WD 2004/ 035782 PCT/ EP2003/ 011233 - 1 SiRNA Mediated CGene Silencing in
Transgenic Aninmals The present invention relates to a process that enabl es
constitutive and inducible gene knock down in |iving organi sns using a
short hai r piwo Eifrossesepr essi on vector integrated into thepgepedfsmiizishe
organi sm Background of the Invention RNA interference (RNAi) has been

di scovered sone years ago as a t ool farq inhi bition of gene expression
(Fire, ‘A et al., Nature 391, 806-811.(1998)). It based on the introduction
of doubl e stranded RNA (dsRNA)" nol ecules.into cells, whereby one strand is
conplenmentary to the coding region of a target gene. Through pairing of the
speci fic MRNA wi t SIRNA Meuliaktut GénBNSilendinguheT rardgeni®Whinmlsdegr aded by a
cel lular” mechani sm Since | ong dsRNA provokes an interferon response.in
manmal i an cel'ls, the technology was.initially restricted to organisns,.or

cells showrrhg present ehienth rekpense 6Bprstesd. thar dedhlee chhbtitutitié8aAd9
(2001)). The f‘ndl ng that Short é<30 bp) interfering RNAs (si RNA)
ci r cunvent Mdy&f ‘%t%ﬁ’feetkﬁﬁ‘:lfég’dﬁh ) 8&@ er@B”'tsﬁ@ HBi Ea?h '?Qir%nwﬁ‘f\l an -

cel I's (H baghidssior- \Mcttﬁiln%gratéﬁh% ﬁné’féénorﬂ@%f‘lﬁé 0(‘%:9’9 Al'though RNAI in

m ce has been in principle denonstrate the curren technol ogy does not:
all ow perform ng systenmatic gene function analysis in vivo. So far the

i nhi bitiongy ' been achieved by injection of | purified
siRI\lAinto,B(.%\{c#ggpgln?)%\%ﬁﬁé% mﬁﬁén(l\/bCaffrey, A P. et al., Nat ur-e 418, 38-

39 (2002); RMwirgerferamcee(RNAI)  hasaberre ddEOEErecBQQmEOVear@&g(cQGQZE) YoolUgirng t hi s
appr oach, e . nhibition i . st o] sts’
only a fe\?ﬁ%ygn 9&9%}91 ﬁ’é’?r%s%g'?cgv,ég’r‘éﬁt (E)(Tgj 4 e@% engl é@%ﬁ%‘ll G&g%gf sed on
the intrababédlion the dnsodugtdronf a:fou&:ﬂmrstralnﬁedpRNAﬂ‘(d%RM%)edm&sewbes

usin ene ' ex ress on vector see .F

Sei ence 2963’? Sehereby QREYFN Fbé FH%‘H% ﬁgﬂ%@u{ﬁgmcgﬁi&g@@vﬁeﬁargﬂs 958
(2002); Yu geﬂeWh@ugh%alrlné’bﬁﬁhe Bibédific AFATA wig thelftrodlced RAA H#RR2U(2002) ;
Sul, G et al., Proc. Nat| Acad. Sci. USA 99, 5515-5520 (2002); Paul, C. P.

et al., Nathe aRMAicdagmded Ry a celhsammeshenigtn)Sing longdsRNA piovokegen
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to organisms.or cells showing no interferon response (Bass, B.L., Nature 411,
428-429 (2001)). The finding that short (<30 bp) interfering RNAs (SIRNA)
circurhvent‘ the interferon response extended the app!icétion to mammalian
cells-(Elbashir, S.M. ef al., Nature 411, 494-498 (2001)).

Although RNAI in mice has been in principle demonstrated, the current
technology does not allow perforrﬁing systematic gene function analysis in
vivo. Sa far the inhibition of gene expreésion has been achieved by injection of

- purified siRNA into the tail vain of mice (McCaffrey, A.P. et al., Nature 418, 38-
39 (2002); Lewis, D.H. et al., Nature Gen.et. 32, 107-108 (2002)). Using this
approach, gene inhibition is restricted-to. specific organs and'persfsts only a
few days. A further improvement of the siRNA technology is based on the
intracellular transcription of short hairpin RNA (shRNA) molecules using gene

. expression vectors (see Fig. 1; Brummelkamp, T R. et al., Science 296, 550-
.553 (2002); Paddison, P.J. et al, Genes Dev. 16, 948-958 (2002); Yu, 1.Y. et
al., Proc. Natl. Acad. Sci. USA 99, 6047-6052 (2002); Sui, G. et al., Proc. Natl.
Acad. Sci. USA 99, 5515-5520 (2002); Paul, C.P. et al., Nature 'Blotechnol. 20,
' 505-508 (2002); Xia, H. et al., Nat. Biotechnol. 10, 1006-10 (2002); Jacque,



- 2- 3. M. et al., Nature 418(6896):435-8 ( 2002)). The activity of
SshRNA in mce. has been denonstrated by McCaffrey et al., 2002 through

i njection of shRNA expression vectors into the tail vain. Again, gene

i nhibition wa® fespsrsal |y and spatially restricted. Al thpughedobsaessesul ts
denpnstrate that the -mechani smof - shRNA nedi ated gene silencing is
functional in m.ce, they do not clarify 2whether constitutive ‘RNA[ can be

achieved in transgenic animals. Brumel kanp, T.R et al., Science 296,
550-553 (2098, etF‘aquane 418]6896):al35-8 (GaNEy).DeNe akfivitP4F-SHRAIA #ORAde.
Hemann, M T, e Nat. Cenet.. 33(3):396- 400 %2003 and Devroe,. E. et
al ., BMC Bi B?% ﬁﬁ'@)ldenﬁ{nﬁraﬁd (EyoMsCatiEayeet alhou02 karquehgineation; #fshRNA on of

gene expr esgkidsdibh Yebrs iRl thel BHIAGIRAARM, RneSRAMPWal"Briddraly Sddat ed

cell lines. ese experinments | Integration o

transgenes amttaﬂweetﬁictgﬂ fAdthaighnkhesairesultsperopnstaaie that RVA eeghesissi ofi,
e genen kR, heaRkey [ fnd SENARGOT RuclcAbRR I TARE Shey b te%rﬁ,?RNA

transgenes In mce severa repor
shRNA- nedi a%dtiwnecmstnthmg RINAI t reams geai achievedanid r atasgdiias wmnalbl

B of . 10(2) Bokn A RZAE A0 SRR aocC oS (U lrgBlons gt o ECt
(2003 Kihohe Eeve1169948 953 (2002 wekngin, MADE: o, A0B3bnet. Hotey8s-  hose

experlnents agai n_i ncl uded randonllntegratlon of s transgenes

resul ting i A00a4088) e andy BRYTQfhdEp &t A 8MEf M%W@xp?r(ééésoﬁz Géhubave
testing of E%Wﬁlthe QJ)&P- nqun%%‘ﬁﬁl bf B8Re ‘@bebs@W ﬂ‘%haﬁesﬁﬂ%é'@f‘% sion

had been require I's alaboridus and time-consdm ng underta The

in vivo val PHaDRN¥A \(ﬂCt‘g'ériésCLWVﬂQAl calielines: dhese RXPRUMEnsS |il'd)'-'r||Ud€ﬁi éandom ge
scal e setti r e t vel s
scal e oot ka5 hARACHEREIAAN ) S+ AP UG S| Kobiphche e
provi des theiROWN gxpmssioac iwhioh ashnelv eppleabted feri tistingx pf estérge mimberan§genes
in the livi (e.g. manmual i ans .such.. mce), Lt has

however, 8&%{ ‘ﬁ h%%heﬁrﬁ'é?geé’e& nﬁ'l e""%epyh%aglfluy si ?éwraipr%%oﬁon%‘é%t or

i nt egrat ed defiopstriiedd eARNE-Rdizted egerld silencng fihctransdonibi mitel ane! matof
SIRNA required for

|atedgne| h 0 rTLItI | e orgaps, of the
living or gaﬁ“@%wq\vﬂé'trersﬁh\lﬁgé§p're§§s Ly tl)'gjtz OaE%d@a?s ly 81-Gr8F &be 111
dependent  Nat, Struct.. Biol. 10(2):91-2 (2003); Rubinson, D.A. et al., Nat. Genet.
. 33(3):401-6 (2003); Kunath, T. et al., Nat. Biotechnol. (Apr. 7 2003)).

However, these experiments again included random integration of shRNA

transgenes resulting in variable levels and patterns of shRNA expression. Thus,
testing of ES cell clones or mouse lines with appropriate shRNA expression had
‘ 'been required, which is a laborious and time-consuming undertaking. '
The in vivo validation of gehes by RNAi mediated gene repression in a
'Iarge scale setting requires the expression of SiRNA at sufficlently high levels
and with a predlctabie pattern in multiple organs. Targeted transgenesns
provides the only approach to achieve reproducible expression of transgenes in
the living organism (e.g. mammalians such as mice). "It has been, however,
questlonable whether a single copy of a siRNA expression vector integrated
into the genome would result in sufficiently high levels of SIRNA required for
RNAi-mediated gene inhibition in multiple organs of the living organism;
Most siRNA expression vectors are based on polymerase III dependent
(Pol III) promoters (U6 or H1) that allow the production of transcripts carrying



(Pol I11) promoters (U6 or Hl) that allow the production of transcripts
.carrying y 3 only a few non-honol ogous bases at.their 3' ends. It has been
shown that the presence of non-honol ogous RNA at the. ends of the shRNA
stretches lower the efficiency of RNAI nedi ated gene silencing. (Xla et
at.,. Nat. Biotechnol. 10, 1006-10 (2002 ):. However, it ‘has been

unpredi ctable for a person skilled in the art which genonic region within
the.living organi smpronotes an appropriate expression "pattern of the Pol
I11. pronopdly arfewemershamalogons thases it thejni ¥ ezhdsodt R beeaditaiver thaycthe

nhi bt on. Lol L ) : Frosul : Eor the f |
cont rol of PR oh Mo AEARB300 RACa: b BAGL0RIAL SRENACridRed fYRY! g
living or g&fficiamcy &f RNghmedjated gens silending: (Xa et shRNat.Biptesbadlons) 100a0ed.
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I'nt egr at'ed 9eBOMt egiepwithie rthe giving | arganismt pesrotey sare mppoapmiabe expession t hat

Surmary. of Pryiar of e pl Brrbinof R SARNA UchSbes ARSI Rpb bRty
muri ne enbggosirdibitiemnin @g)tipdebtganb pf thelvingorgmhisznj on of ' ShRNA expr essi on
exprasei on. 1 o ErabdeRbotARIBLAF kAL mefifeq eie Slidhcing IrotraRagsdis fien i on

t hus provi tines 4fd living arganief, antightreystesh Gor indadible SIRNAdxpredion i§ Meedediai rpi n
& pol yr ner NedieblE geE exrisEion ‘TRl bt ot the Spisocieihe Jropaderngemressor | o
g}eggc?rer?g: rafe'ea)ucpgwnsuﬁ Isy tHowevandiar obvieuk whbther oe BED Atégraté@VEingleedopiynaf t er

.as o RNAI diated ., inhibition of gene expression’') in a
ver t ebr at e ORfjguratlon af %@ﬁ?ﬁﬁ?‘sﬂﬂﬁq Grgeteddnatyl '“HHqg@i A 'ﬁé‘?‘\‘ég‘l?('ﬁock
down in a loryansguitiioya baskgroiind betdstye culture or in cells of a cell culture-’
derived froma vertebrate, provided that the cells of the cell culture -are
not human ES . cells, and wherein said expression vector is suitable for

stable Int meﬁoimhembenﬁgnorre' of a vertebrate, or into the genone of
cells in tissue culture or in the sequence of cells of the cell culture, and_

cont ai ns hdhBRHBN esn Hrwltost tha madificatien of mugRe sMbsyonie sterp tRShealady | |

the introduction of shRNA expression vectors through targeted transgenesis allows
" the inhibition of gene expression In mice generated from these modified. ES cells,
The invention thus provides ) '

(1) the use of an expression vector comprising a short hairpin RNA (shRNA)
construck under control of a ubiquitous promdter selected from a polymerase I,'II."
and 111 dependent promoters, for preparing a medicament for constitutive and/or
inducible gen_e_ knoek *down (hereinafter also referred to as "RNAI mediated
inhibitlon'of gene expression”) in a- vertebrate, or as an agent for consiitutive
and/for inducible gene knoék down.in.a living brganism_, in tissue culture or in cells
of a cell culture derived from a vertebrate, provided that the cells of the cell culture
are  not human ES . cells, and wherein  sald expression  vector
Is suitable for stable'integration into the genome of a vertebrate, or into the
genome of ée!ls in tissue culture or in the sequence of cells of the cell culture, and -
tontains homologous sequenf:es suitable for integration at a polymerase II
dependent locus through homologous recdmbination in the genome of the
vértebrate, In the genome of the tissue culture or in the genome of the cells of the
cell culture including embryonic cells; |
{2)“an ex-vivo meth_od for constitutive and/or inducible gene knock down in a living
organism, In tissue culture or in cells of a cell culture which comprises stably



dependent | ocus through honol ogous reconbination in the genone. of the
vertebrate, In the.genone of the tissue culture or In the genone of the
cells of the <cell culture including enbryonic cells; (2).an ex-vivo nethod
for constitutive and/or inducible gene knock down in a living organism In
tissue culture or in cells of a cell culture which conprises stably 4

i ntegrating an expression vector as defi#ed in (1) above into the genone of
the vertebrate, of the tissue culture or of the cells of the cell culture,

I ded t hat t f.th t h ES cel | 3
Der cbr at o sariag, §F arbioh Verkel pe SHhied BTl afite RSB rasore. St g

stably i ntmtemad nﬂmemssyemmmreaarafmlmmame téll agpgBdpRividedcmst &fe t he
vertebrate, I WFE 0 & WS E th‘f cell culture, an expression _
vector as d¥tP H T}ur%galréoeim 24%¥S$at the cells of the cell culture
are not " hungg) aEferﬁeﬂrél:E, oamt@sléelbr aéll exiture HeHoed oAt e dértélrhtd REVInG sfably
above. The ageent 8 IS swt&bl in vivo and In vitro

appl i cat i onSteordte I'PviF%§eB?'§‘§n?tsﬁquiW“%Wﬁ% Fr@ﬁ?@d?nﬂ loges o8 thasriebsate,
preferably ﬁﬁué&mcaree%r cell§) of ERe elleilittird, 2an @RPrelsSibntiRedr ¥4 'ﬂﬁﬁ@édﬁrﬂ'(?r‘s ar e
nor e preferaqqﬁ/a non- human VertEbanpecel The tissue.cul tures and fhe s

e

the cell cu® Rroyjdedthat heceg)is 2 Iefuliupy efechakdlumanFp relsifandm

vert ebr at esg 'Etﬁeé,@péggm, Wct@daoskinmentn (B atove! udes in  vivo and in vitro
reaction sc erres Short Description of the figures Fig, is Mechani smof RNAI:

t hrough shRNA expression. A" expression of shRNA. B: - shRNA processing. C

Pairing of #iddMentiok BrfbREPhETRNY & sLitaBN Y0P id W8 andTh tha pgBod, "RNA. Fig
2: Pot ‘11l dependent shRNA expreéession vector (constitutive). Insertion of an

ShRNA expr eBR8 BYing OEgatismA i ea\hﬂsii"q@ntﬁdé% ity (3x pheve ace geafeimbly vertehsates.,

T t

St opped by B SmbBGHGES tPAMPES] SRTIIRG orge fﬁﬁﬁ‘e?"@“‘”@ﬁﬂﬁ"%ﬂﬂ“%e Pot

| 1| dependeyertghraties: The teemwuseamd tquﬂs@rma mt eurmes off (b mr(gh:abw@t i s
t db

vectors 15 HeEstHeRTel ROPvandiite AR mARUFBCETBEORILRR) A BRET | 1

Is a doxycy%bnedmhtmelaeﬁon geheengsi pti onal silencer consisting of the tat

repressor. and t he KRAB- AB domain of the kid-1. protein. This o

Short Description of the Flgures
Fig, 1: Mechanism of RNAI through shRNA expressnon A: expression of shRNA. B:

| shRNA processing. C; Paurmg of siRNA with complementary mRNA strands. D;
Cleavage of mRNA., ' . '
E_g__ Pol 11T dependent shRNA expression vector (constitutive), Insertion of an
shRNA expression vector into a ubiquitously expressed genornic locus. Transcription
through the upstream Pol 1T dependent promoter will be stopped by a synthetic -
polyadenylation signal (pA) and the hGR pA. The Pol Il dependent promoter
controls the expreséion of sShRNA. The transcript is stopped by five thymidine bases.
The exact sequence of suitable target vectors is given in SEQ ID Nos:6 and 8. |
_m,__ Tet repression system. tTS is a doxycycline controtled transcriptional silencer
consisting of the tet repressor and the KRAB-AB domain of the Kid-1 protein, This
fusion protein binds to the pol III dependent promoter via the tet operétor
sequences only in the absence of doxycycline and represses transcription.
Fig. 4: Vectbrs for Pol III dependent promoter based tet-repression system
(inducible). Insertion of a shRNA expression vector Into a ubiquitous expressed
genomic locus. The transcription of the Pol 11 dependent promoter will be stopped
by the synthetic polyadenylation signal (pA) and a hGH pA. An



fusion protein binds to the poi Il dependent pronoter via the tat operator
sequences only in the absence of doxycycline and represses transcription.
Fig. Vectors for Pot Il dependent pronoter based tet-repression system

(i nduci bl e) . wiomesidssan of a ShRNA expression vector |Into fcpRbmbdi948
expressed genom c locus. The transcription of the Pot Il dependent pr.onoter
wi || be stopped - by the synthetic polyadenylation signal (pA). and a hGH pA
An WO 2004/ 035782 PCT/ EP2003/ 011233 - 5 inducible Pol 111 dependent

pronoter co i X i : r I+ ' by
five thy-m-d'ﬁﬁgahgesggﬁﬁi %"?F‘@ae ?Pﬁéﬁ"%F% Eot’f"t{rr g%x@@%ﬁ'ﬁi o SN 'ng%gene
expressi on wgnsaipt is sthHiped by Sveathyoxigioedddses- control | ed transcri pti onal
activator cQnsiLsting. of e revers ef- repressor and. the VP16 lMation
dormi n of LR8P Ppacet b M DoN vk E GENR xpRrsian S rBAME bi nds
to a mni mejs £MhREAABEEEontidlelN@abhiriptionar atiatdr LRSSy IdF theerdviepseence of
doxycycline and activates transcription. tTS functions in a sim/lar fashion

as expl ai netetirapiasgor and the VPE6 agivatinrs demrirpef the Hames mireatexpABwolRY6 based
tet-system (| ciqai&)¢icinhn i OR;: i RAE t |

ubi qui t ous é’?gggés@f gfgﬁ]c?hi E%tFlgcggﬂsTﬁoe%:%rﬁépi@i mégﬁdﬁﬁnﬁ q‘taﬁe _
control of eperatdsisgguenass Pothe presdage nfldaxygycine tod, activeissdatamscrigtiopnt het i ¢

| yad | afd L. . ' . ible Pol Il d dent
bromot o coflss BrEiBfgin s thud sften LRI ARA PR 30071 ot i 5 stopped by a
short pol yadigny: a¥eatorss fgnaol. IlFdepereient [BhRMtembdeed adt-sydteln (indocibfe).
| uci f . | ' nb ' t cel.ls. All Fl i ed
stably i nt cFECAD O g SaeNA S pLEIRT YEctor I Paigiteds BXyrezic AERPIYG
l'uci f er ases|oefd Ushe rPrAPMR AECOMTEIERN Gﬁ&éroﬁwé"zcagﬁr’as‘#FngipWhﬁi't&uss pENfy under

control of the Hl- (HL-shRNA) or U6-pronoter A) resulted In a -75%
and - 60% r edeRandsnt promiofert Isionpedi ea syathasici palygdenylatiopedgnaldpf) anda val ues

f FI Ct iyt : ' ' | Vi - fef :
Fio 8 veololcoRuRhorBBEER: FePR RobRfR bloofel conditls Yhe XepMoslfL BE ey -
Transcri pt i shRMA. TheetiRakcript ipistoppedrbyni Ishotiepdyadgmydation sigealisynt heti ¢

pol yadenyl a0n, sy anghrAdhediled IKHibRo S TY G Rrast Sdd S, ReEaisR in
embryonic étem cells, All cells carriéd stably integrated expression cassettes of
firefly- (Fluc) and Renilla Iuciferasés (Rluc). Simu!tanepus expression of a Fluc-
specific shRNA under control of the H1l- (Hi-shRNA) or U6-promoter (U6-
shRNA) resulted in a ~75% and ~60% reduction of firefly Il_.lciferase activity,
~ respectively. The values of Fluc activity were normalized by using the Rluc |
. activity for reference. | ' |
ﬂg__g__ Vectors for a U6 promoter based tet-repression system (inducible).
Transcription of the. Pol II promoter will be stopped by the synthetic
'polyadenyiafion signal (pA) and a hGH pA sequence, The inducible U6
"promoter controls expression of the Fluc-specific ShRNA. Transcriptidn of the -
shRNA is stopped by five thymidihe bases. TetR is a ‘doxycycline controlled
| repressor {Gossen and Bujard, PNAS. '89: 5547-5551 (1992)) expressed by
the CAGGS-promoter. The tetR binds to the pol III promoter via the tet
" ‘operator sequences only in the absence -of'. doxycycliné and blocks
transcription. | o ' _ ) | ' '
Fig. 9: Vectors for H1 promoter based tet-repression system (inducible). The
inducible H1 promoter controls the expres;sion of shRNA.-TetR is a doxycycline



pronoter controls expression of the Fluc-specific shRNA. Transcription of
the shRNA Is stopped by five thymdine bases. TetR Is a doxycycline
controlled repressor (Gossen and Bujard, PNAS. 89: 5547-5551 (1992))
expressed byO 200a4033280C5GS- pronot er. The tet R bi nds to the poatephdéosioprzgaot er vi a
the tet . operator sequences only in the absence of. doxycycline and bl ocks
transcription. Fem 9: Vectors fof Hl- pgronoter based tet-repression system
(inducible). The inducible HL pronoter controls the expression of ShRNA.
TetR is a coxiotiedl repredédr 2RPAIE8H B AhBUIAEEE AUI3A{bLER Sthe BtR MMM fotHed -
repressor e pi ssed by the GS-pronoter. The tetR binds to the pol 111
pronot er. VP ep'f%f'oqv%e?f'ét(; e Slef URRFBr o ARYHENFeE henlb ¥ tBe BbsengBx9tycl i ne

and bl ocksqgdnanaffd Md BbckEkeNserigfbn, ! nduci bl e RNA interference in enbryonic
stemcelds using tetracycline dependent U6 pronoters. Al cells carried

stably i ntEBgueg ek0: efnsiusire oRNAadbkarfessnegd ini rembryanici steraseetisFlust)g

Renilla lugj ( N I eypr r y i nez i i bl e
expr essi on&l(gia%gaﬁfeuc@sp %@g???cgg hbzﬁinét%hsde?mc (;%%ﬁ gofa@ét %gacﬂ%t f’géld}gl(y%r t4.12
RNA! 23{1 36exgRpsson WassetPegp0bifivefly ludgifardse. (FuENRerile BecifarddE]jRIlues wdridked in a
-30% and -501 p. reduction of firefl. Juciferase activity, respectively. The
val ves o PRLEEHLET eI Bry ok Pl pyebits STsaRRn e  H e BERF SR o
“refer encle_ ﬁrﬁdeggtz@nti?) of I-'t::w_guuetegg;-: (Anduﬁ Eg\% Rmoejsrmr)f@ﬂ‘ e.rme?ozqzﬁ-bn@lter
tetracyclinpe, dependent rqQnoters o s_\were fransient

Lr anst 6ct cbATiHER IVAIGH/ 701 Ak Y Grrasdted e o0 i 7 apviotasicton sEAreting snrua
expr essi on|y¥REta9s SctilRyy Fasplechivaly.| THRIGEIRES P HRICaSNATY RErd RErThiledsieci fic
ShRNA under control of the Hteto2/5 -, Hteto2/3 or. :

H t et 02/ s+8singtheBius a¢tbdlyl fos deference (figong 1%380% and - 40% reduction of

firefly | ugj WYZARYE S ' : H @Q.Ei"ty wer e
nor mal i zedpi LR afﬁgqﬁﬁlél&ﬂ%fggt ?@:é%'\é?'lgg rue&gr g%@ﬁﬂﬁfguﬁgﬂﬂ: \g-lelri,rrent al
strategy. Bematesf NIRSTBI rEdlisywaral tRnsidntly tnaosfesteds awith direflyestpoitesassl

t hrough th dogen [ 2 onwk eL., i ' c LLesu.opecific

ShRNA nedi Q:t@(g’ r%grg%%eggn)&gf E?% |¢-e§n%N€u§%Hgg§8§ ggér\{ép%agﬁggg’&%gsured by
usi ng t he Reotibleaekprestionasfethacklle-spycifis SARNAS wndarcamntrol of the Hlieozs-,

Hletoz/z-, Ofh Hltetoz,su,g-'-promoter resulted in a ~40%, ~80%, and ~40%

reduction of firefly luciferase activity, respectively. The values of Fluc activity
weré normalized by using the LacZ activity for reference. . -
Figure 12: Experimental strategy. Genes of the firefly and Renilla luciferases
are expressed through the endogenous rosa26 promoter via splice acceptbr-
sites. Specific shRNA mediated repression of the firefly luciferase gene cén be
measured by using the Renilla luciferase activity as a reference. '
Figure 13: ShRNA-mediated inhibition of luciferase expression in mice.

A: Firefly luciferase aci:ivity in mice In the absence (delta shFluc, B!ack hars) or
presence of the U6- (U6-shFluc, white bars) and H1i-shRNA transgenes (H1-
shFluc, grey bars), respectively. All mice carried the firefly and the Renilla
luciferase transgenes. Relative valuéé of Firefly luciferase activitiy in different
organs 'are\'given as indicated. All values of Fluc activity were normali_zed by
using the Rluc activity for reference. .

B: Efficlency of shRNA-mediated repression of firefly luciferase expression in-
mice. Percentages of U6- (white bars) and Hl-shRNA mediated (grey bars)
‘repression of Firefly luciferase activity are shown. ND: not determined.



Figure 13: ShRNA-nedi ated inhibition of luciferase expression in mce. A.
Firefly luciferase activity in mce in the absence (delta shFluc, black
bars) or presence of the U6- (U6-shFluc, white bars) and Hl- shRNA

t ransgenes wélhoossbggaic, grey bars), respectively. Al mpeg/epasosiofdsd he
firefly and the Renilla luciferase transgenes. Relative values of Firefly
luci ferase activitiy in different orgaps-are given as indicated. A’l val ues
of Fluc activity were normalized by using the Riuc act|V|ty for reference.
B: Efficiency.of shRNA-nediated repression of firefly luciferase expression
in mnice. Percen égges of U6- (white bars) and Hl-shRNA nedi ated (grey bars)
r epr essi onPgtaile %F‘“lR}'é‘i"P@rfé%"@ Menkiey are shown. ND: not deternined.. WO
20041 035782 PCEHEPIRAAY 0dRRRS aBkaiyeth RRECHIGRkhOInflntighe gkl On The
term"living organi sns® according-to e present 1 nvention relates to

mul ti-cell rmﬂt@-&nil sorgapigo whn:hb@am Pe nliviver vetsebiades ((herenafién eshostivrt |y
referred tp r ] Q@ s such
as rodents |ncfl\é§| s %QF-EF&[? %Sjlé@@h L W?r‘%(%g gon?ﬂ@nﬁﬁ%ﬁ%ﬁaﬁ% (e.qg.
fish) or cas r@d}ents\(mclmbm@msemdrraeas etusartdshmnammynsnommmdbsa(@lgants

(hi gher pl or. fu Most preferr dlivin ani s

vert ebr at eggh) °h cﬁg PchVe?B'%h%?:t&s aTHENs PEHNSe s(gué"’ot'f&\ Garh?@op[ﬂnﬁf‘g to the
present i nmﬁghepﬂiah@g‘ edlgi @rOf L. Mt gréferedpieing dgbanieths! drei igtabregi sns -

(1 ncl udi ng, organs._ an whiech are cultured in vitro. "Cell culture”

accordi ng trbpﬁfﬁ'éuﬁfé%'éﬁta"ﬁr#ﬁhtl on Includes cells isolated from the above
defined living organlsns_mhlch are cultured in vitro. These cells can be
transfornmed (imor talized) untransforned (directly derived fromliving
or gani sns; "Pesutaeyitural |acmndmﬁ 9 thﬂW@Séa‘bwggtl% refecs é@ pade &f dhaghevet he
i nvention S r ion
into the ngéf':‘%’egﬁég cﬁ@%n%?&f m:‘glhge |2®§P§t e ce ‘”E‘%c‘ﬂ'r Fﬁ%é(%/dé%?%ézﬁfor
transi ent witteegrati on are al so contenpl ated). It is noreover preferred that
it contains honol ogous sequences suitable for. targeted i nt egr ation at a
defined |l ocus, preferably at a polynerase ||

' "Cell culture" according to the present invention includes cells isolated from

‘the above defined living orgamsms which are cultured in vitro. These cells can
be transformed (immortalized) or untransformed (directly derived from living
organisms; primary cell culture).

- The expression vector accordfng to the invention of the present application is
suitable for stable integration into the living organism or into cells of the cell

" culture (vectors for transient integration are. also' contemplated). It is
moreover preferred that it contains homologous sequences suitable for
targeted integration at a defined locus, preferably at a polymerase II
dependent locus of the living "organisms or cells of the cell culture. Such '
polymerése 1I dependent locl include, but are not limited to, Rosa26 locus (the
rnurine» Rosa26 locus being depicted in SEQ-ID‘-NO:l), collagen, RNA
polymerase, actin and'HPRT. "

The expression vector may further contain functional sequences selected from
splice acceptor sequences (such -as a splice acceptor of adenovirus, etc.),
polyadenylation sites (such as synthetic polyadenylation sites, the



dependent |ocus of the living 'organisns or cells of the cell culture. Such
pol ynerase |1 dependent |oci include, but are not limted to, Rosa26 |ocus
(the rmurine Rosa26 | ocus being depicted in SEQ ID NO 1), collagen, RNA

pol ynmer ase w@gdousm3saged HPRT. The expression vector may f petripeeoosontai n
functional sequences selected from splice acceptor sequences (such as a
splice-acceptor of adenovirus, etc.),- gol yadenyl ation sites (such as"

synt heti c pol yadenyl ation sites, the WD 2004/ 035782 PCT/ EP2003/011233 8
pol yadeny| gdlyadersildtorfsifeuinh@hamt frovrhmbeesiones, bhetHe kirg), sekegbabl e

mar ker sequea%:es (such as the neonycin hoighotransferase gene of E. coil
t r ansposonMaEfer sequenges {puch, gs (ﬁh?t‘"@@é"‘%ﬂb pephatransherage gese Hckofeing to
the inventy-ghsdotoR! efcey,atky selected frompolymerase I, Il and |11

dependent pronoters, preferably is a polymerase Il or 11l dependent
promoter including, but not linmted to, a CW pronoter, a CAGGS pronoter, a

r oot br - T BpRERUS briRordr EES e gocdtBEDCthetlndy K pretelcll)
pronot er csetedied dramnpolymarase [piloand dil, dependantproaroteisn durefapbisly pis aot er .
Suitable i i_bl h b - i IR I | d
7' dependBiit Pasho e 5t HiclithePEnt BEr Rt T GRnaC 258 ark dmiFRE B bMbue "ot

limted topronedter, R IAGESBrogiotar, ANshRNP pesabar stehtady USS a tRMAdenmeMA on s
suitable for the fol | ow ng parti.cul arla/ preferr?\{d ap&)r@oaches (for

const i t ut i MOMHET iSHE0cADIE. X SRUSSPIONYCtER, 22/ PoIRNA PrefBpEaidént Bridthth er
(consti tut hapnddar, &k, or the Iike) 'driven shRNA construct (to be integrated
into a.ubi-guitously active Pol- Il dependent |ocus (see Fig. 2); B. a Pol
111 depend Lﬂ?!@w%@@r,r{rpﬁmielr e besa meNGHuiiMe Pidtedtedr ofefan shiRNm

const ruct (el ﬁ@@g@;ﬁ. cSutdl AallbRUbrOHSIsks6id Ve Piloyklmefifaaaslen

| ocus (Fig . a pol ynerase ~dependent pronot er

(i nduci bl ep@imenase hl [IT kand HIi depersteREApcomstaraccolitaining &nt egerated into a
ubi qui f[_.o ussL,é/qL%%tcéYr?cIE&hgl Eut not limited to, tet, Gal4, lac, etc.

. The expressipn vector of the invention is suitable for the following particularly
, : preferred approaches (for constitutive and inducible expression):

' A. a Pol I1I dependent promoter (constitutive U6, H1 or the like) driven
shRNA construct (to be integrated into a ubiquitously active Pol II
dependent locus (see Fig. 2); .

B. a Pol III dependent promoter (invducibie U6, H1 or the like) driven
shRNA construct (to be integrated into a ubi'q&itously active Pol II
dependent locus (Fig 3 and 4)); or

' C. a polymei-ase ‘II (Pol 1II) dependent promoter (inducible CMV or the like)
driven shRNA construct (to be integrated into a ubiquitously active Pol II
dependent locus (Fig. 5 and 6)). ' '

The ShRNA within the vector of the invention preferably comprises
(T) at least one DNA segment A-B-C wherein
A is a 15 to 35, preferably 19 to 29 bp DNA sequence being at least
- 95%, preferably 100% complementary to the gene to be knocked down (e.g.
firefly luciferase, p53, etc.); ‘ N



dependent locus (Fig. 5 and 6)). The ShRNA Wthin the vector of the

I nvention preferably conprises (1) at |east one DNA segnent A-B-C wherein A
is, a 15 to 35, preferably 19 to 29 bp DNA sequence being at |east 95%

pref erabl y Ww0Q#smesmt enentary to the gene to be knocked wgwpabt@igizas firefly
| uci ferase, p53, etc.);. WD .2004/035782 PCT/ EP2003/011233 9. B is-a spacer
DNA sequence having 5 to 9 bp form ng t9he | oop of ‘the expressed RNA hair
pin nmolecule, and Cis a 15 to 35, preferably 19 to 29 bp DNA sequence bei ng
at |least 85% @O r

pol yadenyl ati on gg%&g%géla Age% gq%er?g%g fé'lrh%lg Bi&g%]\%n of a-
gi ven t argapressed RNA hatrl pin mnlewmle; and he art (see e.g. the partlcul ar shRNA

by tho ski 11 od APt st oS Tepee=8pas 8 a8 2h e SR el BB L er ence
gene CDH 185Pgapaqutcieatagdiochg BEGA&GAGACBodct gggagact t ct ca (19) Brummel kanp
p53 Gactcc gatctacTT t agat t accact ggagtc (20) et ai., CDC20
gcaggact@gggg g‘:’ffsll @E’%@Eﬁ@gee §AUENEr gccg (21)- Science, 296: 550- 3
(2002) -1 11 CYLD Cctcatgcagttct cttthTCAAGAGAcaaagagaact gcatgagg (22) .

Koval enko et at, Nature, 424:801-5 (20 Rg
Aagat gaagceuiEaie shRNA: sSaNencss flt g sk gﬂ@m e ?cﬁ"t'e"( tanpekgre Rrevell .| Gap

Nature = Bi gl R0 (séd P theBhrtidlAMOshRNA sequences mentioned In Tables

land 2 below) or can readily be determined by the skilled artesian.

Table 1:.

target . shRNA sequence /SEQ ID NO Reference
gene '

CDH-1 | TgagaagtctcccagtcagTTCAAGAGActgactgggagacttctea (19) Brummelkamp
p53 GactccagtggtaatctacTTCAAGAGAgtagattaccactggagte (20) et al., .
CDC20 | CggcaggactccgggecgaTl TCAAGAGAtcggeecggagtectgeeg (21) | Science, 296:
o ' 550-3 (2002).
CYLD CctcatgcagttctcttthTCAAGAGAcaaagagaactgca,tgag'g {22) Kovalenko et
. o ' al, Nature,
424:801-5
- ) ) (2003).
Ras- - | AagatgaagccactcectatttCAAGAGAaaatagggagtggcettcatctt (23) | Kunath et al,,
Gap K ! o ‘ | Nature )
‘ ‘ : Biotechnology,
21:559-561
- 2003).
tubulin | GacagagccaagtggactcACAgagtccacttggctetate (24) | Yu et al.,
. - PNAS, 99:
6047-52
S : | (2002)
lamin Ctggacttccagaagaacattcgtgtictictggaagtceag (25} Paul et al.,

: . Nature Bio-
technology,
20:505-8
(2002).




tubul i n Gacagagccaagt ggact cACAgagt ccacttggctctgtc (24) Yu et at., PNAS, 99:
6047-52 (2002) |lam n Ctggacttccagaagaacattcgtgttcttctggaagtccag (25) Paul
et al., Nature Bio- technology, 20;505-8 (2002). WD 2004/035782

PCT/ EP2003M3.3603835782 10 Tabl e 2 shRNA sequences known PrwmeBnsmoieiskanp et
al ., Nature, 424:797- 801(2003): Target shRNA Sequence / SEQ ID NO GCene
UBI QUI TI N GAGATTGGTCCAGAACAGT TTCAAGAGAPGTGTT cTGGACCAATCTC (26)  CARBOXYL-
GCCCTTCCGATCATGGTAGT TCAAGAGACTACCATGATCGGAAGGGEC (27) TERM NAL

AT TAGET AT AT T N AT SR AR P80 Ny o 47~

ACCACAAACRIGENGIAT TCAAGAGATCGTTCCGCCGTTTGTGGT (30). CARBOXYL-
GAGGGTCTTGGA TCTTCAAGAGAGAAGA TERM NAL
GTCCATGCCCAG%%CATTCAAGAGATGTAC%T‘ %TEGGA; % ?giz)m HYDROLASE11
GCTGGACACCCT CRERBGAGT TCAAGAGACT CCACGAGGGTGTCCAGC (33)  UBI'QUI TIN
GAAT AT CHBIIUINNT GAGT ERGARR TN ERARSIETT CPAGAGRACTE BT GGBARBEKYIC (26)
TGGACT T@AWAATGWWT$@@@‘M@$@A AWERMMQC (27)
TATTGAATEINAET GGACTE ORAGAGATT DARCEETT AL £28)
TTGTAU@X@#@%&G?GC%W@KWWG TAT%ﬁgé‘ﬁATG (29)
GATCAATGATAGGTTTGAATTCAAGAGATTCAAACCTATCATTGATC

GGAGTTT@\@U&@N r AAA$¢@M@(@@@QG@N@§WW€@P@@ GCCGTTTGTGGT (30) .
A et (ALSAGT CCAAGACCCTC (31)
AG i@q C (32)
\AGA cg@; C (33)
UBIQUITIN _ GAATATCAGAGAA‘!TGAG‘ITFCAAGAGAACTCAAWCTCTGATATTC (34)
CARBOXYL- TGGACTTCATGAGGAAATGTTCAAGAGACATTTCCTCATGAAGTCCA (35)
- TERMINAL TATTGAATATCCTGTGGACTTCAAGAGAGTCCACAGGATATTCAATA (36)

HYDROLASE 10 TTGTACTGAGAGAAACTGCTTCAAGAGAGCAGTTTCTCTCAGTACAA (37)

HAUSP. - - GATCAATGATAGGTTTGAATTCAAGAGATTCAAACCTATCATTGATC (38) -

: ) , GGAGTTTGAGAAGTTTAAATTCAAGAGATTTAAACTTCTCAAACTCC (39)
GAACTCCTCGCTTGCTGAGTTCAAGAGACTCAGCAAGCGAGGAGTTC (40)

© CCGAATTTAACAGAGAGAATTCAAGAGATTCTCTCTGTTAAATTCGG (41)

UBIQUITIN GACAGCAGAAGAATGCAGATTCAAGAGATCTGCATTCTTCTGCTGTC (42)
CARBOXYL- ATAAAGCTCAACGAGAACCTTCAAGAGAGGTTCTCGTTGAGCTTTAT (43)
TERMINAL GGTGAAGTGGCAGAAGAATTTCAAGAGAATTCTTCTGCCACTTCACC (44)

HYDROLASE 8 GTATTGCAGTAATCATCACTTCAAGAGAGTGATGATTACTGCAATAC (45)

_FL310785 GATATGGGGTTCCATGTCATTCAAGAGATGACATGGAACCCCATATC (46)

' ) GGAGACATGGTTCTTAGTGTTCAAGAGACACTAAGAACCATGTCTCC (47)

AGCACCAAGTTCGTCTCAGTTCAAGAGACTGAGACGAACTTGGTGCT (48)
GATGCAACACTGAAAGAACTTCAAGAGAGTTCTTTCAGTGTTGCATC (49)

KIAAQ710 GTCAATGGCAGTGATGATATTCAAGAGATATCATCACTGCCATTGAC (50)
' CCTGCTAGCTGCCTGTGGCTTCAAGAGAGCCACAGGCAGCTAGCAGG (51)
CCACCTTTGCCAGAAGGAGTTCAAGAGACTCCTTCTGGCAAAGGTGG (52)
CCCTATTGAGGCAAGTGTCTTCAAGAGAGACACTTGCCTCAATAGGG (53)

FL112552/ - GAAGGAAAACTTGCTGACGTTCAAGAGACGTCAGCAAGTTTTCCTTC (54)
FL114256 CTCACCTGGGTCCATGAGATTCAAGAGATCTCATGGACCCAGGTGAG (55)
‘ GCTGTCTTACCGTGTGGTCTTCAAGAGAGACCACACGGTAAGACAGL (56)
CCTGGACCGCATGTATGACTTCAAGAGAGTCATACATGCGGTCCAGG (57)

KIAA1203 GTCAATGGCAGTGATGATATTCAAGAGATATCATCACTGCCATTGAC (58)
' CCTGCTAGCTGCCTGTGGCTTCAAGAGAGCCACAGGCAGCTAGCAGG (59)
CCACCTTTGCCAGAAGGAGTTCAAGAGACTCCTTCTGGCAAAGGTGG (60)
CCCTATTGAGGCAAGTGTCTTCAAGAGAGACACTTGCCTCAATAGGG (61)



CARBOXYL- ATAAAGCTCAACGAGAACCTTCAAGAGAGGTITCTCGITGACGCTTTAT (43) TERM NAL

GGTGAAGT GGCAGAAGAATTTCAAGAGAATTCTTCTGCCACTTCACC (44)  HYDROLASES
GTATTGCAGTAATCATCACTTCAAGAGAGTGATGATTACTGCAATAC (45) FU10785
GATATGCEGT T 60d /e85 TdCAAGAGAT GACATGGAACCCCATATC (46) PCT/EP2003/011233
GGAGACATGGTTCTTAGTGT TCAAGAGACACTAAGAACCATGICTCC (47) _ :
AGCACCAAGT TCGTCTCAGT TCAAGAGACT GAGACGAACT YGGTGCT . (48) ~
GATGCAACACTGAAAGAACTTCAAGAGAGT TCTTTCAGTGITGCATC '(49), Kl AA0710
GTCAATGGCAGT GATGATATTCAAGAGATATCATCACT GCCATTGAC (50)

CCTGCTAGEF % 5G7GT GCCT EAMT S CREATICAAGRARECAAEOAATTCGGATTTCC (62)
CCACCTTTGCCAGAAGGAGT: W ACAZYTGAAGAAATGTG (63)
CCCTATTGAGGCAAGT GT C1 TAB AR GNGITAB AGEACTICAAGAGES (I GABCATCSERITG (64)
GAAGGAAAACT T.GCT GACGT GCrAGNBACHACATIGOTTAAGSIARL GBI G TABGTAPRBGC (65)
CTCACCTGGGTCCATGAGATT CAAGAGATCT CATGGACCCAGGT GAG (55)

CCTGT CT TACGHHGTEH B GCAAEASY GACATEGTANBEEAECARSBYCAGGCACAAGCCC (66)
CUGGACG@GMF@TATGAGGWGWWG@MT@TMMM@GGC (67)
GTCAATGGCAGT GATGATATIEMMMFGGMEWGGE&;CTT GGCTTCAATC (68)
CCTGCTAGCTGCCT GT GGCT TEARAGIACIA CAGTLRGCTAGRARISA BIHGGAGCAGGCGCCA (69) -
CCACCTTTGCCAGAAGGAGT TCAAGAGACTCCT TCTGGCAAAGGT GG ( 60)

CCCTAT TGABIQUANBTCRC T AN EGEACTICECET CARBAGACCACASAGLL DRI IS 7(72)
PCT/ EP20B3X 0+ TERMINAL G@QAG%M:}TCTGCC’ITCAAGAGAGGCAG TAATTATGCTTCC (71)
CACATTTOPRE CTCCTCTGCAAG (73)°

EIFARE %ggj@mg ﬁi ar
ST CCAG (76)
GAA CCGCCCATCTAA (77)
C
cen

%ﬁéﬁé%@éﬁw)

AGAACAGCTGTG (81)

KIAA1891 / GTGGAAGCCTTTACAGATCTTCAAGAGAGATCTGTAAAGGCTTCCAC (82)
FL125263 CAACAGCTGCCTTCATCTGTTCAAGAGACAGATGAAGGCAGCTGTTG (83)
B CCATAGGCAGTCCTCCTAATTCAAGAGATTAGGAGGACTGCCTATGG (84)
TGTATCACTGCCACTGGTTTTCAAGAGAAACCAGTGGCAGTGATACA (85)

. FLJ14528 (similar CATGTTGGGCAGCTGCAGCTTCAAGAGAGCTGCAGCTGCCCAACATG (86)
to UBP8) CACAACTGGAGACCTGAAGTTCAAGAGACTTCAGGTCTCCAGTTGTG (87)
! " GTATGCCTCCAAGAAAGAGTTCAAGAGACTCTTTCTTGGAGGCATAC (88)
- CTTCACAGTACATTTCTCTTTCAAGAGAAGAGAAATGTACTGTGAAG (89)

U4/U6 TRI SNRNP GTACTTTCAAGGCCGGGGTTTCAAGAGAACCCCGGCCTTGAAAGTAC (90)
65 kDa protein  CTTGGACAAGCAAGCCAAATTCAAGAGATTTGGCTTGCTTGTCCAAG (91)
: GACTATTGTGACTGATGTTTTCAAGAGAAACATCAGTCACAATAGTC (92)
GGAGAACTTTCTGAAGCGCTTCAAGAGAGCGCTTCAGAAAGTTCTCC (93)

. XM_089437 GACGAGAGAAACCTTCACCTTCAAGAGAGGTGAAGGTTTCTCTCGTC (94)

‘ - ACATTATTCTACATTCTTTTTCAAGAGAAAAGAATGTAGAATAATGT (95)
AGATTCGCAAATGGATGTATTCAAGAGATACATCCATTTGCGAATCT (96)
CATTCCCACCATGAGTCTGTTCAAGAGACAGACTCATGGTGGGAATG (97)

KIAA1453 GATCGCCCGACACTTCCGCTTCAAGAGAGCGGAAGTGTCGGGCGATC (98)
' CCAGCAGGCCTACGTGCTGTTCAAGAGACAGCACGTAGGCCTGCTGG (99)
GCCAGCTCCTCCACAGCACTTCAAGAGAGTGCTGTGGAGGAGCTGGC (100) -

CGCCGCCAAGTGGAGCAGATTCAAGAGATCTGCTCCACTTGGCGGCG (101)



| SOZYME LS CTr GCAGAGGAGGAACCCATTCAAGAGATGGGTTCCTCCTCTGCAAG (73)
CAR- GCAAACAATCAGCAATGCCTTCAAGAGAGGECATTCCTGATTGITTGC (74)
Tr GGACTGATTCATGCTATr mCAAGAGAATAGCATGAATCAGTCCAA (75)
CTGGCAATr CGlv#ob4A0ATsRCAAGAGATACATCAACGAATTGCCAG (76)
TTAGATGGEGCGGAAGCCATTTCAAGAGAATGGECTT CCGCCCATCTAA (77)
GAGGAGT CTCTGGGCTCGGT TCAAGAGACCGAGCCCAGARAGTCCTC ( 78)
GAGCTGAAGGGACAAGAAGLTCAAGAGACTTCTTGTOO0OTTCAGCTC (79). HYDROLASE
TGTCGGGTAGATGACAAGGTTCAAGAGACCTTGTCATCTACCCGACA ( 80) . | SOZYMELI
CACACCT GLIZERCT GT T C1GRMNANGEGACAAGAEAACASE NG A TEATGEAAARITC (102)
GTGGAAGCCT T TACAGAT GTHAZMIAGGATAT G CABRAATEATEBGACCLREGCGRAGEIRI TTG (103)
CAACAGCTGCCTTCATCTA A A NGiG A GCGCTAGGCCGT (104)
CCATAGGCAGTCCTCCTAAﬁ@M@ﬁW@WG%a{ GAGAGGTTACAG (105)
TGTATCACTGCCACTGGTI TTCAAGAGAAACCAGTGGCAGTGATACA ( 85) FU14528 (sim |l ar

uBl QUI TIN
BOXYL- TERM NAL
HYDROLASE

| SeEYe2003011233

uBl QUI TIN CAR- -
BOXYL- TERM NAL

CATGT TCI‘B@@QG@T@CACIJT TW@@WWC@Q ATGE&%GA (106)

CACAACT EALSEAICEACTAGHTEAGASACTCTCGCTTCA (107)
GTATGOCTR @A (3] @ [TAGCACTCCATC (108)

CTTCACA F TCTCL - FAATRTIEAAGE (109)

TRI SNRNPGTACTS TCAAGGCCGGGGlTFCAAGAOOCCGGCCTTGAAAGTAC (99) , 85 kb protein
CTTGGA POMAAGIEGEAACGTGGTCAGGS (110)
GACTATTC ‘(ﬁ' CA GCGAAGG%%}% (iig

GGAGAA CROE! MBS

GACGAGAC A§ G (113)
ACATTATI CTTTT,

A

’AVA A

AGATT Ol

AT
GC (116)
My REESLCT, mE@AAﬂﬁhTCATGAAGTAG (117)
CCAGCAGGCCTACGTGCTGTFCAAGAGACAGCACGTAGGCCTGCTGG( 9)

GCCAGCT GERASACCACTE, WWMMA@@GAAGGGWA&% 18%
88)

Bl N
CGCCCOCAAGT GLAGCAGATEABAKINASIHCREEA EEAETTICAAGAGRGC EO R AMEY CLO R
PCT/ EP2003/ 011233

- emspliumeKACCTGTFrCAAGAGAACAGGTrCAGTCTTCCAAG (120)
. yilef CA(BQQIACAAAGGAGTI‘G (121)

KIAAI 350 GATGTTGTCTCCAAATGCATTCAAGAGATGCATTTG GAGACAACATC (122)

' CGTGGGGACTGTACCTCCCTTCAAGAGAGGGAGGTACAGTCCCCACG (123)
GTACAGCTTCAGAACCAAGTTCAAGAGACTTGGTTCTGAAGCTGTAC (124)
UBIQUITIN GATGATCTTCAGAGAGCAATTCAAGAGATTGCTCTCTGAAGATCATC (125)
CARBOXYL- - GGAACATCGGAATTTGCCTTTCAAGAGAAGGCAAATTCCGATGTTCC (126)
TERMINAL © *©  GAGCTAGTGAGGGACTCTTTTCAAGAGAAAGAGTCCCTCACTAGCTC (127)

HYDROLASE 25

UBIQUITIN
CARBOXYL~

. TERMINAL
" HYDROLASE 16

- USP9X

uspay

GCAGGGTTCTITAAGGCAA']TCAAGAGATTGCC'!T AAAGAACCCTGC (128)

TCGATGATTCCTCTGAAACTTCAAGAGAGTTTCAGAGGAATCATCGA (129)
GATAATGGAAATATTGAACTTCAAGAGAGTTCAATATTTCCATTATC (130)
GTTCTTCATTTAAATGATATTCAAGAGATATCATTTAAATGAAGAAC (131)
GTTAACAAACACATAAAGTTTCAAGAGAACTTTATGTGTTTGTTAAC (132)

GTTAGAGAAGATTCTTCGTTTCAAGAGAACGAAGAATCTTCTCTAAC (133)
GTTGATTGGACAATTAAACTTCAAGAGAGTTTAATTGTCCAATCAAC (134)
GGTTGATACCGTAAAGCGCTTCAAGAGAGCGCTTTACGGTATCAACC (135)
GCAATGAAACGTCCAATG GTTCAAGAGACCATTGGACGTTTCATTGC (136)

AGCT. AGAGAAAA'ITC'IT CGTTCAAGAGACGAAGAATTTTCTCTAG C’T' (137)
GATCCTATATGATGGATGATTCAAGAGATCATCCATCATATAGGATC (138)
GTTCTTCTTGTCAGTGAAATTCAAGAGATTTCACTGACAAGAAGAAC (139)
CTTGAGCTTGAGTGACCACTTCAAGAGAGTGGTCACTCAAGCTCAAG (140)



CAAACAGGCTGCGCCAGGE  UCAAGAGAGCCTGGECGCAGCCTGITTE 103)
ACGGCCTAGCGCCTGATGGT TCAAGAGACCAT CAGGCGCTAGGECCGT( 104)

CTGTAACCT CTCTGATCGGT TCAAGAGACCGATCAGAGAGGTTACAG( 105)  UBI QUI TI N
TCTGTCAGT CONDQOTMBBERT CAAGAGAGCCAGGATGGACTGACAGA( 106)  SPEEHE#2803/011233
TGAAGCGAGAGT CTTGFGATTCAAGAGATCACAAGACTCTCGCTTCA( 107)  PROTEASE 18
GATGGAGT GCTAATGGAAATT CAAGAGATTr CCATTAGEACFCCATC( 108)  ( USP18)
CCTTCAGAGATTGACACGCT TCAAGAGAGCGTGTCAATCTCTGAAGE 109)  UBI QUITIN
CCTGACCACGTTCCGACTGTTCAAGAGACAGTCGGAACGTGGTCAGG( 110) CARBOXYL-

KEAYGD ACTCGOEFAMAGRTC (141)

GACT GCCTAREXXLETf mﬁmmmm@@zmm G TA GQIVIORGEASE (242)
CGCCGAGERRMINAET ACT CETERATSRINEAGEA %ﬁy AEAN (143) .
GCGAGAYRRRAASECT G1 FACRACRERNCABFEETATENCAPETASFAAPATCS (144),
GGACGAGAATTGATAAAGATTCAAGAGATCTTTATCAATTCTCGT és)m TERM NAL

GCACGAG&W@@GAATﬁﬁ@M@EKWWﬁW@@T
Y, G0 i TFeC W (145)
A AAGCTATAGCG (147)

ZAGA GCCAGGATATC (148)
CAACT TGCA] Nt - Tcgf C (149)
TX: (el \ZAAT C (150)

GATGTTGTCTCCAAATGCATY A TTTAGGAGGGC (151)
CGTGGGGACTGTACCTCCCE e
GTACAGCTTCAGAACCAAG Nicciuh " QT] N
GATGAT GCAATTCAAG ' YL - |
GGAACAT GCCT RS 1 Wc Ccern A ((1153))
GAGCTA TH R ATA LG )
GCAGGGT l@_ﬁiﬁmﬁmﬁf@&ﬂ@ﬁmﬁém ACﬁﬂSﬁéTEANlS 6)

TCGATGATTCCTCTGAAACTTCAAGAGAGT TTCAGAGGAATCATCCA(129) CARBOXYL-

GATAATGGQE%E ANLCAACH ARARAASAC AT T TERRBAGAGEAARSIG TCT ERMIE (157)
GTTCTTCARECIARA T GAT A CECANGHRENTAR CAG S AR R RERSAGAATL T, Wm&é@@ 8)
GI TAACAPRGEEISTREAGT GRISACECHVEEHE A RGAGICARGREAN AT ZLCATISBOACACC (159)
GT TAGAGRROFFARETACGT BABABCOGACOBEABAGRT T RTELMCT IZT P GGTCGGCATTC (160)
GTTGATTGGACAATTAAACTTCAAGAGAGT TTAATTGT CCAATCAAC( 134) .

HYDROLASE 23

uBP-32.7

- CYLD CAGTTATATTCTGTGATGTTTCAAGAGAACATCACAGAATATAACTG (161)
GAGGTGTTGGGGACAAAGGTTCAAGAGACCTTTGTCCCCAACACCTC (162)
GTGGGCTCATTGGCTGAAGTTCAAGAGACTTCAGCCAATGAGCCCAC (163)
GAGCTACTGAGGACAGAAATTCAAGAGATTTCTGTCCTCAGTAGCTC (164)

UBIQUITIN TCAGCAGGATGCTCAGGAGTTCAAGAGACTCCTGAGCATCCTGCTGA (165)
CARBOXYL~- GAAGTTCTCCATCCAGAGGTTCAAGAGACCTCTGGATGGAGAACTTC (166)
TERMINAL GCCGGTCCCCACCAGCAGCTTCAAGAGAGCTGCTGGTGGGGACCGGC (167)
HYDROLASE 2 CACTCGGGAGTTGAGAGATTTCAAGAGAATCTCTCAACTCCCGAGTG (168)
UBIQUITIN . . GCCCTTGGGTCTGTTTGACTTCAAGAGAGTCAAACAGACCCAAGGGC (169)
SPECIFIC - CTCAACACTAAACAGCAAGTTCAAGAGACTTGCTGTTTAGTGTTGAG (170)
PROTEASE 3 GATTTCATTGGACAGCATATTCAAGAGATATGCTGTCCAATGAAATC (171)
(USP3) CATGGGGCACCAACTAATTTTCAAGAGAAATTAGTTGGTGCCCCATG (172)
UBIQUITIN GGTGTCTCTGCGGGATTGTTTCAAGAGAACAATCCCGCAGAGACACC (173)
- CARBOXYL- AGTTCAGTAGGTGTAGACTTTCAAGAGAAGTCTACACCTACTGAACT (174)
TERMINAL GAGTTCCTGAAGCTCCTCATTCAAGAGATGAGGAGCTTCAGGAACTC (175)

GGATTTGCTGGGGGCAAGGTTCAAGAGACCTTGCCCCCAGCAAATCC (176)

CTCAGAAAGCCAACATTCATTCAAGAGATGAATGTTGGCTTTCTGAG (177)
CGCATTGTAATAAGAAGGTTTCAAGAGAACCTTCTTATTACAATGCG (178)
GGGAGGAAAATGCAGAAATTTCAAGAGAATTTCTGCATTTTCCTCCC (179)
TTACAAATTTAGGAAATACTTCAAGAGAGTATTTCCTAAATTTGTAA (180)




GGTf GATACCGTAAAGCGCT TCAAGAGAGCGCT 1 TACGGTATCAACC( 135)

GCAATGAAACGT CCAATGGT TCAAGAGACCATTGGACGTTTCATTGC( 136)  USP9Y
AGCTAGAGAAAATTCTTCGT TCAAGAGACGAAGAATTTTCTCTAGCT( 137)

GATCCTATAT GAT6a$iG0FECAAGAGAT CATCCATCATATAGGATC( 138) PCT/RP2003/011233
GTf CTTCTTGTCAGTGAAATTCAAGAGATTTCACT GACAAGAAGAAC( 139)

CTTGAGCTTGAGT GACCACT TCAAGAGAGT GGT CACT CAAGCT CAAG( 140) VO 2004/ 035782
PCT/ EP2003/ 011233 13 UBI QU TI N ,
GACCGGCCAGCGAGT CTACTr CAAGAGAGTAGACTCGCTGGCCGGTC( 141)  CARBOXYL-

GGACCT GGGEHMAGAPERACT W&ﬁeﬁﬁm@@&%ﬁmﬁ%ﬂﬁk 181
CTCT GT CAIGIONSINEPECT EEAATAL N AGCRAAT AGAGAS A AL TTGTRIRECA é\‘éfa
mmmmawmlmmmmmmmﬂbmm)
TGGCT TGTI ASTREAGGAT BCAAGAGATCTEA BAEFASASEORAL ITASTAGERRRIGREGC (184)
GTGAATTTGOBSAAGHAT AATTCAAGAGATTATCTTCCCCAAATT CAC( 146)  TERM NAL
CGCTATAGCTTGAATGAGTTTCAAGAGAACTCATTCAAGCTATAGCG( 147)  HYDROLASE 26
GATAT CCTUBIQDIUNCACAT CAAR SN DATGTBRANGUTABALABA CEGA/SI CCTIMAAGADOATC (185)
GAGCCAGTORREOMITAGATT GTARGBEMBTACAT COTRVGACRCCAAOFCTCTTGTCCATAC (186)
GTAAATr CIREAMIBAICGAAT TECAACACHAT FEEACHY CACAAGAE 0 FCAGAAGGGTTCG (187)
GCCCT CCT R RRUASEERAT FERRCATRASATTRERTT TTAGAS PIAATCTTCATGCCAC (188).
GTr GAGAAATGGAGTGAAGTTCAAGAGACTTCACTCCATTTCTCAAC( 152) UBIQUI TIN

GCTTGGAAURIREERAGGCGT REARGACAMSEATARIAAT TTICACGARAS! & TCCIPETTACE (189)
CTGCATCAFARFROACATCTH @WM\?@A@ ATﬁﬁtﬁ’%ﬂEEEC 390)
GATCA f i GA {191)
TGACAA GT AT A Tﬂ(m)
GAAATATAAGACAGATTCCTTCAAGA TCT T TAMT SPECI Fl c
CCCATCAABTH AGAGGATT§ 93y
GGTGTOCCATGGGAATATAT FEAASAS Al RS
GAATGOCGACCTACAAAGAT LERA Sl (196) -
CAGT' ATATTCTGTGATGTT GAATATAACT
g%T o BT N an SAETCh HE CigTaAGaTaGAGGC (197) .
R AT eETCTATGATGCAG (198)
GACCTACTAGACAGAAAT g (BN FETATGTAGTGATC (195]

GTAAAGAGAGCAGAATGAATTCAAGAGATTCATTCT GCTCTCTTTAC (200)

UBIQUITIN CGCGGGGCGCAGTGGTATCTTCAAGAGAGATACCACTGCGCCCCGCG (201)

- CARBOXYL- CAGAAGGCAGTGGGGAAGATTCAAGAGATCTTCCCCACTGCCTTCTG (202)
TERMINAL GCCTGGGAGAATCACAGGTTTCAAGAGAACCTGTGATTCTCCCAGGC (203)

HYDROLASE 4 ACCAGACAAGGAAATACCCTTCAAGAGAGGGTATTTCCTTGTCTGGT (204)

TRE-2 CACATCCACCACATCGACCTTCAAGAGAGGTCGATGTGGTGGATGTG (205) -

: GTCACAACCCAAGACCATGTTCAAGAGACATGGTCTTGGGTTGTGAC (206)
CTCAACAGGACAAATCCCATTCAAGAGATGGGATTTGTCCTGTTGAG (207)
TAGATCAA‘ITA'ITGTGGATWCAAGAGAATCCACAATAAWGATCT A (208)

- UBIQUITIN CAR- GGAACACCTI' ATTGATGAATTCAAGAGATFCATCAATAAGGTGTTCC (209).
. BOXYL-TERMINAL CTTTAACAGAAATTGTCTCTTCAAGAGAGAGACAATTTCTGTTAAAG (210)
© HYDROLASE 15 CCTATGCAGTACAAAGTGGTTCAAGAGACCACTTTGTACTGCATAGG (211)
" (UNPH-2). ‘GATCTTTTCTTGCTTTGGATTCAAGAGATCCAAAGCAAGAAAAGATC (212)

KIAA1372 CAGCATCCTTCAGGCCTTATTCAAGAGATAAGGCCTGAAGGATGCTG (213)
' GATAGTGACTCGGATCTGCTTCAAGAGAGCAGATCCGAGTCACTATC (214}
GACATCACAGCCCGGGAGTTTCAAGAGAACTCCCGGGCTGTGATGTC (215)
GGACACAGCCTATGTGCTGTTCAAGAGACAGCACATAGGCTGTGTCC (216)

BRCA1 GTGGAGGAGATCTACGACCTTCAAGAGAGGTCGTAGATCTCCTCCAC (217)
ASSOCIATED CTCTTGTGCAACTCATGCCTTCAAGAGAGGCATGAGTTGCACAAGAG (218)
‘PROTEIN-1 ACAGGGCCCCTGCAGCCTCTTCAAGAGAGAGGCTGCAGGGGCCCTGT (219)

GAAGACCTGGCGGCAGGTGTTCAAGAGACACCT GCCGCCAGGTCTTC (220)



UBI QUI TI N TCAGCAGGAT GCTCAGGAGT TCAAGAGACT CCTGAGCATCCTGCTGA( 165)  CARBOXYL -
GAAGTTCTOCAT CCAGAGGT TCAAGAGACCT CTGGATGGAGAACTTC( 166)  TERM NAL

GCOGGT COOCACCAGCAGCT TCAAGAGAGCT GCTGETGAGGACOGEX( 167)  HYDRO LASE 2
CACT CGGCAGT REA GAEATTICAAGAGAAT CTCTCAACTCOCGAGT 168)  UBlp@ohibhdds/o11233
GCOCTTGGGTCTGTTGACTTCAAGAGAGT CAAACAGACCCAAGGGD( 169)  SPECIFIC . .
CTCAACACTAAACAGCAAGTT CAAGAGACTT GCTGTTIAGIGITGAG 170)  PROTEASE 3 -
GATTTCATTGGACAGCATATTCAAGAGATATGCTGTCCAATGAAATC( 171)  ( USP3)
CATGGGGCA T CANGAGAANTT,
GGTGTCTCT%TTG%TCAAGAGAAWC&%GA G“‘%@% '“%m ooflcerns the
AG7TCAGT AGEPIAOSCHERNGAGAAGT CTACACCT ACT GAACY ( 174). TERM AL »
GAGTT OCr GAAGCTCCTCATr CAAGAGAT GAGGAGCTTCAGGAACTC( 175)  HYDROLASE 23
GGATTTGCTGGEGGCAAGGTT CAAGAGACCTTGOCCCCAGCAAATCC( 176)  UBP- 32. 7

CTCAGAAAGCCAACA THRDAT B AR GG &/ 9HPET TEBOFT INAGAG(IEZiRjng the antisense- and

GOCAGGAAAAT A a%ﬁ@&ﬁ%@%@ﬂ%ﬁﬁ%% firefly lucierase; pS3).

Tr ACAAATTAGGAAAWEEﬁéé\@ﬁ@%ﬁéE EHEGAARABEp&TERE] b§Q) sPHiRer @D 4/1Q3DBEL?).
PCT/ EP2003101123

GTTATGAATTGATAT &O\%‘%@&ﬁ%ﬁ?@ﬁﬂﬁ'%ﬂf th%eP@(ﬁr’ TIRNdgRed
GTGATAACACAACT: %FWTGA&@A@%?GMEFG@H Ghhaddve 182indulib &R&EE@E | 1
GTAGAGGAGAGT TCTGAAAT TCAAGAGAT TTCAGAACTCTCCTCTAC( 183) 13( SOPEP- .
GCCTCTAATCCTGATARETT TEARBROMenITATCAGGATTAGAGGE( 184)  TI DASE T-3) UBI QUI TIN

GTAT GEACM AT T AR A IR PO e RACE 0y ey g UPlaous

CGAACCCT TCT GGAAGXBTEREAAB GAATIETTHECh(WeAsAr hagtaleggus FRORMINSERS in ES
GTGGCATGAAGATTATAGT TTCAAGAGAACTATAATCTTCATGCCAC( 188) . - UBI QUI TI N
GGT GAACAAGGACA TCAAGAGAGATACTGTCCTTGTTCACC( 189)  CARBOXYL- .
GCAATAGAGGATGAT"EKEE@H@M(BA@AWM@ATM Eﬁ'dh‘f:‘lt[%:(iﬁl@lﬂ)ttonTERybh@\lexpressmn

TCTGTOANTGCAMGTICTECAMCACACAACLI TCECATTEACAGA191) | EXDRONGSEL e

GCAGGAAGATGC_CCAT%TQAAGAGATTCATGGGCATCT TCCTG( 193)

5. ‘Generation .of mice using the mentioned ES cells and analysis of the

inhibition of gene expression in several tissues (e.g. fi reﬂy luciferase; -

p53 e.g. through Western blot analyms)

‘The vector according to embodiment (4) of the invention is suitable for stable
- _or transient integration. Said vector is suitable for gene transfer.

I'The technology of the present application provides for -the following
advantages: . ' |

" (i) A stable and body wide inhibition of gene expression by generatlng
transgenic animals (such as mice). '
(i) A reversible inhibition of gene eﬁcpression using the inducible constructs.

The invention is furthermore described by' the following examples which are,
however, not to be construed so as to limit the invention.



GAATGTGCAATATCCTGAGT TCAAGAGACTCAGGATATTGCACATTC( 194)

TGGATGATGCCAAGGT CACTTCAAGAGAGT GACCT 7 GBCATCATCCA( 195)
GCTCCGTGCTAAACCTCTCTTCAAGAGAGAGAGGT T TAGCACGGAGC( 196) MOUSE USP27
GOCTOCACCT CARGAGAGSRTFCAAGAGACCT CTGTTGAGGTGGAGSC( 197)  HOWgh@B2003/011233
CTGCATCATAGACCAAATCTTCAAGAGAGATTTGGTCTAT. GATGCAE 198) . .
GATCACTACATACATI TCCT TCAAGAGAGGAAATGT. A'[GI AGT GATC(199) -

GT AAAGAGAGCAGAATGAATTCAAGAGATTCATTCT GCTCTCTTTAC(200) UBI QUITI N

WA%F TCAAGAGAGATACCACTGCGCCCCECE 201) . CARBOXYL-
CAGAAGGCAGT TTCAAGAGATCTTCCCCACTGCCTTCI ' 202) - TERM NAL.
GCCTGGGAGAATCACAGGT TTCAAGAGAACCTGTGATTCTCCCAGGEC( 203) HYDROLASE 4
ACCAGACAA TCAAGAGAGGGTATTTCCTTGTCTGGT(204) THE-2
CACATCCA CCTTCAAGAGAGGTCGATGTGGTGGATGT G( 205)

Gr CACAACCCAHW@EEEW@AGWE@@‘FW TOHEEACET GACE 2ZBerated by standard DNA

ACATCARTT AT O SRR P Ca AR GAACRRT NP IR BT LS4 e o ARl from

CCAACACCT TAHUKA GRAGAIESPECATHERERMNA Tadferd éel Am]@(:%%% firefX Yhciferidd ¥ic) -
CTTTAACAGAAATTGTCTCTTCAAGAGAGAGACAATTTCTGI T 10) HYDROLASE 1

CCTAT GCAGT Ao aa AT PTIbgee TS T, echz&mylru? RiFe: pgceptor site

T SRR S e Y B gt eS8,

GATAGTGACTCIB@W@'F@UEI@N&@AG&GEFXM‘MEA@TMA¢@Q@1@S rosa26 promoter. For

GACATCACA {ﬂ!, %%3&\ Bwfssmn cassettes

GGACACA
Gr GGAGGAGAT@EVKIRMB@'EITKSAAWMB?I’ EETRCATCIRCRASAE RETS (sesSSEQ| INTHD: 2).
CTCTTGTGCAACTCATGCCT' TCAAGAGAGGCATGAGITGCACAAGAG( 218) PROTEI'N-1
ACAGGGECCCCTGCAGCCTCTTCAAGAGAGAGGCTGCAGGEECCCTGT( 219)

GAAGACCT CEOCEICAGKareT TUROFAGATABKIETECHMUEAGENESTS 6X P2 Q5 YEL/A004208%/¥3 ES

PCT/ EP2003/011233 A%r eferred enbodj ment .of fhe nethod (2) of t he i_nvention
3 Ko GRomi

concerns theellss $er@vfaigied: oy as Prexigusty: Assrribe gAE HRRIANGY

cont ai ni ng th&anfhi Sease- La%gct &35 At LaBtaliry L MBS IROMBARLRRINGS tRe gene.

(e.g. fi ref}V}y l'uci f er ase;
ouse Embryo. (Co!d Sprtng Harbor Laboratory Press, Cold Spring Harbor

'NY.), pp. 253-289,). For Cre-mediated deletion, ES cells were transiently
transfected with 5 pg of the cre expression plasmid pCAGGScre (SEQ ID NO:

: 18) 24 h after transfection, 1000 ES cells were piated on a 10 cm dish.
Indlv:dual clones were isolated and analyzed for cre- -mediated recomblnatlon
by Southern blot using standard protocols.

For induction, cells were cultivated in cell culture medium containing 1 pg/ml
Doxycycline (Sigma) for 2 days. ' '

' For transient transfection of cells, mixtures of 350 ng supercoued plasmld DNA
pre-complexed with the FuGene6 transfection reagent (Roche Diagnostics
GmbH, Mahnheim, Germany) were added to the cells in 250 pi medium,
according to the manufacturers pfotocol. Each plasmid mixture contained 50
ng of the béta-galactosidase expression vector CMV-iacZ (SEQ ID NO: 17),

| 100 ng of CAGGS-Fluc (SEQ ID NO: 15), 100 ng of the tet inducible H1shRNA
vector (SEQ ID NO: 11, 12 or 13), and pUC19 to a total amount of 350 ng
DNA. For each sample to be tested four individual wells were transfected. One



Anti sense and sense-strand are separated by a spacer of 5to 9 bp (?). 2.
CGeneration of constructs for the expression of the above nentioned shRNA

under the control of a constitutive or inducible pronoter (Pol 1l or Pol
[ 1l dependeMt)2008035T83serti on of the nmentioned expressi onpCORBi0DII@LS3I Nt O a
ubqu|tous ‘expressed. Pol 11 dependent | ocus by honol ogous reconbination in

ES cells.: 4. Analysis of the constitutii7ve and inducible inhibition of gene
expressi-_on (e.g.  firefly luciferase; p53) in ES cells (e.g. through Wstern
bl ot anal yay s:)‘ter&he Gehitlart io6rthef DA gerepaiatigns hitheresll icanett Eedughlwasind .
anal ysi s of t.h i.nhi bition of gene expression in several tissues (e.g.
firefly | uEk IE“QQ p53 ‘e.’'g.” through Western bl ot analysis): The vector
according to enbodi-nent (4) of the invention is-suitable for stable or
transi ent |ntegration. Said vector is suitable for 0%ene transfer. The

t echnol ogyLusiferase measwrements Stahby; sangiree delst &7-00Rccals| wesi pigted on
advant agesy 44 lyeff gp?ét@belr&i aﬂshyQ@?msw deer! ED&uF% Eé§ %\9%‘% 8@%8%5% sﬂﬂq o i on

gener atl ng transgdgeni ¢ ani nal as m ce rever si
of gene expredlableldi hecifarase nkasaVbﬂ&@temnéEnoumw) afthea i Luraatt LBNO5GY

further nor b I are, however, nof to
be const r‘u§%8§§g§gel%gd)l%C#P&phgbltﬁgenqn L@ﬁ&%g%g%c@%smz PCT/ EP2003/ 011233
16 Exanpl @sardEntigdsandPeetedi celisoTSter cidlsiwere iRbéd pllSals:muud mrstrausfte@tmer e
ener at ed b S dayr d clonin tho the ter

19 ragment s i@ﬂ’b’?f "‘fq"D%ﬁytSBI;ﬁ E?&ﬂ?%teglﬁh EI 'I“FEP' erase

(R uc) andgblatsssldase uepb&eas‘gen(elfbm)y k:c:oplmﬂga D@@;mﬁcéfrmﬁe%)ate@ewereol aced
3" of the adengvirus 3p|| accepto SI te (Friedrich and Soriang, Genes

Dev. O: 151ge|§:giﬁ(gpg19§51 g@q i tergune the p-galactosidase activities
using the 8- galactOSIdase reporter gene assay (Roche Diagnostics) according

"to the manufacturers protocol in a Lumat LB 9507 luminometer (Berthold). To

" measure Luciferase activity, 20 pl of lysate was diluted into 250 ul assay buffer
(50mM glycylglycin, 5mM MgCl;, 5mM ATP) and the relative light units (RLU)
were counted in a Lumat LB 9507 luminometer after- addition of 100 pl of a 1
mM Luciferin (Roche Diagnostics) solution. | ‘

Generation_of _chimeric_mice: Recombinant ES cells were Injected into

blastocysts from Balb/C mice and chimeric mice were obtained upon transfer
of blastocysts into pseudopregnant females using standard protocols (Hogan et
al. Manipulating the Mouse Embryo: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor N{. _253-289 (1994)).

. Luciferase measurement in _organs: Organs Were homogeni‘zed at 4 °C in lysis

* buffer (0.1M KH,POs, 1mM. DTT, 0.1% Triton® X-100) using a ﬁssue grinder.
Spin for 5' at 2000xg (4 °C) to pellet debris ‘and assay supernatant for Luc

. activities using the Dual Luciferase Assay (Promega, Inc.) according to the
manufacturer protocol. '



and 7) to facilitate transcription fromthe endogenous rosa26 pronoter. For
honol ogous reconbi nation in enbryonic stemcells, the expression cassettes
were flanked by honol ogy regions for the Rosa26 | ocus (see SEQ ID NG . 2).
Cel | cul t ur ewoQuédroasmz and targeted mutagenesis of F1 ( Co7miy/fpasosidB3y/ Ev) ES
cells were carried out as .previously descri.bed (Hogan, B., Beddi ngton, R,
Costantini,F. and Lacy, E.- (1994). ‘A Labggatory Manual . In Mani pul ati ng the
Mouse Errbryo (Cold Spring Harbor Laboratory. Press, Cold Spring Harbor

NY.), pp. (ﬁg%a_gl) For Cre-nediated deletion, ES cells were transiently
transfected wt of the cre expression plasm d pCAGSScre (SEQ ID NO
18). 24 h- afheefi rqﬂrvdnglfeéase gane W withcespliceasceptor sequenee GFrisgirichatidsh.

| ndivi dual. SRS IR deeloat e by G iUl BAL HECIREgBINat o

by Sout hern uUsi ng st anadar fon
cul tivat.ed rogaZélidcusuiyt homomgmuenﬁcomﬂ:mamongnlESpgélm THaoshyRIYA lexpeesSBingna)

for 2 days. For. transje tra cel xtures of 350 . :
supercoi l eacaﬁfsﬁgﬁﬁ; d‘"ﬁ%nt r8°'§6?£|° x%'& &flt R" thg Hglcﬂ'f?é%orterra cfeactF{]e%Hlar eagent
(Roche Di agoeisériags ge@ébwerévm@mcrnnteemawdonwemeei@dﬁeﬂ\et fod=26 ReLs byl N 250
pi nmedium _ according to he manuf rers 2 ocol. Each plasm d m xture
cont ai ned FPMAIPIBES ¢ FREO 83| qdla %éteé%%q FAENFe VBT Y3 138c 2 ( SEQ

ID NO 17), ferdi@fc@go ﬂf)rrﬁ@l%stk@\k&uéssmﬂeﬁymlfé@e adi@fly1g of the tet
i nduci bl'e HIshRNA vector (SEQ ID NO 11, 12 or '13), and pUCl9 to a tot al

anount of 350 ng DNA. For. each sanple to be tested four individual wells

vere 1 anSTisglaly OB WOI0RA QRRIR L BFLLASR QOB R Srarkony (i Al (e

addi ti on of reparations, the ce ture Il um was exchanged.
Luci f er ase ofemste exm'asswrSpkﬁshydtgemnsatedttbd neghtive comtrol Figuek | 7shasvsethsl at ed

on a 24 we | I cl.LV et ect ed

using the r%%'iﬁ?ﬂr}lﬁ;i'ﬁ .fe(g% f%s yﬁ‘Sa‘i‘% alt")g%rllz’;r or?ggash% h ggkﬁu\r,ﬁst %B 9507

(E&GG Ber t haliRNA axpmssluong:dssettth.eEnpms‘slaatofrmesW aadés the Eomunsi efntHey '

transfecte gel | s;: The cek% wer e 4‘8 %ours a&e&&i sfectlg

100 pl / wel IMbf PIYRAEE Teshlie t'"SLﬁop'l’ ntBHIHA ™ Ofr Brellys MFIRRRIS 135, ¥‘tYrB
whereas the repression mediated by the U6-shRNA construct was ~60%,

o

" Example 2 _
The shRNA expression cassette under the control of the U6 promoter
‘containing tet-operator sequences, and a Renilla luciferase gene were inserted
into the first allele of the rosa26 locus (figure 8 and 12; SEQ ID NOs:9 and
10). Thé firefly luciferase gene under the control of the endogenous rosa2é
prombter and a tet repressor expression cassette (Gossen and Bujard, PNAS. -
89: 5547-5551 (1992)) was inserted into the 'second allele of rosa26 by
homologous recombination in ES cells (figure 8; SEQ ID NO:14). To determine

" the Iextent of shRNA-mediated gene silencing, the ceils were tréate’d for 2 days
in the presence or in the absence of 1 pg/ml Doxycycline in the cell culture
medium. Figure 10 shows the firefly luciferase activity measured in the cell
extracts. Doxycycline inducible expressmn of the shRNA under the control of
the usmm promoter (SEQ ID NO: 9 resulted in a ~30% reduction of firefly
luciferase activity, whereas repression mediated by the U6q, ~construct (SEQ
ID NO 10) reached ~50%. S '



gal act osi dase reporter gene assay kit, Roche D agnostics). The |ysates were
centrifuged and 20 pl were used to determ ne the p-gal actosidase activities
usi ng the 0-gal actosi dase reporter gene assay (Roche D agnostics) according
to t he manufvachewoss=z2protocol in a Lumat LB 9507 | um nonmtgep208mniael d). To
measure Luciferase activity, 20 pl of lysate was diluted into 250 01 assay

buffer (50mM glycylglycin; 5mM MyCl Z, 16nM ATP) and the relative light units
(RLU were counted in a Lumat LB 9507 lum noneter after addition of 100 pi

of a1 mi\kidiepikesin (Roche Di agnostics) sol ution. Generation of chimeric
m ce: Reconbinant ES cells were injected Into  blastocysts from Bal b/C nice

and chi merHFiX caller We@)ttéﬁﬁ%'th’pémﬂﬁf e8¢ eWitho FOMRFLRELS cEXArESSIRG othe

Phe. Wouse Eanyooe SRIrat Aehitaecr GRRGE ISI IPQ9E o SRPAR) Dooobr WA & 022

Col d Spri rehRibk bonsthts 268enB® cdrﬁgol)c)f.thewﬁi praraaier reai@inisgdet-operabomgans:

Organs wer Q 4 i ffer AMKH R 1 DTT, 0.1%
Triton(r) %%g?g‘ﬁz?%@%&c? |Ié '§°‘L‘g&r n%é%.ﬁd @Siéﬁk"éﬁ*’gs- Mgﬁ%&g}ﬂ’&bom(mra to

pel | et~ debaxsesdion af Faghs Wrifersadeaint tHeoabdante @ant invitd pms&st&ﬂ@ftlhﬁgﬁaal

Luci ferase, Assa (Pr , C acc to the nuf ur er ot ocol. WO
2004] 035764 % Sichest <epSS it Aeveling, diaualir | SRR i erisBroone

al ong wi t'hyds %@hie@edaﬁml@ﬁ@r H3gQLeRen{dtet, edéslﬂhn@raﬁ a S80PAREdudtrRpest Dev.
9:1513-23 (1991)) was inserted rnto the fi'rst allele of the rosa26 |ocus by
honol ogousfifiedly du@farass aetvity-ES cell s. The shRNA expression cassettes ‘under
the control of the HL or the U6 prompter and a Renilla |uciferase gene were
inserted into the second allele of the rosa26 |ocus by honol ogous

r econbi natExampl®i¥e Renilla |uciferase gene was' used as a reference to

nor mal i-ze AL i e,

| oxP-f1 ank+§%xﬁa\fx§§hgtacévs’fygé# g%ésgg’% %% tﬁgm@#e%“l@ﬁ@%%&?ﬁ%ﬂ Vo acre
expr essi on'qnbefﬂzﬁmaht@e:eﬂa eckre m@entfghmtueilmimdt b]aktochtngEI Ehlsmmwsnuﬁe
expressi on of absence an sen e of the

f fl | f h
ShRna oxpr 48 ibtainel chodn B SRl s BN S R b R BREREE. OF (e

Figure 13 shows the actlwty of f' irefly luciferase m different organs in the

presence and absence of the shRNA expression cassettes. The Renilla
luciferase gene at the second Rosa26 allelle served as a reference to normalize
the values of firefly luciferase activity. Expréssion of the shRNA under the
: }:ontrol- of both, the U6 as well as the H1 promoter resulted in efficient
" repression of firefly luciferase activity in most organs'(Fig. 13Aj, with the
highest degree.of reduction (>90%) in liver, heart, brain and muscle (Fig.'
13B). |



H1 pronoter resulted in a -75%reduction of firefly luciferase activity,
whereas the repression nedi ated by the U6-shRNA construct was X606/ o.
Exanpl e 2 The shRNA expression cassette under the control of the U6 pronoter
contai ning tet-operator sequences, and a Renilla luciferase gene were
inserted into the first allele of the rosa26 locus (figure 8 and 12; SEQ ID
NGs: 9 and 10). The firefly luciferase gene under the control of the
endogenous rosa26 pronoter and a tet repressor expression cassette (Gossen
and Bujard, PNAS. 89: 5547-5551 (19925% was inserted into the second allele
of rosa26 by honol ogous reconbinati on<Fn ES cells (figure 8; SEQ ID NO 14).
To determ ne the extent of shRNA-nedi ated gene silencing, the cells were
treated fOF in the presence or in the absence of | pg/nm Doxycycline
T cu ture

in the ce medium Figure 10 shows the firefly luciferase activity
measured in the cell extracts., Doxycycline inducible expressi on of the
ShRNA unde ntrol of .t et oi rom)t ) ed in a
-30% reduc{' y% Pf"’m eqﬁpyessllqjhvlegfo&gorge ‘T"Wt? Shléfgl;’gé?"} D%hg d| at ed

by the Ubt et @anstaisinder EokthiQf d Dbibiitd® pwméﬁéeleéﬁ%frmp?ﬁ%ﬁﬁé%éi&
PCT/ EP2003/ 011233 19 Exanple 3 NIH3T3 cells were transiently transfected
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Contains homologous sequences suitable for integration at a polymerase Il
dependant locus through homologous recombination in the genome of the
vertebrate, in the genome of the tissue culture or in the genome of the cells of

the cell culture including embryonic cells.

2. The use of claim 1,
wherein the expression vector further contains functional sequences
selected from splice acceptor sequences, polyadenylation sites and

selectable marker sequences.

3. The use of claim 2, wherein the polymerase Il dependent locus is selected
from a Rosa26, collagen, RNA polymerase, actin and HPRT locus.

4, The use according to any one of claims 1 to 3, wherein



Figure 13 shows the activity of firefly luciferase in different organs in
the presence and absence of the shRNA expression cassettes. The Renilla

| uci ferase gene at the second Rosa26 allele served as a reference to

normali ze the values of firefly luciferase activity. Expression of the
ShRNA under the control of both, the U6 as well as the H pronoter resulted
in efficient repression of firefly luciferase activity in nost organs (Fig.
13A), with the highest degree.of reduction (>90% in |liver, heart, brain
and nuscle (Fig. 13B). -20- CLAIMS: 1. Use of an expression vector
conprising a short hairpin RNA (shRNA)'Zl:Dnstruct under control of a

ubi qui tous pronoter selected frompolynerase I, Il and Ill dependent
pronoters, for pregari i r; i Y, M hingiaci ! e
gene knock down ind[?);1 V@f&l{@?lgfﬁéﬁ?ﬂ@gfég&séggﬁééfgéh @é%@?ﬁs%tlf !/le anlcll/ or
i nduci bl e gene knock dodepdandent spipnatats, uae polyroerlake of er ldeldepenténtr e

derived froma vertebrate rovi ded that t cells, of t | culture are
not human ES cells, ano‘gm i P& "aé"xk%ﬁe‘g@}’olwv'@é foft (?"gegg RTORAEY &y

stabl e integration intosiRIRAGROMBEerofuch €U RNAseOP RNA prbhpterdaae of
cells in tissue culture or in the sequence of cells of cell culture and

Cont ai ns honol ogous seq@ehded tRINA pspmotes: ajisile B4 PERMAlEr #T Fob ERbAe | |
dependant | ocus throughprlamgiépg&y%napoqonbi nation in the genone of the
vertebrate, in the genone of the'tissue culture or in the genone of the
cells of the cell(lgul ttheeubiquitous pygomoteryiena ccarstitudive 2pronmatenser if anl ai m 1,
wherei n the expression vect. further cont.ains functional sequences
selected fromsplice ac'@gﬂ?@[e s%'&[]bqi%res?r 85%? deﬂylpé?rinB%rsi g MRg an

sel ect abl e marker sequesysfator3eqlidtcaisdlectbd Glopt Bt 2GaMant ¢ad) ctdCamPby Mer ase
Il dependent |ocus is selected froma Rosa26, collagen, RNA pol ynerase,
Y

actin and HPRT | ocli) ssaifheertatsatee ioraiineg-iunamyvesiabrale. daferably isoas,
wherein -21- mouse or fish.
5. The use according to any one of claims 1 to 4, wherein the expression
vector is

(a) a Pol Ill dependent promoter, preferably constitutive H1 or
U6, driven shRNA construct suitable to be integrated into a
ubiquitously active Pol Il dependent locus;

(b) a Pol Il dependent promoter, preferably inducible U6 or
H1, driven shRNA construct suitable to be integrated into a
ubiquitously active Pol 1l dependent locus; or

(c) a Pol Il dependent promoter, preferably inducible CMV,
driven shRNA construct suitable to be integrated into a
ubiquitously active Pol |l dependent locus.

6. The use according to any one of claims 1 to 5, wherein the shRNA

comprises
(IV) atleast one DNA segment A-B-C wherein



(I') the ubiquitous pronoter is selected frompolynerase I, Il and I
dependent pronoters, a polynerase Il or Ill dependent pronoter, preferably
is a CW pronoter, a CAGGS pronoter, a snRNA pronoter such as U6, a RNAse P
RNA pronoter such as Hl, a tRNA pronoter, a 7SL RNA pronoter or a 5 S rRNA
pronoter, etc; and/or (lI1) the ubiquitous pronoter is a constitutive
pronmoter, or is an inducible pronoter, preferably a pronoter containing an
oper at or sequence selected fromtet, Gal4and lac, etc.; and/or (Ill) said
vertebrate is a non-human vertebrate, gﬁeferably is a nouse or fish. 5. The
use according to any one of clains 1 t6“4, wherein the expression vector is

~(a) a Pol 11l dependent pronoter, preferably constitutive HL or U6, driven
shRNA construct suitable A @ 9a5it91389pafedbly P29 HB'DNWSQH?&YG fh 4e Pol 11
dependent |ocus; (b) a Pol 111 dependent pronoter, preferably inducible U6
or Hl, driven shRNAeasin89Yacarefanalkhibl 0% ccasaplemestarily dd thet gere to be

ubi quitously active IPn(?)lc égjdg endent |ocus; or (c) a Pol Il dependent
pronoter, preferably indicibl’'e’CW, driven shRNA construct suitable to be

integrated into a ubiquiB dsial spazet IDNA Befuéncedraengehto Daspisornfing e use
according to any one of ains 1 to erein the shRNA conprises (1V) at
| east one DNA segrreﬁ?oﬂ\-oéh@ GFRIeesed F%@Q aN pia mpleglie, AL preferably 19 to

29 bp DNA sequence with at id §5%6 385Yrerbrapi ﬂ@%!glﬂpmg@&m&t\mgﬂ Etrf) to the

gene to be knocked down; B is a spacer sequence having 5 to
formng the |oop ofleasidSSxprawiarmemmrlylaithe pequansedanel and Cis 15 to 35,

preferably 19 to #9 bp,Rb SRAUPPSHa¥iyiattn sequence.

7. A ex-vivo method for constitutive and/or inducible gene knock down in a
vertebrate, or in a tissue culture or cells of a cell culture derived from a
vertebrate, which comprises stably integrating an expression vector as defined in
any one of ¢claims 1 to 6 into the genome of the vertebrate, of the tissue culture or
of the cells of the cell culture provided that the cells of the cell culture are not
human ES cells.

8. The method of claim 7, wherein said vertebrate is a non-human

vertebrate, preferably is a mouse or fish.

9. The method of claim 7 or 8, wherein the expression vector is integrated at
a polymerase Il dependent locus of the living organism, tissue culture or cell

culture.

10. The method according to any one of claim 8 to 9. wherein the method for
constitutive and/or inducible gene knock down in a non-human vertebrate
comprises integrating the expression vector into ES cells of the non-human

vertebrate.



| east 85% conplenentarily to the sequence A, and (V) a stop and/or

pol yadenyl ati on sequence. 7. A ex-vivo nethod for constitutive and/or

i nduci bl e gene knock down in a vertebrate, or in a tissue culture or cells
of a cell culture derived froma vertebrate, which conprises stably
integrating an expression vector as defined in any one of clains 1 to 6
into the genone of the vertebrate, of the tissue culture or of the cells of
the cell culture provided that the cells of the cell culture are not hunan
ES cells. 8. The method of claim7, wherein said vertebrate is a non-human
vertebrate, preferably is a nouse or fidh: 9. The nethod of claim7 or 8,
wherein the expression vector is integrated at a polynerase |l dependent

| ocus of t RV r i j el . ) . e
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const i t ut i \havingdétablyiintdgcatbd én degenkmeckt xlpapmerase haepbndant lyeud efthat e
conpri ses integr?tipg t he %ﬁgressigg g ctor into ES cells of the non-human
vert ebr at e.vertshraie,; issue, GUIYE QL colls PEERe Coll (GUIIR 0 SXBIGSSIAN VEFer @&ri ved
froma ver tRhnad & ahﬁ‘ﬂn@gof%lﬁim§/1 it BESHoAUEE that thESTHS B HRe BIl BuRReYArBr ase | |
dependent |ocus of the vertebrate, tissue culture or cells of the cel

cul ture, armobhpmesdidrelsctor as defined in any one of claims 1 to 6
provided that the cells of the cell culture are not human ES cells. 12. The
vertebrate tissue or cell culture of claim1ll, which is or is derived from
a non- human2ver Thenairiebrate diseua bt veloutee of chirm.1, dBichis origdedridoironect or

as defined in a one of clains_1 to 6.
a non-ﬂzman vertebrate, preferably mouse or fish.

13.  An expression vector as defined in any one of claims 1 o 6.



