansgeni ¢ nmouse to  which the drug was
not adm nistered to the state of phosphorylation of tau in the transgenic

12 The mode) of neurodegenerative disease of claim 11 for use in the
screening of drugs to treat said disease.

13 The model of neurodegenerative disease of claim 1] for use ip genetic
crosses 10 generate models of Alzheimer’s disease.

14, A method of screening for a drug that modulates
hyperphosphoryiation of tav comprising the steps of

a) administering the drug 1o a ransgenic mouse of claim 1,
wherein the transgenic mouse expresses hyperphosphorylated human 1au proten; and

b) comparing the state of phosphorylation of 1au in a second 1ra_nsgcnic mouse 10
which the drug was not administered 1o the state of phosphorylation oi:' 12u in the transgenic
mouse 10 which the drug has been administered, wherein 2 difference in phosphorylation

indicates the drug modulates hyperphosphorylation of tau.

15. A method of screening for a drug for treatment 91’ a2
' ﬁeu:odegeneraﬁ\;e disease comprising the step of administerin_g 1.he drugio 2 tr_anr‘sg'emc mou_se

of claim 1 which exhibits newrodegenerative diszase charac_Iepshcs, and wherein it is determined whether
the drug at Jeast puartially abates at least one of the characteristics of the disease.

21




nouse to which the drug has been adm ni stered; wherein a difference ;I} 0l
phosphoryl ati on indicates the drug nodul at es hyperphosphoryl ati on %) Wa@lﬂ
15. A method of screening for a drug for treatnent of a neurodegenerative
di sease conprising the' step of adm nistering the drug to a transgenic
nmouse of claim/l which exhibits neurodegenerative di sease characteristics,
and wherein it is determ ned whether the drug at |east partially abates at
| east one of the characteristics of the disease. 21 21 JUL 2004 16. A

met hod of screening for a drug that bl ocks hyperphosphorylation of tau
conprising the step of adm nistering the drug to a transgeni c nouse of
claim1, wherein the transgeni c nouse expresses hyperphosphoryl at ed human
tau protein, and wherein it is determ' ned whet her the drug at | east
partially blocks hyperphospho Lop of ta s th transgenlc nouse. 17.
A met dd of screening for a d fahﬁgfpﬁffec%’gsﬁg?r r’?ﬁsm RN filan @Eous
aggr eBRegHOgI NIRRT SRRy S8 essl"’é’pOfS’fjmg’ f‘ﬁgél? $ %lﬁans'ffrn fjgn?

t r ansBEHPE hovkseeihe danepiis MogirerBTesseE heph « nouse expresses hurran
tau pPERa AL PIgtn. AR Pheraidtit deiemapgrdgeede daﬁetwh%p@*ﬂﬁllx blogks det er mi ned
whet herPerRiesraPTYiEtigh of @ dn thp peseeis 1oussl ocks formation of filamentous
aggregates of tau in the transgenic nouse. 22 WO 01/53340 1 SEQUEN2E
LISTING z | JUL 2004 PCT/USO /01740 <110> Pharnaci a & Upj ohn Conpany <120>
Transgeni ¢ Mouse Model OF Human Neur odegenerative Disease <13C> PHRWD301
 150>,00/ 177,319 <151> 2000;.03:21 SAGD7 L B AARIdRR ARbhflng si 0N 3.0

filamentous aggregates of tau comprising the siep of administering the drug to a transgenic

monse of 2laim 1. wherain ithe humsnov\:ﬂ mouse exnres
IO W Na \-«Ju.l.l.!l J.' LAFFIvF A wrFFF RN K ¥ Tway Ny ] 5\.-11‘\.- ARV MADY \-Al..u

forming filamentous aggregates, and wherein it is determined whether the drug at least partially

blocks formation of filamentous aggregates of tau in the transgenic mouse.
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c211> 1152 <212> DNA

<213> Hono sapi ens <400> 1 argqczgagc cccgccagga
gttcgaagtg a: ggaagatc

acgct gggac gtacgggttg 6c ggggacagga aagaccaggd 1 JUL 2004

gggct acage @vfeaccaag accaagaggg tgacacggaw 120 gct ggcct ga-pagsntEagoa,
agcaggcatt ggagacaccc ccagcctgga agacgaagcz 180 gctggtcacg tgacccaagc
t cgcat ggt ¢ agt aaaagca aagacgggac tggaagcgat 240 gacaaaaaag ccaagggggc
t gat ggt aaa acgaagat cg ccacaccgey;;g99a9¢agss 300 cctccaggec agaagggcca.
ggccaacgcc achaggattc cagcaaaaac cccgcccgct 360 ccaaagacac cacccagcoc
t ggt gaacct ccaaaat cag gggatcgcag cggctacagc 420 agccccggct ccccaggcac
t cccggcagc cgctccigca ceccgtccct tccaacccca 480 cccacccggg agcccaagaa
qgt ggcagt §* Yt CEFFIRIE Eaceandrergecgt cttcc 540 gccaagagcc gcct gcagac
agcccccgtg cccatgccag acctgaagaa tgtcaagtcc 600 21 JUL 2006 WO 01 /53340
PCT/USO / 01740 2 aacatcccct ccac y ~G~+&@ ,,. ,,, _aagcG- i:.'accggg ¢ J

JQ-aaa _<:y&t aTrans£hié MAALAAARACCOZIYPA! GieZBEdLRAr ZTCEAD. dG6RAT: gl ¢
gc:caa3cga _: caaa 7L 2 0 cacgtcccgg gaQgcggcaQ caaata gtctacaaac c
-ngLtgacct aa_-tg i83 acctccaagt gtcactcatt ac =acatc catcataaac caceagg
_"= ccaa 5;0 taa%gtctg agaagcttga _.t_aacgac aaagtccact cgaagattgc c_ctc;
ac 900 éaf%icgé%gjé&gtccctgg c=ca=aaaat aaaaagattg aaacCcacaa czz=accttc
963 cgcgagaacg ccaaagccaa aacagaccac ggggcggaga tcgtgtacaa gtcgccagtg 1020
gtgtctggaa acacgtc-cc accgcatctc agcaatg-ct cctccacccg ca_catcgac 1080

at ggt agaetsecgceecaygctiggccacgct a gctgacgagg tgtctacctc =.gccaag 110

cagggtttgt_ga 1152 <210> 2 <211> 9990 <21 2 > DNA <213> Mis nuscul us
<400> 2 <15T> 2000-01-21
<160> 15
<170> PatentlIn version 3.0
<210> 1
<211> 1152
«212> DNA
<213> Homo sapiens
<400> 1
arggetgage cccgecagga gttcgaagtg atggaagatc acgetgggac gracgggrtg 6C
cgggacagga aagatcacgg gggctacacc atgcaccaag accaagaggg tgacacggac 1z2¢
gctggoorga aagctgaada agcaggceatt ggagacacce ccagectgga agacgaaget 180
gctggtcacg tgacccaagc LCgCALggIic agtaaaagca aagacgggac tggaagcga:t 240
gacaaaaaag Ccaagggggc rLgatggtaaa acgaagatcg ccacaccgcg gggagcagcec 300
cCrocaggoe agaagggcoca ggccaacgcc accaggatic cagcaaaaac coccgcocecgct 360
ccaaagacac caccecagctc tggtgaacct ccaaaatcag gggatcocag cggstacagce 420
AagCCCogget coccaggeac Loccggcage cgoteccgeoa coccgicoct tocaacccoca 480
cccacccggyg agcccaagaa ggtggcagtg gtcogtacts cacccaagte googicttces 540
gccaagagcoc geoctgeagac agococcgtg cccatgcecag acctgaagaa tgtcaagtceco 600



ggcggcecgeg acggat ccaa
taagcatttg aaactzcaaa
ct cct aaty,g oghkgggact ct

acgcagcaaa aaggcaaaga gggtgatact gggcctggct 6D1 JL 2004

gctcaccccc aattacacac ttcttccaac aattacacac 120
ctgtgggcct acggagagta ttttcattct aa qﬁarégo
gttgctgagg aatttaatta aaaczacaac cttatcccaa cctagatctt tcagcc-ttc 240

t gt act acca gagaaggctc ata' cagcatt gt2ataactc ccattataac ttaaagagaa 300
gct cacacara2gLeeagaac: Lekecal-ace 6l gcaga-a.agaagtacgt tefcagaicc 360
cttggagcag cgccccactt tgccggcaca aactttaatt Tctagacgga a .ggcatctc 420

t acagaaagrt saaagEtatgy trakst goatgcadxnagt ciggaraaaggacsicy ggcaqaated g 484
cagctgacaa ttccagccat tgctgccac: gcgagaaaac cctactgatg gcagcattgt 540
cagcat cat T CEI T EGBAHCAE cygeca®t Tglgtadd aggatast¥y exgcrgetyg 60T
agt caatt ca -telgaeagec. acat calact £1aggaceql cactaaccag alccaageag 660
ccttgaggaa gcatgtctiT tgctggtgac tgatcccaag ggctgataac 720
cagaggcatwabtat gf caassctat ciaceacdgeasgai-atcnagasasat stoctetatg 78
ctgtgtggac actgccatca cacgcaacag aaaggaaact cacccactgt gtctcatgtg 840 2 1
JUL 2004*AN®~0317 83349~ PCTEUSTEELOITHD 32a5foghtYeractcamgece=z35acO6k- 550
23299, ~a56a,0e8. . adactect, 900, 4 uggleal o coacl 2oz cczclaaaog,

_cat gaagat 6rgcagagqy aaaaqeaacr o 5669 HE5gat gagaS Tt ag=E e aFhgalyHyt
g- Cagy_agGrcrdsdd 98a-$i-686 06Ghaadd20 54163063 Q2 22286k, SCALs0
ctggtat..tg - _aaC, gcgtcgatac 1080 Cctctgtgcc cg ..cacaag :ttcczacty
aagacacag@mdtagiTcacgtcagCaaas-1d40: aatgateggclactocecacs-decteagacts:0
ctgaat_ggt ca, aacaact actcggtgac 1200 cc:.aagatat tcttcagcag atatgtgtga
aaaatgca‘%ﬁgaaﬁﬁtaagt agaaat aaac 1260 (ggztttagag gaaaaaaac: ctcaga a

e e A o m

aacatécica

tatt at aaaa agaaaagagc tttattattc
ggcagt ct g ot-aagggagt g t gcagacagg
at aaggatgc tgtgcgtgtt tttagtaact
at ggttt aat et add&t™ cat ct aacgaatg
t cccaaat ga gac cttc acatgttcac
agagt ccat’c "Caagccaggc tccttctccc

ccct ggt gt 4 3.9t @i d tcaguag@at ggct cc
tggttttctt actctagccc agactagcett

1320
1380
1440
1500
1560
1620
1680
1740

agcaagcat t
aggagt gt cg
ggt ctt cagc
aggcagt cac
ggcacaaggt
accaacacag
caggtttttg

caaccaaaat
ccct-tatgt
tt gacagcac
gtacttcC g
aatcctgctg
gt ggtt gaag
gtttggtttg

gcacaccaca
gagccagt ag
catttatcac
attagcttta
ctt agagaac
agct at ct ct
aatcgggttt

<400> 2
ggcggcdcgcg

taagcattig
cccctaatta
gttgctgagg
tgractacca
gctcacacaa
criggageag
tacagaaaga
cagctgacaa
cagcatcatc
agtcaattca
¢Citgaggaa
cagaggcatc

ctatgtggac

acggatccaa
daactricaaa
gtgccactcr
aatttaatcta
gagaggggrce
aguccagagce
ggceoocactt
aaagccatgg
ttccageccat
tcctccagga
tcrgccagec
gcatgooLtc
ttatgtcaac

actgccatca

acgcagcaaa
gcTeaccees
ctgtgggcct
aazctacaac
acacagcatt

ccLocatace

tgctgeccac:

acacoggceca

cacgcaacag

aaggcagaga
aattacacac
acggagagta
cttatcccaa
gttgtgactc
ctgcazartga
aactttaatt
ataagtcrga
gcgagaaaac
tcaagccacg
ctgggaccgt
tgatcccaag
tgcacggtat

asaggaaact

gogtgatact
ttcrTecaac
ttttcattct
cctagatctt

ccattataac

tcrcagacgga
aaaggacctg
ccigcoctgatyg
aggacaattg
cactaaccag
ggctgacaac

aagacacatt

cactcactgt

gcgeoetgget

aagrceLacac

arccaagcag

aaggtectca

Tcrgatgrg

3eq

420

480

540G

600

660

720

780

&840



ggaattctct ggaaagctgc aacggggagc tcaggttcag
agcagggt ga gaagtgattg aggaagacac cccagtgtta
cat gcat a0 w#eddaccca t acacat aca cacacacaca
cacacacaca cacacacaaa accagaaaga atgaaccccc ccctcccagc
t agat acaga acagt cgt aa aacat ggggt gt aaaét gaa t gct gagagt
agt aat t aggsgyaaggaacac-gaaagaastecagyaaasega cgageragian
gttaggcaat ctccacaccc tcctcgttga agttgcaatg ctttcttctc
aagt t ct t PESGRAGEFYCIaG- gat-tt eacaatiagret ag2et yercroesm
ccgtggta cactatt aggaaacgtg tcctigttga aggaagggtg
ggcgggct??m%ggaggfﬁffaf%ﬁgt5%*@gggﬁbﬁcé?%%@aagfﬁgggéﬁﬁ
ct gt t gcctgezrgavgacag:-{stectgolg- et i gaal:c-aagat.gt aga
catgtctgcc tgaacctctg aaaatgtaag ccagccccaa ttaaatgttt
gagt t gccrEyggreat ggrgtixiegt t cacaagrnat a@age s € ciaactaaa
at caat gaaa agacctttaa ttattcattg aacaaacacc attttcttgt 2580
cagt gact 3 Yaageadeta”14gtt tiged* cPagoRuteest t1EGoatfaa ataoscedat 2640 2 a
JUL 2004cc WR:Q14 53340 RCTILUSQ L0740 4. . Geaagea, Lodgat clag at; cocaaase

caa ~t gc~:acaccc: _ccatacc:__%?OO gagt Lcc: “g cagggcat ct ggcLicgege
at __att cogaggeast Gaas=agaat acacddafh rtcgaaasaaicshaspatagcs ctkeaiagaags
cat _gcaatc ctagggagaa acta:accaa 2820 acctcagaac tatacctcgt taaqtgtaga
aaacazgadd Feaat adZacc e Hatatr c2FBE°IXRa3 At @I 4t FRFecEInt gEPLat
gcgta: _t L ta tagte: ta. 2940 ¢ ca ctggetcc tgcag cc
aaaa:agaégﬁﬁﬁégggggfg:%%éga'ggﬁagéﬁﬁghd%%%f%%gﬁééc t“%gfagﬁga?%bcag%ﬁbg
at gccggaagr c:aasfc eCagegraat edrrgar H6Q-gp3ageagteas i@kt eidraagtact gagec
at cactcagg tcccaccatg aatctttttc 3120 tttattcttc tctatatttt ctaatgtttt
t at _ggaadfcACaEHaGr £~ 1GC E atHCEE “ B8O - G adntIFae 2 eHaagasHteg - eyt gadyg
ggcacctg caaat gctgc ctagcg c 3240 t ccaqcc ctaggcttgac tgceccetggce
t cagct gg%%ca(?tg a%%t?taﬁ gf:c “tgg“t‘gc%tg%gag%”foagg%%gga gct%(? ENE gc% c@%tg £ t%%t aat %%gc
tgcac: tt geeBetennegs: {896t £AGCE-E360ccidckaongget: AQQet sal3a.c&aaagiAAY
ttgca_ttta tttgcactag gttgaagggg 3420 gatctgaaac ttgctgtcaa tgttataaaa

t gagagat cc
acct ct gacc
cacacacaca

t gt ct caaaa 180
tccatatgtg 18681JUL2ML

CacumIAcse a1 74820
ttgtttacag 1980
aacttagatg 2040
ehggaagat ¢ 2400
ctgcctcttg 2160
tatgrkbeecac 2220
tcactccata 2280
agytdgatac 2340
gedcaageec 2400
tctttcacaa 2460
acagiettqa 2520
at caagttgg

catttt at E35I°CABER IEYUSITAF AgPAFGSEIFLBOIGLLLICLL acIctagece agactagott 1740
ggaaticict ggaaagcigc aacggggage tcaggticag tgagagatcc tgtotcaaaa 1800
agcagggiga gaagtigattg aggaagacac cccagtgtta acctictgace tccatatgtg 1860
catgcatgga cacgceateca tacacataca cacacacaca cacacacaca cacacacaca 1820
cacacacaca cacacacaaa accagaaaga atgaacgcce CLCTocCage ttgtttacag 1980
tagatacaga gcactcgtaa zacatggggt gtaaactgaa tgcoogagagt aacttagatg 2040
agtaattaag gaaggaadag gdgaaagaaacec aggaaaccga gagcaagtga crtggaagatc 2100
gttaggcaat ctcrcacaccce tgcotcogttga agtiggaatg CcUitcliictt ctgccoctcottg 2160
aagttctita gaagtgersg gatttcacaa ttagtcotgig gigctitcaa tatgcttcac 2220
ccgtggtaag tggcactatt aggaaacgtg tecttgttga aggaagggrg tcactgeata 2280
ggcgggettt gaggtgtcoctt ccagtgctica agctoctecc agtdgcaadgdag aggcagacac 2340
ctgttgeocrg cagaagacag Lctocigcoctg cctttgaatc asgatgtaga actcaageocce 2400
catgtcrtgce tgaacctotg @aactgtaag ccagocccaa tiaaatgttt tctitcacaa 2460
gagtigectt ggtcatggog tcotgitcaca geaataaaac <¢ctaactaadg acagtcttaa 2520
atcaatgaaa agaccttraa ttartcattg aacaaacacc atttocttgt atcaagttgg 2580
cagtgactag taagcaacta tagttctgca ccagggacce tLItiggadgaa atataccgat 2640




at agaccaaa ggttctataa
caagagccta tgggacactt
agggcct owo tissw@at t cat aagggaagga
acatttgaag gggacacatt caaactgtaa caccatctta tatcatttgc acat:agggt 3720
caaactgtgc cacgttgtca tttctaagaa gacdgaagtt gtcaagcctg tgctttgagc 3780
cacaagt gicgaacaneceatdartt eAggcand e gedact t &cCat aagact € dcaceeaaat a 3840
ggcctggggt ctggaatatg tttaacacag atgcaggctt cttccttatt gcaggcttga 3900
gt t ct catdge* eTTI=6t ERCATRE AP GEF EETESHE ct Caagye- gEeeEtTIecE t agoayaaaaa I%60
at cagaagca_taaagcat ac atcag a agccagagtt ttcagaggga gttttgtgat 4020
ggccttt t“cgaa%cg"c?gt f ?:?‘Tatﬁ?%“aa‘%gg%faat’ t?"g“gé‘f ey af é?%gtgtg‘é‘? ﬁ%aSa‘@‘g%%éag £G80
aaaagt aalg- cagQt t gGR caadd agetidc 98t Anl99ci.Le8a0GaALLY dcagptdcac Ak40
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<211> 1152 <212> DNA <213> Hono sapi ens <400> 10 atggctgagc cccgg ﬂ?%mn
gttcgaagt g at ggaagat c acgct gagac gtacgggtcg 60 agggacagga aagatca 33
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t gat ggt aaa1acgaagat:cg: £1cacaccacg ggaagcagcc 300 cctccagccc agaagggcca
ggccaacgcc accaggattc cagcaaaaac cccgcccgct 360 ccaaagacac cacccagctc
t ggt gaacct ccaaaat cag gggatcgcag cg caacagc 420 agccccggct ccccaggcac
tccecggeagg, ggctccecgea cececcgtecct tccaacccca 480 cccacccggg agcccaagaa
ggt ggcagt g gt ccgtact c cacccaag: ¢ gccgtcrtcc 540 gccaagagcc gcctgcagac
agcccccgt g .Gccadgeeag acct gaagaa cgtcaagtcc 600 aagatcggct ccactgagaa
cct gaagcac cagccgggag gcgggaaggt gcagataatt 660 aataagaagc tggatcttag
caacgt ccagt@ecaagt gt g gct caaagga taatatcaaa 720 cacgtcccgg gaggcggcag

t gt gcaaat¥agredacraggae2agrt gacet tyagecracgcgrFBBcaanct-ceaagt-agt ggct catds
aggcaacat ¢ cat cat aaac caggaggtgg ccagatggaa 840 gtaaaatctg agaagcttga
cttcaagg agagt ccagt cgaagattgg gtccctggac 900 aatatcaccc acgtccct gy
ccgaggaaat aaaaagattg aaacccacaa gctgaccttc 960 cgcgagaacg ccaaagccaa
gacagaccaxiggggrggaga tcgtgtacaa gtcgccagtg 1020 gtgtctgggg acacgtctcc
acggcatctc agcaatgtct cctccaccgg cagcatcgac 1080 WO 01153340 Z 1 JUL ZOR
PCTI U50] / O#720 4%+ at cgcagac_ wgcczzaoc: cgccacgcta gcccacgagg gtctgectc

gg;sgﬁgaqglég43m&@gggttty _a <210> 11 <211> 1152 <212> DNA <213> Hono

<213> Homo sapiens

<400> 10

atggctgagc ccegecagga ghttigaagtg atggaagatc acgotgsgac gtacgggtt 60
ggggacagga aagatcacgg gggctacacc atgecaccaag accaagaccg tgacacggac 120
gctggoctga aagotgaaga agcaggeoattT ggagacaccc ccagoctgga agacgaagct 18D
gcrggtcacg tgaceccaagce tcgcatggtc agtaaaagca aagacgggac tggaagogat 240
gacaaaaaag ccaagggggce tgatggtaaa acgaagatcg CCacaccgcyg gggagcagee 300
cctccaggoc agaagggeca ggccaacgors accaggattc cagcaaaaal coegecsgos 360
ccaaagacac cacccagllec tggigaacct ccaaaatcag gggatcgcag cggctacage 420
agcoccgget coccaggeal toocggcage cgotododca cccogtoost LCCaacscca 480
cccacceggg agoccaagaa ggrggcagtg gtocgtacte cacccaagtic googtetice 540
gccaagageoc gectgcagac agcoccooogtg cocatgocag accrgaagaa LgLCaagtco 600
aagatcggert ccactgagaa ccrgaagcac cagecgggag gogggaaggt gcagatzaatt 660
aataagaagc tggatcttag caacgtccag tccaagtgtg gctcaaagga taatatcaaa 720
cacgtcccgg gaggcggecag tgtgcaaata gtctacaaac cagttgacct gagcaacgta 780
acctccaagt gtggecrcatl aggraacatbe catcataaac caggaggtgg ccagatggaa Bao
graaaatctg agaagcttga cttcaaggac agagticcagt cgsagattcg gtooctggac 500
aatatcacce acgtosctygg cggaggaaat aaaaagattg aaacccacaa getgaccttc 360
cgcgagaacyg ccaaagccaa gaCagaccac ggggoggaga tcogtgtacaa gtegocagtg 1020
grgtctgggg acacgtctoc acggcatcote agcaatgict ccotccaccygyg cagcategac 1080




<400> 11 atggctgagc cccgccagga gttcgaagtg atggaagatc acgctgggac gtacgggttg
60 ggggacagga aagat caggg gggct acacc at gcaccaag accaagaggg tgacacggdcl LRO7004
gct ggcct g ;agedp0aaga agcaggcatt ggagacaccc ccagcctgga agagggﬁgﬁﬁmﬁgp
gctggt cacg tgacccaagc tcgcat ggtc agtaaaagca aagacgggac tggaagcgat 0
gacaaaaaag ccaaccgcgc tgatggtaaa acgHlagatcg ccacaccgcg gggagcagcc 300

cctccagg@ﬁg@ﬁ@aggggﬁﬁ:gggga@gggggaggaggegEgagﬁgg@§$é§9cQﬁ%gggéﬁﬁt

ccaaagacac cacccagctc
agccccggeesIYEcae goac
cccacccggg agcccaagaa
gccaagagcg, gect gcagac
aagat cggct ccact gagaa
.aat aagaageii:ggateit ag
cacgt cccgg gaggcagcag
acct ccaagélgt gtrcatt

gtaaaatcgg,?ga?gggt a
aatatcaccc*acg‘cbcf%g

18@@

t ggt gaacct
t cccggcagce
ggtggcagtg
agcccccgtg
cct gaagcac
caacgt ccag
t gt gcaaat a
aggcaacat c
ctt caaggac
aggaaat

cgcgagaacg ccaaagccaa gacagaccac
gt gt ct gggg acacgt ct cc acggcatctc
at ggt agaetodoegceecagct cgccacgcta
cagggt t t gt RIS €ZT0299E2 I BESSUD AR IPa It 2003 tAEB T 65334y t<@12> BhA

ccaaaaccag
cgct ccecgea
gtccgtactc
cccat gccag
cagccgggag
tccaagtgtg
gt ct acaaac
cat cat aaac
agagt ccagt
aaaaagattg
ggggcggaga
agcaat gt ct

gct gacgagg

gggat cgcag
ccccgtccct

cacccaagtc
acct gaagaa
gcgggaaggt
gct caaagga
cagt t gacct
taggaggt gg
cgaagatt gg
aaacccacaa
t cgt gt acaa
cctccaccag

Cgget acagce
t ccaacccca
gccgtcttcc
t gt caagt cc
gcagat aat t
t aat at caaa
gagcaacgtg
ccaggt gaaa
gt ccct ggac
gct gaccttc
gt cgccagt g
cagcat cgac

tgtctgcctc cctggccaag

60 .
3
48Q;
540
600
660
720
780
840
900
960
1020
1080
1140

<213> Artificial 12 PCT/USO /01740 9 <22C> <223> Priner

gg9gyacagga aagalcaggg gggctacacc atgcaccaag accaagaggg tgacacggac 120
gctggeciga aagctgaaga agcaggcati ggagacacce CCagoctsga agacgaagot 180
gctggtcacg tgaccocaage tcgcatggic agtaaaadca aagacygggac tggaagogat 240
gacaaaaaag Cccaagggogce tgatggtaaa acgaagatcg crcacaccgcg gggagcagec 300
CCLCCaggero agaagggoca ggecaacygcec accaggattc cagcaaaaac cccgoecoge: 360
CCaaagacac cacccagctc tggtgaacct ccaaaatcag gggatcgcag cggctacagce 42C
agccocoggot <occaggcac tcoccggcage cgctoocgca CCocgtocct tccaaccecosa 480
cCccacccggg agcocaagaa ggrggcoagtg gtocgtactic cacccaagte googtcttcco 54¢
g&caagagcc gcctgragac agoococogtg cocatgocag acgotgaagaa tgtcaagtod 600
aagatcggct ccactgagaa cctgaagcac cagecgggag gogggaaggt gcagataatt 660
aataagaagc tggatcttag caacgtcecag tccaagtgrg gotcaaagga taatatcaaa 720
cacgtcocgg gaggcggeag tgtgcaaata gtcotacaaac cagttgacct gagcaaggtg 780
acctccaagt gtggetcatt aggcaacatc catcataaac taggaggtgg ccaggtggaa B4D
gtaaaatctg agaagcttga cttcaaggac agagtcocagt cgaagattgg gteococtggac %00
aatatcacce acgtccctgg cggacgaaat aaaaagattg saacccacaa gctgaccttco 960
cgcgagaacg ccaaagccaa gacagaccac ggggcggaga togtgtacaa gtcgcecagtg 1020
gtgtctgggg acacgtotoe acggcatcote agcaatgtct cctcoccaccgg cagcatcgac 1080
atggtagact cgccgcagect cgecacgcta getgacgagg tgtotgecte ccectggeocaag 1140
cagggtttgot ga 1152
<210> 12

<211> 19



<400> 12 9catt9gaga cacccccag <210> 13 <211> 21 <212> DNA c213> 1JUL, 2004
Artificial <220> <223> Priner <400> 13 gcttttactg accatgcgag ¢ <210> Q4
<211> 25WO@I334DNA  <213> Artificial <220> <223> Primer PRWOOH /MA40

ct ggaagacg aagctgctgg tcacg <210> 15 <211> 9990 <212> DNA <213>
Artificial_ 21 25 WO 01/53340 <220> 132<223> PrP/tau transgene construct 2
JUL 2004‘2P%T/B§61[01740 <400> 15 ggcg ccgcg acggat ccaa aaccagcaaa

aacgcagaga: ggghgat act ,gc, cct gget

<22C>

<223> Primer

<30C> 12

gcattggaga cacccccag 13
«210> 13

«211> 21

<212> DNA

<213> Artificial

<220>

<223> Primer

<400> 13
gcrtttractg accatgcgag ¢ 21
«21C> 14
<21ls 25

«212> DNA

<213>» Artificial

«220>

<223> Primer

<400G> 14
ctggaagacg aagctgctgg tcacg 25
«210> 15

<21l> 8950

<212> DNA

<213> Artificial




taagcatttg aaacttcaaa
ctcctaatta gtgccaccct
gt ggct gawg |mABIdpaatt a
t gt act acca gagagggg: ¢
gct cacacaa agtccagagc cctccatacc ctggpaatga agaagt acgt
cttggagcatfiggccccactt tggcggcaca aactttaatt tctagacgga
ttcagaaagg, aaagccatag tatctgcatg ataagtctga aaaggacctg
cagct gacad t't ccagcédt “1gefgctact*ytfdgaaaac cctgetgatg
cagcat cat g d.cct£cagga acaccgecca tcgagccacg aggacaatt g
agt caat t g doet §6£ aG66a Ak CAAGE: 61049866805 ACLRASSAY
ccttgaggaa gcatgtctfc tggtggtgac tgatcccaag ggctgacaac
cagaggcatTIEat i Gaac:t wrat ctaceactyrasypHataaagacacaizt
ctgtgtggac actgccatca cacgcaacag aaaggaaact cact cact gt
gtggtgcttg tt 5g‘§agé’a§fcﬁccrgg‘btc%ﬁggtcé‘t 38%%?@@8% CGEEeRtGa
0999t cat o feasdLiact . Lok et agaga - SLatJRA%AM. 2109894999
acagat gaca ggctagaact aaagaggagt gtcaggtgag cggacctgaa
ct cagcct gt aagh gt akgeuamgat cdgeatcotiggt adeiag: gt gaaggt
cctctgtgec cgtccagaag tttcctactg aagacagaaa tgcctgtcca
aat gat t g4t “A0R T Tt CAETCACPE afaCC At QAR FFGE 9T Faag vt
cctaaggt at, oLl faceag. al.at of tcggc&%agg?&%gtgat%ggt L
gottttagag §aaaaadact ctcacaaaga tattataaaa agaaaagadc
agcaaacatdcagaasgagaadc Gac atLa€ac Hacagi(ddrgcod aagggagtg
aggagt gt cg ccctttatgt gagccagtag ataaggatgc tgtgcgtgtt
ggt ct t cCatRITLHRNFEQRELECRE t THCIE-HTggFfIIMRAc2 T ICRAATL 1TFAL
aggct gt c ct ttagcettca tctgaaatga gacaagettc
ggcaggaggafgcggtg?:bét %%tggc%tg%ggaé:gaézggg%cﬁggf%acgé:g (a:cggfga%caﬁfgtgtg
accaacacgg 3hggid gaageaget aldlkeht LACtagBtogd Ghot idcag
01/53340 21 JUL 2004 PCT/USOL /01740 14
tcg t_ CoTLtgeIedn@ratIast wataptdipdeaatcecaag

cagaggcatc ttatgtcaac ctatctacca tgcacggtat

gct caccccc
ct gt gggcct
aaact acaac
at acagcat t

aattacacac ttatgccaac
acggagagta ttttcattct
cttatcccaa cctagatctt
gttgtgactc ccattataac

ggctgacaac

aagacacatt

aagt ccacac
aac_accaca

t CaRelHbSdi%

tt aaagggaa

12

2%:1 SUL 2004

303

tcticaaatcc a W

acagcatctc
ggcaaatctg
gcagcatt gt
ctgctgetgg
c£caageag
SGotodiea
et £oicatgt g
gt ctgaagtg
REECE_EYL
¢apge
ctcacggctg
gcQi-ggalac
gt cagggaag
aetgggteac
aaat aaac

tadcatT

t&cRAR6899
tttagtaact

gtgyeqasi ¢
acatgttcac
Tt et e
agatageisc

aaggtcctca

ctcctetgtg

ctgtgtggac
gtggtgcttg
ggggtcatgc
acagatgaca
crcagectga
ceteortgLgee
aatgattggc
cctaaggtat
ggttttagag
agcaagcatt
aggagtgrcg
ggtcttcage
aggctgtcac
ggcaggaggr

accaacacgg

actgecatca
ttaggggagt
ccactctact
ggctagaact
agtggtgtgg
cgtccagaag
agttcccact
tcttcageag
gaaaaaaact
caaccagaat
ccecttratge
ttgacagcac
grtacttcctg

aatcctgcetg

gtggttgaayg

cacgcaacag
tcrsggeaty
cctctagaga
asagaggagt
ccatctgcat
tcoToctactg
tcccagacca
atatgtgtga
ctcacaaaga
gcacaccaca
gagccagtag
catttatcac
attagctrea
cttagagaac

agctatctet

aaaggaaact
tatggceacca
ccatgaagag
gtcaggtgag
ctggtatctg
aagacagaaa
ctgaatgggt
aaaatggaaa
tattataaaa
ggcagtctge
ataaggatgc
atggtttaac
tctgaaatga
agggtccatc

cecrggtgtg

cactcactgt
tcgecccatga
atggagaggg
cggacctgaa
gtctgaaggt
tgcctgteca
cagaacaact
gaagatgggt
agaaaagagc
taagggagtg
tgtgcgrgrt
ctaaattcat
gacaagcttc
caagcoagge

tgtgtttcag

gtcogatgtg
ggactcctge
aagagcaagc
ctcacggerg
gcgtggatac
gtcatggaag
actgggtgac
agaaataaac
tctattatctetg
tacagacagqg
tttagtaact
ctggegaaty
acatgttcac
tccttcteec

agatggotee

X20
483
543
503
663.
720
789:
B4C
90%"
960,
- 020
1980
1' 4:
1293
1260
1320
133
1443
150,
156C
1820
: B8C WO

ca,gt:tttg gtz:cam aa~-ct=~

720

78C

540

200

862




ggaattctct ggaaacct aacggggagc ccacattcag tgagagatcc tct7tcaaaa 160'0
accacggt ga gaagtgac' = a9gaagacac cccagg.:gtta acccccaacc tccatata 1-lsBIL 2004
cat gcat g0 &02dPat gga taca_at aca cacacacaca cacacacaca cacBChYaga11420
cacacacaca cacacacaaa accaaaaaaa atgaaccccc cccccccage ttgt:tacad '950
t agat acaga gcactcgtaa aacat cgggt gtaaactgaa tgctgagagt aacttaQatg 2040
agcaat t adtFegadgFadaagFjaaagaaacecaggaaiicc§a yafcantga edgygaagat ¢ 2400
gttacgcaﬁaaggCctc:%cacgga:t,ggpcaq_tcgaa a(;_t'g?aqaa:qt_g_pt_ttgttct_g ctcccecttg 2160
aagt zctt® a gaagtgétac ‘gatttcacaa it aal cCgt g gt greETIas tat°gEtttac %0
- ccgt agt aag sbgReACaadr 399300068 dLCH Gidga: Aagaagagly fcactgsat a 2280
ggcgggcecttt gaggtgtctt ccaatgctca agctcctccc agt gcaagag aagcagacac 2340
Ct gt t gcciaSeaymraaeed-areteclagetr -6t tégratecaagatgicaga act:caagecc 2400
tctttcacaa 2460

cat _tctgcc tgaacctctg aaactgtaag ccagccccaa ttaaatgttt
gagttgcc“:‘t“’gg‘fac‘ét Eﬁtgcat“éfét‘tccﬁ‘ééaagféa tHFAEC TOCaRTTRag Gcrateitaa 2570
at caat gaaa.egake!t blaa Lt al t oAkt g, AaCa2a03c6. A t atcaagt:gg 2580
cagt gact ag taagcagcfg %ag%t%?écgg%?agggagg at%%%g%%%ga %Itca“'ié a%%’d’glt %%%0
Ccaagcatygrabygeat geagpaabtscRaagsaLaagataactgyeagecancet depatgeatt 21400
gggttcct ag caagacacct ggc_tcgggg atgtgtattc caggcaccca ctggaatgca 2760
t ggaaacaHt-2FaTLat ApcH tCcat afaga ‘it tYCHarRT T raftdgaa wEcatacGaa 2820
C aatatt 0
'i%%gf gtgca %%%0
240
3060
BHE20
3180

aact cag tatacc aggt gt age agacgaga, agaat aaaac

tt aaaat gétaatcg“t"% a't% cgggéctgtcéggg%écg%%ggtgiaﬁq t ? g‘% t g%%gé:ta a

ccacat gcadg-ggciigetgiacrgCagaggeschaatgniagtonl.cagaiets ©d-2998£409

agtttcagaa gtttgtgagc taccacatgg gtgctggaaa caaaacccag gacatctgga

agagcagciIrSgeACc ORI EFraEt YRFe e B cagICage-t e ePrg =rAcgpLta

tttattcté[tc _'L_Cécqt atcgtgaq%tcaattg_tttctc'g _t:at;[: at%at"catagcatacttatta § cﬂcagaﬁcﬁat

aacaaat gac caaagaaaty aggt gagagy” ggcaget gtt caaat getge ctgggaagge 3240

t t gaccages et @act LgP-dcges Cal-gg6: 4agagedFgecaL:gasid@oe {gleesagt g 33Q0

ccagctgtca tctactgct: cataataagc tccactttgg gct gaagggg 3360
3420
3480 21
2580

t ggct cagcc
t t t aaagQBASTAGIRTIIC AU TR tEE A AT aREc ACRgBTHATEE R T (CChRTTRAY

YEEgasyggg
gatctgaqgg_tt ctgtcaa_ggttatqaaa_pattttatct tC%&@ttng tataggg%tc
JUL 2004° RO 7535920 PCIF USGTF 017 F0333aacace atttctigt atcaagtes

cagtgactag taagcaacta tagttctgca ccagggacct ttttggagaa atataccgat 2640
¢ccaagcatgt tggcatctag attccaaagc caagacacct gcoccacaccct tcoccatgoctt 2700
gggriectygg cagggcatot ggcttcggag atgtgtatte caggcaccca ctggaatgea 2760
tggaaacaat tazaatagca tcatagaaga cattgcaatce ctagggagaa actataccaa 2820
aactcagaac tatacciggt taagtgtaga aaagacgaaa dgaataaaac caggaatatt 2880
traaaatatt titattgagce tcatgtgcat gggtattitg cctgaaagta tgtetgtdgra 2940
ccacatgcat ggotggctcc tgcagadgcc aaaagagage altcagatctc ctagagcetgg 3000
agtttcagaa gtttgrtgagc Laccacatgg gtgectggaaa caaaacccag gacatctgga 3060
agagcagcca gtgttcttaa c¢tactgagee atcactcagg teccaccatg aatgtttitce 3120
ttrattcttc tctatatttt ctaatgtttt tattggaaat atacaaclttt tgccacacat 3180
aacaaatgac caaagaaatg aggtgagagy ggcagetgtt caaatgetge ctgogaagge 3240
ttggccagec Ctggettogs tgeoccotage tcagetggoo ctgacttgge tgtoccggng 3300
ccagctghca LCractgett cataataage tgeactttgg gotgaagggg tggctcages 3360
ttraaaggcet aggctcataa ccaaagtaag ttgcattttia ttcgcactaé gttgaagggg 3420
gatctgaaac ttgctgrcaa tgttataaaa cattttatct tcaaatttgg tataggggrtce 1480




accccacaac
t at aaccaaa

at agaccaaa gg': ztataa
caagagc:ta tggaaCactt
aggccct cam #2064t t cat aacggaagga
acatttgaaa ccaacacatt ccaactgtaa
caaact gccc cacgttgtca tttctaagaa

agcaccac_c cclagaaata
caaaaagcta 'gtttgaaac
accccacttc gtaacaacac
caccatctta tatcattt,c
gacabuaat ¢ gt caagcct g

d: ca CC Ca.

ttcct:taca

. d

362)3):1[?[ (Z:UUL

coopet g i 3960

acatfaccct
tgctttaagce

3780

cacaagt gege@mwaasetsact-ttcagacangategriactdic ccetaagact £ Qcgccaata 384
ggcct ggggt ctggaatgtg tttaacacag attcaagctt ctgecttagt gcaggcttga 390
gtt ct cat PRI ER CIBEAFR AP B XL CHREICGAAYGRAS “gCLETIIGea4c agcagaaaaa 3960

at caaaggca,la¢aagcarac_at cag a_a
ggcctttt cgg‘g%gc‘at %c“tctcaf: ccdag%tg%‘é”a

19

aaaaat aakfa0agkel tgeacatddagei il 601 aar-Qact .ccaaceatlig tcagqttcac

attctcattc cgccattcaa aacaacaaac ccaccacact c_ctatgcag
cagaacag€eixtEaancage T afadagayye et gegacdagct ctageety
tcgecggega catgettatt ttaaattatt taaattatgt cgtttctecc
t cccaagt g af"t“ggf? JaCA gyttt atEREECatt d5gcHa -§oeitgeat
CCag9! 89G6ccRgbal (A8 20300) Acal O L9001 £ AULHOLS
t ct agaaacc tctcaaccCC caccCcaaaaa agcttftatt gccacttc

gagcagt cagt ccaatagat-act ttcaat t gict  t gaagasaaaggcigagt b4
aat caagcct ttcagagtcc ctctgtgggg gaagccaggt ggaagcgggg
gt ccct t aBETI9RGFCT SECEITHFAC ACTELIBLT AFF TG E CRIFOL LI
cagtcat och. gakcagaale. a0l Al Lol ot ,0A005RA083 cocaadact ¢
tcaat gccft cattaagaac ccagagfaad gt caagtag acacaaacac
t aat tt castagiraats anatscaiGt sancecaanggeiflact tidGeagas
ctcttcccca acaactgtca acaactgtct gagcctaccc atgtatgccc
acacacaci®-dCat at aC5E 2 BCRCa B UCRE 2 A GEYRFFG C g aHC AT G
gtacttaata. aacgacta ttctcct ctcgaatagt tccttaccac
t ggat ccggg13 t cc?g%taa%? agcgaac{’tca?:%%% A% tq gcé?c Ca aadcccadi
aat gat ct t egagbet £1eggc el ¢agearg - 200acan0ak satdatgttdde
tatgacctct tctgtctcag tatcggcagc aatttattta catggctttg
'([) zi'; gg g'z 85?Ccétagga@:&Fgatmgemtglat@,@sa@ctﬁsgtggcwaggm

ccaggragge tattattata accaggtage tgocgagcta ct-ggtogghte

t gccgtaact
tgecataaac
aacaatgaCC
gearrsgat aa
cecttttgtc
doT Y59t aga
93t Qlacbbi t
t gggaagct g
Bt LRicAgat g
t ggaagat cg
SRR FARE o
et &dRatogcC
gthacacaC
toecaeaaya
cctctcctcc
FRTRaEn
cecigtgatt
gagtgtgtta
gaggiseast g

coorrtLgte

tctagaaacce
gaécagtcag
datcaagcct
gtcceottacc
cagtcatcct
tcaatgcctt
taatttcact
ctcttcceca
acacacacac
gtacttaata
tagatcoegga
aatgatcrtc
tatgacctct

tatgtgragt

tetcaaccec
ccaatagata
ttcagagtce
taagcraatc
garcacaatg
cattaagaac
gtaattgaat
acaactgtca
acacacacac
aacaactata
tcctaatact
agtgtctege
tctgtctcag

atggacatga

cacccaasaa
tttgattctt
crctgtogeg
tagacaccct
agtattctct
ccagagtaaa
catctcagec
acaactgogt
acacacacac
attcteoctgg
ggatacaaat
cctcagcaag
tatcggcage

gggtgcatgt

agctottatt
tgaggaazaa
gaggccaggt
CCCacLCeLe
gaggcadggaa
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ccrotgtgatct
gagtgtgtta
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21 JUL 2004 PCTIUSQ 101740 16 ECatCt _t_c ccca.tcact gcccagtggt c_::ggattc
caaactcacg -cctcaccc= 5340 tgggaactga gccagtgccc cagctcctaa ~~tcccqgz |y 2004

-. tt Caaaano egbslsgat t a~ 54C0 gttgcccaag tcagccttga acttaagpgiakhiegnct 9

caagctttca cctc-ccaac 5460
tgttcaacac tgtgtttgg= 5520
at aaaagaaazaasgi-gatta: £280-
cccaggagat tgagggagaa 5640
ggaacaccag=getaaat cegpBr00c
agagaaaaga aaaa aaa?%gﬂ5ﬂ260
t caacat gca at ggcRaat H 5829°
at gt cgaaaaabeldLat tac 2880;
ccgttaggta acct tcatt 5940
gat cagt ctascecatdtaaage 6600
act gggggcg gtttaaacag 6060
cccccaccCErBaETGFECETY B12%F
o0t 000G PRRRA0LLE: G180,

t gt cggat ca gcaaaccga

ct gaagccag:-getaddaggega 6305k
ct cggggcct taaggccacg 6360
gggaggt g&@é2EFreSdc et 96a2%R
caggccgg ccagecttt 6480
gggggt ggggctgb’tcc“t%%g%%ﬁtcggﬁb:
gaacat aatchat G LCgt 4 GBOE:
caacgtcgcc gtgcgceccttc 6660
gtacttt ga&ct e cgeget12t6 70
agagaaactc_ct gggz%gaa;tt 6780
aat caaaat £ t 1 gcatt aaa 682%F
aggaact aGkatiAak acambOUL
ctaagggatg atttgggttg 6960
gggact aaac2gaaagagt eatacgock

t cagcaggca tcttgaaaaa gaacatcatt tcctttaacc
ggzagct gt t1gaaacgcagtg cattttttcc tctggacaca
Ratgaalt 99- A8t oot gdt. gcdagtclac, aatcctagaa
gcattgctct gagtttgagg tcagcttaaa ttacttagta
getataggatcdgtct oraaa: Ggakagagaaas aaaagaaagy
aaa aag?g | aaaagaagga atcagcagag aat aaat aag
H5E7I9°¢ ag*ﬁééﬁ‘étgaéf“?g‘ift‘ffi at*agt 143§t gggdda
degalidettg dtaccaaqgl. teaacqalgg, cltectogat
ttctcaacta cccattatgt aacgggdgca ttgggtactg
cegatdtrtat: Rght et gagLabeyt-eagdsHagt gcigac
at acaagcat ttaagccagt ccggagcggt gactcatccc
ICGAYAGAE g FGE YL CE P CEGYE FageBIIBACgCBEE

t.gcce cgeccctttc cactcccgge, tccececgegt
T eoeget bt ge Sr e gt BCR 0t $45cugyete
ggCaLdeag CLaalch6EHL IELg 28964 GAIEya RS JCTGEt
gggact agga ctgggact gg gact ggggct gagtct ggct
AEEYTIRge g P ras e exg §arpgaacT gaagecamtagggeage

ItCCC a ca attgac agct cagcat c Ctg at
AP0 T T OP Tt FLISCEeTT (O AP T A ct aPHAC
raki&fzrggan et €Al acdeGestd geaca Qhtt calhpt

actgcccigt ctaggcgttt tcatgattgt ctattttctt
appgERgCaAgit SHgLIYGt getracagaatictet taseatt t Govba

G R AR D TR

cag@@&fgg@%cgagg&cgé&cg@@w%@g&&@?t ag33gag
tatttgaatc tgacacaagc tttccatatt atftatagca

ccgeccotgecce
tectggygcget
géactcagcc
gggactagga
ctgergegey
cetLeoeccgay
gteccttgget
attccaccac
actgccetge
taatagcagt
gggactaaag
atgccaaaca
acacatccga
tatttgaatc

tttctgaata

cgccecttte
gcgregeatc
ttcecgtegtc
ctgggactgg
actcctogag
ccagattcac
gutttctree
agtcattact
ctaggcgttt
tgcgggrgeg
acgtgcaaat
tcttgaaaaa
gagctrcogag
tgacacaagc

agatgcaaat

ttggtgagca tcacgcceceeg Coccctogoee cgectagtoc 6180
cactccocgge tcoccecegegt tgtcoggatca gcagacegat 6240
ggtggcaggt aagcgggcetg ctgaagccag cocttggcgs 6300
aagetcgget cactgcgoct ctogaggoct tgaggcocacy 6360
gactggggct gagtctgget gggaggtgac tgtacacccc 6420
gaaccgaatce ccagggcage caggooggga gocagocotte 6480
agctcageat cgctggggat gggggiggaca tcottttgac: 6540
ctctttgtag tagctacagc gaacataatt ttaccteogtt 6600
cceotigeaca gttucatict caacgtcgec gtgogootic 6660
tcatgattgt ctatcttctt gtactttgaa taccgtggtt 6720
tagaattctc catttcctta agagaaacte ctgggagaat 6780
ttaattatat cgcaaacaygg aatcasaatt ttgcattaaa 6840
ttaactattc aatgaagaaa aggaactact ttacctacac 6900
gaggcgaagg aaatagaaag craagogatg atttgggttg 6960
tttcrcatatt atttatagca gggactaaac gatgagtcat 7020
tazagcaagt ttgtttgttg tctttacatc tattaaatag 7080




tttctgaata agatgcaaat taaagcaagt ttgtttgttg tctttacatc tattaaatag 7080 WO
01/53340 PCT/US01/01740 2 JUL 2004 17 acagagacaa tggcaac3CC aac:ctaa 7 L 2004
t agaogt twe o¢kfRGagtgt ¢ t _gt tggg aacaagtcgc cctgcttaaa pcafuagapas
attgctttac aaccaacaat c_tgacttga 723 cattgcctgc gtttcctttt gtc=attcct
tttttaaaag aatagttttt a_ :tatgtg 726017ca:gagtgtt ttgcatccac atzcycctct
at acacacetaggget ot gbggsxact caacags¥220acafrghe cd@daad@eCel 849G -a68 agagegt
tggatggtta tctgagcccc _ cacagcgg 7350 gagctctgaa ccaaatccag gtcctctgga
agagcaactH Gagei Tt a3 dae 2t IXaa6° THU B L LIHTGe e tPcar BGCcttTeaszat atti g
gaaaggag ¢l act catgcetgge 7= 00 _atttatttca gagattaact gtccgggtaa
aacttgac%%xggé§%§€%2g9§%égt%T@gft?%Bg““Tgﬁég?fﬁé?g Egaﬁtrgétag%tagf%ta
agt cagt t agr @gesdd thbtagleat goi-t-gec4H2Q: 2440t t aght tpgaol ot gt Ligt gaged ¢

. attaacaggc tttcaatatg tacctggaat 7690 ttgctgtgta gacCagacag gcctcaaatt

t gt ggcaalI=EEEEEIT gEatcCHIE cragaas#t40s34gactd ggtaagaggcat aaaaggAcCcygt gre
cagcagtaaacg%cgalagtggtt aggtatggg“7600 tagtcgtgtg ctgtgaccca gaaaccccac
tcct ggcaatc ttact gdgan gé HEACa" 609> HRFGUT G5 YFagctat-ar teRft ct JTayt

t agagaaagd: dagalLcaascd-caaanakea: 4 gaa@ggg%éé%ggkg&ta%@a@&%@@g&ag%%9
aaactgacaa gctcatgatg gaagccgagg 798 ccafcgtgaa cactcttcat taggcccc
acgt at caztittggyyac dasitigagagitcagagBddfacgisacagglzaaaggagacaaagrged t t t€a0g
actcaggct%:tctcagtgaa aagcccagaa 8100 %%gcagtaat t gaaagagct cagacgat gt
gt ct gat ctT@FETHt OGP THR tHCT Gt~ B P60 O 5T (EE A rEaacT T aoE ESfgaadiffaa
aaaaacag =t Ccl L at t.act t aacg g
gat aggt tﬁgg’?gg?%?gt%%igégg? ga?:tétg ggg%%ggtt‘gatcgg%cg%ggtga%tta? g%atg‘%'?' £° &gcgaafg gt
tt gcgct gemaetit etd ghcdadagat CRAGL 8283405t Ricgat € At cddcge g gactagdd t aniat t
agtttgatga tttgcatatt acattagatt 8400 gtatttcagt tctcagactt atttatcaat
tctagttt tTCETTHR CHPICGLER tHRAGH THCO2IHGL 2RI GAGRE FHOE t TTHFAT Bt gadktat
tt caaccg%tggggtagge@géga@cggCgaggs&cgagggcctgggggg-} A L o e

aaccaggat g gctgagcctc gccaggagtt aagt ga “tacg  ctgggacgta

Cgggt t gogHgacafgagad-cat 6008QYHG-ALA40agataC AL 2AGE AAZAGEa BRJAAYGI JA
cacggacgct ggcctgaaag ctgaagaagc 8700

accraaaggt grtaaaagceca agcagttaag aaactgacaa gctcatgatg gaagccgagg 7980
ccatcgtgaa cactettcat tttaggeccce acgtatcact ggggacaact gagagtcaaa BC4O
gtacaggtaa ggagaccaag getiitcagyg actcaggcoctg tctcagtgaa aagcccagaa 8190
gégcagtaat tgaaagagct cagacgatgt gtctgatcic ctoctgtttgt togttgotgt 8160
attatttcca ctaacttatt Lgggaggaaa aaaaacagtt cacaggettc ttttcttgaa 8220
atacrtgggga ttgctgggat c¢gaacccagg gataggbttt tagtttctaa aataacatag B2B0
atcatgccoct gtttgetttt tggaatatgt ttgegetgoo cttattttca tettcaaata 8340
crtgctccatt ttgcgtgact ctttagtatt ggtrtgatga tttgeatatt agattagatt 8500
gtatttcagt tctcagactt atttatcaat tctagtttic tctttttgtt gtittraaagg B4&0
actceoctgagt atatttcaga actgaaccat ttcaaccgag ctgaagcatt ctgocttoct BE20
agtggtacct cgactatcag gtgaactitg aaccaggatyg gotgagooce gecaggagtt 8580
Ccgaagtgatg gaagatcacg ctgggacgta cgggttgggg gacaggaaag atcaggggyag B640
ctacaccatg caccaagacc aagagggtga cacggacget ggccetgaaag ctgaagaage B700
aggcattgga gacacccoca gocrggaaga cgaagetgect ggtcacgtga cccaagceteyg B760
catggtcagt aaaagraaag acgggactgg aagcgatgac aaaaaagcecca agcgggcetga B820
tggtaaaacg aagatcgcca caccgcegggg agcagececct ccaggcocaga adggccagge BEED




aggcat t gga gacaccccca gcct ggaaga cgaagctgct ggtcacgtga cccaagctcg 8760

cat ggt cagt aaaagcaaag acgggactgg aagcgat gac aaaaaagcca accgggctga g820L 2006
t ggt aaaaﬁwg%%cgcca caccgcgggg agcagcccct ccaggccaga ag 961 RS0 21
JUL 2604 3340 PCT!USO1101740 18 caacgccacc aggattccac caaaaacccc
gcccgcect cca aagacaccac ccaaccctca 8948 t gaacct cca aaat cagggg at cgcagcgg

Ct acagcagts geegyyr aega: eagyCaniaasc 2000- - £396a9Gege: { £GEUEALLE Cat CCpifce
aaccccaccc acccgggagc ccaagaaggt 9060 ggc gtggtc cgtactccac caaggtcacc

gt ct t ccgeR?2ZafatT GeEcageagacagec 20t s Ece st gecesatage cagarect caagaatgt

caagcccagg atcggctcca ctgagaacct 9180 gaagcaccag cccggaggcyg ggaaggt gca
gat aat t aa Cgé{éa gCt 9T A Ctte téﬁ‘é“r9246ac%g?g%%q‘fét=%ﬁ§ g‘fcga@‘é’taa%%Eaagg%‘t”aa

t at caaaca gt 6609004 3eg9CANLEL 300 cgcagacadt ¢yt acaaascag fdoacgt.gag
caaggt gacc tccaagtgtg gctcattagg 936 caacat ccat cat aaaccag gaggtggcca

ggt ggaagtr-caaat ¢l gager@act tgaecta @ 202arzaaggncagasgicce agiqagaaagat t gopgt C
cct ggacaat atcacccaccg tccct ggcgg 9480 aggaaat aaa aagattgaaa cccacaagct
gacctt ccye 9@5@%1&6?0éjﬁ%efga&ﬁ@%c'%é@g%‘%4@ataé@a%%‘aé@@?%@@a@%ﬁtéag‘f@t aceigt c
gccagt 9ol cbebag B ££CLGa66::2800,  Qgat t cgaccggeag
cat cgacat%cgtiagfc}fé?t%gcagct c%é ;%ggat%gcgc% &ggf‘:?%%é?i&%%%ga gcc c@ct
ggcCaagtsyaggediggadaacaggcocacdc aadfi@gegyircasdagraa t@gac grggagagaa
t gagagagt g tggaaaaaaa aagaataatg 9780 acccggcccc cgccctctgce ccccagcetge
t cct cgcdgtr EeYtadt t 123GGa? CRgaToT8485 PR Ata #aAkF ‘CagarIAt§eatat t YEhgcC
ttataat gﬁaggggggaaaggé‘@agggg‘?ta%gggéggg:gggctg%%ggaatatag:égccaé%ca:‘g‘ :%cgc:c,?gg%{g% ;;{ { t0t ¢

actgcattct "agttgtggtt t gtfccaaac fcaatgfa tct ©dac

9990 aggaaataaa aagattgaaa cccacaagcet gaccttccge gagaacgcca aagccaagac 9540
agaccacggg gcggagatcg tgtacaagtc gccagtggtg tcotggggaca cgtetccacg 2600
gcatctcage aatgtctoct ccaccggrag catcegacatg gtagactcgc CCccagetege 8660
cacgctagcet gacgaggtgt CLgCCctccect ggocaagcag ggtttgtgat caggeoectyg 9720
gggcgotcaa taattgtgga gaggagagaa tgagagagtg tggaaaaaaa aagaataatg S780C
acccggecccoe cgcectotge Ccoccagetge tcctogrcagt tcgggaattc ggatccagat 984¢C
cttattaaag cagaacttgt ttattgcagec ttataatggt tacaaataaa gcaatagcat 9900
caﬁaaatttc acaaataaag catttttitce actgcattct agttgtggtt tgtocaaact 9960
Catcaatgta tcttatcatg tctggtcgac 59990






