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WD 2009/ 090190PCT/ EP2009/ 050387 1 MOUSE MODELS

CARRYI NG A KNOCK- QUT MJTATI ON OF THE GLUTAM NYL
WOYEoASHIGENE The present invention rel ates penverzodys0387

to knock-out animals, in 5 particular nouse nodel s

havi ng a knock-out nutation of the Quct gene. Qoct

(i.e. glutam nyl peptide cyclotransferase), also

termed gl utam nyl cycl ase (Qé, EC 2.3.2.5) catal yzes

the intranol ecul ar 10 cyclization of N-term na

| utam ne residues into glutan1c aci d

MOE@E JEBEYT GRRAE NCpt1 ¥ Furife PUTATBEN 15 IHE ST-VANAORTaCHiTdSE GENE

t he intranol ecul ar cyclizatlon of N—terninal gl ut amat e
The\rl\g%srledsueeritsl J@ u?rg#cglgl y%gc %ZS?&}%”%@{/ Iﬁ%;clko%u%f animals, in
pariatcal iezesna e i m@dah@l beuliag @yd«mczcaiﬁcmt ofuteteemi pdl the Qpct

utam ne residues into pyroglutam c acid (pGlu*)
liberating anmonia. A QC was first isolated by Messer
fromthe Latex of the tropical plant Carica papaya in

opck963 i(Messenuthhnih963 b@pﬂ[@e485ﬁcld-128£ﬂsf@ﬁa:¥@)ws also termed

|ater, a 20 corre nd] enz |V|ty S .
TLTOUar 6 5o S T Pk SPC By B PBuCAEo LWFoR THe dptgamolecular
cycdI9&A th dBi ObfmémeZ&ﬁ,naSSSQQLuBéﬁﬁne FIISi}i'mei”u,es\N intoamdroglutamic
ac%zgl'?s%%@;)pg' %3 ﬁG[i\IQ ﬁ%%g&'jcll]ﬁ%er%cﬂgno\%er%f o%mm?nla and the
int@and e lpd melmfemn dOfJeNsh@%f\mlfl@FL ghetpmetar ggssdues into
oy TRt and 25 CURHJBUSr Wi i ok (fleal. 1987 J i of

Chem 262, 8532-8536; Fi scher, H. and Spiess, J.

1987 Proc Natl Acad Sci U S A 84 3628-3632). In

Glbﬁdﬁdﬁﬂﬂn cydiiddal (docaktzat Bon. expenicaRRLes0fth@Cintramolecular

reve l.ed a cali.zation.with.its puta |ve ducts
Y Ay e PE %%&W&W#%‘We eSS BoP ng ¥ roglutamic
acitche (pG@gést ediBOfamch ¢ ormnimorpept | de GOr merre symthesisolated by

Mes(s%oﬁ‘:k?%? TtheM LQEegl oflggﬁe‘] %?1%%1d0195%99| C7’r1caf papaya in

445- 4 In contrast, the physiologica unction

19Ghe (YraferQc s 118§ cN@wrel rﬂ&%se 68 %Phe enkyweefpomdater, a

coree RAPRYiGg a é@i@ma@l&hea@ka%tg}efw ageiAStered in animal
pltpatho enlc nlcroorganlsns was ggfg%gd (El, Moussaoui
C

ALt Vgl (BagPvooY-Cél1 ol eL.faés J55g-cg7gyem 262, 8532-

853ﬁﬁéﬂjs&hélb Wr om other spliasts wera98ﬂHMId¢enaby Acad Sci U S
ri sons hl, S W et 00 Protein

: ég %ur|%%§g?-2§? an Thé PRSI og? cal%EUnc PR oron of Gin

lnwmeg@lenpmnﬁﬁ houédemelshQWnlﬁqmnﬁ@woasecuwgors of TRH and

cnr2P0PA 0901 90RCT/HEP2009,050387 ?9é”ﬂeJQ%id<1n°d\Pi‘eIﬁf O8b, 8532-8536;

pl ants and animals show a strict specificity for
Figchgtut dhd né- i anghePheeer niynall 45dsiftiash NoFtk hecad Sci U S A 84,
3683t estandqtihel bnki netiicg shehasd ori wasi 4 rQUélQpé@lments of QC

he M cha [is- anten equat i on (Poh
re Ve o NAOT LACRH. BF L0hG Mgt 5 To0sbuibbege . broducts of

cat@dngsdlavoin AboR.inet @ituﬂ%ﬁyAﬂéerhG@h@Mﬂr?(B{lrﬂgﬁlthe suggested

fuﬁéﬁ% 537%Q%§§l¥%8§origconp son o | %@%@%@%ppeT M. et al.

19%&rué&ur@@ugpenﬁécéﬁﬁoﬂronﬂc péﬁéyé5éhd thbm oﬁ3Q¢R¥ast, the

phﬂlwd@l%ls%m%fép%@@?éu%’t @@V‘@ge‘iesg' @l@%tr In case of
reveal éFsequence honol ogy (Dahl, S.

thezo%@zﬁ?%t AMESpr BERG¥a 208 ??1§6)1n\/\'ﬁé@re%%a%ed6¢§ﬁ§e against
pa tQCyaapeati d 1 e} ONigs D @@e%@@éyt@dfam| Yo(PaBbui$S. A. et al.

20Q%an§§ﬂ?aﬁkéﬁggﬁgrgEfggn Eﬁ%gg §%pro E%g£get2§ﬁ%négonl other

plararol egye t ddbactiénidl byn$mmmﬁm¢®ase&p@8asenan(D%hkz S. W.

al eZtOO% @P&l?ﬁllocﬁgﬁkﬂ rP){Jh 2]($46 }42§Q%S an ea n&%lologlcal

to the conclusion rom pl an an
funehiendich difee éa\nﬂwft@iSonehqweofrargu nss SEP 102 aotor Bugiss

di scl oses pol ynucl eoti des encodi ng i nsect gl utam nyl

cycl ase, as well as pol ypepti des encoded t hereby.
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20 This application further provides host cells
conpri sing expression vectors conpri sing
w@odognombeot i des of the invention. |Isolated  PCT/EP2009/050387
pol ypepti des and host cells conprising insect QC are
useful in nmethods of screening for agents that reduce
gl utam nyl cyclase activity. Such agents are descri bed
as useful as 25 pesticides. The subject natter of the
The gﬁﬁsenkwhnvﬁrmmoplhstgaahdcwmambﬂsusﬂixw ansthécti epdcificity
f lat.e es e f _th j
for R opRtea PR IS PR, R 1 AGS, S5 0fraces ana
theighadriartterd zééhaylamncwarml fasedmil@at Pbayofthe Michaelis-Menten

equa%)_gbﬁac@édkﬂ ar ramy0i dot i ¢ jiaqpesc chegel VA@§§O@S'C@J ed s a ss,
dyst r ophi ¢ neurones, reactive astrocytes

and
1005&1‘&%6 i a COTERAY O R A D, P andt Katz nah? 8 SR AnFYg B ygppem 175, 131-
138; I\EEUlQJlpoﬁfA% SQE & eaner 1966 CBlcanch‘émg,Ho@peWieyler 377,

_ 4 BIOC em _Bi.ophys Comm 120 885 890 I nt ag
3952385, "y Tig 3B s TR b Ca e ShoBte, OCs Erom
C. phpata alandl9®BaBmalf Pahholhﬂcﬂﬂy 0831992 veSel ROe,f dm Jmammals,

1 Physi R 741-7 |

howe%ggbrégfgtgétag% %f’ &¥ ggé aﬁgﬁtﬁgﬂ%fﬁﬁ 9@?1 5. M. et
2bb§¥O@GQQ@P@TﬁEP@Od@#05@3Q@ 33%ﬂ&ﬁvedwhﬁr®ﬁ% the plant OCs

appe@@tﬁgg%ﬁﬁ%h@-%ﬂﬂeﬁﬁﬁﬁJQ§§ﬂ§MbcﬁaM¥1y (bypot hesig. et al. 2000
ported by genetic studies (denner, G G and

ng
PrOtéanEngfM BF b hérr Bicdphys » Re%h%oW@%élagsgcggd“ere found to
haveB@r@ﬁ@dﬂud&ed?séﬁuéﬂce]KEMbT@@yOﬂo1Bacﬂ@95a10&ﬁ;nopept1dases
Lemer e, et. al t _Med.5 2, 1146-1150
Batﬁgan’ DR (é deﬁmé%subgﬁﬂﬁp f@é@ﬁfghfgﬁgbenéfat93%4 S11250),
leadin§- 120; tMthonclN@len alhat199% Nafs Medo8, @Aty and animals
havese %Qgregt évo%gg}oRQX '8& 8@%581 741-766). A3, is
gener at ed by prot eol ytlc processing of the 13-anyloid
precursor protein (APP) (Kang, J. et al. 1987 Nature
EP @%5 OE$3'@%5 Selkoes1déed. Jo1 19981 dsendss CebhcBiOhg insect
1 , 453% which is sequentia Ch%ycleav d by hereb
g Utf§l§¥ r et RSEEEE t I NYPdrmi ftis RmdYBP y-Sotr srigsieg thereby.
Thlstheaﬁblemmtnuﬁ cﬁfu%ﬁ&e@Haaﬁﬁpv€deand Isetkoe,cddls). comprising

] 10 4 al, 6
exorf 2556t eyl S5pa002in S ISR M 6Lyl 100 yvention.
Isolpeptl deslwreptides wetnd [hosp aeliihe ABUN-IEkg ngssect QC are
use f(AL3L- 42/40hs & fArLate ety ogenel d ¥, of @h&@rﬁbaébéyglutamlnyl

truncated forns occurs in senile plagues.
cyclgffrt erédVpépti desar e IEPUTT e tD b%e%lfjeb%ur%% oxpgeful as
pesthiBidekr,o and to aggregate nore rapidly than the

full-length isoforms (Pike, C. J. et al. 1995 J Bi ol

Chem 270, 23895-23898). N-truncated 20 peptides are
The ksowhetd bestower prodduced ipresehy onsedntfiam | iial APrticularly

omee A0l Sublect . (gaide e st gl AU OBy evarrae o

thosgg b@p@ar Pée?rhqﬂr%ﬂﬁ g oDulﬁ»@ﬁé@se M@hea@@ru A D@)wasse (AD) is
char%ﬁ@@&@ﬁ%d(DskybrabB§OQBH§soaa@bu%ﬁléklo$997OEEBSek%Ebcellular
, 411-416, Russo, C et al. 2001 25 Neurobiol D's
amylglf‘?ﬁlfsﬁlaﬁél% r G SeLY |25%qcigted gegthy NEaF bpaihel nevrones,
reacEXpeN%@ﬁdodyﬁéHSéﬂa mf%f@@lya theirryamsuntd r efd®ckstzman, R.

198 5 A G B et 409 CatLd1E G et AL By O e 108

BloczemﬁBlophys Res Comm 120 885-890; Intagaki, S. et al. 1989

J Ne'iﬁ%&‘?&ﬁin%’lcezlﬁf‘?’ ﬂ?urt% Mg ?;' On%i Ppost - Man%@%‘ ofal 5 pathol

ocesses he N ferm nus
152r|s% r?%%tldﬁabﬁoﬁacéhlzdtloﬁoéi t Hev asphr thae §ﬂ 741-766) .

Amy1B@si-bken 1 @mrthrévandcby cyclizati %@l@yta&@ée ghe primary
resi dues 3 and % g%ro | ut a tecontalnlag oforgﬁ .
COmPEBSRtFor 3 FHELILBARIITAGPATG ept esERPSEAE BFotihent dlreCtlY
forns -approximately 50 % of the total Al 3 amobunt - of
35 the N-truncated species in senile plaques (Mri. H

et al. 1992 J Biol Chem 267, 17082-17086, Saido, T. C
et al. 1995 hburon 14, 457 466 Russo C et al . 1997

—pe—— s~ 8 a2 a A A A AA I~ A NN O
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WD 2009/ 090190PCT/ EP2009/ 050387 4 Geddes, J. W et al.
1999 Neurobi ol Aging 20, 75-79; Harigaya, Y. et al.
wQ@o@d/oBiechem Bi ophys Res Commun 276, 422-427)pandPioo®ys50387

are also present in pre-anyloid |esions (Lalowski, M

et al. 1996 J Biol Chem 271, 333623-33631). The

accunul ati on of Al 3N3(pE) 5 peptides is likely due to

the structural nodification that enhances aggregation
invoanddcanf ehs nesilstomrees it0 arstpand nos pept | dAsB8, a hypothesis

i.do, .. T. . _al 9 7- 466

supphfel b gEnp B e ot R hknd 73, and Weng, C. W,
19841584c15680)B1idamiss eftderoampriodd des8et gae; f@prézheil\t@tét R. et

al. fl@b% R ABINIPEN Reptiides EQpidy AD cpatzbog@@eaﬂs 1996 Nat Med
wever , relatlvely li'ttle i's known about their

2, né&ﬂét&Ql@vty AP ggr egat i ol - pr ot i est{FHeSURRy andl- 1996
NeurBaegewer€tidn 5999 1Bi-actem ¢ityo38, M108¢1a1Q87K97 Nat Med 3,

ek et al 99 rochem 73, .
67_7%58%?@%@? l\}%re 200?11 g@tyﬁéﬁg ﬁ?}ﬁes%f”l soforn®dn AP 1S
geneghicald datlerandothelglm&bcmespﬂmseofothbes@—dﬁylomd precursor
prot@retplt' @esHar %a %rrpldet &ly Hnknoygl 1@%%@9&%‘2@“ '7§'§§t 8ds; selkoe,

'S strl aSSOC|ated to seni ues and
D. % gh%%etfméﬂfy @@dtlru%mle to tihe éééumulvdtmih b$ sequentially

clea@@d' o deposiisasdnarecat §Lﬂgkﬁ§nﬁgeatn@(|k9}“ rsecretase at

% %thon properties and catabol|sn1of g% 4

the '&r nu[sp@uﬁ) é%aﬁ%sf[ﬁelééjjAf% &)@, J 993 Cell 75,

1039FpCGhal; ! ]sﬂa:hﬁdrils 42Manobt[ pelul 1]1MIB1T- 4 pepidides ewedE-908) . In
|nvest|g ted neur.on and. gl.i al eII cuItur S,

addlttlowas Sﬁtown ?%Hé npyrogqsupapm gersm | rtlng t% Laigsp at the

N- teemaoesbatk&lthé/t@kjCEprgpeatle@et¢r¢g6n©epY|dee Hnderminally

trun@lan%%d' n@oq]njr'sc‘ t@@étﬁrgegﬁﬁdats'egﬁlk%y (iﬂ cﬂfeeéj Such shortened
astrocytes. Shirotani et al. investigated the ,

peptgdrer at TdOn 16 2% LpGLa 3| Smﬁéﬁtlfd@sm?\o%t? mefy vitro and to

aggr_%%éﬁ:iecaﬂoﬂﬁuf?@§dlﬁf fé@l‘étgtd e S'Eﬁﬂﬁbi—%}emt;ﬁﬂs 1igd AGr0. (Pike, C.
ey cons e ny oi d_prec rof ei
J. 85r‘r‘p? men %$§ g&é Bagggﬁ{}i3§|98) . N-truncated

peptpdeeueﬁerkh@mn{p&ﬂxﬂﬁ/&ébﬁgmdﬂndnmiamhdesnbgtbhuetoﬁamilial AD

nd ele i ar |f|C|aI $0 rt| _ )
FAD? zﬁ%é%% 9fjoglu an?ne re3|3§%£|n§F % 4o7-466;
Russgbuﬁanﬁﬂe dh. theOpalarakeph€bur ol - 5§2§poﬁnanemmear early and

to IGRMNEIS OPiOf 8BceNZY Ml CODYRESHAD Qbs@lﬁfﬁﬂﬁy| (Russo, C.
ot %gclase to oglutanate was sug sted The

C|Ii%%70 chéﬁF§n1%@9t+t%%%n gBH§§ﬁateCat et al. 2001
Neurp®sblli onid iB,the7satgoal meewﬁear off .[ pGlU3EAl 3awas 1998 J

er d rm.ped i |tu nar. in vivo
Neureeﬁ%%a AT Then ndiredu L B e amount
refl@ﬁt@OOﬂkﬂ%&M%M%ﬁ%£$@0@9h65@387df'Wms dtheaeelﬁRmsso, C. et
. Chean needsi niLhe ardofery they proviginal kaockeQutay. 2006
ni mal s, I cu noc m ce ich carry
Neurraﬁeel%neat m].n‘lét,l on4ipa-tHé) Qct A@éﬁél@p@éferﬁ@ﬁt] translatlonal

procWBeEeei mathi s, miat i Qo sheukdcbeRroviided iy, bothnd@rization or
constitutive and a 5 conditional manner so as to

raceghzpltd OBxalt |EU%St?@%??B%%ea§Wﬂ)Hqﬁ9W%ﬁ%véhcé”5hd and Dy
cyclﬁ!@bembhabﬁ)f gﬂh@a@@bl gﬁmire81$hésal3ﬂ ahdt hiis. Pyroglutamate—
nventi on s to devel o no ut. am
Contﬁﬁaepg &gr&aﬁﬁ' cé%§% |v% EQéa C%@g ?? %% represent the
promkneck- d@&m£01ﬂppnqxnmaﬂehym5@p%togemee tegpdctifrednyount - of
the %U'\é%%%a@%d%%éfﬂ\é@\'di' rg\lsé‘§l]TQegE5%?8gt M&‘ﬁ”t 0N o+ a1, 1992
an ns

roses net ositi of non- human

J Blmwbc@h%t%% pattdZul &i8 frantai fan, Tnodel seforl. 1995 Neuron
Q@@M;ﬁt@t ecddiggases. @BﬁCAIi caldlay, | thap{ﬁ@@@t ht t409 411-416;
i nvention conpris uman ani ma els at ha
Teklalr%ﬁoctc“ ot T st on P21 He NGpRerGae L RN B T T 76-94;
t he knock-out of Cpct 20 Anot her aspect of the
present invention conprises methods and conpositions
for screening for Qoct inhibitors/effectors.
Addltlonally, the present. |nvent|on conprlses met hods

~ - e . - o, gy .
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Accordingly, it is an object of the invention to
provide an 30 animal, which carries a Qct knock-out
wondoabdam |t i s another object of the inventiPOT/EPR2009/050387
provi de DNA constructs carrying a Qoct knock- out
mutation. 35 It is an additianal object of the
invention to provide DNA constructs carrying the Qoct
knock-out mutation linked to a pronmoter. WO
Gedd2609/090490PCTRER200®Y DoNS87o6idt Agiadf Wrlt,hef5obp ectiarigaya,
f _the Jnvent. I QV] of; hynan [
- egyggénfk&%%g%‘%%%%?églﬁﬁEggﬁgfgagﬂ-out %ﬁ?h??%%?gg l and they
are jxlam adeisensnaln ojrecerofl aikle |avepns on(lted opredidi-deMa et al.

1996N@NRE hurBRani "Bl el sysipm tohst ddyuhlieat DoNi ¥ ARN3 (pE)
and in vitro regulation and effects of Qpct in, . ,
PePLfEei f e t156TeYt yPes. 12 it PhrrérIonj eBPdef LERé1on  that

enhahB¥ent kgartgaphovi dand nesnliemen asswekanvdel tsyshestr amino-
tq_study the function, and concent Lrons_of 10 _ ,

pept i dn S LY ATALEShodt 11 Gt hoFnofss. Tt pRarethpiyl: 4577466

Tekicyaokiﬁb.ahd Ghenakpnelgmmcﬂidﬁagﬂ&mhmwe§ént IasAentidsh . This

evidBhOY %‘%%vﬁ'?i%rsm&l d cal - compositiens. fior é’@rﬁ@ﬁ@@t) eptides

. enteral or oral admnistration, conprising at | east 18

in Mherethegesesop - QClopVnal F§lrAIESAEI nathorf wilfh known about

thei%??h@?@b%o%@&&k?rSaﬁgd/?ggﬁé hphgAts r@@@&@ﬁ%@ sqhd, w. and
effector_ o was identified by e foy he .
Barrgly eéni Hg Héﬁ%%d%“%ﬁﬂ?%ﬁﬁﬁrﬁaﬁggk-%&? hi&%fé'o?e¥hﬁla“' T L.
et apr.esernd inveatiooheR07BRI ESSBEICRIOPTI ON @ovEHE FKEREScion of
thesFuritsho orl‘rlnndecgrslt al’iq!al’ig gef%frsheggdancqqem hf{aﬁsp:eecst %n%fe to these
the presen Phvention Wi be gai ned %y fef ereéhce to
peptiHest i gueescompiebeepresemvithe 1dilowingac28 vRitggr eglia 1is
striékl?“!%gégdiéggdtr%bge5§ﬁ§iéonp9%q%%@3tHﬁﬁg'Vﬁi@@@ actively

condi ti onal knock-out Qcpt nouse lines. Dashed boxes
contraprésent© ekbfs.2SoMTH 441 r 8pr BNtS G nfifBAFELts. In recent

studsegquence. tbexPiand EREelereErins gFf 8oShowds asntl i HeS1 ism of
251-Adormpbin osi PPyG LePdchPon EALLl A0 adf- the DTA
[pGlnégabipue-del emtd ori pcasdet| @] Irddpectpvellys were investigated
in neuronal and glial cell cultures, and it was shown that
pyroglutamate modification exacerbates the toxic properties of
AR-peptides and also inhibits their degradation by cultured
astrocytes. Shirotani et al. investigated the generation of
[pGlu3]AB peptides in primary cortical neurons infected by
Sindbis wvirus in vitro. They constructed amyloid precursor
protein complementary DNAs, which encoded a potential precursor
for [pGlu3]AB by amino acid substitution and deletion. For one
artificial precursor starting with a N-terminal glutamine
residue instead of glutamate in the natural precursor, a
spontaneous conversion or an enzymatic conversion by glutaminyl
cyclase to pyroglutamate was suggested. The cyclization
mechanism of N-terminal glutamate at position 3 in the natural
precursor of [pGlu3]AB was neither determined in vitro, in situ
nor in vivo (Shirotani, K. et al. 2002 NeuroSci Lett 327, 25-
28) .
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Figure 2: SchematicrepresentationoftheQctlocus 35
organi zation. Diagramis not depicted to scal e. Hat ched
whooesoriepr esent exons. Solid |line represents PCT/EP2009/050387
chronosone sequence. Functionally rel evant residues are
hi ghl i ghted. WO 2009/ 090190RCT/ EP2009/ 050387 7 Fi gure
3: Schematic representation of the targeting vector.
Hat ched boxes represent Qct exons. Solid |ine
Thusy, epriesent $sQxct cilpbronmesdeduendse hoxP fand ERE provision of
I nts are sho di.ffere orjented triangles
o T i G A
knockeomycimposien veansekbet iicicagseer e ahdfehebbrAwherein this

mutaf€gat i ¥gosehechionpeassattie, ihespeehi VBl YeonstiELBYGE and a
. . Schematic representation of the nmurine Qoct gene 10

4.
condéfdAPpg THEMiagFamads hot SHEpilet et or sealestpgrésons as to
the repeesant exansotSakidll bAetheppesenysnient ronic

sequence. The approxi mate |ocations of the priners

that were designed for the anplification of the 2
The tragmegntthicf horoltogy ares représented byodb-dtatfanimals, i.e.

r el - resul L - TeAt s .are
o e B ol 6+ oot eaentatt on ot {ha'! Kmock-ous
mutatapgePifn§neeOP6E E6AStr GLEEPBATSVEAY QY. The di agr am

is not depicted to scale. Coning steps are 20

represented by circled nunbers and are described in

t he working exanples. Figure 6: PCR identification of
SUMMARY¥ BFeTHEhOINVENQTON r econbi nati on event. 25 Solid and

dotted |ines represent Qpct intronic sequences | ocated

i nside and outside of the targeting vector,
The respeett vellyerBoxes ceppesents QpethesdonsandERToginogs tions for

non—ﬁﬁﬁaﬁhQ%ﬂxﬁéﬁﬂﬂﬂbl?nt@dyﬂld%ﬁerLQﬁgﬁﬁ%%f§n§r9mdelﬁe for Qpct-

I
represented by triangle. Half arrows ustrate t .
relappimstl 955EAS -sat PR L 302 Ther pbSPt IRFE Gt rotveikletor comprises
non-Wahbnbesrised faprathe sereenhageset timgerpoudhevdattied in the
line within %he posi%hvekcon%[ol ve%tgr represents the
OpctpgPtPontofus&qlidncd that “P'§CaBSBAt °Tn“PR& fi na
targeting vector. 35 Figure 7: Setting up of the 3

Anotgrglgrrga%e%&tr eg@i ncqné Gé}égghl%%{lo%zéé%ﬁ%%é' %nethods and

compositions for screening for Qpct inhibitors/effectors.

Additionally, the ©present invention comprises methods and
compositions for the treatment and/or prevention of Qpct-related
diseases, particularly methods and compositions that inhibit or

promote QpcCt.

Accordingly, it 1is an object of the invention to provide an

animal, which carries a Qpct knock-out mutation.

It is another object of the invention to provide DNA constructs

carrying a Qpct knock-out mutation.

It is an additional object of the invention to provide DNA
constructs carrying the Qpct knock-out mutation linked to a

promoter.
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Lanes 1 and 12: 1 kb DNA | adder (NEBi oLabs) WO
2009/ 090190PCT/ EP2009/ 050387 8 Lane 2 to 5: 0.1, 0.5,
wa 200209gemomi ¢ equi val ent copi es of TOR2- C+ pP@ERPIINI/050387
Lane 6 to 9: 0.1, 0.5, 1, 10 genom c equival ent copies
of TOR2- C+ plasmd diluted kn 150 ng of genom c DNA
extracted fromw ld 5 type 129Sv/ Pas ES cells, Lane
10: 150 ng of genomic DNA extracted fromw ld type
It 1B29bviPash&S celiest lenerid: idder20od0 thi gureriBle a non-human

aningd bl By ek ol bR h o B BYEE: 5P raag TAg 0"
23: 1 Kb | adder (NEBi oLabs) Lanes 2 to 22: ES cel

It fgOgﬁsaﬁﬁﬁ@§g%%ﬁeQa?éJETSEQTQ% VeSI M+ Lane: 84 pbBRRY a non-
f TOR2-C+ vector Lane 25: dd H20 Figure 9: PCR

humapgeit %3 tafPeR Lof S Yhee™! tends Homol dgéus TRecddisi nabfonin vitro
reguevenbn Sabi dfasdtdobtedpkicnes eppresent tQpetici At/peBI.C
sequences | ocated 20 inside and outside of the
targeting vector, respectively. Boxes represent Qct
It iexonsfufﬁﬁesiDbseameC§hGWMaa$ndeubhentmbamngS#kLoxPnon—human
e e t n agr :
i O R ey &7 oGt Sat ane he ergacgpcpgeions of
PYIOEﬁétﬂ@Rtﬁr@QGéﬁl?§ g OBROBeP ow et pritaEss;aldy welvitoggne  and

chembhReneesthie€t ban profile obtained after digestion of
the PCR product by Swal. Figure 10:Setting up of the

5" end PCR screening (GX2633- 30
The me}% GX2634+TOR2- ﬂrﬁ%xﬁﬁrdd‘ﬁér Sharhaﬁeuilcilkktcﬂl‘ﬂ%bs:wlons for
dde (NE %ra§b§¥ Lane 150 n enom

pare g RV aL ol Framw 1 tyhb 1508y pae SEATRE e igg, ar Least
one sefﬂ®chgroﬁo@eﬁﬁh1epDNAnekﬂvact@d(ithmmﬂﬂxbnyp@th. customary

carrgész/gh&ﬁ%fE“QXCQEQE§HE§ whererin said effector of QC was
identified by employing the screening methods and Qpct knock-out

animals of the present invention.
BRIEF DESCRIPTION OF THE FIGURES

Further understanding of these and other aspects of the present
invention will be gained by reference to the figures, which

represent the following:

Figure 1: Principle for the generation of constitutive and
conditional knock-out Qcpt mouse lines.

Dashed boxes represent exons. Solid line represents intronic
sequence. LoxP and FRT elements are shown as triangles and are
indicated. Neo and DTA boxes represent the neomycin positive

selection cassette and the DTA negative selection cassette,

respectively.
Figure 2: Schematic representation of the Qpct locus
organization.
Diagram is not depicted to scale. Hatched boxes represent
exons. Solid line represents chromosome sequence. Functionally

relevant residues are highlighted.
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Lane 4: dd H20 WD 2009/ 090190PCT/ EP2009/ 050387 9

Figure 11: Schematic representation of the 5 and 3
w&oaoloerioo bl ot screening for the honol ogous  PCT/EP2009/050387

reconbi nation event. Solid and dotted |ines represent

the intronic gene sequences ljocated inside and outside

of the targeted region, respectively; 5 hatched boxes

represent (Qoct exons. LoxP sites are shown as

triangles, FRT sites are represented as double

Flgug[a' §”9’58ﬁem§g?.‘l:' riéféé&ﬂl:&&éﬁpéfsﬁﬂé {:Qﬁgét?xgg Fector.

hern proone evant restriction sit
HatcBgdt lere shl st gsseni PRcandxphe - corSadsisondiiR depeesedts Qpct

intrbh@8Men &y f-d | ndI caked wiid deubl eellcénﬁfrﬁ%’\ﬁ atB€ shown  as
diagramis not depicted to scale. Figure 12:Setting up

dlff@FePﬁéYQO%ﬁﬁRWﬁﬁntBPépgééﬁeéﬁtha§?rdﬂg&f%ﬁ?%m|Heo and DTA
boxeéyﬁépBNéenhamaeldﬁﬁ%jﬁldlﬂﬁbL@ﬁﬂﬁrséfﬁiﬁﬂﬁabéaséétte and the

I d
pra 1808 igecBledbiPE ki the . Th bR hths & b TP

extracted fromw | d type 1295v/ Pas ES cells. Lane
) 0 PNA edfgo I
FlgU%Egé g%%?%%ggglrggpLaneﬁégEgéh f ggﬁ%nSEﬁﬁfﬁé Qpct gene
clongpgracted fromwild type C57BL/6 tall bi opsi es. Figure

The:Hﬁiggémdﬁﬁt|ﬁé@a6@@1dﬁaﬁh€ocﬁﬁxﬂﬁg|aB@Qe@”@éﬂﬂ%séﬁ% exons.
di_ at ed excisions events. Solid and dotted |ines

Soliflenrlddint ERBESFRPFSNI ¢ Sediibifces SPEEETER i nsiltie apgProximate
locaﬁubssde of thend ar getimeg svectbatr respesti velgigrHdat chedr  the
o1 JOXES L8B! S35 B BA0RR TS BB, SO Brecentea by
halftamangsesTheotwalteamﬂcmsguEkagmeate the gepmetgd above.

| ocalisations. The prinmers used for the detection of

the Cre-nedi ated events are TOR2-N and TOR2-11, and
Figurgr 5t hécheBakiai atrePrésemtatio- Nof andheORtargeting vector

cons&iraet@bnt BerBEBgpr oduct is given bel ow the priners.

The diagram is not depicted to scale. Cloning steps are
represented by circled numbers and are described in the working
examples.

Figure 6: PCR identification of the 3 end homologous
recombination event.

Solid and dotted lines represent Qpct intronic sequences located
inside and outside of the targeting wvector, respectively. Boxes
represent Qpct exons. FRT sites are shown as double triangles,
LoxP sites are represented by triangle. Half arrows illustrate
the primer localisation.

The positive control vector will be wused for the screening
setting up. The dotted line within the positive control vector
represents the portion of segquence that is absent in the final
targeting vector.

Figure 7: Setting up of the 3' end PCR screening (GX1406-TOR2-H2
/ GX2141-TOR2-I2 primers).
Lanes 1 and 12: 1 kb DNA ladder (NEBioLabs)
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35 Figure 14: 3' PCR screening of ES cell clones for
detection of correct honol ogous reconbi nati on event.
wahamemsdioo 26: 1 Kb | adder ( NEBi oLabs), WO PCT/EP2009/050387

2009/ 090190PCT/ EP2009/ 050387 10 Lanes 2 to 25:24

resistant ES cell clones, Lape 2: positive ES cel

cl one #5A1, Lane 5: positive ES cell clone #5B2, Lane

9: positive ES cell clone #5B4, 5 Lane 14: positive
LaneE8 a=l I5clonk, #6A%, Lané 01l Zerposid iamiiESlceld cdphes of TOR2-
ct pﬁggﬁl Lane 19: positive ES cell clone #5B9, Lane 22:

S|t|ve ES cell clone #5A11, Lane 27: Positive

Lanec@nﬂﬁbﬁaESJClon@ #6A10. 1ﬂog@qymu§:Eﬁuiyakqﬁzs@¢@%@ﬁn@f TORZ -

C+ quas%%dceimpdéaﬂeﬁlf%o dgheelri QR n@niCOormecte NoMDLOYOUS on wild
onbi nati on event. The panel  at the bottomis the

typeséﬁgsgéPﬁﬁeEﬁoﬁeﬁéﬁel after a longer migration of the
Lanegelo: Lames 1ng8 ot Kbehanlder ONEBi ekabs)ytredSLanem2: wESd type
12950? I ﬁg uncut, Lane 3: clone #6A3, after Swal

di Sgt Ré 4: ES cell clone #6Cl0, uncut, Lane 5:
Lanecﬂ@ﬂed#GG@O, after Swal digestion, Lane 6: ES cel

cl one #6C3, uncut, 20Lane 7: clone #6C3, after Swal

di gestion. Figure 16: Southern blot results for the

Figuget 8¢t Pohtdngt up of W@%I%gdﬁtmma??%t eRERt reaction on
ES céimest%angfeétéa hi@ﬂeToﬁﬂEﬁhobéE%br 25Lane 2: ES cel

&ne #522 g % E ¢l one #5C5, Lane 4: ES
Laneée | 2BPone *# Cﬁ? PERELS: Nééleéﬁpsélone #6A3, Lane 6:
LaneES2cebl 2el:ore #6C3, clones transfected with TOR2-C+ vector
Lane 24: 1 copy of TOR2-C+ vector

Lane 25: dd H»O

Figure 9: PCR identification of the 5' end homologous
recombination event.

Solid and dotted lines represent Qpct intronic sequences located
inside and outside of the targeting wvector, respectively. Boxes
represent Qpct exons. FRT sites are shown as double triangles,

LoxP sites are represented by triangles.

Half arrows illustrate the primers’ localisations. The size of
the PCR product 1is given below the primers, as well as the
restriction profile obtained after digestion of the PCR product
by Swal.

Figure 10: Setting up of the 5' end PCR screening (GX2633-
TOR2-J2/GX2634-TOR2-K2 primers).

Lane 1: 1 kb DNA ladder (NEBioLabs)

Lane 2: 150 ng of genomic DNA extracted from wild type 129Sv/Pas
ES cells

Lane 3: 10 ng of genomic DNA extracted from wild type C57BL/6
tail biopsies

Lane 4: dd H»O
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30Lane 7: ES cell clone #6C10, Lane 8: WId type ES
cell DNA. Figure 17: Figure 17: Southern blot results
wo oo09bdaddet ecti on of the 3' honpl ogous reconbP@EEPINY/050387

event. 35Lanes 1, 9: 1 Kb | adder (NEBioLabs), Lane 2:

ES cell clone #5B8, Lane 3: BS cell clone #5C5, Lane

4. ES cell clone #5Cl12, Lane 5: ES cell clone #6A3,

WO 2009/ 090190PCT/ EP2009/ 050387 11 Lane 6: ES cel

Figueckohd : #6C3, Sthereaic Efeprésentanto6€f0théahé 8ndVBI' dSouthern

t I 5 I
blot: ¥BEekHi g Lol the hbidtbGohd, rRERAEINARiBh BUEE: o
Solidvemtd Tedtgeholypes oferirsentpupde( 354B70RHC IBAB | fequences

locakanResndibe %mdf%ﬁﬁ%%kaQhW)ug§rt¥§ {é@nkégﬁogre%gbﬁgctlvely,
with Cre deleter mce were tested % P usi ng the
to

hatCB?ﬁné?o%%ﬁﬂnﬁﬁﬁﬁ%ﬁ?nﬁOR@PN | RS 1 Séﬁﬁﬁy§%ﬁ%héhown as
tr1aﬁk§@é§| OIFRIt afuse Of atber@etsahkelbe asP%mlengtBNﬁhcﬁI@m Small

d_ES ¢l 5C12 (| 1
rectpOFET] SReC 10y Aha B 00 THLt ot e IANE 12) PhgE seanetevant

restascposit i veicent r des: PGRuWhEh@ut bénpla1$£méanmﬁgn and the

Corr%%Eéﬁgﬁg%s?d%ggglgﬁfeQQgﬁf creenlng offﬁg$ikgg§gnlnth double

arrofigr LThe dereeeMoASoRothecréftesciisedcrargeted all el e.
The genotypes of the 7 pups 35437 to 35443 derived

. fr t he breedln W th et nnuse wer e st ed )
Figups BeR usi 1SS0 i RE i npplot - screening

stratelgy- ba @hadesyﬁetDNa respectlvely) to analyse t he

presence.o e Ci as t PCR usi ng DNA from
Lane % Qrgetédkgs 8n¥ @E% ﬁa%e?ll) and its 1:100
LanedQIut4ongwrrﬂmqamqm¢geIDNM Eaheaqzydwégowsediat type 129Sv/Pas
rs cROSLtive control. PCR using wild type DNA (I ane 10)

and H20 (lane 9) served as 25 ne atlve contro

Laneyk :DNA: Liftidef ¢REBMNSCaBYR. eRitd €20: JS%?é@h#%gtb?etﬁ89SV/PaS
ES canipgals derived fron1the het er ozygous constitutive

ct ock-out mal e, t he det ect. of the Cre-
Lanenddi debd brct SPRRCBYENDVATRS Geh oty nde gt The 1o pk2o0la BS
cellEl8242 to
Lane 5: 15 pg of genomic DNA extracted from wild type CLH7BL/6

tail biopsies.

Figure 13: PCR identification of the Cre-mediated and Flp-
mediated excisions events.

Solid and dotted lines represent Qpct intronic sequences located
inside and outside of the targeting vector, respectively.
Hatched boxes represent Qpct exons. FRT sites are shown as

double triangles, LoxP sites are represented by triangles.

Half arrows illustrate the primers’ localisations. The primers
used for the detection of the Cre-mediated events are TOR2-N and
TOR2-I1, and for the Flp-mediated events TOR2-N2 and TOR2-I4.

The size of the PCR product is given below the primers.

Figure 14: 3' PCR screening of ES cell clones for detection of
correct homologous recombination event.
Lanes 1, 26: 1 Kb ladder (NEBioLabs),



10

15

20

25

30

35

30 18246, in lanes 2 to 6, and #18156, #18159 in | anes
7 and 8, respectively) derived fromthe breeding of
wo b@ofopg1sd het er ozygous constitutive Qoct KnocCReDEP2009/050387
male with wild type fenales were tested by PCR using
the prinmer conbination TOR2-INy/ TOR2-11 to anal yse the
exci sion status of the Qoct allele. PCR 35 using DNA
fromthe targeted ES clone 5Cl12 (lane 9), wild type
Lan@@ueetbabb @MameslékaamFEa ke1QOCQE&b@ne (lﬁne 1?? was
us as positi ntrols thout tenpl ate ane
Langy s@P&é 13§ ngﬁéﬁ €e088n%§§¥' Lanes 1 and 13: 1 kb
LanBNA: Ladder i¢NEBISOLals) c1Whe #5B2,
1an20%% QRAISORCTLERR009/ Q90387 1841 gur e 2L 5 Southern
creeni et érozygous @ct Knock-out
Lanﬁ]éé g@@@ﬁﬁ@veNESdp@éétedOWﬁtHSBamHl Lanes 1 and 7: 1

Lan%blaNApb@QQe&e(H@Bbehqb%hon% kape 2: 15 pg of genomc
fromtail biopsy 5438, Lane 3: 15 pg of genom c

LanBNA9frBﬁﬁﬂéﬂwebﬁép§§lﬁlgigée fake 4: 15 pg of genonic
LanBNA2E:T pstiaiilvebiEgpsy 1#18159 Kame15: 15 pg of genomic

DNA_fram tai.l bio Lan 15 pg of wild
Langy 5 gaHGHLd VBNACT F§ CATBL 8 Cal 710 bi bps es. Fi gur e
22: Screening of the animals for the Flp-nediated
. XGj g5l On gav YR&sS ( 1
Flgur%?éfg in IaﬁggzZJ?gegﬁﬂgésggegﬂ%e%gflde?%@%& %%%? d%QeCtlon of
correeﬁe@mﬁoepq%éewn@aaﬁm@@ﬁe@% paRel Bp the bottom is
the s@fleher thel @9 g;?%nbﬁsbg@egyaPQBn@%knﬁle%tﬁbh”%E the gel.

conblnatlon T OR2-14 to _anal yse the excision
Langgatus 86f 1t e &pereal I(8FE1°PERS)si ng’ DNA from t he
LanEaneEedcE$1ch@ee5@£23¢Ianeuil) wild type nouse tai

(lan )-,and xture of the two

La“%?év.&ﬁ& %6€§d e6|aW8 28 %Eftmeré used as
Lanpo§|tE@eceédther PCER1W, t hogtitt enpl ate (| ane 9)
Lan§CEYeE 85 %eg@t'g%teqneeeh digges jbnand 13: 1 kb

DNA- L ﬁNE i oLab gure Scréeni ng of the
LangnicraFEs F@ﬁ tﬁéoﬁétééﬁﬁonuﬁﬁuﬁhe 25 non- exci sed

Lantangetednal keke., Thecgenotypesgekttibe .7 pups 17971 to
17977 derived fromthe breeding of the Cpct target ed

Le wit del et er nal were tested PCR. usi
Figurenol By | ST nBon TOROLES) AeRo B ( RKEC 000 G the 5
h°m°1P@§H§cFP@@WF}“P&lgﬁaPV§€tthe presence of the neonycin

Lan@@sset@e 1P®B usidaeg rDNAE3G of kes) t he targeted ES clone
5C12 Iane%é land %§§81:100 dilution in wild type DNA

Lang| gne“t2§Sher 1 G5&d positive controls. PCR using

Lanwi Bd EﬁpeeDNAc@baee#BOSserved as negative control.

anes 1 k Ladder (NEBi oLabs). 35 Figure
Lan%4q Sg%eg%q% %lf%e QSEEéﬁals for the detection of the

Lang| p= nﬁélgﬁéd exonsi fhAévent. The genotypes of the 12

LanRURS €1882%1t0118836¢cn lanes 2 to 13, respectively)
derived fromthe breedlng of the Qoct partially Flp

Langxdirseéd mele #17923"WLR wild WO

Lan2089/ G90190RCE EB200910503887 13 type fenuml es were
tested by PCR using the primer conbination TOR2- N2/

Figury e PHEREY” 130 FoREeR B FEAHEES 8 dibsgetection of
the 3' homo ogous recombination event
Lanes 1, 9: 1 Kb ladder (NEBioLabs),
Lane 2: ES cell clone #5BS8,
Lane 3: ES cell clone #5C5,
Lane 4: ES cell clone #5C12,
5

Lane 5: ES cell clone #6A3,
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5 Figure 25: Screening of the animals for the

detection of the non-excised targeted allele. The
w@eoonypes of the 10 pups 18827 to 18836 deri vedr/EPIND/050387

the breeding of the Qoct partially Flp excised nale

#17973 with wild type femal es) were tested by PCR using

the prinmer conbination TOR2-H2/ TOR2-12 (lanes 2 to

11, 10 respectively) to anal yse the presence of the
LaneonyckEA cas$detfienePERCAsi ng DNA fromthe targeted ES

one a 4 ' 100 dilution in wld type
LaEhAe(lg%eg%%% %é?gguﬁggléé positive controls. PCR
Lapsi Ay HROd(kane E2) cahd WNRd type DNA (lane 13) served
as negative controls. Lane 1. 1 kb DNA-Ladder 15
. (NEBi oLabs). Figure_ 26: 3' Southern bl ot screening of
Figurg, d8:F|S PhstRenflt PoARELEp EOTKARSK-WitEFFrp of the
Cre—geﬂQFESgDHAcdbgeﬁtedewhth Swal . Lanes 1 an? 6: 1 kb
DNA |.adder EBi oLabs 20 1. 15 genoni ¢
The BNRYTON ol BlGpol BiBR2d T lane H 7898d of GoRBREC? T B
respBNAieom t aldrbicpsy r#t8824; bamed4dnglSvigth of rgenbylicter mice
[ [ : e. 5. f o
e e N Ty o Bt B Al 1By By o2 %eéﬁ%?gu( o TOR2-11
to apalysehéhet ek organi satatorr off e et adl bP&”- | RCR using DNA
fromne@her azygeus AN dretso 04 pouse (hbRe Rhd2. wilgq R @ enouse tail
28.. PCR notyE[ng assay for tPe Qoct. locus in gouse .
(1anf; dé 302 BRAZ * Lana® 1 NBIaEa af WRF ght ) mefdcer UEEH0 bp Positive
contlradder )pci ane t2oRER femoghend s (Qemner ap pd sanrvidadl2as a negative

het ergzygo i, mal La - PCR fragnents generated
ContgﬁEPng %oﬁ%z@@%ﬂgaéﬁFﬁaRgEgé? a%:)tgl;knockout). WO
2009/ 090190PCT/ EP2009/ 050387 14 Figure 29: QC-activity

Figu.lﬁ(:g RloAs§Br@EnhhdoleY Rghe MBI CLRZHIPYS AR UMY EIMSion of the

nock-out aninmals with respect to the Qct |ocus in
non-gxgiser; karPpded 81kPd8re 30: The testosterone

The CRNCRINFSE T OF igh@erun@ﬁ@és melse; 3 Lﬂotmk 43THJj§ri?7ed from the
et erozygous an e honobzygous Knock-out ni .
breciipf rEupbct TEo I Hot "FaETs TH oGSE FindPbiish using the
primErguvebldbatThe tior2exizne TORD)-IconCentesatd onoi B, seedpectively)

f -w . d-10 t eroz u no knqﬁﬁio
ko %%%l %%sékﬁtﬁgééﬁégé %g %ﬁg éﬁ%ﬁgpgguéé%%g#%ﬁge |neLlllélng DNA
fromppde. targeted ES clone 5C12 (lane 11) and its 1:100 dilution
in wild type DNA lane 12) was used as positive control. PCR
using wild type DNA (lane 10) and H20 (lane 9) served as

negative control. M: 1 kb DNA-Ladder (NERioLabs).

Figure 20: Screening of the animals derived from the heterozygous
constitutive Qpct Knock-out male, for the detection of the Cre-
mediated excision event. The genotypes of the 12 pups (18242 to
18246, 1in lanes 2 to 6, and #18156, #18159 in lanes 7 and 8,
respectively) derived from the breeding of the first
heterozygous constitutive Qpct Knock-out male with wild type
females were tested by PCR using the primer combination TOR2-N /
TOR2-I1 to analyse the excision status of the Qpct allele. PCR
using DNA from the targeted ES clone 5Cl2 (lane 9), wild type
mouse tail (lane 11) and a 1:100 mixture (lane 10) was used as
positive controls. PCR without template (lane 12) served as a
negative control. Lanes 1 and 13: 1 kb DNA-Ladder (NEBioLabs)
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O her objects, advantages and features of the

invention will 15 becone apparent upon consideration
wo@boovloeo1db®l | ow ng detail ed description. DER@I/EE1009/050387

DESCRI PTI ON OF THE | NVENTI ON 20 The present invention

pertains to 1. A non-human anigral conprising cells

containing a DNA Qpct gene carrying a knock-out

nmutation. 25 2. The non-human ani mal of item 1,

wherein the animal is a rat. 3. The non- human
[ o] u
Flgugg I:I%'e n%n thsﬁ%tr}]reafr%?ﬁ% bgf tsg:%e%%flg&l[ 6:? ?om gﬁe.l. heterozygous

OpctwKapeknoukemipet gebgmae P§A0F11§§r5|tﬁé Ur-utgu RamBI.The

Lane@om BHHHﬁ ani wal pRh nbéﬁb% N@B&%LBbE?e nurlne CPCt
has t he sequence_of

ene
Lanen8n handf ghi A8 POQFCaHVA #rPWeﬁéli Péogsymﬁépéﬁﬁ 't he
Lane@@Ct 1gene bs etnbuienDIRI grBm tWD1 biopsy #18156,

2009/ 90190PCT/EP2009 0387 _15_7. The_non
rane200 GO0 O0RCT EER000L R0 T, 22l LISRIRNIRATRY, |
Lanehéteibzygous Henomhe QPat fgemetail b8opThe#héA4AUMAN
Lane@Nk Bl of any of MH%SF 1 %8 6y M@ﬁ%@'ﬁn&beiﬁﬁﬁin%%7ﬁﬁ/6 tail

honbzygous or t he 6 9 non- human ani nma
biopgfegny of items 1 to 8, mhereln the Qpct gene is a

reconb|nant gene. 10 10. The non- hunan ani mal of any

%ﬁns 1to 9, mhere n t.he gﬁl arrleﬁ a i

FlguESns tLHl%ﬁfqgﬂiﬂg(nﬁ Th CRonthGnaflp-mediated
exciatbnBleveintanyriof géﬁﬁﬁyﬁetOo@ tﬂﬂﬁrélpupbe (@et71gede 17977 in

lanesarfl €3 & Cogglstpleg?al %nZde%)rmve trlof;i)_ln T 5 %%ee-cli-grelg of the
huran ‘ani ma an f 1, use

QpctdéﬁammUﬂd@femabetWlahtEﬁ@edeéenpgummianwere tested by PCR
USlHQ)C'Ehé elpélﬁ%rd' é%ﬂ?ﬁt?@gﬂ/ OfOPgZ—SI@a/se§OR%QI%3 ta-hednhalyse the

non- human ani nal é itens 1 to 11, wherein
eXClﬁﬁPﬁaIS%%F¥$e§”%ttP@as Pehe Q§kﬂl%ﬁl EC& wAetBJexdWs 4rom the

targ@ﬁ@d5]§€r%l@€1|eet5@q2 (lanel4.1) T\rlwﬁmw Wz mn@mgata@i DNA (lane
any. of it 1to 11 and 1 erein 25sa ct

100 Fere nadndrtdalgnant o faea b RET 3500 Raisd DA (lane
12) m&n&humaajaasnﬁkxnﬁnhkﬁnmdﬁtnleA PORerdithdute asmpbdte (lane

[ S f i ne The
?) Sﬁ%ﬁggn%% %gﬁlﬁgﬁ%g%%gf éﬂto gﬁéa%ﬁp %ﬁd 1%3 % k?SDNA hadder
(NEBphépeisn -t he Qoct gene is operably linked to a

ti ssue-specific pronoter.

Figure 23: Screening of the animals for the detection of the
non-excised targeted allele. The genotypes of the 7 pups 17971
to 17977 derived from the breeding of the Qpct targeted female
with Flp deleter male were tested by PCR using the primer
combination TOR2-H2/ TOR2-I2 (lanes 2 to 8, respectively) to
analyse the presence of the neomycin cassette. PCR using DNA
from the targeted ES clone 5C12 (lane 11) and its 1:100 dilution
in wild type DNA (lane 12) were used as positive controls. PCR
using wild type DNA (lane 10 served as negative control. Lanes 1
and 13: 1 kb DNA-Ladder (NEBioLabs).

Figure 24: Screening of the animals for the detection of the
Flp-mediated excision event. The genotypes of the 12 pups (18825
to 18836 1in lanes 2 to 13, respectively) derived from the
breeding of the Qpct partially Flp excised male #17973 with wild
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17. The nouse according to any of itenms 3 to 16,
wherei n the 35npbuse denonstrates a phenotype that can
wheowsyapsed or aneliorated with a Qct i nhi bi POT/EP20WE50387

2009/ 090190PCT/ EP2009/ 050387 16 18. A screening net hod

for biologically active agents that inhibit or pronote

Qoct production in vivo, conprising:

adm nistering a test agent to the non-human ani mal of
typebafymafed t ensel tostidd &@yd HeReruaimiongthhe mfimgct obmbination

TOthN§/a9F@§2 8- The Hﬁﬁ?gg O{hétﬁﬂ%ﬂ%l.WPeEpéﬁuEh of fhe Opct

n- human ani na erozygous
alleze. $héeﬁeﬂhéddoﬂ4|ténk@SPNﬁhéﬁédﬁrtNEEﬁ@ﬁthﬁﬁn
animal is honobzygous for the Qct gene. 21. The

. method according to an of itens 18 to 20, wherein_the
Figurgsmdml SFEegnibds Lt 25heTrhiRaHd aEcot'rliﬁ n&eFSCErﬁ?n of the
non—akcﬁbeﬂsth&getéalalMuﬂéﬂrwm@egép@tygéseomStmk nu i peps 18827

ord gi 0.2 The acc rdln tao.,an itens
w0 {49 Ry BT, TR GREr Gune ¢ bl Chundn bPPGim S D e 1LY FLp
exci¥hd metlrodfac@oBdiwight ovahy ofpiet érmmnal® s owBe whkerteidn by PCR
USlnghqﬂng%¥QEQ§ kﬁfgujﬁﬁgﬂﬁimﬁgﬁzgﬁﬁﬁ TR 2232 Thﬁa§$§hgd to 11,

rein the reconbi nant
respgéﬁévééwﬁlé§ @RﬁﬁEQQtE@¢VEIRﬁ@@Eeo@ﬁlﬁh%um@ﬁmYCln cassette.

PCR 484infhenmethosh ahanh Qfetdems 181 4k 2¢ amber ) nahbeits 1:100
gene 30carries a condlglonal gnock out rmutati on.
f s

ct
dlluggonThénnéfh% JfYH% eMM8 foFNGselPh t%i et as positive
cont@b3eovagr uQBngTHeOHEMtheOi2an$n@Txﬁihﬁstiﬁetmnﬁﬂ,(lane 13)

Serv&ﬁereln theg%nlngl 398% ?s atlieast one C?ct g%l ebﬁA—Ladder
ere exons and 5 &are-der &t ed.

(NEBioLabs) .

Figure 26: 3'Southern blot screening of three F1 heterozygous
conditional Qpct Knock-out mice genomic DNA digested with SwalI.
Lanes 1 and 6: 1 kb DNA ladder (NEBioLabs),

Lane 2: 15 ng of genomic DNA from tail biopsy #18823,

Lane 3: 15 ng of genomic DNA from tail biopsy #18824,

Lane 4: 15 ng of genomic DNA from tail biopsy #18825,

Lane 5: 15 ng of wild type genomic DNA from C57Bl1/6 tail

biopsies.

Figure 27: Schematic organisation of the Qpct alleles in

heterozygous animals of mouse line Pbd2.

Figure 28: PCR genotyping assay for the Qpct locus in mouse line
Pbd2.

Lane 1: Molecular weight marker (100 bp ladder),

Lane 2: PCR fragments generated on PbdZ2 heterozygous
animals,

Lane 3: PCR fragments generated on Pbd2 homozygous animals

(Qpct knockout).
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WO 2009/ 090190PCT/ EP2009/ 050387 17 29. The net hod of
any of itens 18 to 28, wherein the animal is a nouse
wo@boovleoipmwuse | i ne Pbd2. 30. The nethod of BOWEPRI009/050387
items 18 to 29, wherein the Qct gene 5is operably
linked to a tissue-specific pronoter. 31. The nethod
of any of itens 18 to 30, wherein the nouse
denonstrates a phenotype that can be reversed or
Figuaeel2i%r NEchatiivhi tty Gaot pillabmbi odr .willll-3%pe’ ceétevszygous and

homotgglgélﬁl%i gcﬁnc?:?cre—r%\ﬁet‘i %ﬁﬁg&,ﬁ@ewmegs%g%@ﬁqog@f tﬁ%c‘b’p‘?ﬂé‘glocus in

mousgcilangi R§dPoer therapeutic agents that |nh|b|t 150r

pronDte Qoct activity conprising (a) admnistering

t est agents to the nouse of any of itens 3 to 17 éb% )
FiguzgapPQat iThG (18s tOstercanretigatigiemn G3efyR of male wild-

typeg h &m’ﬂ%)&e%%_rbﬁggﬁ?&s e?n@pgh:%% choﬁgkyggtt;ﬁg k’hdcﬂioutA animals
. | | I NI i S .
with?3ERbatl €3 LRE Upt® 96cRECTR A3uSRC1SA8 bbbl 57,

di sease conprising 25(a) adm nistering the sel ect ed
Styqage It Q; t [,ent c1d-
FigupBsls P hhe SRt [P e Por A 3R, | UF akuRor wild
typedi él@&@é@zygeugs anth haRQZNIP U ka%ﬂlwhm#$ heith respect
to tﬁECEpEQ|ibedsdhﬁeﬁ§ﬁsés1éhéh9bH§f s disease. 36. The
od of item 34 wherein the Qoct-rel ated disease is
at herosclerosis or restenosis. WO
2009/ 090190PCT/ EP2009/ 050387 18

Other objects, advantages and features of the invention will

become apparent upon consideration of the following detailed

description.

DETAILED DESCRIPTION OF THE INVENTION

The present invention pertains to

1. A non-human animal comprising cells containing a DNA Qpct gene

carrying a knock-out mutation.

2. The non-human animal of item 1, wherein the animal is a rat.

3. The non-human animal of item 1, wherein the animal is a mouse.

4. The non-human animal of any of items 1 to 3, wherein the Qpct

gene is of murine origin.

5. The non-human animal of item 4, wherein the murine Qpct gene
has the segquence of SEQ ID No. 22.

6. The non-human animal of any of items 1 to 3, wherein the Qpct

gene is of human origin.



10

15

20

25

30

35

10.

11.

12.

13.

14.

15.

le.

17.

37. A nethod for analysing the disease-rel ated
physi ol ogi cal function of Qoct catalysis wth regard

WO 0000990090 ut amat epepti de formati on conpri si ng PCT/EP2009/050387
(a) adm nistering of test agents to the nouse of any
of S5itens 3 to 17 (b) eval uating the
pyr ogl ut anat e- pepti de concentrati on and effects of the
test agent on the phenotype of the nouse, and

. THe) neelbotiang aniest agentnwhicth inbkinbi ts ar pépnottesrein the

arkQRYf ogl ytanat & qecRIé d@ofﬁ‘%ﬂé’i ot 298%né0‘. phar maceut i cal
conposition co sing the selected test agent of item
34. 15 39. Use of a test agent as sel ected according

. THO hbem33ahorat hes pregar ghi;on ©0f jacpedi cament ¢f orytdi&in the

treatnment and/or prevention of a Qpct-rel ated di sease.
anggna ol i S DU oY | i RE IQitii%nockout gene for
use in the 20production of conpounds, which would be

ti I ffect b t. . 41. Us f t -h
. ESRLLUEL Y af eohel BY QRCL_c AL S of the [Rtumn, . occ,

gdrhe celd mroondimant aydérteem 32 or 40, for the provision

250f nodels with Qoct expression in specific tissue

and/ or particular points in time only. 42. A .
séheemong wEtERoB 1 bra bi 8fogincal P§ aéemve ktohpodndsrherein the
o hatg 30 e bl e Ora PFODL B0 DGEe aGtd MLt Mt 40 on .

conprising steps of: i) adnmnistering a test compound

to a non-human ani mal nodel, which is specific for the

t reat ment-hofnaat deasil one dirsease sekeect ed toom, Mdltbrein the

Q oqgnietrileveca!r iaei [ r[aenédnﬁl Zihoeril r]; Soc | sease utation
Efénéﬁrodegenera ion'in wnég§nJ}onefﬁﬁnleé1 ni sh
Denentia, Famlial British Denentia, rheumatoid

afhar intons- huattherasich&r osiEs,amestendsess dndco 11, for use in
ancreatitis, ._WD 2009/.090190PCT/ EP2009/ 050387
termining effects of target <compounds on Qpct-related

disorders and/or diseases.

The non-human animal of any of items 1 to 11, wherein the
animal carries at least one Qpct allele where exons 4 and 5

are deleted.

The non-human animal of any of items 1 to 11 and 13, wherein

said Qpct allele has the sequence of SEQ ID No. 23.

The non-human animal of item 13 or 14, wherein the animal is

a mouse of the mouse line Pbd2.

The non-human animal according to any of items 13 to 15,
wherein the Qpct gene is operably linked to a tissue-specific

promoter.

The mouse according to any of items 3 to 16, wherein the
mouse demonstrates a phenotype that can be reversed or

ameliorated with a Qpct inhibitor.



19 ii) determning the effect of the test conpound in
sai d non-human ani mal nodel; iii) conpare the effect
wo@boovheoipest conmpound in said non-human ani mal PODER1009/050387
with the effect of the Quct 5gene disruption in the
Qoct knockout animals accordigqg to any one of itens 1
to 17, and iv) select test conpounds that in said
non- human ani mal nodel alleviate the specific di sease
simlar to the effect of the Quct gene disruption 10i n
t he k i age
1o, | Ponaeealy. Ay A s A R oG agoents  chat
1 vieY el P15 & biiore U it died t st el 2 81 wpe o driker o gy
di seasggnsgh gctednfr amithe éééﬁﬁoHQ ¢ORSI I NGr@fn animal of
MIld Cognitive |Inpairnment, Al zheiner's disease,
neur od@g¥énef af FBRSi h BBwh’ SyRdFfone, Familial Danish
Denent HaasdmFambi aheBertesh Penenti agent. 44. The
screeni ng nethod of item 43, wherein said non-human
20ani mal nodel is specific for Al zheiner's disease.
19. 45heTheegmw®emﬁhginemhdd3ofwamyxﬁﬁlitbﬂB dntloodal; animal is

j ' sel ected fromthe group
o consﬁﬁoﬁ% o Pl)i\%ép j@é E.zsg[nane ‘APP23, TgCRNDS,
PSENi | 4146v or PSEN|I4146L PSAPP, APPDI at ch,
20. 2@58'rﬁ%%ﬁ&@n%ﬁRl16&%42uﬂNPM%eE%u@SOEﬁeTauM$a%Hm£au%%qmal is
GM/ rT 451 Htauf TAPP and 3 x TgAD. 46. The
HPEnYGtSitens 42 to 45, wherein the
effect of the test conpounds is the |lowering of the
AL33- 40/ 42/ 43 or A1311-40/.42/
pep | es 7°%me s@ﬁeéﬁ?ﬁ% %e?% gteps é of° %
anxmm%;umhemmuBQhe effect of the test conpounds is the
| owering of the [pGlu3] A133-40 peptides. 35 48. The
screeni ng nethod of any of itens 42 to 47, wherein the
2. e?h@c@eégoﬁh@fﬁé§ﬁh66hﬁﬁhn@%y|@ftﬁéeméméﬁlﬁ§>d¥1th@hereln the

AlLZ3-42 rpeptideas: i AR
2009/ 090190PCT/ EP2009/ 050387 20

wﬁ%reln the

23. The method according to any of items 18 to 21, wherein the

Qpct gene is of human origin.

24. The method according to any of items 18 to 23, wherein the

Qpct gene is a recombinant gene.

25. The method of any of items 18 to 24, wherein the recombinant

Qpct gene carries a constitutive knock-out mutation.

26. The method of any of items 18 to 24, wherein the Qpct gene

carries a conditional knock-out mutation.
27. The method of item 18 for use in target drug discovery.
28. The method of any of items 18 to 27, wherein the animal

carries at least one Qpct allele where exons 4 and 5 are

deleted.
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49. The screening nmethod of item animal nodel is

specific for a group consisting of rheumatoid
wor@shenesi s, and pancreatitis. 42, wherei n saPdI/EP2009/050387

non- human di seases selected fromthe arthritis,

at herosclerosis, 50. The screening nethod of item 49,

wherein said non-hunen ani mal nodel is specific for

rheunat0|d arthritis, 10 51. The screenj ng net hod of

| DB ROChGRaPE RP¥ARH AORSRUNANCANEHa! HOABR S 6h¢ Shimal is a

moageézlgit ccHomatherosel esgsi s. 52. The screeni ng net hod
of any of itens 42 and 49 to 50, wherein said ani nal

nodel is selected fromthe group 15consisting of the
apol i poprotein E knockout nouse nodel, the
30. tBhegmpedlratd- iatduced i hehaniat iten 2fpdethdieim che tBect gene

1§Q$§@3£&FIL3} ndugeds ard hy i td ssmdgle d 1k ratp anghdat, nodel s

restenosis. 20 53. The screeni ng net hod of any of
|tems 42 and 49 to 51, wherein the effect of the test
31. cmnpoumtsldds bhe i bifti;cmem)é tilge @dSlermt,axmseoélf[HFt-kﬂe mouse
he.screenin odo an of it

42
“hocP 4f9“tte~°51 DERRErdrT t f?ae%t 5 GHE feq Or ameliorated
wichnpo st | snitiel iawhi bi t i on of the formation of
pGlu- MCP- 1. 55. A pharnmaceutical conposition
conprising the selected test agent according to any of
32. jfenscll 1t 542130 éneUsechivadt estomgdnte agogehsgpad animal

a @A HNG & Yo Of 1 ddidrs) 42 t1o7 54 for the preparation
of a nmedi canent for the treatnent and/or prevention of

a pct-rel ated disease. 35 57. A nethod of treatnent
33. OR peewent ifnr O:icﬁe@i)ﬁﬁgrébat ethediapease ccagaritsd nghd{@a) inhibit
n| sterin sel ect ed t est. agent according to any
oI AETIG 1o S5 65 b et 9
2009¢E())90169B@@ﬁ/£@@091 056887 &Xlety ronitloei mpusee of any of

patient for & decreased clinical index for
Qpct-rel ated di seases. 58. The use or nethod of itens

56 ofP)57, eXHerdiq héhpcttfestpel & ed i ség§E i3gent on the
sel ect ed E{}{é}mgﬁ@ Hounhcansisd, nthd®f M1 d Cogniti ve

I t,. Al.zh d i
Dounl SyndibhE: R B o° Tanf R beteHiia AHA_PARF 14 |Promotes
British Dpentdaaivity.

34. A method of treatment or prevention of a Qpct-related
disease comprising
(a) administering the selected test agent of item 33;
and
(b) monitoring the patient for a decreased «clinical

index for Qpct-related diseases.

35. The method of item 34 wherein the Qpct-related disease 1is

Alzheimer's disease.

36. The method of item 34 wherein the Qpct-related disease 1is

atherosclerosis or restenosis.



10 59. The use or nethod of any itens 56 to 57,
wherein the pctrel ated di sease is Al zheiner's
walc@easHo 60. The use or nethod of itens 56 orPG&IWEP2009/050387
wherein the Qpctrel ated di sease is selected fromthe
group consi sting of 18
15rheunmatoi darthritis, at heroscl erosi s, restenosi s, and
pancreatitis. 61. The use or nethod of any of itens
37. 5B, mtlord 6Gomwmhenelnsthe Qiot - relsateed -ticdeasel | physiological

;P;ea“lt ens Og%ar ﬂ t I%d:a \%hsgr?sel &;qftﬁlgsép%arget tggd Bgrggxutamate"

p@@e@,ef@@n@&mcs@mwwrsq The non- human knock out

ani ngl), iduped td <l Ay the B@QQka@HEtgst%D%%% douse of any of
descri bed, above, is useful inter ‘alia in the follow ng

aspects: 1 %edhlfncg ssays for
Cpctemﬁfegﬂam&dﬂjﬂulmﬂuywspyr@@u@taﬁmabe@@©mhdeinconcentratlon

Bndl or of17% aF GOr-EF1 St Lot 6Py Soeanu Ot eke pidhotype of

provi si ontled nuwhisseasel nodel, recovery of nodified

cel | mgu?%l A ey in $ a?pgggcgﬁgnﬂpf189?899§d§uf promotes

whi ¢ e negatlve ecte
"Negat i vetyr of Faarete iRFRthi & c?%ﬁﬁléklttiéﬂcon'passes e.g.
a 35 decreased or sl owed-down yield/ production rate

and/ a decreased effectivity and/ or, an incyeas
38. afy t.PSmHmeyl EB%BEHB%%OL&?W%@%@ Eh b%%ee%‘ied test
adeapt i @esi tgui ai4el ns et c.
2009/ 090190PCT/ EP2009/ 050387 22 target discovery,
e.g. by determning the differences detected in the
39. abeweoknackeeut againhabs| pkécgpedoprcdondineggubatiien gB for the

pf%ﬁ%%%%fd&o%UQSEQHE@am@hEhf89U£Heb€98ﬁ%m@n§Ubhé?h? ?ﬁgvention

drug target, 5- provision of an assay to determ ne
of @&R%c—%@]ﬁt%rqjaﬁ%ﬁ%ﬁﬂ ypeptides, e.g. AP peptide or
TRH et c. provi ding the basis for "clean" transgenic
th acontroll ed expressjonof ctanly .
"ﬁgﬁéﬁﬁ?gcgﬁéw SPEPE oS anahBr - BFGaREo0E BRhg apr use in the
pﬁﬂﬁﬂﬂﬁﬂ@nrnﬁrm@mpwuﬂdnArmhlch would be negatively affected by
Qpct.

41. Use of the non-human animal, according to any of items 1 to
17 or the cell according to item 32 or 40, for the provision
of models with Qpct expression in specific tissue and/or

particular points in time only.

42. A screening method for biologically active compounds that
inhibit or promote Qpct activity in vivo comprising steps of:

i) administering a test compound to a non-human

animal model, which is gpecific for the treatment

of at least one disease selected from Mild

Cognitive Impairment, Alzheimer's disease,
neurodegeneration in Down Syndrome, Familial
Danish Dementia, Familial British Dementia,

rheumatoid arthritis, atherosclerosis, restenosis,

and pancreatitis,
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43.

44,

45.

47 .

48.

opti m zation of peptide fornulation and protective

groups wthout being limted thereto. DEFIN TIONS 15
wqab@oneripo " knock- out ani mal " means a non- humanPEmEPBNNY/050387

usual ly a manmal , which carries one or nore genetic

mani pul ations | eading to deacdivation of one or nore

genes. 20 The term "construct" neans a reconbi nant

nucl eic acid, generally reconbi nant DNA, that has been

generated foetetheipinpostef cfiiecexpressihen oésa compound in

specific nug%@gthgﬁ_ﬁﬁﬂggngggﬁg ggd%§ to be used in
t he construc Ion O reconbi nant hucl eoti de
sequentes) Theprpeeorbienadifeni! eifc Hd dteah enmspgend in said

e.g. a 25 CHbHEBhﬁaQVaHHﬂB@'%@QePO%YEEDEtheffect of the Qpct
Pol ypepti de here pertains to al EOSSI | e amno acid

sequences c%ﬁﬁ?|s@h§rHBFéthahn10 BRi nBPEEI d§1O8HOThe animals
term "oper abtyoliinkgdtoneansotbab fai PAs sequence, aadda
regulato y se eég% are conne tedﬁén such a way a

uenc
to perﬁ1 g%ﬁ Sekpressfon“RHBR"THE Fopr 4t e3>
nmol ecul es (engmaltramskﬂlptabhavlab$|vater potelhy) disease

are bound t e

Sb00s 000190EH ERboay LIRS (¥ ¢ ansv%rﬁeu gRSruption

and transl atPohhef PRéE &@ﬁﬂ&@&@e@ﬂﬁﬁﬂ%ﬁn@@ﬁp%%Hvén%@ any one

of interestgyrKnpgksoutrgenes 5 The Qoct

pol ynucl eoti des conprising the gene of the present

i nvention include Qopct cDNA and shall al so include

nmﬁéfigmkégnjanMMéthA@.usedzh&meinz a wietk fi catdion” non-human
anlm nycl el ¢ aCI d Canfl el de oc’:ll’]edorse%es\éesral ected from the

nuc Poge addr t i el etrons, substl%u%lon
gmwuﬂ1rqam&yﬂiung aOEef%xbﬁcéXSBquEn&e ITApEQ rment, Alzheimer's
dfggggéCaBéQQoQE%@ngygkgbﬁ qgde8ﬁﬂ B@%b%@%e, Familial Danish

substitutions t do not chang he“encoded am no
D%ﬂﬁ%F%%HUEﬁﬁ@%ﬁk?%cﬁ@%@“ﬂé&ﬁﬂﬁ%ﬁ%ﬁof the genetic

code, or which result in a conservatlve substi tution.

ngh nodi fi cations an oires ond aélatlons t.h t n
a enﬁﬂ@“ﬁﬁPﬂﬁérEﬁéﬁf, s M hé ad Ton'of % 'Pp| e Human
arAniAl tnaddgl airs varécajtﬁjansfwmlzmtzlmmmﬂfr’as dit et dons

during nucleic acid replication. As enpl oyed herein,

the term"substantially the sane nucl eoti de sequence”

r éher screcDNAghagithgds Gfff iagiverstf iideand t42 t'oot &, 20herein said

aﬁfﬁéﬂeﬂggeP0|%n%@E%HHéEEfﬁ&ﬁhtBQabrbh@MddnébéHlﬁBZ@E PDAPP,
he reference nucl eotide under noder at el

y
T%ﬁ%%%ge%?P2%r ARGREPSst AHgkncyy RybFPENzatiion FSAPP, APPouccn,
BRIV 40 Onanle\lBH'I&\HEng "sulpstemfi althyi ihe samBuyssy,  Tauraosw,

@%ﬁ%ﬂe L S SR O L DEgT o e THCLeOl 8

60%to at 25 Ieast 9596mnth respect to the reference

”% éegpgggpgﬁgU§g§g¥§Jhﬁf995938f mpdecatel ¥ StI4N0EALkrein the
ef ect of the test compounds 1is the lowering of the

[PGlu’]AR3-40/42/43 or [pGlu''1AB11-40/42/43 peptides.

non human

The screening method of any of items 42 to 46, wherein the
effect of +the test compounds 1s the lowering of the
[pGlu’]AR3-40 peptides.

The screening method of any of items 42 to 47, wherein the
effect of +the test compounds 1s the lowering of the
[pGlu’]AR3-42 peptides.
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conditions that permt a target-nucleic acid to bind a
conpl enentary nucleic acid. The hybridi zed nucleic
w@eoodsoopd | 30 generally have an identity w t hP@I/8P2009/050387
range of at |east about 60%to at |east about 95%
Moderately stringent conditizpns are conditions
equi val ent to hybridization in 50% formam de, 5x
Denhart's sol ution, 5x saline sodi um phosphate EDTA
buffer (SSPE), 0.2% SDS (Al drich) at about 42C,
hi in 35:0.. SRE, 0..29 : _
(ﬂi%“ Cc%é)é/ b('%%ghi)% C(?f v%%ms 4%, wl%&és% salid non-human
arggeoy O%ﬁg@PC}W EPZGOY/050387 24 stialbkeaskybr $ese¢hed from the
g1ib 1 8MNaGl @ty About 65 Cfren cexanphe ;i ciifs a QXBEkgsb§er081s,
not stable in 018M NaCl at about 65 C, it Wi ot
I 95 bt e Lﬁfd%rp%ﬂ%%q%ﬁﬁency condi tions, as
cont enpl at ed herein. H| gh stringency condi tions can be
provi ded, for exa br| |zat|on|n 50%.
50 PoP it S BaARAr % 261 i gh, 8% SEPEC D sohedsk Bpnbuman
araboult i, Jf&)ldpwdfhy f/vatsmh@mat@.dlmﬁﬁﬁ,tmd 0. 1%
SDS at about 65 C. O hersuitabl e noderatestringency
and high stringency 10 hybridi zati on buffers and
51. cBhdi t3oremres waklthiedowat t o tHbsé %ef WkeT$19 n SeHel appn-human
argingh B gescird bagh - fofc exam hedds Saiy ook, et al .
Mol ecul ar C oning: A Laboratory Manual, 2nd ed. Col d
Spring Harbor Press, Plainview, NY. (1989) and
52. Amsabedcﬁéeraing(@ercmam frotaopl 8 fi nidMdhecullar aBton@@y to 50,
r% uppl ement 47)a:r1 John 15 WI eyl& Son Neg rom the rou
T am no a(:| dnsequence enc08e<§ y t group
ccmrrmﬂ@m généh@f advel jprcaserite imvienkinonkeoan meDU@eQm@del the
CSRAENGH 11O S dUERD OF 18Rt SOMOhogue from amyce,  che

speci‘es, preferably froma nurine 20 species.
C%%ﬁ?%c%@%%eﬁééhéﬁ@déedmweﬂ-helfP<n<¥@R5 oafldgelﬁ%t ofrodels of
rdhefyesent invention can also be a fragnment of the

Qoct am no acid sequence so |long as the fragnent

retains sone or all of the function of the full-length

53. (pbt segusnceng Thetsequente aray alfsoibema modi fhed 49 to 51,
e n divi I st t et ] L

W§$&§d§ ?&%ngﬁfaég R¥ gg% t%% do qHﬁé %? gﬁéléﬁgpéltlon of
t Ve Geerenct it f ST 11 p@ErJdeﬁm age of amino acids

(typically less than 10% nore typicall y | ess than 5%

and still nore typically less than 1%) A
>4 A 1§ Ta T oI of'ttheanP ho Hbi d dequiePée éifcopdssts to ol
WHCONSE Viglhé V@fﬁ@bﬁt bEuthens c@ft tdenpints ad dc3d inhibition of

ence.. Cons bstitution tables providing
tl?%% Filsha 45 ﬁﬁ @alf\{vgﬁ;ﬁo acids are well known in the
art. The follow ng six groups each contain am no acids
rvat i i tlf)d’}ﬁzg ot her
22 1;g kikg%ﬁ%ne (A; é/aasier%\fgg fi%;tc Efﬁreonl neosz I;5 Egg fected test
APFParaG o HEi (tD) ary famtengitf (1B ;98) Asparagi ne
(N, Qutamne (Q; 4) Arginine (R), Lysine (K);
56. Use of a test agent as selected according to any of items 42
to 54 for the preparation of a medicament for the treatment

and/or prevention of a Qpct-related disease.

57. A method of treatment or prevention of a Qpct-related
disease comprising
(a) administering the selected test agent according to

any of items 42 to 54; and
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WD 2009/ 090190PCT/ EP2009/ 050387 25 5) | sol eucine (1),

Leuci ne (L), Methionine (M, Valine (V); and 6)
weEb@apbabani ne (F), Tyrosine (Y), Tryptophan (R T/EE00®050387

m nor nodifications are included within the sequence

so 5 long as the pol ypeptideretains sone or all of

the structural and/or functional characteristics of a

Qoct pol ypeptide. Exenplary structural or functional

char get eme@tiosrime! ude seguerce | denti by decreased clinical

subst ant i gl 8] d ard by, ANt bogdy reactdyity, the

presence of conser structural domai ns such as 10

RNA bi ndi ng domai ns or acidic domai ns. DNA Constructs

58. affeVerdor s Thedyentiron; fad hers psovisdes abNAIn the gpct-

construct conprising._the ct knock-out gene as. | ,
Y GT betSabovel SASThsEdSHe PR, Hite TR 15°P Pt ing of Mild
cepnstket TnpafiersntQ aaspeeihé e’ ar raangenet atugenetkferation

. el nts in DNA nol.ecule.. In. addition to human ct o
i TRanc TN hor COFTL thb. | RIGAET onCal S8 b ovrtls Familial
BONA oristrarctiaisi ng pol ypepti des from ot her species as
wel | as Qct nutant non-human nanmal s expressi ng BACEL
from non- human species. 20 If desired, the DNA
59. cBhst Pget 9 cait B eyt nekY edtEBSbé foper ativerieTeHkehe Qpct-
rd10: @RPropd Ale expressd o ol emes; sch as pronoters
or enhancers to all ow expression of a genetic el enent
in the DNA construct in an appropriate cell or tissue.
60. Theeuses5oaf mdeh@Xppessi osfmeonter obr meChanvisese &hl o Qpct-

for, the t.argeted.delivery,and expressi on of the gene . .
F IO B Hor GxanbiEe e ConGerakts Brthe PRt sting of
ripresenid nventiloni ey, be constosctedosssng anestenosis, and
pEXPrESSI 0 cassette which includes in the 5'-3'
direction of transcription, a transcriptional and
translational initiation 30 region associated with
61. 9U€ne lageltr @&Sim@l‘&hitoﬂi b)rf?ia_fihyt iost;ﬂa;en@\lﬂst eeﬁcwit@g @?W&%@Eein the
or. wld- e. Qpc rotein, and a transcriptional an
R T S Tt SRS rit OHE PR e 1T Vg - -t he
host animal. One or nore introns also can be present.
The t Scri pti | initiatjon ' c b -
2. o oRatus t BRRth el a8 it T ot o hnr 60, wherein che
Oreogenioussd glidredsts anilmiosi@rosis.
2009/ 090190PCT/ EP2009/ 050387 26 to generate Qct
over expressi ng nmutant non-human manmal s and are al so
The cpAPrIsBA byKERek presem iflent i'dh. Fofe Iskiliared R t kpock-out
mousal tasCalkeselietdd aaeed or i bagedran desidrecth Propeftties, following
for exanple, for production of a vector in a
aSpeﬁgﬁficular cell such as a 5 mammualian cell or a
- bectesnialg celdaysVetior@p care oot @i s /al nreigul tat oy y
nt t i des. ti ific ' ib
efggzsé%%%%ﬁéﬁéy%ber%%i3%#§t??§£%% sOFelAPHG! PEEr  cargets,
target specificity and/or off target effects of drug

candidates,

- provision of a disease model,

- recovery of modified cells, e.g. for use in the production
of compounds which would be negatively affected by Qpct.
"Negatively affected"” in this context encompasses e.g. a
decreased or slowed-down vyield/production rate and/or a
decreased effectivity and/or an 1increased antigenicity.
Such compounds could be e.g. antibodies, peptides, proteins

etc.
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nucleic acid. One skilled in the art can readily

determ ne an 10 appropriate tissue-specific pronoter
worooentEpcer that all ows expression of Qoct PCT/EP2009/050387

pol ypeptides in a desired tissue. It should be noted

that tissue-specific expression as described herein

does not require a conpl ete absence of expression in

ti ssues other than the preferred tissue. Instead,

- "teddetspedifccveny, 15" UiSSM@'Sﬂ&ﬁdﬂMﬂnEmpreBBéondlfferences
(ElEIS e damari Ly oL Uhe, SXRIESSLANLOL & BArtLEU! a5 qown-
gene of 1nterest in the pr erre ype or tissue.
Arpofa tal arar gt ya of sierdiici bl ¢ uprsemocer sWork cenhamickd s become  a

can s be2P dindduded in the vector for expression
of a Cpct pol peptlde or nucleic acid that can be

- rEgilat %%c%Pl%%%%YbW% dySeEREDS | hlkfugBPOFppnce of certain

%ﬁmm@ﬁﬂﬁng@J%BWQMMMQéMﬂmm&ﬁxsal&
Bi zard,. Pro 547-55

- G585 adin b EOSL Shetn ek eA o (18b8y; ¢ O wich
@ ontcectitrRdlesl Al tepr2ssCahi f. $f nmedrdt ot hirdnei nin  specific
ROt ar; d &Pé&egn!}YoPe%‘%aﬁFé als; Jhngeclt st ?%8'1 c points in
hornmone responsive to ecdysone or related stero
suigie’as nuristerone (No et al., Proc. Natl. Acad. Sci.

- Qgﬁﬁln%%a&%%aﬁ@ e(piltgﬁﬁ onﬁﬁJlQitlain arNiitMcﬁaectlve groups
366: 476 éni & InV|trogen Carl sbad, Calif.);

withpyfsBekfmi{ tGHoFPGF PGS <30 (MMIV) i nduced by
steroids such as glucocorticoid and estrogen (Lee et
DEFIﬁ&TIo ture, 294:228-232 (1981); and heat shock
romoters induci ble by tenperature changes; the rat
neuron speci fic enol ase gene pronoter (Forss-Petter,
The ecteﬁ! "kw%é aﬂ-%aﬂ-'97mé%gg0)a) ’notnh%dﬁfwnar?ﬁnzﬁft'usually a
gene pronoter (Ray, Genes and Devel opnent
mamm€i99rﬁl§h23@¥ﬁﬁﬁ%)@n$h@rhﬂﬁﬁﬁ pletdl et Heriveth gt owe hleading
to dbaeteraBibRDGE- BheChai Rogengepeanot er (Sasahara, et
al ., Cell (1991) 64:217-227); the rat sodi um channe
gene pronoter (Maue, et al., Neuron (1990) 4:223-231);
The tbemhWWRm§%®u2&U9m@9ﬁ&QO§(Hé&Eﬁﬁﬂ&ﬁ@ﬁOﬁ@@léic acid, generally
- [0 ' r ter
recofRREhEC B cartierar BLET hARRLHE0R BT purpose of cne
expr§521i098- <2f14)’a1 em@CpquDtr@pslefomidﬁfen@eq@ememe, or 1is to be
used”HHHP|HﬁﬁaPCEbQQB§t8t£88U|%Eoanﬁﬁﬂ? famddo{An€t nucleotide
al ., (1989) Nature 340:35-42). 5 Regul atory el enents,
Sequ?ﬁ@?ﬁdlnahﬁroﬁﬁF@WQlB@nénhQHEeﬁéc cafiife E8Rst PEPFGe ©-9- @
chimekitegul atednidepepdipgeppenet he nature of the
regul ati on, and can be regulated in a variety of
ti ssues, or one or a few specific tissues. The
Polypegulidtorhersequencesnor td0 alelgubaserlylel ememios ared sequences
ednt e pol ynucl eoti de
omp?%@%@ cégkéfk?ﬁg ?Rvgﬁ?ﬁgnggﬁgg that the physical and
functlonal rel ati onshi p between the pol ynucl eoti de

The SE€SHENOSANGHINE ﬂ%ﬁ%b@"orﬁ{e§§§1uaﬂ§6ﬁ: alsl o8 sequence and a
transcription of the nucl eoti de sequence. Vectors
requlgEPul FEAVERPFESS] ngqrglee%%q ybti EUERI Ps Bah @5 to permit
genelncbugeesémbnexawpbe regulatepprebemeﬁeS i nelLudiings (e.g.,
t he CAG t he SVv40 earI ot er t.he
transc{oﬁ% EOVIYUS (éﬁﬁf‘ Fonot ¢ er> sy ﬁe noﬁggdnﬁﬁ%a}%e regulatory
SequeuneKSW|rus (MVITV) steroi d- i nduci bl e pronoter, Pgtf,
Mol oney marine | eukem a virus (MWV) pronoter, thy-1
pronmoter and the like. 20 If desired, the vector can
The ¢erafai"wrs 'séligctablie sriast” m%e&%e@mﬁereuﬁuCéeotlde sequence
of iselecdablie mydieriodalf ergjhecatgenehi;e1ebemant ddiplence that
provi des a sel ectabl e phenotype to a cell in which the
sel ectabl e marker has been introduced. A selectable
mar ker is 25 generally a gene whose gene product
provi des resistance to an agent that inhibits cel
gromh or kills a cell. A variety of selectable
narkers can be used |n the DNA constructs of the

r . ey ~ 4
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Non- Human Knock-out Animals The invention primarily
provi des a non- human knock-out ani mal whose genone
w@ommpndEes a knock-out Qpct gene. The DNA fr agpre€mEPH09/050387

can be integrated into the genone of an animal by any

met hod known to those skilletsin the art. The DNA

nol ecul e contai ning the desired gene sequence can be

i ntroduced into pluripotent cells, such as ES cells,
direbysanyt netdodiphabn w ldnder nictinshetiinhr oduted tiel ecuheroduced

nde i-nat | its regions of 10

HUCl%gEgﬁ%g%g8¥%§%%FgEeEE%%gngan be used include, but are

not |imtedto, cal ci unphosphat e/ DNAco- preci pit ates,

Knocer:@i Begeti on of DNA into the nucleus,
el ectroporati on, bacterial protoplast fu3|on W th

The |%?%Eti&%ﬂﬁ%yc%%Qﬁﬁﬁ%ﬁn|Q9$Pr&ﬁ&“§0|§E§t|%%%e (&f gthe present
lnvep@hybr@ﬁeiu@@Ix@hmlkﬁmmeanﬁcsﬁaﬂimhiﬁ%\g@@la@ebﬁodlfled Qpct

e or d bIe stran r. circular.
cONET SO BRI G Hogan 6t B2 W pubt [hg LReCRBUSEELS o8
inclEdbryoneA babosavemylNhnuaﬂeﬁbhdeSpaddgtHanbor deletions, or
y ( ); et al ni th
subsk?@ﬂ%?%ﬁ% éggﬁLabor tory Ngnualyhség%&%!rgga %eguence A
mOdeb?ﬁﬁgoﬂapﬁo@ IDatsareditorade (AL 9o | lQPEPd¢G¥@%$t%b@tlQ@S that do
not 2h883e29% %nl:@e%isdamﬁ)cpﬁsﬁaﬂcy%ecfu&?@el@éeaﬂg the degeneracy

6, 037,521; retrovirus nediated gene transfer into germ
of  |Hhges AT der Fiften &F al %l Brocd St . ‘Atadd sgpnservative
subsUSAu82o614&aﬁﬂ52m@ﬂﬁfﬂdatmwmw tahge¢¢r¢p$pbmm¢myﬁnwarlatlons

stem cell.s t al Cel | 313 1989));
that el%ec rg%%ra%%on 0 Pyoss%fh aﬁblt d%ﬁ% % % a Poly A
tallB @803618@¢@b@83ﬁh1qhub@quﬁrﬁ&anQﬁtib@&n@urr@@sheﬁle1c acid
replfkayitrano et al., Cell 57:717-723 (1989))). For

exanpl e, the zygote is a good target for

m croi njection, and nethods of m croinjecting zygotes

As &g ofeld Haewm (sege USe3R 4,s853,t19L) o 1BRbrirenabakel hécleotide
vari devel op

al . stages can_al so be used to
seau Rt R e gbhee Por Tte BROALG: | 6L 6eCRRBE.. baEntily to the
refeanhnul spo Biiderent i det hedshar ehased dependi ngylonidhee to the

refe?%gggf Cy%é%%kﬁ%gen%ﬂﬁéfﬁ %ﬁ%ﬁ 3Pn%mé%¢é€n§UCh r higher

. enmbryoni c stem s can reafter
Strlegeﬁﬁwzehﬂbnmﬁm%ﬂiﬁqﬂ|©Qm@gttﬁ@$r|DMﬁwﬁﬂM#m@n"snb@tantlally

the tRenRl asteaeele &f abfastQoystsst a@l@eer@éf@réﬂge nucleotide
contribute to the germline of the resulting chineric

SeqUgHFRal WD J0VY97 090196PETLERP20GII D3R8 2D afr éffekels to at
leasktnodaentisahreSpkeenceoc240c1468=14K4<( 1988 iBei segtience.

the introduction of transfected ES cells into the

bl ast ocoel e, the transfected ES cells can be subjected
The t phwardeous"sedecdiohy pretocobsnto émntirmdhlitzeeion™ refers to

condEE?B&EtlQmég E?%fﬁ%{S Ehauxﬂ%%ﬁ:@ddﬂéﬁgatggléheto bind a

nock-out gene e knock ene provides a .
Compﬂ@me§@éﬁYséNé%1¢¥ﬁ1 affiter nbe vel rlﬁ@ReébnnB@lﬁééd‘iQidS will

gene%ﬁﬂ@%nh%@% ES celdscihatwhaveni pt eghated A he: 1ecast about 60%
to agocleast about 95%. Moderately stringent conditions are
conditions eqguivalent to hybridization in 50% formamide, 5x
Denhart's solution, b5x saline sodium phosphate EDTA buffer
(SSPE), 0.2% SDS (Aldrich) at about 42°C, followed by washing in

0.2x SSPE, 0.2% SDS (Aldrich), at about 42° C.

High stringency hybridization refers to conditions that permit

hybridization of only those nucleic acid sequences that form
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In addition, retroviral infection can also be used to
i ntroduce 10 knock-out genes into a non-human ani mal .
w{a b@odeoied opi ng nonhuman enbryo can be cul t ur eBiCT/EP2009/050387

vitro to the bl astocyst stage. During this time, the

bl ast omeres can be targets for retroviral infection

(Jaeni sch, Proc. Nati. Acad. Sci. USA 73:1260-1264

(1976)). Efficient infection of the blastoneres is
stababt aiyived dsy 115 erzyiHatNaCt r eat aentitt 65rfempvefdtheezamale, if a
hybrES' lllémn%ac (é%%df nah. @18%%3@11%336)@ Eke gdoral v i1l not

tor systemused to introducet Knock-out is

be tsy@béal | ynde ¥ epti Tat i vr-idefaarty veongtiitgvinsus  @ar r gengemplated
herefife KNGGK-QUL; ?@1 reflaidlionProm kN@tﬂ)rovAﬁ@é’dSC'for example,

USA 82 6927 69 985) Van der Putten et al.
by hARFLdhgalfl o S& gl 59 X( 1@%1’51)15)1rt S solutlon, 5x
SSPEJr ansktechisont $ieas I4yz°ar[d, efdixdwesd lyy obdehnegl by 0.1x SSPE,

u he, bl astoperes on a nonol ayer of

and 8 b %EE 8%0|ﬁ8 ge%?s Fvan der Putten, supra, 1985;

Stemart et al., EMBO J. 6:383-388 (1987)).
Othe%' teEH%&M%Y M&@ﬁté’” G b(ggé}?c[r;! or (!1 at h%g'hateétrmgency

rus or virus-producing ce can

hybrFﬁPééFédnlﬁPéfﬁﬁé Frgs t el el ¢Jahase Ielétkmown to those of
skllmatllfhr & 1298; 62362854982k rriMast, oot hecduinder sn Webdprook et

sai for he knock- out gene since inc rporatlon
'oc!%[nE%CB 7y %n%%%setA of P B AL ORhi EhTY tped ed., Cold
Spr1KQO®%I®@E ameﬁﬂ Furiherewt he. ﬁoundee9¢ananmnknsubel et al.
vario retr V|raI insertions of the kn ene
Cur§8nd ffet en 8%05| |dﬂsf?% gﬁr o ()lmgy\/\/E‘S‘lcl:]ﬁpgen%rg.lI4a7t , John
Wllewn&ISeegvegaWernkthé969ﬁ$pr|ng In addition,
knock-out genes may be introduced into the gern1ine by
intrauterine retroviral infection of the m d-gestation
The amryo pFaAnetedterde | esaprad 1og2fheaddiadiorfalt negRs of the
pres@ﬁtUSlrﬂgerﬁﬁterVtéHS%‘ie 0§ rQ%IdtOVéé@,leﬁ@eV@GrbﬂlrSatﬂuman or the
< C Eate knock- gut animal s _known to g skill in
0Pt hBORPE OPHTol V8™ ha i cFBeFﬁﬁécuBﬁe ?IF‘ t¥oviFgl @& murine
specpasti dlies animdt enydi eCutareat eehcelled pyodue ngnock-out gene
of LT LGNS QLN for LUl 110 wpage Sl difidd | bEedne opet
amiHQO@@ﬁ@QGﬁgﬂP@KKEPQDOQ¢@%0387tB@ g@ﬁ@&@mZ(ﬁﬁﬂﬁnnS some or all
of t@kﬁdﬁc@%Bg\ﬁer’ché\/ﬁfulﬁepé Deyct4G38R(E995e  sequence

ot her technaol ogy to |ntroduc nock-out genes into
may alﬁankxs %uﬁﬁﬁlah?%aQPQQgfe%qﬁ9Q8nx$P@%W%ﬁu%heSP€§EdéUtlonS'
deleteehnol @gi eand:lajloaJ@o baluﬁedawe:_s,ol weld herpr@@ieﬂze Ofa single
. _the present |nven; % noc§ in technoh%%y é il 1
aml“&n&ﬁ&dunliﬁ% art p8£§8P|%% 9.2 " Casas ypreatiy Less
than(2©&4)mmnelﬁ&pimdlﬂ£51e&§89ha306 1Grohcet the houadeypically
lessamc 3 ?J% perdu& fH'&%BEl%g” b8 brtelge J}%neod acid sequence
red, or’ cross uce colonles .
encomamsrseal arccarﬁ%vatleséanprsebsmtgaénnﬁr eedh ngthe amino  acid

sequéhE@t egi esdnelidei Jeut arenoti ddmided tofaples providing
out breeding of founder animals with npre than on

funcippagrati oisilPe i BIUAC 1 et bIFSh SEpEFatie’ I*rhl?esart The
foll&ﬁlh@breeddnggﬂéuﬁepaeataIlaﬁﬁtafnordﬁﬁnbo pradigce that are
cons nﬁ und Lr n%% %g%nghgg ex resnoaﬁe transgene at

ﬁ evels “becauseof °the''sf feCts“6f additive

e&bréésnmneoﬂAeacﬁetﬂaﬁsgéne Toressing oF) het er ozygous

?nagsgkela1gelao (B 0duee Ohee pommzygeus for a given
ration sife in order to augment

eibr §BPBHAJANE éNPn1ﬁaP§aWh§ené@d for screening of

anh mak-§i hynBDNAraNat ysi s¢ ¢kpsgsi ng of separate

honozygous |ines to produce conmpound heterozygous or

honozygous |ines; breeding animals to different inbred

geneti c backgrounds so as to exam ne effects of

nodi fying alleles on expression of the transgene and

the effects 25 of expression. The knock-out animals

are screened and evaluated to select those anlnals

" oy
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animal s can al so be assessed using techni ques which
i nclude, but are not limted to, Northern bl ot

w@nabpsiigo of ti ssue sanpl es 35 obtai ned from t Pe€T/EP2009/050387
animal, in situ hybridization analysis, and reverse
transcriptase-PCR (rt-PCR). 8anples of the suitable
ti ssues can be eval uated i nmunocytochem cally using
anti bodi es specific for Quct or with a tag such as
E&FPIstheuknoek-(@ut, AemcivW® (L), Methionine (M), Valine (V);
2009/ 0909190PCT/ EP2009/ 050387 31 human nanmal s can be
further characterized to |dent|fy those ani nmal s haV|ng
abphBhenypelasenal (Fh, névhoedsnef (Yhe ThvehePban |

OtheEaﬁﬁﬂdB%~aﬁodK@Q@Et@Hhs”Qﬂx@UHBElHBEHHH§u9¥§{e%ﬁéeS§é§ubnce so
ct can be screened using the nethods disclosed

Longp&ei he For lapampiee srefdsie SeBEi oifs @ah Be Viledtructural
and/umderf@cfﬂlm’[zﬁsceﬁhaﬂh@t@&@@@@céor ¢li e presgnit of polypeptide.
uoresc cating presgnce of

Exemg R Rt hod F o AP E R g ucIS
sequempee33|xdent§tnhrough 1Oswhet@$$1@ﬂ t|3$lm&b@mxtjAc antibody

er [
e e s ot st ar & T heT ude. Mo &1 Bt h P BRphe, Sen a2
RNA pipdepgspespfing; oPi aAReAL CefORRINS(1987) Genes Dev.
1: 268-277); |ynphoi d-specific pronoters (Cal ame and
Eat on %1988) dv. | nmunol . 43:235-275),in particul ar
DNA GPgRbEEFESof ! YErito1s receptors (Wnoto and Bal tinore
The (ﬂéﬁéhtJENBCEdrtaezzamiﬁamkﬁndalnnunogbobukuas (Banerjding the

Qpct?%& f 8% ?é Cellf§35§% o qyee and QQI |n0re the term

neuron Speci e prom)?re t
"DNA(ecgnstrlh@them@ﬂ*eﬂ%nm@t pr osmeerfi¢ herMpndenmgnodr genetic

elem@ﬁtghgnBr'Tﬁﬁp%%ﬂ%dﬁfgnnfﬂ’a&ﬁl fgﬂe%o @ﬁéﬁt g&talor mutant
(1997) Proc. . Acad Sci. USA 94:13287-1

formByFﬁérﬁﬁé RG(%P@I éWFQ@Q)OfPWCBGOW%W)DNA construct using
polypapereas- %@@%ﬂ%%@eﬁfQﬂﬁﬁfﬂé% (Edlwend. efs abpet (9850t non-human
Sci ence 230: gé a cardi ac eci fic expression
mamngy o R Or S0k ROpBACE L L AEPR BPGROREAD SUBFAREM o A
Jones WK, Qulick J, Wert S, Neunann J, and Robbins J.
Tf He%ﬁ%%'oﬁpecdﬁé c 151%9“' 8{&18&8&{;55 the a'b%ha ﬂ&%ﬂ%@r?d to be

ransgeni ¢ m ce
oper@hervrei% 1127416%1@ 2@62@91311@19111@1:%%9@@%@1 elements such as

promgkéﬂg %@e%ﬂﬂéh&gfgm%@r§li§wgexp@b%% Wﬁe%ﬂﬂéﬂﬁ%ﬁétlc element
Pat ent No. 873, 316 and Eur opean Agpllca I on

in trh@oi@“&pat?%s‘ﬁréuc*?e&nl@@) a@bf%lél?‘%ﬁ/eﬁ? nOfuriifsue . The use
of m@wed@sfemlloslol abﬁdr@el Imeccorat g aa LONA comst rdied targeted

vent | construct an e in
ae1: by Gl ERE R0 CBr Ahet iRl Bkt § LAREFEBE o OF Jexample,
the nehh@d&c¢3awﬁr®®b(ﬂrﬁﬂenthtﬂ%&nﬂzwnﬁm@mlh@ chnstructed using
rat.ory pr. rdor Pr
an e a%ﬁ%ﬁ%@ i 19§@? 8%u g?#ggg g?ﬂ? ? 3 §%Pection of
traneggggy}onAlt@rh@@@@%ﬁ@dpwxﬁn%%lﬁﬂéhnt§@n§6@éﬁ@@@l initiation

region associated with gene expression in brain tissue, DNA

é%%%?é%gtlcs include

encoding a mutant or wild-type Qpct protein, and a
transcriptional and translational termination region functional
in the host animal. One or more introns also can be present. The
transcriptional initiation region can be endogenous to the host

animal or foreign or exogenous to the host animal.

The DNA constructs described herein may be incorporated into

vectors for propagation or transfection into appropriate cells
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by isolating a cell froma nutant non-human manmal
created as described herein. Thus, the invention
w@eawiogiaso a cell isolated froma Qct nutant nPOFRPIGAR050387

manmal of the invention, in WO

2009/ 090190PCT/ EP2009/ 050382 @32 particul ar, a Qpct

mut ant knock-out nouse. The cells can be obtained from

a honozygous Qct nutant non- human mammal such as a
to opDeseter @dtetcmeozym@m mmitaant mon-tumean manmals and are
alsos%%lf}lg%gs%dn% e‘the5 ?&tigr%nggq%ﬁggrs’()rﬁs st]Jl letaerfﬂ the art

ed herei'n, are defined as nolecul es that bind to

can efrzhAres an<i1761<3ﬁm>rreal’s@s@431 en plowpied @rm@@eﬂte%e (o, example,

for %Pb@u&ﬁléﬁehifa%t'VéEXokn Vitro @BQEQEuU@rV'MQllSQﬂﬁﬂl as a
enzynes have binding sites_for nol ecul es that

mammgf f @Rt C?Ilnél PLcét QP?F?éléét Féiity; a stinmulator nol ecul e
is called an activator. Enzymes may even have multiple
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enzymat'i ¢ activity because enzymes can assume
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expr@@iéllth%fefé@@E Obéiyb@fllt@tjb@f srarge negatiMe teffLet ors: should
Ef fe(greors 20 act not onl at the active sites. of

be BhaSited “Hut TAPSUSatCreqHr At of b Er s ol bSteribed herein
doessit®@s, reeniweused domparphasizechbat dtheekpgakatony in tissues

othed 1€,LS AN 'gﬁe%t rt‘%fedth ghzyme f' S“”&t W omthe . seicn or
t 0 d| ter enit |

catalyti c'si |sformof
"tispegubaticof it omecemestditdron hetaveen SQbslar ategcandy of the
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dish, H and Baltinore, "D. 90, Mol ecul ar Ce
CellBFéﬁ’P@g(}’thdSEH?tl on, Scienti f| c Ameri can Books, New
Yor k, page 63). Pept| des 30 If peptides or am' no aci ds

are nmentioned i resent i nvent| on, anmn
Any g&i ¢ réditgle i sfn Jéﬁ WY orie- %t?% a%?eﬁs %can also be
incltiiede-ilrettier destgnatfioan,esqorasespondo igat @dde polwpabtide or
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Bizard, Proc. Natl. Acad. Sci. USA, 89:5547-5551 (1992); Gossen
et al., Science, 268:17664769 (1995); Clontech, Palo Alto,
Calif.); metallothionein promoter induced by heavy metals;
insect steroid hormone responsive to ecdysone or related
steroids such as muristerone (No et al., Proc. Natl. Acad. Sci.
USA, 93:3346-3351 (1996); Yao et al., Nature, 366:476-479
(1993); Invitrogen, Carlsbad, Calif.); mouse mammary tumor wvirus
(MMTV) induced by steroids such as glucocorticoid and estrogen
(Lee et al., Nature, 294:228-232 (1981) ; and heat shock
promoters inducible by temperature changes; the rat neuron
specific enolase gene promoter (Forss-Petter, et al., Neuron b5;
197-197 (1990)); the human R-actin gene promoter (Ray, et al.,
Genes and Development (1991) 5:2265-2273); the human platelet
derived growth factor B (PDGF-B) chain gene promoter (Sasahara,
et al., Cell (1991) 64:217-227); the rat sodium channel gene
promoter (Maue, et al., Neuron (1990) 4:223-231); the human
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copper-zinc superoxide dismutase gene promoter (Ceballos-Picot,

et al., Brain Res. (1991) 552:198-214); and promoters for
members of the mammalian POU-domain regulatory gene family (Xi
et al., (1989) Nature 340:35-42).

Regulatory elements, including promoters or enhancers, can be
constitutive or regulated, depending upon the nature of the
regulation, and can be regulated in a variety of tissues, or one
or a few sgpecific tissues. The regulatory sequences oOr
regulatory elements are operatively 1linked to one of the
polynucleotide sequences of the invention such that the physical
and functional relationship between the polynucleotide sequence
and the regulatory sequence allows transcription of the
polynucleotide sequence. Vectors useful for expression in
eukaryotic cells can include, for example, regulatory elements
including the CAG promoter, the SV40 early promoter, the
cytomegalovirus (CMV) promoter, the mouse mammary tumor virus
(MMTV) steroid-inducible promoter, Pgtf, Moloney marine leukemia

virus (MMLV) promoter, thy-1 promoter and the like.

If desired, the vector can contain a selectable marker. As used
herein, a "selectable marker"™ refers to a genetic element that
provides a selectable phenotype to a <cell in which the
selectable marker has been introduced. A selectable marker 1is
generally a gene whose gene product provides resistance to an
agent that inhibits cell growth or kills a cell. A variety of
selectable markers can be used in the DNA constructs of the
invention, including, for example, Neo, Hyg, hisD, Gpt and Ble
genes, as described, for example in Ausubel et al. (Current
Protocols in Molecular Biology (Supplement 47), John Wiley &
Sons, New York (1999)) and U.S. Patent No. 5,981,830. Drugs
useful for selecting for the presence of a selectable marker
include, for example, G418 for Neo, hygromycin for Hyg,
histidinol for hisD, =xanthine for Gpt, and bleomycin for Ble
(see Ausubel et al, supra, (1999); U.S. Patent No. 5,981,830).
DNA constructs of the invention can incorporate a positive
selectable marker, a negative selectable marker, or both (see,
for example, U.S. Patent No. 5,981,830).



10

15

20

25

30

35

QC The terns "QC' or "Qoct" as used herein are both
intended to refer to the sane and conprise gl utam nyl
w@ymbasEdq QC), i.e. glutam nyl-peptidecycl ot r ansT/BPASE050387
(EC 2.3.2.5.). Preferably, 25 the Qct as used herin
is a manmal i an Qoct, nore preferably a non-human Qoct,
nost preferably a nmurine Qoct. QC-li ke enzynes QC and
QC-li ke enzynes have identical or simlar enzymatic 30
activity, further defined as QC activity. In this

Non hﬁgg%d EE;u ke enzynmes can fundamentally differ in

ar structure fromQC. The term"QC .
The agtvsiitiyon aprasediher eppoysdgef ienedoashygan knock-out animal

whosbntd'e"ﬁg?r{eecé’é@rféf@é' éat]dr@%ko-fodﬂ‘t(ﬁﬁéﬂ n?lengl Ut8J8 NENA fragment
resi dues into pyroglutamc ac

can (9] ei i AGFe LS Hompgiiut %.hf?n@e@ronmso%oﬁﬁgl%ﬁ%hebﬁ/o apy method

know@yald Ctipys®- bammgbutamlﬁh@earvatmme umﬂemﬂdémmféleﬁntalnlng
ee_schemes 1 and

the HodTTo0 S55eT EPSUROTO50HaY 56 shRERRNCedy diften PaRFipotent
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introduced molecule to undergo recombination at its regions of
homology. Techniques that can be used include, but are not
limited to, calcium phosphate/DNA co-precipitates,
microinjection of DNA into the nucleus, electroporation,
bacterial protoplast fusion with intact cells, transfection, and
polycations, (e.g., polybrene, polyornithine, etc.) The DNA can
be single or double stranded DNA, linear or circular. (See for
example, Hogan et al., Manipulating the Mouse Embryo: A
Laboratory Manual Cold Spring Harbor Laboratory (1986); Hogan et
al., Manipulating the Mouse Embryo: A Laboratory Manual, second
ed., Cold Spring Harbor Laboratory (1994), U.S. Patent Nos.
5,602,299; 5,175,384; 6,066,778; 4,873,191 and 6,037,521;
retrovirus mediated gene transfer into germ lines (Van der
Putten et al., Proc. Natl. Acad. Sci. USA 82:6148-6152 (1985));
gene targeting in embryonic stem cells (Thompson et al., Cell
56:313-321 (1989)); electroporation of embryos (Lo, Mol Cell.
Biol. 3:1803-1814 (1983)); and sperm-mediated gene transfer
(Lavitrano et al., Cell 57:717-723 (1989))).

For example, the zygote is a good target for microinjection, and
methods of microinjecting =zygotes are well known (see US
4,873,191).

Embryonal cells at various developmental stages can also be used
to introduce genes for the production of knock-out animals.
Different methods are used depending on the stage of development
of the embryonal cell. Such transfected embryonic stem (ES)
cells can thereafter colonize an embryo following their
introduction into the blastocoele of a blastocyst-stage embryo

and contribute to the germ line of the resulting chimeric animal
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meanpeptbde MNdh selection. Alternatively, PCR can be used to

screen for ES cells that have integrated the knock-out.

In addition, retroviral infection can also be used to introduce
knock-out genes into a non-human animal. The developing non-
human embryo can be cultured in vitro to the blastocyst stage.
During this time, the blastomeres can be targets for retroviral
infection (Jaenisch, Proc. Nati. Acad. Sci. USA 73:1260-1264
(1976)). Efficient infection of the blastomeres is obtained by
enzymatic treatment to remove the zona pellucida (Hogan et al.,
supra, 1986). The wviral vector system used to introduce the
knock-out is typically a replication-defective retrovirus
carrying the knock-out (Jahner et al., Proc. Natl. Acad Sci. USA
82:06927-6931 (1985); Van der Putten et al., Proc. Natl. Acad
Sci. USA 82:6148-6152 (1985)). Transfection is easily and
efficiently obtained by culturing the blastomeres on a monolayer
of wvirus-producing cells (Van der Putten, supra, 1985; Stewart
et al., EMBO J. 6:383-388 (1987)). Alternatively, infection can
be performed at a later stage. Virus or virus-producing cells
can be injected into the blastocoele (Jahner D. et al., Nature
298:623-628 (1982)). Most of the founders will be mosaic for the
knock-out gene since incorporation occurs only in a subset of
cells, which form the knock-out animal. Further, the founder can
contain wvarious retroviral insertions of the knock-out gene at
different ©positions in the genome, which generally will
segregate in the offspring. In addition, knock-out genes may be
introduced into the germline by intrauterine retroviral
infection of the mid-gestation embryo (Jahner et al., supra,
1982). Additional means of using retroviruses or retroviral
vectors to create knock-out animals known to those of skill in
the art involves the micro-injection of retroviral particles or
mitomycin C-treated cells producing retrovirus into the

perivitelline space of fertilized eggs or early embryos (WO
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90/08832 (1990); Haskell and Bowen, Mal. Reprod. Dev. 40:386
(1995)) .

Any other technology to introduce knock-out genes into a non-
human animal, e.g. the knock-in or the rescue technologies can
also be used to solve the problem of the present invention. The
knock-in technology is well known in the art as described e.g.
in Casas et al. (2004) Am J Pathol 165, 1289-1300.

Once the founder animals are produced, they can be bred, inbred,
outbred, or crossbred to produce colonies of the particular
animal. Examples of such breeding strategies include, but are
not limited to: outbreeding of founder animals with more than
one 1integration site 1in order to establish separate lines;
inbreeding of separate 1lines 1in order to produce compound
transgenics that express the transgene at higher levels because
of the effects of additive expression of each transgene;
crossing of heterozygous transgenic mice to produce mice
homozygous for a given integration site in order to both augment
expression and eliminate the need for screening of animals by
DNA analysis; crossing of separate homozygous lines to produce
compound heterozygous or homozygous lines; breeding animals to
different inbred genetic backgrounds so as to examine effects of
modifying alleles on expression of the transgene and the effects

of expression.

The knock-out animals are screened and evaluated to select those
animals having the phenotype of interest. Initial screening can
be performed using, for example, Southern blot analysis or PCR
techniques to analyze animal tissues to verify that integration
of the knock-out gene has taken place. The level of mRNA
expression of the knock-out gene in the tissues of the knock-out
animals can also be assessed using techniques which include, but
are not limited to, Northern blot analysis of tissue samples
obtained from the animal, in situ hybridization analysis, and
reverse transcriptase-PCR (rt-PCR). Samples of the suitable
tissues can be evaluated immunocytochemically using antibodies

specific for Qpct or with a tag such as EGFP. The knock-out non-
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human mammals can be further characterized to identify those
animals having a phenotype useful in methods of the invention.
In particular, knock-out non-human mammals overexpressing Qpct
can be screened using the methods disclosed herein. For example,
tissue sections can be viewed under a fluorescent microscope for
die present of fluorescence, indicating the presence of the

reporter gene.

Another method to affect tissue specific expression is through
the use of tissue-specific promoters. Non-limiting examples of
suitable tissue-specific promoters include the albumin promoter
(liver-specific; Pinkert et al., (1987) Genes Dev. 1:268-277);
lymphoid-specific promoters (Calame and Eaton (1988) Adv.
Immunol. 43:235-2775), in particular promoters of T cell
receptors (Winoto and Baltimore (1989) EMBO J. 8:729-733) and
immunoglobulins (Banerji et al., (1983) Cell 33:729-740; Queen
and Baltimore (1983) Cell 33:741-748), neuron-specific promoters
(e.g., the neurofilament promoter, the Thy-1 promoter or the
Bri-protein promoter; Sturchler-Pierrat et al., (1997) Proc.
Natl. Acad Sci. USA 94:13287-13292, Byrne and Ruddle (1989) PNAS
86:5473-5477), pancreas-gspecific promoters (Edlund et al.,
(1985) Science 230:912-916), cardiac specific expression (alpha
myosin heavy chain promoter, Subramaniam, A, Jones WK, Gulick J,
Wert S, Neumann J, and Robbing J. Tissue-specific regulation of
the alpha-myosin heavy chain gene promoter in transgenic mice. J
Biol Chem 266: 24613-24620, 1991.), and mammary gland-specific
promoters (e.g., milk whey promoter; U.S. Patent No. 4,873,316
and European Application Publication No. 264,166).

The invention further provides an isolated cell containing a DNA
construct of the invention. The DNA construct can be introduced
into a cell by any of the well-known transfection methods
(Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd
ed., Cold Spring Harbor Press, Plainview, N.Y. (1989); Ausubel
et al., supra, (1999)). Alternatively, the cell can be obtained
by isolating a cell from a mutant non-human mammal created as
described herein. Thus, the invention provides a cell isolated

from a Qpct mutant non-human mammal of the invention, in
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particular, a Qpct mutant knock-out mouse. The cells can be
obtained from a homozygous Qpct mutant non-human mammal such as
a mouse or a heterozygous Qpct mutant non-human mammal such as a

mouse.

Effectors

Effectors, as that term is used herein, are defined as molecules
that bind to enzymes and increase (i.e. promote) or decrease
(i.e. inhibit) their activity in vitro and/or 1in vivo. Some
enzymes have binding sites for molecules that affect their
catalytic activity; a stimulator molecule is called an
activator. Enzymes may even have multiple sites for recognizing
more than one activator or inhibitor. Enzymes can detect
concentrations of a variety of molecules and use that

information to vary their own activities.

Effectors can modulate enzymatic activity because enzymes can
assume both active and inactive conformations: activators are
positive effectors, inhibitors are negative effectors. Effectors
act not only at the active sites of enzymes, but also at
regulatory sites, or allosteric sites, terms used to emphasize
that the regulatory site is an element of the enzyme distinct
from the catalytic site and to differentiate this form of
regulation from competition between substrates and inhibitors at
the catalytic site (Darnell, J., Lodish, H. and Baltimore, D.
1990, Molecular Cell Biology 2"d Edition, Scientific American
Books, New York, page 63).

Peptides

If peptides or amino acids are mentioned in the present
invention, each amino acid residue 1is represented by a one-
letter or a three-letter designation, corresponding to the
trivial name of the amino acid, in accordance with the following

conventional list:

Amino Acid One-Letter Symbol Three-Letter Symbol
Alanine A Ala

Arginine R Arg
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Asparagine N Asn
Aspartic acid D Asp
Cysteine C Cys
Glutamine 0 Gln
Glutamic acid E Glu
Glycine G Gly
Histidine H His
Isoleucine I Ile
Leucine L Leu
Lysine K Lys
Methionine M Met
Phenylalanine F Phe
Proline P Pro
Serine S Ser
Threonine T Thr
Tryptophan W Trp
Tyrosine Y Tyr
Valine Vv Val
oc

The terms "QC" or "Qpct" as used herein are both intended to
refer to the same and comprise glutaminyl cyclase (QC), 1i.e.
glutaminyl-peptidecyclotransferase (EC 2.3.2.5.). Preferably,
the Qpct as used herin is a mammalian Qpct, more preferably a

non-human Qpct, most preferably a murine Qpct.

QC-1ike enzymes

QC and QC-like enzymes have identical or similar enzymatic
activity, further defined as QC activity. In this regard, QC-
like enzymes can fundamentally differ in their molecular

structure from QC.

The term "QC activity" as used herein is defined as
intramolecular cyclization of N-terminal glutamine residues into
pyroglutamic acid (pGlu*) or of N-terminal L-homoglutamine or L-
B-homoglutamine to a cyclic pyro-homoglutamine derivative under

liberation of ammonia. See schemes 1 and 2.
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Scheme 1: Cyclization of glutamine by QC

peptide
| peptide
NH \

HN

NH3

*2» NH

N\

s
O/ NH, QcC o

Scheme 2: Cyclization of L-homoglutamine by QC

peptide
| peptide
NH \
HN
NH;
44v2> NH
O
= N\
QcC 0
NH,

The term "EC" as used herein comprises the side activity of QC
and QC-like enzymes as glutamate cyclase (EC), further defined

as EC activity.

The term "EC activity" as used  herein is defined as
intramolecular cyclization of N-terminal glutamate residues into

pyroglutamic acid (pGlu*) by QC. See scheme 3.

The term "metal-dependent enzyme" as used herein is defined as
enzyme (s) that require a bound metal ion in order to fulfil
their catalytic function and/or require a bound metal ion in

order to form the catalytically active structure.
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The term "Qpct-related disease" as used herein refers to all
those diseases, disorders or conditions that are modulated by
Qpct.

Assays and Identification of Therapeutic Agents

The methods and compositions of the present invention are
particularly useful in the evaluation of effectors of Qpct and
for the development of drugs and therapeutic agents for the
treatment and prevention of amyloid-associated diseases such as
Mild Cognitive Impairment, Alzheimer's disease,
neurodegeneration in Down Syndrome, Familial Danish Dementia and

Familial British Dementia.

Moreover, the methods and compositions of the present invention
are also useful in the evaluation of effectors of Qpct and for
the development of drugs and therapeutic agents for the
treatment and prevention of chronic and acute inflammatory
diseases, e.qg. rheumatoid arthritis, atherosclerosis,

restenosis, pancreatitis.

The knock-out animal or the cells of the knock-out animal of the
invention can be used in a variety of screening assays. For
example, any of a variety of potential agents suspected of
affecting Qpct and amyloid accumulation, as well as the
appropriate antagonists and blocking therapeutic agents, can be

screened by administration to the knock-out animal and assessing
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be a reconbi nant gene. 25 Most preferred according to
Opctt HeNpresent invention is the nurine Qoct gene of SEQ

I D No. 22.

In a further preferred embodiment of the present invention, the
Qpct gene is of human origin, more preferably of murine origin.
The Qpct gene according to the present invention may also be a

recombinant gene.

Most preferred according to the present invention is the murine

Qpct gene of SEQ ID No. 22.

The disruption of the murine Qpct gene, preferably of the murine
Qpct gene of SEQ ID NO. 22, may for instance be achieved by gene
mutations, which lead to single amino acid deletions or
replacements in the Qpct protein. Preferred according to the
present invention are mutations in the Qpct gene, which lead to
to the deletion in the Qpct protein of at least one of the amino
acids selected from the group consisting of residues H141 and
D160 in exon 3, residues E202 and E203 in exon 4, residue D249

in exon 5 and residue H331 in exon 7.



10

15

20

25

30

The di sruption of the nurine Qopct gene, preferably of
the nmurine Quct gene of SEQ ID NO 22, may for
w0 n@vamaeo be achi eved by gene 30 nutations, whpChEP®ag050387

to single amno acid deletions or replacenents in the

Qoct protein. Preferred accoygling to the present

invention are nutations in the Qyct gene, which | ead

to to the deletion in the Qoct protein of at |east one

of the amino acids selected fromthe group consisting
In 20fruresicduesdidhand 35 60, i ds&xoni Byek €5bdUesnE202s ruption

and E203 in exon 4, residue D249 in exon 5 and residue
of tHR3DPCH exos Zan WH2008 GOULIORCT/IEP2O0LF 050387 3gnenor more

t her -enbaodi t. of t.he resent i nt i the

exonals&hpt%g%egﬁophgggﬁgpzé@ﬁgﬂtan Al'so” e€%ch % dg%ne may lead
to dlebpttonyeefe ofespliptDER. exorTerikel dete@bi@Mm®f tanythe present

singl e exon of the ne my lead 5 to a Qpct

gene
an@BF%PBpﬂSoﬁhﬂHQﬁ%ﬁW%ﬂla%go?HP%@ ﬁoapﬁéoﬁréééﬁﬁ the QPCt gene,
more'@%%ﬂéfgblf E?etﬁﬁJeﬁuPPan Qns %K@ndM%%t5ﬂ¥efé¥%bly, the
Qct gene, nore preferably of "the uri ne Qoct “gene.
murlwbsthpﬂiefeJrealk@lyhashe aireme d@pett igenechassxa@afs e and 5, the
del eti an 0 nd 5, the sequence of SEQ I D NO
Sequfgcelﬁg ﬁ%@ ?épgé"gglnvolved ina variety of
bi ol ogi cal, nedical or physiol ogical processes or
phenonena, including, but not limted to
Slncﬁedﬂﬁﬁégéﬁeﬂéwp@éeﬁi§§bsésVQ¥%?th@@ esgricoiigel, medical or
hyskIRakLE REAt Lery s eyt ode; UNS
Phys Bﬂéb ggg gﬁébé%% Egﬁllﬂﬁ' Danléh Denenti a angkg1519 nb8 linited
to ﬂéumdd&ﬂeﬂﬁndﬂrﬁrsdeeaasas ared. chr BniLd ahmbmmnﬂuf Impairment,
| anmat ory di seases rheumat oi d arthri
ALongThERoRe) o LEPESer eotuHOLT e IR Rt t 1SN | hGoR mapyadrome,

Famidel bavipg heiREQZYHousHOr MeMDZygousdefiisti emenedtia; and
the Qoct gene is useful for studying mechani sns and/ or

ChroéﬂpoldgyiofaﬁﬁéezoJdﬁﬁﬁﬁmﬁﬁﬁﬁmnedlseasesr €.g. rheumatoid
arth9399§38%§ %Q%%%q%Q%SlEn %égyéﬂé§¥§” %H)fgggggls}hghe animal
the présent” inventi'o avin
modeheﬂﬁﬁnzygoMst®rohp@@uggomsIdﬁmjmwﬁmny défihEeﬁpytoqenEhe Qpct

will be ful as a mapmalian_in vivo screenin
JENet ors st'ad Pﬁ ﬁ%es%t%%l%?hé}ec&a&&é%es?%g%w@ ac ?@Y of the
abov§¥meﬁEhHﬁEdWQQ%bes%%sW?%%ho%@%% aﬁrﬁﬂinﬁér@ﬂéflgke@hbﬁdlment
i ke humans in its ana physi ol ogy, or response to
the anpaehogenetlo de tisediararedi vatenesear chvihat heseusedgous or
to_inves e hysi o+, ar ol ogi cal .gi;rcymst anc
homo?ﬁgaﬁgsté%n %@%fdl%% F8%308$%p e§%nwl%nve§ |6%Fe§%l as @
mammamuaalJnﬁd@iv@a@cbeeamngxmkmkﬁuomyrnedaﬂylagnnﬂgxﬂp and other
understand a bi ol ogi cal nechanism e.g., anyloid beta
ProcREsErdBIEBPREEFON, or an expl anatory nodel, aiming to
understand a nore or |ess conplex biological problem
WO 2009/ 090190PCT/ EP2009/ 050387 39 The anal ysis of the
By ‘physihol ogicckll'f unet imnmanmf Q@bett | anviawmihaor sufficiently like

humans in its anatomy, physiology, or response to a pathogen to
be used in medical research that is wused to investigate a
physio- or pathological circumstances in question. According to
the present invention, an animal model can be an exploratory
model, aiming to understand a biological mechanism, e.g.,
amyloid beta peptide formation, or an explanatory model, aiming

to understand a more or less complex biological problem.
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t he devel opnent of neurodegenerative di seases,e.g.

MId Cognitive Inpairnent, Alzheiner's disease,
woewwoglagener ati on in 5 Down Syndrone, Fam | i abCDEP208$1050387

Denentia and Fam lial British Denentia; and chronic

and acute inflamuatory di seases, e.g. rheumatoid

arthritis, atherosclerosis, restenosis, pancreatitis

can be performed enpl oying the heterozygous or

honozygous Cpct knockout ani mal s of the present

| e C .
The MRS o AL RPE B BB R IR U0, Bobogy g, vivo fox
the afctﬁ'\eeﬂemwezmed diseaseesroctetﬂﬁrdalt%tlp@foﬁweeaﬁys, e.g. Mild

Cognt £&8kI NGy std g api rL i ppdels fiakkhe specidd&generation in
di seases with test conpounds and conparing the results

Downgf S ¥R RS eatimdhit Mt h DERe S&f f BePsRbt 2t fdpdgdnél British
Demedtseupt EYels) I@hi@l@l@oﬁncﬂ(n@(ﬂ{mﬁ 1% fAnini@ltor Pr efieeseds, e.g.

f f ||
rheu{ﬂﬁ%?l e S b b e e RS Rt oreatitis

n ¢genppeseothedf elbdwynggstEps: h20eyadryniist erdi rigoreo1estus  Opct
knoc%BHEOU%JTn‘Parlas nogzhuman at%g?é efPdel  MUGRA S ap  erfective

specific the treatnen | east one di sease
SCI@@éPéété@rf@@thHH@MQﬂﬁﬂﬁﬁAuﬁh%ﬁﬁu&m%n%seﬁw%hemnﬁhestreatment

of 1ﬂk§e@§@reﬁ@ﬁ£9@@@@”@&@%@@@5'n<£ﬁMRiSM@d%%E&o%%@d|B§ treating
Dani sh ment i a Fag(%llal British

eXlSFﬁE@na%Faa rtAPRET S her'd¥el eﬁpc?sqlsteCrthléﬁﬁ% Yhgh test
comppandeeairnid i Somparingi thedeteerutitd ngf t bacef freeta tafertthewith the
st conp nd; ompar e the effe of th
effef% cgnpgﬁnd %Pfh tﬁ8n§0e%ﬁgggpofoPhelEpc%Egengpc knockout
anlmdﬂeruptlon in the Qct knockout animal nodels, and iv)
sel ect test conpounds that have an efficacy sinilar to

the effect of the Qoct gene disruption on the specific
Prefgirggdsdic BB A0t 200F/UFEIIORCT EP2009/ 050887 140 3¢t ave agents

thatf urdiesi pr et ergregherbodh 8eNtorddhicg ikt hod s vdsethdHr comprise
n thi screenlng of Qoct inhibitors for the treatnent of

the APZh&I'mBP' §“HPSéase or neurodegeneration in Down

syndroine. Satiniyéstanohyerapreeetr edoepbodinend, thi son-human

nethod is Ugﬁgmggrmgﬂglsc%%ﬁ%%n% %ﬁ%ﬁ%;ﬂéﬂ%&Q PLE treatment

for the trea I'ial” Br t
Fam | i al Dadfshabeneértisa. Furet hetimgase t m?esslmtqf@d fsom Mild

preferably gsgd;feotethe segeenidig of 10 1Rehimer's disease,
inhibitors for the treatnent of a di sease selected

from r heunaf 8P ACSPPRPEERE1 0Bt héfbscPerBsi yndrome,  Familial
restenosi s, pandspancreadntis, Familial British Dementia,

rheumatoid arthritis, atherosclerosis, restenosis,
and pancreatitis,

ii) determining the effect of the test compound;

iii) compare the effect of the test compound with the
effect of the Qpct gene disruption in the Qpct
knockout animal models, and

iv) select test compounds that have an efficacy
similar to the effect of the Qpct gene disruption

on the specific disease.

In particular preferred is the use of this method for screening

of Qpct inhibitors.
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15 The efficacy of Qct-inhibitors for the treatnent
of Alzheiner's Disease, Famlial British Denentia or
wao-a0m0lo9@Ebo Dani sh Denentia and, e.g. neur odegeneCEHEPINY/050387

in Down Syndrone can be tested in existing anim

nodel s of Al zheiner's di seas®yy 20 Suitabl e ani mal

nmodel s of Al zheinmer's Di sease are revi ewed i n McGowan

et al., TRENDS in Genetics, Vol. 22, No. May 2006, pp

In 281:289%r apdeécersél ecedifcam, PDARR; rg2bd6, 1APRR¥d for the

oS G0 and BR AI94D - INBLS. Taubsare (T h Aleheines’s

disegBp387nner5odesencbedibal oWw. DPwaURFNGrener r Tg451,
Htauf TAPP, 3 x TgAD, as PDAPP: First nutant APP

transgeni c nodel with robust plaque pathol ogy. Mce
In Vekpress b th s SAPE T ONR SR tthe Ghidi drft atf opsed for the
screeAPEY7140 . oftaquenpat hodogy hegi nhdetweennen? nofit hFamilial

. 1.n. 30 hem zygous _PDAPP_mi ce. .There is._synapse | oss but
Bt o GRE T O oBe AR oL SRET T RERSI 54 1o obser ved.
Thi s nodel has been used widely in vaccination therapy

Furt?%gﬁg§gie%hﬁsmge%ggﬁfqué%%g%%%ﬁﬁéPQ%&9§Q§§g ﬁﬁ?aggreening of

ese nmice have cognitiv but no cel 0SS or
OpCtNFIpE Het oy Lort  #Re orgeaitmend ndst an deFyaasedelected from

rheuhb@Bs@eni ¢ ppdel 81 s APP23;+ 1M e X @siss mut ant ARPRSWE s, and
under._control of the Thyl 5 pronoter. Prom nent

pancegpEpidiascul ar anyl oi d, anyl oid deposits are observed
from6 nonths of age and sone hi ppocanpal neurona
| oss is associated with anyloid plagque fornation.

TQCRNDS: M ess.myl tiple APP mutati dish, .
mhe LR M e s i S LB el SPEa neiner s
Disehapi d mxtiracel | skar i phaguedevel oprentall 1513 M HS Dementia

of age. The cognitive deficits can be reversed bé Al 3 .
and, yged nal PBRCEASPAPY 2 PSENLAHI46YOBR PSERERIS6LCYT i Res tested in

exis@i%gagﬂiﬁa?’mBS%@SCBEV%h¥héiEQ§SE disease.

Suitable animal models of Alzheimer’s Disease are reviewed 1in
McGowan et al., TRENDS in Genetics, Vol. 22, No. May 2006, pp
281-289, and are selected from PDAPP, Tg2576, APP23, TgCRNDS,
PSENimia6v ©Or PSENimis6r, PSAPP, APPpuyten, BRI-ABR40 and BRI-AR42,
JNPL3, Taupsois, Tauvsszm, Talraoew, rTg4510, Hisw, TAPP, 3 x TgAD, as

described below.

PDAPP: First mutant APP transgenic model with robust plaque
pathology. Mice express a human APP c¢DNA with the 1Indiana
mutation (APPy717r) . Plaque pathology begins between 6-9 months in
hemizygous PDAPP mice. There is synapse loss but no overt cell
loss and not NFT pathology is observed. This model has been used

widely in vaccination therapy strategies.

Tg2576: Mice express mutant APPgy under control of the hamster

prion promoter. Plaque pathology is observed from 9 months of
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15 nodel s where the first denonstration in vivo that
mut ant PSEN1 sel ectively el evates Al1342. No overt
w@baguoeoipat hol ogy is observed. PSAPP(Tg2576  PCT/EP2009/050387

XPSENi | 4146L, PSEN1- A246E+ APPswE) : Bi geni c 20

transgenic mce, addition of41he nutant PSENL

transgene mar kedly accel erated anyl oid pat hol ogy

npared wi th singl tran eni ¢ . mut ant
age. dé“ﬁlﬁﬁﬁ MHtGeh g 3 Hat© %/ E%Ildﬁﬁﬂ-%ﬁsepé&aﬂooﬁ@dfl MZHP or NET

path@meegceitphéqHﬁep@Ehehegmos%Sw%Beﬁytgaedwkggngéeﬁgésmodels
P"with the Dutch nutation that causes hereditary

cerebral henorrhage wi th anyl oi dosi s-Dut ch type in

u APPDuUt ch m ¢ sever ngophi lic
Appzan;?%l%eangld%é?%yn$hea dl%' ontf a" nut ant%%ﬁ%ﬁ?%aﬁ?beﬁge Thyl
prombedirst r Phuheschbe @mydiorsh patdiod00)antyd dikg pamgnehyimdeposits

indicating 30 differing raoles for A1340 and A1342 in
are PRSEHVES drdPThat efehyial Camposi ¢sat Hldgy PrYygrmpal neuronal

1oss299969%9é99E@5/%E%90359§9§§7pﬂ%q§%nEb§m8k§9Hes and

wher eas BRI - m ce do not devel op pl aques,
suggestlng t hat A&342 i's essentlal for plaque

3. M
TgCRggglL ngggtJNgbr?ﬁFscﬁg? 8 flrst gTEggnlc RgggﬁlSh plus

Indiwhbh . mrdked ¢angl eepathekogys ansh el l/\illtﬁssﬁapld extracellular
denmonstrating that MAPT al one can cause cellul ar

pladggnsige cdn@meess 2UNPL3 RPEERdevél ot Bre | ApaRt rengsdeficits
can p%th@g?s8$ﬁBg LR %95&3595985h9hg9§§§0d motor neutron

ss in the spinal cor 0 Taup3o Tansgeni ¢ m ce
expressing the shortest isoformof 4R MART with the

P301S nut us njce dev severe
PSENBﬁf%pa?’és?%hglf”‘%"%%%ﬁ f agée' ghgw despiedd vely) : These
modeN@URAfdAr i thar ¥ipathalamn dtrdthedr ahnvand spiialmeoisk pseni

and neuronal loss in the 15 spinal cord. Tauv337m Low

selepgyEplyynehesiesest ARWAPT wilh theeN337M aditat i Bathology 1is
obse§$/éo endogenous MAPT) driven by the pronoter of
atél et-derived growh factor (PDGF). The devel opment
of neurofibrillary 20 pathology in these m ce suggests

t f the MAPT rath th | ute NAPT .
PSAP ntr§@§#$ﬁﬁgr coﬁ?@ﬁ%F%gﬁone%??%ﬁgA%%%ﬁorégy APPgup) 1 Blgenic
tran$guR4e6n M, ce #XRIiessidyy fH%r%ﬁ%ﬁh@M@@EMﬂtBIEHN?BQQGMérkedly

mitation under control of the CAMKII pronoter C .
accedeveteg ML QEd i meltlsiloey | Aomperedr ebkfalh n fingrhyl8§transgenic

f h
mutaggnkgioo f%%ECI%mO ave %g?%%;@gags%%% aﬁéﬂﬁirg%}ygﬁ elevation

genitc mce usin
of AEET ehhances plaque pathology.

APPpytch: Mice express APP with the Dutch mutation that causes
hereditary cerebral hemorrhage with amyloidosis-Dutch type in
humans. APPruten mice develop severe congophilic amyloid
angiopathy. The addition of a mutant PSENI transgene
redistributes the amyloid pathology to the parenchyma indicating
differing roles for AB40 and AB42 in wvascular and parenchymal

amyloid pathology.

BRI-AB40 and BRI-Af42: Mice express individual Ap 1isoforms

without APP over-expression. Only mice expressing AR42 develop
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system Abnormal MAPT pat hol ogy occurs from one nonth

of age. 30 M ce have progressive NFT pathol ogy and
waeoneneoigel | |1 oss. Cognitive deficits are evi de@t/EP20091050387

2.5 nonths of age. Turning off the transgene inproves

cognitive performance but NIipat hol ogy worsens. WO

2009/ 090190PCT/ EP2009/ 050387 43 Ht au: Transgenic m ce

expreSS|ng human genom ¢ MAPT onl %nnus ,
senipfodkkt'dit ) a“ﬁtégA%ncé*§%€@ﬁul%$ﬁ 9%%r6H6§bh6?yﬂ5¥éddevelo?

plan@ET EQpaL61 Bt bnandadeyel apThibar $aR0shli K€ 4 g BY rmation.
he time they are 15 nonths old. 5 TAPP (Tg257
JNPL3) I ncreased MAPT forebraln pat hol ogy in TAPP
conpare W, t P APP nd/or : :
L AT ee Hounatr Sa VBT pal Ro1 060 L 110 b gAB - This is
the Tfipée &ﬂ@ﬁ%@@mu@ ﬁmd@blﬁxphﬁSSImgrﬁ@ﬁantaﬁfﬁ§wﬁmthology' and
MAPTE, 301L on a PSEN1ml46v ' knock-in' background
Cell(PéNEi KIdemtier e\ opy PpitagliBS T r vk ®° nomitths Cange  cellular
damaB%PBdE“f6%QQYJ&@Q@1%B%é'&%%éf&a Aheo12 %@&ﬂ%%éﬁﬂ% w1th age
Strengt hening the hypothesis that APP or can directl
owinpnftouerrce areured ity i ddar gnpanhbbogyeuls oNon-draram the spinal
Cordtransgenic ani mal s that overexpress Qct, and which
are useful in the screening nethod described above,
are disclosed in WD 2008/ 087197. 20 Suitable study
designs could be as outlined in the table bel ow, QC
Taurjoptti b £BFYCROGI A5 appPiredsvid tHee dekiteg tsot 8 form of 4R
MAPiorwf@@mﬁﬂQJ @@Ml§thﬁf ﬂ#?ﬁth%%%Eggeﬁge ﬁfce develop severe
adm ni stration, e.qg. y, intravenousl
parasabesuanemuﬁﬂﬁ M§htnM)Q@O@#@9@i©@P@IﬁEEQ@@9ﬁ056385fdbrll1ary

Tabl e: An rou r_the treatnent of anina
pathiddars 6% e Hel | SBASE W PROQIOE. I ity steps in the
spinkM kegard to Alzhe|ner s disease, the efficacy of the

Qoct inhibitors can be assayed by sequentia

extractlon of AP using SDS and formic acid. Initially,
rau b8, S AL o TufAekd of [ACtLONBASONAIA N0 N33 7 mutacion

st conc ntratlons can be analyzed using an
(1/1ELISﬁdqganbuéylmgPTDtadrfﬁém 423 aheAPpxodd)tcas @ platelet-
Glu3] A133- 40/42/4%1
derlFﬁé @FPW TP AOF 4N ST Test T ohpbuhioR™e Wat 0y geurotibrillary
pathb@%@%lﬁkﬁdj%ﬂ§£0MhBQ thesgereening Aethed aboue,Anghpr rather
are suitable for further pharnaceutica

thandepebdoprent!Ashodhtrredldéelenechorratireiiof drives pathology.

[ pGLu3] A133- 40/ 42/ 43 or [pd un] A1311-40/42/43. In

particular, suitable test conpounds are 15 capable to
Taupdogftucei tde ckoraaisiion off polndhAMIIMOwatld/ @he R406W mutation

[ pGLu3] A133-42. An ELISA kit for the quantlflcatlon
undeéf[ﬁ%ﬁﬂ%TﬁﬂSSIQZ the CAMKII promoter. Mice develop MAPT

inclusions in the forebrain from 18 months of age and have

impaired associative memory.

rTg4510: Inducible MAPT +transgenic mice using the TET-off
system. Abnormal MAPT pathology occurs from one month of age.
Mice have progressive NFT pathology and severe <cell 1loss.
Cognitive deficits are evident from 2.5 months of age. Turning
off the transgene improves cognitive performance but NT

pathology worsens.



10

15

20

25

commercially available fromIBL, Cat-no. JP27716. 20

WO 2009/ 090190PCT/ EP2009/ 050387 45 An ELI SA for the
wa@aabddipecat i on of [ pGlu3] A133-40 i s descri bedpdyEP2009/050387

Schilling et al., 2008 (Schilling S, Appl T, Hoffmann

T, Cynis H Schulz K, Jagla M Friedrich D, Wernmann M

Buchhol z M Heiser U, von Fbrsten S Demut h HU.

I nhibition of glutam nyl ¢ 5 prevents %Fau Abet a
Hewn 1 QARISIAT 4T (BECS nEPRCBPEHL RIS DRET ‘ORlY (nouse

MAPT”&%%%&%b&%hlgn'H%du\%ydé‘§éé&huﬂa®@uﬁ9§8§ﬁho399§r§@8ted MAPT
6(3):1225-36.) An alternative treatnent regine is
formsHownobehowndl (dTabl @ Ahiimab-greupsvienwdllegdy the time they
are ?%amon Elon 8f the effect of inhibitors of Quct on
progression of pl ague formation in animal nodels of AD
15 Subsequently after Qoct-inhibitor treatnent, the AD
can be _tested regardi ng behavi oral changes.

TAPP&A?%&ﬁE6bé%aGNBPéP &ﬁCﬁﬁﬁ%ﬁﬁg%@-EnaOE@%ra%%o§@thologY in
TAPPWGMQQeaggﬁ§§§eg'Rﬁﬁﬁ@nﬁNﬁﬁ@e%E%g% sting mytant APP and/or AB
hi ppocanpus- dependent | earni ng.” Exanples for such
can pédeokogpbwakt2B8amedf8Tapethhéobrri s water nmaze test
and the Fear Conditioning test |ooking at contextua
menory changes (Conery, TA et al, WO
3xTgA009/090180RPCENEB20QY GRREBE7 A% rds200h) ,muk NeUrOSE,;, MAPT:5017,
25: 8898-8902; Jacobsen JS et al, (2006 ,_ Proc Natl.
on ‘%Cé@ENQQWWUSAKQY?hFP@i 5@66?91Tﬁédan Ehvigel - oflice develop
plaqh@fsl & ﬁmg{ S£3q Mnfr ta@ﬁ%@%gkerf%' tEhe time they are
cont enp ate e present nvent| can e an
12 mamthsrmﬂ@ahetosnbéhesﬁsgamhwmhypnhﬁesxﬁgtbaapAEP or AR can

xR P B L FaREYSRT e TOIA6 eGP RO kB gone.

over expression or gene deficiency with apoE deficient
background. The apolipoprotein E knockout nouse node
Non-hagapecom a0 ore 6f 1fhd Sprinaky avsder®iess Qpct, and which

a rooscl er Ar r

ﬁ)%%f%gme”g ﬁhéTréﬁ%égéahg oya%sc%%e el%a‘l %8%119% over are
disc2084). ith@osvadBgssmayp7be performed as descri bed by

Johnson et al. in Crculation, 111 : 1422-1430, 2005

or using nodifications t her eof . Apol i poprotein

suitbpPef isehent duss Maeh d5Apaki pernetkeln ik (8ROE) ahSe below.

a conmponent of several plasna |ipoproteins, including
QC t@@i@mt@r@nSXNNMtlbean@p?EledRB@@pt@henE@W%nkﬁmg solution or

catabolism of, the rt| l.es Ated
Chowfhrou ﬁnyheqinjérég |oﬁggp apo % 4&?%%%% 'tlon’ ©-9-
oral@yDLRht@évwhbhsupLBrrehabadapéoheﬂg.(LH%.

ApoE-deficient mce exhibit 20 hyperchol esterol eni a

and devel op conpl ex atheromatous lesions simlar to

those seen in humans. The efficacy of the conpounds of

the present invention was al so evaluated using this

ani mal nodel .
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which are suitable for use in the aforenentioned
wa@eoemmiipg nmet hod, are the thioglycoll ate-i ndup€mEP2009/050387

i nflammati on nodel in mce, the collagen-induced

Arthritis Mddel in Rat and igqurat nodels of restenosis

(e.g. the effects of the test conpounds on rat carotid

artery. 30_responses to the balloon cathetegr injury).
Table:  RYHAL | FIHRS HRARr Jh6 SEESBLTSTe f f [AUMALf models of
AlzhbRRe@Pst diBRLBL RiencapcheianspyYed By neasuring the

i nhibition of the chenptaxis of a human nonocytic cel

line (THP-1 cells) induced WO

E?f ective 1est congeLats snowlfbstiow @1 deduced 45 weeks)
comnocyte infiltration in a|thioglycollate-induced

it amrrateor—rpdel—tAr—mee— S5 Furtherrpre—the
2ip2é(pé£]iv9\pepf t he foynat!ontlbsfa?f@%tl\mleséﬁ?fl%s (25 - 26

tested In vitro angprovdypredbe) nethodsn@fat hege of 4
comventi on can adyantageous|y use cells 10 isol ated

from a honozygous or heter peygfous Goet- il angeks)

ron=huran—amat—to—studyramtotd—accunutat+on—=as
3nglé%as_to test potential therapetrt cteonpdlershs TheS - 26

tH3dS of the i veption CARedkSP bea used Wit hagelds 4

exyhessitng Qoct such as a transfected cell line. 15 A

Qoct knock-out cgll can be|TedF nlan 72 Vitee et hod

T0 screen conpoufds as potential therapeufic agent
sfprogseating Al 3| associ at ef” o SEBTeC f%#séd%o% tﬁ%%,_ 26

a conmpaound i s cofitagh edow [heak Qpcs t knotkyg caut €@t | of ad

t Aarsfdctdd cell |or a cell|derived 20 from st

nut ant non- hunman| ani nal and§screeﬁed for alterations
in a phenotype associated with expression of Qoct. The

changes in AP production in the cellular_assay and the
In  kpgekouttaniel"Cdif be asse5s66 by het Hods' v&FY KHowthe Qpct

oL S illed._i e t t [ : :
o A oL e B AL BE B g7 26 ot
sDs fandsuch radreeniaigl.metihods slilnge tire exppessswd oformic acid

Qoct can be nonitored by fluorescence intensity. O her
fracgiappl afyritradinéidpolyisept e Stheltide otheentrations can  be

onan U BRGSO BT 8U0LA% 0,30, M ol 90 ListoBl ot

wellproi€i n,[poahy 1 kes-4and2yhe |idke, opcany tage 0f0/42/43. Test
epi tope tag. Such fusion polypeptides can be detected,
comppgpdexatiptle, S ndogntibeGrescBpeerine tid'e hecresingmgd method

abovRO! YRRPti g8 1 The Jusi on; pol ypeptides gan.he. an entiteeytical
pol ypeptide or a functional 35 portion thereof so | ong
deveaspthetf shotildnakdpokt ithr rfetraians odesifr dpGropepb-és/42/43 or

P i T TR R
capable to reduce the formation of [pGlu3]AB3—4O and/or
[pGlu’]AR3-42.

An ELISA kit for the guantification of [pGlu?]ABB—42 is

commercially available from IRL, Cat-no. JP27716.
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48 The invention further provides a nethod of
identifying a potential therapeutic agent for use in

WO e@abdrgo t he di seases as nentioned above. TheP@EEPIAI/050387
i ncludes the steps of contacting a cell containing the
above DNA construct with a cogrpound and 5 screening
the cell for the results to be observed, thereby

|dent|fy|n otentlal t herapeutic agent for use i
Bn TLISH (4 QPG -POrH Bt sEB st THLE i‘tﬁ%aﬂfp phF described by

schihs@hgt ed from a26090k('5%%tllrlq_rﬂlgh@anA% hevd nn T, Cynis
nucl eated cells containi ng th ct construct .

H, Sahvéendti velgla tthe elddiamh CQ}ntVéﬂ?Jﬂn@rDNA conshhoter Mo Heiser
CONPY,L Si a hucleic, acid en dln reen or escent
U ‘6?BtgPﬁSP%§|5ﬂ %r ot%er fusﬁ%ﬁ po ﬁgpg% éﬂWM%W%%fi cyclase
prevpet ppbypepbide. Addinti-anal | ﬁft@Ct ikneekoout ceel/hsppocampal
expressing a Qct polypeptide can be used in a
micrgdBpRRTAAFY scteen tdYident i fySébHpounds as Nemrochem. 2008
Aug,@@%qgtl§b2ghg%apeut|c agents having activity that
ters a phenotype associated with Qoct expression. As
MAth in vivo screens using Cpct knock- out non- human
mral s, _an_appropriate contr ol an be used to
a o LB RRE s vRe P RELRBL oF S cPeshS tnE dpPect | veness
of conpounds identified by an initial in vitro 20

screen_usjng Qoct knock-out cells can be further
Tabl?est%‘almﬁlwwlﬁéﬁ ndved viedyenexBRinBELoRnoek- die effect of

:th:LBQ'EoQH'T%'f | Sn b?o??éé&@gn bus1 'fyﬁﬁgﬁﬁ;h in animal

provi des nethods of " scfeening a | arge hunber of

modedenpduPbs using a cell-based assay, for exanple, using

hi gh t hroughput screening, as well as nethods of

further 25 testing conpounds as therapeutic agents in
Y i:

z a

1) of M| dnGagnriitiee | npairnment(MCl), Al zheiner's 30
di sease, Famili alVebagileh Deneht imontFash ¢ldl (Bfitish weeks)
confPeienti a and neyrodegeneratipn in Down syndrome. The
N-rerm i —of the amytof d P-pv@fé%er@@ppét@%ﬁtwe 21 - 22
2) Nzheiwer's di sgasepanddebBown| syndronme brain and the
anyl oi d pepti deq ADan and Awae@k@bS$t@ﬂt1mgFaM1tm@Jage 11
contgghl sh Denenti a |dfd 2FERY/ LAl BrlH%sh %@ a as 35
wel |, bear pyrodl utanic acid/"Fhe dd (°formatTonfs an
nportant event [In the develppnent and progression o
the di sease, sirce the nodif 'H??%?dpéﬁ %5??%@% 21 - 22
3) CADamtaiigl tABr | sl“dwwanioelehancheetlemxjeazmeyrttm@r@/ﬂ:oai@le 11
aggregation and |toxicity, WO _
2009/ 090190PCT/ EP2009/ 050387| 48" T kel V° wor seni gt he
onset and progrgssion of the g@ég%gght(f@§3@,mghtﬁg (21 - 22
al . 2002 J Neurgchem 82, 148D 9; Ghiso, J.
4) %Olln%mffﬁ%l 8, @7‘2h2§@)se 5 ‘ﬁeﬁt]ﬁ% n%t%?%}n%m‘beﬁﬁf ek
(3-40/42), glutdmc acid is presend ascan N tesannal

amno acid Qpctl is involvedlin the formation of
pyroglutam c acid that favors the aggregation of
i f 3 penti _Thys | phibidion 10 imal
subsBEGALE,T SRS e Touee 20| ANHLLLON (0000, BPtanina can
be tplsagde Ife@rammcg[ @3] AT E3- 4(07(@4(23‘@!@ of'Bultable behavioral test

d ui A1311 40/ 42/ 43, causi <£§ onset
parab?%?e 1on 6f 9Al Zhed rer ' §1dF° eaas aritf %ﬂ?ﬁHForﬁfpeCtS of
hlppééa@p\:{%aﬁ@bénﬁénftoll%r‘rﬁr@os| t EQBﬁpﬁesljfd?ﬁnds@@h ohetiPBlogical
anmyl oid 13- peptide. Among themthe nutation from
testgl @ram ehackdrfEp tﬂ@tglrutrfearﬁmet@@} ﬁﬁdpdéietl%ﬁ?laJZZCOHdltlonlng

west BTSN ot o7 R AP0, S adpr oL STy (hOsdeT) as =t =L

been descri bed as the so-called Dutch type
cerebroarteri al
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20 anyl oidosis nmutation. The P-anyloid peptides with a

pyroglutam c acid residue in position 3, 11 and/or 22
whaoe/otmaen described to be nore cytotoxic and PCT/EP2009/050387

hydr ophobi ¢ than 41-40/42/43 (Saido T.C. 2000 25

Medi cal Hypotheses 54(3): 42/5429). The nmultiple

N-term nal variations can be generated by the

secretase enzyne 13-site anyl oid _ precursor

(2005 o1 di HERFER TG 1A SBACE) SAORATT eforitt sites (2006), Proc

Nat1(Hasgad. Scietysal 102082¢5Bleh 5630 _ _
Chem 277(18):16278-16284), and/ or byam nopepti dase

processi ng. There had been no experinmental evidence

supporting. the enz tic_canversion of G ul -peptides .
e Dt Bt thy BN T8 51t dhy 7 cJeraggsclerosis
contelE) at&ar deg, RheW pddyoz, TinRnti@dreesednh JoeM an existing

Fl oyd, P. D., Li, L. J., Rubakhin, S. S., and
athespaedpersiy. a‘V.lm@iQQ@}jej'N&ﬂ%cheﬁﬁoﬁZ,d%ﬁ%Q%%T} Hosoda ©L <an

| . ur : u : :
ve esghlesth oIS NEL gt SAE Nk lnoSinic nouse havins

Qpct 2020 I0AKICRCTY ER2009/ 050887 c50efad ipeay ivdeart i fped, deficient

capabl.e cycli.zi ng Q. ut.- pept.i de ich are
oackPRRBHE: TheR A Ry i Tttt gAY vapgel has become
one char gele Gtk iya€@ar bpgdat e A ey herdel 1@rlodliy (Arterioscler
al kaline or neutral pHconditions. 5 QCactivity

Throgfaitrste Ghe! substratedy) ¢ sl Uramat VR4 | ;Tr@@aﬂ@ce%ﬁ%i%wsc Med,
14: RE7L180 I Bogontrast, Jdd,pRReas tl Fpé%f’%feﬁgcﬁ‘vgésa%cribed by

can occur at acidic reaction conditions
Johnkwat subogl T. inSaiidoulEtiCn, MM, : D14pP-1K86, V0N, or using

.and _Tr.o] anowski g % ( .996% Am J 1%{ Pat hol, 149,
nodi3355T1858) RRFFPEr  BROMGCRTLT gl ol MiecHer Hpees Model
Apol&@o@?b@eﬁﬁ r@coqgk%@)anq4i9(gur&6M$%néﬂwﬂ0@9-Psgeéka@d plasma

pepti des under mldly acidic
lipoproteins, including chylomicrons, VLDL, and HDL. Receptor-
mediated catabolism of these lipoprotein particles is mediated
through the interaction of apoE with the LDL receptor (LDLR) or
with LDLR-related protein (LRP). ApoE-deficient mice exhibit
hypercholesterolemia and develop complex atheromatous lesions
similar to those seen in humans. The efficacy of the compounds

of the present invention was also evaluated using this animal

model.

Other animal models for inflammatory diseases, which are
suitable for use in the aforementioned screening method, are the
thioglycollate-induced inflammation model in mice, the collagen-
induced Arthritis Model in Rat and in rat models of restenosis
(e.g. the effects of the test compounds on rat carotid artery

responses to the balloon catheter injury).

In regard to inflammatory diseases, the efficacy of the Qpct
inhibitors can be assayed by measuring the inhibition of the

chemotaxis of a human monocytic cell line (THP-1 cells) induced
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condi tions (WD 2004/098625). Therefore, the peptides
[ GLn3]41- 15 1l1a, A3-1lla, [GLn3] AP3-1la, A3-2la,
W BInBYARB- 21a and [ GLn3] 43-40 as potenti al subSt/EP106%050387

of the enzynme were synthesized and investigated. These

sequences were chosen for m4rm cking natural

Ntermnally and CGtermnally truncated [ GLu3] AP

pepti des and [ GLn3] AP pepti des which coul d occur due
by huma20 Nostl r anslivatironalTHd urasa Watl s onlesktrivasl sihrowsxample 16.
ThistqghiﬁﬁQgﬁg %@%e%%m%%§q§¥s&xgégysz£5gfkglyﬁaglgg[ Effective

and gl utanyl cyclization. Apparently, the primry
testpippgicoluagisc e hFuwlttt $ovw of Qeeiucied mmyrfialitsh Horpheation in a
thlogﬁyebﬁﬁbQ@ th@BQ@C&h@@a%%a%%bhsmeﬂe9|Qhaﬁth

cyclization prior or during the hornone secretion

process. Such secretory vesicles are known to be
Furt@er@beel N fid Thiushiaishdefaciie/i tyreftibe eFzZyd®Lu+MCP-1 can

armwngran e.from5.0to 7.0 could be its newmy

th
be tﬁﬁgé vePed §rGt 4RI *By&ESe activity cyclizing al so

3 u- A13 peptides. However, due to 30 the nuch slpmer
e OREYREHAY Gru-eyel | \%ﬁ% 9189”%5 d gavrgn }éﬁé§ 0” cells
it is questionable er the g utany |zat

lSOlBItQQS £& 081 @nilfamearitI Py s 0| bRk TR Z Y DPeS @Hﬁc*ﬁh@Utant non-human

mammEal Noka0y el geu adegener abkyrydhsgbher 5o huever act Neo oot
nyl. Cycllzation IS O relevance nvestli In
potefRapr Qe Y of SRS Eay ket o HSbBone L1 (- fms Livention

can bae@oshamm t&gédthelunprobmmate@xmfbeeﬁm@usgMnﬁ: such as a

tran8s %%@tlal Er ghe cyclization of G n -peptides and
SEE5FarngFy 1t haPSthe WD 2009/ 090190PCT/ EP2009/ 050387
51 pKa-val ue of the substrate was identical to the

A Q&g@ %ﬂb%%—%%&.CP@IICQEQJy%éslhiﬂys1nc9£{ §Eﬂbb£t§§snethod to
the intranol ecul ar nucl eophilic attack of th

SCIeGRpFOFORAFE @5amQﬁ?qﬁﬁ%%3ﬁbﬁﬁ%ﬂﬁ¥t%ﬁu%ﬁﬁ®ﬁsc%@%oﬁ?egtlng AP

assobma@@atnfggeég%ath@nnn&ubhahﬁnheam@ﬁgeepr@@ﬁpbuaa_ is contacted

Py S An AL e 0 A 1 A GO ol 1 g boptf dBsOPLL derived

frompr edonmDpant | yniaral enthby-thasged atinmelut r abnpH. screened for

- te ex S..0 0
alte?alﬂtlgﬁg )e/inca$b%‘l’lte?ﬁlog§§nda%é’§eoci1h%teg?a%gF]Ig' %x%@%ss&m of Qpct.
The rhepeeti val P Pr@dUQtlﬂ@u@ﬁathﬁkpahﬂuéﬁﬁvésSthh@dghhe knock-
out tH8iAa@M N0, Nid 0geRcisSein BYr tm@fnbdl! Yydpratpnat edo  those
and nucl eophilic, the y-carboxylic group is
skil{Rpr dPohAEed  tand so exercising no el ectrophilic
carbonyl activity. Hence, intranolecular cyclization
is, 15 |nposs weyver t he range of about
n onSs e RS R e 5pble 08 PR Caliet, PnabpRbioularly
usefh&ndknnnamc@reupseanegpmesﬁntkbomhn¢a nhon- momn£s$lon of Qpct
o fpEms e at ahaqut ;. % ( or
1%510/m ﬁg%r£§&op5# f %%ﬁn1na éﬁ§%§3%35|n§%%%r exemplary
fUSlQéptP@ Ypﬁ§tadﬁ§suﬂmchﬂﬂ9'z?ﬁﬁQQIybeQ%ﬁ%C%m¥raﬁ@@telnSr or

modigReskesnaf MhetLlf n@hu@h%h@@ﬁbLge§r§ﬁ§f@&§§@nt«%hMCh maltose
carry both groups ‘unchar t her ef or e,

blndﬁagspﬁpgeﬂﬁﬁt}%ikﬁ %ﬁﬁﬂdgg@aBbﬁlgé ﬁheqq“qﬂ%mﬁggﬁeogfepltope
tag.i ntuanolecl@r @ydlyicgattiigiesi Nnten be detected, for example,

using antibodies specific to the fusion polypeptides. The fusion
polypeptides can be an entire polypeptide or a functional
portion thereof so long as the functional portion retains
desired properties, for example, antibody binding activity or

fluorescence activity.
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25 the pGlu-peptide, i.e. if the y-carboxylic group is
prot onated, the carbonyl carbon is electrophilic
wenmaghoiv® al | ow nucl eophilic attack by the  PCT/EP2009/050387

unpr ot onated a-am no group. At this pH the hydroxyl

ion functions as a |l eaving group. These assunptions

are corroborated by the pH dependence data obtai ned 30

for the Qoct catal yzed conversion of Qu-PNA In
The cantveasti oho gmlnum@rnezrmnmmaeﬁ ore ofm&GmedPNAo DY Pehtifying a

o S S ts t r

poteh@?a@ %%ygnp%@tq aaqtﬁ%!ty Jffr Qégﬁpnocvr\}qe%etl’]l%? gﬁskge ?gggases as
mentﬁ@n@dmab@m%cfﬁyeam@tbpduuﬂaﬁ@@@ﬁ3¢%@uﬁaaﬁ§(ﬁﬁrg@m@pcting a

celld PEQLONAL yerear Bexyl amea unprationatied,@rh 35 aldi®ound  and
group. Furthernore, the klnetlcally det er m ned

ScreﬁkéngalE%eofc@i%Sjiﬁf 6D62 FSSPhtexce? | &t &Greémeny thereby
idenwithithbata obothataal MEZL%%LQQLQ:T.9@B&E/CEPE?(Q_O9&@5031&7 treating
si.ol .0 |caIIy, e second-order rate _
Qpth6ﬁ§?§ﬁ9 F& SSpECifi |t§: gné?%h ‘ak%%ﬁf%%ﬁgo%r?%ea knock-out
non-QpubncataimpZzeh gl ut@anetel eyced zatilon mwoghta ilpe nign tthee Qpct DNA
consrt HQ% OfAl]te]IQ]%th]e 6 i}_béd %lqu\EcL ﬁhégmt:g}?no%e ]51\% construct
utam ne cycli zati the 5 nonenzymatic
Compﬁaﬁﬁége@(ﬁu%b@hcn§§éﬁ SAUBEIG B 52 GOFEEBNA Hiker 4§ RIBNAPTOtein
fusibs, negl bghblkesubebAgp 6@9F@bﬂh@bthwﬁhﬁ Qbéﬁﬁﬁegolypeptlde
negllglble pGlu- peptide formation. Hence, for th
pGlu-formation by Qct an accel eration of at Ieast 108
Addieannbelest iopatredrfoctmotite detlis0 @tptdes ey yamabpbct polypeptide
ersus _non-enzynatic rate constants (cogparing the 10
\ﬁo 8 prelim ®) nHel’ltl? com ounds as
secondorder rat'e constants for the enzyne ca 5I i'g
potenitthlt heheespeotiive mogpenzynhtivengychirzavidom that alters a
phenEE&?E 059@6c£§£§d°°ﬁ§£ﬁpg§pé@:e%féfé%ﬁ#éh}““ﬂé CLER®Y in vivo
SCreghy- dﬁﬁVé}s@BﬁF 1%§bé%F¥Vél9§@ ﬁ%%a%oﬁ@ﬁﬁ@#ém f3pnpprpropriate
contkbﬁsﬁmgﬁiaxgi béhgkfdﬂtﬂjV&bﬁﬁéﬁeaﬁhénéﬁﬁﬁﬂtglQﬂihthe screen.
resul ting pGlu or mat j ons, see c ei vabl e
The B tECd VR BaRy OGRS et 1t {31 Tt bt b 17 vitro
screancmmmmqlupdngﬂndmkﬂmyercehle obn0 @ Murthaﬂxxﬂnﬁ@d in vivo

d f f i .
ooty oo et o of 8 Mal (REATHT .,
desikem HSs, V@NEVVDN@ntZﬁaHH@ﬂM¥d3$ H@ﬁ@©§@do®f Ncreening a
1argel99@bed Mad s 426534 %Qelp%aé:@(ﬁ‘ predict £8r example,

cyclization half-life of about 100 hours for an
USlngp&%ﬁﬂl%@%P%ﬁ%ﬁ%ﬁa?ér§ﬁﬁépgatés|We%¥nﬁﬁaWQQQ%ﬁ%cﬁﬁ further
testéapdcbmpbandkeapr evkdageubreayensgivieAn animal model of AP-
1 %ogpﬁrtnegtallzatlon and 25 | ocalization of brain Qoct
TeLAf% h&S8&Er&fory pat hway, the actual in vivo enzyne
and substrate concentrations and reaction conditions

e g%gPEeR% eYﬁOeHE%SnfaXQEQb'gfﬁgﬁgﬁge E”Zﬁgﬁt'ﬁeth for the

zation in the intact c {erm nal
treatgepianstior médld o @Pﬁnatﬁﬁéhlﬁmﬂﬁhﬁmﬁﬂi pG@@3$brnaﬁﬂéhelmer s

disehBdi atediby 530 fPRGtsc Bt e £xpesiedial RYit1o BShBntia and

reactions were suppressed by applylng |nh|b|tors of
NeUrphePeREEALPY. FR stRMEr ySYPHELRAS  showh Ehat' " hGRBANL  ©of  the
amyl@pat B- pﬁpchdes @egbbﬁt@@undanﬂxanAIiKeimémrs dssddkel ynd Down

a_cat st of th forna 0 35 t he oi dog
syl e RS et idiest r oY b AR s PR 6o AR SHIEOERLS, gopositea
in annhlmhk@a@psmor@emhahlsowmui thaipliadqueBdeposiit ementia as
wel1found in Alzhehner s di sease. Thess. find Lﬁ‘gsfbﬂﬁé‘%i&%{ is an

Qoct” as a player in senile 8Ia que formation and t
lmpoé§aﬁtno@§?narugn WBR2009£U96 200PCT EP2E09PO36387 510N the

disease, since the modified amyloid p-peptides, ADan and ABri

can

show an enhanced tendency to amyloid aggregation and toxicity,
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53 targetint hetreat nment of Al zhei nmer' sdi sease,
neur odegeneration in Down Sydrone, Fam lial Danish
w®eomendiiao and Familial British Denentia. See, BCOEPAD/050387
2004/ 098625 and WD 2005/039548. 5 In a preferred
enbodi nent, the present inveqdion provides the use of
activity-decreasing effectors of Qct, as selected
with use of the present inventive aninal nodel, for
likeflhe suppeessgontiod pﬁﬂ&euMndnﬁwjgnqgﬁaksﬁamwnmf i omhien disease.
| d tive i mer, as
(Rus B (o arone AR &) D Sh Chnit | & And Famn igiteer T et
al. B@pﬂi§WYE@ﬁ§nﬁva27ﬁn2§4ﬁurther enbodi nent, the present
i nvention provides the use of activity-increasing
effectors_of as sel ected mnth use 15 of ' the
In tB?e§éﬁPrPﬁvéﬁfP98téﬁ?ﬁal3n68éﬁ2 f of l¥hemsfi Al dt fenPeesent as
an Ngastmehatesiinal atiact cell proliferation, especially
gastric nmucosal cell proliferation, epithelial cel
proliferation, the differentiation of acid-producing
Qpctpars etiglvadeldds and thst dmmetsecr ebifngoyroglutamic acid that
t [ e he ressi
v e e s ae ot e M TR o Lo BT B Syt Aasr ando b Eion
of @P@Fagl&efftchs EQ° cél | gredsniePrn asff orhe hesrqimniltattiiom of the
plaq@b-aeuhengci d (pecnetApp-im/ Mamel s by maj ﬁhlﬁl RG1QL40/42/43,
|ncre S|n the concentration of actlve££ Gast in.
caus3gg| nt % SEET e EnBoidi HeTtS 1 Yhe Opr €5 eerH enti g sease  and
Downpsgmddemethe use of activity-decreasing effectors of
Qoct, as selected with use of the present inventive
ani mal nodel, for the suppression of pGlu-cytokine
Glutfuatti o, fpreferabl pyoesherokend,f unctdoh, 2dpstt the amyloid B-
peptRHEL €T ARl Yo MGyt & EherpaLiy %ataﬁkoﬁugiﬁ%w acid (E) to
hei ner's 30 di sease, Down dr one I sh
glUt@@ﬁﬁﬁtlﬁ2anHﬁFQﬁﬁFFéPnB@@tlgﬁ”ﬁ@ﬁﬁﬂﬂ to amino aCld 693 of

the alnheroscl gresissand pfr%s;teqrmosmmﬁonum%s@fro%t L&t&sy P05067)

have underlined in particul ar rucial, rol e of
has (s BorCt HRSder sl Gt ot - bt Hor GBLCE Gl (Ereproarterial
amyletd35ial mpte1988) Mol . Cell 2, 275-281; Gosllng, J., et

al ., (1999) J d in I nvest 103, 773-778); rheunatoid

arthritis (Gong, J. H, et al., (1997) J Exp. Med 186,
The 1@1amzr®l@ga@%pt}deseuwxﬂh- 6(199%p91UP@mﬁ@I argz, residue in

p081%9§n11é) panckeatbti s2eBhatisa, B%enetdégcrlgg905¥o W more
09/090190PCT/EP2009/050387 54 Am J

CytO@&Fo.?ﬁ@%st G RRAN Phivs |ha@ssAE;hzé@/é;%é%%) (Saido T.C. 2000

MediAkzhekperhssdisseass) ( Yapmrabo) .M, et al., (2005) AmJ
Pat hol . 166, 1475-1485); |ung fibrosis (I noshima, |I.,
et al.,(2004) AmJ Physiol Lung Cell Mol.Physiol 286,
The t038:-dl04¥yrerenakl variations can be generated by the f-

secretase enzyme [(-site amyloid precursor protein-cleaving
enzyme (BACE) at different sites (Huse J.T. et al. 2002 Biol.
Chem. 277 (18): 16278-16284), and/or by aminopeptidase

processing.

There had been no experimental evidence supporting the enzymatic
conversion of Glu'-peptides into pGlu-peptides by an unknown
glutamyl cyclase (EC) (Garden, R. W., Moroz, T. P., Gleeson, J.
M., Floyd, P. D., Li, L. J., Rubakhin, S. S., and Sweedler, J.
V. (1999) J Neurochem 72, 676-681; Hosoda R. et al. (1998) J
Neuropathol Exp Neurol. 57, 1089-1095). No such enzyme activity
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5 fibrosis (Wada, T., et al., (2004) J Am Soc. Nephrol .
15, 940- 948), and graft rejection (Saiura, A, et
wW@bk009/0¢@A004) Arterioscler. Thronb. Vasc. Bi ol .PCHEP2009/050387

1886-1890). Furthernore, MCP-1 might also play a role

I n gestosis (Katabuchi, H, =3 al., (2003) Med

El ectron Mcrosc. 36, 253-262), as a paracrine factor

10 in tunor devel opnment (Chta, M, et al., (2003)

had loder) Odeokif22d, 72308 o8. cejtclajz;r(gzoesmbt@qu which

are ?%t?éé&%%4gr8%?ﬁ B?EQ'%Rggg%é % Bfg‘ﬁlWe%& charged Glu'

Y-capp sy Park, | NOVeLYWAHGISIF. m&mﬁhﬂwxﬁﬁﬁﬁilnp Pr(20094yral pH-
Cond@k@gg897 352-358; Coll, B., et al., 15 (2006)

Cyt oki ne 34, 51-55). The mat ure form of human and

rodent MCP-1 is post- translationally nodified by
QC- a&mbaﬁynmba@i@kamn{@@bétf@t@@sggsaramat\hwnm‘ynabduced below

rogl uta resi due. ni na
ot Tiebai |cﬁ?n%ﬁa%%ke§%tﬁgpﬁ?gﬁeFﬁa%e§h§&aﬁ?ngﬁﬁgﬁg? €&n occur at
acidNet eredaial omegroadattiiomsby (anbnopeptt dases, Tmnlc&aléoofif C.,
rtance, nce chgnot I Gp ENGYs 10f |s

Mann'n§9atgd b %%s ﬁﬁtgfnlnéga V&Rgga S§£ %2 ,1996) Am o J
Pathpigd9y, CAEmiramifol 72, 42- 56) A«tlflClaI eIongatlon

or degradation leads to a | oss of function aIthough 25

MCP-1 still binds to its re p or
Barligrg) it (1boa) R3S taganar TRt hAsa Nl Srkee 4 recognize
and Xg Etrabver1%9@1oidBBOkkﬁthNQGﬁepﬂSQéB 1b924; mildly acidic

cond}BSUEE: G FlofoeedoSPy InLOLerier on U OKLAE.BES 161031081
1la,Bi o@R8niéery 38Glm§01&9313®25) 3f3BReato thelndjap3-2la  and
GlnBﬁ’hp3OEo'\/C%s1 0o fe QUIDET %b@:‘t%%%%% CO@@'%%S @r[‘zyme were
MCP-1 strategy Is required. Therefore,
SyntéﬁﬁﬁF?daVENﬁaBP€e§6ﬁ6@Gﬁ@s |%%¢%ﬁt|%%$Wﬁﬂ§eébtW%ﬁeoﬁ3hosen for

mimiMePng arespiom si ng ceandindaties feorda @%r@rﬁi\fféll(]@mi‘m:runcated
a

bitors of 35 Guta I cl.ase are small o
Lo BB R P e aaras L Il PEFGUEend i TbrtiHe dpeans due to
postofkap&latfionmat Gan-amitheiNat er mi nus of MCP-1 (Cynis,
H, et al., (2006) Bi ochi m Bi ophys. Acta 1764,
1618-1625; Buchholz, M, et al., (2006) J Med Chem 49,
It weE4sbPFn. thad 2G09YG0 LoD PFCTEP2009 058887y55 path glutaminyl
and %ﬂﬁﬁ%ﬁﬁﬁﬂc@ycfﬁﬁ§€ﬁb@y ﬁ@ﬁhrbﬂh&%ﬂtwwé éfﬁh&%%egﬁyBHéloglcal

MCP-1 i s not, protected u-residue. Ins
funcFﬁ@“hﬁ%%rﬁPﬁEsJﬁbs§%3§é§l§QyQR%mﬁ%% B@EPFﬁélﬁﬁtﬂﬁl endocrine

cellwhi bl}i | §1pt@ALnd 0 @y@m@@@l&y di pept i obw pepiiidaseshe hormone
g IB gtldglpegtldase n 5 fi br.obl ast aCtlé ting o b
SecrﬁF PBi n°{ PARS° sepr ase) , TR %¥e Aburic nownT Lo be
acidendothelH.urfitangl wit hidet hetbioog cifr dleatdrorymelhis the narrow
pH—r%k QV%Q%g{%E;JH&)%ﬂégggoﬁﬁan%%lqnx9fa%%ﬂfrg1§@évered glutamyl

ncate 'he ecul es unf in turn
cyclaneagenigiicy aoileniay eHe CORa i Rt eles e, However, due to

the ”ﬁﬁ@ﬁyt§16%b§tegc6h§@§§§ cemdLbyem§zaE@o&0 bBﬁkab@d to Gln-
efficiently. In a further_enbodi nent, r esent
CO“V?H\?éHonﬁtprJo%u‘EJ%%SFH%D%Q%%W ngERRY tf;}lede% PGSR LS cyclization
playeffsctsmr@ml@cﬁ cas/ssellectied W rbluse ofi tdres presentiogy of
gventlve ani_m q; fo%_the trea{nent of
neurodegenerative isorders owever he ‘glutamyl cyclization

1s of relevance.

Investigating the pH-dependency of this enzymatic reaction, it
has been shown that the unprotonated N-terminus was essential

1
for the cyclization of Gln -peptides and accordingly that the
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15 duodenal ul cer disease and gastric cancer with or
W t hout Helicobacter pylori in mammal s by decreasi ng
wo b@ooenver si on rate of inactive [Q nl] Gstri nPCDEP2009/050387
active [pGul]Gastrin
Neur ot ensi n( NT) i saneur opept igtei npl i cat edi nt he 20
pat hophysi ol ogy of schi zophrenia that specifically
nodul at es neurotransnitter systems previously
pKa- deﬁneskﬁateUet@u@@ﬂMa&megwhata@emmltbﬂs'UbsmhéeqﬂKa value for
Qpct™= cb@%?ﬁ i 8t udi ? gtcerse%r Sl&'z%aé fl W d (g§ Hi-;glecular
concentrati ons ve been neasure reveale a su
nuclserhzéphr @mt@qbatqfem@ W dletiaasedVC8FL2G NFiety on the y-
carpeangepLratihons that are restored by effective
anti psychotic drug treatnment. Considerabl e evidence
al so exists concordant with the invol vement of NT
In s&ystessti ntéhecimechanismidnactdenrgef antispsychehi CN-terminal

d . The, beh |, and bi gche | eff f . .
o10:J5455,, 105, Boh ou.al. 830, O achemeal, SLLSElSeolcgiaue in

Glu-80nsyshenpcalepr it nist eredoantapsyehotive lenudy, crdged  at
[ c s.Lpc t N.g

e et Cral ] B o 1 i nge Y od Tot e hyparfedd =9 7-

for tm NTCFbRtYbns asdarf andegenbusmanti pesictiofi crespectively,

i.e. Nﬁﬁeqﬁ%tréyppﬁa%m@“%EBW£lC@lt@@u@@skﬁgﬁdiéﬂﬂwwsnltrogen is

di fferen ly alter ur ot rans
in Pﬁuréyr&é"trélé]ta]aﬁf %?i%r%%?‘f |%néoBHﬁE}ﬁ hé?h?naltie y-carboxylic
groupegu@nsmn@ﬂ@tkﬁ@&%deffenﬂS e péﬁ@r©i$ﬂﬁg0fn5Idélectrophlllc
Carbefnf ct b|I|t ang efflcac respectively (Binde
EOVE ofCHEB601 BIGT CPeyohi ATFS BO°BEGIE72) Yppieation i
lmp02©®©ﬂ©90190PCT/EP2009/050387 56 In anot her enbodi nent,

the present invention provides the use of activity

i ncreasing effectors of Qoct, as selected with use of .
HoweyRa, pr ddenttHienvertinad %hi il ndrett for2thed, Detween their

respBtepakat pon-9f 1.5 ant lﬂ}fé/cla%l Cfaﬁ@%oﬁa@l/ er(jlﬂﬁs t ta@e present
treat ment of s h|zoR§ren|a in

bOthoF“QBéEP ePPREFInaPAlEr ntr CPH8?85§8t6885c8ﬁc8 PP t oﬁoo
(-NHof acti velf{pd ukioewrpt ensi ntoEetti Nizatmonapr ofdti-ngntaining
ti P tri tlde e 0.t 0
pept% Sherng horRBRs” (TRE 1 ot BRh RRReR, il feses o
N- teR@eéﬁtl eﬂdeﬁ@:@tgﬁeau n@ﬂeu pSEVESIe anquh vuqadrgho@@dh groups

unctheedFPPaahaystaerbﬁggetan&tr0h§ 'EoE@QHh@t'EHa%pebﬁbt could
fertility. Specifically, FPP initially stinulates

Stabhdher 119 2img QHIRCHEHE t afed) " SHRFRGIbAL { 6 vaiaddion  into

the @Gluarp@p&awe festibe lﬁeﬁq'l’—@aq%lo&lﬁl)ic kttoddhens protonated,
arres paci t q%lon so that, sper zoa do not

€ undéfr 8 § ont GAERUS actDsore T0sSANd ther & 6FdTdo A6t attov
nuclbosélﬁeCtHﬁU@ﬂ@ @DtehEiahmiﬂﬂﬂﬁﬁvﬁ$p@ﬁaesnar@roup At this

ed gugﬂf- en kn 0
PH reg ulagg't gq g%y ase E%;lc NPPééyfm? 8¥8u£ These

assumpéﬁ%@ct@r@n mmmrataﬁ thPID andol Gfe $ave obtained

for been ghewn &Qt§l%lf%’diatc%n%h@l%rn0d@§t icon-Hpiia . In contrast to
i ncapacitated cells but jn in capaC|tat

It
glutegips, ﬁPPHeﬁPPOPec%ﬁtd?%“ tuﬁﬁlfﬁ%¥ﬁct|ﬁ§ wPﬁﬁOptlmum of
cataagem@ssneftece@tam& and G priofrefansatourathbieve.0, i.e. the pH-

ran regulatlg_ 3_ Thegg events affectctgg t rosmgultaneousl
g osﬁhoryla i on s%a%e of "various pr%?elns Some”bel Y

abunzsntnpbaigwnnqnenhErohomaaed QWpaabpmglonandammunmiﬁgnﬁted. o-
amlneowcm;y b@h@@hb@?ﬁekged ﬂkfé”@n@@ﬁ@é?ﬁ@ rcf‘é%‘éfn‘?ﬂded pKa value
tonin and lotensin Il | so found
of 7s§@|ﬁﬁ p@a%%alsh&@eQﬁQﬁh n%ﬁ@%%@%m¢%thﬁFB 6ﬁat Of the a-
amlnbn§§@@ﬁ|b@t@QuspgNﬁﬁt@é@@rﬁﬂﬂe@aﬁyaﬁgﬂﬁﬁtlbﬁs@Qn§35+tO 05) .
FPP. These nvol ecul es have simlar effects in vivo, 30
affecting fertility by stimulating and then
mai ntaining fertilizing potential. Either reductions
in the availability of FPP, adenosine, calcitonin, and
angiotensin Il or defects in their receptors
contrlbute to nale |nfert|I|ty (Fraser L R and

N 1 NN A N A ~ S\ ~ - a1
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WO 2009/ 090190PCT/ EP2009/ 050387 57 fertilization
prohi bitive drugs and/or to reduce the fertility in
woenmbE The activity lowering effectors of QCL/EP2009/050387

decrease the concentration of active [pdul]FPP

| eading to a prevention of sperm capacitation and

deactivation of spermcells. In contrast 5 it could be

shown that activity-increasing effectors of Qoct are
Physablegtioasfiiypulat epflerdid i tizei rsamadres- calm:éJI ortrteatconstant (or

Lotectili not her o] t
specﬂ@ﬁ%ﬁk?oﬁ&%yggﬂggs %ﬁét n?og&QEEecto S of et
cycliepgépad A Use of e prasemt of nveil ve 10* B rrﬁcpld slower

thanMdehe foOgndhe preparphiQmigie a r@@lqazra%monfor 'Hlaeqever, the
treatment of pathophysiol ogi cal conditions, such

none§a§8@§§§lgﬁrapv6gbp7 é?%??oﬁogﬁlnﬁépéﬁ&aﬁﬁégéﬂﬂ%dﬁ”* and Gln-
RNA Qﬁi|ﬁegmeqpbaélabelng conform with the observed negligible

t tresp ses, cancer, mal i 1 ast
ooLuBeRfONE. CRRaeTS, T NG o d A HTIT S S by opet an
acceaehet@sol@ﬁOSﬂs l¢¢m@ 168fcbnobesestuvemeﬁlbhﬂsnsthe ratio of
i br ar, : u
the LEDB AL O3ty UL Ll 0 ¢ ALK LITUNS onparing che
SECORAMARPEY ﬂé§ﬁbn§é§5tﬁéﬁﬁoc®Q@ sBResiB¥hdCREGLEE 6N With the

resp@EQ@@%Seﬁoﬁéniﬁ@'@ﬂgokﬂ@hh%%kl%g.|B1§S£U6£@@f rate constants
i ment, the present |nvent|on}ﬁ§ovhges the use

the @PF@ Y6|l§ é’fr Tensy dadcted i th use of! t lbr%%%n?l“‘ and
the |i@ventonecanion| npdebectoretie. preparatdronwficn from these

medi canent for the treatnment of i ired food jnt
dataanésslggpkmakefuﬁnes QL apréﬂuﬁ%%%béfa Fggregu aﬁthg- pGlu
form@tlenergyemetabobesnﬁbﬂﬁpalred 25 autonom ¢ functi on,

i npai red hornonal bal ance and i npaired regul ati on of

body fl ui ds. .
Sincpo| YRF bt drfi nEégpansi oRerAsRerdl pltéfei REReRdtdd taking into

accolaur adrgenegat t\ﬁ@ﬂb&@frdeja%esU@Baﬁ%ornﬁﬁﬁntﬁelaﬁthﬂ,y 3und for

cne BTSSR O seass Spp Kemedy S slagese e IRSTAILSM,, 1.

Prokbue@hema@alKropem@m@@ofXpolﬁghut&h:n@ I epeats. sMggeZharlkova,

Qﬂ%%p%%é'?'er$Xp %@%@'0” g Qf'dﬁé Qk@avggg?ag f1), one can

amn gluta bon ut a
predﬂ@rﬂma@u oﬁthyZ@bh@lm bhu@bftblfqéue plat rﬂigemsuléJOsS hours for an

apprBEEQHQ@ Qﬂ@ﬂ@%ﬁdﬂélédﬁ%tﬁﬁh§90|iE stighinlit Yseaction conditions
hydr ophobi city, anyloi dogeni'city, and neurotoxicity of

are th@rﬁaﬁﬁﬁﬁutamMﬁﬂe WHGtei nsI V'S do, CITRET Uiyggtalization and

locallypatheses f( 2000)n N@¢Gt5ﬂﬁ3khé22ﬁ§8retdﬂ9 pathway, the actual
2009/090190PCT/ER§00 %5%
Vivo - enzyme = an Tate

yzed. glutamate

in concentrations and reaction
conditions might be even more favorable for the enzymatic
cyclization in the intact <cell. And, 1if N-terminal Glu 1is
transformed to Gln a much more rapid pGlu-formation mediated by
Qpct could be expected. In vitro, both reactions were gsuppressed

by applying inhibitors of Qpct-activity.

In summary, it was shown that human Qpct, which is highly
abundant in the brain, is likely a catalyst of the formation of
the amyloidogenic pGlu-AB peptides from Glu-AB and Gln-AR
precursors, which make up more than 50% of the plague deposits
found in Alzheimer's disease. These findings identify Qpct as a

player in senile plaque formation and thus as a novel drug
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58 In a further enbodi nent, the present invention
therefore provides the use of effectors of (Qpct, as
w@eedoeodEdo W th the present inventive ani mal nopet/EP1009/050387

the preparation of a nedicament for the treatnent of
Par ki nson di sease and 5 Huntjmhgton's di sease. In
anot her enbodi nent, the present invention provides a
general way to reduce or inhibit the enzymatic

targactti vi ity of Gpet bthSEMthhe test agenfzbelwmetéd disease,

neurgggégneégtkggl q1| i?ﬁg&ﬂ%’gl 'F% %tl WS, | yDemer(ljtia and

ctedinitiall nant hr ol'i ne and r educe
Famigimét hjrpteshn @@U@bylaw fHBed ©tg al WOL9gP0R/Bi%I625 and WO
2005%0e8K462, 8532-8536). EDTA did not inhibit Qoct, thus
It was concluded that Qoct is not a netal -dependent 15
enzyne (Busby, W H J. et al, 1987 J Biol Chem 262,
In 335§2e85366d88§n&mﬂh,meﬁn§;.\]thét mtess20011iBiveaheshstgnovides the

11246: 112 R.E. et _al. 2004 BMC Bi ol
55e 35° TEhEURr) TEC TR Showh T ERLC Rurth CRGL! aRd OLRGICTed with
use arfi nelhe Qoeceseare inptealt-idependemt 1 enzyres, fas reweabedpression

AL oPr#é&dH&é‘a% cheri shi g% EX 1Pt by 1y J0 Il%galrment
enan hro iC |n|c aci ]hy dr ox -qU|no
AthQﬁ@eétﬁeﬁ%ﬁﬂﬂ%ﬁmw %mdsb§rPﬁ@rr€ﬁ@#ﬂvéﬂl rofshgplegmgytia and
rFamiflhansiti@nsAebahehens. Finally, the nmetal dependence
is outlined by a sequence conparison to other
net al - dependent enzynes, showi ng a conservation of the
In acmﬂﬁﬁh@m @t k1 e €, reBédpe&sahsoﬂnv@mmaﬁl%&&&Kﬂes the use
of acC ncteracctrleoan810nf COPPe QdSsWIotfh hec acglvese %ed with use
E% retal” i on rébresen s a gener t 0 “reduce “or
of tﬂnhlbresepCt laotant itwe, ahem@genE§6éelet®edtby tfeimulation of
gast@@@ﬁ%eg%§ﬁéﬂbe9r§5Eeeé%f;g 'E}JIQL%%&%Q Waly %e@ially gastric
decreasi ng the conversion at | east one substrate of

mucoeﬁét<%ﬁbba??9éléﬁﬁééﬂ@ﬁs,qﬁﬂﬁhﬁkkﬁ%)?eé# wroliferation, the
diffb@@h@agkmgnthﬁfC@@y@w§f@mM@&n@tpb@aétamnexﬁghﬁtaﬁﬂeh@&tamlne—

oot R P T HE s e e o Chhlbe cOnberiegexpression

of demtem aciabaddidd onisial héstespeei alvhyhpbasmaceutittatdge in ECL

ccept ahl [ ihtio . , . .
e OGP 080 180 PCT ER2008 050307 Tol Fhe” Saf Fe s 2 secretion in
mammgéfpords Mefl nttie Niimgentdon grdresing t hehd or apofentration of
actikBOpHEANLG gL sQLgani ¢ salts. The conpounds of the

present invention can be converted into and 5 used as

acid addition salts, especially pharmaceutically
In a’p\cge@nfaglk@daa%nﬁo@ﬁdﬁéﬂtﬁp SabL%Jrer't?ltphahﬁas\ﬁubECQiﬁcyvides the

e, salt genera takes a formin ich a
use FICTECET Bot AT TES b9t BHACEAORTt 1P an2PRbr gdf coptected with
use @rigame acedenﬁepnsgﬂnﬁakaV@nnn@hnmodeﬂ I ferganhe suppression
ori 0

O e e P Fr re i 1 i hoaphor A° dggy fnetion, most
prefgﬁ@bﬂwnu@on@pw@@l|§ﬁqmaﬁﬁuiaqﬁﬁﬂﬁruﬁﬂn¢ﬁﬂ%nc in Alzheimer's

disehdBarigowildfirdmd! t albagi 161N | SanbPEAZ Ohkme RMEING, Familial
met hanesul f oni ¢

Brithgar 8?918%&%5E}FFSHPécﬂaéﬁféﬁésE}Pfjoﬁ?étSQQFFé panvi c, 2-
napht hal enesul f oni ¢, p-t ol uenesul f oni c, cyclohexanesulfa

m.c, 15_.sal.i cyli saccharj ni.-c _or trlflu roacetic
A ngﬂﬁé %FISthé?ﬁﬁbe%?lcappfegécggpabTe Seifdtadarti o the crucial

rolesalft MCoris fofr tthe cbampolreissrof Qfmﬁ¥h%£@@¢l¢nweh$|©®u, L., et
al.,ar@ dd enz%‘ij &*é’lPeze”'%%Q%lby éé@%&fp%"f LRisy ., (1999) 7

I nventi on. In view of cl ose

at| ons |
C1iripQraBen ARG e T e i s (B e 7. H., et
al. fqnmwoﬁhnhewgpS@é&818@bemsyen3ad9@qa@ursfﬂs &ffeired (1997) J
1S C a correspondi Sa | al so
Pathpdt olied. WTOu o SSRTCTSS Bhobt bIBPEE  dppioar o 621 -+ (2005)

under the C|rcunBtances
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25 Where the conpounds according to this invention
have at | east one chiral center, they may accordi ngly
WE@200309630 enant i oners. \Where the conpounds pOSBEFEP100D050387

or nore chiral centers, they nmay additionally exist as

di astereoners. It is to be wwerstood that 30 all such

i soners and m xtures thereof are enconpassed within

the scope of the present invention. Furthernore, sone
Am. Jof Rﬂysxnystahbtnelhoeﬂs oivehe comypowdds 2@y, extG3IR5AsSG1265) ;
a1znORUIPLPOR AN Ao 2Ueln LS, |t endad Lo, be Tz%t%:;gd%m Pathol.

résent 1 nvention ti on, sont
166,00%6%%8%5/ floyys sélilhapcessw t}flq/@"tléﬁfafssl( ir.eet al. (2004)

Am. Jhygrates) OEUQ?W@IPr gai Coisl Ment g and rsuch - L1044) renal
sol vates are so i ntended to be enconpassed Wi t hi

tibrpRésscifeidof this Shvehti of200d) J Soc Nephrol) 15, 940-
948) 20040D0180RET/ E&?@M&WS? 68ithe, compoundet al., (2004)

e J8LA0L00, N Lgl 13 0o ALED B CHAIOREAN 118 ppesnore,

MCP- ﬂomighelﬁlepy$ﬂah1uzeﬂqhm irb ¢$Btp$Lwth@atemm©@1neﬂt‘ et al.,
200%5‘6%%26%% ot IVE dz&rst%rOVj %‘3%5‘)0‘1 d Qrﬁé{?%‘&kﬂge factor

r treatlng a condition ne by nmodul ati o
in éﬁ%&ﬁé@%ﬁﬂﬁuf@hﬁﬁraMsubFécﬁlln nedd HhetlofJ Oncol. 22,
773- WhBGh conprises adm pisteringoany of EQ@ M@@pOQOQS 0617-624),

t he resent i nvention or_pharmaceuti cal os tlons
neurpRaragf Bah“qugﬂﬂﬂ‘i%/ 16 -an&t - dosthg Zi‘Jegq ms 00 Proc. Natl.
Acadt. Betiapeyt.ia¢al byidef raCtsi ve(Har i,r edt. t he. ,cormiartg,on J. F., and
Groo§%9'f1},]'e°50‘g' A E‘So Iesaeﬁoo& ”\é%”“é’é‘z' dé“d%sflhe B3¢ et al.

npounds” 0 hvénti on, t hei’
(2006®rﬂE@péndeng4phéﬁnﬁééut|calIy acceptable aci d

addition salt fornms, for the preparation of a

nmedi canent for the preventlon or treatnent of a 15
The comyiefon rdditat e@fby WO at i9W of TPABNEpctM@RTt vi thyp  Post-
tranem?@lagaﬂ@g moahele@wmut mﬂld@ynltb@lagbw}asg@r?@p%@ ) &to possess

i ent hy nvent i ona ute of admnjstr
PR BULORITLRIHECaRas | Tt byemoud heoraftetinal pelu
modlﬁmbautaneomakesnttaﬂuspmbae;nlnteadetﬁak pgaenseraN terminal

degrgagtgggbl%gth%ﬁﬁoggﬁ%%%%seéo Iﬁh ﬁurthe%fphﬁq rfég%ce, since

the’' |nven ion relates t
chemphartacematealcyconpddePibnss tiediiaitedt dwayts N-terminus (Van

DammBEBAiLAMBNE S411 hat joorhal &b keasho @ne 2¢onpayyy of M%lflual
i nvent’i on or salts thereof optionally in conbinatio

elon@FFﬁOBn@rordW%d?‘Sl%allﬁéééutﬁocai| yOdEcépt %Ctlon although
MCP-carddiarls andaer t@0|ﬂ’@§1t$ec$b@o@ha(rdm@m|Bﬁbost P., et al.

(109 R ek oI B oo ol 1 br W 5t i ORG"Bnd corcal T aler 1994, 7

Biolaﬁpemprﬁaﬁe cakﬁ9k&fi5%ﬁ4xhewaa®yebe B, thethEﬂh£ﬁ 1995, J
Inte?rf%'roiqorﬁyéé‘ﬂﬁ S%ggat 38 ”9%550%@ N LARRLQRLLAL €5 et al.,

riers suitab ral adm nistration. Preferably
1999heﬁléﬁé6mﬁ3$ﬁ§'ﬁ§vnﬂ§91§réﬁoﬁéﬁnulat|ons. The
effectors of Qpct activity adm ni stered according to
the 35 i nvention nay be enplqyed in gharnaceutlcal

Due a4 nitS€r aBlPe For il &t i his dFCFof nuttat i dn EBWB?Exe9¥ disease
condiAlbhil, 0Bs @mﬂu?Mmmﬁmrnﬁnaﬂeqytislfémﬁutéms Therefore, small

ubstrates,, seu%o%ugatragﬁl Jnhi birt rs of qp of MCP-1 are

oral% aval r% act

pressi on, I NdAi I‘Otel ns OI‘ a Ib 1es o
Prom26®99090§gdﬁﬁﬁt592069k05638¢rﬁg development Inhlbltors of
Glutaminyl Cyclase are small orally available compounds, which
target the important step of pGlu-formation at the N-terminus of
MCP-1 (Cynis, H., et al., (2006) Biochim.Biophys.Acta 1764,
1618-1625; Buchholz, M., et al., (2006) J Med Chem 49, 664-677).
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t hose enzyne proteins that reduce the Qct protein
concentration in manmal s. The conpounds of the
WO nooefdiion make it possi ble to adjust treat menPCT/EP2009/050387

individually to patients and di seases, it being

possible, in particular, tomsgoid individua

intolerances, 5 allergies and side-effects. The

compounds al so exhibit differing degrees of activity
In snae@wam¢épn<nﬁukkhebyTthphyshhihmtpoovidﬂng N-terminus of

me ven t nd

M ATy R He v o dibl PI0 oAl oy of "oeh the N
termpap§e@p§ser$§e|83 Eabcybu‘t:@ma@ﬁeusmbm@ Bekyf, owhillsd orfe prone to
cleab@@g pi/hei$ReRd Rf e ionsels ofc agti @ éﬁ%ﬁd§ﬁbé§%&dase 4 and

ot her hand, the duration of action and especially th
flbrpﬁﬁéﬁsl@?téﬁa§épﬁoﬁrof§lﬂ-p@g¥eTr%ﬁP€%§ﬁﬁnnéﬁ%l%%tﬁ6% abundant
on aa@oréhﬂgthelﬁhm | avient weRhrepr esent s1aodewcapptoaehon. This
for the vent| n or treat.ment of a condit ]
CLeaiaar ated by modul At o B1e THE: Cpht ™ ShsUHE &bt FOPRGFRA MCP-1-
Thes&ammmeyuﬂas|@nﬁ@M®ntagedushy simpketagusceptcbleetafon at the
CCRZCogﬂaerﬁEr@EBEbcathgﬂo@ geSB%ﬁ%ggg faﬁsgﬁge conditions are
i al In thé treat nt 0 I seases that are
lnhlba§éé @ﬁfaﬁbﬁpﬁﬁ§ed concentration of physiol ogica
active Qct substrates in manmals and especially in
wran nedi ci ne., The conpounds na be advant ageous|
n aad’fﬂ%arrﬁkﬁ%r%{ﬂboﬁwe%&'a nﬁ% P§§S?H H& oY 5k rovides the use
of eﬂhﬁﬁnageuﬁe@féa$&@@aeaﬁe0ﬁ5rbhaﬁfagmta;nash@emadnaa with use
i ngredi ent conmbi nation w t cust gmar additiv
ot ??%efﬁxiueﬁis ngngﬁlent%ndﬁa or’ é%ﬁf|e¥§rkh%ﬁ% fr reatment ot
duodehelpruépeartdlgeasexaapﬁe gah@ylcancbecadnlwaShered without
el iBBHEREEEabLLY okhion XAMRLA d 1y ddlRlWsI Al ogh@abosélekggon rate
sol ution)  or enterally (for exanp or al
of lPéPﬁﬁWﬁté@lﬂAﬂﬁaéﬁsﬂﬁnﬁpyaééﬁﬁpeﬂ§?lu GaStrln
Dependi ngont hei r endogenousst abi | i t yandt hei r
bi oavai | abi y, one or nore doses of the canpounds
Neur85ﬁn6éng|vé&&ier tay it ortet-¥ota e%velfﬁ§'6?§ﬁped in  the
pathnohgakbdatiyonodf sb6135pbkeodagluhase vakbuésickOly modulates
Le, h a ns e
nsur?é%%&s%%t?%%n]abg'%%%% %?% ﬁ%g%@ﬁ &gﬁb$§%fgké$ | to lbe
misrppgefeiadl y iim thels an@esgfdabout C@l@lCtaé 1wuﬁg1 in which
cere%QHE?EHglpeﬂlJ&d.0%@@?}oﬁﬂboanM@hgpétlyx% have been measured
090190PCT/ EP2009/ 050387 62 By adm ni stering
reveé@?@cﬁbr%u%$etp@€ é%??%ﬁQRPQQ¥%§’MBﬁﬁé?DFF &artd @%Preased CSF

NT dﬂﬁﬁﬂﬂﬂﬁhﬂibﬂﬁeﬁﬁﬁt @@éﬂtsyt@i@dObﬁréﬁﬁe@x&mbteﬁﬁspsychotlc

ected f i ve |.npairnment, Al zhei
arugy LEGaERe b on St P amate F i 1P e iy DemariEs, Soncordant
w1thFanbluaWOBwemesh D@mmﬂ|&ysﬁ@mﬁ|mgtthésm£EB@mssm of cection of
antlgéﬁ@ﬁéﬁlén%ﬁ%§§r'fh& ﬁ&ﬁgvyﬁﬁPaPr ﬂ%p gﬁgﬁﬁ£@reffects of
i nfections ogeni ¢ psyc OtIC conditio
Centséﬁllz’oph@@m%\lSFﬁf@@t|INTy TRIGH! ks e |rﬁe|5@ﬁ‘ﬂ?d{@orythose of

syst@ﬁ%%aﬂ@§p%@§ﬁ%as%%@@ﬁ’mﬂ:%@j@ﬁd%ld*ﬁ%&@@3|§nd antipsychotic
ancreatitis, 10 r heunnt oi arthritis

drugﬁthéP&§€P§F0$N¥ IRy GRS S 49 er Fib? osFeCrbRApEIOD  of
flndﬁhbeosusd_gnaft tle¢ echiypathacgyi r edatmmuTe c&ﬂm@mr&naf as an

endo ggﬁgne FPalre punDrangﬂgmﬁglI-HQQIaE%1 %? atvpical
gesponses %ﬁ%cy?e Gdhesi on andrn1grég1on processes YP

ant1pnyphetenddt@gS|mmfﬁanaQUuaiﬂyxﬁﬂuqndWE neurotransmission in
nigr%%%?@é%@ﬁefHhaesﬁesbﬂﬁﬁbﬁgd dopamine terminal regions, and

these effects are predictive of side effect liability and
efficacy, respectively (Binder, E. B. et al. 2001 Biol
Psychiatry 50 856-872).
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15 honeostatic regul ati on of energy netabolism
i npai red autonom ¢ function, inpaired hornonal bal ance
wa@pahviomqad red regul ati on of body fluids. FurtheeT/EP3009/050387

adm nistering effectors of Qpct activity to a mama

20 it could be possible to s#4 nmul ate gastrointestina

tract cell proliferation, preferably proliferation of

gastric nmucosal cells, epithelial cells, acute acid

secretion and the differentiation of acid producing

a | d { am ne- secr et ing. -

I B o el R AN DS T s grovides the use of
actla@lﬁiynilgtcrr@tamgofe@%@wmi bift s t,o amnAalschag vdad use of

the t@r8skAss Pﬁvéﬁﬁi%c%ﬂl$é‘PCtm&ibﬂ hus SUPRHRSSHRApABLRion  of
fertility. Thu prevent invention provides a

antlﬁéﬁ/ﬁéatﬁér dtrH@Sr é@tﬂ éJtru P Tand ¢ ot ¢ vttt naf eschizophrenia in
mammbebti ITHey @ntedthersiseroforast iyitye30mbowering or increase the

f f f
oG GARBR 81 OF CHEFedP . CHOPCHEr RBPB-"by adm ni Steri ng

effectors of Qoct activity to a manmal it may be

e el LBr ol Te. 0y 2005/ 0901 0RCTI ERI006, 856387 B3 == O

thyrpéﬁﬁﬁhaﬂloﬁ§19§§éﬁgash0ﬁ§pn@xa npifel) it abl et stogppsul s, seminal

plaslbag-ResenPi ks depuppPosht oIh&$, G apukes, ARl 084l Syivo showed
syru liquid, solid and cream|like enuIS|ons and
thatgSESERY

Bfs #hdlEBPLERBhs ZOUSi ng i TeFtlatng toReEn fertility.
Specphacaaceut i cakFbPy SU|ﬁabkea¢ayr|erstamdlétaddltlmesfemtlllzlng

sal vent n each of those foymulations.. the,
lnc?ﬁ%?éﬁe%FlkaI% %??ec%lve%gonpoungs are’ prefdr gsigme fertile

morep RS et vi.n kaﬂz:ohla@lmt patiehsofcagppricxitmarel o f tlont Ospermatozoa

do ﬁcpc 89n%(%?¥ow%'p9ﬁtt’arf@ﬁ% pé@ﬁ@éé‘ﬁ%y 1fem éncﬁotﬁgré"fl%Xe do not
the total mxture, that is to say,

1osean%%ﬁ¥%l%ﬁﬁ$$cP@ﬁ?nﬁéﬁltheT%%%$|éﬁ%ﬁxﬂﬁéﬁgea{@ 1ﬂlmleed- and

indekat latd@d@ertt@cpe 1?%t aE@a@Slfmg s&h%han@@s r‘é@iihlﬁ%eus@fﬁe asdenylyl
nedal ca erTormo es ul es
oyl gE o) (BRI caton Sl et e Crsy ROpR Yl B9t FEE and

adensappesi harveesbeenasshagal spragsimbbathe taMpul arbdnstion in
: : % ously epared, for e

incal 3, DS BAVAL PGEOUSLY ALERAT £ ! Oy SXAMLEgPLy cgi i, wic
FPP @@peipépgs spriedreal [y e tds tive u@etkofa@frn@%nm efeceptors and G

prot@ﬂg/oﬁxﬂ'§@§E§@8t%eddlé%¥&& possihl eypnd o0& exampke. affkbct the
the case where water is used as 20 diluent, for

tYrOéF@ﬁm@%%ﬂW@ttj&fbesE%F?or?éfl I‘{/aﬁ%%léls a?réﬁ'r%llnlsar ysome being

1mpoif®|a)r1]1@nt§n @h@phﬁﬁt@élexmv@tﬁj}}l&d@s%ul | ingoMeEPNpossibly
. Wth't esent .i nvention include: water, -non

bein) S e L e e oh e 10N A e onin and

angipatusah oIE fratto onsSjyndeget aldeenigidls @ﬂ@snexanpbee similar
eseed_oi u C

effe% gr gﬁarx{glté"oe%{]r? E‘HFH%ﬁngatga %%AQ?Z}/@AOI gﬂ can augment

resperafpl & pridiiA e%e@ﬂey@@ﬂecbbﬁyebﬁyeerﬁe@%@f %Qﬂf‘r din vivo,

affe€@hhber sfesuchi ag, iy eé@'ﬂﬁh@at@ﬁburaénﬁov\@fe@g maintaining
m neral s (for exanple h| hly 30 dispersed silica,

fertelizdapedP - idar’s (Hor %&aﬁ%@%@é@\ﬁ%uj&r theact ekl @il ity of
FPP, dea@ézo@@)ne,enwaalcfut@ni,n suahdasﬁmmu@mjm and amtonigfects in
thel%rmle%lefplt%rs fo%rtre)fﬂa élloexyetiﬁé”teln iljat ggle(rj, L.R. and
esters, onoxyeth ene y al o h
Adeoahk@Bsgbwhonéteg aﬁdoérynSampHomaté§) 1d2§bersants
(for exanple lignin, sulphite 35 Iiquors,
nmet hyl cel | ul ose, starch and pol yvi nyl pyrrolidone) and
in qlﬁﬂﬁ?ﬁﬁﬁsem@%ﬁl%&%ﬁpléhﬁa@ﬁ§§ﬁ@ﬁ1§ﬁ&%ﬁﬂ%@nt9ﬂQﬂﬂﬁeS the use

of &t€RFieyartdke angy sedifumdoayr ybrsuwphat ehsangelected with the

optional ly f]avourings. ,
resegt 1ar1v ntive anq al model, for the preparation of
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WO 2009/ 090190PCT/ EP2009/ 050387 64 Adm ni strati on may
be carried out in the usual manner, preferably
wendoenadiby or parenterally, especially orally.prPdTEPIV69/050387

case of enteral adm nistration, tablets may contain in

addition to the nentioned carTiers further additives

such as sodium5 citrate, cal cium carbonate and

cal ci um phosphate, together with various additives,
fertsmmhaasostaxmﬁyﬂpﬂeﬁeqabtygpobm@do&tat@hxegebatimmandertlllty

i.ke...Eurt her S

in mégggggteThSO 4ﬁ%ﬁ2} %éigﬁ]ﬁ%te an ta cu ”B%Q@ %gg}ease the
concgssdatentomit ametyvé or [pEabl étFtPqug legdire tase gfrevention of

sperﬁQQ%@H§u§Hﬁﬁ§ﬁﬁhﬁﬂ§ 30 ahd) 9 1 &hi Xier sgantended § or 1 contrast
adm ni St ration, various taste correctives or

ora
it C@SP@uﬁen§§ 9ﬁ§§uﬁﬁﬁPY%F¥TﬁPQﬁﬁ%§kPgrﬁﬁ%ﬁﬁ%ﬁ%% Ph Qpct are
ableaddi tionullatthecabovetgenhi paedsexabdpientseaknibertility.
case of parenteral adm nistration, solutions of the 15
active ingredients using suitable liquid carriers can
In abetérpl eyeddimendgenertad pﬁﬁsdnﬂ;inxﬂnﬁinnuprovides the use of
effe@ggggt%Qe%%%ttoeég@élégfgd wfkﬁfﬁ%&aéf 9% ﬁ%%g%ﬁgoyﬁventlve
ni stration, anmounts of approximtely fro
animglo ®yrRg, pf@%fer%ﬂbﬂ?y R osE redrel i r em oegicegento for the
trealBEkE, of §5%Bbﬂfé§f@l@@fc@?ycbﬁdzglghéa|%t@ﬂfe§é|¥§ppre881on

results and, in e case of enteral adm nistration,
of e LY app omW%ﬁ%ﬂkﬁfrBﬁP@eéi o 2<ﬁﬁ¢%§ neoplasia,
inflpmetepabl y apptOX|maépbmsbeon10camcé® 1 nphkggnof hedystasis,
melanomght s%& %%% 239 k&l (fygggheless bgtﬁeggggfé¥081s lun
Ses 0 ééng% rom he s %edsa ?, ! g
flbrdependldgvegonihﬁexba¢y\MﬂqﬁﬂloffIme@x®er|qeafal rejection,
acqu@@bgm1ﬁﬁﬁﬁ$edg§£b§gﬁc féﬂ%&bime IM@glPéd humoral and cell-
adm ni stration route, but "also on the basis of the
medl§5@@|e%m@#n%ﬁﬂknﬂe%ﬂﬂTQQ%s i AEPFPEYAR r%%ﬁﬁﬁﬁﬁ@t(@nﬁhemlgratlon
procBBdeganenther ehhgt881kakerval at which adm nistration
is carried out. Accordingly, it may be sufficient in
sone cases to use | ess than the above-nenti oned
In amhimimaneuntdimgnt e, tha otrkeentasesertthementiowinges the use
pmt w ve de n
of  YEPELLOLT) ol o Muare SEASKEER SO L BRTHI NS present
invephyvbe aadviesaiiadalo 359ﬁ|Vh@ep¢ﬁ@§éaaﬁ@unK§f|mt®edlcament for

the S@ﬁ@&@&e§tn9h? Q%§%§r%werf&8§ daye o 1ROr AGM Bl sthalhRBfulness,
i.n human nedi cine, the_sane dosage latitude is

lmpaﬁ?89l&éH““#ﬂéﬂé%bvéegéﬁﬁFR§napbﬁyeaﬁéﬂégdﬁ%ﬁ%bQ%%%Whatlmpalred
autogasec WONZRQYHQ90LIRCTIP2009/0H0387 16D] &oke exanpl esmpaired
f _pharnmaceut,i c rmul ati ons, specific reference is
regulaligopoothse gxaﬁépé Sof WD 2004/ 098625, pages 50-52,
whi ch are incorporated herein by reference in their
PolySﬁEEBQHXe > Eﬁga%QQ%%sd's%ﬁOSUQQaQ§§§r'b§§ dgeseféad to
vention in A nore conpl ete understan
neur@dﬁg@éeé@tawﬁed By spéflerénce ﬁégghe £61 | oW Agea Huntlngton,

Park€XanB! esscliRese exam RS are gescddbedrisol ghyniflsm therefore
purposes of illustration and are not intended to limt

remaﬁﬁé sc%@ég%%ytheu?%%%%?lon @chéﬁgﬁﬂ§ﬁgéﬁf c PéPpsrties of

polybaveaheen enpkpyeds10 beyeest sucheterpssanelente@dpdanatlon
n.a degfrl t|ve ense nd not pur bose

endoF uta

i tatiom.’ Usi ng t He %e%%?%ﬁnéir%&egy |TYus Qfed GHtomed by

pyrogﬂguaaale tﬁ@rdemeb@pmmﬂy(ﬁCQHﬂxxguﬂecomst|tne|veaahdgeneSlS
throegﬂd' iRk kReck-ut 15, imyse; L ngﬁa@m{g' N9n{8rbBonicity,
resent ‘I nvention conprlsed the follown eps
amyleﬂéﬁgﬁ@lﬁﬁaysequﬁﬁéln@e@ﬁoﬁﬁélﬁéﬁgbteﬁfredﬂﬁh oPOotfglutaminyl
protBUhkNeseReb, | ocus ;i nca L2BSvhRassgenebs haekgsayng:427-9) .
20- Targetlng vector and positive control vector
desi gn and
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construction Set-up of the screening conditions for
the detection of honol ogous reconbi nati on events,
wee@nedp@t ed and Fl pnedi at ed exci si on event s PECRPANG050387
Sout hern bl ot) 25- Honol ogous reconbi nation in ES
cells ES cell injection intsg blastocysts and
generation of chineras Breeding of chineras with
ubi qui t ous Fl p-expressing ani mal s and generation of
In @ptfftdxed heteodzygous mouse ldmeserB0 -iBreediogy ofherefore
proviALIEras, 0 s%etSEOZe\’fgﬁe sthohi'b' %0“%305§1<85§é8' N8 th the
ani'mal S an generatlon eteroz gous mit an
preseatr yithgea tkieck aouimadpctncgldlol e. £ 35 BEST BVBEDRMENTON of a
mediEORGARRYENG QUL THE (LWVENELON MO parkinson  disease  and
2009/ 090190PCT/ EP2009/ 050387 66 nouse |ines accordi ng
HuntggotRe’ 6r§§§ﬁ?5?nvent|on conmpri sed the fol |l owi ng
steps G oning and sequencing of the targeted
|on of mur.i ne_5Qpct n a.,129Sv
n a@@ é%gﬂﬁbta TS?%ePFﬁ§e9§cﬁSWe£ﬁ&oﬁoélE?VldeS a general
way ¢0nﬂe@mceecuounh¥hxp1thHi@Hﬁ&maumnl&nthlty &Set Qupt oby using
S [ t for the detection of
the Eg%% % %gg ?g%%ﬁ@?ﬁa??gﬁ events, Cre-nediated and Fl p-
10medi at ed exci sion events (PCR and Sout hern bl ot)
Inhlb@Hng?QHf ée%?ﬁﬁbm%bhompdtfﬁ%§e?h§ E%é%édﬁ?dﬂﬁ@iﬁEﬁuly for
0 ast o s an eneration of chineras Bree
1,105p Eﬁﬁ%ﬁégﬁnﬂ?h%ﬁ qﬁ?ﬁé]‘b%%‘g F?m%*iBYﬁgg?ﬁ@“ar{ﬁHé g, W HeoJ.
et albhandogener atiwdn @heﬁpamzflo&&&ﬁ*&ﬂf@pzygoms modisSenot inhibit

[i Breedln of _chi neras_,or ferozygotes
QpCtUbﬁﬁlsﬁohs 8?eefopééspﬁd qatl aEd éeneﬁhtlonetél dependent

enzymetdﬁafygnuéﬂnUtanf neteaéarﬂﬁﬁﬁgChlkmbkkGMQm gper 8532-853¢6,
Batefbhel & 28, et al. 2001 Biochemistry 40, 11246-11250, Booth,

R.E. et al. 2004 BMC Biology 2). However, it was shown, that
human Qpct and other animal Qpcts are metal-dependent enzymes,
as revealed by the inhibition characteristics of Qpct by 1,10-
phenanthroline, dipicolinic acid, 8-hydroxy-guinoline and other
chelators and by the reactivation of Qpct by transition metal
ions. Finally, the metal dependence is outlined by a seguence
comparison to other metal-dependent enzymes, showing a
conservation of the chelating amino acid residues also in human
Qpct. The interaction of compounds with the active-site bound
metal ion represents a general way to reduce or inhibit Qpct

activity.

The agents selected by the above-described screening methods can
work by decreasing the conversion of at least one substrate of
Qpct (negative effectors, inhibitors), or by increasing the
conversion of at least one substrate of Qpct (positive

effectors, activators).

The compounds of the present invention can be converted into
acid addition salts, especially pharmaceutically acceptable acid

addition salts.
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EXAVPLE | 1. MOUSE QPCT GENE CHARACTERI SATI ON 25 The
muri ne Qoct gene encodes for glutam nyl cyclase, which
w0 sowesEensi bl e for the presence of pyrogl ut angdT/EP2009/050387
resi dues in many neuroendocrine peptides. 1.1 Muse
Qoct | ocus 30 The nouse Qctsgene is |ocated on
chronosone 17 and extends over 37.5 kb. The C57BL/ 6
nouse sequence i s avail able on the Ensenbl database
The (swim.senstenbhe ocgmpENSNESGIOG00024084)t1idisi mgyt e cDNAche form
: xon/intron organi sation of
of l?ﬁgggggg &%Légggéggaggﬁggéd. Thi s nousg gene consi sts
in 7 exons interrupted by 6 introns. The translation

The kBhbb@hbl@n oF %%éfiﬂé§§ﬁ?Qﬂﬂbﬁﬁﬁ%ﬁ'é§ﬁ 8X0R-APErtbE into and
stop codon is located in exon 7

usedp0 (97 096 £96PCTHEP00Y) 056387567 ﬁ?éoetfrfsaelnlbW dafaprsecutically

acceﬁ@éb@h ddﬂmr&ﬂ@i&ﬁ@htbalﬁéeSﬁm@eﬁﬁaiﬁﬁbéﬁ%&@hgEﬁeacceptable
Iocated Pg%the sane stfand 40 kb ugstre nlo the.,Qp §%ain i s

gene. “No K&%e Rnowh or *pr el et P St he' &9

protpegted downist reeamiob r@poti cgene, wmganmntlmald Representative

orgaﬁ?gplgyE Hﬁﬂ%ﬁﬁ%&?ngc ésThgnéﬁﬁggt' fgéﬂﬂg%lngthydrobromlc,

us i1 s thus not pre Icted to infldence any ot’he
percgepsiexpr 68sif8R1CL. 2nMLSE, QuEROPPBPEILA, 102FRE1C, Ppropionic,

glycb§QEornﬁa@%ﬁbanMﬂxﬁQﬁxihemﬁﬂéhﬁe Rl 1O} €1 iH)eSeartaric,
two 1 sof or 362 and 313 aa, %ﬁ%ctlvely) are

Citrifansl at ed YWo mRNAS: dﬁ%“ % ning” al | "ghBanesulfonic,
hydrex9hashtAKE459384) cand laespéheeuVashan) | rowhiich exeanmdic, 2-

i Liced_ 0 ( BCO20( e the functiagnal |evel
naphF%@? ngugéﬁorfént e q;%héﬂgédﬁ q%??uncFVog %?X?HeSUlfamlc’
salipyétein area&iowninic exowr3 (r@s¢ﬁb®-®ﬂd&cesee fi cpurial. All

phar%ﬁceﬁ%@@aﬂl9E29gcéﬂgagggs)a@f@ Q%&HHE&&KBQQQlt[%¥%fQ%eSof the

I nportant for bind |n% substrate were
compgRafactodr i s PHSERS Slbﬁﬂﬁﬁ¥ﬂhn@r%xéﬁtgn@Eﬁ49¥> embraced

by tBe SEBALEGY EORsTHEVBEVELEPMENT OF QPCT KNOCK- QUT
MODELS The ai m of the present invention - the

generation of both constitutive and conditional Qpct
In vKeeck-fouthenudelss -rdiast beerhi2b leethievedily frasktogpounds and
t I an i tht Lox es n
the %Eﬁg&?&gﬁsﬁgrt?g%suewgﬁg%f¥?%£§e$%fﬁé ¥h$+é9¥% ? Egﬁpound is
refegredr etonbinasehbet iomtde t @ t m@wicsroidiQsct S@érte is also

intehbiehlS NOtoPOSSHble 40 del eﬁ@séﬂﬁle'soo‘ﬁho&ﬁpg%ﬁlé@éng,mder the
cl assi cal genome engi neering met hodol ogy. Based on th

circppfAéer6Ral data described bel ow, Qoct exons 4 and 5
were targeted. Qpct exon 4 and 5 targeting:

Where the compounds according to this invention have at least
one chiral center, they may accordingly exist as enantiomers.
Where the compounds possess two or more chiral centers, they may
additionally exist as diastereomers. It is to be understood that
all such isomers and mixtures thereof are encompassed within the
scope of the present invention. Furthermore, some of the
crystalline forms of the compounds may exist as polymorphs and
as such are intended to be included in the present invention. In
addition, some of the compounds may form solvates with water
(i.e. hydrates) or common organic solvents, and such solvates
are also intended to be encompassed within the scope of this

invention.
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35 Two catal ytic residues encoded in exon 4 are
del eted. Substrate binding residue D248 encoded in
wezan/030106 del eted. WO 2009/ 090190PCT/ EP2009/ PEOBBX0E 50387

Reduced size of the targeted region to be del et ed.

This increases the probabiligy of the honol ogous

reconbi nation step and allows efficient Cre-nediated

reconbi nati on. The knock-out results in a frame shift
The |leadiaughdx t hecbgenegattihen rof sahtear lopnstapscoden o?hrtained in
the %ﬁ) o?nghgbg g%&%%%slo§§foin&ﬁgd§ E%Egkn%oﬂyg £ O used for

the protein an al ternative splicing even occur
theiperwgenaéxonagiand 7 after the deletion of the

target ed region, an early stop codon also appears at

t he begi nni ng of exon 7. This 10guarantees t hat
I andEREr rex e 6 AT tex diie7 REGFDE" t Farl at @ W Phigpe @ method
of pKReekrAuly St at egyt propasednditibe desiign<ef @y modulatlon of

tar etin vect or tral toth developma f .15t
the (QEON O L GEP oty P THles 3 Mo G s payg ot which
comptrheefol 4w ngs teat ugesanyt ntafodubei onompotmds LoxtP $hEespresent
inveEk?BE'Q%: £H££ §¥003 4d®ﬁ$5§1t§% Oftﬂg§§§fL9%PEi quantity

IS Lox site inserted in
and |ﬁ110|8éﬁ93 ruerglm@él | grie ot logip ldim  Thiee@lelctnd Loxptreat  the

cond%&@nWl |Ad&@;1'd?}%qflty€d tre | ﬁké@@n@ ﬁk}'e%th%ﬁp Sld.d [ the use
aSSOCIat%9 W th tghsneo cin, sel ecti %%fsett
t

of ?]g%e BEIRRHAG nSér t FBRSof LHEGALT Ve aftf Poditfilve corresponding
pharsetectionltassetdastab2b acAﬁl F&H’ditadsnke@aﬂaonfcrms, for the

prepB‘%%%;%‘r’leoSfe' ec“ L ‘%n%%%etﬁ d PEISELLA LN cornent of a
assoclation MA % ? ?lng vec?or,

condfigiahl avaﬁdh@t@él é@}tl @r@doﬂatth@rt rarﬁsféb@eo@x&& cegldtivity in a
subj%EQne%Hthgoﬁ£€ﬁ§ﬁt yaH&Q BH?DQ@%@EEBnTRJ éh%atlent by any

neonyci n sel ecti on cassette under r econbi nase
convgggéppéﬁ_route of administration, including, but not limited

to, intravenous, oral, subcutaneous, intramuscular, intradermal,

parenteral and combinations thereof.

In a further preferred form of implementation, the invention
relates to pharmaceutical compositions, that 1s to say,
medicaments, that contain at least one compound of the invention
or salts thereof, optionally in combination with one or more

pharmaceutically acceptable carriers and/or solvents.

The pharmaceutical compositions may, for example, be in the form
of parenteral or enteral formulations and contain appropriate

carriers, or they may be in the form of oral formulations that

may contain appropriate carriers suitable for oral
administration. Preferably, they are in the form of oral
formulations.

The effectors of Qpct activity administered according to the
invention may be employed in pharmaceutically administrable
formulations or formulation complexes as inhibitors or in
combination with inhibitors, substrates, pseudosubstrates,

inhibitors of Qpct expression, binding proteins or antibodies of
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A D phtheria Toxin A (DTA) negative sel ection cassette
wi Il also be included at one extremty of the
WO a00gediipg vector in order to enhance the honoPODER®09/050387

reconbi nation event at the 5° of the targeting vector

35 EXAVMPLE 2 WD 2009/ 09019082CT/ EP2009/ 050387 69 2. |.

CLONI NG AND SEQUENCI NG OF THE MOUSE QPCT HOMOLOGY

REG ONS 2. 1. 1C oni ng of the nouse Qct honol ogy
thoseeghnansieThver oftierists gtheyr ofedurse privg egpccopsbseéed obnthetration

in ﬂgﬁﬂgfglc%h@bggﬁgéanég Q%uﬁgngéﬁgy%ﬁtgmé Rgﬁg an%OSSlble to

~enconpassi ng pct exons - Thi's material
adjugsed ree tgenér anglivieuadnnl dgy e rteguirediieeashe, 1t being

possggmétrUQE'O%dytﬂdﬂiéﬁwgaﬁingay@fﬁorln&§vi5u§§tr@h%glerances,
in figure 4, it was cl’oned as two overl appi ng

alleFHé@ﬁeﬁP§ sAdg~ fLa§REAt containing the Qoct exons 4
and 5 correspondlng to the 5° honology arm 10 A

3'fr h
The LolRETRNL. SO0LO MG TPEL SRR Gt pgtivicy as a

funcemsurenihelgﬂccéssfmmyﬂqﬁudnparomndoﬁgtheehamMWunﬂs thereby
glveﬁegﬂh%‘sop;%quﬁ‘%&ng' QRes, o%d 58 E‘ESPe%TgCﬁ;%e”&H@ Ofdividual

a nmurine use B rary / 1I'nvi trogen)
situgitt RNa H44rbplprbbe @ﬂﬂ%ﬁnﬁhéecp61 *IOASE. PTRESES K@ on the

one Qkﬁﬁ?s ane g d sefl encmydyanes20L ofi drheahdipbrany the other
InV|trogen/ esGen, BAC .nenbr ane order t# 96051

)
handyhethg oRBL 248 ef br G1°dd@ 120114 3 SHRFSGTilys the Intensity of
actiphnvi trogen/ ResGen, BAC cl one order Cat# 96022). 20
Three prinmer sets were designed for the anplification
of each honol ogy fragnent. The three priner pairs were
A nestedddr eachtaapti f incaticon amdcehéliopti mml the invention

repr%@gpkgat'QQaMa§p§?B§85e% roﬁﬂ&bep§@95h£i8§tb9nﬂyéééﬁént of a

ar ns nmp I catlons were

Condﬁéﬁpﬁrﬁﬁﬁh@%e@héHZGTEi%l¥P{9%l@ﬁetﬂﬁtﬁﬁfg-P@RQHV%I@gthltY in

mammbMsQr ct&ltr hit@ a@fiaﬁ@a@@@ugwk s@fn%@t 3ts{@tl%pﬂ1¥mt@ﬂ U@Edcommerc1al
urin e anp [ e de S0 e
aop L G PP oo GPa e b 1t b B0 ks he) foRgtment of

disePRraof ﬁﬂ&ﬂtnga&berﬂ@s$e@lecﬁﬁq pobyirenasé: "dxpandration of
physkgﬁggﬁgg9|%$ QB 5¥§£e@ugg $&§§h§nD%%%%%§ngﬁki egpecially

in human medicine.

The compounds may be advantageously administered, for example,
in the form of pharmaceutical preparations that contain the
active ingredient in combination with customary additives like
diluents, excipients and/or carriers known from the prior art.
For example, they can be administered parenterally (for example
i.v. in physiological saline solution) or enterally (for example

orally, formulated with customary carriers).

Depending on their endogenous stability and their
bicavailability, one or more doses of the compounds can be given
per day in order to achieve the desired normalisation of the
blood glucose values. For example, such a dosage range in humans
may be in the range of from about 0.01 mg to 250.0 mg per day,
preferably in the range of about 0.01 to 100 mg of compound per
kilogram of body weight.



10

15

20

25

30

35

PCR matrix: the anplifications were perfornmed using

the 35201L13 BAC vector (Ilnvitrogen/ ResGen, BAC cl one
woeaend@at # 96022). Prinmer sequences: 70 pageCT/EP2009/050387

deliberately left blank WO

2009/ 090190PCT/ EP2009/ 05038771 Anmplification of the

5' long honol ogy arnSEQ | D No: TOR2-Al: 5

GTAGCTGGGATTACAGGAATGTGCC 3'1 TOR2-B1: 5'

GICCTGAAGT TTGAGAACCACTGEC 3'2 Anplification of the 3

oy RARTON A ITE P pygoy o 2 mewmal it cone

be p¢§$A@¢$Cﬁ&%@ﬁﬁﬁﬁﬂﬁ(ﬁ%ﬂ@i&iQVQBWKT@@Oﬁﬂ$@tOﬂ@@digingC§eleCted
fromf OMid dN Nc@n G f0& 308p269mEntor 30 X mkr '&YCl @Ssease, Down

Syndrome, Familial Danish Dementia, Familial British Dementia,
Huntington’s Disease, ulcer disease and gastric cancer with or
w/0o Helicobacter  pylori infections, pathogenic psychotic
conditions, schizophrenia, infertility, neoplasia, inflammatory
host responses, cancer, psoriasis, restenosis, pancreatitis,
rheumatoid arthritis, atherosclerosis, lung fibrosis, liver
fibrosis, renal fibrosis, graft rejection, acquired immune
deficiency syndrome, impaired humoral and cell-mediated immune
responses, leukocyte adhesion and migration processes 1in the
endothelium, impaired food intake, sleep-wakefulness, impaired
homeostatic regulation of energy metabolism, impaired autonomic
function, impaired hormonal balance and impaired regulation of
body fluids.

Further, by administering effectors of Qpct activity to a mammal
it could be possible to stimulate gastrointestinal tract cell
proliferation, preferably proliferation of gastric mucosal
cells, epithelial cells, acute acid secretion and the
differentiation of acid producing parietal cells and histamine-

secreting enterochromaffin-like cells.

In addition, administration of Qpct inhibitors to mammals may
lead to a loss of sperm cell function thus suppressing male
fertility. Thus, the prevent invention provides a method for the
regulation and control of male fertility and the use of activity
lowering effectors of Qpct for the preparation of contraceptive

medicaments for males.

Furthermore, by administering effectors of Qpct activity to a
mammal it may be possible to suppress the proliferation of

myeloid progenitor cells.

The compounds used according to the invention can accordingly be

converted in a manner known per se into conventional
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68 Cfor 7 mn for ANB prinmers 154 mn for C/ D priners
68 C for 10 m n Expected sizes: Al/ Bl fragnent:
wO 289/0p920 C3/ D3 fragment: 4901 pb 2.2 SequeneCT@PDNI/050387

t he nouse Qoct honol ogy regi ons The Al/Bl and C3/ D3

PCR fragnments, containing thglong and short honol ogy

arns, respectively, were then sub-cloned into the

pCR4- 25 TOPO vector (Stratagene). For each fragnent,
formbhreeonndeperderds subck oresmbave bedn dud,| yeseguenceddragées,

on fe e tai 0 - -
plllgrogng! éﬁtéﬁﬁgﬁg t ie ggl % ggggé gghetlc é%kg%d%§ﬂ§’ solid
and PgReamplike e@MALEBD B agh@ntsua@me@ sionst  ahfgried ufiitdns, using

inereach %H%o&s?cl de%miym&%@éiaﬁr%t atd pnsdind roduceders  and
by the PCR agi fication. Then, the 1295v/ Pas

addifeHGEnces geRerated-welB affghedoh t RIPRE 350€57BEFEONS, the

thera@quem@alayaldf&@c&ﬂv@ apuiducddas abagec fER® 1eNaddeetbnt in a
term tlon of. t

mor p betyeen .t he
conc bl T 6 S T SORU R L et T Thb Fgim oty veight, more
prefemtbigstirom\d 20D95@9619@P@éﬂ§ﬁ£009ﬁﬂ50387tGﬁarhmlsture, that
is &Ee S& uenf d QS Pr teaq. o %ﬁhﬂt%%% ' eh@ﬁon d dosage
ol e ion. This clone been chosen
latifgeef §p| @nﬁétéﬂéﬁgng steps and is referred to as
TOR2- TOPO LA. The fragment 5 of the Qoct DNA sequence,
which is contained in the TOR2-TOPOQ LA clone i s
The ,gpPesanted b?a?hgo%eqlﬁfe%e Bt SEFIBMNAE 24 1 Thé o Form of
dragébherdﬁgwmﬁxpraﬁmﬁ&mﬂé andsblawt atbdngts, drops, syrups or
respectiv eL nment, Mﬁth the C57BL/ 6

150 L 0ERESFELaE1PS Fhe=FolTiBMngP 0" dencl usi ons:

The formulations may be advantageously prepared, for example, by
extending the active ingredient with solvents and/or carriers,
optionally with the use of emulsifiers and/or dispersants, it
being possible, for example, in the case where water is used as
diluent, for organic solvents to be optionally used as auxiliary

solvents.

Examples of excipients wuseful in connection with the present
invention include: water, non-toxic organic solvents, such as
paraffins (for example natural oil fractions), vegetable oils
(for example rapeseed o0il, groundnut o0il, sesame o0il), alcohols
(for example ethyl alcohol, glycerol), glycols (for example
propylene glycol, polyethylene glycol); solid carriers, such as,
for example, natural powdered minerals (for example highly
dispersed gcilica, silicates), sugars (for example raw sugar,
lactose and dextrose); emulsifiers, such as non-ionic and
anionic emulsifiers (for example polyoxyethylene fatty acid
esters, polyoxyethylene fatty alcochol ethers, alkylsulphonates
and arylsulphonates), dispersants (for example lignin, sulphite
liquors, methylcellulose, starch and polyvinylpyrrolidone) and
lubricants (for example magnesium stearate, talcum, stearic acid

and sodium lauryl sulphate) and optionally flavourings.
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Sequence deletions: 5 small regions (between 1 and 22
bp I ong) are absent in the 1295v/ Pas sequence conpared
WO 0000/0201@57BL/ 6 one. These del etions are all |PCHERDNOY/050387

intron 3. Sequence insertions: 3 small regions

(between 1 and 9 bp 15 long)esare present only in the

1295v/ Pas sequence. Two of these insertions are

|l ocated in intron 3, the last one is inserted in
Adminmneronat4onl84ndhasebsubstirtrukidonsowar e n'jhst rhleut edswd1 manner,

pref8¥ggl%h%n fTJ“§¥ QQPBEQ?¥?§?§UG c%glI?Ehlglly In the

ese d ol'yno
caser s?tfe Eb"él‘@/ﬂk%]n @ml@S/BmGl@rmd t:hélwgswaﬁras?cg’etrﬁem cin addition

to PREKGROMAL-MES hi kLt Phes /s 3 Kb-deng ardm;afi shenolegy i %s sodium
about 2.5% This polynorphismrate is 10 tines hi

. ghe
CItrehgn (He CAver a@%ﬂi’%ﬁ%t%sﬁ%ijl §aobsEry & Rt ot h%?gether with

varibQei . a&ﬂ]ﬂtiv@im cﬁudlonglsogytah@hsemmmm alprdﬁ@to starch,
' 295v/ Pas gen

omt cl o i nin
7oLk G urd PR Sl 1 FHEEET tr oS 300 P gpagnesium
steaakitgned Swdtllutmeadlauatylier s phdent | fandputedivennuta@sionse used

conc%%%%gﬂgﬁgdeX E%%lpg%f% l'ﬁﬂ(¥ﬂé(%5 Jhgﬁ'aaﬁgﬁus suspensions

sequences generated were |gned
and/es7BlY & isequéheendedi Ifé?m eoFal aaﬁiﬂ‘l}ml@téétt&@@se VaFFﬂr%US taste

corréBabled 35 the detieyd ratd o ofqdhe POl yBr pRESIE ingredients
Bg ween the C57BL/6 and the 1295v/Pas strains in the
in a QF

0R"of O ht'Er 8SPYCWBE26668/680E86PETFEPS009/ 050387 73
Two of the sequenced clones presented no nutation in

e whol e anplified relon e .of these two Gl ones
In &gs chosen ?@ R 101 ovvi ng (:]1nolnsltnra Oenpfs angL S of the
activef erdmed &0 cad STORRs MOPO SAltalhéefrégmelnﬁ ofcatﬁieleq:ﬂ:t can be

empl5 dseq‘i%nc%eﬁ’@}aﬂh 'Slw‘Eonhééne%ee‘i‘l t%LﬁldT(R;d Qf’%%@bus

one i s represented by the sequence of SEQ
admlleﬁét?ﬁvrdlfbl bhe Segfenctd lpiréserneds2 %@?Jdﬂ%thl’sat% amounts

of akbgRBRAMaWElLR ther6R7BLHG0Sequence beads khg/kbe preferably
soprbEirQIng sancl yolgns:, 10 peguogce Lser{on, 82508 say v
obtategi onf Present i ngressmi&sr epeatls. 12?2 base substét utdfonsenteral
admlgﬁgtg %Erthtggealéogggé tP§ %ﬂﬂiﬁoéﬂﬂgé%ﬁﬁbo%%%%gyo 01 to 2
mg/kg, preferably approximately from 0.01 to 1 mg/kg, of body
weight per day.

It may nevertheless be necessary in some cases to deviate from
the stated amounts, depending upon the body weight of the
experimental animal or the patient or upon the type of
administration route, but also on the basis of the species of
animal and its individual response to the medicament or the
interval at which administration is carried out. Accordingly, it
may be sufficient in some cases to use less than the above-
mentioned minimum amount, while, in other cases, the mentioned
upper limit will have to be exceeded. In cases where relatively
large amounts are being administered, it may be advisable to
divide those amounts into several single doses over the day. For
administration in human medicine, the same dosage latitude is

provided. The above remarks apply analogously in that case.
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Taken together, these data suggest that the
pol ynor phi smrate between the C57BL/6 and the
wa288wsRas genetic background within the 4.9 kbCERPI09/050387
arm of honology is fairly high (about 3% . 20 The
targeting vector constructi g strategy and screening
strategi es were designed based on the sequence
generated fromthe cloning of Qcpt exons 3 to 6.
For BEXANRLES3: o 25pCONSTRECTL ON1 OF cihkt ITBARGEH , NG MECTOR: ANBference
is ﬁgg%TlgEtggl%§%%§%%§CBme%9&8?9&0@%%9&?9%5%%%thiS2, which
Inal targeting vector construction i s deprcte
are gphemmbireakPyhenetngbhrversfeTanseconsthaéeti entéante
sub-divided into 8 steps (circled nunbers in figure 5)
performed 30 in parallel. Steps la and | b: The 5 and
The 3boNgnE Gy Cahs W PERSanpls R &b $Hont otkelon 1n general.
A mck295¥biRase genamde dNAndEhe; shaft bar mefa hes®d! BgY reference to

tai ns an extended r.egion (indicated as,a gr.een
the GoIP ARG FIGESS IRt PPREY REnai il sqiely for
purpbhesf iofali ltlarsgetitng v ectcora s e Yairarehda] o gurmwi®) the scope
of g%%ZQQRQ%RQEQQPCKigﬁéggg/0 '7j14 §%§ﬁ§ zﬁa dkﬁgﬁl employed
The two honol ogy arns re ‘subcl oned in pScri pt
hereyget e ot @i AgSa 1REGNTCEd 11 nkefeRCERPERV St Hgense and not
for pasbbketi gr sihesaused.for the construction of the
targeting vector. 5 Step 3a: A distal LoxP site was
i ntroduced at the Bsgl site in intron 3. This distal
UsinbOoxRhsi t eyavasrd Int r odugedgy oget hestwatbda Swal fanghre 1, the
anHl _restriction sites |ocated. dowstream of, t he LoxP
deve g Een Ot L Btn SPv ek oy bt (lsed forLHG et bt | SHOCK™ouE
mousef theedli stcaloridix® stte tihre EBreskintcl omesnahdn f gronchei sed  the
follggghgeg@eggqusis 10 of the clones. Step 3b:An
FRT- PGK- neonyci n- FRT- LoxP positivesel ection cassette,
proven to be efficient in ES cells, was subcloned into
—;Egbamné,a%gsF@@%@m@ﬁth%ﬂaﬂnﬁu%gkéétéa1%§§&Whafﬂwthe murine
is ste | ea e generation o e positive
COREF ol SouE oF Sub2aqienaPySRaBa . FoPaRER-ErBant ng. set

upatseeihgl owdctor and positive control vector design and

construction

- Set-up of the screening conditions for the detection of
homologous recombination events, Cre-mediated and Flp-
mediated excision events (PCR and Southern blot)

- Homologous recombination in ES cells

- ES <cell injection into Dblastocysts and generation of
chimeras

- Breeding of chimeras with ubiquitous Flp-expressing animals
and generation of Qcpt floxed heterozygous mouse line.

- Breeding of chimeras or heterozygous with ubiguitous Cre-
expressing animals and generation of heterozygous mutant

mice carrying a Knock-out Qpct allele.

BEST EMBODIMENT FOR CARRYING OUT THE INVENTION

Using the general strategy illustrated in figure 1, the

development of the Qpct constitutive and conditional Knock-out
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Step 4: The 5' |ong honol ogy arm containing the
di stal LoxP site, was cloned together with the 3
wa@ bawno@pon of honol ogy. 20 This latter short ap@I/EB2009/050387
shortened at its final size, ending at the Notl site
inintron 6. The resulting wegtor, referred to as
TOR2- LSA vector, was used as a targeting vector and
was el ectroporated in ES cells. 25 Step 5: Sub-cl oning
mousef hilkkphteerdoardioxi ntA (DkA) pregahitveisedect oon comprised the
streamof the 5 |ong honology arm The
fOll%%EES %2 égctor (vector wi thout DTA) was
el ectroporated into 30 ES cells while trying to
. subchong the RLAueassebt & lddead rdhe PTASEILCLEOPhe murine

cassette helps to counterselect the ES cell clones in
WHPER %Héuﬁaﬁﬁeﬁlﬁa vECEBP ﬁ%geEéénb?ﬁkgéPEF@d
. randestyngn thecgeneiel bukiics vaot compdat oryectdd Thesign and
aé%e%ing vector displays the follow ng features:
P64V ari isogenic with the ES cell line that will
. béetised (d295WePasyrePnesencerafitexorns 4otro thef ddiection of
/2 09/ Tot al
AR 003 Wt Fargered el s ‘aour 9 Wb Asymett calt
heeBleg§y arisle5on| ergnarmP6R62RH, Ssutéﬁéflt apm 2.4

. khbmologouEO§éEbM§1§§E§65|QH neon¥cip gene flanked by
FRT S|t§§ The 5FRT-fl anked sel ecti on cassette can be
Si iﬁ%%%

* rénovediisi AgIERE D rieldhhi T OT6NP sitd fPaRkiagion  of

tberimxoas 4 and 5 and allow ng their deletion under

. the Cre-reconbjnase acti Jhi s del et generatin .
GHEE ARk DUt A RS Lo b piT S FRol TR SRR animale

and generatlon of Qcpt floxed heterozygous mouse line.
. Breeding of chimeras or heterozygotes with ubiguitous Cre-
expressing animals and generation of heterozygous mutant

mice carrying a Knock-out Qpct allele.

EXAMPLE 1

1. MOUSE QPCT GENE CHARACTERISATION

The murine Qpct gene encodes for glutaminyl cyclase, which is
responsible for the presence of pyroglutamyl residues in many

neuroendocrine peptides.

1.1 Mouse Qpct locus

The mouse Qpct gene is located on chromosome 17 and extends over
37.5 kb. The C57BL/6 mouse sequence 1is available on the Ensembl
database (www.ensembl.org, ENSMUSG00000024084). Using the c¢DNA
sequence NM 128770, the exon/intron organisation of the gene was
established. This mouse gene consists in 7 exons interrupted by
6 introns. The translation initiation site 1is located in the

first exon and the stop codon is located in exon 7.
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10 by breeding the Iine with Cre-expressing m ce.
Dependi ng on the ubiquitous or tissue specific
wez@wesEpon of the Cre in the nouse |ine used, PET/EP2009/050387
constitutive or conditional Quct Knock-out will be
obt ai ned. The distal LoxP site is introduced at
a reduced distance (3 15kb) fromthe neonycin
sel ection cassette. This favours its integration
The durdengplt héahebhwbegaus redcoabs natricor adicep. tlkXAMPEEedre of the

el @3 DETECTI O GF HAVDLOGBUS REGOVBI NATI EN EVENTS 1 °F

Opcti sgisol tivel ekt ficioale tondesi g sereenfhgdsttiategi eshe 80 kb

reg1@h|@WMﬁ%t§eg%'%@ Iy unegid vacal éﬁeﬂﬁéfb@ﬁﬁl@ﬁegfakpestrand
honol OEOUS reco |nat|0n event in ES cel

The stpesRFmgIst Pat egy®i s2iased 2B1%n & |tr1ﬂUtS1 alnol50RpredlCted to

inflseheenang behea Jentaegptengievent, then a PCR
screening for a 5 targeting event. The cl ones
identified by PCRwill then be confirnmed by Southern
1.2 bMotisan@pysi proteind, 1 PCR SCREENI NG FOR DETECTI ON OF
A HOMOLOGOUS RECOVBI NATI ON 30EVENT Screening for 3'
targeting event: The initial screening for detection
Two dfsqjﬁr%mes)(p@é‘{fedmoﬁftf]egf%fl éhGSSHUdﬁ‘lfteheQ%%?g@trioﬁgl@ecﬁﬁese two

1sofb§m§ch8%@eQnﬂy PR éHP'k%b%@%hQﬂeQ&?réﬂ@3€%aﬁgmﬁﬁeﬁrﬂ}om two
honol ogy.. This PCRéll Perfor ned usi

: ;
mRNAﬁru n%l?e(f@ﬁ'}aﬁquqgu? My bIS RS néAKﬁ‘lSﬁ %eoq'-,%, splice
varisekedhi ahicassebhe2and apllé\tedseuprl (Ben20T0R2-1,

figure 6) WD 2009/ 090190PCT/ EP2009/ 050387 76 | ocat ed
downstream of the targeting vector honol ogy sequence. .
At fBeradsecofoned |bretlsareeaduehi siprdmmmisetoal Itdws catalytic
funcH@%ﬂuB%OQﬁhaa??o%@?ﬁ'% e deleelian 8§oﬁh% 3(residue H141, see
~ integration of the targeting vector in the rot | ocus.
figure 2), exon 4 (E202 and E203) and exon 7 (H331). Residues
important for binding to the substrate were also characterised

in exon 3 (D160) and exon 5 (D249).

2. STRATEGY FOR THE DEVELOPMENT OF QPCT KNOCK-OUT MODELS

The aim of the present invention - the generation of Dboth
constitutive and conditional Qpct Knock-out models - has been
achieved by flanking the targeted region with two LoxP sites,
allowing its ubiquitous or tissue specific deletion following

Cre-recombinase action.

Due to the size of Qpct gene, it is not possible to delete the
whole gene using classical genome engineering methodology. Based
on the functional data described below, Qpct exons 4 and 5 were

targeted.

Qpct exon 4 and 5 targeting:

. Two catalytic residues encoded in exon 4 are deleted.

. Substrate binding residue D248 encoded in exon 5 is deleted.
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5 Three sets of HIl priners (TOR2-H1L/ TOR2-11 to
TOR2- H3/ TOR2-13, see below) were designed to optimnm se
wo b@oguabo ty of the screening. This screeni ng PEEFEP20F050387
set up on a positive control vector (see bel ow and
figure 6), on wild type 12934 Pas genom c 10 DNA and
on positive control vector diluted in genom c DNA as
follows: No DNA 0.1 copy equival ent genonme* of control
. DRIAA1L5e0. 5icopy oéquilval entrggeroneregfoconta obeDNelkted. This

C Lyval. ent .of _co o] C . .
o e e P DRE B P A B A i paggrbination
geheRi enBNALLows efficiegp AgeohegénbailcrONATRiDation.

. copy emwbyvalent genqne Of ;20cant EELnDNAHSE: NG Ofding to the
genomc DNA + 0.5 cop;i equi val ent genone of contro

! | .
DRR"¢58Chg" 0P L geRoMPE LBNA PPL SO equiPdtient dethohgus in the
ofLosinbfotth\bQ\ Eérﬂqgﬁamgpatrgemo@@ (BMtéiiO copy
equi val.ent one_of _control . DNA *) 1lc

+ cirUlrent BERenEeStvEonptoFiBRacrent Rbcia: BRvgpn exon 3 and
contrakerDNAcc ottt lattniary ¢ hetbantamgetied ofedtopi,esaraseanly stop
1 0 g ] 1 py A nt .gen = :
onath of cantfblCyEStor " by o 150781108 bpl Thign - This
f graTERREE: (EetoRncafthrg75X9p, 1 redpye®yui Vafentbe translated

gRneReths KnQCEOOétngtr§5e§Ei@r@ﬁ@@@gure allows to
set-up a PCR screening which is sensitive enough to

detect 1 copy equival ent genone of control DNA in
genom c DNA. This is required for a reliable screening

The %%SE%% %%fgglkgrgeEanpeggtg%tl%%%%&%ﬁytk?ﬁ&n?lgggelopment of
the two models, is illustrated in figure 3, and displays the

following features:

. Introduction of two LoxP sites flanking the Qpct exons 4 and
5. One of these LoxP sites (distal LoxP site) will be
inserted in intron 3, in the long homology arm. The second
LoxP site will be inserted in intron 5. This LoxP site will
be associated with the neomycin selection cassette (see
below) .

. Insertion of negative and positive selection cassettes:

- An FRT-flanked neomycin positive selection cassette
will be inserted (in association with a LoxP site) in the
targeting vector, to allow the selection of the transfected
ES cell clones. The FRT sites allow the deletion of the
neomycin selection cassette under the Flp-recombinase
action.

- A Diphtheria Toxin A (DTA) negative selection
cassette will also be included at one extremity of the
targeting vector 1in order to enhance the homologous

recombination event at the 5’ of the targeting vector

EXAMPLE 2
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di agnostics). Prinmer sequences: 10R2-H1: 10R2-11:
10R2- H2: TOR2-12: 10R2-H3: TQR2-13: 5° 5 5 5 5 5
GITGCTACTTCCATTTGICACGTCC 3' TGIGGGACATCAATGAGAGGAGAG
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2. 1GTCCORCHECENDTSEDURNCING OF CHRCHNOBTRCREGRAHOMOTIGYCREGIONS

2.1.§' Aﬁf%@%ﬁ?ﬁgQ??ﬂﬁ%?%%%%%“ﬁ%§£ ﬁémglgg; regions
The first step of the project consisted of the cloning of about
12 kb mouse genomic DNA fragment encompassing Qpct exons 4 to 6.
This material was used to generate the homology arms required
for the construction of the targeting wvector. As illustrated in
figure 4, it was cloned as two overlapping fragments:
. A 5! fragment containing the Qpct exons 4 and 5
corresponding to the 5' homology arm.
. A 3! fragment containing the Qpct exons 5 and 6

corresponding to the 3' homology arm.

In order to ensure the successful amplification of the homology
regions, two BAC clones were isolated by screening of a murine
129-mouse BAC DNA library (CT7/Invitrogen) with a 544 bp probe
containing Qpct exon 5. These BAC <clones are localised on
membrane 201 of the library (Invitrogen/ResGen, BAC membrane
order Cat# 96051). The clones are referenced 201L13 and 201L14
(Invitrogen/ResGen, BAC clone order Cat# 96022).

Three primer sets were designed for the amplification of each
homology fragment. The three primer pairs were tested for each
amplification and the optimal combination was selected for the
amplification of the Qpct homology arms. The amplifications were
performed on the 201L13 BAC clone with 15 PCR cycles in order to
reduce the risk of mutations introduced during the

amplification.

The details of the PCR amplification for the two fragments are
as follows:
. Proof reading thermostable Tag polymerase: “Expand long

template PCR system” kit (Roche Diagnostics).

. PCR matrix: the amplifications were performed using the
201L13 BAC vector (Invitrogen/ResGen, BAC clone order Cat#
96022) .

. Primer sequences:
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Amplification of the 5' long homology arm SEQ ID No:
TOR2-A1: 5’ GTAGCTGGGATTACAGGAATGTGCC 3’ 1
TOR2-B1: 5’ GTCCTGAAGTTTGAGAACCACTGGC 3’ 2

Amplification of the 3' short homology arm

TOR2-C3: 5’ GCTAACTTTGCTAAGTCAGGAGGCC 37 3
TOR2-D3: 5’ TCTACCTCACACCAGTCAGAATGGC 37 4
. PCR conditions:

94 °C for 2 min

94 °C for 30s,

65 °C for 30 s x 15 cycles

68 °C for 7 min for A/B primers

4 min for C/D primers
68 °C for 10 min

. Expected sizes:
A1/B1 fragment: 7299 pb
C3/D3 fragment: 4901 pb

2.2 Sequencing of the mouse Qpct homology regions

The Al1/Bl and C3/D3 PCR fragments, containing the long and short
homology arms, respectively, were then sub-cloned into the pCR4-
TOPO vector (Stratagene). For each fragment, three independent

subclones have been fully sequenced.

. Long arm of homology

The sequences obtained from the 3 c¢lones containing the
129Sv/Pas genetic background PCR amplified Al/Bl1 fragment were
first aligned with each other to identify putative mutations

introduced by the PCR amplification.

Then, the 129Sv/Pas sequences generated were aligned with the
CH7BL/6 sequence available in a public database. This enabled
the determination of the polymorphism between the C57BL/6 and

129Sv/Pas strains in the region of interest.
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One of the sequenced clones presented no mutation in the whole
amplified region. This clone has been chosen for the following
cloning steps and is referred to as TOR2-TOPO-LA. The fragment
of the Qpct DNA sequence, which is contained in the TOR2-TOPO-LA
clone is represented by the sequence of SEQ ID NO. 24. The two

other clones presented 2 and 5 mutations, respectively.

The alignment with the C57BL/6 sequence leads to the following

conclusions:

. Sequence deletions: 5 small regions (between 1 and 22 bp
long) are absent in the 129Sv/Pas sequence compared to the
C57BL/6 one. These deletions are all located in intron 3.

. Sequence 1insertions: 3 small regions (between 1 and 9 bp
long) are present only in the 129Sv/Pas sequence. Two of
these insertions are located in intron 3, the last one 1is
inserted in intron 4.

. 184 base substitutions are distributed all over the long arm
of homology sequence.

Taken together, these data suggest that the polymorphism rate
between the C57BL/6 and the 129Sv/Pas genetic background within
the 7.3 kb long arm of homology is about 2.5%. This polymorphism
rate is 10 times higher than the average rate usually observed

in other loci.

. Short arm of homology

The sequences obtained from the 3 c¢lones containing the
129Sv/Pas genetic background PCR amplified C3/D3 fragment were
first aligned with each other to identify putative mutations

introduced by the PCR amplification.

Then, the 129Sv/Pas sequences generated were aligned with the
CH7BL/6 sequence available in a public database. This enabled
the determination of the polymorphism between the C57BL/6 and

the 129Sv/Pas strains in the region of interest.
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Two of the sequenced clones presented no mutation in the whole
amplified region. One of these two clones was chosen for the
following cloning steps and is referred to as TOR2-TOPO-SA. The
fragment of the Qpct DNA sequence, which 1is contained in the
TOR2-TOPO-SA clone is represented by the segquence of SEQ ID NO.

25. The third clone sequenced presented 2 mutations.

The alignment with the C57BL/6 sequence leads to the following

conclusions:

. Sequence insertion: a 28-bp region is present only in the
129Sv/Pas sequence, 1in a region presenting some repeats.
. 122 base substitutions are distributed all over the short

arm of homology sequence.

Taken together, these data suggest that the polymorphism rate
between the C57BL/6 and the 129Sv/Pas genetic background within
the 4.9 kb short arm of homology is fairly high (about 3%).

The targeting vector construction Strategy and screening
Strategies were designed based on the sequence generated from

the cloning of Qcpt exons 3 to 6.

EXAMPLE 3:
CONSTRUCTION OF THE TARGETING VECTOR AND POSITIVE CONTROL VECTOR

The global strategy for the final targeting vector construction
is depicted schematically in figure 5. This construction can be
sub-divided into 8 steps (circled numbers in figure 5) performed

in parallel.

Steps la and 1lb: The 5’ and 3’ homology arms were PCR amplified
from mouse 129Sv/Pas genomic DNA. The short arm of homology
contains an extended region (indicated as a green dotted line in
3b figure 5) that is not present in the final targeting vector

(see 4a and ba, figure 5H).
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Steps 2a and 2b: The two homology arms were subcloned in pScript
vectors containing a modified linker with all the restriction

sites used for the construction of the targeting vector.

Step 3a: A distal LoxP site was introduced at the Bsgl site in
intron 3. This distal LoxP site was introduced together with a
Swal and BamHI restriction sites located downstream of the LoxP
site. The restriction sites are used for the detection of the
distal LoxP site in ES cell clones and for the Southern analysis

of the clones.

Step 3b: An FRT-PGK-neomycin-FRT-LoxP positive selection
cassette, proven to be efficient in ES cells, was subcloned into
intron 5, upstream of the extended 3’ homology arm. This step
leads to the generation of the positive control vector

subsequently used for PCR screening set up (see below).

Step 4: The 5' long homology arm, containing the distal LoxP
site, was cloned together with the 3' short arm of homology.
This latter short arm is shortened at its final size, ending at

the Notl site in intron 6.

The resulting vector, referred to as TOR2-LSA vector, was used

as a targeting vector and was electroporated in ES cells.

Step 5: Sub-cloning of a Diphteria Toxin A (DTA) negative

selection cassette upstream of the 5' long homology arm.

The TOR2-LSA vector (vector without DTA) was electroporated into
ES cells while trying to subclone the DTA cassette. Indeed, the
DTA selection cassette helps to counterselect the ES cell clones
in which the targeting wvector has been integrated randomly in

the genome, but is not mandatory.

The targeting vector displays the following features:
. Homology arms isogenic with the ES cell line that will be
used (129Sv/Pas).

. Presence of exons 4 to 6 of the Qpct gene.
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. Total homology with targeted allele about 9 kb.

. Asymmetrical homology arms (5' long arm: 6.6 kb, 3' short
arm: 2.4 kb).

. Positive selection neomycin gene flanked by FRT sites. The
FRT-flanked selection cassette can be removed using the Flp
recombinase.

. LoxP sites flanking the exons 4 and 5 and allowing their
deletion under the Cre-recombinase action. This deletion
generating Qpct Knock-out animals can be performed in vivo
by breeding the line with Cre-expressing mice. Depending on
the ubiquitous or tissue specific expression of the Cre in
the mouse line wused, a constitutive or conditional Qpct
Knock-out will be obtained.

. The distal LoxP site is introduced at a reduced distance (3
kb) from the neomycin selection cassette. This favours its
integration during the homologous recombination step.

EXAMPIE 4:

DESIGN AND SETTING UP OF THE SCREENING STRATEGY FOR THE
DETECTION OF HOMOLOGOUS RECOMBINATION EVENTS

It is absolutely crucial to design screening strategies allowing
a quick and unequivocal identification of the homologous
recombination event in ES cells. The screening strategy is based
on an initial PCR screening for a 3' targeting event, then a PCR
screening for a 5' targeting event. The clones identified by PCR

will then be confirmed by Southern blot analysis.

4.1 PCR SCREENING FOR DETECTION OF A HOMOLOGOUS RECOMBINATION
EVENT

Screening for 3’ targeting event:

The initial screening for detection of the expected integration
of the targeting vector is achieved by PCR amplification over
the 3’ short arm of homology. This PCR 1is performed using a
forward primer (TOR2-H, figure 6) hybridizing in the neomycin

selection cassette and a reverse primer (TOR2-I, figure 6)
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. 150 ng of genomic DNA + 0.5 copy equivalent genome of
control DNA

. 150 ng of genomic DNA + 1 copy eguivalent genome of control
DNA

. 150 ng of genomic DNA + 10 copy equivalent genome of control
DNA

(*) 1 copy eqguivalent genome of control DNA is the weight of
control DNA containing the same number of copies as in 150 ng of
genomic DNA.

1 copy eguivalent genome = length of control wvector (bp) x
150/6.109 bp. Thus, for TOR2-C+ vector of 7975 bp, 1 copy

equivalent genome is 2.0 10-4 ng.

This procedure allows to set-up a PCR screening which is
sensitive enough to detect 1 copy equivalent genome of control
DNA in genomic DNA. This is required for a reliable screening of
the ES cells.
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3" end PCR conditions:
. Tag polymerase: from the “Expand long template PCR system”
kit (Roche diagnostics).
5
. Primer sequences: SEQ ID No:
TOR2-H1: 5’ GTGCTACTTCCATTTGTCACGTCC 3' 5
TOR2-I1: 5’ TGTGGGACATCAATGAGAGGAGAG 3’ 6
10 TOR2-H2: 5’ CTACTTCCATTTGTCACGTCCTGCACG 3’ 7
TOR2-I2: 5' GTGCTACTTCCATTTGTCACGTCC 3' 38
TOR2-H3: 5’ CCAGTCATAGCCGAATAGCCTCTCC 37 9
TOR2-I3: 5’ AGGAGTTGGTGGGTTAGTGAGCAGG 3’ 10
15
. PCR mix and program:
Reaction Mix Reaction conditions
Genomic DNA Step Temp. Time Cycles
400.0 ng
from ES cells
dANTP 10mM 2.5 pl Denaturing 94°C 120s 1x
Buffer 3 (10 5 11 Denaturing 94°C 30s 35x
x)
Tag Polymerase 0.75 11 Annealing 65°C  30s 35x
(Qiagen)
Primer 1 (100 Extension  68°C  180s 35%
0.15 nl
pMol/ul)
Primer 2 (100 j ° 1
0.15 1 Completion 68°C 600s X
pMol/ul)
Reaction
50 nl
Volume
. Expected sizes:
20
TOR2-H1/TOR2-I1 primer set: 3284 bp
TOR2-H2/TOR2-1I2 primer set: 2900 bp
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TOR2-H3/TOR2-1I3 primer set: 3555 bp

No amplification 1is expected on wild type DNA as TOR2-H

hybridises with the neomycin cassette.

The three sets of primers were tested on serial dilutions of the
positive control vector plasmid TOR2-C+ spiked in genomic DNA

extracted from wild type 129Sv/Pas ES cells as described above.

The primer set TOR2-H2/TOR2-1I2 gave the optimal results and was
selected for the screening. As illustrated in figure 7, TOR2-
H2/TOR2-1I2 primers give rise to the detection of the expected
2.9 kb band. The PCR sensitivity allows the detection of 0.1
copy equivalent genome (lanes 2 and 6 in figure 7), fulfilling
the PCR set up requirement. Furthermore, specificity of the PCR
reaction is wvalidated since no signal is observed on genomic DNA
extracted from wild type 129Sv/Pas ES cells (see lane 10 in
figure 7).

Primer set TOR2-H2/TOR2-I2 was tested under conditions similar
to recombinant genomic structure. This was achieved by
transfecting TOR2-C+ positive control vector into ES cell. This
protocol has been established to test the specificity of the
primers and the sensitivity of the PCR reaction. The results are

illustrated in figure 8.

Among 39 resistant control ES cell clones screened, 13 showed
the expected 2.9 kb band, as illustrated for 7 clones in figure
8. This demonstrated that the PCR screening is reliable for the
screening of resistant clones obtained after electroporation of
TOR2-C+ wvector. ES cell stable transfectant clones 1B9 and 1Al
were selected in order to be used as positive control during the

screening of the homologous recombination event.

Screening for 57 targeting event:

TOR2-J2/TOR2-K2 primers were designed to detect the expected

integration of the 5' end of the targeting vector. The forward
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primer (TOR2-J2, figure 9) is located upstream of the long arm
of homology and the reverse primer (TOR2-K2, figure 9) 1is
located in intron 4. Because of its localisation, this primer
set allows unequivocal and gspecific detection of the 5'

integration of the targeting vector in the Qpct locus.

5" end PCR conditions:

. Tag polymerase: from the “Expand long template PCR system”
kit (Roche diagnostics).
. Primer sequences: SEQ ID No:
TOR2-J2: 5’ GCCTTCTAAGTAGCTGGGATTACAGG 3’ 11
TOR2-K2: 5’ GAGACCCATACAGAGAATCTTGAGGG 3’ 12
. PCR mix and program:
Reaction Mix Reaction conditions
Genomic DNA from ES Step Temp. Tim Cycl
400.0 ng
cells e es
Denaturin 94°C 120 1x
dNTP 10mM 2.5 nl
g s
Denaturin 94°C 30s  35x
Buffer 3 (10 x) 5 ul
g
Taq Polymerase Annealing 65°C 30s
. 0.75 nl
(Qiagen) 35x%
Primer 1 (100 Extension 68°C 180 35x
0.15 pl
pMol/nul) s
Primer 2 (100 Completio 68°C 600 1x
0.15 pl
pMol/ul) n s
Reaction Volume 50 pl
. Expected size for PCR products are:

PCR product Profile after Swal digestion
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Wild type allele 4597 bp 4597 bp
Targeted allele 4649 Dbp 4018 + 631 bp

The 5' end PCR screening using the TOR2-J2/TOR2-K2 set of
primers was set up on wild type DNA extracted from ES cells and

tail biopsies. The results are illustrated in figure 10 below.

As illustrated in figure 10, the expected 4.6 kb band is
observed after amplification on genomic DNA (extracted from ES
cells and tail biopsies), using GX2633-TOR2-J2/GX2634-TOR2-K2
primers. This validates the PCR screening for the detection of

the distal LoxP site both in ES cells and on tail biopsies.

4.2 SOUTHERN BLOT ANALYSIS FOR THE DETECTION OF THE 5' AND 3
TARGETING EVENT

The integrity of both 5’ and 3’ end regions after the homologous
recombination at the Qpct locus is assessed on the PCR-selected
ES cell clones using Southern blot. The restriction maps of the
endogenous, targeted Qpct Flp- and Cre-deleted loci are depicted

in figure 11.

Both 5’ and 3’ Southern blots were performed using restriction
enzymes cutting upstream of the 5’ homology arm or downstream of

the 3’ homology arm (figure 11).

The K and R probe sequences were BLASTed against murine genomic
databases in order to select the ©probes with the Dbest
specificity based on in silico analysis. Southern blots were set
up on wild type genomic DNA in order to validate probe
specificity before proceeding to the confirmation screening
itself.

Southern blot wvalidation of 5’ targeting event:

Southern blot analysis to test the 5" end homologous

recombination is based on a BamHI digestion of the genomic DNA
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and detection using a 482 bp 5' internal K probe located in
intron 3 (see figure 11). This K probe is AvrII / Sacl subcloned
from the TOR2-TOPO-LA vector.

Wild type genomic DNA digested by BamHI and hybridized with the
designed K probe gives a band, the size is around 13.2 kb, while
recombinated genomic DNA is expected to give a 8.9 kb band (see

figure 11).

The hybridisation conditions used are indicated below:

. Pre-hybridisation and hybridisation: 4xSSC, 1% SDS, 0.5%
skimmed milk, 20mM EDTA, 100pg/ml herring sperm, at 65°C for
18 h.

. Washings: 2 times 3XSSC, 1% SDS at 65°C for 15 min, then 2
times 0.5xSSC, 1% SDS at 65°C for 15 min.

. Exposure: 3 days on BioMax MS films with BioMax intensifying
screens.

Preparation of the 5' K Southern blot probe:
TOR2-TOPO-LA vector is digested by AvrII / Sacl enzymes to
obtain 3 fragments at 8231, 2588 and 482 bp
The K probe is obtained by purification of the 482 bp

fragment.

Expected band sizes: - Wild type Qpct allele: 13.2 kb

- Recombinated Qpct allele: 8.9 kb

This Southern blot strategy was tested on genomic DNA extracted
from wild type 129Sv/Pas and 1290la ES cells and C57BL/6 wild
type tail biopsies (data not shown). The 5' K probe has been
successfully wvalidated for Dboth ES cell genotyping and

characterisation of heterozygous and homozygous mice.

Southern blot wvalidation of 3’ targeting event:

Southern blot analysis to test the 3" end homologous

recombination is based on a Swal digestion of the genomic DNA
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. Washings: 2 times 3XSSC, 1% SDS at 65°C for 15 min, then 2
times 0.5xSSC, 1% SDS at 65°C for 15 min.

. Exposure: 3 days on BioMax MS films with BioMax intensifying
screens.

Amplification of the 3' Southern blot probe: SEQ ID No

TOR2-R1 5" GGGCTTTCTCAGTGTTCTTAACATTCC 3% 13

TOR2-R2 5" TCTATCATTGATTCTCAGGATGCGG 3% 14

This Southern blot strategy was tested on genomic DNA extracted

from wild type 129Sv/Pas and 1290la ES cells and C57BL/6 wild

type tail biopsies (see figure 12) in order to wvalidate the
probe for both ES cell genotyping and characterisation of

heterozygous and homozygous mice.

As presented in figure 12, the expected 6 kb band was observed
after Swal digestion of 129Sv/Pas and C57BL/6 genomic DNA. This
result validates the 3’ end Southern blot strategy.

Example 5
Design of the screening strategy for the Flp- and Cre-mediated

excision events
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robe i s Avr oned
tranﬁrf@mt@hé mthgpcmm%%d oES 5cq ] d alyppe sgeribhiic eDNmalidated

Flp- ng%é%@%@y Eqmélnl@nd hybriidi zeg i th ghe Q@éé& Kihe  opet
probe gives band, the size is around 13.2 kb, ile

targ%@@mﬁ%a&? gBhbI GO 1itE U bt seF R 6° §F vied am8C9" kahe Cre-

medibaBsd @seetfibgune the O tThedndrd disats onl€ondhd i 68Sthe Qpct
sed, are indicated. %‘fl %w Pr?06}ﬁbr' di sati on and

KnoCKy BRI AMSHEroRs i SSCT 156 BES. 00780 Ski Mdd i |k, 20mM
EDTA, 10011g/nml herring sperm at 65C for 18 h.

hi t ) f i, |
oo MRyt B8, Sen I S5 (B6dR T ot e i
typepxpour 213edayls DO BloMBXt M Midory Qi ieBiesisk and the Cre-

medibRtenghbykng screensesPreparati on of the 5 K Sout hern
bl ot probe: 20TOR2- TOPO LA vector is digested by Avrll

/ Sad | enzymes to obtain 3 fragnents at 8231, 2588
5.1 aRAR4ECREENING KSPRATEGY S FOR arHEed DEFECTION G@E | THEOfFLP- AND

CRE- Edgslﬂég ngﬁﬁgggﬁn%?§§EExpect ed band sizes:- WIld

b - Reconbi nated Qct allele:
.9 kb This Southern bl ot strategy was tested on

TOR29§896R§ gN“ﬁ?ﬁ&ﬁﬁ;e@efé°@b@1bﬁeﬁyQﬁmgzgé¥/%%%e%ﬁqon of Cre-
12901a ES cells and C57BL/ 6 type tail biopsies

medigggfla S¥6t SSREWHY S MhHe: 5Th€K éPéBérﬁa§rﬂé’@r¥ siideesslf ul $ylocated
in twl i datedatar JgotHoeS el gesotyphngranthe neomy01n cassette

(7495885 hor i bl BT VaT§ ahE AL R B Rargot b anovastream of

the 3' short arm of homology.

Due to the primer set localisation, this PCR allows an
unegquivocal detection of the Cre-mediated excision of the exons

4-5 and neomycin selection cassette.

TOR2-N2/TOR2-I4 primers were designed for the detection of Flp-
mediated excision events. The forward primer TOR2-N2 is located
in the long arm of homology, right upstream of the neomycin
cassette (Figure 13). The forward primer TOR2-I4 is located in

the short homology arm, downstream of the neomycin cassette.

Due to the primer set localisation, this PCR allows the
detection of the Flp-mediated excision of the neomycin selection
cassette. Since this PCR is using primers located internally to
the targeting wvector, the genotyping of the animals has to be

confirmed by Southern blot analysis.
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WO 2009/ 090190PCT/ EP2009/ 050387 83 and det ecti on using
a 406 bp 3" internal R probe located in exon 6 (see
wo c@aneo1dd) . This R probe is anplified by PCR BSI/BB2009/050387
TOR2- Rl and TOR2-R2 prinmers (see below). 5 WIld type
genom ¢ DNA di gested by Swalgmnd hybridized with the
desi gned R probe gives a band whose size is about 6
kb, while reconbi nated genomi c DNA is expected to give
Cre-mecl@abekbebandipse@CRi gunditipnsi0 The hybri di sation
conditions used are indicated bel ow. Pre-hybridisation
and hybridisation: 4xSSC, 1% SDS, 0.5% skimed m | k
. 20aW EDTAMCYeGEIg/rhetre ngEspanth langs5@fratks FCR system”
Veshi gageng biHERGIXBEE) , 1% SO6 at 65C for 15 min,
then 2 15ti nes 5xSSC, 1% SDS at 65C for 15 nin.
Exposure: 3 days on BioMax Ms filns with Bi oMax
. iptensifykggeseeeens. Anplification of the 3' sSqutrivenn
bl ot probe: SEQ ID No 20 TOR2-R15

——GOECTTTCTCAGTGTTCT TAACATTOC 3 13— TOR2—R25"
CX214CTAPRATHGAT TCREAGHATEREE 8 TE4 TFRPSA86ufher n bl ot 1°

Gx218brategy 1was st estedcoacgenanrcabNAcexhzagted 25 from

W I'd Type 1295v/Pas and 12901a ES cells and C57BL/ 6
wild type tail biopsies (see figure 12) in order to
. vatrRdategthe:probe for both ES cell genotyping and
haracteri sati on of heterozygous d honnzygous nm ce.
Bggéﬂ%@-presented in figure 12, théQEQBécted 6 kb band
was observed after Swal digestion of 1295v/Pas and

7BL/ 6 genppi.c DNA. This result yali dates th? ? end
outhern bl ot str gy. 35 Exanple Design o he

Ebreenlng sihsgtegy for the Flp- @MdPCre-nedi agedi! 10mM
65°€XCi Si on evanes %QQQ&QQQ19OPQJE£P2009/050%&& 840 x
ggethe Fl p- meds gt.ed i si on enabl espf hended,gtd on 78fyt he

neonyci n cassette. This deletion can be perforned in

vitro, by transfection of the targeted ES cell clones

with a validated Flp-expressing ﬂbaﬁﬂaﬂmnﬁr I 10.18iu¥ 000 pMol/ul

y breeding he Qpct 5 targeted
68° bi qui t ous E*p expressi ng m ce. %ﬁ@m%?%mnﬁlathS”IKmPNme
del etion of the Qct exons 4 and HBO | eadi ng t ¢ $thd

Qoct Knock-out nmouse Iine will be perfornmed in vivo.

. Expected size for PCR products is:
PCR product
Wild type allele 7318 bp
Targeted allele 9156 bp
Cre-mediated excised allele 4390 bp
Flp-mediated excision PCR conditions:

. Tag polymerase: from the "Expand long template PCR system"

kit (Roche Diagnostics).

. Primer sequences: SEQ ID No

GX4354-TOR2-N2: 5’ TTGGTAAGCATCCAGTTACTAAAGAGC 3’ 17
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PCR and Sout hern bl ot screening enable the detection
of the wild 10 type, the targeted Fl p-nedi at ed
woemaweiipe del et ed and the Crenedi at ed Knock- ouPCT/EP2009/050387

alleles. 5.1 PCR SCREENI NG STRATEGY FOR THE DETECTI ON

OF THE FLP- AND CRE- MEDI ATER &XCI SI ON EVENTS 15

TOR2-N TOR2-11 prinmers were designed for the detection

of Crenedi at ed exci sion events. The forward priner
GX43TOR20OR2R -4 :| 6¢atedAractheTrangcacacohARens! ogy, 18

upstream of the neonycin cassette (Figure 13). The
forward prinmer TOR2-N is | ocated downstream of 20 the
. 3pCBhprogarmr of honol ogy. Due to the priner set _
pcr LOgakisation, this PCR allows an unegyi ypcal detection
‘o?Lt-I%re Cre-medi at ed exci si on of t he-exons—4-5 and
94°C neomycin sel®#tion cassette. 25 TORR- N2/ TOR2- B4 ul

94°C primers wer®) Jesi g d for the detgati on of Fl pradi a§ gdr
exci sion events forward priner TOR2-N2 is Ioca ed

6OZC in the | ong 3L of oI B rig uf@bst ream of L%lhe

68°C neonycin cat®8tte (Figure 13). THEIfSP&EPEJr Orfer!
TOR2-14 is located in 30 the short honol ogy arm
downstream of the neonycin casset etot pri er
set |localisation, this PCRallo Of%égu%lflgctl @ﬁséﬁ“mMOI/”l

68°El p- nedi at eth miaci si on of the neorﬁwcme mahaect i OS5 pl 100 pMol/ul

cassette. Since this PCRis usingppyinmers |locgtgd,
internally to 35 the targeting vector, the genotyping
of the animals has to be confirnmed by Southern bl ot

- apapysisd sYE-2009/ PORIBVPSGILER2099/ 050387 85
Cre-nmedi at ed excision PCR conditions: Taq
pol ynmer ase: from t he" Expand | ong tenpl at ePCR syst ent

kit (Roche Di agnostics). 5 PCR product
Wild type allele 419 bp
Targeted allele 2211 bp

Flp-mediated excised allele 538 bp

The PCR screening for the detection of the Cre-mediated and Flp-
mediated excision events (using the GX2147-TOR2-N/GX2140-TOR2-1I2
set of primers and the GX4354-TOR2-N2/GX4353-TOR2-I4 set of
primers, respectively) was successfully set up on wild type DNA

extracted from ES cells and tail biopsies (data not shown).

Example 6
PREPARATION OF THE TARGETING VECTOR

TOR2-LSA plasmid was digested by NotI to obtain its
linearization. The 13.6 kb resulting fragment was purified by
phenol/chloroform extraction followed by ethanol precipitation.

This preparation was then used for ES cell electroporation.

Example 7
SELECTION AND AMPLIFICATION OF GENETICIN RESISTANT ES CELL
CLONES
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Primer sequences: SEQ ID No GX2147-TOR2-N:5'
AGAGAATGACCACTGCTGAGGATG 3' 15
WEXDAMITOR2- 12: 5' TGTGGGACATCAATGAGAGGAGAG 3' 1BCT1/8P2009/050387
PCR program PCR cycles PCR mx 94C2 min
87

The linear TOR2-L3SA plasmid was transfected into ES cells
according to the following electroporation procedures:

100x10° ES cells in the presence of 100 pg of linearized plasmid,
800 Volt, 300uF. Positive selection was started 48 hours after
electroporation, by addition of 200 pg/ml of G418.

This electroporation gave rise to 237 resistant clones. These ES
cell clones were amplified in 96-well plates and duplicates of
96-well plates were made. The set of plates containing ES cell
clones amplified on gelatin was screened by PCR for the

detection of a homologous recombination event.

In order to bypass the difficulties as encountered with the
injection of the first series of clones obtained (see below), a
second electroporation of +the linear TOR2-LSA plasmid was
performed under the same conditions. This second electroporation
gave rise to 184 resistant clones. These clones were amplified

and duplicated as for the first electroporation.

Example 8
SCREENING OF GENETICIN RESISTANT ES CELL CLONES

8.1 PCR SCREENING FOR HOMOLOGOUS RECOMBINATION AT THE 3’ END

Using PCR the 237 geneticin-resistant clones (harvested after
the first electroporation) + 184 geneticin-resistant clones
(harvested after the second electroporation) were screened for
the detection of the expected homologous recombination event at

the 3' end of the targeting wvector.

3’ PCR screening using GX1406-TOR2-H2/GX2141-TOR2-1I2 primers
revealed 14 (lst electroporation) + 21 (2nd electroporation)
positive clones displaying an amplified fragment of the expected
size (2.9 kb). Seven of these positive clones are illustrated in

figure 14.
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DNA3O ill 15 94C30 sec dNTP2.5 ill110 mM 65C30 sec x
35 cycles Buffer5 il110 x 68C5 mn Tag Long

wez@anaaors il l Forward prinmer0.15 [t1 100 phMI/ERH9/050387
68C10 m n Reverse prinmer0.15 [t1 100 pMd1l/111 20
H20to 50 il 88

The 35 3’ PCR positive clones were confirmed by a second 3' PCR.
The 14 positive clones identified from the first electroporation
and 10 of the positive <clones identified from the second
electroporation were further analysed for the homologous

recombination event at the 5' end of the targeting wvector.

8.2 PCR SCREENING FOR A HOMOLOGOUS RECOMBINATION AT THE 5’ END

The screening for the detection of the homologous recombination
event at the 5' end of the targeting vector was performed using
TOR2-J2 (GX2633) and TOR2-K2 (GX2634) primers (see figure 9).
The forward primer (GX2633-TOR2-J2) is located upstream of the
targeting vector and the reverse primer (GX2634) is located in
the long homology arm, downstream of the distal LoxP site (see

figure 9).

A Swal digestion of the PCR product enables to discriminate
between wild type and targeted alleles and to detect the
presence of the distal LoxP site inside the long homology arm
(see figure 9). Due to the primer set localisation, this PCR,
followed by a Swal digestion of the PCR products, allows an
unegquivocal and specific detection of the 5' integration of the

targeting vector at the Qpct locus.

The 5' PCR results are 1illustrated below for three clones (in

figure 15).

Among the 14 + 10 ES cell clones identified positive using the

5' PCR:

. Eleven clones were unambiguously positive at the 5' side:
namely clones #6A3, #6C3, 6Cl10, 5B8, 5C5 5Cl2, 10A9, 10B2,
11B4, 1222 and 15B2. As the two clones #6A3 and #6C10
illustrated in figure 15, the six positive clones displayed
a 4.6 PCR product that was subdivided into a 4 kb and a 0.6
kb fragments after Swal digestion.

. The results of the 5' PCR were ambiguous for the two clones
#5A11 and #5D4 (weak PCR amplification for these two

clones).
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Expected size for PCR products is: 25 PCR product
WIld type allele 7318 bp Targeted allele 9156 bp
wee@nedp@t ed exci sed allele 4390 bp 30 Fl p- nERCHERTNN/050387

exci sion PCR conditions: Taq pol ynerase: from

t he" Expand | ong tenpl atePCR gystenmt' kit (Roche

Di agnostics). 35

. For the remaining 11 clones (#5Al1, 5B2, 5B4, 5A7, 5B9, 5D4,

9A2, 9B1, 10A3, 10A10 and 11B7), the PCR product was not cut
by Swal, as illustrated for clone #6C30 in figure 15. This
indicates that these 11 clones did not undergo the expected
homologous recombination at the 5' side of the targeting

vector.

The 11 positive clones #6A3, #6C3, 6C10, 5B8, 5C5 5Cl2, 10A9,
10B2, 11B4, 12A2 and 15B2 are thus positive for both 5' and 3'
PCR screening. This demonstrated that these clones underwent the
expected recombination event on both the 5’ long homology arm
and the 3' short homology arm. Furthermore, the presence of the
LoxP site at the targeted Qpct locus was demonstrated by the
Swal digestion of the PCR product. This point is crucial to
allow the future deletion of exons 4 and 5 under Cre-recombinase

action, and thus the Qpct gene Knock-Out.

The 11 positive clones were re-amplified in 24-well plates and
further analysed by Southern blot at the 5' and 3' sides of the

targeting vector.

8.3 SOUTHERN BLOT SCREENING

The 11 positive ES cell clones identified by PCR were further
tested by 5' Southern blot. This 5' Southern blot is based on a
BamHI digestion of the genomic DNA and detection using a 482 bp
probe, 5'K probe, located in intron 3, in the long homology arm

(see Example 4, item 1.2 and Figure 5).

Expected band sizes: - Wild type Qpct allele: 13.2 kb
- Recombinated Qpct allele: 8.9 kb

As illustrated in figure 16 for the 6 positive clones of the
first electroporation, the presence of the two bands
corresponding to the wild type and targeted Qpct alleles
confirmed the PCR screening results for the 11 clones analysed.
4 of the clones, clones #6C10, 10A9, 11B4 and 12A2, displayed an
additional band at an unexpected size. Since the probe used was

an internal probe (hybridizing inside the targeting vector), the
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Primer sequences: SEQ I D No GX4354- TOR2- N2: 5'
TTGGTAAGCATCCAGTTACTAAAGAGC 3'17 WO
wQoe9/0080d 90PCT/ EP2009/ 050387 86 GX4353- TOR2- 1BCT/EP2009/050387

GCAATCGGTTTTAATCACAGTAAGG 3' 18 PCR program PCR
cycles 5 94C2min 94C30 sec ©PC30 sec 68C5 m n 1068C10
mn PCR m x DNA d_NTP Buffer Taqg Long expand

Forward prinmer Reverse priner H0
detection of this additional band demonstrated the existence of

a random integration of the targeting wvector at an unknown
locus, in addition to the expected integration of the targeting
vector, through a homologous recombination event, at the Qpct
locus. Even if this random integrant would be easily segregated
from the targeted Qpct allele, the other clones were
preferentially selected for the further development of the

project.

The 11 ES cell clones were then tested by 3' Southern blot. The
3" Southern blot is based on a Swal digestion of the genomic DNA
and detection using a 406 bp 3' internal R probe located in exon

6 (see Example 4, 1.2 and Figure 5).

Expected band sizes: - Wild type Qpct allele: 6.0 kb
- Recombinated Qpct allele: 10.5 kb

As illustrated in figure 17 for the 6 positive clones of the
first electroporation, the presence of the two bands
corresponding to the wild type and targeted Qpct alleles
confirmed the PCR screening for the 11 clones analysed. Again,
clones #6C10, 10A9, 11B4 and 12A2 displayed additional bands
with unexpected sizes, confirming the existence of random
integrations of the targeting vector at an unknown locus, in
addition to the expected integration of the targeting vector,

through a homologous recombination event, at the Qpct locus.

The 7 ES cell clones #5B8, #5C5, #5Cl2, #6A3 #6C3, #10B2 and
#15B2 were thus confirmed by Southern blot as correctly targeted
at both 5' and 3' ends of the targeting vector. The last 4
clones #6C10, 10A9, 11B4 and 12A2 were also confirmed as
correctly targeted at both 5' and 3' ends of the targeting
vector but these clones present an additional random integration

of the targeting vector at an unknown locus.

The ES cell clones #5C5, #5C12, #6A3 #6C3, #15B2, #10B2 and
#11B4 were selected for the next phase of the project

corresponding to the injection into blastocysts.
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30 [t1 2.5 Tal 10 M5 tal10 x 0.75 [t1 0.15 [t1 100
pMol/111 0.15 [t1 100 pMbl/111 to 50 [t1 x 35 cycles
wez@endEd si ze for PCR products is: 15PCR pr odect/ERYobel050387
type alleled4l9 bp Targeted all el e2211 bp Fl p- nmedi at ed
excised allele 538 bp 20 The PCR screening for the
detection of the Cre-nedi ated and Fl pnedi at ed exci si on
events (using the GX2147- TOR2- Nl GX2140- TOR2- 12 set of
prinmers and the GX4354- TOR2- N2/ GX4353- TOR2-14 set of
ExamPﬁE”?rS’ respectively) was successfully set up on wild
yp

e DNA 25 extracted fromES cells and tail biopsies
RECOMBANANEot ESho@R)L BLASTOCYST INJECTIONS AND GENERATION OF

CHIMERAS

9.1 INJECTION SESSIONS

Recipient Dblastocysts were 1isolated from pregnant C57BL/6
females (Health status SPF- Specific Pathogens free). Based on
morphological features, the ES cell clones #5C5, #5C12, #6A3,
#6C3, #15B2, #10B2 and #11B4 were selected to be injected into
blastocysts.

Injected blastocysts were then re-implanted into OF1 pseudo-
pregnant females (Health status SOPF - Specific and Opportunist
Pathogens Free). Table 1 summarizes the results obtained from

the injection sessions.

9.2 CHIMERAS

Clone #6A3 was injected into 86 blastocysts and gave rise to 19

pups. 11 chimeras were identified:

. 8 male chimeras with a percentage of chimerism of 20%, 15%,
10%, 5% (2 chimeras each).

. 3 female chimeras with a percentage of chimerism of 20% (2
chimeras), 10%

Clone #6C3 was injected into 90 blastocysts and gave rise to 16

pups. 8 chimeras were identified:

. 3 male chimeras with a percentage of chimerism of 30% and 5%
(2 chimeras).

. 5 female chimeras with a percentage of chimerism of 20% (3
chimeras), 15% and 2%.

Clone #5C12 was injected into 54 blastocysts and gave rise to 4

pups. 2 chimeras were identified:

. 2 male chimeras with a percentage of chimerism of 35% and
15%.

Clone #5C5 was injected into 54 blastocysts and gave rise to 3

pups. 3 chimeras were identified:

. 3 female chimeras with a percentage of chimerism of 90%, 60%
and 10%.
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Exanpl e 6 PREPARATI ON OF THE TARGETI NG VECTOR 30
TOR2-LSA plasm d was digested by Notlto obtainits
wo poveasiizat i on. The 13.6 kb resul ting fragnent PEEEP2009/050387
purified by phenol/chloroformextraction foll owed by
et hanol precipitation. This greparation was then used
for ES cell electroporation. 35 Exanple 7 SELECTI ON
AND AMPLI FI CATI ON OF CGENETI CI N RESI STANT ES CELL

Clon€EL@NES2 W2 2009 090D 0RCTd EP20DILB5088Z 87 aflne daveearise to 6
TOR2-| € sm ¢ted into ES cells

pUPSégﬁng?ﬁgg%g ?ﬁger%ﬁﬁg&?%éggrectroporation procedur es:

*  1boxabe ESiwverpsvwihht herpresehegcopf100ipgropm of 755.

. Ibneaphzedcphasmad, 3 80Q Vol oo 300RF. o POSH1hdBism of 90% and
sel ection was started 48 hours after el ectroporation,
b%ﬁaddition of 200 pg/m of (418. This el ectroporation

Clongave 0B3ewt® 237 clcesidstamto cBones.asthesestsS g€elll did not give

riseclgne% were anplified in 96-well plates and duplicates
of °16"86°WBI I pl ates were made. The set of plates

Cloneortlaibdi ngpsES rcetdtad oneso afpl bfleedoowsgel atidn gmase rise to 4

pups%c5e§E§ﬂe?¥sngrgoﬁdgg%iqggaqt'on of a honol ogous
reconbi natron event. In order to bypass the

* dif firegl [ahescae Seritidunt @r BET AR R2ERAe OF5 dMjmedtlisoh @f 755, 395%
t heaf Best series of clones obtained (see below), a
second el ectroporation of the |linear TOR2-LSA plasm d
was perfornmed under the sane conditions. This second

Tablel ect bepowatdanp gave rhsee tas 84 r esi sttant E6l anels. blastocyst

injelRe3e ghones were amplified and duplieated gs for Lhe

ISFTS eFec%ropoPaglon. 50 Exaone SCREERING )
GENETI CI N RESI STANT ES CELL CLONES 8.1 PCR SCREEN NG
FOR HOMOLOGOUS RECOMBI NATI ON AT THE 3' END 25 Usi ng
PCR the 237 geneticin-resistant clones (harvested
after the first electroporation) + 184
geneticin-resistant clones (harvested after the second
el ectroporation) were screened for the detection of
t he expected honol ogous reconbi nati on event at



30 the 3

end of the targeting vector.

3" PCR

screeni ng usi ng GX1406- TOR2- H2/ GX2141- TOR2- 12 primers

el ectroporation) positive clones displaying an
anplified fragnent of the expected 35 size (2.9 kb).
Seven of these positive clones are illustrated in

figure 14.

3" PCR positive clones were confirnmed by a second 3
PCR The 14 positive cl ones |dent|f|ed fromthe first

ol

actro

or-ati-on

and 10 _~f

+t ha ool

wo eoeabmEdo 14 (1st el ectroporation) + 21 (2nd PCT/EP2009/050387

WD 2009/ 090190PCT/ EP2009/ 050387 88 The 35

vect or was perTor med using 10 TORZ-JZ2 ((GXZ683) and o s
#l TOHRIK2 [1Gx2634) 2 primers (see figdre 9) |° The2%or war 0% 10%
ni mer (GX2633-TOR2-J2) i$ |ocate tneam of the
28/10/0?ar geting vector and the teverse g?/lylrpro;sr (GX2634) |s
# | agased [in the llong homol gy arm cdownsty eamoof, tBe,[20%
dilstal LoxP sitg (see figure 9). 15 A Syal di gestl on
4/11/0%0ff the RCR product enable$ to di se#imisnate | feén
Wi[Td Type and targeted alleles and to detecy the
prf&§énca®®f the |[distal LoxP site [lhsidel|t he&ng 5%20%,  20%,
honol ogy arm (sge figure 9). Due Eglt/&e primes set |2
|lgcalisdtion_ this PCR 20 f ol Lowdd %y a_Swal
43 dilgasti gy of thg, PCR prodycts, albows amy une@uj vagal|
and spegific detlection of [the 5 |H5/89rat|on of the
18/11/05ar geti ng vector| at the Qpct | ocud. The|B* PCR
results are i(ftygstrated bel ow for| three|clomes (i n 25
# fiftphe 13). Among the 14 £ 10 ES gell clibnes 20%, 15%
i dentifiled posit|ive using|the 5 . Elleven cl ones
2/12/0§\/\pr9 unanbi guougly positive at thggg/osei de: 130 nanelly
45 Cllopes #ABA3, #603, 6CLO, HB8, 5CH5,5C12, |L0AKs. 19832, |
11B4, 12A2 and 15B2. As the two c| ones #6A3|and #6Cl0
6/01/0d4 Il ustrgted in fligure 15, [the si x[2poisiét iive ¢l ones
difsptayed a 4.6 |[PCR product that S subdivided intg a
4 [®95and?%a 0.6 kb fragnents after|-Swal di gestion. 35-
. The results of tge 5" PCR|wer e anpi guous fof the two
# cllofés #¥A11 and’#5D4 (\Neq( PCR aJ[rmllfl ratign for -
s/03/0d N&se twy, clones). WO 2009/ 09019QPCT/ ER2009/ 050387 %% 60%,
10%
#1 #1582 |30 2 1 6 0 |75% 90%, 1%
21/04/06
10/05/06
#10B2 (30 2 0 - -
#8 #11B4 (30 2 2 4 1 75%, 35%,|-
24/04/06 19/05/06 8%
Table 1: Results from ES cell clones #6A3, #6C3, #5Cl2, #5C5, #15B2, #10B2

and #11B4 blastocyst injections
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For the remaining 11 cl ones (#5A1, 5B2, 5B4, 5A7, 5B9,
5D4, 9A2, 9B1, 10A3, 10A10 and 11B7), the PCR product
woamnaiiocut by Swal, as illustrated for cl onepr¢BEBDH0Y/050387

figure 15. This indicates that these 11 clones did not

undergo the expected 5honol ogpus reconbi nation at the

5' side of the targeting vector. The 11 positive

cl ones #6A3, #6C3, 6Cl0, 5B8, 5C5 5C12, 10A9, 10B2,
As B4, fch2A2 andlméBasarbavhusapd@MtipEobablbmtp 5f amgrm line
tranéplég ggR %%re%%l Qe-gﬂfﬁé¥%?) e%%%91t$§get98§eselected for

cl'ones “uhderwent t he expected reconbi nati1 on event
furtperhbrredsngl-ong honol ogy arm and the 3' short

honol ogy arm Furthernore, the presence of the LoxP

site at the targeted pct |ocus was denonstrated b 5
Amonﬂhéhgmﬂa%ﬁgﬁﬁﬁm%ﬁﬁ%fg?%%rﬁﬁﬁﬁprBaﬁctOufmmﬁ%ﬁﬁ |%O (clone
#6A3¢r ecictintearakh aljmv theohalt upesgebati op of @come 4#30112 were

5.under Cre: onb hase a tion, .and thus.the
s LeRhBaK G, PO THE TL b 1 985¢] dtbsORaT S PE. dmf I g o was
obtaiine24- fvedbrh pnaiesfanuhé$ﬁtluhln&nakysbdfbyedemheﬂmst chimera
at the 5. ¢a S0 et
genegé%gr gés&JTHgﬁm%%%ﬁ 5CR %E&ES SheHe gg?tuﬁélg mere
sexugélly cloRessi démass eéaﬁyepcrpﬁkﬁ@¥¢%ntWﬁﬁe té@Fedu%Sﬁ- in the
fol15Wl§gubggéalgbobhaggls 5" Southern blot is based on a
25 BanHl digestion of the genom c DNA and detection
using a 482 bp probe, 5" K probe, located in intron 3,
in the long honol ogy arm (see Exanple 4, item 1.2 and
Fi 5). Expected band sizes:- WIld type Qoct
Examgpgeﬁs_ 13.2 kb 30- Reconbi nated Qpct allele: 8.9 kb
BREEPING| |QFst CRIMERAS ANHUIGENERATION HeF 6FpodiRTEROZNGHWSs FOR THE
TARGRTEDNOR' bkﬁtﬁkéﬁkﬁﬁpﬁiﬂhmg t hepr esenceof t het wobands
corresponding to the wild type and targeted Qpct
alleles 35 confirmed the PCR screening results for the
Fourllzkglm@?%& mageﬁig%lsébdl@fyiltd@e zgjd%)n@@d?ag% 06&51{13@%& generated
an I ed an addi tiona n
- UREXpectad PEPPE. & n %8%?6%“@%&% %ﬁ %he ES clone
# 6A3i, ntrérialangr gtbe 1(Chy brd i ziatged neitde whedtayget CAGBL/6J females
t h 20 0901.90P 50387
(e B 0r Ui & AN 11 3ual- hond Horoct 1 at B4 [pgen Free) to
invegkiigagacetofther ahblomtianaeared | 68 ofelle bawgetqm'gtrlbuted to

the %ﬁ%&@rlé§e%n upknown ;Lkacus, | Or&dditdON,tOqtReth Fip or cre
pected integratiaon of the tar etlng vector, throug ﬁ

"delﬁtﬁé Iféﬁ‘éé@sr ddGdithats ot ey Fat %Fﬁ%cﬁéh? Bnﬂo@agortunwt
Pathbyen irfrelehi scd asglomh ntegr d@ﬂe‘@@@hd dre @asi h¥omycin selection

segregated fromthe targeted , the ot

2o B ORe 8 rua 8 "prBPERehT Pafll ) SETBREEA™T GP CPRG Fur PREPoCELvely:
devel opnent of the project.

Table 2 below summarizes the results of chimeras breeding.
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Table 2: Reporting results of chimera breeding.

The genotype of the animals is given in bracket
WT:

below) .

targeted Qpct

Qpct alle

le;

wild type;
allele;
carrying the Cre-mediated excised Qpct allele and the targeted

Het Cre-excised:

Het targeted:

mediated excised Qpct allele.

To assess

whether the ES cells

heterozygote

Het partially Cre-excised:

carrying the

heterozygote carrying the

(see also text

heterozygote

Cre-

have contributed to the germ

layer of the chimeras, mouse coat colour markers were used. The

coat colour marker of the 129Sv/Pas ES cells 1is dominant over
the black coat colour of the C57BL/6J mice.

the chimeras with C57BL/6J mice should yield either black pups,

Therefore, mating

when the germ cells of the chimera are derived from the C57BL/6J
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and 8% Table 1 below conpiles the results of the ES
cell blastocyst injection sessions perforned and the
w@biomoEIgener ation. 15 WO PCT/EP2009/050387

2009/ 090190PCT/ EP2009/ 050387 93 Table 1: Results from

ES cell clones #6A3, #6C3, #pHCl2, #5C5, #15B2, #10B2

and #11B4 bl astocyst injections WO

2009/ 090190PCT/ EP2009/ 050387 94 As the femal e chi nmeras

cellhave & | cawpuobabdlotyedf gepm, | i nédr anshessiEsn, ddiels have

cont¢R gdCQ ﬂ%knoﬁggthegﬁqﬁmere not selected for further

ree e chineras generated, the
f our nales at 20@6(clone #6A3, 2 chineras), 30% (cl one

The ﬁ§g§%ﬂ@ﬂg %@ @5§8u996}ﬁgﬂgzlnmeﬁﬁaS@ﬁeC§§§efgfléﬁevﬂmnl using
edi ng phas m'ine transm ssi on was _obt ai ned

C57Bf“r/éﬁ1 dive-of fpﬁeskér%?ﬁh%? as Sheflore tHeddase chpherde germline

trangﬁmeé@bﬁdo(f75;%e0fE$h¢<Ef_EI$ snmnckgnes 1#55B2And #llBd)py of the
10 sexual gx?nature these latter chineras
h

AULORGT S s ekt T A the' TH1 | Ol 3 b 84T ng” phase “Exampiid T 255ming
germl 51 BREEDIMNG sOF sCHIAVERASCAND, GENERATI ON CGFhd¢-| resulting agoutl

T E SR o ral 18 ral'es (ol iyl G 300 16 S8V ep worrshy, 7 ©9

Cellgeﬁéﬁa58d0|ﬁhpﬁédpﬁévﬁéM§ E%Qs@l%ﬁ bYRSt 68ysRMosome.
injection of the ES clone 20 #6A3, #6C3 and #5Cl12,

wer e mat ed th wl C57BL/ 6J . fenal es _(heal t .
As dﬁ%%@@%o‘ﬁecﬁ?c 5 ‘%ﬂ&ﬁor%h@@fapéﬁg&@n ”‘@*@é) 10 cage
4135t aeemsesid gat eswhiet her atheot arigeted weS cgldesrhaveduring the 3

ont rd byt ed 9 the germ| ayer. The chi as_wer e I's
montére&ﬁmtﬁ% n? CEeeS%e#eter 28 ﬁalesq?heaf?%e ?? 81fferent

fema$epF - Speciflc and Qpportuni st 25 Pat hogen Free) to
obtain the deletion of the neonycin selection cassette
or Qoct exons 4-5 and sel ection cassette,

Withy é§ge v atdle Tabiee 22 héF bW SUARAP) 268 (FES dSuld 2t the 30%
maleChidreimas- Dreedipge 3G6C3) in cage 4136, no germ line

transmission was observed as the chimeras gave rise to 2 and 3

black litters, respectively.

Finally, the observation of 2 agouti coloured Fl animals derived
from the C57BL/6 wild type female mated with the 35% male
chimera (clone #5Cl12) in cage 4416 1s evidence of successful
germline transmission of the Qpct mutation. These animals were

genotyped as wild type (data not shown).

The F1 animals derived from this male chimera and the 129Sv/Pas
CMV-Cre #91 female were genotyped to identify heterozygous mice
carrying the constitutive Knock-out allele. As the female
background is 129Sv/Pas, the mouse coat colour markers cannot be
used. All the F1 animals #34709 to 34716 and 35437 to 35443 were
thus genotyped as described below.

10.1 PCR GENOTYPING OF THE F1 GENERATION
DNA was prepared from tail biopsies, taken from the 15 resulting

pups and was genotyped by two different PCR strategies:
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WO 2009/ 090190PCT/ EP2009/ 050387 96 Tabl e 2: Reporting

results of chinmera breeding. The genotype of the
w@niombEId s gi ven in bracket (see al so text bebOWEP20W 050387

wild type; Het targeted: heterozygote carrying the 5

targeted Qoct allele; Het paggially Cre-excised

het erozygote carrying the Cre-nedi ated exci sed Qct

allele and the targeted Qoct allele; Het Cre-excised:

. heterexygetencaKEyingaiheigheeedwataﬂmextheeweaaution of the
a&kglﬁ d}gagg %§§§§§owh%%h%%.|% %#Eé@aygglon within the
contri bt e erm | ayer t'he chi ner as, " nouse
ceatfg@eeduertke@Jsle\Je@e ﬁe]ds MR codrelesl oan mamkeérfication
obrthgc1293v/ PasrES gel L3 sbs da gty over thike flglkate used:

coat colour of the C57BL/6J m ce. Therefore mat i ng
t Helehi HBRasCaF ERCES7RE/ 6ICAEEE SRBUPHIGIBHd eit her
. gBaC@CBu%%réBiﬂMgﬂldéﬁ pesmreel by ehatthevghi aeféa @f eused for
r rom
2%85?6 Eﬁ@oﬁ&/%ﬁ%%%%%%%%?%?o%ﬁlét18“ event in ES cells.
afbuti -k osrted tpgps, davhent$ hehES tehtsxhaved, targeted Qpct
c u h er | 5 e -pr t _
e B Phe L "entratt oh whon"Uoi g 5 CATBL/6) Pr ee *E IR
f@?oﬁveearﬁﬁTl§a§ﬁ@§tevﬁaén§eeféﬁsﬁﬁé HerH Fhee-
transm ssion of the ES cells. In ES cells, only one
Eé of _the aut osonal tagg Eene i S targeted and
10.2¢4 BoaEREFYINGSEGR FBEgHFRIATHR ERGASAPEsF¥™Occurs,

The SQe@b&EiEhenrQSRIMaﬂ;pﬁyﬁﬂﬂmaﬁf&Hﬂﬂ@gaSﬂ@ﬂWﬂrdepenmer TOR2-N
hybrlﬁe Eg%atedtﬁpr?ﬂpsgo?%iron]thﬁfEﬁg% r%%%.%> éod{%tal LoxP

recei ve As do
siteaboaed Ehere@@&mm(pxﬂmmmrgOﬁékdﬁe WBm@)dlnleag@ownstremn of
exon 6 (see figure 13). Because of its localisation, this primer

pair allows the specific detection of the Cre mediated excision

event.

The Cre-excised allele yields an amplification product of 4.4 kb
using the above primer pair, whereas the targeted (non-excised)
allele yields an amplification product of 9.2 kb (see figure
13). Since both primers hybridize on the wild type non-targeted
allele, a further amplification product of 7.3 kb will be
obtained from all animals corresponding to the wild type allele.
A representative example of the genotyping PCR results is
illustrated in figure 18. As shown in figure 18, the PCR always
favours the amplification of the allele yielding the smaller PCR
product. The large size of amplification product of the
heterozygous wild type or the heterozygous targeted allele may

result in a poor amplification efficiency.

The genotyping by Cre-excision PCR indicated that among the 15
tested animals born, 2 animals (#35437 and #35438) carry the
Cre-excised allele. The other 13 tested animals were either wild
type mice or carry the targeted allele. This latter targeted
allele was not unequivocally detected by this PCR strategy,
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4135 seens to be sterile as no litter was observed
during the 3 nonth of breeding, despite mating with
waenenadiodi fferent 15 females. Wth the 20% nmab@I1/EP2009/050387

chinmera (clone #6A3) in cage 4134 and the 30% nal e

chimera(cl one #6C3)i n cage 4186, no germline

transm ssi on was observed as the chineras gave rise to

2 and 3 20 black litters, respectively. Finally, the
becaobservfit ithre opr2fageutiatolaurled Fla@animabs dene vethorter PCR

prodﬁgeg]EﬁgrgééghégoﬁgkgS%%g)ngngkgiggéegngﬁRQlBh%Kggq%%leles.

["e chiner in cage I's evide
successful 25 germine transm ssion of the Qct

10.3Nubat peR. sEEﬁEﬁﬁIﬁQ' FBRSHBROE0E608! KREEMBINWrLENt ¥PENT
data not shown). The F1 aninmals derived fromthis

To hi feP&1aRd te £X65¢APas ew-'G% RO EHE &%ésr@é?te and
Qpctgefm_’(g\épﬁdjtﬁedjﬂ@ﬂt |lfny heter 07y geusi st €e h3@ eGariyiot@s, the 37

t he constltutlve out al |l el t he :

PR LSTR85 156507 PhS. JEG oS o oaF SE6FGur bt ier sAnimals
testednnpDSbelusedfoAJItmh@ FCRnittals #34709 thev@47ibeandeomycin
7 e p descri bed bel ow.
case B R CEROVET NG CESTRE F CERERATI N DNA v
prepared fromtail biopsies, taken fromthe 15

The ReSUdH NG- PUPSi dNdyMas cgenet-wpad ukY n didfefent o PGRer TOR2-
strategles WO 2009/080190PCT/EP200 /050387 98

B2 1ECatextivsitdh PCRIT sBEBOFY glif e SESFCEIPt K& St et i O of reverse

primthe TORe-TRdinated cExdingi eivwafs Hranl okd2d | Bieck r egi odhe primer
within_the.tar eted ele. .. This PCR yjelds,an

SequenCFSfl clétltcf)ln % o&ucjt ec# EgJEJf eorneo}] tlscfnzear epien%lilz%% on tables 4

and 5he tenplate used: 5wild type, targeted or Cre-excised
allele. 3 PCR screening (see figure 19) that was

al ready used for detection of a honol ogous
Becapggorbi AatSi drP Ceverfd HIPTES el LTS FER %H%W%g?he specific

detedetegt ot hendopaexstsed, nbargetede@ch Rl lelie car ryiddding an
ampllggcgégg% 4p%% ucﬁfla%keqﬁgy the LQﬁ?_Eine in heterozygous
offspring carrying the targeted, but non-excised Qpct allele. A
representative example of the genotyping PCR results is

illustrated in figure 19.

The genotyping by 3’ PCR screening indicated that among the 15
tested animals born, 2 animals (#35437 and #35441) carry the
targeted allele.

Altogether, the results of these two PCR screenings showed that

among the 15 tested animals:

. 2 animals (#35437 and #35438) yielded amplification products
corresponding to the excised allele, suggesting that these
mice are heterozygous for the Cre-excised Knock-out allele.

. Male #35437 showed amplification products corresponding to
both the Cre-excised and the targeted non-excised allele.
This suggests that this mouse carries an incomplete excision
event, meaning that it 1is a mosaic of excised and non-

excised cell types. This animal was sacrificed.



10

15

20

25

10neonyci n- FRT cassette and the distal LoxP site. 10.2
PCR SCREENI NG FOR CRE- MEDI ATED EXCI SI ON EVENT The
w@Ee@vexapsi on PCR was perforned using a forwarBPCPEPI0BY/050387

TOR2-N hybridizing in the 5 honology arm upstream of
the distal LoxP 15 site, andpa reverse prinmer TOR2-11
hybri di zi ng downstream of exon 6 (see figure 13).
Because of its localisation, this priner pair allows

. tHMelspetBfig8detiectedn rof taweo I0rfel qwediat egprexticsi ofor a PCR
e T e-excis e yield
a%ﬁ?%%?%gtlgﬁmgto ugt o?gﬁaékgg ugkﬁgeiﬁ oveﬂ%%el%’ thus
pabnfinkengasheheonntgeeedxthonoexesad) ﬁhBeEéoyEelabis male
aﬂsa@RE'Eh%%E'Q%ﬂ@fﬁ%%&odg ébﬁ%%@%&@%*éf@§%%eKA§%k out mouse

Since both primers hybridize on the wildt
nGHaFéFE%Féaegllﬁhés Y@%ﬁ%%éYg%HﬁlﬁpﬂéetW%% pRGdudtated with
01743 tklpaM Fekmbee25 iabt airned ﬁﬂpngehbraﬁenaddze heterozygous

corre in the type allele,
SRPEIERPEL IS St dbiot iRy anetyBrAG Pl Fesiizarlts  are
i deptrubtdabedlownihi Guewpl8. 1As shown in figure 18,

. t al S r a Jgat h I
yPnggﬁﬁ tﬁ§¥s§% L géémql gﬁhﬁte%gqu;tggélg%gt 81 €c1e ana
aﬁbﬁlft%%ﬁ@%ﬁﬁpﬂbﬂUﬁﬁﬂﬁﬁ*ﬂheaé@eﬁéteb@%ygbﬁ% willed £ypeexcised

Oélléﬁehetﬁi&iyl@M§leahgﬁt@ﬂu@'hﬁ'ﬁeﬂ@Yo&? Bt igb& targeted
poor a I|f|cat on eff|C|enc% gD%en t |ng E
CrBIBRCI s oW PER F1iBi eBEEd FhIE aHDAGItRB 15 fesked and still
aﬁbﬁah$nb0the aeamynahssé#85436nands#85488)TbaeryemBEe #35441
35 _Cre- xgiseg alleﬁeL The other 13 tested a imals
was ma WI P 8 exgre881n mal? P ?r 0 obtain the
were erther widty nice or carr he tar
atheweVOTekngapmepftaﬂg@txﬁﬂeﬂﬂxﬁmaQeﬁﬁenﬁe The results are
upequiyacal Ly dgt ot ad Py Lhis POR strategy, WO
2009/ 090190PCT/ EP2009/ 050387 99 because of the
preferential anplification of the shorter PCR products

Examp@er @gponding to the Cre-excised and wild type

sREEREE, R EN ST BETGTRKCUT CONSLROTY B QR ofNOCK-0UT

ANIMAf. WOIFHNWILPCTHPEaM3ICELe and Qoct targeted region in
put ati ve exci sed heterozygotes, the 3" PCR screening
was used to detect the targeted allele. Aninmals tested
The positstve hetetrRe¥IPCOR t mmStitlutiieve PRetnedmyailrout mouse

genegé%éétu%éénéﬁﬁﬁgﬁg T@;m#&§tﬁ%ggﬁtwigﬁu§lléofyﬁ%:%Emales in
CR screening was perfornmed using a forward priner

Orde?oﬁ? Q%PQ%ﬁ%ﬁeﬁe%?tﬁtnhﬁﬁerﬁégﬁﬁéﬁnQﬁﬁ%&ﬁqqﬁtve Qpct Knock-
out eassette and a reverse priner TOR2-12 hybridi zi ng

downstream (see figure 6). The priner sequences and

the optim sed PCR condition are listed in tables 4 15
Tabland Bbelow summarizes the results of this breeding.
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Tablet Qe E&;?ox%é&é Sl?e%uﬂé eclfe fl;.l‘-g"ll; Sheftggyiy%o{lsc‘ é&gﬁl&tnée) (tgpct Knock-

het erozygous (Qoct targeted ani mal “i'n which
out anipglbthrgedEg-oANf sIFICEKRRA cAnd s tdAratbittaidhse HE@ bracket (see

also &%Qmwwﬁelmctp’ma epssette.crlhi s bemale#3544dca@Srrying the
d with a Flp-expressing male, in order to obtain

Cre“?ﬁé“f@lﬁ“?ﬁ€8g%§5l i"6n°of the sel ection cassette. The

results are described below in Exanple 12. Exanple 11
BREEDI NG OF THE FI RST HETEROZYGOUS CONSTI TUTI VE QPCT
As dRROCRIOST 2H0KRIMAIZ WURHE WS TYPE MTE. fope $higtbreeding: 8

maleBetenozygemwsieanstitutive Qoct Knock-out nouse
generated (see Exanple 10) was nated with wild type
females in
These animals were genotyped to identify additional heterozygous

mice carrying the constitutive Knock-out allele.

11.1 PCR GENOTYPING OF THE ANIMALS
DNA was prepared from tail biopsies, taken from the 12 resulting
and was genotyped by two different PCR strategies:

§13.2)
the Cre-mediated excision of the LoxP flanked region within

the targeted Qpct allele.

pups,
. Cre-excision PCR (see figure 20, for the detection of
This PCR yields an amplification
product of different size depending on the template used:

wild type, targeted or Cre-excised allele.
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order to generate several heterozygous constitutive
Qoct Knock- 25 out aninals. Table 3 bel ow summari zes
wo b@onerm t s of this breeding. WO PCT/EP2009/050387
2009/ 090190PCT/ EP2009/ 050387 101 Table 3: Reporting
results of first heterozygouszconstitutive Qct Knock-
out ani mal breeding. The genotype of the animals is
given in bracket (see also text below). WI: wild type;
. Het Cre- exniesed:ndhetsr®ozyydt &) caheyi mgst ke rzady used for the

%Sté‘r@g&é‘he%fe’%c'ﬁ&go 5u§" ESESBbf‘ﬁ 928&%”%%%‘% altho"ﬁs cells.

ups wer e obt ai ned reedi mal es
4Théﬁal]%fsﬁ 30 rThese a@ﬁwtss wehe g@ﬁ@t?b@ﬁst?@r i ct@mqefapd Qpct

aQ@lélQ”%Br@? 50%H¥N€%JH§G4CéﬁﬁY%”%ﬂé%%éHJ 'EH&'E@xP FRT-
Knock-out allele. 11, 1 PCR GENOTYPING OF THE ANI MALS

DN@PW&%lBrEBEr 6SF?6ﬁ?t§Pﬁ EP%pgﬂégaltéRéﬁ FibRrthe 12
resulting 15 pups, and was genotyped by two different

11.2¢ PR SBRERERe KO TR PR P am e B e By B
The CorPeklcasked E@@i&msMHdﬂﬁDKMEﬁtuﬂxﬁgEﬁifmmWaadIBKEmer TOR2-N

hybrlRES 3 ggRﬁH elds an ﬁ&%ié‘%g%kﬁn %%%‘E%%‘a fd'€ﬁeer<§9éta1 LoxP

Sl ze endi ng on the te ate use
Sltetar e@.oreqpésgxdwggﬁﬂa|ﬂgﬁg IlV[pybrldlzlng' downstream. of

exon2%09(/s%%01f%%%/ E%%OO%&SQ%Q cl@21t3s P@Bﬁ%@@ﬂbﬂg (E€8 primer
3 that was alr used for t tection
palrh |O

FFous S eTRSTb Ja? Sﬁt%%thu A E§ 148 Iﬁ‘%ﬁgga% excision
evenstrategy detects the non-excised, targeted Qpct allele
carrying the exons 4 and 5 flanked by the LoxP-FRT-
5neonyci n- FRT cassette and the distal LoxP site. 11.2
The PCR-SEREENINGI1EERETHE cQRE- MEDIATED EXCGISION BvENIct of 4.4 kb

using the above primer pair, whereas the targeted (non-excised)
allele vyields an amplification product of 9.2 kb (see figure
13). Since both primers hybridize to the wild type non-targeted
allele, a further amplification product of 7.3 kb will be
obtained from all animals corresponding to the wild type allele.
A representative example of the genotyping PCR results is

illustrated in figure 20.

The genotyping by Cre-excision PCR indicated that among the 12
tested animals born, 3 animals (#18244, #18156 and #18159) carry
the Cre-excised allele. The other 9 tested animals are wild type

mice.

11.3 3’ PCR SCREENING FOR THE HOMOLOGOUS RECOMBINATION EVENT

To obtain a last wvalidation of the excision of the neomycin
cassette in the new heterozygous constitutive Qpct Knock-out
mice, the 3’ PCR screening was used to detect the targeted
allele, as performed for the first heterozygote identified,
using the primers TOR2-H2/ TOR2-I2.

The 12 animals tested were negative for the TOR2-H2/ TOR2-I2 PCR
(data not shown). This demonstrated that the neomycin selection

cassette was totally deleted from the mutated Qpct allele.
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The Cre-excision PCR was perforned using a forward

primer TOR2-N hybridizing in the 5 honol ogy arm
waoipavnerpo of the distal LoxP 10 site, and a r eREr/EB2009/050387

primer TOR2-11 hybridizing downstream of exon 6 (see

figure 13). Because of its hggalisation, this priner

pair allows the specific detection of the Cre nedi ated

exci sion event. 15 The Cre-excised allele yields an

anplification product of 4.4 kb using the above priner

AltoggEEeIMh%ﬂﬁgsP&Qergg EeQ¥4n@Q %% % Sd)C%%é%l fé'gﬁgﬁed that

f'ification pro dee fi
amongj ﬁ@@ Bt ﬁ%‘ﬂ%r@ﬂﬂ}ﬁﬂlﬂ dicze t o-shed vmhe$yfbb8244 #18156 and

#181@@”&%¥§H§6§&é&%§%&% @oﬁgfiB@E1@@pbbE%C@&k%&%@ﬁ%“%%lmals An
7 will be 20 obtained fromall anlna S

Ultl@éF?es&&ﬂﬁWﬁf%cn }RFVMFBnyﬁﬁaBFP@IeO A this genotype was
perfpepeasent ahkve exanpiie.of the genotyping PCR results

is illustrated in figure 20. The genotypi ng by

Cre-excision PCR indicated that anong the 12 25 tested
11.4280HEHERNOr BLAGTX anGENOTYPENG24 AONFIRMAMI TONI #FQR59)THE  FINAL

c I h

AER¥R bEs?GQﬁg Fgﬁb%?%@&bﬁ 8pct! ﬁNeég 2o C%Eié%lﬁ%% R

ani na S are
The THE ﬁ@v@lmsbﬁzgmww EVENE 30 YTo"ebt af $e@ [test further

conf¥§w(¥ﬂé0@e96t§ﬁ@ exci shan ©fu:t helneQycidy faSset tenkRitutive
w het eroz ous c nstiégtlve Qoct_ Knock-out mi ce,

Opcty ﬁém?i PER <t sVasedts defedtCh MERAr gty This o
5outabkelenxas_perbaﬁaadoﬁonat$&mM1rstghet9002¢gonﬂma genomic DNA
ntlfled using th rier T FQ/ T 35,7,
and (GRS P d s o néiat [ ve 1oF (Fa TORTABF. (9 probe)
(seeTERampleP@R (demalndt .shown). This denonstrated t hat
the neonycin sel ection cassette mas totally del eted
fromthe nutated Qoct allele.
The 2@@9ﬂ@§09©@P@WﬁéPQ@@9FééG§8¥aI@§ Ant 646t Her 21t he PCR
results of these two screenlng showed t hat anong the
t est ed i mal s porn, 3 mal es #182 4 #18156_an
As # §f§§r§r§%ﬂeﬁé}oz b%ﬁ%ecoﬁét|tﬁpﬁve Ebi analySlS
confamimgdl $heArPGR ut¢ bt € Sodt@ewe mnﬁulxﬂmatmndemnngfrat1on of

re A3, B80! yoe Y33 per LouTe on Lhese anlimle Ado, v191ss,

#18lﬁETEREZY%IﬁEH€IﬁEﬂ3Thﬁt@Ep€P@$ﬂKN@@KS©UtUANNWABS%ﬂlOKHOCk-Out
animahge .5 Southern blot screening strategy was used to

further confirmthe genotype of the four F1

het er ozygous constitutive Qct Knock-out animals and
Exampabki date the PCR genotyping. This 5 Southern blot is

sl IREC, 36 R o PR ERO 40600 S ATy AAREIRE  SEUALE rrrn A rre
EXPRBESHNE MBLEsee Exanple 5, item 1.2). The results

obtained are illustrated in figure 21. As illustrated

in figure 21, the Southern bl ot analysis
Previously a female #35441 heterozygous Qpct targeted animal was

generated in which the Qpct targeted region is floxed and still
contains the neomycin selection cassette (see Example 10). This
female #35441 was mated with a Flp-expressing male, in order to

obtain the in vivo excision of the selection cassette.

Table 4 below summarizes this breeding.



20 confirmed the PCR results and gave an ultimte
denonstration of the genotype of these aninmals: the 4

wodem98b438, #18156, #18159 and #18244 are PCT/EP2009/050387
het er ozygous constitutive Quct Knock-out aninmals. 25
Exanpl e 12 BREEDI NG OF A HETEROZYGOUS QPCT TARGETED
FEMALE W TH AN FLP EXPRESSI NG MALE Previously a fenal e
#35441 heterozygous (pct targeted animal was 30

U4 T1TidDT © 4.

t ar get fenale with
he breedimgs The dgenetywe) of th
in bracket (see al so text be . W .

t ar get|ed: heterozfé%@éH%EW?V@ng%?ﬁéaktpm““”
l el e; Het partial | m7¥i3pHex@r@d | Flp excised)

ryi ng tlhe Fl p{nmedigted exci sed .
argeted Qoct allelk %pe T breﬁ?ﬁg(H“ partially
ni mal s |t hat were gelﬁwgliﬁedmtf@lll DFIp excised)
ygous Iice carryingwéygmggnditianm
Knock-dut allelg. 12.1|PCR GENOTYPH OF THE AN| MALS
DNA was prepared fromtlail biopsies, taken fromthe 7

Tab1RS Wt I@ulss PAPScRNthad@soHR3AL Y Reshdekat Woc#li fdRnentvith Fip-
PCR strategies:  Flp-excision PCR (see figure 22,

ex%?ﬁﬁ’p‘fgemﬁe bffecflélig the detection of the Flp-nediated
Thee)%% §£;93% of Eﬁ%e]gﬂﬁr%%ciy SeLect] %Qa%%s?gée 213018 PQR 101 .

yields an anplification product of different sizes
wigkeperdi ntelortarBet e npr etz uset: R rR0typetanogt gt @yt alleles

He@rpag'tgaﬁl)&c Iﬂ@d@@l E&J; e heser&f;ao%rcea%yngy (3eerfp QMECated excised
was al ready used for detection

|l e
Qp%tf aél?fﬁnﬁ?%gtaﬁstarr&%%lggﬁﬁtf i“0nce&ent in ES cells. This
PCR strategy detects the non-excised, tar geted Qoct

st e et e ale 3 AR A ARKCT B, oonotrpen bo
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12.1 PCR GENOTYPING OF THE ANIMALS

DNA was prepared from tail biopsies, taken from the 7 resulting
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pups and was genotyped by two different PCR strategies:

Flp-excision PCR
of the

detect

selection cassette.
of different

type,
3/

ion

sizes

(see figure 22,
Flp-mediated

excision of

depending on the template used:

targeted or Cre-excised allele.

PCR screening

(see figure 23,

already used for detection of a homologous

event

excise

LoxP s

in ES

d,

ite.

cells.

This

PCR
targeted Qpct allele carrying the exons
flanked by LoxP-FRT-neomycin-FRT

strategy detects

cassette

Example 12,

Example 12,

2) for the

the neomycin

This PCR yields an amplification product

wild
3) that was
recombination
the
4 and 5

non-

and the distal
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12.2 PCR SCREENI NG FOR THE FLP- MEDI ATED EXClI SI ON EVENT
The Fl p-excision PCR was perfornmed using a forward
wW@R®901FOR2- N2 hybridizing in the |ong 5 hopol/@B3009/050387
arm upstream of the 5 neomycin sel ection cassette,
and a reverse prinmer TOR2-140Bybridizing in the short
3" honol ogy arm downstream of the neonycin sel ection
cassette (see figure 13, Exanple 5.2). Due to the
primer set l|localisation, this PCR allows the detection
of e a [ n n S i on
12201 gERCGERERBLTRER i) PLEDMBB ARV EREYSLON Pl B
The Fdpl-ekicdatioon Fifodues BEr538mBY uUsing tehef abyorvied ppiwper TORZ-
N2 K&%f1d¥@§ﬁ§a%jﬁh@héaﬁgﬁkﬁdS(nQﬂmﬁ%Fééﬁdkxﬁﬂ|eu§s§P@&hdof the
el d an _anpl.ification product of 2211 bp (see figure
neom¥§}n SEREECHGCR piaePeed Wy br idize 3 o TRECHETd P?b%GES TOR2-14
hybrhaaztaggeted tald ekapra fart hﬁfmoarmjy f a@at;l oot @htedm of the

e obt fro
neon i o RORaITg 1 O oEHE Wl d Kype SITE - Th JUREE ypr Ay Doe 0
the RCRmaasubes dm@&ﬂﬂ&&ﬂmxﬁedtmnSfmngﬁImDW§hehe detection of
ot ¥ Qi t -
che REOHUE0SEYcFbBseLe) SLon R, bheR! 60y 3ehofPRsct e,
#17974, #1796 and #17977) carried the Fl p-excised

The aub@e%ciﬂyacaﬂwglé §Héﬂ§éSy&@iae%ﬂMﬂﬁbﬁaﬂfﬁﬁch{%ﬁnduct of
pe mce of carried the targeted allele 12 '

538 EEN%F THE VHOVELASUS® RECOVENRATPEN TBVENTE 982 o (non-

exc1as§esalﬂheecammwmdeymemdmaﬁwaﬁpliﬁﬁduxmqmlpm@@@setée 2211 bp
in.the a Is carry the FI medi at ed. exci_se .

see g e o S B L e g T h KBRS i67 *Farg ey ild tvpe
non- pamgetgﬁ\mkiqkﬁd ¢ o fdetgetr Emmhxﬁ¥ﬁﬂwﬂbmupebéuct of 419 bp
w111A%b”%%%al%%BEQHRQ§hélﬂ“%ﬁf%afg”ébf%é%ééﬂ&&ﬁ@'{é Bﬁgewild type
he neomnycin cassette integrated he ct ,

alleﬂ@cugheseemﬁéyeéﬁatﬁﬁﬁnﬁeﬁylgs @@R ééﬁééﬁFﬁ@eﬁnchéﬂéére 22.

that anong the 7 tested animals born, 6 aninals

(#17972 to # 79 7) carry .the geted allele.
The QYbyefhet 7F AES S 0™t h @é tWOBeR gcr%%%‘f nggong the 7
testsHowedimbat abnmg the 7ahestéd am#mﬁB§3borﬁl79ﬁé na#é796 and

#179’2%%@%@[5&6%9 'h&h%%s‘%dt yRe1 Rt al) el e T animals

was sacr |
test2d09£090¢90PET/ FP2009/050887<1068 Tharamdmahs #&79gked allele
and #17975 carried the wild type allele and the
eted non-exci sed allele but not the Flgﬁexcised

1z. 3a| i3el BCRTREREENING; RRRs THE HPNALOfRY S BE(GUBINGBLIPN EVENT

To atsa;refgsle;t thde Sc%ﬁpr@fﬁl@xmgmntbe Qet rt@ngﬁilefd degidite in the
R oxe an | ont al,ns, the neonyclin ctio ’

animg ] et LT B T hes i Fape ey 8t e T s | RIRsLey Chhe 37 PCR

screaniimgl wi2hmaloge -#HE79 TRRENd 24 A9k rand 2 f emsd@sto detect the

targeted allele. Animals tested positive for this PCR thus still

have the neomycin cassette integrated within the Qpct locus.

The genotyping by 3’ PCR screening indicated that among the 7
tested animals born, 6 animals (#17972 to #17977) carry the
targeted allele.

Altogether, the results of these two PCR screenings showed that
among the 7 tested animals born:
. The male #17971 carried only the wild type Qpct allele. This

animal was sacrificed.
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10 #17976 and #17977) yielded anplification products
corresponding to the Fl p-nedi ated excised allele, wld
wo ye/oadibel e and Qoct targeted allele. This sSuBgEEPB09/050387

that these mce carry an inconplete excision of the
neonyci n sel ecti on cassettejoweani ng that they consi st

in a nosaic of excised 15 and non-excised cell types.
These animals were then bred with wild type mce in

order to generate the heterozygous conditional Qoct

. opEumusa Idne 20 Baaihe ol BEEERC O . arieie

BREEDERS A@é@@tﬁﬁen$QﬂﬂﬁQkQGQ/4ﬂkﬁhmd®a¢e@ohebh?CFﬁp excised

excised, a@h€§5522%ﬂ@%ﬁygﬂé¥é EﬂﬁéfﬁﬁﬁbﬁéZ§5§u§ﬁéﬁct targeted
mated with wl gﬁe mce in order to segreg ate t

tépg@?édlﬁpEPlﬁhl 8 PP6i tRE9EbRE FFEnal Eﬁc?loxed and still
Keeskzott ahkeheompdihhgslgenenat edspurecherrepzygoliisals were
condltlonal Qoct Knock-out mice. The results of this
bréedi h§ TS sunmarised in table 5 bel ow. 30 WO

2009/ 090190PCT/ EP2009/ 050387 107 Table 5: Results of

. t rozy rtg al e Wyt

p?lagglg ? g?llfﬁa@%r egdlﬂ%e@Tﬁele?g@eﬂn%teé}ch)ﬁ% @:ﬁjé atlly E‘ females
aﬁﬂﬁﬁ7§ |sa@ﬁven#ﬁﬁgﬁVﬁcket%b%%%%dals@m@bkfl%@FbQD products

V@or%e%bﬂdw eioHet  anget n%iilaft%cﬁfégd/ﬂéﬁ& é?;@Iél/é n9w1ld type
ié?gr get ed ct allele tlaII - exci sed

Zy§ote @ ??yFﬁﬁgﬁﬁédFﬁﬂ- atEH '98GSG5ctthat these
ahheéecamdytmatﬁﬂqympméuaxﬁxdﬂdﬁﬂmeofﬁthélpeemgcsedselectlon
hetero%¥%ote %arréR t.he .Fl p nedlat d. ex0|sed Cl r cxcised
alfere.“10 1372'P ENING FORTPE. HLPAVEDIS
EXQHSInON BAENEthecEl p- extiesd onThepeerdimignaNes were then Dbred
p@ﬁf:ﬁr %qdast}lpé@vanHél ﬁndeéﬁﬁépego ggle%%ﬂa © the heterozygous

CR. | p- exci se e yrelds an
aﬁﬁpﬁﬂFé@ﬂﬁénQBFBdEEPCBf0538m955§51H§?ﬂg t he above
prinmer pair, whereas the targeted (non-excised) allele
yields an anplification product of 2211 bp (see figure
13). Since both priners hybridize to the wild type

Exampde- 18rgeted WO 2009/ 090190PCT/ EP2009/ 050387

BREEDING OF THE PARTIALLY FLP-MEDIATED NEOMYCIN EXCISED ANIMALS

IIL/L

13.1 BREEDING

Among the 4 partially Flp-mediated neomycin excised animals
generated, the male #17973 was mated with wild type mice in
order to segregate the targeted Qpct allele from the conditional
Qpct Knock-out allele and thus generated pure heterozygous
conditional Qpct Knock-out mice. The results of this breeding is

summarised in table 5 below.
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"112@(22‘4&&%%%%&%%%5%% #18825, #18828, #18830 and the

thd @Fabe, #18836): é/rﬁlajad@dlsaﬁp‘lfénf I 6 b 420Re Y QELELSS s0 text below)
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i I%Yp?yp%e al 1P8P R CHTh 88 B° T EE° th r€F £4r ¥y t4° comIFate Gpot allele;

Heexnar$uauﬂyoﬁ15—éﬁmes@dxammcerbzyebE£tda3myxn@ssebteupﬁmédaamEd excised

ur erozygou nd|t| on I t .Knock-out _ani mal s,

o S L R O (ROE P RCL (ROE LU VR Retronygote

cag@ﬁ@@yﬁ@ Vesmp éﬁﬂ@ﬂnﬁﬂueﬂiﬂheéeﬂdﬁlmals. 10 1. 14

SOUTHERN BLOT GENOTYPI NG CONFIRNATION FOR THE FI NAL

TEROZYGOUS CONDL T| ONA K- OUT_ANIMALS. The
S Iodey EYENT

wT:

The fFuptkerikesh tshe cgenoiy pexOfpdhen tivdeasFlphetes0zygodsscribed

condi t

u81n8eﬁoFy

s

N$29§R§ ogk oyt animels and confirmthe PCR

The Flp-excised allele yields an amplification product of 538 bp

using the above primer pair,

allele yields an amplification product of 2211 bp

13).

whereas the targeted

(non-excised)

(see figure

Since both primers hybridize to the wild type non-targeted
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15 Sout hern blot is based on a Swal digestion of the
genom ¢ DNA and detection using a 406 bp 3" internal R
w@e@bm(18 R probe) (see Exanpled 4, 1.2, 7, 1.PCEREP2009/050387
Figure 11). The results obtained are illustrated in
figure 26. 20 As illustratedogn figure 26, the
Sout hern bl ot analysis confirnmed the PCR results and
gave an ultimte denonstration of these animls
alle@enot ypefuthiee’ nampsiﬁﬂéﬁﬁibn#kﬁﬁﬁﬂuand(#38&25 abe will be
r 0 c [ c
Obta$ﬁgg ?%ﬁge%ilfgﬁﬂﬂLJQSZ%EQQxi a condl?gonaiﬁ%pg?pe allele.
A rﬁpeeﬁee@etmﬁ@elewa@péeh|eﬁedtby f pankRiFHginke PaRgeredults 1is
111u8XeRscd andrygwithotwo LoxP sites, allowing its
ubi qui t ous or tlssue specific deletlon under the
action of the Cre-reconbi nase. 30 The inventors
As iSucceededd nd heiqupdi Eﬂpaﬁ:h@n,gdﬂcﬁfypﬁ@gﬁl@y segpesgtnNgion PCR

honDIog ar needed. f or . gener ation, of
0 Bt 1o R TATGaT L hg vt o b THAJOL0l dh o HAiES (418823,
#188§équeﬁ¢él26or %@862ﬁonnﬁ®@92avns#aB8Béast#@ﬁé3aloaed #18836)
carrgéﬁok% 4@%@4§%d°£115?§36§h8'%%%%ﬂ“%‘%%ﬁ?%hfgﬁlmals were

he constr ctlon 0 e targeting vect
elthzeogﬂégoigepcmﬂEpzeegﬁesesstheleaTﬁeteérgéﬂeﬁ@ and
p03|t|ve control vectors were generated foll ow ng
the art ne and_accordin

st 0 to the
13.35; 31 0plh SPBBNTuE kRS, BoNgtERo0L RECSHE AR EVENT

To ageeeemﬂnpsﬁem@rngSemeteidesbgneﬁeamkomydxﬂu@nbéétte in the

entify the f . . Honol .ogous ,
anlma? on%a¥%¥|d% event a? %e?'l%ﬁﬁﬁé%&q a%%? g %%% 3 PCR

screehlegd wﬁthhéfﬁér@éV|ﬂ@R&aﬂ&nprlmers Fl'pesredéad edo detect the
targ@%%HSbQ@eQE tﬁ%l%%@@y@ééﬁgﬁ‘ﬁgéﬂﬂnﬁg%%%tfhls PCR thus still

| om ng the generation of the final conditiona
havecﬁéﬁ RR6EKC1BufagPpére. 1uFediedrdt Bdtexei §Pen Brtt hecus-
Qoct exons 4 and 5, allow ng the generation of the

constltutlv Qct ck-out allele, /15 Fol i ng the
The i Gt Ry Vol ot poh A TR AT G ong the L4
testeesesumaﬂsck©mes wememmmﬂsn(ﬁﬂ&ﬁﬁ%ﬁﬂ¢ﬂ$82@dam@ #18833) carry

- L .pl in duplicate. The PCR and Sout hern bl ot
the gg?é%%?%gagﬁgﬁﬁése ES cell clones allowed the ful

Altoghahact ertihsatisornlofs 70€| bhescasweoork@ctdgraergededshowed that

amon! 9AES145€8. #8CL2:nf883,8663, #1562, #10B2 20 and
11B4. Based on the ES cell screening results and

* noRpheregreal *dlitedri &1 %the rseviett B3 cel §8 ¢ ofed %@835 carry
#5£12, #6A3 #6033 #dpB2, Qpct allele. These animals were

sacrificed.

. The animal #18829 carried the wild type allele and the
targeted non-excised allele but not the Flp-excised allele.
This animal is thus a heterozygous Qpct targeted animal in
which the Qpct targeted region is floxed and still contains
the neomycin selection cassette. This animal was sacrificed.

. The animals #18826 and #18833 yielded amplification products
corresponding to the Flp-mediated excised allele, wild type
allele and Qpct targeted allele. This suggests that these
mice <carried an incomplete excision of the neomycin
selection cassette, meaning that they consist in a mosaic of
excised and non-excised cell types. These animals were

sacrificed.
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#10B2 and #11B4 were selected for the bl astocyst
injections. 25 These ES cell clones were injected and
wo eeovopilamt ed into a total of 374 bl ast ocyst s, PQI/EPIGY/050387
rise to a total of 17 male chinmeras with the foll ow ng
rate of chinmerism 109C one #6A3 gave rise to
8 male chineras with a percentage of 30chinerism
ranging from5%to 20% C one #6C3 gave rise to 3 nmale
. chinet ag, wiot knampéscellt agelof £18%%3,) shisangi ngléspm #18828,
5 0 e se. ofa]
o T D Lo B T ehf ReFi i 6fC38F AR 185 FBE™n products
Cronee#Bo8ddhnd not kyitke thisertp anygimgle adhiaher @nd the wild-

Gope %lﬁ%aegavﬁléééemgee fRle & PRra Wdhh1dte excision of
percentage of chinmerismof 75% C one #10B2 did not

gFO% rri%oénﬂicoma@eb%%tl% SO6GLHIE1 FOPETPEP2G09D5H889 0z ygous
1&&n&amen#113§p@@ve<nrdc&eoﬁm 3anahelehi met asi Wit Southern
pﬁﬁ nt a h| msrlg1 tﬁf 75 355%and 8% grm d on th
Fher i yi 582@5qo B0, CAT mBri sy T © ese

denimeds5 from ES cI one #6A3, #6C3 and #5Cl2) were
mated with wild type C57BL/6J fermal es (health status
SOPF - eci fic and Qpportuni st Pat hogen Free{q

1. 14o§9H|THEB§ FHAE | NEENPARBANGs| P Mt eFOBct THE  FINAL

tﬁEQ‘E‘R@dYb@tJST eoND2RIORALMBPET KROCRhOORr ARIMRES . al so

% h or Cre deleter femaleséhealth stat%
The OPI§Out @H@%%r%%ﬁfﬁgﬁa HogercFr be) Tppther test
the obéabﬁyphe @Iel etthl@n twafrdde meomlemo&@dgmtsi opogassebhal Qpct

ct _exons 4-5 .and se Iectl ca tt . ,
knocR U hogieTe ‘2Rat BT PR. | PR PSS | Geppyvping. This 3
Soutgemer &tlicon 1.)$ bZsEd pupsa Phwede dLJEgeﬁ@eorW\epé Sbreeepromic DNA

and %&hﬁ&ﬁPQﬁlaﬁgl§8ukpeﬁ@6bkgi §Cr§%ﬁbQ%alahkoﬁ%6%eth@3I{ probe)

haracteri zati on of #35438 carryi
Seecﬁéaﬁ‘@élﬁﬁt dd heémydinl e%c?@@dFéﬁBt’feaﬂﬂél e. Th| s mal e
was the first F1 heterozygous 20 constitutive Qpct

Knock- out . nouse. w.th dt f emal es
The FBSGEHar BPESS EHARE ORI REEEF Sy gBUS BBiEL Phut | ve
Qoct Knock-out mice. 1 fenale #35441 carrying the

As 1%T@§€?$€&iel T?i?uignab% reQﬂE§eQ&ﬁﬂj§é‘t blot analysis

terozy ed mbuse and was .
conflzmeglx;tfn@ssﬁqu rﬁa%@lw ondepave Gt ai ¥t inhrete nd@mv@stratlon of

thesge|£h'n9<ﬂs°f géH@tPﬁQWGﬂH@e sel gehicQn gEsseite4 18RO ana #18825
breedi ng of "the first heterozy%ous constitutive Qpct
are Rﬁ&@gozygous conditional Qpct

nock-out animals.

The strategy for the development a conditional Qpct Knock-out
model was achieved by flanking the targeted exons 4 and 5 with
two LoxP gsites, allowing its ubiquitous or tissue specific

deletion under the action of the Cre-recombinase.

The inventors succeeded in the amplification, <c¢loning and
sequencing of the two homology arms needed for the generation of
the TOR2-HR targeting wvector.

They isolated and sequenced for both homology arms at least one
clone devoid of any mutation. Theses clones were used for the

construction of the targeting vector.
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out male #35438 with wild type femal es all owed the
generation of 30 3 additional heterozygous
w@ooshddind i ve Qopct Knock-out mal es #18156, #18RGHEP2VAI/050387
#18244. The breedi ng of the heterozygous targeted Qct
Knock-out femal e #35441 withig C57BL/ 6J
CCAG Fl p-expressing deleter nale gave 35 rise to 7
ani mal s anong which 4 animals (2 males #17973 and
The #1%9¢4tand 23&@h&k&ﬁﬂ#ﬁ]&96<andtﬁ&ﬂ97ﬂéct@r$yimgr@otbenerated
ct, t e | I t d e

2011 e e VB o (Sbha TR R e agRBeAL" o ehe

strajkp®l eyersanaddi eboereto the WO
2009/ 090190PCT/ EP2009/ 050387 112 wild type allele.
These anlnals t hus underwent a partial excision of the

PCR ﬁ§6ﬁy i IébtP%ﬂtcé%§§#¥@lxhe§ﬁFﬁ§eﬂﬁﬁ§ tfere designed and

val1Ebpeﬁe@@nbd@a3@fyesubtedlﬂaw&hq dekatkon of the

S i on _cassett n.somnme bu ,

ARl e SBe Rt B hasEoosarb tant nirs, DBaFL FREPGT 2t both S

thdnédlanédoéxthsedarganehy vhetoale #17973 was then

. d e n 0
R RS aa ot o el Cod a1 e Toonartoray parrt cassette,
KﬁééRWéDE ﬁhﬁegéyeﬁﬁéhPﬂh@ftﬁh@e edaal Fendisipppl Opct Knock-
ceptagniage10 the neonycin selection cassette. This
third F1 breedi ng gave r %o a new series of 14 F1 .

" ahifalss lﬁ*ﬁ%ﬁ eﬁ%ﬁz ivd' Sbﬁtﬁ Fn9BISt gENWot ypi igd °r allowing
athewgdnthetchar act enesavhoeniohtbvanppaktskabchrabaes allele.
#18823, #18824, #18825, #18828, #18830 and the female
#18836) displaying both the Flp excised allele and the

Follupwlidot ype IDRIHHR d.arfrgsiagnicecithiuse bagtyorocobpbet e421 G418

re81§%%h§'Qﬂxﬁﬁx§hﬁe9§0q¥%ﬂ@t%%J%ﬁ&i09m§n§§955e1§pd9éuﬁéll plates

ure et eroz ous condi ti onal ock-out ani nal s
4%@%#&.614 kil eG@ﬂ@%@ﬂ@»ﬁeptheweuﬁéq%xfEf%%RRvFNGEAthese ES
cellCL@&BHéEJTbVEO%BEI}%NQJTfMUIAT&ﬁBké&ka}E%£IK251GENE 14.dlones as

corrE FREIPADS 55 For 1 TRl opmeht 07 a MGuSe 11t W T #1052

and #maeti.vated Qct protein function, nouse enbryona
stemcells (ES cells, derived fromline 129SvPas) were
genetically engi neered and cl ones were sel ected which
Basedarei edlien ERe grehbnscreatdogycirassékbectioh casseprehological

critbk-ankedyRy SEREsidesand 305.0ld oyed bys@n LoxPsgit gec3, #1582,

inserted into Qoct intron 5 and o ,
#10B2 and #11B4 were selected for the blastocyst injections.

These ES cell clones were injected and re-implanted into a total
of 374 blastocysts, giving rise to a total of 17 male chimeras

with the following rate of chimerism:

. Clone #60A3 gave rise to 8 male chimeras with a percentage of
chimerism ranging from 5% to 20%.

. Clone #6C3 gave rise to 3 male chimeras with a percentage of
chimerism ranging from 5% to 30%.

. Clone #5Cl1l2 gave rise to 2 male chimeras with a percentage
of chimerism of 35% and 15%.

. Clone #5C5 did not give rise to any male chimera.

. Clone #15B2 gave rise to 1 male chimera with a percentage of

chimerism of 75%.

. Clone #10B2 did not give rise to any pup.
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a distal LoxP site located in Qct intron 3 ES cells
were injected into blastocycts and chi neras were
w@eoenatiedd via enbryo transfer. For renoval of pPe¢T&P2009/050387
neomycin 35 sel ection cassette the chinmeras were nmated
to Fl p-expressing animals fohhowed by breedi ng of the
pups with Cre-expressing WO
2009/ 090190PCT/ EP2009/ 050387 113 animals for del etion
. of 1Qpet kléwdngyarcandi & Pups werle idemtaAfdsedvintti ch precentage

hetergzyaoys.for the Qpet Logus.and carry a Qpct

e
eré exons 4’ are déleted in addition to
the wildtype allele (Fig. 27). These animals served as

Fourt %fn@gmd@rﬁaﬁeéoud&;@lgazﬁmf Phd2.+ 1438 GENGRYRING,, derived
ASSAY FOR SE LI NE PB For PCR assessnent of the
fromofet genotypéssof 19me PBA2 "Ofé 2 ol oM ngated with wild type

C57B0/ bgomuaiseets denquidrer staene desrgnredpdd) Ard nefid nepPortunist

Pathse%%EE%e 8&%%%2%% Itg E%’D @O Pbdz_]’ansmission and generate
&Y AA It ons 1 g

Qpct targeted heterozygous animals. The chimeras were also bred

with Flp or Cre deleter females (health status SOPF - Specific

and Opportunist Pathogen Free) to obtain the deletion of the

neomycin selection cassette and Qpct exons 4-5 and selection

cassette, respectively.

This breeding resulted in the generation of 17 Fl pups. These
mice were gscreened using PCR and Southern blot screening,

allowing the characterization of:

. 1 male #35438 carrying the Cre-mediated neomycin excised
Qcpt allele. This male was the first Fl1 heterozygous
constitutive Qpct Knock-out mouse. It was mated with wild
type females to generate 3 additional heterozygous
constitutive Qpct Knock-out mice.

. 1 female #35441 carrying the targeted allele. This female
represented F1 heterozygous Qpct targeted mouse and was
mated with Flp-expressing mice in order to obtain the in

vivo deletion of the neomycin selection cassette.

The breeding of the first heterozygous constitutive Qpct Knock-
out male #35438 with wild type females allowed the generation of
3 additional heterozygous constitutive Qpct Knock-out males
#18156, #18159 and #18244.

The breeding of the heterozygous targeted Qpct Knock-out female
#35441 with a CbH7BL/6J CCAG-Flp-expressing deleter male gave
rise to 7 animals among which 4 animals (2 males #17973 and
#17974 and 2 females #17976¢ and #17977) carrying both the Qpct
targeted allele and the Flp-mediated neomycin excised Qpct
allele (conditional Qpct Knock-out allele) in addition to the
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Pbd2-2 TGATGITGTGCGITTCAGAGA (pct intron 5 20 Pbd2- W1
CCAGAGACATCCTGGTAAAACA (pctexon 4 21 In a standard
wEaRnered i on on 50 ng chronmosonmal DNA cont ai NP@TEP2009/050387

prinmers Pbd2-1, Pbd2-2 and Pbd2-W1, the w | dtype

allele can be detected as amiapprox. 735 bp fragnent

whereas the targeted 15 knockout allele is detected as

an approx. 525 bp fragnment (s. Fig. 28). EXAMPLE 15

wildCHARAETERIIZATIEON QRaA<CE CARRYING BCONSThddMThdt a partial

exci%&%ﬁf%%%ﬁ%%g MQ;ﬁR;ratlgﬁIgEtgﬁ Q&%@%%éﬂ%zorﬂggnﬁggMAQMN: the

. the gene nock-out’ ani na .
Flp-ggeceabshabe plaswatefl t He witlhe t yrleteter 0z gotiBeangelection

cassaeﬂezxgogém@nbw %oW‘ khirespeskskort hengrpekic
mani pul ati on was anal yzed and the enzymatic activity

of Qoct was neasured. If the 25 strategy was
One sdtecessfdd , tlheaia shghmbleantpd:overing onpdeplititenl obxcised,

act| |ty xpect d. The ct-activity
namegﬁag H@?ﬁ3 e@s ﬁ% IW%fe %@6 %ﬁ Eﬁp?sgemales, in
ordeba$@j$ngﬁg&ﬂ&|bheoﬁlpem&duaaedokxgqﬂauj&&ﬁe&e (conditional

Qpct”%ﬁ'&%‘ﬂw S@FE‘ N8 iy Leglutam nyl zhetas nappLhy! amiie containing
the neomy01n selectlon cassette. This third F1 breeding gave
rise to a new series of 14 Fl1 animals. Their PCR and Southern
blot genotyping allowed the characterisation of 6 animals (b
males #18823, #18824, #18825, #18828, #18830 and the female
#18836) displaying both the Flp excised allele and the wild-type
allele. These mice thus carry a complete excision of the
neomycin selection cassette and are pure heterozygous

conditional Qpct Knock-out animals.

EXAMPLE 14
GENERATION OF A MOUSE MODEL CARRYING A CONSTITUTIVE KNOCK-OUT
MUTATION IN THE QPCT GENE

14.1 TARGETING STRATEGY AND GENERATION OF THE QPCT° MOUSE LINE
PBD2

For the development of a mouse 1line with inactivated Qpct
protein function, mouse embryonal stem cells (ES cells, derived
from line 129SvPas) were genetically engineered and clones were

selected which carried in the genome

® 2 neomycin selection cassette flanked by FRT sites and

followed by a LoxP site inserted into Qpct intron 5
and
¢ 2 distal LoxP site located in Qpct intron 3

ES cells were injected into Dblastocycts and chimeras were
generated via embryo transfer. For removal of the neomycin
selection cassette the chimeras were mated to Flp-expressing

animals followed by breeding of the pups with Cre-expressing
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WD 2009/ 090190PCT/ EP2009/ 050387 114 Qct in plasnma
(Cynis, H et al. 2006 Bi ochi m Bi ophys Acta 1764,
waeWw8/0462b). Briefly, the assay is based on COPUEEB100%050387

of HAnNPNA to pGlu-PNA. The sanpl e consisted of 50 pM

H A n-PNA in 25mM MOPS, pH 716, 0.1nM

N- Et hyl mal ei ni mde (NEM and enzyne solution 5 in a

final volune of 1nl. Substrate and NEM were
animpie- i Houbatded eftdonlSmifn gipB30C. chensarpl eam@s 5. Pups were
- pLf at. _4C.for ] t 0] e t
seten R ot B A B0pT ol e el & e carxy @
Qpctr @ddtsilen wisrawasx$ugt Hernichcubatreddat e8e€ amd addition to the
wild%%ﬁ%t%ﬂﬁ%ﬂeSh@ﬂ_ a7 B00FRALEN 4R i HREMIBXRYY as the founders

( Eppendorf, 10 rmany). Test sanples were renoved at
for ppPHecpoitAtsFBAZ0, 5, 10, 15, 22, 30 and 45m n. The

reacti on was i mredi ately stopped by boiling for 4m n.

T S I [ a tored at -20C
14. 2 GENQITPINESAYEAT FOR' FEPER, hiflBaPHR2 Cc anc
c ri 4C for m 1 Al | - HRL
For ngg%ur%%%% %ﬁ%%%e(J &é%fo ﬁgg ug?%ggg&ﬁﬁlé&iiaﬁggtAﬁ dz the
follppLogCarttgrdgelanditherHPRErsSyyesm Dep0ooed:
(Merck-Hitachi). Briefly, 20pl of the sanple were
i njected and separated by increasing concentration of
Sotvent A (acetoni trite contgining 0. 1% TFA) from 8%
FE620%] p sQlvent B (H20 cont 3 PRI 0. 1955¢EA) . et
nam@ctiVity was quantified fromaig2 standard curve pf
pGIu{PNA (Bachem Bubendorf, fzerTand 9determned
pbdghder @Assay;eenditdrenscakhe ?-activit% dependi pg on
t he genotype of the aninals Jsndepnc8ed in figure| 29.
Caused by the conplete loss o% functijonal Qoct pene
Pbdich 2t hedaamzygous T@octcaAkkrockt i ani malls, 25 no
Qoctqactivity can be detectedifhrphasnd. In

ppbdpet enozygous animals, i.e., a@%gglgxpghi§f still carry
ol
e

one || miCacA GAldrEI0e THG TQRGIA RO her wth one
WTlf ynctlionally destroyed allel approximately 60% of
the activity in plasma of wild-type aninmals is stil

left. 30 The results thus ro f, that: 1. The strate .
Tn 3 G i3ndeEd t RERQIERARIH @ hs te Bl (ot I Slipl ek 1 Spptaining
primd4swa@ddudGessidd -aAanensubbdeient , t ahpr oMake veecafpl €t can be
deteh038 of  QMGt Ln these animys. o2, Jhere [ A genesdose, . g

8epen ency of Eﬁc?-actlvitybeserge . "Loss of “one copy g
knocgbpsadyl rdsul ts idetgarteidal 24 o8 ofer@ust. 352acbiovi fyagment  (s.
Fig.lPR§ observation is inportant for follow ng studies

i nvol ving cross-breeding of these aninmals with other

ani mal nodel s of human di seases to proof attenpts to
EXaMpeRrensgt e drugs targeting Qoct activity. 3.

C%%g#ggg&gégéﬁggg g?@gﬁ&ﬁ&él V£ V\QONSTITUTIVE KNOCK-OUT

MUTATION IN THE QPCT GENE

In order to proof that the generation of the knock-out animals

was successful, plasma of the wild-type, heterozygous and
homozygous animals with respect to the genetic manipulation was
analyzed and the enzymatic activity of Qpct was measured. If the
strategy was successful, then a significant lowering or
depletion of Qpct-activity was expected.

The Qpct-activity 1in the plasma was determined, applying a
method, which is based on detection of formation of L-pGlu-beta-

naphthylamine from L-glutaminyl-beta-naphthylamine catalyzed by
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115 QPCT is not necessary for devel opnent of viable
pups and devel opnent of animals, which proofs that the
w@bavosaed ogi cal i nhibition of Qct does not hBST/EP2009/050387

obvi ous del eterious side effects. 5 In order to

further characterize the effiegts of the depletion of

Qoct on the function of hornonal regul ati on cascades,

the concentrations of testosterone and thyroxi ne were
Qpctdenempiianed i(TysersymH.ram phd2 2 ¢€e.Biochim Biophys Acta 1764,
16181835851 eEONE(G, 17-dodecalydr oyl gpant gl al phenanty epr k-g1n-

3- onésls tHé principal” nal'e sex hor none and a
PNA spep6ild -RYPrDAGS WRMEHR & sopvdired o5 ed eplédHT AlahBNA in 25mM

Mopst esties of nRless ands e Qv i e idfe f BBILSand enzyme solution
estosterone is also secreted b%ethe adrenal gl ands.

in arekiigst eV 8REMBI Qs HikeySFof e RS heaft NEAhd kT | Pheihgcubated
for asmiel la@as3phcsexual Jaupdid omdngcedbeirebeasetof4d®°c for 20min

X hor mpnes 15 fr.om the gonads, i s regulated .by th
at ﬁ§p@gﬁ§%Eaﬁﬂﬁ%rﬁﬁﬁ§§Jfﬁ'aW&SFSﬁeaﬁﬁgare £a§%£§g”fﬁésg% 100ul
plaspit Wararle hofhenesadtm drurmixi srast | futated bypctibeted at 30°C
h i C hamne_ gonadeotropiin-rel gasl n
and'(%ﬁ@iﬁg%%ngS?%%%%ﬁo??opln-ﬁgfeéging horﬁ%ﬁé g%gp YEppendorf,
Germgagy et €6 Sfor GIAPARA ceiul Beeesd oS taTehecarndgated 0, 5, 10,

15, nucleus o 20nthe medi anLHiRENCRas GIRRheR 8t &4t opped by
._the Qypop?xseal ort al sgstenl traveling in the Iq$g

LOLlyBPn Tadt i1 eacki Hy THEPSRE eFFOF pPEaRfady Miferaqgstored at

-20°@act Foan goradaty, opesnt Do ¢ ehease thHwebuteel nid ngnd centrifuged
or.none) a FSH (folli.c stinmu in rmpne) back

at ?n?o ?ﬁe b?gganst%ganh6tbﬁ8ﬁ8'FSh§%otEngt 8ﬁa%ﬁgements were

perfgonads uoiiZ5 pr otRice LafyirnGrABET éttls;-Gaciwidigyy and the HPLC

Systéﬁl %a-SV%O%f J]QIHE'pﬂ'aec%i n.d g?f@ff?,st E@UQO%@QJhe sample were

7 integrity. By that cascade of even I nvol vi ng
injegggflet FPaymEd PPy uitarF§eanadgoradan thermomes k heclvent A
(aceS@néakhed ypoathaliay co piturtayyrgenadad axi 9$06HR@ solvent B

axis is built, Si to ot her hornmonal axes, there
(1,0 P EoR tha Rl Py ool Bb: bRk s i At oh BAS fentiTi%d from a
stansecret camvef gdnadGfiopfSA GiRechsmN-t Bohendbky, Switzerland)

LLi,e p nd stk fore a substrate of Qpct.

dete%&?g Scﬁﬁgérogggﬁg g&&é}%gghgfion at the N-term nus of .
The @Rz tintlendedependesal tori ntdeacinedtiven of the animals is
depiB@éHUnQnan@igEQBSeg@¢ntb&usba db§tUE9énC§o% 1khe HPGss of a

axi s and der égul ated 35 testosterone concentrations. ,
funcigPng6 9/ I 9OPET/ EP208YT 050887YI26St &8 st irome Gt animals,

no Setvmetinate mLoe m\ﬁ g@t@bﬂbﬂedinrgpmwd’i@a.a In heterozygous
._conpet.itive EL] SA net | BL,. .Hanburg, GCermany,
aninG0T < i C ST Lo Tha R dE e | S ke Bepar e L1 Le of

Qpctaccordengetro t hethnst pueti onsnotibhelimnuf dettireyed5 allele,

tsash di I i st ps n :
Pe T B Pan Bet vden A T Lype aridl GPGT Koodk. qugee animals
is sfiléé. LBféEn a total |oss of QPCT does not result in
The @ksturbanee ofthe ganadal hormmnes: proviNgrd hebrget the Qpct
har macol ogj cal i nhi bition _of ct does not result in
alleﬁﬁwaﬁ%eod%ﬁ’h“et%@f ddt s SERTPHE Sy %r obtictiVe "pd s SUEgesstul  and
suffIbyeaxi ne (&dr;d¥e 5 - tetpatodotbysonifnegpckd i Bhese animals.
2 ﬂgerrmn?!s \Ac’@i Clﬂlniego'l%ec;r ¢ eedenb e&che E%l l(,% Ccucl—aarc Cie\; 'ltS O]:)bserved
) ee%hyroid aﬁand. T plays arole’in fhe cont'r'ol ~of )
Lossnebabobine peroeessebredhyr oxdnel incrigasesirdaredi adoss of  Qpct
actiQ%:Ql:'t 3lele§'lr 'bb%_%&%a@@@nt h?s b@%@oﬂ%%trﬁbokbf ]Jﬁalrl%tmﬁrﬁfdstudies
. Eotentlates brai n devel opnent. "The secretion of the "~ .
1nvoLHyFREi dChBF ADAESCERYFOXPh AT i VUM onfiité ( PEheirs animal
modell 80w At @dnviha & hee Hypot hal apt 6o pi tatidedipt-d hypoighrdXiste drugs
The hypot hal anus .senses low circulating | evels of .
targphy g E?Pﬁér orie Vand 1 eSponde by et wasthgSthyFot roptay active
rel easing hornone (TRH). The tripeptide 20 TRH i s
N-terminally nodified by pAu and is therefore a
substrate of Qoct. The TRH stinulates the pituitary to
produce thyroid stinmulating hornone (TSH). The TSH, in

.y "
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pl asma of the mice was determ ned applying a
conpetitive ELISA 30 nethod (IBL, Hanburg, Gernany,
w@Eat09/0m090 RE55261) . The determ nati ons were pep¢DEPB®AI/ 050387

according to the instructions of the manufacturer. The
results inply a slight but statistically not
significant reduction of the T4 concentration in
honobzygous constitutive 35 QPCT knock-out mice. In

QPCThetier oppgouscnecearno doff edemeéophehhe bliyr oxehée pups and

s ob T ul t ag that a ' -
T e e
inhigfifkioBvenfa ngtzOGUKGQOIQUPCmFEPZO@QVD@@%87d@19t@@@QUS side
cffek@ss of QPCT does not result in disturbance of the

thyroi d hornone, proving that pharnmacol ogi ca

In oirfaairbitttoi @g&%ﬁ%%&ﬁ,&m’\z‘g@ﬁé %H%%Wi eﬁlhéi Q@pletlon of
fec
QPCtHuF%En géﬁte%ﬁ&ﬁ?ﬂ cOFeu SefPRL el FeEPﬁXlE%PI}% 1Cﬁé§ades' the

conceuktrarednsn dRPM 646t FBS] ithyaokumediWfdred determined in

t h 0 % CO2 at 37C. The chenotactic assay was
seruf ??8Bn§§855&ngéé4 well 10 TransWell plates with a

TestB@"t%réhée of(621pM (C@BBbB%yd@QQthoEEnGQ?H‘?att{bﬁ%héﬂﬁ:hren 3-

Sol Ut 1on wer e appl i [ower chanber. Serumfree
one) RpM thfas Pappriied lasiheyatsiove BoReBE. aNdP-2 190 iwkr BoTmONE,

whicharvested rand resuspeaded innRPd\ﬂelG%%sit@sa of males and the
*106 cells /. 100 and aﬁglled

conce trat of
ovar§ BB HRERC! TERR o T O SPGB, bl adrenal
glandkl. O\M@d;ttcx}strmgnm eployar ds dhe chbmoatt rfmtletm drod Rehl-being

as w%tllsgg 1%“%5 elnfj%t%/rhc§eérllsngfCharéohfeye%)gé ggg{lﬁl Bormones

vier e °di scar d Tower er was ni xed
fromplthe0 QrﬂvlaEBTN-$ nrPBSlapddi hrubared P8 a# In rr@yes LH and

FSH. t°TB§|e§§§e§§é|soﬁlt@K%§%1télﬂdﬁ%dﬂ%ﬁbﬁﬁﬁﬁmnﬁiﬁerW@Jd%urn, is
grated 20 cells were counted using a cell counter

Stlmg}éF@ﬁH (BEharte SPSrEmeRaHd | AGERPIeThECRRERDEAREPcTeleasing
hormbRdex \@srEal cul@ird by cdmadijﬂlg;pcﬂJ@lr@awlatged tho rildee) is

secr@%egu %HI%%Bé?%éfﬁdﬂggaﬁggrégstE% %Ftlvqhﬁgytggéleus into
the medlan eminence. GnRH then enters the hypophyseal portal
system, traveling in the long vein until reaching the anterior
pituitary, where it acts on gonadotropes to release LH
(luteinizing hormone) and FSH (follicle stimulating hormone)
back into the blood stream. LH and FSH both act on the gonads to
produce varying effects, including release of sex hormones and
keeping the gonadal integrity. By that cascade of events
involving secretion of GnRH, pituitary and gonadal hormones the
so-called hypothalamic-pituitary-gonadal axis (HPG) axis is
built. Similar to other hormonal axes, there is a negative feed-
back regulation on the secretion of gonadotopes. GnRH is N-
terminally modified by pGlu and 1is therefore a substrate of
Qpct. A reduction of the pGlu-formation at the N-terminus of
GnRH is intended to result in deactivation of the hormone and,
consequently, 1in disturbance of the HPG axis and deregulated

testosterone concentrations.

The effect of depletion of Qpct on the testosterone

concentration is depicted in figure 30. The concentration of
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CLAIMS 1. A non-human ani mal conprising cells
containing a DNA Qpct gene carrying a knock-out
wondoabdam 5 2. The non- human ani mal of cl ai m BCT/EP2009/050387

wherein the animal is a rat. 3. The non- human

animal of claiml1, wherein the animal is a 10nouse. 4.

The non-human aninmal of any of clains 1 to 3, wherein

the Qoct gene is of nmurine origin. 15 5. The non-human
testantrabnef b aiserdm wher eiad et heiowr iweses Petegeheeiaspplying a

comp%E§t§$8 rtﬁleléﬂc %M?% \;\%%E 6. a%ﬁ’%é%gt "t‘;‘é@ﬁ‘aﬁ“ mabat -no.

eréint gene
RE52ﬁ@ﬂrﬁn 0T1‘|1@| rfle I natHeo o n WRaRRNP AT Frane of %m“yomlng to the

inst¢LakABnd te @hemﬁﬁﬁﬁfﬁckh%e§n'nal i's heterozygous for
ct gene. . The non- human ani mal of any

The CRRPRES] G 6 nauE T THE 25ant Nl t?%%%ﬁ%ﬁ%%é@%?ﬂﬂﬁlon

betwtelhﬁ Qaqtd—g@@@ aihd T@mmonnbulara@uanmmab ofEvamy aﬁ{)total loss of
clains 1 to rein t t _gene i.s reco

orctg BEE i Benl R e AR ot by o ATy hozmone,
prOVﬂ0g9ihwhemmarmdmpK@gﬁcQMnenhabrtesnaoéo@gmuLﬂqa&anot result
in uﬁgﬁ%au%%t aki-on. o WO 20094 Qg%%%g;[éépé%g/ 050387

e non- hurman ani nal any clainms 1 to 11,
for use in determning effects of target conpounds on
Cpct-related di sorders .and/ or di seases. 5 13. The
ThyrREmlRurfen aélnél‘GEtéﬁﬁoéptéﬁgoﬁénf t&hillswﬁbr%?ﬁm?%%r which
is addrEdedLabki eshat fbeastuoae Qeilal logl etl\i\é'lePcelyQ)QCil’diS 4land. T,
and 5_are del e man ani nal

ed. 14. T - h
o1y Bl T APNE 10 o001 SRECES. 10WNBIOP R SArd R 6 it o1 Ly roxine
incrhasethecaegirnceudfousEQ héaNo. 28.e 15ndThehaomammanmetabolic

rateanéﬂﬁléﬁj 5%5@@%3 Ea}ﬁ %%Ugfégh%#¥%Ta%hgal 8r&tion of the

nmouse e nouse |ne Pbd2 he non- unan
thyraafmilc raeeeedi iy 1 ianyed  eraiagouBvrenise wher eip regulated

via UhBe QiSipGenel 45 Opss @bl ¥atinkegrd 05 a dissuerspechibethalamus
sensggoq%%eglrculatlng levels of thyroid hormone and responds by
releasing thyrotropin releasing hormone (TRH). The tripeptide
TRH is N-terminally modified by pGlu and 1is therefore a
substrate of Qpct. The TRH stimulates the pituitary to produce
thyroid stimulating hormone (TSH). The TSH, in turn, stimulates
the thyroid to produce thyroid hormones. A reduction of the
pGlu-formation at the N-terminus of TRH is intended to result in
deactivation of the hormone and, consequently, in disturbance of

the HPT axis and deregulated thyroxine concentrations.

The effect of depletion of Qpct on the thyroxine concentration
is depicted in figure 31. The concentration of thyroxine in
plasma of the mice was determined applying a competitive ELISA
method (IBL, Hamburg, Germany, Cat.-no. RE552061) . The
determinations were performed according to the instructions of
the manufacturer.

The results imply a slight but statistically not significant
reduction of the T4 concentration in homozygous constitutive
QPCT knock-out mice. In heterozygous mice, no difference of the
thyroxine level was observed. The results suggest that a partial

reduction of Qpct does not influence the HPT-axis at all. Even a
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17. The nouse according to any of clains 3 to 16,
wherei n the 20npbuse denonstrates a phenotype that can
wheowsyapsed or aneliorated with a Qct i nhi bi POT/EP2028050387
A screening nmethod for biologically active agents that
inhibit or pronote Qoct produgtion in vivo,
conprising: 25adm nistering a test agent to the
non- human ani mal of any of clains 1 to 17, and
totadetlessi pIfn@HAUTe cefdectotofrdhel agemtdisturld®ncdhef the thyroid

ho [ , ' - - imal ks

nornfBLPO O 1a1 mAS aecelo.ibe, 00, NBR. A0S e oo
not geabmtl18n whepeitadt RedaoafhemaA -ani mal is honpbzygous
for the Quct gene. WO 2009/ 090190PCT/ EP2009/ 050387

120 21. The method according to any of clains 18 to
wherein the animal IS a npu 22. The net hod

EXAMB&EoFélnERﬁgsﬂﬁ}LoFHgMﬁFﬁ§I§8A§§A§1 wherein 5the Qoct
Humagﬁ%%ut% o BH NG OI%LQEQ%EQ’ cdhe 'I?&'%Odf}ﬁc—clorv%é‘g?ﬁ&ured in

of clalnms 18 t erein the ct gene 1s o
RPMIhﬁﬁﬁn arG gkn.FAY, 24n.ﬁhehmmumad1mdxmdm@gpm®ranyﬁbf5% COp at
claims 18 to 23, wherein the Qoct gene is a
37°Cr ecdittst naﬁbe@@héctlgs dHs@vhet fiod oPeanyrerdc| aiwendg 24-well

Trang%e§? gﬁtléglht ?8%% %%Qt Qﬁ@t%gﬁﬂe %% %&%%&a 600 pl of

cons ve knock-ou nutat i on The neth
chemany t@bcehainssdBut o024, warher eipp el Quot gére GatkeireSchamber.
a condi tional knock-out nutation. 20 27. The net hod of

SerugriFRe1gRtiot §SE | APPLFGEt B u§eaPSdFer §OnRBOI Thef Pl cells

were”%talﬁ@@sqeda%d‘)fre@@ﬁ&d% tiQ, ZHpmihes @iyt Qecéﬂbgﬁl:ratlon of
carries at | east one Qct allele where exons 4 and

1*10ar@ebb$e(ea00 1l and applied in 100 pl aliguots to the upper
chamber. Cells were allowed to migrate towards the
chemoattractant for 2 h at 37°C. Subsequently, cells from the
upper chamber were discarded and the lower chamber was mixed
with 50 pl 70 mM EDTA in PBS and incubated for 15 min at 37°C to
release cells attached to the membrane. Afterwards, migrated
cells were counted using a cell counter system (Scharfe System,
Reutlingen). The chemotactic index was calculated by dividing
cells migrated to the stimulus from cells migrated to the

negative control.
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25 29. The method of any of clains 18 to 28, wherein
the animal is a nmouse of the nopuse |ine Pbd2. 30.

wab@onmmiibod of any of clains 18 to 29, wherei nPCHEPIYPTO50387

30gene is operably linked to a tissue-specific
pronoter. 31. The nethodiafs any of clainms 18 to 30,
wherei n the nouse denonstrates a phenotype that can be
reversed or aneliorated with a Qoct inhibitor. WO

CLAIM§09/ 090190PCT/ EP2009/ 050387 121 32. A cell or cell

[

10.

11.

- Thethdd B¢t at'hn

l'ine derived fromthe non-human ani mal according to
any of clains 1 to 17. 33. A nethod for screening
A frgrn-thherapeuting lagemise ¥ a9 i oehli bd tcBoraipriomte fetOpct
w%iégg :ﬁngﬁﬁggl thz%%plgfgering test agents to
9%'he Touse of any of ¢ al e $ o 17 (b) evaluating the
effects of the test agent on the phenotype of the
nouse, and 10(c) selecting a test agent which inhibjts

- Th THoHHe Qetmaktd ity ima . Alsitod 'dfe t¥edidents @

_prevention of a Qoct-rel ated di sease conprising
15(d) adm nistering the selected test agent of claim
33; and (e) nonitoring the patient for a decreased
clinical index for t-rel ated di seases., 20 35, The

Tt G Fer e e B i ke ] &
mAZhei mer' s di sease. 36. The nethod of claim 34
wherein the Qoct-rel ated di sease is atherosclerosis or
restenosis. 25 37. A nethod for analysing the

. o ol : ol oni na |
. T Ca“;%ﬁf’ri%dn%r? %‘E’lrnga{%fdd@t%ggp;c?ﬁog unGEd on 0 PChherein the

SIS wmt
od@r negrieoni conpminsiinge origin.

ut anmat epept 1 'de

. The non-human animal of claim 4, wherein the murine Qpct

gene has the sequence of SEQ ID No. 22.

. The non-human animal of any of claims 1 to 3, wherein the

Qpct gene is of human origin.

. The non-human animal of any of claims 1 to 6, wherein the

animal is heterozygous for the Qpct gene.

. The non-human animal of any of claims 1 to 6, wherein the

animal is homozygous for the Qpct gene.

. The non-human animal of any of claims 1 to 8, wherein the

Qpct gene is a recombinant gene.

Qpct gene carries a constitutive knock-out mutation.

Qpct gene carries a conditional knock-out mutation.

The non-human animal of any of claims 1 to 9, wherein the

The non-human animal of any of claims 1 to 9, wherein the
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(f) admnistering of test agents to the nouse of any
300f clains 3 to 17 (g) evaluating the

w@yoogbub@nat e- pepti de concentrati on and ef f eceer/@p20b$es0387
test agent on the phenotype of the nobuse, and WO
2009/ 090190PCT/ EP2009/ 050387 122 (h) selecting a test
agent which inhibits or pronotes pyroglutamate-peptide
activity phar maceuti cal _conposition

12. cgﬁﬁrPQPnBuFﬁB §BF@€%e8ft 88¥ BAgEhE'BF ¢l ’éPmléA fgg use in

dddae-ofn and estragent, as: selactedhaaeding do-<lal mad
for the preparation of a nmedi canment for the treatnent

d gy dFr prasvemy ohi sfageQcet -rel at ed di sease. 10 40.
Modi fied cell conprising a Qct-knockout gene for use
in the production of conpounds, which would be
13. nepat hyelyuabheehedabyo@ehy 45 4laitdselotothe, wherein the
non- hurman ani mal ,_ according to a of clains 1 to 17
a%W@%é%@He%&%ﬂﬁﬁﬁw%@ﬂ%mﬁ§£%ﬁ@0mﬁ%?%%@B 4 and 5
2 Qyd sl of nodels with Qoct expression in specific
t1ssue and/or particular points in time only. 20 42. A
screeni ng nethod for biol ogically active conpounds

14, BRS RAPERLLASr ARLAIT! 8 BEL B8t LYL bR, Yoy 01 cangund:

wHer&i My e 25anmdmed Hndedhe W ghed & speadg o avo. 23.
the treatnent of at | east one di sease selected from
MI1d Cognitive Inpairnment, Al zheiner's disease,

15. n@HEOHSQeHEﬁ§B|Qﬂﬁh%lﬁgfnﬁ§%eﬂr9§EOIF§H]l%ﬁ%rQ@ﬂ'%ﬂe animal

Denent | a ritis mentia, 30rheunato
iqara hmautdess,oatther osol &r osirss Rle$st enosi s, and
pancreatitis,
16. The non-human animal according to any of claims 13 to 15,

wherein the Qpct gene is operably linked to a tissue-

specific promoter.

17. The mouse according to any of claims 3 to 16, wherein the
mouse demonstrates a phenotype that can be reversed or

ameliorated with a Qpct inhibitor.

18. A screening method for biologically active agents that
inhibit or promote Qpct production in vivo, comprising:
administering a test agent to the non-human animal of
any of claims 1 to 17, and

determining the effect of the agent.

19. The method of claim 18, wherein the non-human animal is

heterozygous for the Qpct gene.

20. The method of claim 18, wherein the non-human animal is

homozygous for the Qpct gene.
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23.

24.

25.

ii) determining the effect of the test conmpound in
sai d non- human ani mal nodel; WO
wQ@0@9/0080@ 90PCT/ EP2009/ 050387 123 iii) comnpar erCT&P2009/050387
effect of the test conpound in said non-hunman ani na
nodel wth the effect of iohe Qoct gene disruption in
the Qct knockout aninals according to any one of
claims 1 tq 17, 5and iv) select test compounds that in

- s4P8 RehLAGNARCAATHEP hBdelYaPfeGiat®st §PecPtigherein
tl{g sease sim larpdesd he effect of the Qoct gene
di sruption in the Qv ct knockout animls 10according to
any one of clainms 1 to 17. 43. The screening nmet hod of
. ChRLM A2 whereln sl d, ponshugpn ani el godel ofs nerein
SPeci Por “a-di seades sepec?ed ron1tne gro p’
thﬁﬂgﬁéﬁlgahéﬁléﬂdﬂiﬁﬁnﬂnéid&idmpalrnent Al zheinmer's
15di sease, neurodegeneration in Down Syndrone,
Fam | i al Dani sh Denentiaand Fam lial British Denentia.
4§heTH@tﬁ85e§8b89dg§5h9g Qﬁycbﬁ'gl§§msm@§r bn2§a'9here1n
non- humman ani mal nodel is specif for zhelner
thtt Shase.g2t 45 omeltsmreemmmet hod of any of cl a| ns
42 to 44, wherein said animal nodel is selected from
t he group consisting of PDAPP, Tg2576, APP23, TgCRNDS,
PSEN h41A6M aEcPBENh§4846LnyPSAPP aARPDUBCHE 23, wherein
BRI - A13, 40 and BRI - A1342, JNPL3, Taup3ols, TaUv337M
SRR CBWE 1Ty 45 LS HIEFTAPTSHIR: 3 x TgAD. 46. The
screeni ng nethod of any of clainms 42 to 45, wherein
the effect of the test conpounds is the |owering of
tﬂee[péﬂhaﬁAassaAQ/42/43a®ms[p&iubIPAaswmeﬁeiAZtne
tides. 30 47. The screeni ng net hod of. any of clw
TP T WS el TP e BT BC T 16l oy
mdthe-1owering of the [ pGlLu3] A133-40 peptldes 124 48
The screening nethod of any of clainms 42 to 47,
wherein the effect of the test conpounds is the

26. | ONET 10O, ok Eﬁgakg%E3M&§§§4§8F’€8tbgeswh ré&9n gﬂ%ﬁ%pct

27.

28.

29.

30.

31.

screeni ng net claim whérei n”sai d non-

gaare med r mogkel a | sorspieci drial flarock thseasesatsielrect ed from
the group consisting of rheumatoid arthritis,
at heroscl erosi s, restenosis, and pancreatitis.

The method of claim 18 for use in target drug discovery.

The method of any of claims 18 to 27, wherein the animal
carries at least one Qpct allele where exons 4 and 5 are

deleted.

The method of any of claims 18 to 28, wherein the animal

is a mouse of the mouse line Pbd2.

The method of any of claims 18 to 29, wherein the Qpct

gene 1is operably linked to a tissue-specific promoter.

The method of any of claims 18 to 30, wherein the mouse
demonstrates a phenotype that can be reversed or ameliorated

with a Qpct inhibitor.



10 50. The screening nethod of claim49, wherein said

non- human ani mal nodel is specific for rheumatoid
wa@edokboddipe. 51. The screening nethod of cl ai mBEI/EP2009/050387

wherei n said non- human ani mal nodel is specific for

at heroscl erosis. 15 52. The screeni ng nethod of any of

claims 42 and 49 to 50, wherein said aninal nodel is

sel ect ed fron1the,%roup consi sting of th

2. apoFFhopPEtL 6F . ELkRBCRBHL "ROUSE RDERP, NPREhuman animal

~dhi gl ysald ate; i nduced 4nfl ammti on model in mce, the
20col | agen-induced arthritis nodel in rat and rat

nDdeIs of restenosis. 53. The screening nethod of any
' 2 and 49 to 5 rein the effec phhes ooy,

3 Cesl B0l Ao T 5oCRE P AP Bl £l 5h BR0F TFhaUEH ROt aRre M iPLE
ofpddi>tle aBldts.addivikhe San@end ngy met hod of any of

claims 42 and 49 to 51, wherein the effect of the t est

conpbadndsaci{%lfﬂ%tﬁwqol’ﬁ%tn et Forhft itapor of any of

pGlu- MCP-1; - 3% WQ 2009/ 090190PCT/ EP2009/ 050387 125

56. Use of a test agent as selected according to any

of cllai mevi2luar 54y figre tdef origparfatiton wfsta amditcamenthe

for the treatqent an éﬁ Q{eventlon of a Qct-rel ated
di sease. B EBF R Hethdd D eat feéht or prevention of

a Qped)- r%@le&ﬁtﬁ@eaa%ﬁpr@érsu nghidh admnisd efd Nfromotes
the sel ected test agent according to any of clains 42
to 54; arkPct activity. (j) nonitoring the patient
for a decreased clinical 10index for Qpct-rel ated
di seases. 58. The use or nethod of clains 56 or 57,
34. mhemethodhefQpceaemahedodi§easent$osebéc&edptteneﬂhEed

oup consisting of MIld Cognitive Inpairment,
%%g T riet™ Ef%ﬁ%%% 15neur odegeneration i n Down

Synd(cgrre,acﬁalmlé@rlt?@ltsf{b Reneitd ey ands Fagdd@alor claim 33;

British Dementia. 59. The use or nethod of any claims
56 to 57fﬂvhere|n t he Cpct-related di sease is

Al thé olgosrel Qg%tl e of qrethod; of &11‘% 121

ereln d disease 15 selscte
from t he graasp Mnsgg;sctumloﬁerd]wrmetane:b arthritis,
at herosclerosis, restenosis, and pancreatitis.
35. The method of claim 34 wherein the Qpct-related disease is

Alzheimer's disease.

36. The method of claim 34 wherein the Qpct-related disease is

atherosclerosis or restenosis.

37. A method for analysing the disease-related physiological
function of Qpct catalysis with regard to pyroglutamate-
peptide formation comprising

(f) administering of test agents to the mouse of any
of claims 3 to 17

(g) evaluating the pyroglutamate-peptide concentration
and effects of the test agent on the phenotype of

the mouse, and
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38.

39.

40.

41.

42.

61. The use or nethod of any of clains 56, 57 or 60,
wherein the Qoct-rel ated di sease is rheumatoid

W@Ra0k09(10E . 62. The use or nethod of any OPCT/ERPIN®050387
56, 57 or 60, wherein 30the Qpct-related disease is
at her oscl erosi s. 122

(h) selecting a test agent which inhibits or promotes

pyroglutamate-peptide activity.

A pharmaceutical composition comprising the selected test

agent of claim 34.

Use of a test agent as selected according to claim 33 for
the preparation of a medicament for the treatment and/or

prevention of a Qpct-related disease.

Modified cell comprising a Qpct-knockout gene for use in
the production of compounds, which would be negatively

affected by Qpct.

Use of the non-human animal, according to any of claims 1
to 17 or the cell according to claim 32 or 40, for the
provision of models with Qpct expression in specific tissue

and/or particular points in time only.

A screening method for biologically active compounds that
inhibit or promote Qpct activity in vivo comprising steps
of:

i) administering a test compound to a non-human
animal model, which is specific for the
treatment of at least one disease selected from
Mild Cognitive Impairment, Alzheimer's disease,
neurodegeneration in Down Syndrome, Familial
Danish Dementia, Familial British Dementia,
rheumatoid arthritis, atherosclerosis,
restenosis, and pancreatitis,

ii) determining the effect of the test compound in

sald non-human animal model;
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43.

44,

45.

46.

47 .

WO 2009/090190 PCT/EP2009/050387

123

iii) compare the effect of the test compound in said
non-human animal model with the effect of the
Qpct gene disruption in the Qpct knockout
animals according to any one of claims 1 to 17,
and

iv) select test compounds that in said non-human
animal model alleviate the specific disease
similar to the effect of the QOpct gene
disruption in the Qpct knockout animals

according to any one of claims 1 to 17.

The screening method of claim 42, wherein said non-human
animal model is specific for a diseases selected from the
group consisting of Mild Cognitive Impairment, Alzheimer's
disease, neurodegeneration in Down Syndrome, Familial Danish

Dementiaand Familial British Dementia.

The screening method of claim 43, wherein said non-human

animal model is specific for Alzheimer’s disease.

The screening method of any of claims 42 to 44, wherein
said animal model is selected from the group consisting of
PDAPP, Tg2576, APP23, TgCRND8, PSENimisgyv Or PSENimiser, PSAPP,
APPputcn, BRI-AB40 and BRI-AR42, JNPL3, Taupsois, TalUvszym,
Taursoew, rTgd4510, Hisy, TAPP and 3 x TgAD.

The screening method of any of claims 42 to 45, wherein
the effect of the test compounds is the lowering of the
[PGlu’]AR3-40/42/43 or [pGlu''1AB11-40/42/43 peptides.

The screening method of any of claims 42 to 46, wherein
the effect of the test compounds is the lowering of the
[pGlu’]AR3-40 peptides.
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The screening method of any of claims 42 to 47, wherein
the effect of the test compounds is the lowering of the
[pGlu’]AR3-42 peptides.

The screening method of claim 42, wherein said non-human
animal model is specific for a diseases selected from the
group consisting of rheumatoid arthritis, atherosclerosis,

restenosis, and pancreatitis.

The screening method of claim 49, wherein said non-human

animal model is specific for rheumatoid arthritis.

The screening method of claim 49, wherein said non-human

animal model is specific for atherosclerosis.

The screening method of any of claims 42 and 49 to 50,
wherein said animal model is selected from the group
consisting of the apolipoprotein E knockout mouse model, the
thioglycollate-induced inflammation model in mice, the
collagen-induced arthritis model in rat and rat models of

restenosis.

The screening method of any of claims 42 and 49 to 51,
wherein the effect of the test compounds is the inhibition

of the chemotaxis of THP-1 cells.

The screening method of any of claims 42 and 49 to 51,
wherein the effect of the test compounds is the inhibition

of the formation of pGlu-MCP-1.

A pharmaceutical composition comprising the selected test

agent according to any of claims 42 to 54.
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56. Use of a test agent as selected according to any of claims
42 to 54 for the preparationof a medicament for the

treatment and/or prevention of a Qpct-related disease.

57. A method of treatment or prevention of a Qpct-related
disease comprising
(i) administering the selected test agent according to
any of claims 42 to 54; and
(J) monitoring the patient for a decreased clinical

index for Qpct-related diseases.

58. The use or method of claims 56 or 57, wherein the Qpct-
related disease is selected from the group consisting of
Mild Cognitive Impairment, Alzheimer's disease,
neurodegeneration in Down Syndrome, Familial Danish Dementia

and Familial British Dementia.

59. The use or method of any claims 56 to 57, wherein the

Qpct-related disease is Alzheimer’s disease.

60. The use or method of claims 56 or 57, wherein the Qpct-
related disease is selected from the group consisting of
rheumatoid arthritis, atherosclerosis, restenosis, and

pancreatitis.

6l. The use or method of any of claims 56, 57 or 60, wherein

the Qpct-related disease is rheumatoid arthritis.

62. The use or method of any of claims 56, 57 or 60, wherein

the Qpct-related disease is atherosclerosis.



