8 March 2006 DESCRI PTI ON si RNA EXPRESSI ON' SYSTEM AND METHOD FOR PRODUCI ING
FUNCTI ONAL GENE KNOCK- DOWN ‘CELL USI NG THE SYSTEM 5 Techré MatchBioe6d The .
present invention relates to an in vivo si RNA expression systen1capabhe of
'silencing the target gene expression, and a nethod for producing ]
knock-down cells using this expression system 10 Background Art RNA |
interference (hereafter abbreviated as "RNAI") is the phenonmenon (process)’
capabl e of inducing the degradation of target gene nRNA so as to silehce
the target gene expression by introducing 15 into cells a doubl e-stranded
RNA (hereafter abbreviated as "dsR\y nprises a sense RNA havi ng
t he sequence honol ogous to the targefinggﬁg%%hNA and antisense RNA having

t he sequence conplenentary to the sense RNA. RNAi, because of its

capabi | i kYriR BkPRE e t n [ e '
consi der abl e attent?%%éissgsggﬁ %ﬂﬁ gﬁgggg Eﬁ%cgﬁ%% éf%%tﬁﬁggfﬂ%¥A$e%$%%es
t he conventienal gene d|%ﬂ%§KrBQWNn§Ehde$éNQ|ﬁ@Eo&YsﬂEMtedlous
i nef§i ci ent honol ogous reconbi nation, or as a means of gene therapy. The
above-nmentioned RNAI was originally discovered in nematodes (Fire, A et
al .. Pot &@chgdgadpFdiedde genetic interference by doubl e- stranded RNA in
_ Caenor habdi t i gnel ﬁgégéntzﬁlwﬁﬁign%?éla? - ’é}]arf ]1%?%)1 %?i‘éss:mn
-~ al so observed in “various organisns I ncluding roun
Dr os0ph|S|Y§tealnaape%@ @z%el(lﬁmcen%thﬂmamqa@@@r@degenessubemoarmg a Methdd
Genet . 3a8cif (4999 dowh Rk, Genes
Dev. 15 b2, prédis (3001} ammond 82 usm&%g!é\ REBRESHIPE" ég%&
_Pos¥ transcrlptlonal gene silencing by doubl e- stranded RNA. Nature Rev
(FEnet BackdQohdd £2001) ; Zanore, P. D.  RNA interference: [listening to
he sound of sSiTenc& Nat Struct Biol. 8, 746-750 (2001)) . Silencing of
target gene eXMPedditeriRaenssnt hanar iemcabreyiated r adudifididlogenotke
dsRNA i Bhbh@ﬁ@n@ﬁ9%f§8§ssF%épél@l?@%ﬁbﬁld@cﬁr%s tt?l%eﬁe?%hgﬁé‘igna%fat &%%Al
for produci knock-down individuals. Simlar to in these organisns,
i.nduct i aﬁnﬁrfg%%%% PEntR et Hemcadieh tergetharne @xprassdms by bytroducing
i ntrpdughiancef1 2608808 s -dSRAdHORRY [ he Fdh £ {dY %b‘l‘oaée%apcre%t §5M SYRARSI S

was inhibited by the action of host's protective nechani sns agai nst the
virus i AREEIGUPLATER ®ed ser KRy Bavd napihe RequpaAS hamaEldauRNLe te targeRNA;

l d
cou n@ensqanegntﬁseﬁseemma@?ﬁggﬁg.%%&%@% werthdla ANEL £AD b

induced also_-in nmanmalian.cells by
of 21 8FN32 Kilicl BV de Rasigishali Hes gaprhélétytranddgnzecths tavcksarente 3

over hangxpﬂa@éf&& Olﬁaé opgcdsRhAs c%%s&ﬁ@%ﬁbﬁéegtﬁgn@l@ﬁr a%r QRUSMBle gene
5 ashjr, et al Dﬁglexes of 21-nucl eoti medi at e Q)
@& f e’F’é%‘é‘%W% drl?‘&l'rl%%l AfareRiaces| $hengopventipnadogeanss dixpomtion
Capl en, méthdd rellyahg Spedie teqiBhkbi Tﬂﬁfﬁl&ﬁﬁﬁﬁoﬁéﬁfaﬁéﬁb%c&%ﬁ{wlon
doubl e-stranded RNAS in invertebrate and vertebrate systems. Proc. Natl.
Acad. T 253 seang@t mrtgegﬁpéfzoo’{l??_above—mentlone RNAL was originally

ﬁ} - discovered in nematodes (Fire, A. et al. Potent and specific genetic

ry

~ interference by double-stranded RNA in Caenorhabditis elegans.
25 Nature 391, 806—8‘11 (1998)). Thereafter, it is also observed in
-‘various organisms including plants, round worms, Drosophila, and
protozoa (Fire, A. RNA-triggered gene silencing. Trends Genet. .15,
358-363 (1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15,
485-490 (2001); Hammond, S. M., Caudy, A. A. & Hannon, G. J.
30 Post-transcriptional gene silencing by double-stranded RNA. Nature
Rev. Genet. 2, 110-119 (2001); Zamore, P. D. RNA interference:
listening to the sound of silence. Nat StructBiol. 8, 746-750 (2001)).
Silencing of targe’f: gene ‘:expression was confirmed by actually
- introducing exogenous dsRNA in these organisms. This technique has
' 35. been employed as a method for producing knock-down rindividuals.

Similar to in these organisms, RNAL induction inmammalian cells




. As descri bed above, RNAi has al so been successfully induced in 15 mammalian .
.cells using small interfering doubl e-stranded RNA ( her ea Marcha®@obéevi at ed
as "si RNA") . For the functional analysis and gene therapy based on the
gene silencing by RNAi, an efficient introduction of siRNA into cells and -
<its-stable intracellular -maintenance becone essential. 20 Efficiency in
i ntroduci ng exogenous siRNAs into cells.varies depending on the cell type,
being as l'ow as 1% to 10-00 in certain cCells. Also, exogenous si RNAs
i ntroduced into manmalian cells disappear in fl a few days after

i ntroduct. L ficl ility required .for an si s .of ,gene
functi o(r:lﬁs%Q%uert \él;tggfngfeelaz&éeﬁe%de@é%&n °£5e:58 ﬁ?’é?r%ﬂ?%' o] O)él"leﬁﬂﬁfai"g
regul ar §htercsds Pecteds syotbealy, wahi Dhibinceddsestihitdan b@adssefs
pati ent % tr I i fflcult, to induce RNAI excl usivel

in a sp%ﬁ%@%ﬂgb%@%ﬁ%a gglis%{:l %%E’éﬁgsojfnto%%%?lbﬁhégﬁllvmsf %E?‘%ﬂ?F‘é i on
by i nt r ot mnsdengeto gs RIARNAC tha30R¥ddi tboadd hbaupe sbBAAseare snal |

in skgze, synt ' j dl e nsi conpar.ed .t o DNA -
syt hosi s and RS T OSCaH B i r BTt R R B S e AR s Row
t hat nositn sRmmad igni gl ys DNA ttequsehed. ngf thhechlianw pen o r haisR¥@enor 21
determ PES kGa & fifd.ci s_for_searchin 35.for. ,
functi o%zzeﬁggsﬁggi gefn(Sjn v}}cealvf)iﬁlgagt gfégggdls{:f/a%ﬁﬁgi%a?re%ggﬁglf’ﬁﬁﬁfl?o%s.
Gene si l¥ER@DY-IRRABCCar Thdongi HsRW¥Asf os thessyssedainco8hdhr ehg0Déms 3.
search f fungti@n ne phenpotypi.c.alteratign_ . of_ cells
or indi \/_%Lllj’tgl@?ltﬂé géclg[ Zéf%t% g 't hgﬁ??%égﬁgggﬁz& gﬁlaciy%o?csldo% Rt[q%‘gvlgﬁgf‘ﬁﬁ'atﬁl al
gent?. Fnfesdlegemce ofn t Avltnvedt memmad iebj entlilse. of Naherpr esldnt 49vrerds on
(s:to pr@vipds . LBhT agelyl ubargsi R : @SS | e of . B
1gbduci n(g RNZI a@n%?!é@ﬁe?fi l(:Ji e%?laill, S?ﬁg%?i%ﬂ%ﬁ%&ﬁ%ﬁ%ﬁf@@ﬁ% %}ézfll'ess,maon

- met hod TS bHdekde—RiseRIGOIHAseln d nysintgbirhite ai@NE roebrass s syt em-
and a_ngkBed MAdhor asgar cBLAg 08 AUDS! I 902)_gPRES (HERNR Lhi's STRNA |
expression system In view of the above-nentioned bro e)ms, t he present

i nventors st 88i RF IR abioye , SRINA hasgpréseikres ystcemsafh 1dycteddeed iim i t s

deved ophBRhalVane sReekfigalhy. &LRgPr eﬁ@@érf@f’ﬂ%ﬁhoéj%ﬂlg‘i%lseérgnodeé Lyl

intracel | ul ar si RNA expressioh system conpri si ntisense code

codi ng flersattssmbrav aiadbasets B Nst  Foregheofungft imnsdr gealygeie ara\A,

a sensegeqnde fANARAINLIPr o SEREE @gﬁedisri‘?_@n%q_ngagg'%gggfxgt‘gfaianef‘ffri%g.ie%g:.Of

'said target gene, ,_and one or nore pronoters expressin

sai d antP§ERIBCEAAN sSseS R findm @i kF aabtlsdize andbdensatvudelDMASE

respect ind€h¥en2Rcé 2o thte SbRNA €XDr €ssi on system according to (1) , wherein

a final transcription product of the si RNA expressed by the systemis 15

to2f bp | onELERFienay SiTRNAtERINEISPORX SR NS s ERFAS N to qel)ls valréeei n a

final taspesaingicntpedual tohel R SigRNA 19%PE §SSE Y oY) 4 H%téé(f%ﬂ ERig> 15
0 )

- to 35 bB long; (4) the si RNA ,exgres& on system accordi ng erein a
1so0, "exogenous siRNAs introduced into mammalian cells disappear in -

a few da_Ys after introduction, having no sufficient stability required

for analysis of gene functions. Furthermore, in gene therapy,
25 administration of siRNA at regular intervals becomes necessary, which
increases physical loads of patients. | |

Moreover, it is extremely difficult to induce RNAi exclusively

in a specific tissue or at a specific stage of

development/differentiation by introduction of exogenous siRNA. TIn

30 addition, though siRNAé are small in size, synthesis of RNA is markedly

so expensive compared to DNA synthesis and the RNAiL induction directly

by siRNA is not economical. |

~ Now that most of the pi:imary DNA sequence of the human genome

has been determined, systematic and efficié.nt methods for searching

35 for functional genes has been developec’l‘l to speedily elucidate gene

functions. Gene silencing by RNAL can be utilized for the systematic




final transcription product of the si RNA expressed by the systemis 15 to .
-30 bp long; (5) the si RNA expression system accordi ng to §Maichwoeeein a 30
doubl e- st randed -RNA regi on of the siRNA in which two RNA strands pair up
.contains a msmtch or a bulge; (6) the si RNA expression system according
-to (5) , wherein one. of nucleotides in the msmatch is guanine, and the
other is uracil; (7) the si RNA expression systemaccording.to (5) ,

wherein the 35 siRNA contains 1 to 7 m3srratches (8) the siRNA expression
syst em accor di ng to (5), wherein the 8 March 2006 4 si RNA contains 1 to 7 .

bul ges; h SS| ste C rd| 5 wherein the

si RNA co%%gé}arlénhs %lf Lpnf &?gt c@%&e ?r?cfeﬁﬁ YPICRAA LEXBEASRI on
system am:fcorredll]rag dxo iamii vdrimadfs (th) addazl(e&)a.te/\hﬂfemﬂlrﬁﬂln@ RhANBLhENykEsaopol
[1 or paqt - | I I K n__Ptear gf]eljé) t he si RNA expression system according to any-
one of ( fl‘%) whereidF $4id pol 111 pronmoter is U6 pronoter; (12) the
Si. RNA expreSS| on system according to any one of (1) to (11),.wherein said
prongpt eryd.s i_nduci hl.e om)ter 10 (13) the si RNA expression system
accgsdl Lo BhddE oF Tric Hiven ) , Wherein said pronoter is separately

| ocat ed upstréam ofjset itvanvifsetise andseanseinodatDbis i 14) thewiddNAan

expr essi m,accor 198Ny one o wher ein _sai.d system
conpri sesq:l lgléjl%(e%ngégh?ge%resf 5T Syfge%‘fgaa?ﬁp]o%é’%?r?ﬂ‘éq%‘? Ipﬁ%lln‘@o’(%) :
to (c) sasztﬂmterttfiarl expalebg) 6ndmrl(dg)taazdﬁly('j bhlmldaémbhﬁoﬁrﬁmblﬁbducz.ng ,
conpris c an roxi_mal uence el ement
(nglé) vm%ﬁq%s tsd%ace %lrﬁ%eglst \/\ér@?lt:LS §E}m Fﬁé’rgﬁﬁéé’nt 851 %%P 2Bgudfiesiodne
in the \Aogi malyclmin@SEra&Lma’dl@rm]hgeneﬁ uqumgthlﬁnS/Bd.lRNlAthqiﬁeé%S.En $P3tdhe
onot er conp t cat i ntain r onot er
g::tl vity, a | g%&%eﬁ?&n%gt er eat)h'?eweenc’ne nBrgﬁgFH‘Er’ ﬁrefg&ﬁeh% AR
- upst r eamtofd1B8E thre digwrish e s RNA Rﬁ&;r@nﬂc(m)sgmmoagﬁsmﬁwa ale its
| ocat ed nt e £, n 5 de .DNA or , sense e DNA;
(15) thg% ?IQ%NR eX|Lotr egﬂé{?g% Ss%/é(?lfn%a%cic ,d?c§19e2 6: easn N oREB VS ELTT r?t?)ag?ifjo'
wherein anti séhiseaandrvsma@@ld@dermh@r exyei et sdlll e O v 9 dhnd econgadtes ireC

S enle S5PATARCLYal Ry MY ShERLeYEL! E@ec%gd(e%fsgméegql *he

si RNA expression Sysftem accor t 0- any One o
pr onot erfi 8 tangRtedear nRBA presende ofda DNA bodungv\fmntsemlm anmdnema;e:eamd

SEnse. %‘[%&%i%'%s tﬂ%esﬁﬁ’l@”%‘éﬁ]ﬁgn' BfthldOQQﬁ%z%egQi recﬁ& " and She \ ' ”ker (_17)

the si expression systemaccording to ere
conpr i s@somekPrseqapabes ¢h adrrdsorinofsadny a@rté_sehstehandf eéhmw Rtgl\s( &)rdrro

(d) so thay Lhe;GXREESShANsERRe PEGOMBRRL ! el s B ML 5y $006 5
20 (2) th_e S1RNA expression system according to {l), wherein a
final transc'ription product of the siRNA expressed by the system is
15 to 49 bp long;
(‘; (3) the siRNA expression system according to (1), wherein a
final transcription product of the siRNA expressed by the system is
25 15 to 35 bp long;
(4) the siRNA expression system according to. (1), wherein a
final transcription product of the siRNA expressed by the system is
15 to 30 bp long; |
(5) the siRNA expression system according to (1), wherein a
- 30 double-stranded RNA region of the siRNA in which two RNA strands pair
" up contains a mismatch or a bulge;
{6} the siRNA expressioh system according to (5), wherein one
of nucleotides in the mismatch is guanine, and the other is uracil ;
{7) the siRNA 'expression system according to (5) . wherein‘ the
35  siRNA contains 1 to 7 mismatches; |

(8) the siRNA expression system according to (5), wherein the




(a) the pronoter conprises DSE and PSE with a space therebetween, and in -
the space two | oxP sequences, one in the vicinity of DSE smdrchtdoesot her is
the vicinity of PSE; (b) the pronoter conprises DSE and PSE that are

| ocated to maintain 5 the pronoter activity, a | oxP sequence therebetween,
and anot her | oxP upstream of DSE or downstream of PSE; (c) two |oxPs are-

| ocated so as to interpose the antisensg code DNA or sense code DNA; and

(d) two loxPs are arranged so as to intérpose a linker conprising 20 (22) a:
cell maintaining the si RNA expression systemaccording to any one of (1)

to (21) 414 )céﬁlgaﬁf?” at(:co;rci)n_L ts‘c,)r(22) , Wherein said cell is a
ral

manmmal i an erein sard vec or vector; (21) the si RNA expression
system accordl(ﬁg the (s]ﬂNﬁoexpwhesé.lon swﬂem%&mrdﬁgﬁlt@ur{r’ebﬂ%éﬂ‘@@ih@%

vect or; n(%Jhetaln%N'% I‘ESCSI stﬁm acc% rr‘]&%;i1to (16) or (17),

_ wher ei n ?%e antisense an sense codt %éEd in a vector
mol ecul e; - (19X10hetke MMmmmmﬁm@cw@ﬁwn@Otbléhyoéné1@1} (1115
whergi n sai a gtor; (20 reSS|on system
acc&?dlné ég) §§8Ee£?1§?9h égbﬁo %3qﬁeﬁ€i #g ar 9$£%$§P REPIOL]BY)  an
i ndi vi dual. OrgéhiSh@ﬁWﬁIﬂKﬂfﬂXﬁf&dﬁiQﬂIﬁy%ﬁammaﬁﬁﬁnmnng 26 sygteme ageofridi ng
to any e (1 1 2 05|t on co ising the si RNA
express?gn(gg feﬁpgggéér%al& §$1 IEPSﬁrom ?E)l§o %2@50 O%?%) t he
conposi tion aétdl dilg SJ&NMEﬁpmmsyamdm aoppodihgonoianyd one of (1)
phar mac i I C I Qn; t hod .f du0|n cell in which
t he targg% gghé qﬁ%%%%%%%%ldsg %%gﬁgég% %ﬁerggﬁcé d Hﬁ?ﬂSg EOnprises t he
stelfs of: i n{idduchecs iR ﬁwsaamegmsctrensynsbemaagotdl mgytman:yf ong of .

P on £0H2) D Betthin ALGARARY 19 L el I a2 R'\@rg Rrgse! on

systemis I ntroduce an i ntraceriul ar i
system apbipensengnd @I@u@ﬁeccstd&amb‘d DNA' codi ng for - SI RNA corrprl sing an 8

e saaq. nRLAT e SAGHANCE DALNAN D5LERILCBEaLRS o8 BNy KRR 84 Ry for

expressed, and two pronpters facing to”eac er w sa'd
-S| RNA- ite HdBleeHhahesh apédcapabee mmmm%slmgp tshae;uanqml iy the form.

conpy emeyH an EQA?ff f $ t rands.of_ s le;stranded DNA;
(29) an mtr?’g{ce ESIQ]?{IA T‘)g‘gra y(az)xpi?cgs cf)onSOsf;Es em%%(%onp F’léon can’
stem | o&® sioRNKogAsduci ng unit in which an antisense code DNA and a sense

de DNA d
code ggw&ﬁ@e@a{a@é@oﬁ @iﬂpﬂgéae&&@tgf %eoﬂa'éﬁc%r n@;a exL s. 2% he

opposite direction via a a promoter  cap a
stem | oBFOXIRRA é?CIEiaflﬁ@re!s?iﬂ%nbf (BE wirih ;a ma(d@O):hBhrebstRNAn Iaﬂmlaxry

F1on St BSLemaceor kol 15(A8 i HHRES 0 B IR e iy,
Ioﬁ& in the vicinity of PSE;
(b} the promoter comprises DSE and PSE that are located to maintain
thepromoteract1v1ty,aloxPsequencetherebetween andanotherloxP
(ﬁ} sequence either upstream of DSE or downstream of PSE; and
(c) two loxP sequences are located so as to 1nterpose'the.antlsense
25 code DNA or sense code DNA;

(15) the siRNA expr6331on system according to any one of (1)
to. (14) , wherein antisense and sense code DNAs are maintained in the-
same vector DNA molecule, or separately in different vector DNA
molecules;

30 (16) the siRNA expression system acéording to any one of (1)

~ to (13), wherein the promoter is located at the one side of a unit

in which the antisense and sense code DNAs are connected in the
 opposite direction via a linker; '

(17) the siRNA expression system accarding to (16), wherein

35 7 said system comprises loxP sequences in the form of aﬁy one of the

.following (a) to (d) so that the.expression can be controlled:




(31) the si.RNA library expression systemaccording to (28) or  (29) .,

- wherein a final transcription product of the si RNA expr essddsich 2806y t he
systemis 15 to 35 bp-long; (32) the siRNA |ibrary expression system
according to (28) or (29) , wherein a final transcription product of the
* si RNA expressed by the systemis 15 to 30 bp long; (33) the siRNA |ibrary
expression systemaccording to any one 520 of (28) to (32), wherein a
doubl e- stranded RNA regi on of the S|RNAs in which two RNA strands pair up
- contains a misnmatch or a bulge; (34) the siRNA |ibrary expression system

d d | 1l
ol 1 1 p GRS POOETe L SRIT PR SR AP Bl

any one 38d g (@@) SPRCE3BYO Mt sieqdusaicgspr onet B ke ancindugi bf OSE anwt er ;-

(36) t hetisé RVhd b1§rﬁh@xpfce§§ﬂ_ﬂh B Fgm accor ding to any one of. (28) to
(33), wherein siRNAs expressed By the system are conposed of random RNA

strands; (97)thaormben ForaEjses H8sahdrP s thern ace dodangdt o aminmaan 30
of (28) #1e H23hoteWRIEIVI1SAI § 19%P! &0k Sn A tﬁ%%%gglt:%egh Tyl 4 Pl ?85? ng

expression vectors_that each targets a gene sequence cofprising

regi on aifigreaR i RS0y q%%ﬁea{‘B@)f PIPE ;s RNA [ibrary. expression

system acqendicag 18xBBYaP8CloOitéd8o s (133) R%}'%ﬁ ress by
t he systDS@hare co osed 35° of RNA strands eln%to%%y% raS%n S o any

CcDNA or t has the | ength of the Si RNA to be- :
expr essed;(d$ mqrb;@m)@ré esa}m Bgass Py ohtk mgoééF?M fk%rraEXm gx sion

s]r accordl ng to any one o %28) to (38), erein erent = si are
esséy asa‘ﬁ%seﬁﬁeerhel ‘@ -sditdTddsendl y; (40) a method of searching for a
unctl onal gerEes) tiiee et el EIGrS i de SHRR 1Ay Fgagégptggd ?Pg t he

i RNA i ?&ﬁ exgr ession %stem according to any one’o
t he asséf r}?ylcr)’f P R 4995 FREXPIRIRCOFC BYBe e ﬁ@é@taingdtm @S%thmro
cells; (leselegting cells into which said siRNA |ibrary expression 10

- system or sai sstg}rrbsg/ has been introduced; and (c) analyzing-the
phenot ype of s RrESsden (sﬁf)tel?‘hécﬁ@trﬂéagotoséwbh@ng(l&))r a

f urict i omader@alnesaﬁamrdblﬂgr ie G4Plasmybey8LPosai d nethod furt her conpri sing
a step of scrgﬁﬁl qglq functional gene based on the sequence of DNA

coding for si EEPTERIGSE pHENSTY pECRESIBEehof 6L @F t 6¥Bd, as

t he reswherefin tshedpheaebypesaﬂabyﬁa;;,v@@@lof42) ‘a nethod for selecting a-

hi ghly active t hod rising t he st eps of i ntroduci ng
the si RNA | i b?zg'r) Mﬁxgﬁﬁé nﬁcé@?&?ﬁgac%rflbnﬁﬂo oéﬂe’g)ofm( 28)8)t .0
(38) , whemenasaeabwcaérsm\ﬁ\ cﬂlhrhl:ls}ﬂéyl-esqm;@é&'m wyslgs according to
(39) into ceI and H) sSuri r}%ng:lgle ression | evel of a specific gene
or prot ein he cg é“arlrﬂ S 9 SR BT HFHQP SYFie¥sh 9RO EYLRGm or
sai d alszsemm yres amt{lgdueed21) ;

(23) the cell according to (22), wherein said cell is a mammalian

_ (f? cell;
K (24) an individual organism maintaining the SlRNA expreSSLOn
25 system according to any one of (1) to (21);
{23) a comp051tlon comprising the siRNA expression system
according to any one of (1} to (21);
(26) the composition according to (25), wherein said
composition is a pharmaceutieal composition; '
30 o (27) a method for producing a cell in which the target gene
- expression is silenced, wherein said method comprises the steps of:
' introducing the siRNA expression system according to any one of (1)
to(21)intocells,andselectingcells:nlwhichsaidsiRNAexpression
system is introduced;
35 (28) an intracellular siRNA llbrary expression system

comprising a double— stranded DNA’ coding for siRNA comprlslng an




25 I'n one aspect, the present invention relates to an intracellular- siRNA

- expression.- system This si RNA expressi on system conpri SeM&iah 2608 | sense

~ code DNA coding for the antisense RNA directed against a region of the

- target gene nRNA, a sense code DNA coding for the sense 30 RNA directed

- agai nst the same region of the target gene nRNA, and one or nore pronoters
capabl e of expressing the antisense and_sense RNAs fromthe antisense and
sense code DNAs, respectively. "si RNA" ﬁeans a small, interfering RNA that
is a short-length double-stranded RNA that are not toxic i n manmali an

cells. : bp .| reported b
Tuschl , Eg?natl%% o %%gf)ﬁeh%_e gt‘ragklhgl Iﬁggp%‘%f‘?%hl & Zcr%}em%tlzgz&ig‘gﬁ et %@F%ﬁ@? ¢ of
si RNA SMEHOmﬂ@mﬁaqoanq eaghpotlie0nd th(s\ sdBNahesd Dig E@IrgﬁﬁRNﬂiC )
can .s onbinatiop between.antisense an

sense ngxgﬁéﬁﬁeéﬁ JH% %gﬁ% sﬁb%%A A esssisolﬁ’gsgg?gmté’f &é(s‘é‘?rf‘%\{;ﬁ“e%’%"l‘%

st abl e. Rt Haroro e spelcttiyegh tirenids dlff Baddl doublsequem@eatﬂm 30 Ioop DNA

cont&i ni ng no aLLin th bl.e-stranded RNA r.e
CoRNAS oy dR o hoeatapPaR Ll e ARl Lo A e T i B

i nt r oducF P g c&n@ste@rlmnagésl?ﬁé- ueedncbad ahbizein thrc&D\eer AntiBNAs e
cont ai ni I [ N, i bIe randed RNA regi on
SELOAPLEECS Penbll dnsy il DSugAL AR IOV S350 AN A,

- have the advantage o el ng stabl e | 1 1s.
The t er HHaprst lm}s%@ enothelcmmsmgﬁ ferecthen VbJaJatlmkem,haad\/EEpa‘S)me@g as

it does é@aﬁl@&ﬁ’ft&?ﬂfés@i @ﬁ%m—-fﬁg?gbflf%ateex elrg% ‘F%ﬁ’ salc?unpl.‘t

preferably 15 to m)re pre
Al t¥} nati vel y, w@he“éﬁnﬁbﬁ@%ﬂhﬁéem Wwicnmmyrsftem fbnakdihgains cf2isyt ben

roduct S b 5 15 49 b
@r gf g?ab y9 1:5%1:%3%3,?% nore pr efleraot?lg 5?6 ég thNg‘ SXP‘?EESEd ‘
- doubl e- &% M@Wﬂpdﬁt ilongoof9s bRNASTIG whi ch two RNA st rands pair up
are not |ini t@@lt%ﬁéelﬁwk%%y s‘fo o dsol s sy st goggp}lgl neRRaiLi ng:

portions due to mismatch (t corre cleotrdes are no
conpl enerf%dry yherginge: f{ﬂ%ﬂc I&rr@glﬁqiﬁlptth@ncprpdgpbn@f nthe sripNanerpaeysed

nuclzot ivle 1 R 1df 3Rd) 15ap4 ey, 'i&‘? Nonpal ring portions can be
cont ai ne to thé .extent that t% interfere with si RNA formation.

The "bul ge" ubed) ﬁ&eeﬁﬁRHAe%bwsy Q}‘@ﬁﬂﬂss@nlswatzmn@wpmdm@ tnudRéot bdes,
and t he b n I n air
(289ubl,e=$th 8l Qe@lrﬂ%tr%ﬂ'sgglﬁttlgh% %Pt\'@f %gguwgegﬁfgsgédp |

15 up cg}nt ai ns preferabl{ , hore prefe ges
addi t i oY the syiedert éB" 1Gséa RBrEPnlpsyceont ai ned in the doubl e- st randed

RNA region of (53)%@ lsmaml thotaw, @%r%tsrs%%s tgm y@com:ﬁ{ge t%bg}{}/ ?1%8 7,

prefer in nunber. In a preferable msmatc one 0

nu8 eot Pcﬁeéggk tguéﬁ?he WhEkeihe fé@wé%e soranded KV resiueh of mthmxzﬂtNAs due

to a nutat wadchr @ﬁbCRNQ $rr&nd9 Paiplupi XbaEL£end Nereody d 0 PNG- cpdj
sense RNA, bu particul arl%rtl imted to them Furthernore, 1nt

present inve o?fhet RERUB UbtREEEY SRS STNATY, 6YF 6AMOACSP RMIRT 49 Wchnf-‘v\o
(RNA Steands ) ped r(33) , Mae £ONE @lal Aot S 88 sARG T $FRNCHSE. T Mb EBnSHAYUP

(35) the siRNA library expression system accordlng to any one
25 of (28) to (33), wherein said promoter is an inducible promoter;
(36) the siRNA library expression system according to any one‘
of (28) to (33), wherein siRNAs expressed by the system are compo'sed
of random RNA strands; ‘
(37} the siRNA library expression system according to any one
30 of (28) to (33), wherein said system is an assembly of multiple siRNA
expression vectors that each targets a gene sequence comprising a -l
coding region and/ecr a non-coding region;
{38) the siRNA library'expression system according to any oﬁe
of (28) to (33), wherein siRNAs expressed by the system are composed
- 35 of RNA strands encoded by DNA fragments of any cDNA or gencmic DNA,
said fragment has the length of the siRNA to be expressed;




25 to, preferably -1 to 7, nore preferably 1 to 5in nunber. 8 March 2006 9
. (overhanging) as long as si RNA enables to silence the tamfggarch@eoe
expression due to its RNAI effect. The cohesive (overhangi ng) end-
structure is not limted only to the 3" overhang as reported by Tuschl et
=al. (ibid.) , and the 5 overhanging structure may be included as 5 | ong as
it is capable of inducing the RNAI effect. In addition, the. nunber of _
overhangi ng nucleotide is not linmted to the already reported 2 or 3, but
can be any nunbers as long as the overhang is capable of inducing 'the.
RNAI effect. Foyg.ex | the overhang, . siigts of.1 to 8, preferably 2
to 4 nucl eoti dés) I?E?%?e?%gytg apﬁfg ?éﬁ@ghlé LB RNAJRAA ST Fohsst vd@%end
struct ur eacceréipygess echyaoniehefs28 pfté he3dengterefint e FPairefd sirRNAs are
doubl e-s [ nd that of ~a pair c ri sing overhanging
si ngl e-stg%ggggg%?o%t%&e}g S -G 6755 ri)Ye' case of 19 bp "
doubl e- st r andddORNA pethodroividdarbhinelfeat iad€uaveibaaysqgahe bothe edhod he
totak le i S S .5, 23 bp. Furthernore, since this overhanging
5 Eﬁ%;grﬁlﬁép{ﬁé.ﬁ%ﬁy

sequence OW ~ speci 0 a'target gene, it is not necessarily’
-conpl ement ary (af ahetsedse)northedehRNaal ilfsens ekpireskhent 8y geémn iR rding

sequenc I EOL I s.SLRNA i.s ablLe, Lptain its gene -
si | enci ﬁEO aE# %12% O(r)%(?%)eqzt%a}ﬁg@? O%e%%,é assﬁﬁ{i}&’s"ﬁ%‘f/ c,s&ha?%nﬁl TR oW TR S
wei ght 28y Rnng wind ededieng bee a 3dt umetio RMA Il ecul e such as t RNA, r RNA or
viral RNA or,an LEici : ecul. fqr le, in the . :
over hangi ng 68?“3%%&%#1?%2&%1%% © I%glla dF?%gn?f’%&ﬁgHt@ﬁﬁ%FWF&éﬁ&Pe of
t hel@si RAPEtem oneveigt @rsdegmitle hast befen sitrtrcidmeedat abdt h ends as descri bed
. @bove, 25 an :A.S cture in which .ends of one side of
a,duble-strandggygﬁﬁ?gygl@%n%§§1%@8%§§%§$i%ﬁe&himﬁéfﬁﬁqu%ﬁmﬁ Hedine
doubl e- st randéd1RNphe etgorod stiemdaomhipar thoanp €ancbeon&drgewxaapterdilly t o
49 bp, pref bl eferably. 21 to 30 bp | ong.,
At or natr vty Tadfet il o Re RS PRE PBE R s kPP b Y o
- final tfasserfpecoloprbdisste bRssdRNAsthe dmquengy esfsBiAl spding Examgira 15
to A9 b f | W e-preferably 21 to 30 bp lon
' Furtherﬁgrg?stﬁ%?g‘rgﬁﬁ%kﬁgg?FggFaﬁggl?%%%eﬁéﬁﬂgi%$aﬁ%§dﬁgﬁg£ﬂeo?e Wﬁ§lé£1ker
as | ongtas pPhepasyne| englnsisp ardnot to hinder the pairing of the stem

portion. For examml f S LI t stem iQn and. .
suppressi on o? tﬂ?ﬁfgﬁgﬁb?ﬁgt%%ﬁéﬁ%eénﬂ ) Fh‘égfsolﬁﬂﬁfe-%ﬁlgr??gﬁ?dt he

| i nker poMRGHEigavEhehs2e0s ©£10 may have a clover-leaf tRNA structure.
Even t hough t |5i I t W) j L] f_the stem
(5) JulbiRageang Bng MR MIREaYy CEE e PO O Wrsenl A865E R NG

portion, it is possible, r exanple, toc nker —p
i nd%de tonirvneseseft (ERAtta ha8) norohie ass eaedivsell sdBNAAG praogeespngs fon

precur seyy sRNAS B@cPalBEUES Ry therebysal! owng pairing of the stem
porti on. yI n the cgse o? a S{Rerril oop si RNA,E’e%{\ftlﬁer end (head or tail) of

RNA with no [(Ropedtrbérdrtdaeyrieselen lewedot &ourEcivsigien®A prstein
scribed tROQEL1d Bhsol I i ; ;
(d'? heolvi dPkasH! &1 rMe lera%Hg%‘?IQ%%g?;%}%\ﬁA ﬁo%luq .

~pl ecul e such as tRNA, rRNA or viral RNA, or "an
N assembly is introduced.

25
In one aspect, the present invention relates to an intracellular
sSiRNA expression_syétem. This siRNA expression system comprises an
antisense code DNA coding for the antisense RNA directed against a
_ region of the target gene mRNA, a sense code DNA coding for the sense
30 RNA directed against the same regidn of the target gene mRNA, and
one or more promoters capable of exﬁressing the antisense and sense .
" RNAs from the antisense and sense code DNAs, respectively.
“"siRNA” means a small interfering RNA that is a shdrt—length
double-stranded RNA that are not toxic in mammalian cells. The
© 35 length is not limited to 21 to 23 bp lcng as reported by Tuschl, et.
al. (ibid). ThereisIu)particula:limitationlethelengﬂ1ofsiRNA




10 The term "target gene" refers to a gene whose expression i-s silenced due
“"to siRNA to be expressed by the present system and can PRahlobearily
selected. As this target gene, for exanple, genes whose sequences are

. known but whose functions remain to be elucidated, and genes whose
expressions are thought to be causative of diseases 15 are preferably
selected. A target gene may be one whose& genone sequence has not been -
ful'ly elucidated, as long as a partial sequence of nRNA of the gene having
at least 15 nucleotides or nore, which is.a |length capable of binding to
one of tAE& %Ql?%ﬁésl(:afiﬂ¢%@@§esm texiaiy . of*sdRRNA” bas Hae,elfodeemmmﬂ

. Therefore n )ﬁ_&%ﬁ‘é’r sl -an '
of whi ch ﬁagg %gelﬁﬁp e um%g}ltlzgpd‘l%%bst %gjél geicll?itﬁe r% gﬁng % 2ge5mven
i f thei rPPUIING| eAdithe RS VedY .bERA Cttétkelrenamndeﬁwwaemetﬂw\oﬁ 8 fimaANA
strand h@yhﬂg ai5€e9 I Y. g an ought
Lo i nducs, ARA - by “ﬁ%g%’%???ﬁég%% 2 Bxb LR Ol Pl
sequencel éoﬁ%l%?’ré?ﬁarﬁﬂ-’ﬁ IIQMYélrﬁ|’f§er3§>ebRNAandnmoaBnBaéédrablyt31 to 30
conpl eneghaf ynGnt irgRN t d se. RNAs
have been con?/%ntl ona?%;%rﬁsﬁérsﬁnze B‘Eﬁ\orzaﬁ&gsggt ggﬁggrﬁ? W}%tc%‘ o
present RN&eREras tidde UPRRAS APE lmxmmmt@el yoamﬂ)eeséedpa&xmmmm
codi ng f@ﬁdar&ﬁé§en§@n§§1@ndn§§§'§§rﬁll\lf‘s 1580S€4,ANd SeNSp Efice %and

isens

respectively usi q%qgnt e si RNA expr esSi on system express an
sense RNPRLFeIPRREENAAUCIERSdIgfdase mat C@@Ebemmsar:espémllgﬁel(yacnmgsnﬂm

expLessi Ofe UstRBRIndihgy EB%?Q'&Een‘t@‘f?nﬁhBﬂeSE’f@é'ca-g egg%ggka ; se“PZ:c &y

pe., nupber and |ocation o Ppronot er can |trar|
&5 long hsket Monpadanng PertiQppeeat ke santaéned md;rseens@eo@d@zMeyAs a

simpl e &dbrsh zﬁeériér@ow%hugtlmﬁ qforafa%%nexp&ﬁﬁs"\%l%_,@t% A g

expreSS| on syst em can be or ned a pI’OTTDt er 1I's ocate upstream
of bot'h PERf$NE SATPEdSSe éodEODn@Asnonmagrtl@ﬁdenv@kppéséa@n Syt erphies

capabl e ddupr Odiet NHsd RNAS rBay bRJo Ehes R0 %H?%'l@:@legwsuﬁﬁﬁfstaraﬁdéjg)taﬁr e on

both_ends. In the stem]| oop siRNA expression system (stem expressi

system UP £ it Rift el dod® DNABOaFePERFaRgRdY Entehd lphamsi L eIn

di rect i omd @bt e seneDNAgy ey M e iRl Vi@ il Nkar  IMA L Lonstr U%e
uni t . &Bo‘gt? ter is linked to one side of this unit to construct a

-~ stemlo BN RYA 558t emoedidlis inefleialo twe RBAparrands apair

li mitatiwgn mémam@tlh ahd7 segupacgretei g1l nkep BNA; \Whi G GRBY BRVE any
| engt h and ﬁ (%%[iece as long as its sequence .1s not the term nation

sequenc®’ q“éﬁ@?ﬁ“%nd’“&ﬁﬁ&ﬁ’@enﬂ%l%%*f—lcliﬁ%dérg‘ﬂ%l%‘? efngohe esher

paiad ng iduniragitthe satNre rﬂ\mnaxf@dmcﬁt i &% adRseLEDSA BPONE: &S 1ANG to
exanpl e,., DNA codi r%% for the above-mentioned, 15 tRNA and such can ‘be used

as a |i Aker “ONRIXTETCSot RS o (iHteRPahRT stfOR | B8PS exFMéssilbit syatens,
the 5 ;ﬂl?td:mﬁl)lahﬂyhalﬁmatédquﬁd%etmpab] EF@f +10& ARBES N fhe A R@Eéb@ﬁton
{Homthe r;goter lrI}/bre emﬂ%eﬁalnthe case of tandemsl
$ficiemh LOPRNERS A9 RNAFeSAaD B 2tRNAY 18 Yoiek fHentuA
~capabl esﬂzframdenphiﬁgm eyt cansatinpbo ol dilefe bhe RiSHRLEREd, which sum up
.25 to, preferably 1 to 7, more preferably 1 to 5in number.

Such nonpairing portions. (mismatches or bulges, etc.) can
suppress the below-described recombination between antisense and
sense code DNAs and make the siRNA expression system as described’
below stable. - Furthermore, although it isdifficult to sequence stem

30 loop DNA chta_tining no nonpairing portion in the double-stranded RNA
region of siRNAs_ in which two'RNA stran-ds pair up, the sequencing
is enabled by introducing mismatches or bulges as described above.
Moreocver, siRNAs containing mismatches or bulges in the pairing
double-stranded RNA region have the advantage of being stable J.n.

35 Escherichia coli or animal cells.

The terminal structure of siRNA may be either blunt or cohesive




.at the 5 ends of antisense and sense code DNAs. In the case of stem|odop
" si RNA, such a sequence can be added at the 5' end of the gggheweodescri bed
unit. A transcript fromsuch a sequence nay be used in a state of being
attached to siRNA as long as the target gene 25 silencing by siRNA is not:
hindered. If this state hinders the gone silencing, it is preferable to
performtrimmng of the transcript usi #g a trinmming means (for exanple,

ri bozyne as described below) In either case of the above-nentioned tandem
or stem expression system either pol 11 or pol |1l pronoter may be used
as l'ong ASVFFhan@ing) apdng ofs sriddiciengblire tor pédpoadi Hlye RNNDS T wrertche

above- deggpidesh INAR e RehesaRkXi &rpobe | | ippRy Qgﬂteg VEU'((%@QJ:I?aﬁ@{n%) end

expressing short RNAs such as si RNAs can be used
i ncl ude ¥REUEEER oot LimRigdpohnterthe &¢ r‘b‘WlFféﬁm]UFR Jrﬁmﬁﬂeed by Tuschl

Adenovi rgs AMAL (BHQADY Er an@FhdMA Bﬁ@ﬂﬁhﬁ@ln%%t%@f@%tyebe b1 R 3R

pronpter, and Hi RNAprom)ter Th ronof er adds four “uridine

nucl Bot i 1R 55 thel B CagP LS Oﬁwdww fthe BNAh\effrely ofint addithen | che

Mar ch 20R@nder psoducednanyRNY o 1Rethitaelis nade {9nbecaf 4 (Be gxllje’a 0
nucl eoti de 1%/Eﬁ:i)r ovi di ng the 5 end sequence of the antisense and sens

' code DNASSPRFefl @ ©F 32, Pytofan BRisHihedmbers gs dage of the myswieag is

pr onot er sapakhe @ﬂnp@au@iné tRYERRANILRGRYC! e@bkd%x%mee ft'h%e'oxr i#a%ed
5 1In the casge of u5|r11__§tg) 1] prormters it is €re erable to furt

provi de PAEFHiHaEo 8 PRETRE L Vs e ik A per kel séete EegeinpNge ‘tﬁtéﬂ-der'
to BXPrebengiH Yo it hQ RIOK vVANGS coRdssybt ahhystensinakess té}&ﬁé@é&ﬁ%'sptth%n

y term natottj ge qjgence caqn E\e used as_l.ong as it is capab
@grm nat7'Hy AhEne & |H?%F%@&PW%W%@%W@#OHA@%%@W@f
consi st |mgp@irf@¢tﬁp@isﬂm eoGepBesyihyesadgnbngtraHakeati ¢8sn %na%que%%
capable of farm nq}[the pal i ndrone structure, etc. can be used.

pr onot er¥ 3R Grde ™t Hl & yistife gl A MR ddsartrapd ecer&%tpé’lrtl‘PQ Hlléhm‘ier,
SP6 promicsotRo pirefrhtals &£F- tlcackpreﬁaat ethe toxdB-1eRGtthNiPr fsed as

y bul r onot and SRa pronoter. pol 1l pronoters produce not short ]
RN%sg %Eﬂ Bﬂe cfé‘bftcﬁe’ﬁ“b‘iﬁ' IFf‘n“:ﬁrWerovﬁﬁlflag‘éh’é%étecﬂu@ﬁlﬁér hgslow .
Ther ef or@engarmp@I thl aptﬁlﬂ‘gbergeﬁéﬁ iseik ndt decdRGASIY Yo 1BmeHYS By Sy
ant i sen%& sense RNA bé runc tlg% segrrewhat | onger RNA using a nmeans to
 cl eave chfeé"g‘l - procagErhgca GF s O r thepdARRet AgeRe t Spgpence.
pr oduci rmxmunem@rme 8 Js:en;etsRNPRmun;gabaertd)%mamylha\g%déﬁgliehb%ng
- .construct f.ﬁec:t t}e gnrl n F % Wg\he anti sense or segwfg11 RNA produ0| ng
uni t has FHe Rl WEn S8 P TsERa, CHHE PRI, CIHe 17 gifohe¥ (it 1edr YEHeh RNA
seq@fenc RNPec¢ et athibpet Aena ti bl Rva moeéogmetsm SEOURNAS FFOMH @g v€640N)
at its 2an n he.regions codin r the - _and - end
cl eavi ng{ rl’bg]ﬁyarlfleg glflgﬂl?iﬁ%é P@&Sﬁ%?fe?mg%re ?E@FBﬂgg]a?‘é
arrangegogutivar dt adjsacest end.the respective recogni t| on sequence codi ng
.egi ons. Suc n nse RNA produci ol uni t bq Q ati veI y
(ri nked in tglnrhem g\%ﬁ? r’eagnh TR e Sglrulcl reon’B?er %ig g%*
“Separ at elegedowmdfiyete ofut hef e&peucttuwe @tdmmtlera:c(dzla@ d%@):rlbéhtm:@@ F| g.
2B23NoVe @ nEYAMALE WNSLRPARUY LS QLG NG L0 a0 e NEERSSSEY

|t i's also p I'6 o insert an arbit rary spacer
double-stranded RNA are connected by a linker RNA. The length of

the double-stranded RNA region (stem-loop portion}) can be, for
example, 15 to 49 bp, preferably 15 to 35 bp, and more preferably

21 to 30 bp long. Alternatively, the length of the double-stranded

30 RNA region that is a final transcription product of siRNAs to be

- expressed 1s, for example, 15 to 49 bp, preferébly 15 to 35 bp, and

more preferably 21 to 30 bp long. Furthermore, there is no particular‘
limitation in the length of the linker as long as it has a length

's_o as not to hinder the paifin_g of the stem portion. For example,

- 35 for stable pairing of the stem portion and suppression of the

rec;ombination between DNAs coding for the portion, the linker portion



sequence between the antisense and sense RNA producing units so as to .
“adj ust the distance between the two RNAs expressed by thes Magpewosve 35
units so that a ribozynme can readily act on the RNAs. The ribozynes that

. cleaves 5' - and 3'-ends of. the antisense and 8 March 2006 13 sense code

DNAs may be a hamrer head ri bozyne (Bi ochem Biophys. Res . Conmmun. , Vol.
186, pp.1271-1279 (1992) ; Proc. Natl. A6ad. Sci. -USA, Vol. 90, pp.

11. 302-11306 (1993)) . The hamrerhead ri bozynes nay have any ot her
sequences so long as they are capable of self-processing: (BlIOnedica, Vol.
7, pp.89Mm9¥ 1avels)clovew;ledhdRNfestanetnoe. |Even ethdugh hbehannkre herss
ones, ang, 1 EQELEXANRE 6, Yo TF s BN R 1e) HDV ri.bozyne, .and .

Tet r ahynena- d%ri ved r%%é&ﬁey%fmﬁg%ggdéége?%%% pofstjt%yggr &5 RPABHHR o
sel f - pr oéeFseRygpLRneto weinstwt thegbigler (HOORYIn .toTHaclubezynerons so
recogni t kAR +SEMIENGES ! £-4 NASE [ Q..the o' - and 3'- aving . -
ri bozynes. For exanpl (Ial, tﬁ% ham%ﬁgggiégg)ogz)&/ycﬁisScﬁneqaegsplf%ceurpsr?orsBhgdlrlgs‘?ger
| i nkdge BRTNOR BEjuehberehyiallowing mioring ofhithe Htem Apr€ionr Un the

Al t houghcany oF Nudlaeticds s¢RRRI Natipas sed, ~GYC, J sopreferred as
the nost effici ently cloeg)vgg seé]t%\%%égt i éggaﬁsf?g&a%&é E‘Ng,whﬁéﬁlq he
hanmrer he&8CR5S EFBOEYRR PaY Usae NURW prodfesndllry wEightaRNBe Wsedeascmibed

recogni t j8Hve Seey I 3 e st.r ' f praducin
antisense and’ sengﬂc%%%l?%%ﬁw?%gé?gsﬁggéf%mki }é%ggg%n@%ﬂqﬁﬁ?u

thi s hanfiéfhead ERNDzyRBNANGL t erdl i td0mIs eruisntie iGIC AN addeduleq t he
5'-1gnd 3' -end$,e0 In a en I Lg, '-ends 20 of, -
anti sense and sgngﬁmg%gégtng’%gét o§%£ 'tPnQoggg? ﬁgo?gr%%{?ﬁ%ssmn 18
_ _@wnucl ectilfacRr AHaNEC AR tivebs- srt ewiddi dyotbepres ést tay sten,f andecan t he
St-end ipe RatbhildrEtiad tR1ered. | Bst PR EO t] sh in Fg. 2D the
sequence GUC ils addle tolte%éce??' -siﬂaegﬁll% g?#é%%ué?ﬁ?é gér‘\%rr%}t{%Pp*%' u%%%le%s
the profBOse FRAUBRFSS 23S kiR buil, Whe FNAubahibas exqmradsstd bet e huyi deséed pd
timng. a9¢CRenkeBdiEbHE CasBs DS £1S: 120G t lJine-i.nduci bl e U6 ‘
pr oppt er (%?ana, J. & Taira, K Ca:o&%t rgglgugggt%g t;%%ééﬁsgﬁgl‘ﬂeag?i%ﬁ%a%?s an
ant  3endé REX Py 2 Iet rerIRITab- r Sspbrisove denevaalydeofonchertinamnyerdine

si RNA prseeicaice humné%%eﬁhﬁﬂll}l%apélﬁaﬁﬁé,(Qﬁ?&q akig a;:%%ial A%@éeq%ce

addi tion,_ si_ RNA expression may be tissue-speci y induced usi

© ti ssue- SpelRINAC Ofr SB6t 9ENEr haVERA RECHABFhal b oruslerbidet T asorer ovtimiP

system ilNbseD¥esthi At off YShAgng 6L &f it%‘é“%itl}gﬁdpy( %ex?&éj@?a“c”

as descri bed above, it is possible to control the siRNA production _
usi ng, ?GFaSSi‘iane,Sl%N%ec‘b%&)itf%es"e.deﬁzecra@éle@lr- uZhagefare CREENX RyrmEsdase
sysa@m wiehheheedasefs b adn&xanpbetbbhgorl? In,gh 2 14
pronoter, Distal Sg(rque@;aeﬁzl enent ?BSE% and OI§r0“3<Pi\Nn1’JLa'I n%%qﬁggggaéﬁgﬁe%t%%n
( PSE) a?éuFbgﬁgﬁﬂfﬁ?fﬁ SFAEE HeRe rEDBR S EFR LY Sh@ane "t REesphEctheinmll
sequencikeng§thsraagetotNpébe déebhniye®f DSE and another | oxP -sequence in
“the vicinity \% SE. Usual |y, due to a distance between DSE and 5 PSE, the
THeenshRARe 6 0 SPYr 8L ERG Savé norhPBRECE AR CosiPRNAentary

.onoter acti
@pr esstona thheyeacigane ARNERESPEOtIRbWgIN HdiihdReR BRRE OBy WSI®Mg to the
25 target gene mRNA. “Sense RNA” has a sequence complementary to the
antisense RNA, and annealed to its complementafy antisense RNA to
form siRNA. These antisense and sense RNAs have been conventiocnally
syﬁthesizaﬂwithan1RNAsynthesizer. Zh1thep£esentinvention,these
RNAs are intracellularly expressed from DNAs coding for antisense
.30 and sense RNAs {(antisense and sense code DNAs) respectively using
the siRNA expression system.
ToexpressantisenseandsenseRNAsfrmntheantisenseandsenée
code DNAs respectively, the siRNA expression system of the present‘
invention comprises “promoter.” The type, number and‘location of .
35 the promoter can be arbitrarily selected as long as it is capablé

of expressing antisense and sense code DNAs,. As a Simple




i nduces reconbi nati on between | oxP sequences |ocated in the vicinities of
" DSE and PSE, resulti ng in the displacenent of DNA bet weerg Mh@kPopequences.
Then, DSE and PSE cone close to each other to turn 10 the pronoter activity
.to the on state for expressing si RNA. This exanpl e describes an si RNA S
produci ng systemin which-the pronoter activity is turn to the on state by
the action of CRE. In contrast, it is &kso possible to construct a system
inhibiting the si RNA expression by the action of CRE (not shown) . For
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‘silencing, it is preferable to perform trimming of the transcript
‘using a trimming means (for example, ribozyme as described below) .
In either case of the above-mentioned tandem or stem expression
system, either pol II or pol III promoter may be used as long as it -

30  is capable of producing the corresponding RNAs from the
above-described DNAs. Preferably, a pol III promoter suitable for
expressing short RNAs such as siRNAs can be used. Pol III promoters
include the U6 promoter, tRNA promoter, retroviral LTR promoter,
Adenovirus VAL promoter, 5Sr RNA promoter, 7SK RNA promoter, 75L RNA

35 promoter, and H1l RNA promoter, The U6 promoter adds four uridine
nucleotides to the 3’ end of RNA, thus the 3° overhang of the finally




_present inventors, as shown in the Exanpl es descri bed below, found 20. it
possible to efficiently silence the expression-of target gRacsht®006

mai nt ai ni ng, - the si RNA expression systemof this invention in a :

. dunbbel | -shaped DNA. Therefore, in a preferred enbodi nent of the present
~invention, the si RNA expression systemmaintained in a dunbbell-shaped DNA
mol ecule is preferably used. The .25 dudABbel | -shaped DNA can be |inked to
anti body, peptide, and such to facilitate its introduction into cells. The
anti sense and sense RNAs may be expressed in the same vector or in
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In this_case, to avoid the addition of excess sequences am o
{Ee:nse amdt Horse RNRIUSHCS saprblerabifonmdngl the rakicdnoms skractuge,
ends of dthe respeet wsedst rands (strands coding for antisense and 10 sense
RNAs) . The te%giénator may be a sequence of four or nore consecutive ‘
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expression..systemof this onstruction has a stemloop structure’n
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' cut off recognition sequences, which regions are arranged outward

adjacent to the respective recognition sequence coding regions. Such
antisense and sense RNA producing units may be operatively linked
in tandem downstream of the same pol II promoter (Fig. 2B), or
30 separately .downstream of the respective promoters (Fig. 2C).
Although Frig. 2B shows an example where both units are linked in tandem,
if necessary, it is also possible to insert an arbitrary spacer
sequence between the antisense and sense RNA producing units so as
to adjust the distance between the two RNAs expressed by the respective
.35 units so that a 'ribozyr'ne can readily act on thé RNAs. |

The ribozymes that cleaves 5’- and 3’-ends of the antisense and




_represented in Fig.- 2B may be inserted into a vector, or two cassettes
shown in Fig. 2C may be inserted into the sane vector eitdwmarchrzo0bbe sane
direction or opposite. directions. It is also possible to ‘maintain a

. system capabl e of expressing a plurality of siRNAs (siRNAs 35 directed
~against different target gene nRNAs, siRNAs directed against different
target . sites of the same target gene nRAA, or siRNA directed 8 March 2006
17 against the same target site of the same target gene nRNA) .in a single
vector. The systemfor expressing anti.sense and sense RNAs in different
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March 2008mé8, ftrmots ‘pand tslmrt | iminededot ©C ramm)l a8 @cmlsfp&ml&ﬁlshéwnand
may be’lnfpigexfﬁplﬁecseéclluser?cfe %&Earlsana{c{?ef gohal:r}l n% —31d yeast fungi,
(f{? If an inducible promoter is used as the promoter in_this
_25 invention, siRNA can be expressed at any deéired timing. Such
inducible promoters include the tetracycline-inducible U6 promoter
(Ohkawa, J. & Taira, K. Control of the functional activity of an
antisense RNA by a tetracycline-responsive derivative of the human
U6 snRNA promoter. Hum. Gene Ther. 11, 577-585 (2000) ; Fig. 12). 1In
30 addition, siRNA expression may be tissue-specifically induced using
a tissue-specific promoter or a DNA recombination- system such as
Cre- loxP system.
Moreover, J.nstead of using a promoter inducible by drugs and
such as described above, it is possible to control the siRNA production
35 using, for example, a recombinase. A case of using the CRE-1loxP

recombinase system will be described as an example (Fig. 17). TIn the




“Methods for introducing the above-nentioned si RNA expression ‘systeminto
“the above-described cells nmay be arbitrarily selected 5 ghapeRdoog on
cells. For exanple, for the transduction of mammalian. cells, the method
. may be selected.fromthe cal ci um phosphate method (Virology, Vol. 52,
p. 456 (1973)), electroporation (Nucleic Acids Res. , Vol. 15, p.1311
(1987)) , lipofection (J. Cin. Biochem4Nutr. , Vol. 7, p.175 (1989)),
viral infection-nmnediatednmethod (Sci. Am, p.34, 10 March (1994)), gene gun -
met hod, etc. Transduction of plant cells can be carried out by the
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system, it is possible to provide two loxPs in the linker portion
so as to interpose the stop sequence (e.g. TTTTT) . Without CRE protein,
trénscription from the promoter is terminated at the stop sequence
in the linker portion, leading to the suppression of siRNA production.

30 CRE protein induces the recombination between loxPs to displace the
stop sequence, leading to transcription of antisense and sense code .
DNAs to produce the stem—loop siRNA (cf. Fig. 28).

The siRNA expression system comprising the abovementioned
“promotez;," “antisense code DNA” and “sense code DNA” can be

35 integrated -as such into the chromosome to intracellularly express

antis_ense and sense RNAs, thereby producing siRNA. Preferabl'y, the
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fac:.lltate its introduction into cells.

. The antisense and sense RNAs may be expressed in the same vector
or in different vectors. For example, the construction for
expressing both antisense and sense RNAs from the s.ame vector can

30 be prep‘ared by linking a promoter, such as a pol III promoter capable
of expressing short RNA, upstream of antisense and sense code DNAsS
to form antisense and sense RNA expres'sion cassettes, and inserting |
-th_ese cassettes into a vector either in the same direction or opposite
directions. An example of such a construction, in which these

35 .cassettes are inserted in the same direction, is shown in Fig. 1A.

- It is also possible to construct an expression system, as shown in
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(a s_tem structure) . Then, the loop portion in this palindrome is

cleaved by intracellular enzymes to produce the siRNA. In this case,
the length of the stem portion the length and type of the l:l.nker
~and such can be selected as described above.
30 In a system using the ribozyme as shown in Fig. 2, the system
represented in Fig. 2B may be inserted into a vector, or two cassettes
- shown in Fig. 2C may be inserted into the same vector either in the

same direction or opposite directions. It 1s also possible to

maintain a system capable of expressing a plurality of siRNAs (siRNAs
_35 directed against differént target gene mRNAs, siRNAs directed against
different target sites of the same target gene mRNA, or siRNA directed
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_ supply of siRNA from the siRNA expressz_on system in the cells.

' The present invention relates to cells maintaining the
above-mentioned siRNA expression system. Cells to be transduced

30 with this siRNA express:Lon system are preferably mammalian cells
because siRNA is capable of inducing RNAi in mammalian cells, in which

RNAi has been conventionally difficult to be induced. Furthermore,

cells which are difficult to maintain a long—te'rmkstable expressioﬁ

of long-chain dsRNAs, such as plant cells, are also preferable as

35  the cells to be transduced with the present siRNA expression system.

However, the above-mentioned cells used in the present invention are




,capable of expressing a plurality of siRNAs in a single vector. If
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further conprise a selection marker or the like. Selection markers usable
.in this case are the sane as those descri bed above. Thus, the wuse of

sel ection nmarkers enabl es selection of cells transfected with the vector
carrying the si RNA Iibrary expression system thereby inproving screening
efficiency of functional genes. 20 Another enbodi ment of the siRNA .
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transduced with the siRNA expression system become

e knock-down cells in which the target gene expression is silenced.

:25 Herein, “knock-down cells” include cells in which the target gene
expression 1is completely suppressed, -and those not completely
suppressed but reduced. Xnock-down cells have been cohventionally
produced by deleting or modifying a target gene or its regulatory
reglon. Incmntrast;theuse<nfthesiRNAexpressionsystemaccording

30 to the present inﬁention enables to simply produce'célls in which
the target gene expression is suppressed by introducing the siRNA

expression system into cells and selecting the‘transduced-cells

without any modification of the target gene on chromosomes. The
knock-down cells according to the present invention can be used as
35 reSearchtoolsforthefﬁnctionalanalysisofﬁatargetgene,andcells

"in which a disease-causative gene as the target has been silenced
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common to the siRNA |ibrary expression systemas a probe or prinmer. 30
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expression syst and si RNA xpression systemof this invention
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‘nt r oducdd cionventébhalt Heubkklstaaeded RNA into plant cells is difficult

25  to maintain RNAi effects due to the loss of dsRNA during the cell
passage processes It possible to maintain RNAl effect in plant
cells by uSLng the RNA expression system of the present invention
to integrate the SiRNA generation system into chromosomes in plant
cells. It is also possible to create from these cells a transgenic

30 plant that stably maintains RNAL effect. The transgenic plant can
be created by methods known to those skllled in the art.

The present invention also relates to a comp031tlon containing
theabove—describedsiRNAexpreSsionsystem. Since the present siRNA
expression system is capable of suppressing the expression of ahy

35 desired target gene using SiRNA, this system enables

- disorder-causative gene silencing. The siRNA expression system can




- the si RNA expre

.infected with a virus, and surviving cells are exami ned, thereby 35-easily
identifying gene's associated with this viral inf ection. sMerchesesof the
si RNA expression library containing the hunman 40, 000 cDNAs 8 March 2006 26
-enables the identification of all the viral infection-associated genes.
‘"The random zed si RNA expression library or the siRNA expression library. of
genone fragnents enables to identify geﬁ@s other than cDNAs. These two
libraries may be used in conbination. 5 Brief Description of the Draw ngs
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effect of SiRNA expression vectors iTect
when t h€ald@dbr's ikRecpder BiRitled anck d;woepremoters that faces each other

interposing the siRNA code DNA and are capable of separately

exXpressing antisense RNA or sense RNA. ‘
.25 The above-described “random siRNAs” are the same as the
above-mentioned siRNA expression system, except thet they contains
- any sequences, or any sequences selected from specific cDNA sequences,
sequences included in a specific cDNA librarf, or genomic sequences,
and composed of double-stranded RNAs of such short strands as
30 expressing no toxicity in mammalian cells. The short strand is not
limited to 21 to 23 bp long as reported by Tuschl et al. {ibid), and
may be, for example, 15 to 49 bp, pfeferably 15 to 35 bp, and more .
preferably 21 to 30 bp long as long as it does not exhibit toxicity.
In addition, the end structure of the above-mentioned random siRNAs
35 may be either blunt or 'cohesive (overhanging) as long as they are

capable of s:.lenc1ng the target gene by RNA1 effect. In addition,




. Fig. 5b represents the results obtained when the exogenous si RNAs directed -
against different target sites were directly introduced igWarchedObe at

~different concentrations.. 3 overhang of siRRNA. Fig. 6b shows the gene

- silencing effect of si RNA expression systens directed against two target
genes or two target sites. In Fig. 6b, _luciferase activity values wefe
normal i zed based on the activity of 3- Ll act osi dase introduced as an
internal control. Fig. 6a represents the gene silencing effect of the

“length f 1.5 Fi epresent.,s the capability of the si RNA expression B
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Fi g. 14RN% dfdragranpdepi eny n?gamrmmqwend:eava@esamm sétp.ld?wésl&eﬂreaﬁsﬁl pt
contain i g. depl ctlng.
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sel f-processing. Bands_ corresponding to STht are indica

arrow. HEectiopsvin @i hiplees Pdwi ngnarexamm @fofi ndtehabndtprendoimg ftchue

C‘aont rO'&b@GeS&%%Q&esQ*@éMd@ RY VA 1 P ah P pE¥8hEThg unit .is shown in
G Fig. 18. That is, a single-stranded DNA comprising a DNA coding for

.25 antisense RNA having a random sequence ({(antisense code DNA) and at
ltS 3 end a sequence capable of forming an arbltrary pallndrome
structure is synthesized using a DNA synthesizer or the like. A
primer complementary to the 5’ side of this single-stranded DNA is
p.repéred, and annealed to it to form a palindrome structure at the

30 3’ end of the single-stranded DNA. DNA polymerase and DNA ligase' is
allowed to-act on this construction to synthesize the sense code DNA
strand complementary to the antisense code DNA, and, at the same time,
to form a palindrome structure in which a stem portion is elongated.

'This palindrome structure is made single-stranded by the denaturing
35 treatment, and PCR is performed using primers complementary to the

. 8equences at both sides of antisense code DNA and sense code DNA to




.Fig. 18 is a diagramrepresenting an exanple of the preparation 20 of the
stemloop siRNA [ibrary expression system Fig. 19 is a @& ikgichA®006
representing an exanpl-e of the preparation .of the siRNA |library

. expression system 0 shows a random DNA fragnment having the
dephosphoryl ated blunt ends of 19 to 29 _bp long. 25 (r) represents the
random DNA fragnent 1D which is Iigatedzaﬁth the 5'-phosphorylated hairpin
type DNA linker 1 at its both ends. Fig..20 is a continuation of Fig. 19.

“(r) shows_strand gis Lacerrent féﬁ)mthe ‘Ni ¢k, site by Bst_ DNA Pol ynerase.
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systemas a result_of blunti,ng by. Kl enqw Fragment,  renpval of DNA |inker
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sense and anti sense, code: J r T i R i,brary expr.ession .
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.tacked, by. Bs . -- resenis the conpleted si.RNA Ljbrary expression
&t om e Sr iy (1%, g S TP A GRS 2L PRt OB | Tker
1, and s#lftidmgathene ikSndipgrti4ulsral thbhgselon epreseliengghtdivl pegpatiad i on
of EGFP ¢ fra nt of .approximtely 20 to.25 bp _long.. The fi pr oduct-
Chat 1 STa s a SR ECER L ORRY PRGNERE O ipPaRRRaL 615 BHLE oS hEbRbRG ( h
t he dephmsphicny,| atretl it renidaeraesRES $ieh randohobMA IeafrerltA imay Fbg.

19 2 .G IS a-diagramrepresenting the preparation of a cloning
vec-or,.%lrlr?é‘%ﬁ}'e%fm er ilsln%%trher the human U6 pronoter or human tRNA :
pronot er. The Tieonbpgevretbiovedt ArandgmUsnpisansercods INZEpairedagiosgd

BeoRl anth THDRNT s, adbtcBeRE? Pe DR b S EL AT ot B8 i SIS 1 e
resul t s fgforobsgroipge? tsegue@eR sf kbetess ehwanédttansnyy coibhnat tonfol dour
"t enai fraaasd o' b G e AR REA P (s U1 6! €5k of RRARFTD toTReG,
t RN2D GFR2B rsisiRgal .| | bAl bepratisrell ¥ RNAhGFP2EamddiNAahithsFRES, R@ie emsuded 24
and 48 %o%%%reér&téﬁ}psggﬁﬁgﬂge selected from specific cDNA sequences
contained in a specific cDNA library, or genome éequences. Promoters
(*} usable herein may be pol II or pol IIi promoter_. It is.pre_ferabl-e
e to use pol III promoters suitable for expressing short RNA such as
25 siRNA. Furthermore, the two promoﬁers may be identical or different,
preferably different in view of the eX_pressibn efficiency. Examples
of pol II and pol III promoters usable in this case are the same _‘as
described above. |
In addition, when a pol III'prorﬁoter is used, to appropriately
30 ° terminate the transcription after the expression of complementary
short RNA, it is preferable to provide terminator between the promoter
and DNA coding for siRNA as shown in Fig. 1B, A, sequence consisting
of _4ror more consecutive adenines as shown in Fig. 1B, any terminators
known to those skilled in tﬁe art, and such may be used.
35 ‘ ‘When an inducible promoter is used, an SiRNA library can he

expressed at a predetermined timing. It is thus possible to analyze




cFig. .28..is a diagramrepresenting the stemloop si RNA expression system -
-containing two | oxPs.that-interpose the |inker portion @areh200§ the stop
sequence. Fig. 29 is a graph representing the gene silencing effect of 35

. the si RNA expression adenovirus vector. Fig. 30 is a graph representing the
gene silencing effect.of 8 March 2006 30 the si RNA expression HV vector.
Fig. 31 is a graph representing the gen®3silencing effect of the si RNA
‘expressi on dunbbel | -shaped vector. Fig. 32 is a graph representing the gene’

silencing effect of the si RNA expression system containing a msmtch or a
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of 19 DfnmltiplesiRNAexpressionvectorsthateachtargehsagenesequence

(“5 comprising a coding region and/or a non-coding region.

. _ It is also possible to collect siRNA library expression.systems

.25' capable of expressing different siRNAs and construct an assembly.

For example, siRNA code DNAs and a stem~1loop siRNA library expression

System may be constructed so as to produce, as the siRNAs to be

expressed from this assembly, RNA strands comprising sequences that
~are formed by any combination of four nucleotides “*A, G, C and U”

30 and have the length of siRNAs to be expressed. Alternatively, siRNA
code DNAs may comprise any cDNA fragments or any sequences selected
from sequences included in any c¢DNA libraries, or genome sequénces.
Thus, the use of an assembly comprising a plurality of siRNA library
expression systems enables more efficient search for functional

35 genes.

Using the above-described random siRNA library expression




. hucl eotides and 4--nucl eoti de overhangs at both 3'-ends' ‘thereof (Fig. 1A).

“Human HelLa S3 cells were co-transfected with the above- deRafchizedspHygEG-P -
(1 g),, pbDsRed2 (0.5 .g) , and pU6i Hyg/ EGFP 10 (1 .,g) by the lipofection

. met hod (using Lipofectani ne 2000) Forty-eight hours after the transfection,

‘the cells were allowed to- stand at 37C, and observed under a confocal

m croscope. As a control experinent, s? il ar operations were conducted

using pU6 in place of the siRNA expression vector. 1.5 In Fig. 3, upper

panel s represent the results of control__ _experiments using pUs, while | ower
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vector p&d (Promega) (30 ng), and various anounts of si RNA expression

- vectors directed against fi refly 15 or sea pansy luciferase transcriptional
product . wer e Waenr dhef ettRNR Laboackl lexpnesesdom wevstdy bire theoflékei drs

t hod E!ﬁ‘tﬂgdhbgefl%oagh@%togqpaIorﬁll'rH & S-Eg%r&@ﬁ_lo%grhgﬁzer Regyh kS ransduced

f-luciferase anal'ysis in Hela S s-are s
with the system or assembly can be selected by collectlng the cells

25 having the phenotype due to the selection marker. When a selection

| marker is not contained, transduced cells can be selected by detecting
them with the known hybridization methdd, PCR, and such using the
specific sequence that is common to the siRNA library expression
system as a probe or primer. . -

30 After the selection of cells transduced with the
above—described siRNA library expressioh system or assembly,_thé ‘
phenotype of these cells can be analyzed‘by comparing it.to tHat of
control cells transduced with no siRNA library expression system or
assembly. These phenotypes are not limited to those expressed only'

._ 35 on- the cell surface, but include, for example, intréceliular :

- alterations, and such. -




LFig. 4. Fig. 4A represents results obtained by the introduction of = 20 a
fi xed amount (300 ng) O the si RNA expression -vector, i rgMaghiaegssil encing
of the correspondi ng target gene expression due to the si RNA introduction.
. Furthernore, in the luciferase activity analysis carried out with o
plasm ds.; expressing only either sense_or antisense RNA, both plasmds
had no effect on the expression of fi re?"lg)y and 25 sea pansy |uciferases at
~all. Fig. 4B shows results obtained by introduction of varied anpunts of

si RNA. The siR xpression vector . directed against. the firefly
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| ud® er és'ié)r@ér,g{eegp;:@ggﬁ.pg gtamt pr assembly of siRNA library expression
‘ systems of this invention info cells, and measuring expression levels .
of a specific gene or protein in the cells transduced with the siRNA
( library'expreSSion' system or the assembly thereof. Meésurement of
' \ expression levels of any desired gene or protein can be easily carried
25 out by the methods known to those skilled in the art such as Northern
blot hybridization ox Wéstern blot hybridization.

The cells in which the siRNA expression system and siRNA library"_ ‘
ex'pression system of +this invention is introduced are not
particularly limited to mammalian cells, but include celis of other

30 animals, plants, yeast, fungi, etc.

The siRNA expression library of the present invention can bel
used to, for example, search for viral infection-associated genes.
The siRNA expression library is introduced into cells the cells are -
infected with a Vvirus, and shrviving cells are examined, thereby

. 35 - easily identifying genes associated with this vifal infection. The

use of the siRNA expression library containing the human 40,000 cDNAs




AlLuci ferase (sense stran

N
LRl

. 30 varied depending on differences of target sites. That is, the si RNA
-expression vector directed against site B was hi ghest in 8 Werohe006

silencing activity so that the firefly luciferase activity was reduced to

- 14% of the control. The si RNA expression vectors directed against sites ‘A
Cand D-reduced the enzyne expression | é/el'- to 44% 38% and 35 36% of the

control, respectively. In this case, t si RNA expression vector directed,
agai nst site 0-showed no gene expression silencing 8 March 2006 34 activity.

simlarl t he .t wo t.orol expression vectors g-UGsi RNA and pU6. |t

was al soe')6 ea%;lrﬁsngc ev\hlecf@??nlerﬁlﬁwcea 58V 2 deter i b }ﬁ”‘lf‘j%r éﬁgﬁcﬁonf?\%’s ted

si | enci mgnact.i vi Thedepentbmyzed sdRYAt stpessdSori Lherary deri ved soimby

fromdiffer s in.target. site or due to differences .in the

tr anscr 1PErengr g H R b e F et O Gpabies Cendnn by genestther

. above- -timemt icHNAS . sefises antwant iiseasbeRMey dé gL | BOtdshasi neeli®n . -

syn’t@esi zed respectively. Sequences of these siRNA oligonucleotides are as

follows: 10 firefly luciferase site 0 sense strand: : '

5' - GCUABGARACCABADGHECDL- 8f tBEDkBwiNAs11); site O antisense strand:. ,

5' - GCCCAUA AGCUL- 3"  (SEQ 1D, . 12): site A sense strand:

5 - wm&%&gﬁéﬁﬁ n(t(ssg’cﬁ‘ Bom\'si ‘?‘L%B’E%?,Slgﬁ SYR SRt SeRSe ther My

5' - GUAGAUGAGABBGARGAAUEE B (FBEQr FEdudihg HARNA empeoBifgnar: stysaed. (A) '

5 CA/ -3 {SEQ 1D NOQ 15): site anti sense strand:
RipdretEIS I R Thpo, 68/pxbRoFe BN \pEERIS SRy

B'RNASEQwH BhN@id 1sg tfpud antiidiense (k) atol:3’-ends

ver Tor SERRUOSCHAGEI S BEReL By N, Sed s SOTLLE AR R form

5' - GUAGEEECIUSLAKUAUACIRIES SHQ d B-MOclEd)tide Gdnbiveshaagst r édld skidis a

nucl eot | . OM : - JAA ACUU-3' . (SEQ, 1 D .NO_.20). Te-
above- dggg%?égég%@p& %g%ﬁ%ggggtgis gé% re smyn(t:?llggfﬁseﬁ’gg&%%”gﬂa%_ dEdh
synt hesP¥ar chddat 897 $IRBRI edmBr bsimy even) s SyandedntisdNAs aete DNAs and .
deprpt e rified e ing. acr ni d el _35_ el ect horesi s.
A ey cPrBigeRRe Bl LOLE SHaEr TN OB YRR 8l i oBhEE BiRRAR R
col unm ¢PRhaepaefla) and eluted with water free 8 March 2006 35 from

rib I - RY It I dri , d
1 ponucl easecy. o 0eSPLLLIG, FIGASRELBCE| Uats ues debet. L vaeyp, ond

re--suspende anneal rng bu ate ere P
(PBS) a#np#iiBNAgGexprems MyC1oystemMheding or midnegiang  RNA ol i gonucl eot i des,

1.0 M RNAs V‘Béfgprfg%rﬁ%séM%%egG?E 8§§efgilencing effect of an siRNA
20 expression system directed against EGFP when the systemwas introduced
into cells e_xpréssing hygromycin/EGFP. Left side panels (A, D, G and

J} show the expression of heromycin/EGFP; middle panels (B, E, H

' r(\ and K) the expression of DsRed; right side panels (C, F, I and L)
' !

the results of merged expressions of hygromycin/EGFP and DsRed.
.25 Fig. 4 represents the gene silencing effect of an siRNA
expression system directed against either sea pansy {(Renilla) or
firefly luciferase when the system was introduced into HeLa S3 cells
ha\'fin_g the luciferase activity. In Fig. 4a, an ordinate valﬁe means
luciferase activity of the cells, in which the siRNA expresSidn system
30 directed against the firefly luciferase was introduced, normalized
based on the sea pansy luciferase agtivity, or the activity of the
cells, in which the siRNA expression system directed agaihst the sea
pansy luciferase was introduce, normalized based on the firefly
iuciferase activity. Fig. 4b shows ﬁhe concentration—dependent
35 silencing effect of the siRNA expression systems on firefly or sea

pansy luciferase activity when a varied amount of the siRNA expression




.51 nin, then cooled to 70C, and further sIovay to 4C over 2 hrs. The
t hus- obt ai ned si RNA ol i gonucl eoti des were introduced i ntq;ldgtoa 2@36 cells -
simlarly as described above to assay luciferase activity (Fig. 5B)
- Luci ferase gene silencing profiles by siRNA ol igonucleotides 10 directed
agai nst respective target sites-showed g simlar pattern to that obtained
by the cases where si RNA expression vectbrs were introduced at 1 and 0. 1
nM except for a slight gene silencing activity expressed by si RNA
ol i gonucl eotl de .directed aqal nst sj These results jndicate that

t
G 1 Por or RO o, YT T A Sne: RAChCLvol FSTare wAS MUt adhgesy thpo Colls.

di fferences i ml@]esexapgégmaﬂs efd Geancyiakneas g siF RBA: udilg @eeawsﬁtoﬁn
dlfferenﬁ% in tarﬁ%}& sites. sych as their_ _secon structures and the

" presence® hEXPFEGEPAsSY T BT H e et et PE@%“%F difd erendt Freget:

over hang ofes bm&eaaem%@dﬂ gehcetdyy i her 6 it Risehaver{Qursaush & e
nucl eot i e over ha nds. On _the other hand, El bashir et al.

S a8
Tepobt ediq fEEE Sl CREEA HERSE Ph SN oCURT AES EPBYSSPRA 0 RS edalnst
.sil enC| negariefdd cisangyt ofitisRiARni ih@ee}@eeamﬁ@ra 18¥ebhanes feo ! eaUes
~than E%O Sr?nucl eot | d%jis(g-l bashi " gl Lendeckel , W. & Tuschl, T. RNA
25 i nt erf et SPLREG hﬁyrﬁ’fu §ﬁd 3eifefe ¥hrde tRRASXOZERRSS [BIRNAS
188- 200 dlz(eﬂ'ﬁib]j) agalﬂ@erdiffdre&,entttta{meiexamfeaadeMa‘ib@&tWant%au@@al aotd de
3' overha t%%afbove describ d %I RNA affects the RN Ai. induction
ef fici enc‘;{)‘qﬁy adi Nt COBC 6i-i-§Bfucl eoti des ,directed against the-
~ sank0t ar get siFtiey. 0fat hep aboset sremnid qrﬁaé seaﬁﬁamﬁg (Sf)fé@tcid‘fen:a&elength of
transcri tlona ro ct 't 3 overha ose-ny idin , :
el oot i Teo 8 2bafo Ry S rlh b if | BEIRSIEREOR0E HaRPEsrd hfdtestes ira
simlar Ie;xpagssriomheyalneme désectb&ob@a(mmt}. etido tEhere gehdA or two target
oli gonucl q;otl def df_luecﬁg)d st t he sea. ans%(1 | uci f erase Lans& c?nal
product ,>tand firefiy |fer CL3GT ESH S VelroPes SR IRRMAh{ 2PA R
f:ontrol cwetaemtthﬁlejdmedfeﬁt—g\aauc@?sl@a@@emw&d@é@d a3t £n lﬂ%lgggﬁgé@d&cbjy gh)e
i pokection nmethod, to_assa eras ¢ Fi
Iﬁ%r essi onngflgSearﬁgﬁs?ﬁ %ﬁélqﬁﬁ ggga@ég éﬁhé’nwgnef{ﬁrf%ﬁgmg Sy%tem _
above- de:s;csu_beﬂcermeer mldoqenbnelBedmlxbguen@qsepgﬂ@wdenm Yand UpRE@YERd i n

nsd t t
TN Rt T Sy T
-|S| | enci figcatteintint ypldjutﬁGEP/ti@-c&temﬁ.eﬂhantglyarplar{@é‘ DQnE,ZantlloE %tr@gﬁég(ﬂ'ﬁéje
ong wa e ve [ ucl eoti de
ovos hand SRR R UGS P HEBLRES S0 2 (BHREER) . BHES TER e et
t arfet gerleseamnesswmﬂhasheféxem-rﬁfeiagtmrs|alRNA3>d&yt h ﬂ.@ft 251.deDI’panels (A
3- | d | lit
ot "onecbil®) OYepbattn: | EXRTRLE: Sl Rl MATOLSR, AL PGS o) PR Y
si mul tad@oasﬂyEblﬂTmceeuqbrmss&oﬁva@remtmxd: ffrat e:mghg;esestalpsmhemh ng ahd t he

arget genes apg, éarg gg a8k the séag@? )(gr%y s P m d containing two si RNA

'expreSS|on casset cted agai nst sea pansy |uciferases
‘Was construct BYHg. afhcmm"—qaeart@"f éﬂbteegomn@@leehltsf RNA1 effects between the

. 25 tandem and stem-loop siRNAs. siRNA expression vectors pUétandeml?

and pU_Gstele are tandem and. stem-loop, respectively. Cont.
represents the control (vacant vector). |
Fig. 9 represents the gene silencing effects of various siRNA
expression vectors.
30 Fig. 10 represents the gene silencing effects of siRNA
expression vectors containing a cytomegalovirus—der.ived promoter'
(CMV promoter), and tRNA promoter.
Fi_g. 11 represents the RNAi induction . effects of
d'ouble—stranc_led siRNAs containing a mismatch, or a bulge. '
35 ‘ Fig. 12 is a diagram describing the principle of Tet-ON system.

In the absence of tetracycline, the tetracycline repressor protein




. Firefly luciferase expression vector (30 ng), sea pansy |uciferase
expression vector (30 ng) , a vector (300 ng) expressing 8 Karchi BYAS

di rect ed agai nst both |luciferase transcriptional products were' .

. co-transfected together with a vector (100 ng) expressing 13-gal actosi dase
as an internal control into HeLa S3 cells. As the control, simlar

- experinments were carried out using vect®¥ s expressing si RNA directed
agai nst either one of firefly and sea pansy 25 |uciferase transcriptional
products. AS shovv? in Fig. 6B, trapnsfection of the si RNAs expression

vector (PBRCERRPPPHIRENGST) TAFRLELRE Wy R AstunRASP e PE s cription,

si mul t angpuBey i |iQ@C§ﬂe§é't@c@,XMﬁsﬁéﬁﬂa@fmilﬁ@fﬂ%ﬁ%ﬁﬁr_@%@iﬁ binds to
| uci f erases t?? the, sane |evels as that when si RNA expression vector 30

di rect ed* bdet P& TELERBFD RO U6 REPREFEE 0 @IORRT F1at® it rasiCIRintdany,)

was i ntroducegigAslglasCai Pegbiaieysesentias ARRDNSIA AL bRk cthYo Al Ng
a p#ural ity of 'si RNA expressi pn cassettes in the same plasmd to
si muf't an TS EDr ¥EETOResREVHNY i i sFRRBRCYFEipg-hodusbple t #rogmteig.ence
Cor r espomgit&gi t afejtesgantes wht holRNDERSpAHdsRd ot QEEEEENCE N EIDNhg  the
respecti ve, EIE)ronPI ers. 8 March 2006 37, Ex?ggl e 6] Endogenous gene ‘
si | enci ngPRFFCHFL e T AERTEFSEABnPP BT PP BREd ans i Siaraeiengs of
ex0genousn geIRNA néxmekiaeichrd nieited) ot IdbritiiiniepehienBahuewaet her 5 si RNA
expressi on ve%,tor 43% ,capagl.e of Sé' enci ng the endogengus gene ., expression
was exani ned. ~ THe €hdoyEnBhgIgate  Tot my g GiHes: AR 8 et cthey RY& a
~tarpet. tidmsckBptat@nidining arerdinadiedt etiberzetheGyt opl asmi ¢ protein, and is
known as a faﬁtor _aigoci.at ed with cadherins in intercellular adhesion 10
@nd al so as ah™Pnpo antSonfogSRaIrel; t SePRMELRIPoFARNE  ProdHET18PgNEYi ng
R oncogaaenleﬁ-’rp?r@asmlssai;ﬂg’ yadgemdsindng aiboekmeut a&@édﬁd@mle%ﬁagescbe&c@
287, 1606-1609 (200Q0Q)). EGEP expr.essio asm d containing the si RNA
expressié%;l-'ﬂlt easpgogﬁocé‘ i é&‘F‘é&a&g&i ﬁgtb?%S%a?%ﬁ?W? ) PEEARCEACERPAT - was
15 i ntroducedFriigt ol S\WBGrcellkstexphessingPanas R tng ASi AV @lodelct ibGFBy
_expf essi pl.asm d _cont ai.ning nQ_si.RNA expressi on casset directed
aga#ﬁs't B atsgﬁir}‘]npfﬁﬁééﬁf‘ng/as sgﬁpfigrl i ?%%Qﬂf@élﬁi%flo %ﬁ%tceﬂ@epat arg809%
. confl uenoydickese wiltds mrdsrwemwe- i nt roduced into the cells nmounted on slide
"glass using r en such as Effectene (Q agen) or. .2Q Fugene' 6, (Roche
* Mol ecul' ar Bi ogﬁgm %zl 5.2 I‘—cgf%%/raer? gﬁw}iom grg@ggg]m%eaﬁ%dﬁggi SHPSEgéPF s1RBr e
-fixed i nEdRBSwomddilninggy s4%paeabaesalidehydéngf ahe20ra+-bDoxpeyseani | i zed i n
0.1% Triton- , «thep stai i the anti-(3-catenin.antibod uBl )
and Oya-| abel B AEEaZ: e AAEF B F s Gl SR scn 1 PEFBSFa APy
was2 @5 mirigst gien(Roop. sARNA librawgsedprenstipat edst&mat, in green
- pEGFP/i bet a-c ni R, : L heP: i t Lally I A t he
Poraemd. Fur e 5 HafaiPefXcbe SRR LS 2Y 82 SRBREBE-MLLSS'
. of the siRNA library expression system. :

(\} @ shows a random DNA fragment having the dephosphorylated blunt ends
e of 19 to 29 bp long.
25 @ represents the random DNA frégment @ which is ligated with the
5’-phosphorylated hairpin type DNA linker 1 at its both ends.
Fig. 20 is a continuation of Fig. 19.
@ shows strand displacement from the Nick site by Bst DNA Polymerase.
@ represents the fragment @ which is ligated with DNA linker 2.
30 ~ Fig. 21 is a continuation of Fig. 20.
® shows strand displacement from the Nick site by Bst DNA Polymerase.
® represents the cleavage of ® by AscI. |
. Fig-. 22 is a continuation of Fig. 21.
@ represents an siRNA library expression pre-—library.
35 shows BspMI cleavage of the siRNA library expression pre—librar.y.
In th_e case of inserting the Loop sequence, TTCG, between the sense




, anal yzed using a confocal fluorescent cells hol ding expression |evel was
‘cells transduced with no the p-catenin expression 30 | ev®eMawh2000served in
green fluorescent cells transduced with peEGFP and cells transduced wi th no
« plasm d. [Exanple 7] Conparison of gene silencing effects between the :
tandem and stem | oop si RNA expression vectors 35 Gene silencing effects of
an si RNA expression vector (pU6t andemzﬁ in which DNAs coding for 'sense
and anti sense RNAs are 8 March 2006 38 arranged in tandem and an si-RNA
expression_vector (pU6stenil é capable of expressing the sten Ioop RNA

mol ecul 2P iSelfichedde FHAs 5| HICloaasiss egoresast he b dastr ifiad
respecti¥®, vectors are referred to as tandem si RNA and stentl oop si RNA
The sequgnce of the stem|oop 5 si RNA transcribed in the pUsstendl9 is

5 -GT GEPESTRBEAA GRS EEeGT PGENA (@IS (ISEQSYRbeMNGs 21) .
The genersshenamplaetivigtyy VE@Serq:uﬁlH‘Trlaf;tn%ﬁtb)’réth@vai uet fEﬁaniQnﬁaﬁl ¥Siahd
descgl bed Jrr€ t he above-descri bed Exanples. Results are shown in Fig. 8.

Bot h~tan AP R | oop si RNAs 10 concentrati on-dependently reduced the
1 uci fer ase acriyi. t;z3 Theseconesnhhsiorveal edgt hag  both the -t andem and
stem| oQ sr RNA expressi on stens effectively suppress the expression of
the tar gt “getRr e BXample %S%ﬁﬁénﬁﬁréﬁa%eh%ﬂpeet%e%e%m BGSCs brineen

expr essi €ie séﬁs&%ﬁ‘i@ﬁﬁtf@@ﬁsé@o@l@cﬂ!m ehf @1 s 1ok i AL EXPE 8§ U PFLReLES s

cont ai ni n rious .pronpters \rt\ﬁe %e m ned. Luciferase analysis was

performa%lIg RS T & SOrH H%R¢%s in the above- described Exanpl es.- The

3 fobl oviBrg shEMA @K@éﬁ&@é%lf\tﬂfel e&amwemb@s.egl e:219reé'§£c§1@r ﬁéﬂﬁkﬁ'?ﬁ%ﬂ”f%?)
expresngl bH: t[,glnde SI R 5 H Ug gﬂ&\ vect]g gSSt andem 9
(expr essi n% e t ﬁdg Sfjé ht¥ah®gs f ]P‘BHBFE?C §ecpBrBspMI.

- tpH tant(i@’-\ﬂl29):ep)§§ﬁéﬁ&ls rrghé h-_eantpmhrwt%a %lllﬂm.l Qibhl@l%k%re§§l@ﬁ ©m aand
vect or expressing n- 1 oop si ronpt er.
As shovvnlpl n %’,l War guéye;%r]g %%ﬁi%ﬁ%$ éﬁ%@hé\?@ rrg

| uci feraweieiq:irﬂ-ésrsyaﬂtgoactr vity, indicating that 30 pronoters usable in

he, | d f hat
VarkE LS onpbE8S !B 1E°8 Al Babroh L Sho" e BEEaa S AR R S 28R 1%

human Hif prawmeotiepfcappbeximatély el t352[5 BEx@nipirgy 9] TReneissl enaidigtethaet s

| Of S' R%é%%?&&ﬁ’%e‘é%%ﬂm SR B8 apprdo NSy 96 L5 BLARL L En

| therjephosphorylated”blunt end serves as the random DMA fragment in
"Fig. 19 @.

20 Fig. 25 is a diagram representing the preparation of a cloning
vector. The promoter is either the human U6 promoter or human tRNA
'promotef. The cloning vector containing U6 promoter was prepared

using BspMI and Klenow, while that containing tRNA promoter was

prepared using BseRI and T4 DNA Polymerase.
25 Fig. 26 represents micrographs showing the results ef observiﬁg
) the EGFP fluorescence intensity with a confocal microscope.

Fig. 27 is a graph representing relative EGFP fluorescence
intensities in pUCl8, U6 GFP25 siRNA lib-loop—-, U6 GFP25 siRNA lib
TTCG, tRNA GFP25 siRNA lib loop—, and tRNA GFP25 siRNA l1ib TTCG,

30 . measured 24 and 48 h after the transfection.

Fig. 28__is- a diagram representing the stem-loop sSiRNA
expression system containing two loxPs that -interpose ﬁhe linker
portion containing the stop sequence. '

Fig. 29 is a graph representing the gehe silencing effect of

.35 the.siRNA expression adenovirus vector. |

Fig. 30 is a graph representing the gene silencing effect of




. 39 Gene silencing effects of the si RNA expression vector containing
cytonegal ovi rus-derived pronoter (CW pronoter) or tRNA gwmacht?e06 and

.trimmng ribozynme (pCW-TRz and ptRNA--TRz, respectively), was exam ned.

. The transcript fromtRNA pronoter has 5 a t RNA nol ecul e added to the 5'
end. The excessive RNA nolecule at the 3" end which is unnecessary for the
SiRNA formation is cut off by the actith of the trimmng ribozynme. As -
shown in Fig. 10, siRNA expression vectors containi ng either CW pr onot er
or tRNA ol onoi.er_both decreased the |uciferase activity, 10 indicating

that, as-R3€p?Hidt eFXRPTEIFHECR | IRNA ¥ ¥ssi on vector of this invention, CW

promot er or t BN& . pBONDE &5 @aipbe dyrefsimiing h&ﬁedgeﬁadsﬂ@ﬁél@ge@fﬂéﬁ of
transcript of_ the. expression vector, which nds a nol ecul e such as

tRNA at the BLRWAEX ?Wt%eﬁen‘@aﬁqceﬁ’(ﬁ%r effect 15 [ Exanpl e 10]

RNAI i nductiomily gubéex siraidedpzidRAtGoRt @hai @Qne%ﬁi@ﬁ@fhc%reﬁ@cﬂ:eof
Effects of the. presence of m smatch or. hulge in the double-stranded si RNA
on ¢ & A FRBASS EAER! Y SEEN HRN LA NE HASTREFR GHrEcoRRABILMS (ARl ar

condi ti omubpe-témmdéu the akeMemdesCkiibadsEx arphesal Ihen il dawinag BNAL

sequence% wer e usgd i :l EXBerI ment s. Cont r O| RNA seuence
5|_ - K N 3
CCAGCAGCGCAC- 3! ( SEQ | D NO

AC-3" (SEQ 25‘ 10 NO '
) UGGCA
23) 5 iy e bpvention
5' - Wmmugugﬁugubgwmgﬁ ved&hQ | D NO
24) 'As shown h Ebg %Hé gﬁ OUs expression vectors, ised herein showed the
(ci erase s Bt atRitispr R Ot 2sehte < 3bLERCE Lt SRFIRRET O

ul ge i n:oaliagdmhbrtaeséxm;nieﬁa§hwéomyodﬂ¢eem¢usaoi pBbEAik hearéxaiﬁﬁrfe@r ence

in the gene s effec rthermore, RNAIi effects induced vari ous
si RNAs cont ai lr#‘ﬁg B9 ?‘%ﬁlﬁg%%ﬁgoe}épﬁ?%%?%hv%?t%r b&l’ Pg Pedkedna
seque Pce3p¢edsmgnfmct-c&n¢pD sRedihp t&ﬁltamiandfnmﬂ‘ﬂscoﬁﬂﬁloRNélreqﬁx&ﬂaBZ se_lglh

- ( er.ase tIVI t he sequences ar.e sho ese
Tedht 1 SERRR LT ShRRRSEIANATTH T A orr St Rie 5 Joba Goe

its doub[LassﬂiriapdGl eanajaiaﬂnc_t;etloé refrfaactiev plrymosepProRkaRg, t e XA iRSS| &N Of
the tar get constituting the, doubl e nd of

_ each st and r
S| EoRsR8Rc o (Fhel Seuffitord] SR8 elRR At 09, SREL AT Pt P2
[ Exanpl Eeti:]acRNAuneﬁdaeponalbg @eﬂ\iﬁam«m esSithe amkarUhasnENA promoter.

tet racyﬁunrbeérlé.'gﬁgirt?lﬁ. ’pggr}m‘sgg (2000)) .- Fragments containing DNAs coding
20 for portions of hygromycin/EGFP sense and antisense RNAs were
‘ synthesized with a DNA synthesizer, and subcloned immediately

' downstream of the U6 promoter in pU6. To insert these synthetic -
_'\ fragments downstream of the U6 promoter in pUé6, a BspMI recognition
gi} site was provided downstream of the U6 promoter and anothef BspM1

25 site was provided further downstream thereof in the vector used in
subcloning. After cieavage with BspMl, the 4-nucleotide cohesive -
ends were formed. The vector capable of expressing sense RNA was
constructed by inserting the synthetic sense code DNA whose end is

‘ complementary to these cohesive ends.

30. In a similar manner, DNA coding for antisense RNA (19
ngcleotides) was also synthesized, and subcloned immediately
downstream of the U6 promoter in pU6.

This antisense RNA expression cassette containing the U6
promoter was excised from the vector, inserted into the pU6 vector

35 comprising the sense RNA expression cassette to construct the siRNA

expression vector (pU6iHyg/EGFP) . Herein, since it has been reported




. A system (Tet-ON systen) capable of controlling the transcriptional
activity from RNA pronoter by tetracycline is known (COhiGaMarch2008 Tair a,
K. Control.of the functional activity of an 15 antisense RNA by a
tetracycline-responsive derivative of the human U6 snRNA pronoter. Hum
Gene Ther. 11, 577-585 (2000.)). The éftracycl i ne operator sequence of.
tetracycli ne-resi stance .transposon has“been inserted into human U6
pronoter used in this system (Fig. 12).. Binding of the tetracycline

repressor, r ot.ei 20 thi.s seque ce sults in the suppression of
~ pronot e?ca RUR: &he ERpre8si BT Ye @gmtte’r%’n Y tdene S dHE? ofFed

by this addedrmt ehel $‘ond sfatbetébqﬁrééwed mENEC) IIRNM athadChikVekYréSsed

suppr es ed.in ce essin tetracycl i repr.essor
pr ot ei nsD RS IN%‘ gﬁ@%gﬁg&?e‘{?%‘%ﬁ ﬁ‘btpﬁ'ag?sesﬁr l?éylp)’r G{Aé'f“ﬁgl hagetpur
" bi nds tmﬂuﬂm‘tmﬁ—m\mmgssmt a8oth® Staptess The 14 ) @Rserd {NpB8Rpression

.actLrvit Wien tetracycline (or r cline rivative) is added to. the
corl 5 e B eERRY a T L R S ane B pNEL bRl by ng 2@ SRR 1S
repr essmuqdm@ttemsf aod M&Lprlcamﬁeie ovekradgsg it Dotthe3 t +@mss dhptrieomal Fig. ,
acti vat |1hg 30 The present, .inventors constructed an si RNA expression

Vi

vect or ing human U6 pronoter into which tetracycline operator sequence
of tetracycli Hemessi siali t 83nsposbls haselreen coserdedfected ewdmhnedthd he-

"gene silencing effect of si pressi op ve ing the Tet system
Luci f er &&Y; gngt P& BREsPEYH Gl §erp{3ﬁ% él& Qa§ 9%5 e&ﬂﬂ%%&gz%ﬁ%e
above- dadcr juped tﬁxalﬁlﬂbesl411%ksfézimwn i nethbg. msslﬂ@empsrﬁécumﬁ&smmoofector
cont ai ni r n ter racycline
{oper at or]:_lz)gegulglélL B ﬁQQ?et%%%%%lﬁﬂ%et?g??ggggthra SPoson l%i'grﬁeggi?%%%ﬁoed |
reduced Sttla\eld atlﬁ?‘r"ér, asel absevieq wplr additfombfiitebsaopel i fes a@orthenl

ot her Si r N cont ai ni.n Jacye
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or no addhiet SGRNSf ekpreasyohi mectdhese results denonstrated . that, as a
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RNA. Ther ore -using p rono TS neces
cl eave &hi @eR]\F\ tfggrsqnaest eianptiee pyd ﬁldaxmmmmlmgodnsﬁeamsz sanse -

RNA or %ﬁ@é@nB&lAconu:?oﬂg 3, R\NA, r%%ﬁf'gdfﬁférég& i Z)th%omtﬂlerl%ence

anti sense code DNA or sense co a region co |ng sequence to
be 4&cognitgraitpy ri Wegyne Ebeesyafti onb§§¢r@@nce cadieng r egindnplat t keidr 5

and 3' ,eBdfygARErpLL 2lking-o41 shdepef mdacrg%%g,glvr}d Oalfggysﬁeg %R%&{%.ZO

region, a regron coding for the 5 and ozyne t
cl eavesV?ﬁ*éOFe%WPﬁf?’br@féféﬁ’—&é?ﬁ@é' bobvagn ridy dwo ﬁh@?hemenhél groups, and

~ also no non-specific gene silencing of gene expression by the siRNA
\( expression vector. On the other hénd, as shown in the left column
‘ _25 of Fig. 3, cells emitting green fluorescence due to pHygEGFP were
reduced in number and the fluorescence intensity in green fiuorescent
cells was also decreased in the pU6iHyg/EGFP-transduced group
compared to the control group. Similarly, as shown in the right column
of Fig. 3, even when red and green fluorescences were merged,
30 green-fluorescent cells and vellow fluorescent cells due to the
' merging of red and green were decreased in number in the SiRNA
expression vector—-transduced cells compared to the c':ontﬁ:ol. These
results proved that introduction of the siRNA expression vector
induces RNAi, leading to the target gene silencing. Furthermore, as
35 a resuit of similar analysis conducted using mouse COS 7 cells, it -

was observed that the expression of pDsRed was not affected at all,




.sel f-processing actually occurs or not was exam ned. Figs. 14 and 15 are.
di agrams representing the RNA sel f--processing. Transcri @March2006the
~above-described unit were subjected to gel electrophoresis, 25 Results of
.gel electrophoresis are shown in Fig. 16, On the |l|eft side of _ _
el ectrophoresed bands. in Fig. 16, putative structures of RNA nol ecul es
correspondi ng to respective bands are séBematically shown. Several bands
corresponding to RNAs of various | engths which were thought to be produced
by RNA sel f-processing, were observed. 30 A 2.1 nt-long si RNA band was al so
obser vedl?u’q’h‘g%%t r @S PR YEIRGERR ota e B Pediaf i ed IVASs idam st | (micgntshypwing .produced
due to. the RNA self-processing effect using such an RNA producing unit as-
shown in_Fig. 2. 35 [Exanple 13] Preparation of siRNA |ibrary expression
system tEFYBR}RglECEmaNAigaEosh @Hogeng ilencAngsisRMA Wity aof siRNA
expr essi OxpsySt £hm t ek ges4 ng random sites of EGFP nRNA was prepared. -
Qutlines of the preparation are shown in Figs. 19 through 23. (a)

Prepar at i on’ of {TappRektRedeant oy RYARS: £ fRCEGFPhe DAl expmess on Silencing

- /APPr OXI 8B BHY: P (o 0 ARUDRILANG RTARIEG B HNA S 29TRBYS 2RAVLAY bhfsy
dephosphoqr%jl. ated blunt ends"” that are 'the starting materials for e
* prepar at P T3R8 AR PSS ITePITIsTageishows analprgd 28- Fohdows.

prepared as desqld kadahal ovs Theepus 4 i &P LRk |
Fig. 24. 10 The EG-P godi ng .regi on mas%hiengéllﬁ‘%uzrdeé‘)rlglm%g%g%ggﬁlgb@gg&égnd
appr oxi MRAEYS 20™e8198 HyOPdcgerdedony HerP LOBNE T ralgnbaY sneeseriobt ai Blee by

t he1DNasgedpddeatdrivl tiredn@ecansl i(hi gat bOPNadiehs) Gohe Brharge: 5Cak e, S
preparation of the fragments, the fragnents thus obtained was blunted with
‘%&r@ﬁt‘%s‘mls beF8Red ThEBnEREt IBIGS RO sfeEeRPr teBRNIdYS Lsecthe

"enow Pt '
gt\)nst-r UHBd-dia Npahéyi NEcRYet8se ThixprabRGldl G NepRNeRERLOINIFY OI“%F,' te

of the :ﬁe,st rtlslICti on enzyne BseRl. in the upstream and downstream regi ons’ of’

the clorfi ik e {Bud™ 2 5% GEHIITIP TS ) to RELY ol Roeagn )IDNSQ mert dyd

BseRl . The-iapp axbuntelor 20rNA @)ﬁ):@séﬁ}gv'é@fB‘i%fé@t%@Qbﬁihg‘ﬂsfilﬁ@Elxl
Ve

-subggoned wer e exci f@d' ith BseRl. The two nucl eoti de exceSsive' cohesi

ends”f orffed 2 e SY N BLERASE ERIRFETWRELOBR Lt eafussi Here4co T i saieedise,
and t herinteot8l esds wetr Wwiephbgphos l'i%b&@c%lohhﬁe@&?us&h%%ecgﬁﬁn '
_ above-dgsog)rl b(gsr r&cegur;s yi elded a large quantity of.the approxi nat eefy
20 to 25 | Jper FEGRPEGEPEEDNA fragments having 25 dephosphorylated
bl unt ends. . Repubyst besiscDfediNe farmRNs hayiHRd.aS€8S8:C06ea ENARAGL in -
ant i sengg _ C deZ%)ll\lA of si RNA ta;rgeti ng, EGFP nRNA To the both ends of the
“approxi mérefy 2090 ¥5reBperERY E@Fﬁﬁl% YR Gsh e henitFeiuction of -
ﬁepm_spla?!fﬁketieilmbhﬂﬂlt _(:eﬂfmsw;g)ero[&pa:m%d siéRNﬁ%xprﬁéQﬁoﬁ'-vf)@f@p,h%dﬁa&%g -
airpin_Li r. i gate ig. - is hairpin liker contains
| recogni tsil(])'r%%g"ﬁ{l gsgﬁfi‘h? e 19°H @5@1&%??’6%:@1: @ﬁ?ﬁn%’é?ré%ifmn dHE sghe sddiPhat
it can Betcbeavedoat tFarithekagee, sif etips Lhgi¥eehdbthesivihg Siardis
'Q.'\_‘Sp,l acgg?%.e[ie§8£'w%nch\’\%ia%%_{il ’{._egxpressing only either sense or antisense

R . RNA, both plasmids had no effect on the expression of firefly and
725 sea pansy luclferases at all. ~ Fig. 4B shows results obtained by
introduction of varied amounts of siRNA. The siRNA eprression vector
"directed against. the firefly luciferase gene dose-dependently
decreased the firefly luciferase activity without affecting the sea
pansy luciferase activity. On the other hand, in cells transfected
30  with the siRNA exp;ession vector directed against sea pansy luciferése
gene, sea'bansy luciferase activity was dose—dependently‘reduced.
' These results clearly demonstrated that the siRNA expression system
using the U6 promoter specifically and effectively silenced the target
gene. '

35

[Example 3} Target site-dependent gene silencing




.35 out by al | owi ng Bst DNA Po].ynerase to react to the Nick site present’

in the linkage site of the ligation product of this appr&Mamhe0968 March
2006 43 20 to 25 bp long cDNA fragnent with the hairpin linker. Thus, a DNA
~.product, in which the approximately 20 to 25 bp | ong EGFP cDNA fragnent

was ligated with the hairpin linker at 1:1 ratio was synthesized (Fig.
.20-0). Next, to the blunt end side (EGFP3cDNA fragnent side) of 5 thj s
product, the 5 --end phosphorylated DNA |inker-2 was ligated (Fig. ‘
20-(r)). AAAAA/TTTTT sequence si gnal ing the termnation of -transcription
fromPol 111 piorot &t wap preséne ézthet%mﬁeRPéhdemrasmmn Mérmldélr;ecwmdl e
the AsCiag2eR@RI di O e das e 38Rk 5a% Q

AAAAA/ TTTTT side is 51- phogpk?g yl at eg hiolet%n ég}ﬁ?l ga |on pqr})t&ug’t%% PIE&HE“C .
cDNA, | ihkep M Lfgrent gree silrasingaefbactagai not t HBsh'isDiNte Bod imerasa t o
performéhesﬁtbfz@r& YesnlACBRRL LeAEELOBeS it he Linkage
site (Fig, 21-(r)) p. Thus N ragng%{i%%ﬁt'\#]&mf?glrﬁ% 8f 9Sense
and SantfiEfde Mh@r §ilRRI35\1t’arb‘éﬁ—ﬁgr@§PWmm@ng@dqdmcﬂ:andam
15 was Sdcﬁllﬂ&&ﬂgfébtéd%é%é'@héf%g,%n@he ERRFRCAQIstdQnN S Les: of o Jt.éllpgec%
restriction enzynes, Bsgl, are present between the sense 85
DNA and #Hé 3fft iRHHSe ldsddamge (P raseiiong Vet tbRAakr agnéntelaailngobhiAsl
codi ng ‘f Dit S 8888 e BN hﬁ@@%esm%plé)ﬁ céﬁ&'ﬂ&ﬁég tiri‘gx%ﬁgﬁ’e@'\"*slg feiDeys

fragment synthesized in avi n codi ng, or se ard antisense of
si RNA ta?fgétePﬁ& @@:Pnﬁﬂﬁlﬂnﬁ/&sc%cﬁ%%\?@é it R cexpr s pi epares to BNAL feageent
. havilng cofesiste crand blowi @derebitd ta2led) site5OL & %lt”@oE'EhS Ei&gﬂem a’
€

cl oni ng vector_.containing_hunman U6 25 pronoter was construct 25)
1gestrl ction erf2y®dd¥BspM LUBdéREasgnd AsEhtare present’ aamstreanﬁtmmﬂhl s

ronot ers- MdﬂTdmwAﬁmo-@%q's@belm flgwngyr.eam of the pronoter with
BspM, the cleavage site was blunted with K enow, and the product was.

cleaved with ASEE ¢ gntapepares B iy GEECATATRGTTRGATBGEoRE S| SRO ZRANDE unt
ends. Thijs; vector was |igated to the DNA fragment wth blunt and cohesive

end 5haV| ng DNAs coding for sense and antisense of siRNA targeting EGFP
'nRNi\ and theﬁléleo‘héﬁngﬁrﬁi?raé@#‘ UB TS RRAAEAPFBSATORAGT &1 | (SBaFy NO( R )g:

22-0). A cl OnisigeVeehel seakas fif g4 hsmaaThBNAcKah TR RARERA - ‘é’as{s%éc%?n NO:
constructed (Fig.'25). Recognition sites of restriction enzynes

- .BseRl, and Ascl are sinil arly present' downstream of human 8 March 2006 44

10 15 t RNA-vabipemeease Jhisnd! @rlme\c@@z@m@@;@s@m&@ pw%@rﬁﬂuéy 5) ;
cl eavage. with Bse vector was cleaved |immediately

ﬁ i nstead of Bs
downst r eam of 5t Elﬂp?Bﬁb?EPSﬁn ﬁ*ﬂ:aégcgﬂp FEEG‘E%S%GcéﬁF@CAGE§ biSF& &8 NG 1 h
T4 DINA ®0l;ynmerase, then the product was cI eaved with 5 Ascl and simlarly-

cloned (Anti-E e- i RNA expression pre-librar
ol asm d(DNA V\B%GE&‘%&&B&%{%‘P‘E —9\ ACGTTCGTCACAT g' (SEQ IDpNo 7): | y

, site C antisense strand: 5’~ATGTGACGAACGTGTACAT -3’ (SEQ ID NO:
\_ 8) ;
: C : . control sea pansy iuciferase
25 ' {sense strand with nucleotide overhang) :
5/ ~GTAGCGCGGTGTATTATAC-3' (SEQ ID NO: 9);
(antisense strand with nucleotide '6verhang):
5’-GTATAATACACCGCGCTAC-3" (SEQ ID NO: 10).
As shown in Fig. 5A, the luciferase gene silencing .activi{:y
30 varied 'depending on differences of target sites. That is, the siRNA
expressioh vector directed against site B was highest in the gene
silencing activity so that the firefly luciferaseactivity was reduced
to 14% of the control. The siRNA expression véctors directed against
sites A, C and D reduced the enzyme expression level to 44%, 38% and
35 36% of the control, respectlvely. In this case, the siRNA expression

vector directed against site O showed no gene expression silencing




. BspM™ site between-the si RNA sense.and antisense code DNAs (Fig. 22-(r)).
The cl eavage fragment was blunted with . Kl enow and sel f - |8 Match@006 '
construct the Anti-EGFP si RNA expression library in which pronoter,

. anti sense DNA, sense DNA and TTTTT were linked in tandem (Fig:. 22-(r)). .
Sequence anal ysis confirned that a desired product was produced. Exanples
of the sequence of DNAs coding for siRRA in the Anti-EGFP U6; si RNA
expressi on Iibrary are shown in Table 1. Table I 5 "-U6 pronoter-
(antlsens .cade % g Ioog% sense code DNA) TTTTT Ascl-3'" Cone
Ant i sondt o OPSEH B ONRO BT 2 SR ARG HERFPe oors, Hyg—-UGS1iRNA -
CCCGTGCGE&EE%EEACCCTCGTG CACGAGGGTGGECCAGGEGECACGEG (SEQ 1D NO 39).(SEQ ID
NO 40) 2G-P %NoneGFP 24 ACCAGEAT CCCCGGTG , CACCGEGEGEGET GGT GCCCATCCTGGT
(SEQ ID NO 4D (%ED IS Neragsfe Whr%ﬁ%r the peoBerensaribed ob ffierenns sense
code an¢hﬁﬂgﬁneC@ﬂBeﬁtgmg betih&tyeuéb&ﬁdﬂhgt@ﬂ e R fRNA {0 89fRer
case§ la$ ? g E 'E gﬁeﬁg RNAIi | nduction. 20 An si RNA expression.

i brary FRHSS §OL588 £& SOETEGRNAR Canget Sdét%érld‘éﬁltqoséhgéeﬁﬁﬂcgénse
DNAs maSJcomhbruttedsbylptﬁaﬂang eff&bi&ﬁtjlQﬁarba@haSggﬁNﬁNA fipbst Whib
Bsgl and _then w.th Bsp bl unting the cleavage site with

T4 DNA SEIVHEREEER -and %enagoﬁgfﬁﬁPﬁﬁﬁﬁeQelfs?qﬁ%lléﬁ | 2Nt S50SS bl BNA o .

freely @Ilh@bnhhﬂeloﬂtd[de%Swseqmdﬁlm&eapbb%QE}éQ ancb@%r@ﬁ;é@g@ %e and
mar Ker s etc

add fra 8 _March. 2006 45 pro s, selection
- alterlnéqﬁﬁé ggdgga@glgptl &°r prh FFHEQi& Wsand the, type and site of
resl@iction efitysedy [Exafpkasddbitvabuséhes otrsh&NA |ibrary expression

yst em t.ar i he,a ~descri bed Anti-EGFP U6 si RNA
g;press%ongﬁhgﬂgﬁAifggﬁgygggéﬂg" EcggﬁﬁlgﬁoNei 3? Yere co-transfected into
- human HeLa S3sitel bsabyiddiesd igtofanti 6n -meCadaticauobeatantcoe-30003Eg ﬂ@e
cells e l.owed to stand at 37"C for 48 h and then observed under’
conf oca 'nic?dscOpe. As a control experinent, simlar operations mere
conduct ed usi agtpUCkn(sk gtriandpl atec@ictheACATRNCATOTRIYUI-EXPI{8ES 0D NO:
sys m fs shown in Fig. 26, cells emtting green fluorescence due to
---ﬁ ‘decreased in nunber in the group transduced with the 15 -

Ant| - EGFP UG si B | arbriawgn sex mrtessidon 53 ySUAGAUGABAUGUGRAGRRBUSONT (SEQ ¥ OUp

(pUCL8- g Btr?gﬁced group). Moreover, results of FACS analysis revealed the -
decrease in"thé cellular fluorescence intensity (Fig. 27) These result's
i ndi cat ed t hasitaeB e uwdtibdao Oﬁ’PﬁﬁGEGCUGEGEIUGUGA&CRNABPIDSBQyID NO: -
expresshgp systeminto cells |nduced RNAI so as to :

20 site B antisense strand 5’ GUUGGCACCAGCAGCGCACUU 3 (SEQ.ID
NO: 16); '
| site N sense strand: 5’'-AUGUACACGUUCGUCACAUUU-3’ (SEQ ID NO:
(J  1n; o
SR site N antisense strand: 5'-AUGUGACGAACGUGUACAUUU-3 (SEQ ID
25 NO: 18); ‘

control sea pansy luciferase

(sense strand with nucleotide overhang) :
5’—GUAGCGCGGUGUAUUAUACUU—B’ (SEQ ID NO: 19);
_ (antisense strand with nucleotide overhang) :
30 .57 ~GUAUAAUACACCGCGCUACUU-3’ (SEQ ID NO: 20) .-

‘The above-described RNA oligonucleotides were synthesized
using an RNA synthesizer Model 394 {Applied Biosystems). Synthetic
RNAs were deprotected, and'purified'by denaturing acrylamide gel'.

35 electrophoresis. After eluted from the gel, each RNA fraction was

applied onto an NAP-10 column (Pharmacia) and eluted with water free




.20 silence the target gene. Thus, clones capabl e of inducing RNAI and
si.lencing the target -gene would be present in the anti- B3HARcHR006 RNA
| i brary expression system Simlar results were obtained in the Anti-EG-P
.tRNA siRNA 25 library expression system (Figs. 26 and 27). [Exanple 15]
Gene silencing effects of si RNA expression adenovirus vector and HV
vector As a marker gene for evaluation,3a |uciferase gene 30
(p@A.3-Control: Promega) was used. -si RNA was expressed in tandem using

human U6_pronoter. The target sequence was site. B strand:
5' - GTGOEART FOETURTAARS3S ( $00 CBSRAt4BY. APhedesmvd tisy \adotadre was dried

d bey
oen’ sauaosands narkohnenapthadactn kel udler (H0RORRNRR ccrolt
shutt | e RrEsRiPgigahsaghnet(RESS abbE ¢ ht ed ni MeClz)ki t @hen nfehensegliénge.
of 8 Maged o%Q%nﬁ@lB@*EEBEEe f‘d%ﬁ RRAS %%gk&g&%%h 1 duess %”feté‘%e?aras .

a result of, sequenci ng one € Was presen
| - Cedl ahdtinp té%w%qlteéfs toA?@ecrr taﬁél Euptlesisdevdivasei 4 q pue-FArB). weke

~ cl eaved mhidd-optdind |§LRNAh%l@%d@fe%t@dlé@t &Ry 15*&§o'éh%aawlh“c§ah8§£t gzand.
~then cleaved wth Ec'oRI. The expression cassette thus prepare
(appr oxiGRitlet yivddaspy a\ﬁageﬁﬁee)bﬁeradqw tatassel yniferaseantdvity (Fig.
(pShut tlsy),. which had been treated with EcoRI and Hincll, to construct
pU6|-FGLB/ShuttIe 10 2) Incorporation of expression cassette from pShuttle
into Ad vect olsUGHERSASE, IGNE rEPRFERY Ir AL IRs b séRVRhel Ruphuekpe etddon.,
cassetteiﬂwcﬂem:@rg%qrr@tteciés@b@t&@evez%&%t Qheém Qhé@éE{HQ{'lél%@P}.rhﬁé{w&rB@ ’
i'ber according to the nmethod of 15. M.zuguchi al. to construct
U6 Faé'mé% atasbtadmedo Py éEPteeFaﬁR&HWEIRGBlBHB smrﬁeﬁspr@emns feere

hsert el dligessed a\mdlo Ea@h, ehdcpofeed gmlmwséﬁerm%M@aJﬁm 293

(TaKaRa). Fromcells in CPE was observed, vector was “prepare
accor di MFHEIIRE ot ﬁaBN%}f OM%@EEh?O’é%d%LIdHﬁPWP VR Igs hrditer Bd FThesr

- cesi um aisanitde ivbicaeerdidd dgarieoanceBt wdnengeRErd {18t My Q'c%lliﬁtg\ are
agaigst P3§ﬁaﬁ 823? IE 1% BSA o ernlght Titer of the purified
Vec 86 gef érsﬂcemgha & %%Sﬁqrb?fﬁilﬁleeparﬁ%@ﬁphm@ﬁed
titers afutr aepeaticne d&dd&@@b@b&c\é@rhafaxfgaﬂ @%es%%ﬁ@h@&@%é&iﬁduy
6. 76x10" Ad: 5.27X10710.ifu/m 3) Preparation of

HelLa- S3 %@4CHQ§E§ §§dUgPFspﬁEF8nﬁ?eB§rBHAtBl%dﬂ%%sP¥9t%%n% x 105 ceIIs/m

30 and seeded 1 m/well each in a 6-well plate. Then,' each Ad vector mas‘

added tq_each mell i of -1, .10, and 100. Twenty-four ' hours
later, qgg aedicuh %fgeﬁg?oﬁaghﬁdﬁgagﬁﬁlﬁf go PYSORRY | Oh, STRNA
20 31RNAs produced by the U6 promoter have four_ uridine nucleotide

‘overhangs at 3’-ends. On the other hand, Elbashir et al. reported
that, in experiments in vitro using Drosophila, the gene silencing

- efficiency of siRNAs is reduced when 3’ overhangs are longer than
2 to 3 nucleotides (Elbashir, S. M., Lendeckel, W. & Tuschl, T. RNA
25  interference is mediated by 21- and 22-nucleotide RNAs. Genes Dev.
15, 188-200 - (2001)). Therefore, it was examined whether the

four-nucleotide 3’ overhang of the above~described siRNA atfects the

RNAi_ induc_:tion efficiency by siRNA or not. siRNA oligonucleotides
directed against the same target site on the above—mentioned sea pansy

30 luciferase transcriptional product with 3 ofrerhangs whose  number
of uridine nucleotide .is set to 2, 3 or 4 were prepared by chemical‘

- synthesis similarly as in the above-described Example 3. These siRNA
oligonucleotides directed  against the sela pansy luciferase
transcriptional product, and firefly luciferase expression vector

35 as an internal control were introdﬁced at various concentrations into

HelLa S3 cells by the lipofection method to assay luciferase activity




. 4) Lipofection of. luciferase plasnid 35 Twenty-four hours after the
transduction of Ad, the cells were- |lipofected with the [8udafb288@
expression plasmd in the followng 8 March, 2006 47 conposition per well.
. pA3-Control (0.02 g), pRL-Tk (0.1 g), and pUC19 (1.0 g) were added to
Qpti -MEM (250 1) placed in Tube A LipofectAm ne 2000 (5 I|; Invitrogen)
was added to Opti-MEM (250 |) placed in3%ube B, and the nixture was -
‘allowed to stand at roomtenperature for 5 mn. The whole quantity of Tube -
B was added to. Tube A and the mxture was thoroughly mxed. After the .
resul ti ngf 19 xt%e was al | owed to stand at roomtenperature for 20 mn, the

“whol e quant i tmxm@idﬁﬂof teaepahsyel hciaBdakacHbat e %11%%%400%1% Ehelo
5) Lumfe?ase C‘gssa |ferase %)s/sa was carried out using a
S

Dual - LucHPer&s stEREHomegdone Af et c dosgroiggerdrptdy h
fol | ow rtglplis'tlﬁeés’.eﬂi)fleﬁfal gli'ol.@aﬁh wells ﬂ-@ﬂl&lﬁd‘l&i REBle RS a‘ﬂ%%@eﬁ{eﬁﬂ§§n@ﬁt h
PBS% é\%(&?z\ ) After ]tépe renoval of PBS(- 1 x PLB (500 |I) was added
to e Oéﬁ'@ es\/vasFuﬁEE%E“Bﬁ%H%Ps?r%ifl%nﬁf Glérﬁfl%ﬁﬁé?altﬁre
for 15 nile Sgees éﬂelrwlmg taheriealdys dueeldo lrsate W& rinadls hakyetyl Bkomay

1 5 mL tubg % |fu9ed at 14000 r mfor 1 mn, and the supernatant was
t r asPePPEderhidea Pra e s OBSREVEH - RPIEPY Fexed) ing Eha brsd RV AaEi thi ty -

: was' measasrack s HigleaB’ Avtedtbmt ﬁt&&b&@&&on(ﬁeé Uls0b Edmotlsi ne AlR bysab e (10

1), lum nes ﬁnce of Fir %Elg?é Luciferase and Renilla Luciferase was mnmeasured
for 10 £t RAGFFTRY “'r*th SLICHT ERPTRG SdPPeR? £ e Aty SldspR HiRM@ SRRjarh
expiLession, A:ds 3-Z2m ol iedproassedngased on the RLU val ues of FireFly -

tuci ferase/Renilla Luciferase, taking the value of cells transduced with
,the control RGY Ad as 100% (Fig. 29). Sinmilarly, luciferase suppressing

‘ef f ect s [HxaRAie [H) samﬂeﬁasie(mSHls‘il‘eaeﬁﬁgs ofeaepobsanied a3 ghawe in Fig.
ared in the substantially.

30. 30 SIRNA%)%I’GSSIOGE] HV v %z:were grﬁg
same manner as 't o? ot he” SIRNIE ExpPEedion RAERGTRPE, stESEbr IRPeS nSBRt kR
the si RM&Hmdpraamlmrlycaﬂ;iehtedtlay geitRN2g whishethy | dict f ef @sie genBboi el il Mg
shu e n_this_ass the ta sequ ncewa siteB strand:

"5 & aP8 g iRt s S8 LR rokar Ssad G fEingng,
RNAs t o the exBNEsasmtersem@nt bessteted (akiprelcmeldtmlgailgnst firefly and sea pansy

2006 45 NG Thg e WATCERHIeEAEE] TRETRERSRE G SRR B Var ch
51 GUGCGOLGUUBELEADACOCKL IR EK KISSSAGARTAGORIAC ) | S NG

51 b Mo B TR o P Re ot FHA ExFT bt b iut 8 g aorh QOvED TR G |
i nt 90 29FLRYAIs| & radireal agaLhst rb@s:hm)amelmmtednbyrtpeioaaa@d@ﬁdcr&etm'
concent 'E%t—%QBn@@chéénsft%%teetﬂe-knt 911%%3Tacelx)esct%}r (100 ng) expressing
B—galactosidase as an internal control into Hel.a S3 cells. AAS the
( control, similar experiments were carried out using vectors
(if_‘_-":"' . expressing siRNA directed against either one of firefly and sea pansy -
25 luciferase transcriptional products.

As shown in Fig. 6B, transfection of the siRNAs expression
vector (U6i-Firefly/Renilla) directed against both luciferases
si-multaneously silenced the expression of firefly and sea pansy
luciferases to the same levels a‘s' that when siRNA expression vector:

30  directed against either one of luciferases '(‘UGi—Renilla or
Uei-Firefly) was introduced. '

' As described above, 1t was demonstrated that, by arranging a
plurality of siRNA expression cassettes in the same plasmid td
simuitaneously express these multiple siRNAs' itr 'is possible to

35 silence corresponding target genes without generating interference

among respectlve promoters.




.a noi of 5 to 8 Then, RNAI effects. were examned in tetns of Iu0|ferase
activity simlarly as in the case of the Adenovirus ‘10 védilanck 20p&xanpl e
161 Gene silencing effects of si RNA expression dunbbell-shaped vector Gene -

.silencing effects of si RNA expression dunbbel | -shaped 15 vectors were
exam ned. The follow ng si RNA expression vectors were used, and luciferase
anal ysis. was performed under simlar cohllitions .as in the above-described
Exanpl es. vector expressing stem | oop si RNA using human U6 pronoter -
(pU6sten), and 20 dunbbel | - shaped vector expressing si RNA (Dunbbell) As
shown in Fig. 31, the luciferase silencing effect was observed. in the

si RNA expmggﬁp1g1g@uﬂﬁuﬁdeﬁﬂugx§$ﬂ@e%hq%nCln@ennnstratlng t hat the si RNA |
expression system nmaintained in the dunbbell -shaped vector exhibited an-

ef ficient genéldi PénérfigaBPyecienbioned fstamnle ngsliatas itot fhassibereingd
above, tdeeusgenbubhfeddtinaeshlidbar oA 1 €XPrEsehes é&ﬁéﬁ%éﬁ@%ﬁ%ﬁé’r

~silence the functional gene expression. Furthernmore, as a resul
i nt r 8duct ' %Pﬁ&ﬁél@@c?@?t%a%s FaPabeEnOB0S + gty e EAJRERRDEFISH®NA

expressléxpﬁaggﬁaﬂsﬁgg kil ity of target genes into cell, the
expression of nultiple target genes could also be silenced. By usi ng such
an intracel | ulT&e @‘E@W@W €§§?mdl§ﬁsﬁ%§—§ﬁmﬂlhs¢aﬁm@¢@cﬁd\ﬁsm tardet.

cel | somsid cﬁ%aa@nemt he st %h%raaedtbeﬁgrgerB&EbB&‘ésfa{B V_I§§§1:Q{'n that {§
target ene sil % gPas 35 wel I'n addition, “by usin vettors or

the Iik n‘W‘aﬁEfae Fu%%sé?fd;ﬂt@ﬁ ¥ g aEherdas B légrsqr@mhlml@rc@qm%sm be

i NpLOVedisD A dhrgh 2006mA8r Bént Graddgumd hep ENALy | n@uct i P14k BnpRl i ghe
cells without, fail. Therefore, the present systemis able to contrlbute to

-he gene?ltq{‘é"rjdw HhCREORRES bh rd kﬁ%%yﬂ%%e%hﬁ nal & d&PéndHE i6te R .

Fur t her mrdeus) 05geente abyow the-psesedomystemto be applied, 5 to a
met hod of seaé%gbng for fupctio alﬁaenes t he -si RNA I|braré expressjon
e

system and it seRHEPTCREVRN bOA PGy | GRRta FRENGseEhst SiRNSe RXRTRTHHLAN

the '| i ke umkedt becsear chiamhdor feingnal (ENA%/ergF&LgR%gré%gﬂonwas
y ex |

efficient that the present systens includin
sys g r&&ﬁ'ﬁ%db%ﬁ o 48eCatte repseag ing 1%¢wr} onAgfa FOREEPSNHCFP

genes.. Fxp%ddarioh ﬁDQﬁmiﬁMd‘v‘&amlnﬁnnbrﬁimmégﬂraarssidﬂ\l&agéétﬁésdﬁb@éﬁ em
conprisin% an aﬁtlsense code DNA codi ng for antisense RNA directed agai nst

a regi Yt YR n@HARNA, W3S stiftld addde IPACEBERAGL T Y thensel AL

di rect eioagmdrfgﬂldd?mpamThege Oplafsr(;LS&isd wte&fegein’gmmd 1&@%1%@'\32 t;g@e ceflrls{jmr e
- pr onoters c e 0. Xpr.essi sal anti sense .an S romsal

P ver e bR aR Ll 1 G ER N8 BT et i i BE e eRt potAt el (e o

pol20| @ugenk 6l [(RprheoMelecular Biochemicals). Forty eight hours after

transduction, cells were fixed in PBS containing 4% paraformaldehyde
for 20 min, permeabilized in 0.1% Triton X100, then staihed using

theanti—ﬁfcateninantibody(UBI)andCy3—labeledSécondaryantibody.
Cellular fluorescence after staining was analyzed using a confocal

 25 microscope (Fig. 7).

It was demonstrated that! in green fluorescent cells holding
pEGFP/ibeta—catenin, the B—datenin expression level was
substantially low as compared with the cells fransduced with no

"plasmid. Furthermore, no difference in ﬁhe B-catenin expression
30 level was observed in green fluoreécent cells transduced with pEGFPa-

and cells transduced with no plasmid.

[Example 7] Comparison of gene silencing effects between the tandem
and stem-loop siRNA expression vectors
35 ' Gene silencing effects of an sSiRNA expression vector

'(pUGtandele) in which DNAs coding for éense and antisense RNAs are




_ 2. The si RNA expr essi on system according 'to cI aim1l, wherein a final
transcription product of the si RNA expressed by the systérMamBZQ%to 49 bp
long. 3. The si RNA expression systemaccording to claim1, wherein a final
. transcription product of the si RNA expressed by the system is 15 to 35 bp
| ong. 4. The si RNA expression systemaccording to claim1, wherein a final --
transcription product of the si RNA expr¥ssed by the system is 15 to 30 bp
-long. 5. The si RNA expression systemaccording to claim1, wherein a

doubl e-stranded RNA region of the siRNA'in which two RNA strands pair up-
cont ai NS2ELAAGSFRLBHadan o g& s BRVNAREPFERNAcaxR @bt dn%%mhﬁh@@m@mg to
claim 5,om§b%@sﬁaet@é PG €955 48R hB1bRG1E SPBLL Ryt i guani “ﬂ?é‘«‘%‘i
other is wuracil he si RNA expression system according to claim

wher ei n G%H@Sﬁwr@ﬁhw?r@bqﬁﬁi%ww despecgive vﬁ@t@rﬁmeamf@ﬁnedn
system Q wher Si

The si RaN%eégdraggisengﬁﬂé@%?g% %ccor%%sggﬁél a%%g\%}rﬁgpg? o {:ﬁeétl%m%%p
cont@i nsSHBMh 1 t o7tERBARTEARS and: . 1Bul ges. B1e8 Mar chUGSLEN1D. The SisRNA -
expr essi On. SR RS ,@@1{; f hei pPol
1] pror%t er is U6 rorr%t er. tc% %@l%@)%ﬁe@ébﬁggggﬁgpngaccgbrE?ng to
any one ¥1: @lLainms fheogeme whetNHing| @oiigidervas quankdddes! doyr shet er.

12. The 5iNA @Y 519/ 1S $He@Pragedl dinNgHO a%ea@%sgfrlbgha‘aﬁﬁm%lég 11,
wherein said pronpter i's separately |ocated upstream of said I sense and

sense code suls amfe SEPRNAL R ¥FGes8i orPRYR ttemdesy ondi Tien o iy SéRYASS

claigs ledikckdr Mhgeide ;ﬁdcﬁnﬂ%t eauaegar tﬁ@slheasf’e,%s@@ewﬁsfﬂﬂyth@he.t)@rm
Qf\g any one of the follow so that the expression “can
0

nt rol %PV rereapee rﬁha&r b@%ﬂﬂ:rhes gangdraand séGiiehoeret Jé%?é“ﬂ?"?E—)SEflaﬁd
'proxi mal s raauen Ge: @Rl y REEpreiskh t8eSRage dReaberWesR, tapdet Ngehbe
space two | oxP sequences, one in the vicinity of DSE and the “othér in the
vicinity of PSE; (b) the pronoter conprises DSE and PSE that are | ocated to
mai nt ai N E:DenON®t eteRet kY EYciagl @ffeSaqUaNce L hesDELYRRA, capdesanghher
I oxP. sequence either upstream of DSE or downstream of PSE, and (c) two | oxP
seqrnceELHES ocat ed so as to interpose the antisense code DNA or sense .

code DNA. 14.cdhe s5ilRWA ieXPEESELEB S SLEMAREEPEEEBYoh O cibh @80k ifk ATS 1
to 13, wherein antisense and sense code DNAs are maintained in the sane

vector DA iRScREPBOTEFS Jissy SXRIYRFR - difF e iARASREPEIYS BRAAROPEEGPERSI1S,

The si RNA®PEefSIIeR sYaleRLassoadi NG tife adbovieddd cr 'Ei(ainptl(éslz The "
vvherel nftoflei erom)ter is |ocated at the one side of a

ing siRNA expression vectors were used. '

20 * vector (pU6tandeml9) expressing the tandem siRNA by human Ue
promoter, .

' vector (pSStandele) expressing the tandem siRNA by human 55 rRNA

promoter,

vector (letandemi9) expressing the tandem siRNA by human Hl
25 promoter, and _ ‘ _

vector (pHlsteml?) expressing the stem-loop siRNA by human H1

promoter. .
| As shown in Fig. 9, various exptession vectors used herein
showed the luciferase suppressing activity, indicating that
30 promoters usable in the SiRNA expression vector are not limited to
| specific promoters, and that various promoters such as human U6
promoter, human 55 rRNA promoter, and human Hl promoter can be

utilized.

35 [Example 9] Gene silencing effects of siRNA expression vector

containing CMV promoter or tRNA promoter




.unit in which the antisense and sense code DNAs are connected in'the
opposite direction via a linker. 16. The si RNA expressi or8 Ma&hé@o&ccordl ng
.to claim 15, wherein said systemconprises |oxP sequences in the form of

. any one .of the following (a) to (d) so that the expression can be

'controlled 52 8 March 2006 (a) the pronoter conprises DSE and PSE with a
space therebetween, and in the space t#® | oxP sequences, one in the
vicinity of DSE and the other in the vicinity of PSE; (b) the pronoter
conprises DSE and PSE that are |ocated to nmintain the pronoter activity,
a | oxP sequen&ENehefébenaérd, ahfechmotter thex Psap¥Rr eaxpnés OB orvector
downst r egbnm 04 i | %R t

antisense cod eﬁglA& Hgéggr]aslﬁgoltsjdesar 6%’1%5%@81;@? &4\{5@ ggng)%%% a%l?et as
to int erPEBOBET nkéfld ¢ STRHINSlinYSg ar%IPWTS%quén@MV(-@Rg EﬁﬁTT)ptHNZA Thwe,

si RNA exps£58¢00v Y] EMaaCehili REaL 0 Bl QML 9k n1 Gfro%%%@ Erxﬂsté‘%@ense :

and sense code DNAsS are nmaintained in a vector | ecu

expressi drF s mohesddsr afAgd €0 ditd M'1andr 1The opvessilvesBNA nebioulé sita
plasmi d Mestdr .enkPwhike %%N%@é@é@éﬂr%ﬁﬁ&@@ﬁ@%gkﬁg\twn%@' Qb
17, wherein said vector is a viral vector expressi on system
accor di MRy tehe | aFrian oF B thiriag sherweestor is a dunbbel | - shaped DNA

vector. 21. ApgedhowmbAtBEI 00, tdwendl Bh‘ﬁr@éQESﬁi}é&éﬁésEﬁﬂlcgfﬁfég'e’lgzhetro

any one of claims 1 to 20. 22. The cell according to claim erein said’

cel | i's @V RaRMRICPEPTERNA PromosRY WQQ&G&PaéﬁQaW%ﬂfﬂﬁhﬁﬁt%ﬂlaﬁgﬂ{vhé‘—ym RNA

eXPI@SS| i1 Sy/6iRNaaeor 4k agotmayr anered QRN B dr b 9s 20h vR%+ oA of this -
OerOSI tl on CO ri SIM_?Q t he si RNA GXBI’ essi on Sy stem accordin to any one- of

cl.ai ms 1lftvoer2‘bl D5 CMYhRY B 10t BR %d&ﬂ“&ﬂﬁ?& eandpapreigrapharesed s and
corrp05| tHirod: ieSretn lai}ﬁ{ FReescrégh 6@nNpRSI ék@f‘es§§o§ o &b 2088 AP ba.'?icl’EEttiESOd

for produci % a.cel n which the targ ene expression is silenced,

wher ei n asﬁ'iog ﬁé’fLﬁoauE At itS0E hethg épseB ’ hq%ttﬁ’@dﬁéFﬁQttQ?él%lsRNﬂnClng

expr essigffesytst em according to any one of claims 1 to 20 into cells, and

sel qaf]t' ng cells in which said si RNA expression systemis int roduced 27.
An dhtracel | ul ar si RNA I | brary expression system conprising a

doubl e- SiEaindac DNy CMilgufl@ucﬁi&NAbyOwﬁbibﬂgtéandéﬁbbiﬁﬁﬁy coadde NGBy
having the | en g h of t.he si RNA to be expressed, and the two prormters

faci ng %9 R btHePWidh sai d DNA coding for siRNA in between which are
capabl e of exmfesswg dthe tht ulaféslen@@mdﬁnﬁmbﬁéxc%rf HRITGeeSPaG I ¥Re

strandsdpfkﬁ- dtg%%Pe% g&ﬁﬁg on RNAL were examined. Luciferase analysis
- 20 was performed under similar conditions +to +those in the
. above—déscribed.Examples. The following RNA sequences were used in
experiments. ' |
'controi RNA sequence; _
5'"GUGCGCUGCUGGUGCCAACCCgugugcuguccGGGUUGGCACCAGCAGCGCAC-3"'  (SEQ
. 25 ID NO: 22)

"RNA sequence containing a mismatch: _ 3
5! —GUGCGCUGuUGGUGuCAACCCgugugcuguccGGGUUGGCACCAGCAGCGCAC 3'" (SEQ
ID NO: 23)
"RNA sequence containing a bulge:

30 5 —GUGCGCUGCUGGUGCuCAACCCgugugcuguccGGGUUGGCACCAGCAGCGCAC 3!
(SEQ ID NO: 24)

As shown in Fig. 11, various expression vectors used herein
showed1jualuciferasesuppressionactivity: The presence or absence
of‘mismatch of bulge in the double-stranded siRNA produced no

35  significant difference in the gene silencing éffect.

-Furthermore,RNAiéffectsinducajbyvarioussiRNAscontaining .




_ DNA, wherein said pronoter is a pol Il or pol I'll pronoter. 28. An : .
intracellular siRNA |ibrary expression system conprising Mash@00é oop si RNA
producing unit in which an antisense code DNA and a sense code DNA

. conplenentary to said anti sense code DNA are linked in the opposite . ‘
direction via a lLinker, and a pronoter capable of expressing the-stem| oop
SiRNA at either side of said unit,wheré®n said pronoter is a pol Il or pol
11 promoter. 29. The siRNA library expression systemaccording to claim 27
or 28, wherein a final transcription product of the si RNA expressed by the
system i 8 MERJLAY q¥p & rdgelverghexaniped | i BiNdr pearpressi ondiygt fom one
accordi t | ai erg| isn sG] té%@ . the -
si RNA e%fegggdéltghgtaﬁeggy%?g%wigs’ %El;lr&t gw%% ﬁé;;f e(r)cflcg.ﬁﬁjlc& e%%&%&&ry '
expr essi bdeged cpy aekorIpdienee | amstovprindighé2in a final © .
transcripti onpeaducte &f1 {deqahBNALeXRERSSEh DYvER .éiwp@%bﬁt%ggm%f% bp

e
long. 32. The siRNA |ibrary expression systemaccording to any
clai s 27132 B3L Qihér BUAYE dbubte-daulpriedrRNA degrapabletde of A viedy
whi ch twg, §r i e or l.ge r.ch
2006 33. The ;s?%\llg@ﬁ?ﬁi%@rgﬁf%g?oﬁﬁgﬁa{ge%ﬁéggﬁdin%latlgliésriye%%g S‘%c%fx:(ﬁll &
- clai ms 2Rt ButipeiBrialls pEAREOL $EREA s rbespromdyY erompd4teTye
si RNA | g YeRDF£55 10 SV erpraneording to any one of clains 27 to 32, -
wherein si expressed by the systemare conposed of random RNA strands.
- 35. The siRNA |ibrary expression systemaccording to any.one of clainms 27
to 82, Whsksipn sai th SHSALM hSuaPi@8SBYPLYRRA BUbLERkEonS L BNACEXRLESAEO
gectors that each targets a gene sequence conprising a coding region ‘
‘and/ or_-a-HoFASHH R TEHSHL 156 PPARC SEIRNA | i brary expressi on system .
~according to anys@B@emoOf (QbaLOR 2Byk@en?, \Magagua SLRNAS @R6a338¢ bynkhe
systemare conposed of RNA strands encoded DNA fragnments of any cDNA or
-genoni ¢ Ws%ﬁﬁijr’é?glnéﬁftlﬁé§yt@éoq‘@Né‘tﬂrﬁﬂ“ogﬁ% by RRALREYBALIng st ¥§§8§.
37. An agsewety, of . thersiRNAK LT ot X e SHO Fus-Hi Ok 1 %%Qmwg}gosfoaﬁny
one, of claips 27 to 36, wherein different si RNAs are expressed by each
syst2m i SRR &Py . @ St IR GRAHAE dreseensdmenger évakivant idwahugane,
the met hpgl saanprighon@tdie ste@s okne( ahdtroducisng tsikg SR ) br afye -
. expression system according. to any one of clains 27 to 36 or the assenbly
of -si RNAT TR 10 pr 8§§Fgﬁ°§yst%%’§u‘a%%%r dity t dedraccdingngsdetpace(b)
sel ecti ngraxpdgdsdi it sMbedh Sais@ raiedNA nticb hafAneXBr pEomeRersuskamar tgakd -
‘assenbly has been in% duced;. . and gcﬁ)’ anal yzi n% t he phenotype of the cells
thus sel AT §49-THe) netHOd 8L CEarhitRErAGY CA1PanERPHRSH O H & tedBokdi ng
to a0 ai M3 sb@ieide Saésules hod friet hefprerEYiicsl nef apBbepLef aseieenyng
for a ftﬂqx%fe%ns%_lo ‘e‘r}gc gggdw %stehetggﬂgggggtfgn% nglllggolled by this
promoter is in a state that the transcriptional activity is

‘suppressed in cells {(e.g. Hela -cell) expressing tetracycline

‘repressor protein. This may be because tetracycline repressor
- 25 protein in cells binds to human U6 promoter so as to suppress the
transcriptional activity. When tetracycline (or tetracycline_
derivative) is added to the cells, it binds to the tetracycline
' .répressor protein to release the repressor protein from U6 promoter, -
leading to the transcriptional activation. |
30 . The presént ‘im'fentorsl constructed an siRNA expression vector
having human U6 promoter into which tetracycline ope.rat'o_r sequence
of tetracycline resistant transposon has been inserted, and examined
the gene silencing effect of siRNA expression vector using the TetON.
system. Luciferase analysis was conducted under the similar
35 conditions to the above-described EXamples. | | '

As shown in Fig. 13, the siRNA eXp‘ression vector containing




- for siRNAin a cell whose phenotype has been found altered as the result
" of the phenotype analysis. 55 8 March 2006 40. A nethod feoMashl2006i ng a

. highly active si RNA, the nmethod conprising the steps of: (a) introducing

. the siRNA library expression systemaccording to any one of clains 27 to
36, or the assenbly of siRNA library expression systens according to claim
37 into cells, and (b) neasuring the expkession |evel -of a specific gene or
protein in the cells into which said si RNA |ibrary expression system or
said assenbly is introduced. ABSTRACT The in vivo si RNA expression

syst em abewadi Wy nuenoties inenvhonh the Ledysicomliingt operersos sefaetge of

Code: DA oA T Hht | e e R A RS A S AT,

target gbwelffrasanacoiel tyrupor eagdbhberrel thatrdcnciinn. t drexpresshtdre -
anti sens d e -ﬁ%@s Nt | e : o eig¥§%

respecti 6% y! & r?:fﬁ OtS(J}{/ 34§%%$E&%EEE?S%%%§; T%ﬁRA Azt r?a]'rllne

M YAB SHrpeRakor osedrencei RRAUEXPREBS| ANCSYSTENCARD INEFEHED @R PREBSCIANG

. FUNCTI QN 5 EENE JKNREK 5 RORR SYST, < > - <140>
141> <Ta0% SEO 5661 569585 3%%tggg%-@{ﬁg‘ég&15%%%%%%5&?%%%@%%?@1
2002-10-8@62&60?557a<1r@9m%ﬁ§ﬁuI#h%%r.l@duqe8<2§®BN$ <2m$$eggiézlz>tmNA_8
Mar ch 2000, 2d-3de s2135edV bl I'51Sho SEHUGRGRc S ég;%g%@c 3Rl 08a 2T be

Artificial Sequence:Artificially Synthesize nce a <400> 1 .
: - preferably used. :

10 ‘ ,
( : [Example 12] Production of siRNA'by RNA self-processing

£l
{7

The use of pol II_promoter in the siRNA _expres'sion vector results -
in the transcription of somewhat long RNA. Therefore, in the case
of . using pol II promoter, it is necessary to cleave this RNA,' for

15 - example, by self-processing to produce antisense RNA or sense RN_A.V
Using an RNA producing unit (Fig. '2) containing antisense code DNA

- or sense code DNA, a region coding for RNA sequence to be _recbgnized

by ribozyme (recognition sequence coding-region) at their 5’ and 3’

_ ends, and, flahking ciutside‘of this recognition sequence coding
20 Aregion', a region coding for the 5’ and 3’ end cleaving ribozyme that
c_leaves the recognition sequénce coding region, whether the
-self-processing actually occurs or not was examined. Figs. 14 and

(\> 15 are diagrams representing the RNA self-processing. Transcripts
o frpm the above-—descﬁ:ibed unit were subjected togel electrophoresis.
25 ‘ - Results of gel electrophorésis are shown in Fig. 16. On the
‘left side of electrophoresed bands in Fig. 16, putati_ve structures

of RNA molecules corresponding to respective bands are schematically
sﬁown. Several bands corresponding to RNAs of various lengths which

7 were thought to be produced by RNA self-processing, were observed.
30 A 21 ntuloﬁg siRNA band was also observed. These results ihdicated
that siRNAs can efficiently be produced due to the RNA
self-processing effect using such an RNA producing unit as shown in

Fig. 2.

. 35 [Bxample 13] Preparation of siRNA library expression system

targeting EGFP mRNA




gctat'gaaac gatatgggc 19 <210> 2 <211> 19 <212> DNA <213> Artificial

" Sequence <220> <223> Description of Artificial Sequence:8¥hichiaooal |y

Synt hesi zed Sequence .<400> 2 gcccatatcg tttcatagc 19 <210> 3" <211> 20

. <212> DNA 8 March 2006 3134 .<213> Artificial Sequence <220> <223>
Description of Artificial Sequence Artiflcially Synthesized Sequence <400>
3 gttcgtcaca tctcatctac <210> 4 <211> 483 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:Artificially .
Synt hesi zed Sequence <400> 4 20 gtagatgaga tgtgacgaa 19 <210>5 <21.1> 19
<212> DNA. 8 N@mchlBU@Glanar¥Zaﬁprdwsidn(EyﬂteﬁapmngaiiﬁQQ@andeﬁ2§>tes of .

Dosor ot ERp ok 44§ Alp SEONCERASLL! 5oLy, SUILIER, 200, SECUREE 5000
: SequenceFxGSO>l9 <gRgoudies?Biption of Artifi ci al Sequence: Artificially
' Sy“thGSi%Qﬁ §§QH§P§€io§4QP>e5proximately 20 to 25 bp EGFP cDNA fragments
5 : “Approximately 20 to 25 bp long random EGFP cDNA fragments
having the dephosphorylated blunt ends” that are the starting
materials for the preparation of the siRNA expression library shown
in Fig. 19- D were prepared as described below. The outline of its
preparation is shown in:-Fig. 24. o
10 The EGFP coding region was amplified fro&tpEGFP—Nl by PCR, aﬁd'
(:} approximately 20 to 25 bp long random EGFP cDNA fragments were
‘ obtained by the DNase I treatment of the ampl:.ficatlon products. For
a large-scale preparation of the fragments, the fragments thus -
obtained was blunted with Klenow Fragment, and subeldned into the_'
15 pSwal vector that have been constructed by modifying pUC18. Tﬁis
' | vector contains the recognition site of the restriction enlzyme BseRI
in the upstream and downstream reglons of the cloning site (Swal
-recognltion site) so as to excise DNA insert by BseRI.
The approximately 20 to 25 bp long EGFP .cDNA fragments thus
20 subcloned were excised with BseRI. The two nucleotide excessive:
cohesive ends formed after the BseRI cleavage were blunted using T4
DNA Polymerase, and then, both ends were dephosphorylated by the CIAP
(?} treatment. The above-described procedures yielded a large quantity‘
o oftheapprox1mately201x)25bplongrandomEGFPcDNAfragmentshaVLng7
.25 dephosphorylated blunt ends. '

. {b) Synthesis of DNA fragment having sense code DNA and antisense
cede DNA of s8iRNA targeting EGFP mRNA- _ ,

~To the both ends of the “approximately 20 to 25 bp long EGFP

30 CcDNA fragment having dephosphorylated blunt ends” p'repar.ed.in (a)-,
. the 5’'-phosphorylated hairpin linker 1 was ligated (Fig. 19-@).
This hairpin liker contains recognition sites of type II restriction
enzymes, BspMI and Bsgl, so that it can be cleaved at the linkage
siteor itsvicinities. The strand displ-acemen_{: reaction was carried

35 out by allowing Bst DNA!Polymerase to react to the Nick site present
in the linkage site of the ligation product of this approximately




gttggcacca gcagcgcac-19 <210> 7 <211> 19 <212> DNA 8 March 2006 5134

" <213> Artificial Sequence <220> <223> Descripti-on. of AmMaichi2abe

‘Sequence: Artificially - Synthesized Sequence <400> 7 atgtacacgt tcgtcacat S -

.19 <210> 8 <211> 19 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Artificially Synthesized Sequence

. <400> 8 atgtgacgaa cgtgtacat 19 8 March32006 6/34 <213> Artifi cial

Sequence <220> <223> Description of Artificial Sequence:Artificially.

Synt hesi zed Sequence <400> 9 .gtagcgcggt gtattatac <210> 10 <211> 19

<212> DNAQ 0135 bptidngiciNASEgagment <@l the?PdtrPéactimtéon dhus, a DNA

cogogot s 310" 11 il thE esbr ReR oo AR S INORSS 0PY i Bidinnta
Sequenceva® lagateggitiDeberiptimim dinkeridt ¢i alrSequeas eyithickiicieal {Big.
Synt hesi z84@ieauRage, <#802ndlnIGHRURAE 1 §3U HEP YN 20 520 Wige) of
5 this product, the 5’—end phosphorylatgd DNA linker 2 was ligated
(Fig. 20-@). ARAAA/TTTTT sequence signaling the términation of
franscription from Pol III promoter is present at the one end of this.
DNA linker, while _thé AscI recognition site: is'present at the other
end. Only the AAAAA/TTTIT side is 5’-phosphorylated.
10 This ligation produ@fct of EGFP cDNA,' linkér 1, and linker 2 was
( , reacted ‘again with Bst’ff DNA Pol‘ymerase_- to perform the -Strand
displacement reaction from the Nick site at the linkage site (Fig. A
21-®) . Tﬁus, the DNA frégment,. in which DNAs coding for sense and
antisense RNAs of siRNA targeting EGFP mRNA were arranged in tandem,
15  was synthesized. In this fragment, the recognition sites of type
IT restriction enzymes, BspMl and BsgI, are present between the sense

code DNA and the antisense code DNA .

(c) Cloning of DNA fragment having DNAs coding for sense and antisense
20 of SiRNA targeting EGFP mRNA - N
' B The DNA fragment synthesized in (b) having DNAs coding for sense
and aintisens‘é of siRNA targeting EGFP mRNA was cleaved with AscI
_ gé to prepare a DNA fragment Eiaving cohesive and blunt ends (Fig. 21—-@) .
For cloning this fragmernt, a cloning vector containing human U6
'25. promoter .was constructed (Fig. 25). ° Recognition sites of
restriction enzymes BspMI, BseRI, and AscI are present downstream
of this promoter. After the cle.avage immediately ‘downstream. of the
pr‘o,moter with BspMI, the cle.avagé site was blunted with Klenow, and
the product was cleaved with AscI to prepare a cloning vector having
30 cohesive and blunt ends. This vector was ligated to the DNA fragment -
~with blunt and cohesive ends having DNAs coding for sense and
antisense of siRNA targeting EGFP mRNA, and then cloned (Anti-EGFP
U6 siRNA expression pre-library) (Fig. 22—@) . |
A cloning vector éontaining human tRNA-val promoter was also
35 constructed (Fig. 25). Récogniti.on sites of restriction enzymes

- BspMI, BseRI, and Ascl are similarly present downstream of human




<211> 21 <212> RNA <213> Artificial Sequence <220> <223> Description of’
" Artificial Sequence:Artificially Synthesized Sequence . $idarehPR0gcccauvaucy
uuucauagcu u 21 <210> 13 <211> 22 <212> RNA 8 March 2006 8/ 34 (213>
. Artificial Sequence <220> <223> Description of Artificial
Sequence: Artificially Synthesized Sequence <400> 13 guucgucaca ucucaucuac
uu 22 <210> 14 <211> 21 <212> RNA .<24%8> Artificial Sequence <220> .<223>
Description of Artificial Sequence:Artificially Synthesized Sequence <400>
14 guaga gng ugugacgaau u 21 <210> 15 <211> -21 <212> RNA 8 March 2006
9/ 34 <218BNArvaf| praroteguenteixoobsningogscpesccigpt iadscofocaRyanagiasl by

Sequence.fekifh&1 Ghhy B§lé%t1h%§iszt%dsec9fleﬁgﬁmf4ooihl§ QUIEITUQLES GUUORLaAcU
u 21 <210> 16 "<211> 21 <212> RNA <213> Artificial. Sequence <220> <223>

. Descri pt HBReS}a e by (NGt rSegueRcehaproniadien iy th e ivbis ithedc beauied ce te100> |
16 gQuUUYOLAS FAIRRACHERR W UDRE pAle rhse ,<2hdR Hile product was cleaved with

5 AscI and similarly cloned {Anti-EGFP tRNA siRNA pre-library}.
The siRNA expression pre~library plasmid DNA was cleaved at
. BspMI site bétween the siRNA sense and antisense code DNAs (Fig.
22-®) . The cleavage fragment was blunted with Klenow and
self—ligated.to éonstruc; the Anti~-EGFP siRNA;expfessidn librafy in
10  which promoter, antisense DNA, sense DNA andJTTTTT were linked in
'(?} . tandem (Fig. 22*()). Sequence aﬁalysis confirmed that a desired
' product was produced. Examples of the sequence of DNAs coding for
siRNA in the Anti-EGFP U6 SiRNA expression library are shown in Table

1. o | |

15
Table 1

5¢-U6 promoter—- (antisense code DNA) (no loop) {sense code DNA) TTTTT AscI-3'

Clone _
No 'Antisense. code DNA Loolﬁ . .Sense code DNA
1 : GFP 24 é None GFP 24
CCCETGCCCTGECCCACCCTCGTG | CACGAGGGTGGGCCAGGGCACGGG
" {SEQ ID NO: 39) ‘ (SEQ ID NO: 40)
2 ‘ GFP 24 & o None ~ GFP 24
ACCAGGATGGGCACCACCCCEGTE ' _ CACCGGGGTGGTGCCCATCCTGET
(SEQ ID NO: 41) | (SEQ ID NO: 42)

In Table 1, the orientation of the antisense code and sense
. code might be the reverse of that 1n EGFP mRNA in some cases, but
this does not affect RNAi induction. '
20 - . An siRNA expression library having a Loop sequence of siRNA,
TTCG, between antisense and sense DNAs was construc‘t.ed by cleaving
the pre-library plasmid DNA first with BsglI énd then with BspMI (Fig.
23-@-2) , blunting the cleavage_site with T4 DNA pdlymerase, and then
performing self-ligation. It is possible to freely alter the-loop

- 25 -séquence between antisénse and sense code DNAs and add fragments of




<212> RNA 8 March 2006 10/34 <213> Artificial Sequence <220> <223> ‘
Description of Artificial Sequence: Artificially Synthesigadsrcbeqognce <400>
17 auguacacgu ucgucacauu u 21 <210> 18 <211> 21 <212> RNA <213>
.Artificial Sequence <220> <223> Description of Artificial

‘Sequence: Artificially Synthesized Sequence <400> 18 augugacgaa, cguguacauu
u 21 <210> 19 <211> 21 <212> RNA 8 Ma#bBh 2006 11/34 <213> Artificial '
Sequence <220> <223> Description of Artificial Sequence:Artificially

Synt hesi zed Sequence. <400> 19 guagcgcggu. guauuauacu u 21 <210> 20 <211> 21
<212> RNBrom@igdss/r sefiecitabnSmgusrce , <220>, t@Q%ﬂﬂBﬂiﬂd|ﬁhemneﬁuawdefdmlaI

Sequence; Actit] Ci .9yn Si u <400 uauaauaca ccgcgcuacu’
o 21 <arne sk th I hicty P RS SHES, eu RO 5E 45 e LA e
Sequence <220> <223> Description of Artificial Sequence:Artificially
Synt hes! 80 meal 9P 74002 2dn ¢ %tfgggﬁﬁm LQeEAREE: SOMPSYANER AhIQ535r2
gcagcgcac < ‘ ‘
5 EGFP mRNA ,

The above-described Anti-EGFP U6 siRNA expression library (1
lLg} , and pEGFP-N! (0.01 Mg) were co—transfécted into hﬁman Hela S3
cells by the lipofection method (Lipofectamine 2000) . The cells were

allowed to stand at 37°C for 48 h and then observed under a confocal

10 microscope. As a control éxperiment similar operations were
p ' conducted us:.ng pUC18 (1 Bg) in place of the siRNA library express:.on
- system..

As shdwn in Fig. 26, cells emitting green flUOrescénce due to

PEGFP-N1 decreased in number in the group transduced with. the

15 Anti-EGFP U6 siRNA library expression system compared to the _contrpi

' group (pUCl8-—introduced group) . Moréover,‘ results of FACS analysis
revealed theldecrease in the cellular fluorescence intensity (Fig. 7

'27). These results indicated that the introduction of the anti-EGFP

U6 siRNA library expression system into cells induced RNAL so as to

20 silence the target gene. ' - -

Thus clones capable of :Lnducz.ng RNAL and silencing the target

‘gene would be present in the anti-EGFP U6 siRNA library expression
C? system. ' '
(\q Similar results were obtained in the Anti-EGFP tRNA siRNA
,2.5 library expression system (Figs. 26 and 27). ‘

[Example 15] Gene silencing effects of siRNA expression adenov‘irus-
véctor and HIV vector
As a marker gene for evaluation, a luciferase gene
30 (pGL3-Control: Promega) was used. siRNA was expressed in tandem
using human U6 _promoter. The target sequence was site B strand:
—G‘I’GCG‘CTGCTGGTGCCAAC-3 r (SEQ IDNO: 43). An adenovirus vector was
- prepared according to the method of Mizuguchi et al. (Nippon Rinsho, '
58, 1544-1553 (2000)) . | |
35 1) Incorporation df RNAL expression c_;assette into shuttle plasmid

- Although there were three HincII sites in the sequence of




<211> 53 <212> RNA <213> Artificial Sequence <220> <223> Descri.ption. of
" Artificial Sequence:Artificially Synthesized Sequence <H)Nz2rcA2008 '

gugcgcugcu ggt gccaacc cgugugcugu ccggguuggc accagcagcg. cac 53 <210> 23
<211> 53 <212>.RNA 8 March 2006 13/34 <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Artificially Synthesized Sequence
<400> 23 gugcgcuguu gguguucaacC cgugugcigu ccggguuggc accagcagcg cac. 53
.<210> 24 <211> 54 <212> RNA <213> Artificial Sequence <220> . <223>
Description of Artificial Sequence:Artificially Synthesized Sequence <400>
24 gugc gesigett he unciciaarl e cgogugt ogtechggitiugs catddgeaad; geas Lk &F 25

:gééz %)230? &%I or@lét%ﬁrt 1?5:'% %%6§%§égﬁcs’elf' 3?’9@[@%%?5‘/ Ib§§ﬁ’t%%é12fz%ec\l é@(ﬁ’iﬁjen-ce
<220> <22150er1 ssifemture .<222> (1).. (19) <223> "n" any one base.of a,
s % cAIRRS N AT, LaRA0eE, R 5 Bhvent e
SequencelfmdIiI ci ¢ yends were blunted by the Klenow treatment, and then
cleaved with EcoRI. The expression cassette ~thus prepared
(approximately 600 bp) was incorporated into the shuttle vector
:(pShuttle), which hed been treated with EcoRI and HincII, to
construct ﬁUGi—FGLB/Shuttle. ' '
" . -
CN 2) Incorporation of expression cas'sette from pShuttle into Ad vector |
plasmid, and preparation of Ad vector o B
~ The RNAL expression: cassette was incorporated into Ad vector -
plasmid (pAdHM15-RGD) ha%ing RGD fiber according to the method of
15. Mizuguchi et al. to construct pU6-FGLB/RGD.

As a control, after pAdHMI5-RGD and pU6-FGLB/RGD with no insert
were digested with PacI, lipofection was perfermed using TransIT293
(TaKaRa) From cells in which CPE was observed, Ad vector was
prepared according to the ‘method of Mizuguchi. et al.

20 _ Ad vector'preparediby the cesmum chloride ultracentrifugation
method was purified by dialysis against PBS(-) centainingrl% BSA -

overnight. Titer of‘the?purified Ad vector was measured using an

{Tﬁ Adeno-X Rapid Titer Kit (Clontech). Measured titers of respective
o Ad vectors were as follo%s:
25 RGD/Ad (control): 6.76x10°10 ifu/ml
U6-FGLB/Ad:  5.27x10710 ifu/ml

3f Preparation of HeLa-83 cell ,
. HeLa—-53 cells were prepared to a density of.5 x 10° cells/ml,
30 and seeded 1 ml/well each in a 6-well plate. Then, each Ad vector
-was added to each well at aMoi of 1, 10, 20, 50, and 100. Twenty-four"

hours later, the medium (1.5 ml) was added prior to lipofection.

4) Llpofectlon of luciferase plasmid
'35 Twenty-four hours after the transductlon.of‘Ad the cells were

lipofected with the.luc1ferase expression plasmid in the following




Synt hesi zed Sequence <400> 26 ttcggcaggt ccggtcgacc ctgcacgcgg ccaaggccga
" aaaggccgcg gccgcaagca 60 8 March 2006 15134 ggctcgaccg g&ddargo@0@s a 81
<210> 27 <211> 119 <212> DNA <213> Artificial Sequence <220> <223>
., Description of Artificial Sequence:Artificially  Synthesized Sequence <220>"
<221> mst feature <222> (1) . , (19) <223> "n" = any one base of a, t, g,
or c. <220> <221> mist feature <222> (401).. (119) <223> "n" = any one
base of a, t, g, or c. <400> 27 nnnnnnnnnn nnnnnnnnnt tcggcaggtc cggtcgaccc
- tgcacgcggc caaggccgaa 60 ‘aaggccgcgg ccgcaagcag gctcgaccgg acctgccgaa |
‘nnnnnnnnAafmpashhhonnpdit w8l Mar ch 2006 16/ 34 <210> 28 <211> 39 <212> DNA

<213> Artifici Sequenc 20>  <223> ription of Artificial :
Sequence:ArtiFg%Péﬁﬁ? r§ nﬁﬁeg?zgg Seaﬁggig &506>”§B'Q©E@c§%@h%_bﬁtgdﬁﬂgcg
'ccgctcttwgregnknﬁhaadﬁirﬂNHW(ZQO;EﬂlﬁkaaédjﬁQFﬂBeDNA £1b%¥e6$hmﬁhﬂzﬁoo
Sequence, 220> . <223> Descripti f_Artificj uence: Artificially .
Synthesié%ﬁﬁseéﬁgﬁégogf >Wa§9a$$?$fﬂbéﬁﬁnﬁggghégggcﬂg%éﬁéﬁﬁﬁkﬂnt%?%%éb 37
8 Mabch 2006t Md4tx2e0ra8ialkddd koS tanilde DN <Xhipye Arthidd Coal SSeiquence. .
The whole quantity of Tube B was added to Tube A, and the mixture
was thoroughly mixed. After the resulting mixture was allowed to
stand at room temperature for 20 min, the whole quantity was added

to each well, and incubated at 37°C for 48 h.

s
e

5) Luciferase assay -

Luciferase assay was carried out using a Dual-Luciferase
Reporter Assay System (Promega) . .
' After culturing‘foﬁ 48 h following the lipofectioﬁ, each well
15 in the plate was washed once with PBS(-) (500 pl). After the removal
of PBS(-), 1 x PLB (500 Wl) was added to each well, and the plate
was. occasionally shaken at room temperature for 15 min so as to lyse
the cells. Cell lysate was transferred into a 1.5-ml tube,
centrifuged at 14000 rpm for 1 min, and the supernatant was
20  transferred into a fresh 1.5-ml tube (PLB lysate).
' Luciferase activity was measured using an AutdLumathUS LB953
‘(Berthold) . Using PLB ilysate (10 pl), luminescence of FireFly
(j} Luciferase and Renilla E@ciferase'was measured for 10 s. Relative
NI luciferase silencing effects of the respective RNAi expression Ads
- 25  were éxpressed based on the RLU vélues of FireFl.yr Luciferase/Renilla
- Luciferase, taking the value of cells transduced with the control
 RGD/Ad as 100% (Fig. 29). -
- Similarly, 1luciferase suppressing effects of RNAL by
expression HIV vectors were observed as shown in Fig. 30.

30 - SiRNAexpressionHIVvectorswerepreparedjx1thesubstantially
same manner as for the siRNA expression Adenovirus vector by
inserting the siRNA expression cassette targeting FireFly luciferase
into an HIV shuttle vector. In this assay, the target sequence was
siteB strand: 5'-GTGCGCTGCTGGTGCCAAC~3 ' (SEQ ID NO: 43)?06promoter

35 -wés used, and, RNAs to be expréssed.have the stem—loop including

5 ' ~GUGCGCUGCUGGUGCCAACCCUgUgCuguccGGGUUGGCACCAGCAGCGCAC (SEQ ID




<220> <223> Description of -Artificial Sequence Artificially -Synthesized -

" Sequence '<220> <221> nisc feature <222> (39).. (58) <2ZMafch'2086any one
base of a, t, g, or -c. <220> <221> nisc_feature <222> (139). . (158)

, <223> "n" = any one base of a, t, g, or c. <400> 30 ggctcgagaa gcttggcgcg
ccgctcttcg cgccaaaaan nnnnnnnntn nnnnnnnntt 60 cggcaggtcc ggt cgaccct
gcacgcggcc aaggccgaaa aggccgcggc cgcaagédgg 120 ctcgaccgga cctgccgaan
nnnnnnnnnn- nnnnnnnnt . t tttggcgcga aggccgccgc 180 gccaagcttc tcgag, 1958
March 2006 18/34 <210> 31 -<211> 152 <212> DNA <213> Artificial Sequence.l
<220> <M@3>2Péscription of Artificial Sequence:Artificially.  Synthesized

base <22 iZa@?&f@%@%@éﬁ?&?@%ﬁ%ﬁ 3‘?5@9@%9@%@?&%@3@%@6‘%n' REdace

of a, t,I§, Nor 28),ofnd, t, g, or c. <400> 31 ggctcgagaa gcttggcgcg
ccget ot i §g_ eaeeeaaaaaeeﬂaﬂaﬂ_ﬂﬂeegﬂgﬂg&ﬁg&ggegggueé@ﬂ&&@@ieg@@f&Cé e

t gcggccgcg gecttttcgg ccttggeccgec-grtg gaccggacct gaannnsiEQ
nnnnannniB N@:152) 8 Maftdr 2006 SLRIE ecﬁﬂ;fEaMn <Ml 15 D 1 as2 2> waNA <213>

Artificia krtl Hggﬁef§€§059§§%§§Lﬁ?sQﬁlﬁh.%@r A%%I%%%laharvested by the

Sequence: |C|al ynt hesi zed ‘Sequenc
.standard method concentrated and transfected 1nto 2937 cells at

a moi of 5 to. 8. Then RNAi1 effects. were examined in terms of
luciferase activity similarly as in the case of the Adenovirus

10 vectors.

(Example 16} Gene silencing effects of siRNA expression
dumbbell-shaped vector ' ‘
Gene silencing effects of siRNA ‘expression dumbbell-shaped
15 vectors were examined. The following siRNA expression vectors were
| used andluc1feraseanaly31swasperformedunder51mllarcondltlons
v~as in the above—descrlbed Examples. .
‘vector expressing stemuloop SiRNA using human Ué promoter-
. (pUGstem), and .
20 ' dumbbell~shaped vector expressing siRNA (Dumbbell)
As shown in Fig. 31, the luciferase silenciﬁg effect was
observed in the siRNA expression dumbbell-shaped vector,

demonstrating that the siRNA expression system maintained in the

dumbbell—shapedvectorexhibitedanlefficientgenesiiencingeffect.
25
Industrial Applicability.

" As described above, the use of the 1ntracellular 51RNA

, expre331on system enabled to silence the functional gene expressmon
Furthermore, as a result of introducing a single vector that has been

30 ~transfermed to maintain siRNA expression systems for a plurality of
' 'targetegenes into cell, the expression of multiple targethgenes counld
also be silenced. By using such an intracellular SiRNA expression
system, siRNA is supplied within the cell so as to enable‘the.stable

and long-term siRNA expression, that is,'target gene silencing as

35 well. 1In -addition, bylusing viral vectors or the 1like, tranefer

efficiency of siRNA expression system into celle can be improved so




. <221> mist feature <222> (1).. (16) <223>.' "n" = any one base of a, t, g,
or. c. <220.> <221> nmisc feature <222> (98).. (113) <223Mareh 2006ny- one
base of a, t, g, or c.- .<400> 32 -nnnnnnnnnn nnnnnnttcg gcaggtccgg

-+ tcgaccctgc acgcggccaa ggccgaaaag 60 . gccgcggccg caagcagggt cgaccggacc

t gccgaannn nnnnnnnnnn. nnntttttgg 120 cgcgaagagc ggcgcgccaa gettctcgag cc
152. <210> 33 8 March 2006 20/34 <211> 432 <212> DNA <213> Art.ificial
Sequence <220> <223> Description of Artificial. Sequence: Artificially 1

Synt hesi zed Sequence <220> <221> m sc-feature <222> (24).. (42) <223>. ",T
= any orff beReabiow the BNAd, imduekign ispmamwaliar ceelik® wiphost (fan). .
(142) <2ABrembre; MY pRR8ehasssin &s atblagto%nf-‘cmﬁ%(&%> %% S GUHREEREL Soy

tt cgcgccaa, aaannnnnnn nnnnnnninn nntt cggcag gt ccgg tgc
ggccgegddd RHARgGon P@g@@@@ér&oUégQ@ﬂ@@é@'é@@@@dﬂg@cOQZBNQaannnnnnn .
nnnnnnnnnn- nn Fﬁ%mérﬁérMZuf%%aerl@@ B NRf %He%ﬁo&,&i"{ %ﬁsi%?@:?o B%pﬁféé&

Artificial Sequence <220>  <223> Description of

- SequencdCat NS 19 SEARHENG P Bekjipitioreb ozene 1thei stRfkal peary
- <222> ( Bxprdsklon<ggdtemNand 8PY L98eR8PF wivé& pden brided. <2%He uséaf

. msc feature
- these systems and the like can make the searching for functlonal genes

80 simple and efficient that the present - systems including siRNA
lq.brary expression system can contribute to the accelerated~

+

10 elucidation of functional genes.




<222> (101).. (119) <223> "n" = any one base of a, t, g, or c. <400> 34
nnnnnnnnnn nnnnnnnnnt tcggcaggtc cggtcg@ccc t gcacgcggc céaaldgeh@ins 60
aaggccgcgg ccgcaagcag -ggtcgaccgg acctgccgaa nnnnnnnnnn nnnnnnnnnt 120
ttttggcgcg aagagcgg 138 <210> 35 <211> 43 <212> DNA 8 March 2006 22/ 34 .
<213> Artificial Sequence <220> <22%ypabPRscription of Artificial

Sequence: Artificially Synthesized Sequence <220> <221> m st feature
<222> (6). . (43) &pomrrapelliulgy HREEHGERTGTSIZD FYSHEM GOMPriLUPDAN35
-aaaaannnpt {EEHYRNBBAS HWHHIBARPNESINNRARABBASE NBR 43 redddP a3 inseld> 43
<212> DNA <213> Artificial Sequence <220> <. 223> Descngption of Artificial
Sequencef®919% i°F &l F§rIdy HERESTBMY SeGGBARCWRHNR coding fogcseigRife 8

- March 2086r23/c a§3223t (the safd8le 333" BaidF @Y eONgeRASRNAl &nd toneg, Or
Cc. "<400> 36 nnnnnnnnnn nnnnnnnnnn_nnnnnnnpnn nnrinri pnntt ttt <210> 37

<211> 47°F B PRRRC YR CARAPTLF | F aﬁXpé@a%‘h%esa&?zégtl%ab@s%?r?spﬁi on of
Artifici aiaSempuaneei Ardndiisenak| ynd Srishesbae bNBequUessEe 2202y, <@d&lceif SC

feature <222> (6).. (24) <223> "n" = one hase of a, t, g, or c. <220>
<221> ni §8* é’aﬁognﬁéer@})pégil oX o)L Y Slhoters

2. The siRNA expression system according to claim 1, wherein
a final transcription product of the siRNA expressed by the system

is 15 to 49 bp long.

3. The siRNA expression system according to claim 1, wherein
a final transcription product of the siRNA expressed by the system

is 15 to 35 bp long.

4, The siRNA expression system according to claim 1, wherein
a final transcription product of the siRNA expressed by the system

is 15 to 30 bp long.

5. The siRNA expression system according to claim 1, wherein
a double-stranded RNA region of the siRNA in which two RNA strands

pair up contains a mismatch or a bulge.

6. The siRNA expression system according to claim 5, wherein
one of nucleotides in the mismatch is guanine and the other is

uracil.

7. The siRNA expression system according to claim 5, wherein

the siRNA contains 1 to 7 mismatches,

8. The siRNA expression system according to claim 5, wherein

the siRNA contains 1 to 7 bulges.

9. The siRNA expression system according to c¢laim 5, wherein

the siRNA contains both 1 to-7 mismatches and.bulges.




<223> "n" ='any one base of a, t, g, or c. 43 8 March 2006 24134 <400> 37
aaaaannnnn nnnnnnnnnn nnnncgaann nnnnnpannn nnnnnnn <2108 M&ch 2808.> 47
<212> DNA <213> Artifi.cial Sequence <220> <223> Description of Artificial
Sequence: Artificially Synthesized Sequence <220> <221> mi st feature

<222> (1).. (18) <¥g§ 1ﬁﬁA ex s QI Q @éﬁﬁad%orﬁln@ tPlanG o2 <221>
m st feature <222> 42) <223> = any one base of a, t, g, or c.

<400> 38Chqﬂﬁhﬁnﬁﬁnﬁnﬁ”ﬁﬁﬁﬁﬁnﬁﬁﬁ%IF%gﬁﬁﬁdﬁﬁﬁmﬁﬁﬁnhﬁdﬁﬁﬁiﬁﬁpFP¥t 47 8 March
2006 25/34 <210> 39 <211> 24 <212> DNA <213> Artificial Sequence <220>

<223> Description of Artificial uence: Artificially Synthesized Sequence
<400> 39 cccg%bccc'tfh@g%&lﬂé\cEEl?r%sgﬁlénzaY%ﬁbﬁcz?@rdk%1"9 FRY 989 B DNA <213>

Artificialafseguencel &2k resa282i D@sGhbREL 0l @fn Ahtidirlicalbromoter.
Sequence: Artificially Synthesized Sequence <400> 40 cacgagggtg ggccagggca
cggg 24 8 March 2006 26/ 34 <210> 41 <211> 24 <212> DNA <213> Artificial

Sequence 12. The siRNA expression system according to any one of
claims 1 to 11, wherein said promoter is separately located upstream

of said antisense and sense code DNAsS.

13. The siRNA expre551on system according to any one of
claims 1 to 12, wherein sald system comprises loxP sequences in the
form of any one of the follow1ng {a} to (c) so that the expression
can be controlled: '

{(a) the promoter comprises distal sequence element (DSE) and
proximal sequence element_(PSE) with a space therebetween, and in
the space two loxP sequenées,'one in the wvicinity of DSE and the
other in the vicinity of PSE; 7

(b} the promoter comprises DSE and PSE that are located to
maintain the promoter activity, a loxP sequence therebetween, and
another loxP sequence either upstream of DSE or downstream of PSE;
and '

{c) two loxP sequences are located so as to interpose the

antisense code DNA or sense code DNA.

14. The siRNA expréssion system according to any cone of
claims 1 to 13, wherein aﬁtisense and sense code DNAsS are maintained
in the same vector DNA molecule, or separately in different vector

DNA molecules.

15. The siRNA expression system according to any one of
claimstl to 12, wherein the promoter is located at the one side of a
“unit in which the antisense and sense code DNAs are connected in the

opposite direction via a linker.

16. The siRNA expreSsion system according to claim 15,
wherein said system comprises loxP sequences in the form of any one
" of the following (a} to {d) so that the expression can be

controlled:




<220> <223> Description of Artificial Sequence:Artificially Synthesized
Sequence <400> 41 ac. caggat gg gcaccaccg)% ggtg 24 <210> 43 Mas2hPeogd <212>
DNA <213> Artificial Sequence <220> 3> Description of Artificial
Sequence: Artificially Synthesized Sequence <400> 42 caccggggt g gtgcccatcc

tggt 24 8. Margh 2:R06,hb34r<ddfisrbds 582 land Pse<didy a [INAC£213>

Artificial Sequence J <220> <223> Description of Artificial
Sequencetﬁ?’f?}?eitd‘ieﬁpl' yand dinthesPRAE §é"&uéﬂ’é’% eAEB°A3 ARfcdet §RE ggt gccaac
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- {c) two loxPs are located so as to interpose the antisense
code DNA or sense code DNA; and
{d) two loxPs are arranged so as to interpose a linker

comprising a stop seguence {e.g. TTTTT).

17. The siRNA expression system according to claim 15 or 16,
wherein the antisense and sense code DNAs are maintained in a vector

molecule.

18. The siRNA expression system according to claim 14 or 17,

wherein said wvector is a plasmid vector.

19. = The siRNA expression system according to claim 14 or 17,

wherein said vector is a viral vector.

20. The siRNA expression system according to claim 14 or 17,

wherein sald vector is a dumbbell-shaped DNA vector.

21. A cell maintaining the siRNA expression system according

to any one of claims 1 to 20.

22. The cell according to claim 21, wherein said cell is a

mammalian cell.

23. An individual organism maintaining the siRNA expression

system according to any one of claims 1 to 20.

24, A composition comprising the siRNA expression system

according to any one of claims 1 to 20,

25, - The composition according to claim 24, wherein said

- composition is a pharmaceutical composition.
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27. An intracellular siRNA library expression system
comprising a double-stranded DNA coding for siRNA comprising an
arbitrary sequence having the length of the siRNA to be expressed,
and the two promoters facing-to each other with said DNA coding for
SiRNA in between which are capable of expressing the mutually

- complementary RNAs from respective strands of said double-stranded

"DNA, wherein said promotef iz a pol II or pol III promocter.

28. An intracellular siRNA library expression system
comprising a stem-loop siRNA producing unit in which an antisense
code DNA and a sense code;DNA complementary to said antisense code
DNA are linked in the oppesite direction via a linker, and a
promoter capable of expressing the stem-lcop siRNA at either side of

sald unit,wherein said promoter is a pol II or pol III promoter.

29. The siRNA library expression system according to claim 27
or 28, wherein a final transcription product of the siRNA expressed

by the system is 15 to 49 bp long.

30. The siRNA libréry expression system according to claim 27
or 28, wherein a final'trénscription product of the siRNA expressed

by the system is 15 to 35 bp long.

31. The giRNA library expression system according to claim 27
or 28, wherein a final transcription product cof the siRNA expressed

by the system is 15 to 30 bp long.

32. The siRNA library expression system accoerding to any one
of claims 27 to 31, wherein a double-stranded RNA region of the
siRNAs in which two RNA strands pair up contains a mismatch or a

bulge.
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composed of random RNA strands.

35, The siRNA library  expression system according to any one
of  claims 27 to 32, wherein said system is an assembly of multiple
‘8iRNA expression vectors that each targets a gene seguence

comprising a ceoding region and/or a non-coding region.

36. The siRNA library expression system according to any one
of claims 27 to 32, wherein siRNAs expressed by the system are
composed of RNA strands encoded by DNA fragments of any c¢DNA or
genomic DNA, said fragment has the length of the siRNA to be

expressed.

37. An assembly of the siRNA library expression systems
according to any one of c¢laims 27 to 36, wherein different siRNAs

are expressed by each system in said assembly.

38. A method of searching for a functional gene, the method
‘comprising the steps of:

(a) introducing the siRNA library expression system according
to any one of claims 27 to 36 or the assembly of siRNA library
exXpression systems according to claim 37 unto cells;

(b) selecting cells into which said siRNA library expression-
system or sald assembly has been introduced; and

(c) analyzing the phenotype of the cells thus selected.

39. The method of searching for a functional gene according
to claim 38, wherein . B said method further comprising a step of
screening for a functional gene based on the sequence of DNA coding
for siRNA in a cell whose phenotype has been found altered as the

result of the phenotype analysis.
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comprising the steps of:

(a) introducing the siRNA library éxpression system according
to any one of claims 27 to 36, or the assembly of siRNA library
expression systems according to claim 37 into cells, and

{b) measuring - the expression level of a specific gene or
protein in the cells into which said siRNA library expression system

or sald assembly is introduced.






