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WD 2004/ 013355 PCT/ US2003/ 016886 si RNA- MEDI ATED GENE
SI LENCI NG WTH VIRAL VECTORS 5 Claimof Priority This

WO 200a/0¢338% | nuati on of application U S. Appli cap¢Dns2003/016886

Serial No. 10/430,351 filed on May 2, 2003, which is
a continuation of U S. Application Serial No.

10/ 322,086 filed on Decenber 17, 2002, which is a
continuation-in- part application of U S. Application
Serial No. 10/212,322, filed August 5, 2002. 10
BaCHBPAEEBIATED GROF-STINCINCINSTE VERAL A RAKORS
(dsRNA) can i nduce sequence-specific
posttranscriptional gene silencing in many organi sms

by a process known ascClithof Piiefifyer ence (RNA ).
However, in mammalian cells, dsRNA that is 30 .15 base
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oligonucleotides (Caplan et al., 2001; Elbashir et al., 2001). However, as Bass

(2001) notes, various issues regarding the use of siRNA in mammalian cells
have yet to be addressed, including effective delivery of siRNA to mammalian
cells in vivo. Furthermore, if siRNA is to be utilized in in vivo therapy, it will be
important in many cases to develop methods to express siRNA in tissues in vivo

to achieve extended intracellular transcription of the siRNA.

Summary of the Invention

The present invention provides a viral vector containing an expression

cassette, wherein the expression cassette contains a pol II promoter operably-
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The present invention also provides a viral vector
containing an expression cassette, wherein the

operably-linked to an isol ated nucl eic acid sequence
encoding a first segnment, a second segnent | ocated

[ diately, 3' of the first 1 d '
likn ¢ noplstsaeidrentae PR Sl riorehos Rpfh et
Ygﬁglgﬁggar%agdé a3t 2 BEME defhhtefbst. Segments are each |ess
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base Thajpresent mviertigt #so pradidah e viplvectos coaiidd® of t he

third, segnment i.s t.he caonpl enen f .t f
RS edRren SHRRar BT Rl R IR
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educi.ng t.h XPLessi f | &ell
igreteaipder ey £ RURRLRN Rer ol SIS e E
85 shdlleRaBGEI( Iease phies @i langth endogoh @xse than 10 base
cassette contains a pol Il p t.er operably-1inked
poisin Ipah and e Siecoqange SERNELRENdF Ty griRlsent
L PHE L8l dnDYo NS IR LEGHR, dodliiIAin bRy iSRhied na@aicnsid a
gene, ereirn expression fromthe targeted gene is
seglieaesfundtionsabedmall intederii gRINAHBOles e Antasgeted gene
product in g,cell, 20 conprising contacting a cel
REUASHA geBP OV conpri sing an expression cassette,

wher e !ﬂe?%gxﬁ’iﬂx‘e%ﬁ@ﬁ ARHABER S aGRMIRSd SFasdhiing thel at ed
nucl ei ¢ acid sequence encoding a first segnent

$ ! , a
sepesdosetpEme pratiat wa dethhydioatastins gcellyith Kialyeetor

segnent, and a third se nt. C ] LAt ey
R e
IEPRBIYLS PpeRbBAGKel €5 8n IsbRIed3hcleisaipsiquence rentaigg & 25
and each nore than 10 base pairs in | ength

, and .
shilanerferes BN nlseule (SR tgsied agaiEa gt Shergn
conpl ene ) the first segnent, and
vﬁ’fg&g?l?}n E&rgq?%%aFgﬁtge&d&régé{%idgéegéi d sequence functions
as a saralethodrfesdueinignie Eessionl cfaigerne rod®iA) acelt.get ed
agai nst a gene of interest. The present inventi
euTae canegimc it LRt 0L PR (RpFgyloR Rassete,

Ml | G ' RONRASIublehoid s6qué
SR Rl 4 oy SERSTAC N il
RETHAIBE 6 (34t B4BB8E, 2 Rrowd sepment lopatpdimsedipily Fpfthedyst

This patent .or. application fileg t A ne
iR b i BB G e B f s Bond F R erty
PRL&BIh (RORIst SR thiRA sPeditEakicach Mokd thac®0 base pdirsini length)
wi |l be provided by the Ofice upon nquest and
pandreaoh mofe thie 10 base pairs in length, and wherein the sequence of the

third segment is the complement of the sequence of the first segment, and

wherein the isolated nucleic acid sequence functions as a small interfering RNA
molecule (siRNA) targeted against a gene of interest.
The present invention provides a method of treating a patient by

administering to the patient a composition a viral vector described above.
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5 necessary fee. Figure 1. si RNA expressed from CW
pronoter constructs and in vitro effects. (A A
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nodi fied to allow close juxtaposition of the hairpin
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R AR ORI ALY ST

(thMdsfeetedSYitlOPEGPRNT bid SHTRIVEGEPHA, kxgr@ssﬂ’@ siGFP, or
2004/ 013355 PCT/ US2003/ 016886 and cel] |ysates
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pmCMVsiBglucmpA. (G, H) Fluorescence photomicrographs of HEK293 cells
72 h after transfection of pPEGFPN1 and pCMVsiGFPx, or pEGFPN1 and
pmCMVsifiglucmpA, respectively. (I, J) siRNA reduces expression from
endogenous alleles. Recombinant adenoviruses were generated from
pmCMVsiBglucmpA and pmCMVsiGFPmpA and purified. HeLa cells were

infected with 25 infectious viruses/cell (MOI = 25) or mock-infected (control)
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wepaegessus alleles in vivo.

5 3429 (1999). Figure 2. Viral vectors expressing
si RNA reduce expression from transgenic and
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l.oadi ng, 4 WO 2004/ 01 016 control s.
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dox-free media added to allow eGFP-Q19 expression (A, top left).
Adenoviruses were applied at the indicated multiplicity of infection (MOI) 3
days after dox removal. (A) eGFP fluorescence 3 days after adenovirus-
mediated gene transfer of AdsiBgluc (top panels) or AdsiGFP (bottom panels).
(B, C) Western blot analysis of cell lysates harvested 3 days after infection at the
indicated MOIs demonstrate a dose-dependent decrease in GFP-Q19 protein

levels. NV, no virus. Top lanes, eGFP-Q19. Bottom lanes, actin loading
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diseases, to show reduced polyglutamine aggregation in cells. This viral

1ated

mediated strategy is generally useful in reducing expression of target genes in
order to model biological processes or to provide therapy for dominant human
diseases.

Disclosed herein is a viral-mediated strategy that results in silencing of
targeted genes via siRNA. Use of this strategy results in markedly diminished in

vitro and in vivo expression of targeted genes. This viral-mediated strategy is
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hairpin. Therefore, in addition to modifying the promoter to minimize sequences

between the transcription start site and the hairpin (thereby stabilizing the
hairpin), the inventors also extensively modified the polyadenylation sequence to
test if a very short polyadenylation could occur. The results, which were not
predicted from prior literature, showed that it could.

The present invention provides a viral vector comprising an expression

cassette, wherein the expression cassette comprises an isolated nucleic acid
6
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nucl eoti des, such as 4, 5 or 6 nucl eotides. The dupl ex
is less than 30 nucleotides 5 in length, such as from

wa 00801855 nucl eoti des. The si RNA may further cPOPUSREI016886
an overhang region. Such an overhang may be a 3'
overhang region or a 5 overhang region. The overhang
region may be, for exanple, from1l to 6_ nucleotides
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these di seases include Huntington's disease.or .20 Th
p@iyadenplatibe sigasl, su%@isa.sm%t@rrﬁalemeld?ﬂ\[}jyadﬁﬁﬁaﬁ%%g%ﬁl- ©
i nterest nma [ ' | YReR)rvwed
IR i Fp PO R0 ey bERNe (i BARTANE Vsl 1R
1R GRENA invdiidnpnSsiein ddenevital,dentblimb agemprasdesiatad virala

T o, Do TS TEAT SRR e
QRSLA N égh? I%? glttérgséc gﬁh 52Ql f2hé dssBtiated vitlpg tshdsamumiteable

encodi ng nt, a second segnent | ocated
tosiRdisathetapy3 Exapter of fichsonditignreineludepepradegenerative

segnment |located j diately 3' of t nt,
ARGHETuEhE § 1R B tAr T oo e aba BRgE RS
1heRePOrRASSePEH thesel disch@R FidudHurgagtonsfieatdian 10
base "pairs in length, and wherein the sequence of %fe
spinpceremiimeataxins Alfsemnativelp) thergene ofonigrest Hay sRe04E ﬁgléa

he first.se nt,: ' ' kC
b e RS s e
neegodl € (Si RNA) targeted against a gene of interest.
7 2004/ 013355 PCT/ US2003/ 016886 The present
i nventihemreseBiinvesion alse PEYASSR VR YRF L SB&iPessi on

%&]‘olxl%?sgﬁrp EasBERd H@Ereirf‘th@ g!é;%ési&b’caﬁiﬁ{% ?6tbHSesd ol prédbler

vect of describ above. al So provides a
wpthbl-liketi e at isotptal patcieanid saguenire aniceding p Aigstsesmens a
%g(t:cin%nstegr%ent located immediately 3' of the first segment, and a third segment
located immediately 3' of the second segment, wherein the first and third
segments are each less than 30 base pairs in length and each more than 10 base
pairs in length, and wherein the sequence of the third segment is the complement
of the sequence of the first segment, and wherein the isolated nucleic acid
sequence functions as a small interfering RNA molecule (siRNA) targeted

against a gene of interest.



conposition conprising a viral vector described above.
5 The present invention further provides a nethod of
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conprising contacting a cell with viral vector
conprising an expression cassette, wherein the
expression cassette conprises a pol |l pronoter

oper aBhy présanidavension pravidss amerther el tefecing the cx@gerionef 2
encodi a fir , :

el o o by SPRETRL n B IRELEIARRIBRher 6 B0y 1
RO PEHdésacabedd bffreding aglayiedt byafdntihistesiag tnttie peigentat |
wherein the first and thi rg se ts are each | ess
cABROS BO® SIBPHHPE 8 Viry VeglRg chg%ga XEh nmore than 10
base LrS daf s WRBI&I geagetmef the
t hi rdﬁglgé)?r%gr? 1%12&%2%1%{%%%&% ag?ét?ﬁ(le%quenctgeof_ t he
fek pietsicregfe péne paodiict inteeredl] corhprising cindacting meell siid vaeed d
sequence fynctions as a sn&l | interferi ng .RNA 165cte
YSFIQE EATBPH L RERFXRIEGR CaTTCHE AYHFLGN e fARICSHPD L& e st |

EBRpRSESENS] IMBloRRAr b SAbIRLIfKed & aritisORtdIGhcRic ddidfquage
ap t1ent, conpri si ng adm ni steri ng to .the gatl ent a
coopbisg & ifiost segmenti siengndaseginent logated tamediajehi B phtherdist

viral vec}of.conprises .expr 1.an ein
et Gk bipned bR i RaaY 3oy Sfbhd el
opRrah e filshliRrhig seindniodrateach 126 thalc @ basegairglin length
sequence encoding a first segnent, a second se t
|aa3@addmormﬁhem ﬂ@g@aewags mdﬁngt%eandi Whgreig é%%?ﬂ\:‘?ﬂcg ggﬁ’s

third segne I j ' ! d
i S5 SR he AE B IR LB NG of e B SMRACERNC o
| viiseih MigdisSRtedhmsRiquid eqiienck dngtionaach saahintafeging RAA
10 base pairs in I&ngth, and vgerei n the sequence of
tfﬂ@leﬁlﬂPﬁiRélé’Qﬁ@ﬁ?te 283058 2 B8RP ﬂ?ﬁetSt'of.the sequence of
the fifgt én? Ao ?Hﬁ/i&@%rrﬁétﬁo& bewtapkatRdenuc! ei c
aci d sequ%nce unctions as a small interfering RNA
nooinerising (dsifigying &r e petierd gadmposition eerapding hvisalagetor,
1. Defipitiaons The term"nucleic acid' refer.s o
duszsin B HUR REeT BB P Baneernersas gt i
RYpYdEEIOR chiieheadmprive®h hbIEM pRdnistbeopeaibl PHitikddeto ih fisviuled
form conposed of° nononers (nucl eotides) containing a
sushaic agif seplenccensading 2 Hiag seghent, 3 secand srgmeat logafed ne
or M dj,n eCifi I i - '
reBElet St GO R g L FL st Bl s LRI,
a0k, D 336e BT 3008 010880 ot Opert Lo as tho
13, properties as .
regse paincid langth apd eachimprg %hima}%é)aﬁf‘ekﬂgﬁdml%& iﬁ‘Hctl A bgsihbe
Siddl I ' Ledh@encedrkiRSErst
ot S it e BRL Lo P EHESIRE fnce dr st
segient; and wdereimthe ipsakbsuolon sad veduened fanatintisf2b @ gmall

var i . . .
intérga?itnz I{T\?X rrr(leoqgcule (siRNA) targeted against a gene of interest.

L Definitions

The term "nucleic acid" refers to deoxyribonucleotides or ribonucleotides
and polymers thereof in either single- or double-stranded form, composed of
monomers (nucleotides) containing a sugar, phosphate and a base that is either a
purine or pyrimidine. Unless specifically limited, the term encompasses nucleic

acids containing known analogs of natural nucleotides that have similar binding
8
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(e.g., degenerate codon substitutions) and
conpl enentary sequences, as well as 5 the sequence
wexpkiocidsd y i ndi cated. Specifically, degeneratBCT/USIN3/016886
substitutions my be achieved by generating sequences
in which the third position of one or nore selected
(or all) codons is substituted with m xed-base and/ or
prepstienansthe eeferencsingigleic {oih andare gretaolized inggnannersimilgk 4
et al. 1985) ; i R : . 4 eic
oefirpipofraiple eeRgaRe; alfs sfteri FRRAI, p utPUl G
HRISE bdig sequbRcd B axancoipmsed einseraativbly Midified watidyes thereof
majority 8% etic mterial whi

organi sps 1S thcﬁ ge}a |1I1e
(eidoctegenaspte cagqnupsiigonsy and GOIRRISCRIATY SREUIPFEH 8 WP 8Y
Py . _ . S . o
RLEHERL PQUTGIAILAY S ANpIRSLAS o Bsppatsar e,
@by BdlAchivhdddly geaeratieg siqughees irowhigb di third pesitieredf one or

tional | t ai,ni hep | _ 15 natural or .
aresieitenier Sbotersns ittt miravig o dsiRbsips
el ﬁB%[t\k%r eig&!,ﬁ(f%ﬁﬁio@mate? BIR(1985)¢ Reiselimicd: @1, (1994)).

‘nucletc acid nolecule”, "nucleic acid fragment”,
"nucl Ai"nudeichiciipgerent’ isp poditpmeafia givesynucleic acid molecule.

" pol ynucl eot i de” used in I y
peeprpenySds TR NN IEm R SERHAMR 5o
BRERNAL B EBSRRIRYack] FBNA) isihtolvey@rthé st ob infassaon
isolated or substantially purified nucleic acid or
porgaigehwithinddNAtineRsOteIns: t he context of the present
i nventi 0 an_ i b e pury fed: @P%I RAMU €
or Rl\lf&hﬁgélnélc &Pge%{raegé |§%Ir§]fceé%t¢ doédlﬁgarrl [ e)(%wr'
RAkchnRRbiedgls onddivie-srdreedy optiofRilly contaiing syntlgatic, non-
pol ypepti de that exists apart ..25 fromit Y
aptyial onakgred Byrdeotide ppses é?lgﬁ%&’ ?fd{w(lép?fﬁﬁq%&}@fo @ﬁ%%&e‘ﬁﬁé.
ﬁgl .ol ated DNA nol ecul e, RNA nol ecul e or polypeptide
))&%xfst ina purified formor nmay exist in a
non- nghk vemsrfuideinred?, “suclkicasid molecdg’a fpiadeic geid
transgenic host. cell. For exanple. gn "| ted"
BIGRER ourclidotei ©3eioq ohorERate o6, PavRClHe’ S ud
@ﬁt@ﬂcﬁaifg%%lkmn@ﬁfa VR0 BefukéDitdriiRmaably iwith gets tBIMA, DINA
tree of other cellular 30 material, or culture nmedium
whé RNk eaededbyhy genec onbi nant t echni ques, or

substanti.al |y fre ' - acid
T
eFbatéifebinpodiionsi $witatwdiexnolthe presatiinventor, medisofated” or

sequences that naturally flank the nucleiq acpd,,
{ puraticd” dyAamesly erdub ddvelecylnar an "ispleiedTord gadie o

g&&% /nH?géB RO &R Becult, of \)Ir\;‘?i;%ﬁh@ﬂﬁt a6ikste hpdrh
tzp(ég%/(g3 no?g% of t geé or gani smf Pofr;nkq ich the nucl Ic)ai C
divingith Ratiierdnvizonmdsn anéiscthprietore not apoihent of ratissdiAreigeleted
chISAIni(%L(?u S%\?K (1;]?'10 scaleor pq)lypeptide may exist in a purified form or

may exist in a non-native environment such as, for example, a transgenic host

cell. For example, an "isolated" or "purified" nucleic acid molecule or protein,
or biologically active portion thereof, is substantially free of other cellular
material, or culture medium when produced by recombinant techniques, or
substantially free of chemical precursors or other chemicals when chemically
synthesized. In one embodiment, an "isolated" nucleic acid is free of sequences

that naturally flank the nucleic acid (i.e., sequences located at the 5' and 3' ends
9
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nol ecul e can contain | ess than about 5 kb, 4 kb, 3 kb,

2 kb, 1 kb, 0.5 kb, or 0.1 kb of nucl eotide sequences
wo bat/omasairal |y flank the nucl ei c aci d nol ecul BCT/HSH03/016886

genom ¢ DNA of the cell fromwhich the nucleic acid is

derived. A protein that is substantially free of

cellular material includes preparations of pr otein or

qfdhwﬂffhgﬁ d@dha\thmgerﬂogg@ DN af @g stganisouéomyyich henugleic
5% ht g
SR R Ohtbeoh vaRB ARG Y RLEImYRRRANE

ion, I’ca active
IBQIehhl@ Bardt &A@ 1ess tHen raB@lﬁrﬂkb; am:bl, 3/ka2)th dek}b 0p5ridt er @bl y
cul ture nedi um 10 r rese l e ut. 30%. 20%
lq_ln%nues}eog% seyenses BTNy SRnE SRt Re g BRI aE i or

ge%@l e tP%célp 815 1cl’f§1%'ﬂu€l%icsac1(ﬁs%9ﬁ§‘éat A BRfiein that

osed nucl eoti de sequences and
B rs@lﬁsmﬂmallp frepaf diallalaf Inﬂmg‘talh inshulee prepamstionsdd groteiner eby

34 vegidn b 165 Dk pheoto0f 2fen b0 PN ifgesichfy of
o Cﬁgﬁm Jrbleln. | WA theProtehtofkCinoBiticicoSRlagiteky ddive

I ng, or t e am no acid sequence of, a pol ypeptide
portipn titesdo, is Teembamanily gendaced, preferablyisaliagmediwn r ef er

R RSPl VY8 00 ARSI i

@%@M@&@ 353 no@pﬁ/t&ﬁ-ofmefembﬁmrsy Fagistcas] vasigntis oé the
or their expression. For exanple, _"gene" refers %{‘?g
dudbeadmualppu § SeqyeRs anchprotens sy @atisk IR oro eI ErYsiegy

Eggﬁ?gﬁge S0 8 8%1'gf és‘é% pg Her eaidigl%ﬁ‘cﬂinn ai%gl hproy

0 |n nonex

tis nicata, fufl Géngtix anpbscthart filitength ogﬁlemudnoa@qsﬁan@@s
for other proteins. Gene :i\ ﬁobtalgdfroma
oagodigy oth iothe gminocasid seaReNss ’r?gpo AREF PP a sour ce

of i ntgr ek "géne?’ X%&@%‘r@ddﬁgto rEﬁﬂd‘ﬁ%ﬁ@gﬂEntRﬂf%dbl@kQ&d

sequenceé 1 nf &rmation, may 1 ncl uences
destigteddvithoa lhaloglodbﬁmcmh Thusp @engsenelpde codigg SeARENCHS

urrin iS use Cl. n ob t that be
ﬁ@&ﬂﬂﬁ?ﬁ3¥Wﬁ@ﬁ§@*§?cﬁW§9?Wﬁ§§%?Wﬂ%egg%ﬁ%xhﬁgﬁ FCIQF

l9 QRUEEEs t5Qhu@%R ARG agteRt Ahdxprékes HRNIAC Girictienal RNA
quence present in an organi sm ( |nclud|n us),

wh spﬂqlfmanotbm, injchling reguIpioBNPAIUSRIEH c EOFSS %ﬁ‘tﬂn@ udfid
ch _has bheen
BepStrer PR PERSRRbt SR GG ior s for
toﬁ{ rRehTeIGeRes"Tdah B Sbtained figane vamet&)blﬁsdmms, molmﬂmgns
sequences, including regu and
@B 2 SOPEE ORHMETRT T £ mrt‘%)é ﬁ(g%wfl Rt R eglg or
Rohaveatesicad | y
%%q%eﬁ%@ iR 5300 ml RS PhaREG IS AR SR el )
pardnseters. pr onoters that are not naturally adjoi ned.

Accor g nfgurally oa}:cumng" is used to describe an object that can be found in

nature as distinct from being artificially produced. For example, a protein or
nucleotide sequence present in an organism (including a virus), which can be
isolated from a source in nature and which has not been intentionally modified
by a person in the laboratory, is naturally occurring.

The term "chimeric" refers to a gene or DNA that contains 1) DNA
sequences, including regulatory and coding sequences, that are not found

together in nature, or 2) sequences encoding parts of proteins not naturally
10
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chinmeric gene may include regul atory sequences and
codi ng sequences that are derived fromdifferent

w@ouwroesss or i nclude regul atory sequences and POOUSIP03/016886

sequences derived fromthe same source, but arranged
in a mnner different from5 that found in nature. A
"transgene" refers to a _gene that h een .introduced

S t
idicenacher Dengel Pioyaolera U greiet PEHAIlY pdiodtsdn deordingly, a
i &, | ' 8Lk S
e e L T
tdeinad fomeifferemtddintces waincydetregristigerregueneys andcdadite
nati ve genes.jnserted into a non-natjve 10 or.gani
SRaRFTRTECG pBdhe SR 1o beHEeHS Tjams” e fom
tatdoniatih weu@ene in its natural location in the
genone of an organism A "forei %g gene refers to a

gene nbotiransgenel refers dungennthatims beer introdagediieimthhganongs

een ipntroduc b ene .transfer. 15 el
AR diprbe SRS AT, Sampltap S b g
iHateRs16 BARGR AbYBldaBhElothe PNA/ of 4 patticulaf cell tobk eatsformal. a
sequence that is substantially simlar to the

Sedglidonatly gransgrnch graly veclnds ratiye gengsdpsered éo f nga-native
S €s,...vari i nclude those sequences that,
R R

generacy of the genetic code, encode
t he 2(0Thedett Yendbgenoingerrt irefeiseo uaniie gehe s nattiral Beation
protein. Naturally occurring allelic variants such as
tip disezengme 9 2R gEgIPisM ed with the use of nol ecul ar

bi ol ogy "fo&qurg'nnée % %c%arsgﬁ 3 g%ﬁé %(ﬁ:ﬁgﬂﬁilﬁy fovthd th fehyLEr ase

chai n react ybri di zati on techni ques.
\(aganisth thatibdsdeen derslecedncgmedtassfer. ncl ude

synt hepi cal |y, der.i yed nucl eot|de seguences, .such as

t hose ej&@ﬁ%‘?“é%/ QEP,%IPO r p?%ql‘g’x Qﬂ‘ﬁJ I Iéo(?ypﬁ?g% g used

ShiefehdhgBplyafdraplt agenesi s, which encode the native

protein, as well as those that encode a ppllypepti de
Y

havi ngA dreriant"afiadneledde istageqemse thagisirubspptially similar to the
B T
#B86e sé4ncebiat, F&Huselofthe d&fnerhoy dite gergtioendd, leyicale the
Gonticat N 8oH) S5Ie0605T B st egEoN LUy senp Blglic
b A0 SRRl 1 e Smattl i
nedlinfiques, agafor exdnople, ' with pelymarase chiimreatinn @GR )aaidd
SRR oL S S oS SRS ESHERGRS e
Pﬂfh@@@@@%eﬁ%&ﬁ&ﬁ:leotide sequences, such as those generated, for
example, by using site-directed mutagenesis, which encode the native protein, as
well as those that encode a polypeptide having amino acid substitutions.
Generally, nucleotide sequence variants of the invention will have at least 40%,
50%, 60%, to 70%, e.g., 71%, 72%, 73%, 74%, 15%, 76%, T1%, 18%, to T19%,
generally at least 80%, e.g., 81%-84%, at least 85%, e.g., 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, to 98%, sequence identity to the
native (endogenous) nucleotide sequence.

“Conservatively modified variations” of a particular nucleic acid

sequence refers to those nucleic acid sequences that encode identical or
11



essentially identical am no acid sequences. Because of
t he degeneracy of the genetic code, a |arge nunber of
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pol ypepti de. For instance, the codons CGI, CGC, CGA,
CGG AGA and AGG all encode the am no acid arginine.
Thus, at every position where an 5 aggﬂnlne i's
@pseemmuyeléewa ampeanid seaeenced drecanse dahadessneacy of thay

?étgecodg %hl‘[ﬁe%n s gggf fold 9&1%119 gﬁﬁL ibdl Fr‘lqc Wictapl tencode any

rotern. nuc eic acid
\@‘Vdnqbl}q)ﬁﬁtu&r @orsmdtzﬁmb thacodons O, CGH) CBAaCEG AdGA and
conservati vel fied vari. ’fltl 0

eci es of [
E@%ﬁyﬁ Ineqdsi the aminp acihiye g@%‘éﬁ LEEFY PREFEE & %Fi?aﬁn
glﬁﬂ@?s ePifled Bg%tdoggn FSQ WL L bOBFr&Y B dyRIHE bl €

ent varratio éxcept where ot herw sé noted. One
m‘ons:tgohﬂlng rmodéves deseribei vithowtaltgning éhe dngodasauhtein: Sdeth i n

a nucl ei aC|d exgept . AT s_ordinar.ilyethe
dHe lcca&fg Hfm et ﬂpe V?Té%noesanw RLIRNR. M og‘@. eld a
Tepsskvataly Ynd st veeiation®)! BoulyGubleic Sidsudacrte described

t echni ques. Accordingly, each "silent variatjon" of a

rheedinthet ensiodes hpalypentide alse dascpbes/pept pefsibiesileppyariatipn,
in each desgcri C

BRSNS SR TR ot o
j @u&eﬂl 4 agRdib ecid Yaicept ATGOWhich aérdDbALY the bniyl cogyn fard

procedures used to 0|n to et her seque ces as
daetbiopipel canfbfrmeéééﬁ% feyicld ggetnnglk 1dertca mfﬁ%%’fq
Eﬁfﬁﬁﬂﬁd te&ﬁll?qeqtpg r cqxﬁﬁggfé Qellc‘ﬂg@ﬂ'élt 98fiftion” PG nBEIR] YRRt

sequenc nous DNA sequence”
émeb@s talpog;qxepud%!\iﬁ imphcieimcath désembgbwqu@lCRNA sequence”

er ol cIe C d' e ch ref
s eq ueng@c‘?rﬁ a’é‘i mo%?‘fl%ﬂﬁ ﬁtc&? %&fﬁ CHIPRR Flbaﬁ
tQe jd?&d&@%éthé‘r%sﬁf r@&frﬁblﬁﬁ{t IDNRkechfolbb P Bhd HrO c&in® used to
sour ce is nodif fromits original or native

fjomrtogerherHNA Shelleelp@ﬂ aﬁgi@sglbeé,efneexamﬁe,h@ Sempgiok and
incl gene that is endogenous to the particul ar
%Stsag@%P?)ZS but has been nodified through, for

exanpl e tbigs Geeerélb &N@eﬁéﬂ,lf‘ﬁétérﬁgsgoﬂ‘lBNA sggenaels 0
i ncl ude non- natural?

occurr multiple c es of
‘éwcggeapug/D%W?w yibﬁt&rqli?g I%a%flélf%e%e %ﬁi@g@nwﬁ é&A
ﬁ%t &b rhe{eﬂ’ol@% us ‘Bfelc@[xﬁl” catly élttotarb@%uénée har 8&1&9

ero ogous nD ogous to the ce
b@ﬁgmatdss frorpasotuice |ﬁorm gnho mdmetldmmmosisiell onus lfreictha satrde

in mhlch the IS, no 30 .ordi nar f ound.
ot 0L AERLBRBHIR gt iy BeTofitt Shi o fiEiotozous
%éﬁg ENPHSst cBR IHHRRIRE b $8Re thht is RAABYASRUS ‘thd PéitiQllar st cell
uence 1s a sequence that is naturall aSSOCIated
V\]DlIt hasbdeasnodified throngh, fmiesample, the upaefy filing The
terms also include non-naturally occurring multiple copies of a naturally
occurring DNA or RNA sequence. Thus, the terms refer to a DNA or RNA
segment that is foreign or heterologous to the cell, or homologous to the cell but
in a position within the host cell nucleic acid in which the element is not
ordinarily found. Exogenous DNA segments are expressed to yield exogenous
polypeptides.
A "homologous" DNA or RNA sequence is a sequence that is naturally

associated with a host cell into which it is introduced.
12
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organism A "vector" is defined to include, inter
alia, any viral vector, as well as any plasmd,
cosm d, f)ha ge or binary vector in double or single
st r andBld-iypereferstoghe aprmal Bene qrey AR fouRdyn BatUFesy

N0t Decaghho! IS AELBhBIR! oA h@AR! fand nm@t can
transfgfnﬁ‘?pro aryotlc or - eukaryotic ost eit

i nteg mﬁ‘f\fe@f@r'l i?.tdlelﬁhéﬁéto igethdey k;ﬁér A6 an&evmallv:exuos.tas well as
extrachrononsoma , autono re I.catl .
@pﬁglf%ﬁw%@%ménphﬂgp gr hmalry esior indg q%imf ingle ﬁraé@g‘# fpear
%8§i§&f1§reff)rrﬁ‘ﬁ?alﬂ§ﬁ oy | rﬂ)t H@?J‘Ptrﬁlsﬁﬂﬁhﬁé 6r ﬁﬁbl‘ﬁzﬁﬁ&l&ﬁd‘ce

capabl e expression of a particul ar
Nt caotramdéoraeprokmyetic or @ukaryapp hoyt relthctré)yho‘sgraggn |1nto the
ﬁ ch may include a pyonoter Efgrab | i nked {
el ime s quar e promara bl Clarions S el giad
sﬂlﬁhﬁ@wﬁtﬁah%@r{‘@{tﬂe Reatish)gnal s. 1t al so may include

equences required Tor proper translation of the
nucl edEKpiESSS@q@Bémt‘@" ayhesd bextimmennsgl Bislaisyad pgauersdes

{
raels Bl SR PR epttpl hufBii R R eRE R 4C7 2
BropAate okt RIS hich thdyNAclude 4 b@mme@blﬂmkea enthe
direction, or a siRNA. The _expressi on cassette

|m1@1e9@niqume b itersstithe mayheopsabbt linked &9 tespnHOn pe
hi hat
& Sg'ngl?sr II&etl Mﬁ%@g%ﬁﬁéﬁgfeﬁgggﬁ%ggt i rs}lggoﬁﬂlethé a

tarar] ydeeurrin In a
rr@%kéﬁﬁdm@qheﬂo@r Mhe seding rdefon Useblty oddey farsy mmphe@sihtomst
20 The expressgi on, of th% ggcleotlde sequence in.th

b e alsaroda i adfieetipng! IEA of pferest FE RERPICGH afisegse
Clﬁ(]‘ﬁt 4 bt EIaRARTRA 6 tHsee oRAntiRds &tRRbe 09 LAY L The

Initrates transcription only, when the host cell
i apmxspms eabs¢tte indmdingdhe iusldotide sesuienesl afdnterest mpebease

amJ i cellul.ar organis ter

it eGP oo iy Y, B P Pl Rargfaf; Fedal Bue
dav eLQisBAthed AP RUSHLRNRITESS h@fulqaﬁﬁaérbﬁfgoﬁs%kprmﬂoﬁ de
a transcriptional initiation region Ilinked to a

nTl@I @mqsa@n stdeaneleotide seavace gt the SEpesHon exprieaaaYNT
Lrnt gr ’&lt Sonifol o B%Xh&%&%‘yg'tq%h@teﬁ l)lu&aeln rE%‘uthtibl'é %?3113&911 than

or Tnsertron

Uffiiates tfagsdripdos onlypihenrtad hcrse gell Bteixpassedfto bdmae paargculat ory
regi ons.. The expression_ cassette addi ti onal |
@@muéwsﬂ Igéhlee%a@%@f %nwﬁrqelé\l aYgaSmg ep&a?tﬁ@%eﬁ%? ce"

s%feﬁﬁ tJ g 5}11% f?§s Dro2afBeas, 6%%169&@1% for a

Bmno acid sequence. Tt constitute an
" uni nt&xchwppmsblmochss@tes saguelnde s transcmlptlonﬂ @mtlatg)mmglon
ncl.ude on.

o r g AOfico antuon T BipRop Il SBee Fes s
ARtovided w8 'a pleraBtySSTRERAGRN sites for insertion of the gene of interest to

be under the transcriptional regulation of the regulatory regions. The expression
cassette may additionally contain selectable marker genes.

"Coding sequence" refers to a DNA or RNA sequence that codes for a
specific amino acid sequence. It may constitute an "uninterrupted coding
sequence", i.e., lacking an intron, such as in a cDNA, or it may include one or

more introns bounded by appropriate splice junctions. An "intron" is a sequence
13
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13 WO 2004/ 013355 PCT/ US2003/016886 of RNA that is
contained in the primary transcript but is renoved

wo kegd3sE| eavage and re-ligation of the RNA waTius2on3ie16886

cell to create the mature mRNA that can be transl ated
into a protein. The term "open reading frame" (ORF)
refers to the sequence between 5 translation

bR Aahaton camainedimtha atiinery teandeniys byt isgemevidrhrough
equence, The ter "ini t.,at ,on don" d

olpaliage A FegheatigR G e RN it L hsfl 20 Srdateith mature mRN:

HCLBYeitERSIafed ifRUQotkinl N @ coding sequence t hat
specifies initiation and chain termnation,

r espethé teany opar repding fame’ (PRREtsTess forhRacquensedeivssn) |
' ti [ .. RNA" f t '
s angion onepEior SoSETRE Titte FRhor TR Ty

tinAREbRt&IbND uhd yRtmhatorasvdehf mtér torn vatt of dast adjmest
cellul ar process. The term "RNA tran [

! > . cript” refers.to
owdogidsu(RCeodeBD an e cAGinE PePRaGAbasBRg ey aliatien fag g1y
fd ,%85ﬁ,g{a§pl%gﬁ\geﬁ%g)f i %&Hﬁfbgse(mmlﬁgf}rah@%ﬁ&m

transcri rfect conplenentary copy of the DNA
sequetitmctibhal RN A2 fefers axsense RN AgsntideaseRNAarihozyme RNA,

padltrasolicr AU ek Bk CPRSTSONT M Ty Rt on'of Bt
b ﬁ[&§¥0&5@ is referred to as the mature RNA
r

sseng RNA" (nRNA) refers to the RNA that is
wi t holihe termt "RoWs transtriptaefessin threprodaeisestig fram BNA

rotein b he,cell.. "¢ . fers t [ A Or a
Bobehte e EBlsrri VAP SH! i, Tyiiksa
dehdc¥ipeisiaifectZddnifidientariReopy af the PNA gepRaes it isrederred to
"suitabl e regul atory sequences" each refer to
asite@oimane treessuiphela mep ba e SN A pequeasidqed §8RL codi ng

Se e i i . o r 1 _ .
MRS R DL OB AR Gy 0B
nfiurt RANYS.C 'Vipésenger FRNA" nRNAS3 séfag to thesRMAithattiywithout
transl ation of the 25 associ ated codi.ng, ence.
R R T T e
%%1%{/&5 gf"‘& H%lé—%ﬁgﬁfedmm EScontpgléh&ftery t8RAU derived from

adeny I1on signal sequences. Theéey include |
méRMNAal and synthetic sequences as well as sequences

that n e a conbinatiqgn Q nthetic tur
sequeggé%u.qatﬂ? ?egu?fbcl%oangaﬁ% nyrfeﬁlréla{og %%%H%fﬁ%? a%]c@efer to
hEeldb@deNeuSREYRBERS pit®adb' Honfdodatk sequepces)piitiia, or30
However, sone suitable requl atory sequences useful in
downpiressed nomeeding svueraes) ofiafodingesseqwinee.apd wivgh
l.ignted.t nsti f } P fi
R ki AR OTRE B S SRR b o
Sl abddadoldihgvequdicer Reg@iatoryi seqherpeoimiude snhancers,

promoters, translation leader sequences, introns, and polyadenylation signal

-
-

sequences. They include natural and synthetic sequences as well as sequences
that may be a combination of synthetic and natural sequences. As is noted
above, the term "suitable regulatory sequences” is not limited to promoters.
However, some suitable regulatory sequences useful in the present invention will
include, but are not limited to constitutive promoters, tissue-specific promoters,

development-specific promoters, regulatable promoters and viral promoters.
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14 WO 2004/ 013355 PCT/ US2003/ 016886 Exanpl es of
pronoters that naybe used in the present invention

w0 p@kotB3sCW, RSV, polll and poll 1l pronoters.PCBHUS2003/016886

non- codi ng sequence" refers to a nucl eoti de sequence
| ocated 5° (upstrean) to the coding sequence. It is
present in the fully processed nRNA 5 upstrean1of t he
Exarplas pHprovwtionthaiimayhe usedfia the pesatigpiipndnclpgeCMV,

tran 19 MRNA, nMRNA stability or
g$§na?%ﬁ iﬁ#?@@@ Y (Turner et al., 1995). "3
non- cmsiheﬁ-caamg@étgﬁncd'eéiemotamunmﬁmmdmcemmdcses

| ocated 3' (downstream) _to a codi guence y
(upstrenme) todhs eqing sequenss. &igprpsentn ﬁ?@&@i\ﬁﬁf@geﬁ?fﬁmm
C

B e R L e A L o

pohyagehRNAQ mRN 4 sabilitg ousamldtpn effaereyt(Eningee ddy
affecting the addition of polyadenylic acid tracts to
$)3' end of the nRNA precursor. The term

"transi, «'Ho QR i ARIenSCHRAR "nutRbGdSsel@ericBalochdA3'

sequence 5 portion of a gene between the pronoter_ and
@wmgemnwmlngwqueme endimey indbeds polyrdenykpiwnasignal s

t o he f d -nRNA .
P GE5 0 o e PSSR G e
AV HrEcd8ig @f}%@@fexﬁreﬁ%ﬁ&ﬁ ST h'ﬁ%)cﬂfladeﬁﬂ’l@tlm digreal ¥s usually
transcript to mRNA st ab Qr translatio

chfradeirrby affestingthmadgision o polpra@ﬁnéh% agid frapts tq ﬁleé end of

ansl ational |l y pr ocessed 20 pol ypeptide w t hout
esrn%g E%Iil de. "Precursor" protein refers to the

Dr | marmhe t&hoﬂtb@ltsla@cﬁn letdursbquence! rofersio thdRINA s&jupnes
peptide" refers to the amno  term nal extension of

peTtinsestal geae beiRieshthePromaies pud cadingsequsncs hat ?SotFFJWYf'%?%
56 RIPR YR gs‘ﬁrbéjeﬁlt &gﬁgﬁ{‘g oREGRUARRIA RRBREAA s poLthvhi ch

isrequire into the secretory
mhklmﬁgn stdi eodcar. rﬁhéSJragsiahorsqumrschlenqteem@y affeat pg)cessmg of

nucl eotide 25, sequ es.th

SRspTgary b @FWF%F"%’E QgtAt %nIHP e I“@B?elfltboélg S ealﬁ ence,
usual ljpheyasd fagmf ?}Otélﬁ reflefs to @QfdktigarSREURAIBEprovdibaih
directs and/or controls the expression of the codi ng

spelmepti@e Wwithgrt dts isxgnaig)ephée r'EEesERior| pretaipFe ‘FQNA) the prlmary

d _at.h t 2
tp,f%(ﬁ-ggpf%?r}s nlon% ?Ig%tfl\?& %%n?llryggﬂgde;?%e%ﬂéa pr onDt er
tt&ﬂhnéﬂ%x%s@n%ﬁ apblypbAideewtizhdetraniged inednjnhconTwiitithe
box and ot her sequences that serve. to ch fy the
golyweptide fosming 3 mrfe%wrmp‘tlﬁieﬁqddﬁm% is TR Pfefé%?‘ﬁ%?‘y
?Jbt?)gﬁrrg %é&rqtglrﬁ aﬁgga ThRkteraP %ﬁl féeltleﬁaéép Fg&R k@A nucleotide

I'so refers to a eotid
sequence that encodes the signal peptide.

"Promoter” refers to a nucleotide sequence, usually upstream (5') to its
coding sequence, which directs and/or controls the expression of the coding
sequence by providing the recognition for RNA polymerase and other factors
required for proper transcription. "Promoter" includes a minimal promoter that is
a short DNA sequence comprised of a TATA- box and other sequences that
serve to specify the site of transcription initiation, to which regulatory elements
are added for control of expression. "Promoter” also refers to a nucleotide

sequence that includes a minimal promoter plus regulatory elements that is
15
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sequence that includes a mniml pronoter plus
regul atory elenents that is 15 WO 2004/ 013355

expression of a coding sequence or functional RNA
This type of pronoter sequence consists of proxinmal
and nore distal upstream elenents, the | atter
etpmiriamfrontroling ﬂ@f@pre@sjon of s goding sagwence or Aenctippal V4,

ncer
FBissber Hoetolr o Ene e Rt B A ibte il i
'éféﬁleﬁfsofﬂétl@ﬂferQIen&n&Qi%h@éf@gedlﬁ) &l cptemders. nﬁecebtchmgly,mn
enhance the | evel or tissue specificit

Serhwoecst is 2 PNAssequpsp it 640 %@@r L5 iyt iy and may be
n nl%{éi Al L A0 o(f[i‘t%r}%ﬁllnof& of A i g&@ ou§ BRndeft 08RRAE eance

onl ng even oved el ther upst ream or
diptesélroe aissderspenifidiey q:frerpmmeter Bos$ bapehleani operstimgioh botther

SRRD1 i (PGB DSk A - FOPA CRECRIBRS S Pk dnoved

eftH §fr§an'i‘€y d@ﬁns@%ﬁﬁl\fﬁ% 3 é)(r&ﬁbtrer . EBbihIeBhahcbisQiY dther

nativ gene, or be conpose different el ements
d@sﬂrcaadpﬁorrmﬁerchldnﬁ@lt&dnnd prquemadteespscific GANMA-bindirgprgfeins tbat

of, s
G B TR S R P B R TR g
| AN |0‘1‘ 88 chitpbf@ 0P Tty eI&nelﬁfsQIeﬁlVBd frbmcditfeent Ihatnoters
control the effectlveness of transcr| tion initiation

ifoundsinmetize ar evasbqxeyarised of Bathebe SPPPFREH A promoter

di.t
SO IO PR PR 0,
tih&psahitkentrslane effietivendss ohtrarscrptim 1dﬂfat1meiil r@sponse to

position +1. Wth respect to this site all other
W@E@lgﬁdqvﬁbpﬁ’@ﬁ@l ¢nd1tios control ling regions are

nunber-gd. v DOWASE & @AM RE g&k@tﬁ&ﬁﬁr&hnﬁn ¢ tedik\RIc1RAs fabis

encodi ng sequences 1 n 2 3" direction) are
denasfithatradcpbsi seqvance whitleisubet dofiand S%Méme*sl (Wﬁht ly

Jers AR ahabR o Reger b seremeHis oS Rt iy
AulkbefeE DRNBREreant S@fuerdles (i aafthatSroein dhabddin !;ﬂ @étﬁlences 1n

greatly reduced pronoter activity in the absence of
u:hs Brdjentian)tdre denoorinaiedpositeice hig upgreas) seggeRce(masty of

ters. h e 25
e el Sietpant Be S ErRUERRRE SR BBHRLARE 220
t Y perFFoino‘td‘r@[b&fdhtspparﬁﬁulaAy a 'Imm Erl&tnenf thao are ipactive bethat
t hus consists only of all, basal el enents neede

thaxn gEgatlgrediieed piomosgriagvinginghe a‘ase upsHeath q‘&?“%fham
| kL1485 "m iRl drcltd rpf@m%fépsr ©3% ﬂ%rl)resreﬁéeetﬁsd duftable

exXpression using a constitutive or ~ regul ated
ptaizodietion facion cﬂlnd oAbl pramdtet fiegtibag ©geenri trepssription. A

TR e TR TG ST
OfrarRESHRICinBkign, SEAUECTAFA IX and/or an initiator.

"Constitutive expression" refers to expression using a constitutive or
regulated promoter. "Conditional" and "regulated expression" refer to
expression controlled by a regulated promoter.

"Operably-linked" refers to the association of nucleic acid sequences on
single nucleic acid fragment so that the function of one of the sequences is

affected by another. For example, a regulatory DNA sequence is said to be
16
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2004/ 013355 PCT/ US2003/ 016886 "operably |inked to" or
"associ ated with" a DNA sequence that codes for an RNA
or a polaﬁ)epti de if the two sequences are situated

Jopdiably dinkede" pregasosiased WitiheD Ay spsHence gt sedas for an

i on _of.. Lk i ; i
S e N T A
DA SEqdeptd zﬁ'ﬁﬁfg, e&pfﬁsiioﬂkl) lof)ihle_tcbfng DV A Hﬂiue?c)e (i.epttianthe
sequences can e opera -1 1 e to regu tor
seding segsnsepr fupstioBalgiNAvis Pade e tseritigpplgpntrol of the

" sican: . t e@td i
FARGFA QgL 58! o bUCpLAARIER L A0 s
asensele batisenseairgnmégment , or a transgene in cells. For

le, in.th f si RNA. tS,.. i
KT e S o R
leRdGEielbhd R, HRYPEIBSSIsenE 8F Micteit Qcill @%r)lérﬁ,adﬁa%dnﬁgén@ An

and stable accunul ation of sense (nR or functional
Rhlls. Fabepnmplsi inhareage af siBNAecestroefs,tepipresyion mayirefsr orthe

rotein. "Ater | eyels" refer . of
Stz Sistion otk SESA SBATE 20lfn ) SolubbferSieinerr,
diahE@Ipbioh badithbla he@imiidhedf serseUMRNAISIrdun@idnaleRNA. or
organi sms. 15 "Overexpression" refers to the |evel of

Exprassion sryialsoreishiagbaprdeisolgroEigani sns t hat
exceea tlelee\‘i%vcélsmr {RESR6 BiES1e 0] of @)ﬁél‘@gsi%lnin Pfansgenic cells or
untran&t ored cel 1S of or gani sns. ti sense

iongdntnid that'diffas &os that sherpabauntiansforniedaetls seorgeni R

transcripts capahl e of suppressing the expression. of
pr ot ei ﬁ)"f’feéﬁﬁeésﬁmg i E%Q%Wdﬂgﬁvg(??é’é%@ssb?n Q@W%ﬁ Sor
"ol A Rt dx@Ekds {RR1s JragpRMion m&loBhdl drnfbsdfeMdddeils or

seguences that contain ‘one or nore regul atory
sirgamadngs. such as pol yadenyl ati on signal sequences,

P e et et QB bRt R or TR ERNAC! U
AR MECIBIL BRSPS IR SYpRkion WBidin Gont irbeidogenous
a

25 bi sphosphat e carboxyl ase. "Trans ion stop
fgeagaeatransgeder s t o nucl eoti de sequences that contain
one ofry - t i - & HPEShtai
Cor m s S Plohih SRS 1o SGES s e P Edhtain
tRie b Afdré fegulatorn Sigails,much bnpdyidenplatién sighal ae@leatdspn

stop. fragnent adjacent tq, or near the ingjtiatiaon
<3aghle at tefHBaEng EHECHPUQh & ??dn%‘?fpestgﬁgle‘?%’ér_e\%}lollafory
r of

§%Bé% %fn ékg?so?r{?géﬁﬂé l8hAIRTR sQhthh AR sthdlPABuA bPAbulose

bisphosphate carboxylase.

"Translation stop fragment" refers to nucleotide sequences that contain
one or more regulatory signals, such as one or more termination codons in all
three frames, capable of terminating translation. Insertion of a translation stop
fragment adjacent to or near the initiation codon at the 5' end of the coding
sequence will result in no translation or improper translation. Excision of the
translation stop fragment by site-specific recombination will leave a site-specific
sequence in the coding sequence that does not interfere with proper translation

using the initiation codon.
17
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proper translation wusing the initiation codon. 17 WD
2004/013355 PCT/U82003/016886 The ternms "ci s- acting
sequence” and "cis-acting elenent” refer to or
sequen@@éeww@ goting s¢I3RRCe’ @pd| fflfera?tﬁ’@lﬁl?féerﬁ feé*?r tp R:NA

'R‘NK‘B% ChlS whoAge < er;ﬂgl%ﬂmﬁ Befits ba6h kﬁ&saﬁﬁ%&@&ﬁéon

e re con i's Icatiron origin
tAem Eﬁm}ﬂdﬁ afnseigattimgscgacce nnehe @phcohtis dresviset taphigation
el enent” refer to DNA or RNA sequences whose function
dB"één not require themto be on the sanme nolecule.

" Chr oraR Qo< i R B gasteﬁgencé'e&lﬁf S nQ-abify &1Bhes" @éﬂmotﬁ

of a foreign gene or ~nucleic acid construct into the
H@NA DRA A yeqrenedsevitosb fimdtion Wesmet gfgms thereto benribe same

o]ﬂosonal ly integrated” they nay be "transiently
é? Transi ent expression of a gene refers to

t he exhfséemhall-iReHRRRA" kéfadls tb theffegiatib of 8@ 6igh ek or
t he host chronosone but functions independently,

aiucleigq acathyatructontoahe h@mpé%hﬁ gevalent bpndse AV herg gsmeé@m d
Hot T4 e §S| oaﬁ‘la/ i gﬁrtede the qﬁ@?lﬁea‘qgﬁlnglcr\l/ﬁi u;g’) esggd TH TI‘QI{SIGIlt

anot syste a

F)ir@woﬁl gra géﬂ%&eﬁfﬁouﬁedxﬁréssdm&ﬁ'hl ga@e thaeissegiespested into
ationshi ps between two_or pore cleic aC| ds or

ﬁb? Dort chigroseras bu‘(%l;lctﬂqr@ﬂ@%e@ﬁl&@n% ficaspart qfgy
eﬁl%mﬁ{olug‘l rlleﬁﬁ‘ifcggﬁ l’asrﬁﬁl)orl gl%gﬁ&?&sb Ate dfo?teglampl(sd()r as part

“percentage o ence ntity"
"cfahsthantiolajgicabeystent yich af a)virds. used herein, "reference

seque s a defined s nce. u as a % basi s
For - coldrlemRergas Eonsals ferapt les- e FaiapPhe
%é@\%@én tRb ok Bfore AM1LIC %E:Ms of pﬁyﬁlﬂﬁ&iﬁﬁbsﬁ ‘éa)s‘@éféféﬁ%seqﬁél{ce",

exanpl e, as a segnent of cDNA or gene

(b Ueeeperisay wnﬁewcdnbl'@qveemmmty",g(éh éoemql@@n@é sequgee

ARt Tl nh OIS Seoment of &

pol ynugj £ohiedheséflUesferncoktguends” ishadefiabd sequence used as a
pol ynucI eoti de sequence in the conparison w ndow

densisriprseqeerer coBRarivn. derebirprissequenge may be 8 subsshy; @d
ety of ESELANASRANEG M s BRGEAILE o PAMRRERE

teIANA e gemquenc@eor&habdmpletelm@m n‘pgene%quamceld ow is at

| east O con guaus, nucl eoti d a in | rg%? art1d

optio YRIN g (FOMPArisagVing ey’ 4B Fhose of

Scﬂn'tilguddg ah@ Spified segment of a polynucleotide sequence, wherein the
polynucleotide sequence in the comparison window may comprise additions or
deletions (i.e., gaps) compared to the reference sequence (which does not
comprise additions or deletions) for optimal alignment of the two sequences.
Generally, the comparison window is at least 20 contiguous nucleotides in
length, and optionally can be 30, 40, 50, 100, or longer. Those of skill in the art
understand that to avoid a high similarity to a reference sequence due to
inclusion of gaps in the polynucleotide sequence a gap penalty is typically

introduced and is subtracted from the number of matches.

18



30 understand that to avoid a high simlarity to a
reference sequence due to inclusion of gaps in the

w@oelognwsbeot i de sequence a gap penalty is typiPRel/Ug2003/016886

10

15

20

25

30

i ntroduced and is subtracted fromthe nunber of
mat ches. 18 WO 2004/ 013355 PCT/ US2003/ 016886 Met hods
of alignment of sequences for conparison are X
wel | - Rershaesiaf aligementiof squwgaces dorecommagson #atyebpknopn in

r denti . .
o st B8 et B B AUk | BRI R (8 8efences
Ragebesdcehplisiogd-using 4 innihemeteabplgesthnd. Buetdmwedpndrehmitingal

?e%%g@')eé ofeh @%ﬁ%ghﬁ%q%ﬂgﬁ 8{9&% ﬁ%ﬁgﬁ%%%{ang Miller
(15588 he 1d2a1 RAHAL OO coRhOORAh # A1DS DTt hobiRASHye TN

nsch (1970); e search-for- simlarity-nethod
aligReant sitgoridhnd of Nesdlnmad 888 Wunsthe(187 Qo thietsharchffonar | i n

and. Al tschu 990), modif | k0 Kardi n ,
ArbetmstedFereghsnd B ofl bRl S pf Ridingnd
REBRITRE 9909 madified hé MEartiaAnd Altsdidl 19o).zed for
conmpari son of sequences to determ ne sequence

i dent iGompuswdmplampptatioan o bthewsrsatheratirabalgpiithmsgcan ket
| i - CLUSTAL i ] : i Labl
Bl bPipSRMEER el adhie BELSTRE seckbA AP SheD e

Ababfdhepf0ighaimcludes it are bt Minitd do: GRS BES TR tHE, PGB GAST
FASTA, and TFASTA_.in_ . the W.sconsin ,Gen‘st i cs_aipft\ﬂ%
raesamdavaliablsi tenin intelkigandtish MOy Vigker siHfamiasthe ALIGN
i ASTA i
WR TV i giRoS AP ERSTPCBIAST, IUST AV AU TRASTA in
like PAsdonsinEibneticsRpitveze Badkapt, {V qrsiom féawlgble e Genetics

T G 5L e P VAR sy
A']%l?%%xe%?s Wing thiQIdgrapl dal B@p&RimRE uding thel@F4olt parddiéters.

programis based on the al gorithm of ers and
NHel @S BAprpaogrTings vell Bessibed b Ghiggins effal ALP&ohHigegms e

al,. 9 re.b . t he al N rli

4 BRl CbtnsF e o PR Pl BPSnt i P i 1D A5
I BhePAIDIGNE beg@é!rﬁiid RRb@®oh tHeQlghithh lo€ MNatrd el fillee upra. f e
Bi ot echnol ogy | nfornatiqgn X )
(BlABT pragrsmhebiltsabul eiah. (§890)) are Pased oz the plgerithm of Karlin
[ fi identifying high 25 scoring sequence
p%ll}ﬁ%gys?&gﬁgé%by identifying short words of length Win
the Ruftwars &qperfomningBIcAS B andises isgiubliclyravsidiblesthyough
SOME. POSI t | ve-¥al ued thres score T when aligned

) l.d
VW?H&‘ R rRotegnology, _ {Hmafion dat abase sequence.
;r(mtféi/m.ﬁ%i%ﬂmﬁﬁh@&/} NS AbEHRAI R esIde\RisEidsADyRg high

. These initial nerghborhood word hits act as

sweerisg $eopenasi paira (HBBs)dyddottideing shdrt wards o dpnsthiHBba the

query sequence, which either match or satisfy some positive-valued threshold

score T when aligned with a word of the same length in a database sequence. T
is referred to as the neighborhood word score threshold. These initial
neighborhood word hits act as seeds for initiating searches to find longer HSPs
containing them. The word hits are then extended in both directions along each
sequence for as far as the cumulative alignment score can be increased.
Cumulative scores are calculated using, for nucleotide sequences, the parameters

M (reward score for a pair of matching residues; always > 0) and N (penalty
19
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30 containing them The word hits are then extended in
both directions al ong each sequence for as far as the

Cumul ative scores are cal cul ated using, for nucleotide
sequences, the paraneters M (remard score for a pair

chi.ng resi due and N (penalty 19 WO
ZSGGIZFH%I 1 BisEateiang E’S‘G%Pgﬁf’é’é 86?1@1@&01‘{1%65%{?%%9

r R6#ARRIr s WRYBtoTallilatd 1BE cﬁ’rﬁhﬁﬁv@&!oge SEAESGESS théword
scoring matrix 1s used to calculate the cunulative

ditsrie eadhixdiracti po aredfaltedwhewihd cummiutative aligaednt déare tlls @lﬁf by

e hal en, t he.cunul t|v nnment .score fall
T8 aigited & A e AR B o i, T B R 56 Boesto
V2kdI6s bdlde dad Eﬁiﬂhébbé(ﬁ?mﬂﬁwh&)f@ﬁ@ Sr iR rdnepative-Soriag kédiMue
due to the accumul ati on of one or nore

ridigaments, eribe prgof dthersrguenepiigierehieds, or the end of
h |
o e S oAy BRI 18, SRS L1 00

petgdrithifieal o Iﬁdrﬁﬁ‘mshlsfaﬂbtlcahﬁia}/}&i@faﬁe ilhﬁlaﬁtybdt\ﬂé&ntty/o
bet ween two sequences, One neasure_of simlari

preguengey Bye mﬁ@u&ﬁwaﬂwmmﬂ by the BLAS Tsplger s &igm
laalyctel slug{# oﬁggﬂ\py)q/’(]gﬁ'& PRV E%ﬁ?ﬁléa@l@h%ﬂ}ie‘wo&glhw

the prob a matc et ween
rhwlvhmh iacheatcht bawemotmmmtleseq«u enaemowoid ssqumees woldy occur

Eor exa a tlest ucl ei ¢ aci dﬁ@e%aemﬁaé
& &4° Samh ratF% nycleiCapid, SEAINCE K PaRCEref spifpg to a
S&'ﬂré&% sedudirdif Wélleﬁ%u@@b%@ﬁ 'a%@ﬁ‘lp@ﬁsoh"b? tHeQ 84t

nucl eic acid sequence to the refefence nucleic acid
segleenaed smupecsestoﬂhmwfqma nudlsicocid sequense gy le$sethabaty>ut

h f I
E Do gerBR ot i e I dpaBheR) BB MypEH T 180
copRr i son pur poses, Gapped BLAST (in BLAST 2.0) can

be utilized as descrl bed in Altschul et al. (1997).
Al t er nkR PRiainygappe algmpgits (forcommgronpyposes Cped ST

t
NG BT LR 2P R A SR BRSSP
SAllberaativahe IPSlT}{BHASZT (ig BRIASTTY. O)SeqmﬂmilsBdltkﬁTerfoBﬁl anBteAfEéld
th f t f th
sih Bt Aeteris bl o e U BT B e bR qieper .

%9&@1 Wakn G81zi08 BI36F, GhPFeEbAREN psmm@rrg {1 default
nucl eoti de sequences) uSes as defaults a wordl ength

(Myampéters tlmrea)q%m progams((&g- BLABON far Bsclcojtd@fsmwﬁces

FEAsTEppPoidi Rt b u e BN R atn ot MG

defaeticts vaeddyr RHrRMG Ry h ofini, ﬁm@@&aﬁd E)o,of
106l ar?dgt h?a BLOS%DI\/%Z s%rg%?%g(ﬁf)atrl X. (BE) bF)

reutest of YR MichiNTirand a-cogwarison @quﬂ%ﬁtarﬁﬁﬁ o5 pBINYFSid
ps%ﬁlflé}{cgs% %J@ﬂﬁgll"b%r@?am uses as defaults a wordlength (W) of 3, an

expectation (E) of 10, and the BLOSUMS62 scoring matrix. See

http://www.ncbi.nlm.nih.gov. Alignment may also be performed manually by
inspection.

For purposes of the present invention, comparison of nucleotide
sequences for determination of percent sequence identity to the promoter
sequences disclosed herein is preferably made using the BlastN program

(version 1.4.7 or later) with its default parameters or any equivalent program.
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oPaRg G AT by Yst depaiion; PURE Peiaeef btiulRee
@& Gtse®@ir ftrdick ieprolmstoRTEt0saiel ehap Pisiime positlons
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suhieh areaobidentigal oftprediffanbneonservatiyeaniagasid supsiitutions,

sim | ar. chem cal, pr J: ( . . :
S SR S G P R B e e ARG ducs mith
fsithitid che@icapprpertics &sg. odhatdesr ylimpholscitiaad tseefoerivemt
differ in conservative ﬁgbstit tigns, the percent
shangatbe fungtemal pyonsiies gE dﬁ“ﬂ%‘f‘@%l wa‘fca@n?es dbfg‘?f et

; . 'v . AR
BB R ARFHR e PAEUl Seent DRy T iR
aipaidsttatcbans far the sensdrvatvimsarere'of g mibstétutien. nbdquenoey

of "simlarity." Means for Ki ng t.hi.s, adj,ustnent are
dor ek borer R brieRPr P e BRSOl |y
tddhRarityV 6 BRSO Nad foPASRMEAkis WjusEnths bretvtllil@bwaso
a partial rather"than a full msmatch, thereby

i theseafskitlginttheeart. By eably djs imsendirs se@ringresmseryativehys,

fo X | e re | d i ' i i Lbyen a
BB L R s FE B R, B rchsueth

ey EMtae SEQIcBcildedtity O Thuh faamampleatvhee mlibatticalinmionacid
gi ven a score between zero and 1. The scoring of 2

o BEER aeorp@ T d 394 RINORCPBIFEVATYC SRISLNtgN 3 St Ven § Scorgat zero,

i . i n-.th [ i i
RIS G i BN ARG i pebisor
" pasaeniegabaftuiiegiecdalited rtg. 1ag implearegtadie thegirogram

PC/GENE (Intelligenetics, Mountain View, California).

(d) As used herein, "percentage of sequence identity" means the value
determined by comparing two optimally aligned sequences over a comparison
window, wherein the portion of the polynucleotide sequence in the comparison
window may comprise additions or deletions (i.e., gaps) as compared to the
reference sequence (which does not comprise additions or deletions) for optimal
alignment of the two sequences. The percentage is calculated by determining the

number of positions at which the identical nucleic acid base or amino acid
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determ ned by conparing two optimally aligned
sequences over a conparison w ndow, wherein the

w@entiomssdf the pol ynucl eoti de sequence in t hePCT/US2003/016886

conpari son 30 wi ndow may conprise additions or
deletions (i.e., gaps) as conpared to the reference
sequence (which does not conprlse addi tions or

msithet oaus) infboth ssguénees to Yeld dhambes ot maEchedypositions,

L

Wb & oF com P&amsamﬁum ﬁ@galeuebuaby\mozewma@memage
PCT/ US2003/ 016886 residue occurs in both sequences to

off seieeneeidentitber of matched p05| tions, dividing the
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o RRGE e 3 thesst 90%| SBs!
%%’/@ g%’o/@ }?‘2%1/5:/’ 7?%8367}40% @97(%&316%0% 4"“}‘33 78% or 790§)
92%f $3%jdnyD48h, and asist @@ﬁ@a‘t&;{%lem%%, 86%, 9B4998%8:5%,99°

86Y% 88% f
e R R S e
gé%an%ﬁ?@scx%&us %anaard%ﬁ%ﬂ&e@emme @f@kﬂld@ﬂklaﬁ‘tywﬂl
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?ar ame 1‘\71.%1%( ro%ﬁh%enéoﬁe& Qgt\%{l clt d sé REA

PEAR e appropria ted t
ﬁhﬂ@nﬁtmmm lcb@EPdvaehdtacy, dairia dcyd s1fmlgar1tyl; madrmgémmfded

oD goR drelikp, SHRTAGHA 1ol 9 PP g SFRR N gE g
éérpggf%'ntoll-lggl S}gﬂlearﬁrkg%ﬁe%lg? h ﬁﬁtg oPAPRhanobA Imdréiﬁfé‘férbb’ly%f

nrno_ ac uence pur poses nornally
@ﬂ&()"/&em)el’amné modepreferablpft lagst O8%Ust 70% rmr e

preferably at_. I east and rmst . at.

| e ast Aggtfer Sl]aﬁalll(é/%ﬁngﬁ%g nees 4re subs { qffiﬂ@(’ucﬁ 18
GhGESul Y l?ybﬂd%tt@ Bidhadthet undemdfigght tdhdltiohs t Generally,

nDIecu es hybridize to each other under stringent

swingénticonditioBeare selbéted to xpabeut $Hglomter thandre thepmal melting

IBBJIHE&“?)%PT 5%3188?01 (gsgetqugnggla? ?@E@%%ﬁgnn%gﬁ'g é@ﬁgﬂHml ting

IHRWes E&ﬁl@@ﬁtfboﬁdidoﬁﬁ'éncbbmﬁse&émp&’amma ite rangedd ftabowts1 °C
enconpass tenperatures_in thg range_.of, about %t%erwwe

ap ekt 207, deppnding yRenihoAestre dagsy P%ﬁﬂa%egl%és
31{[31%1 d@&ﬁﬂ:g%(mglg w@kP ?1 ﬁﬁt dGH& 1 O}fbhﬁ&e he Ezﬁfhrb-the?l'dﬁh&' sfringent

not r| dize to each ot her under
sbnditigeydre 2611 euim;dmtlaldmsleam@ﬂ gtthé po]spmﬂamtﬁlﬁyabm%@de are

ALY denyion G AR 0ot e rgPR gD o8 Tyt o

CPRYedsirl A fldkidrurR €bdbr degeneracy permitted by the genetic code.
One indication that two nucleic acid sequences are substantially identical is
when the polypeptide encoded by the first nucleic acid is immunologically cross
reactive with the polypeptide encoded by the second nucleic acid.

(e)(ii) The term "substantial identity" in the context of a peptide indicates
that a peptide comprises a sequence with at least 70%, 71%, 72%, 73%, 74%,

75%, 76%, 77%, 78%, or 79%, preferably 80%, 81%, 82%, 83%, 84%, 85%,
22
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t he pol ypepti de encoded by the first nucleic acid is

i mmunol ogically cross 30 reactive with the pol ypeptide
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LEGIRLE to WHRA Sest SQuENRs RRRokRfedd IWha@rusiip /seqyence
conservative substitution. 10 For sequence conpari son,
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SERUGRESe Wﬁhéaggqt@@isi%fed RS arhDafoilefets at es the

percent sequence 1dentit test sequence(s)
r el at i Aenoéted tihweve, artier éntieation dhet e pudeis edldenquanees are

desi gnat ed .progr.a ranet er.s. at.ed, aboye,. a er
p A e e R R
%:Eﬁﬁ@&f‘ Léditiohs! FREPhia "ybritibalg dpbafibay to0teder t@the
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Thiedippy dupdexingy br hyhiridizine ehewioldcalgianly to@partaqudaraucisotife

20 bi ndi | eXi Ngs.. i di 7i .

T

th{)itmlqag, @&alditenﬁlaf)?mmﬂ HtNyE&t ;‘B'mqlgsla mlahetai)msialm’m:ﬁem;R td n

a Co ex m Xture e.g., otal cel l.ul ar or .

" @mr;irg@yn@wgiba‘ﬁizmr} ‘}:@%WF% &probe guclgig ﬁﬁlﬂé‘ﬁ&% tnuclete

hyB§ lrn?d érﬁf)#a&% &ﬁ%%gs%aﬁc&{%g gl%@ i RlGmAkiisted B? réducing the
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t fiihgeen of ehedgbridinmiitat meadibyo adhieveithgddsired @dgeetian afgency
of the hybridi zati on nedia to achieve the desired
didfast Ppgpicapidispgnence.

"Stringent hybridization conditions" and "stringent hybridization wash

conditions" in the context of nucleic acid hybridization experiments such as
Southern and Northern hybridizations are sequence dependent, and are different
under different environmental parameters. Longer sequences hybridize
specifically at higher temperatures. The Tp, is the temperature (under defined
ionic strength and pH) at which 50% of the target sequence hybridizes to a

perfectly matched probe. Specificity is typically the function of post-
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the stringency of hybridization and/or ol ut| ons

asolutionhdvis mqquslet@émr%ét heg §5G P@Ce’é%flﬁroé‘c?oé P
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point (Ty,) for the specific sequence at a defined ionic strength and pH.

An example of highly stringent wash conditions is 0.15 M NaCl at 72°C
for about 15 minutes. An example of stringent wash conditions is a 0.2X SSC
wash at 65°C for 15 minutes (see, Sambrook and Russell, infra, for a description
of SSC buffer). Often, a high stringency wash is preceded by a low stringency
wash to remove background probe signal. An example medium stringency wash

for a duplex of, e.g., more than 100 nucleotides, is 1X SSC at 45°C for 15
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25 acids is found in Tijssen (1993). Generally, highly
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native protein by deletion (also called “truncation”) or addition of one or more

amino acids to the N-terminal and/or C-terminal end of the native protein;
deletion or addition of one or more amino acids at one or more sites in the native
protein; or substitution of one or more amino acids at one or more sites in the
native protein. Such variants may results from, for example, genetic
polymorphism or from human manipulation. Methods for such manipulations

are generally known in the art.
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i nclude hybridization in 40 to 45% formanmde, 1.0 M
NaCl, 1% SDS at 37C, 25 and a wash in 0.5X to 1X SSC
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Arginine (R), Lysine (K), Histidine (H); Acidic: Aspartic acid (D), Glutamic

acid (E), Asparagine (N), Glutamine (Q). In addition, individual substitutions,
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such cells which retain part or all of such genetic modification.

The term “fusion protein” is intended to describe at least two
polypeptides, typically from different sources, which are operably linked. With
regard to polypeptides, the term operably linked is intended to mean that the two
polypeptides are connected in a manner such that each polypeptide can serve its
intended function. Typically, the two polypeptides are covalently attached

through peptide bonds. The fusion protein is preferably produced by standard
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been nodified by the 25 introduction of reconbi nant
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example, the expression may be reduced by 10, 20, 30, 40, 50, 60, 70, 80, 90, 95,
or even 99%. Knock-down of gene expression can be directed by the use of
dsRNAs or siRNAs. For example, “RNA interference (RNAi),” which can
involve the use of siRNA, has been successfully applied to knockdown the
expression of specific genes in plants, D. melanogaster, C. elegans,
trypanosomes, planaria, hydra, and several vertebrate species including the

mouse and zebrafish. For a review of the mechanisms proposed to mediate

RNAI, please refer to Bass et al., 2001, Elbashir et al., 2001 or Brantl 2002.
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i nhibition of production of the target gene product.
The term "reduced" is used herein to indicate that
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al so contain 3" or 5" overhang
curing and/or preventing the development 0f a disease or a condition.

“Neurodegenerative disease’ and “neurodegenerative disorder” refer to both
hereditary and sporadic conditions that are characterized by nervous system
dysfunction, and which may be associated with atrophy of the affected central or
peripheral nervous system structures, or loss of function without atrophy.

Neurodegenerative diseases and disorders include but are not limited to
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sequence, and the nucleic acid sequence can al so
include a pronoter. The nucleic acid sequence can al so
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forms a hairpin ‘structure
free from at least one contaminating nucleic acid with which it is normally

associated in the natural source of the RNA or DNA and is preferably
substantially free of any other mammalian RNA or DNA. The phrase "free from
at least one contaminating source nucleic acid with which it is normally
associated" includes the case where the nucleic acid is reintroduced into the
source or natural cell but is in a different chromosomal location or is otherwise
flanked by nucleic acid sequences not normally found in the source cell, e.g., in

a vector or plasmid.
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bound under stringent conditions as defined by

met hods well known in the art, e.g., in Sanbrook and
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i setje¢resd, styi-synthetic DNA sequences, DNA sequences isolated from
biological sources, and DNA sequences derived from RNA, as well as mixtures
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Nucleic acid molecules having base pair substitutions (i.e., variants) are
prepared by a variety of methods known in the art. These methods include, but
are not limited to, isolation from a natural source (in the case of naturally
occurring sequence variants) or preparation by oligonucleotide-mediated (or

site-directed) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an

earlier prepared variant or a non-variant version of the nucleic acid molecule.
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ecpeelyte the/kﬁﬁgas stranyled DN & eemipdate e, siieyatigoasdeatisles

R R R R PR

QJy'@%‘HzCAl biygle prinmer, and will code for the selected
al'terati on I'n’the nucleic 10 acid encodi ng si RNA.

Gener dheyDNAltégplatecias beigdessated bathosesettors thal ged &er des

BB D3R a0 FBR OLcSphBBLAS GRApEr b

GO B IoafestorPark Reitde)PoratheseaRciets ther coptatiea of t he
nucl eot i de coding for the mutation. This e 5§e73
P%Qﬁ@

tsirale-strpnd mgeb@ﬁ rgplicatipn asaserikad Ry Visrag, |(§

t’ﬁﬁls th@ QJI\?A a ?sqg T)g n%e& ﬁ'ﬂg Ib?hfselrf&i ﬁl@d’l!)l% -Eﬂ@se vectors to
onucl eot1 des are readily synt eS|ze usi ng

t g&;ﬁ&ﬁte@@e ktmndad tempilite. Brddustitsiofabe sihgle-stresdadi tbm;ﬂatdly

Crea_et al, (1978 The c ner at ed
sipsetibed & Gheig Lot Satigpicens Ryshl 251 BhgTRHEEY.
1@5tk£ﬁ@@%&’ﬂe%a§34%w§,soe %eﬁ&‘at‘é@ w%ﬁatahh%/ d@\)b@é bt?e@id@d
19°vectors are suitab
trﬂamad Yaaithery DMu81n@ siadand techniques.

For alteration of the native DNA sequence (to generate amino acid
sequence variants, for example), the oligonucleotide is hybridized to the
single-stranded template under suitable hybridization conditions. A DNA
polymerizing enzyme, usually the Klenow fragment of DNA polymerase [, is
then added to synthesize the complementary strand of the template using the
oligonucleotide as a primer for synthesis. A heteroduplex molecule is thus

formed such that one strand of DNA encodes the mutated form of the DNA, and

the other strand (the original template) encodes the native, unaltered sequence of
32

PEINUS2003/016886



WO 20040133685 nut at ed nay be inserted into one of P¢EES2003/016886

10

15

20

25

30

20 singl e-stranded phage origin of replication as
described by Viera et al. (1987). Thus, the DNA that

vectors to generate single-stranded tenpl ate.
Production of the single-stranded tenplate is
descri bed in Chapter 3 of_ Sanbrook and Russell, éOl.
Ahe RNAatThishsferodpplgr Bolaculerisfgn wsf@éwbﬁ 19i: fHipblgiost
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okctii\gemmhlyrer egeessionivectanof the tyredueidaliyoereplayedelor z e

the compl enentary st.rand of the tenplate using the
6Taf1§f8wg%oé‘?&%raﬂé‘pﬁr§’pﬂatﬁﬁoﬂer for synthesis. A

het er qgid ph&@KodWsBEbHdSmingedidiels abd @ BEbS Mol fed atictomer a
strand of DNA encodes the nutated form of the DNA . and
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nat.ive n r 004/
Wt%ﬁﬁ&%élg@agicg@%%e%ﬁ% Mﬂﬂ‘%% #eP? é?g% ﬁsgrl%e}(feﬁsnol ecul e
i sigbhRTeotida ixsdmpeated td the singlesstiahddal temipbisd acdsstribedsabavd. y
a prokaryote such as E. coli

JMLO1. After the cells
a BigEgH thiep dgoxyaibaninleqtides, éﬁ?’@’é’@é‘i‘%@é‘nﬁ K@%“é‘gh and
LSRRG ({755 shaRRURKBOLYARIRL (TIE). i cgmbined with
baasdifiedthicddorpilesytosme celbatt ¢GTP-(HY) (Fhivhtcan b obisimed fiom

tated regjon is then.remved a | gced in an

d ?J?B’ﬁFﬁhé’ir‘egéf’W%‘@FBP); Q’S%'@f TeyS %\(ﬂggg‘b ssion vector of
BB RS JotREIESH d Voo R MO MGisbnf Adition TR & HBBin Rake @b tHa
appropriate host. The method descri bed i medi atel%lzéwse

abiotuee, mesjraé o DA ideutieal tchthe kemplate exennd dorghemupaiddeass
EHEE S e R S SO

catirons are

fiadtbVeT-dCTITE wihii diHeBves 6 proeteelit Glongastrction ehdbmutisase
anneal ed to the single-stranded tenplate as descri bed
abgsson. A ni xture of three deoxyribonucl eoti des,

" : : T : : |
e SARIIAERIHIAE (el TPhhe atBRHFnROPHABRRLAG (i

Wit & gebropriadeimsttictivh ey theaernplatedtrad CTa b Epestohwih
RO o o AR R TR P RIS TR Tt Hins e
?né?tg{%h ?E?ébe %ﬁ%gelﬁgéﬁ. t e o NWYNBR kX PBéPIReedve alrhblScule that

rand of DNA identical to the tenpl ate
eix olytpaftillytsinglorsiranded Bawewleté dogdersiranded DNy homoduplex

addi Enl(fg(o)%?edt lpslir§g BRX Soﬁgrlfalgr%seoifn the preg\énlcle of A"
deoxyribonucleotide triphosphates, ATP, and DNA ligase. This homoduplex

molecule can then be transformed into a suitable host cell such as E. coli IM101.

1I1. Expression Cassettes of the Invention

To prepare expression cassettes, the recombinant DNA sequence or
segment may be circular or linear, double-stranded or single-stranded.

Generally, the DNA sequence or segment is in the form of chimeric DNA, such
33
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i nstead of dCTP, which serves to protect it from
restriction endonucl ease 20 digestion. After the

nicked wth an appropriate restriction enzyne, the
tenpl ate strand can be digested with Exolll nucl ease
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e circular or T1near, stran
sa';pegiee,-st randed. General I y, the DNA sequence or

segnent js.in the form chinmeric. DNA, such 33 WO
S00a] ORSEB S PLEeCRbBES) BYAGsE eges thpLRehY G ASHRASGiptign units

Virh e Fﬁ&@br B&MioRs BRro? '&tlﬁ)‘rﬁbrpmhélﬁecbﬁﬁhﬁﬁﬁDﬁhaﬁKfﬁe by
control sequences that pronmote the expression of ‘the

r enfeambéritedt seDNAG prremdatory dria striveturad Swictiant Forrexamipte; thed

I
s BN oaR i PEN o aRlp SR HERS By R B b B
n@kcm@y Gtilsd 41% ﬁﬂ)‘t@&ﬁ@@d}fﬂr@sﬁhﬁﬁl th€ g&lonteatdi feer ent

eci es, as a nucleic acid sequence fromthe sane

Sbestagiatinaaree. [Suak Beomsers inskiseitbe @MY Rromqiemnpevelt aethe
dﬁ§§7 ﬂ}gltno%s,%"\Mq rﬁ}gmo{%g%ﬁd/ Ieetr09 ({1J ecel%fupéllggpeat

specles reconbi nant ces

selements)s althaughanhampt éther prornbisr eléﬁheﬁt@ |Weda1 Kmepiito ﬁ'le a; such
portions thereof, a portion of the reconbi nant
i bue SRECHIGRIBTPISEOT 8 iR blg PROTRRIGH TBTLRS cTBr O&ed in the

Sfafals‘t‘fée‘ﬁf%ei‘n%ﬁdrpn For exanple, the reconbinant DNA
nmay iItself have a pronoter that is active in mammli an

cel I s, Othgr e}mgcntstﬁdh¢tmalanmlnealnmt e¢llsa$uChasljntmmmhanciers,

th that | t f {

P RBTEERh S rghSceinnd G ROAEP Do Aelidi fhescoqinas
REM AQ " Suioht émentV/ARY At frap hONBY RicedB fof tHeGUhdtidh o HIBDNA,
(long term nal repeat elenments alt hou h many ot her

pbw reayeprouide improyeduskpressiranf thoDNdebwaffec @gélﬁnscal@tlon
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oyed practlce 0 I'nven
as desired to obtain the optlmal performance of the siRNA in the cell.

Control sequences are DNA sequences necessary for the expression of an
operably linked coding sequence in a particular host organism. The control
sequences that are suitable for prokaryotic cells, for example, include a
promoter, and optionally an operator sequence, and a ribosome binding site.
Eukaryotic cells are known to utilize promoters, polyadenylation signals, and
enhancers.

Operably linked nucleic acids are nucleic acids placed in a functional
relationship with another nucleic acid sequence. For example, a promoter or

enhancer is operably linked to a coding sequence if it affects the transcription of
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0_a
selgpiablgmagkers @%@Pﬁﬂ?‘fﬁeﬂ%‘@%g?’ gaﬁeﬂ Reth PP uences
g%%&@!gl@ s%ﬁ%@&ﬁsenﬁﬂétex Sidd AKRENGE Bel KOskl 9418ctable

ancers do not have to be contiguous.
Inharkérs grel lsnosmdo i arsdnsldnelydé, ifoaexiaoplea entibiotitresistaaet

restriction sites. .If such sites do not exist, the
ﬁﬁ?sh@f“iﬁ’@s”(???ﬂ‘gﬂﬁé‘llkg'oti de adaptors or linkers are
used iREpBREOES eV hssORY RIdhii Bl pdéraially @@nsforbied cells and
reconbi ggntep%l\lA to be introducedpi nto the cells ma

dorevaluatiag thecfunefionelity of aegudatorarsrReyengesn Reperter %aﬁh%b r
both i . SNl
5P EeTPe RRUP PO B Thb bR o

Gepdrter g0t defe that it @ot pressif o orackpresseddtyhthe recipient
enbodi nents, the sel ectable marker nmaybe .carried.on

b
SEgR R ar Bysue and thatpasodgsf RISEH VHOSE e&é!ﬂ??rl%@f%%f&f% ﬁy
| vand c
%Bgl%%Qaydetgcg%Jﬂm%g&g%tg D eﬁzﬁﬁaﬁ@mvﬁ? FOERAMRL, rPORES

may be 11 an priate regulatory sequences
tgeneniatiude thephbssipireniaol adetyliossferet pene (Upfram Tn9 of E.

sel ectabl e rkers are kn in the art and i.ncl e,
a1 %89 e el st iene Bt REY B B B JEREe O GhfiRe
&gﬁm&_@ ehd'B abdak€d atReRRABIC HinReHRS IRITINAIAE bé@introduced
identifying potentially transforned cells and for

avtmlthatrdcigentieells. unct i onal ity of regul atory sequences.
Repor e g%%gr%?nfeﬁl%gls for constructing recombinant DNA that can

transform targét cells are well known to those skilled in the art, and the same
compositions and methods of construction may be utilized to produce the DNA
useful herein. For example, Sambrook and Russell, infi-a, provides suitable
methods of construction.

The recombinant DNA can be readily introduced into the host cells, e.g.,
mammalian, bacterial, yeast or insect cells by transfection with an expression

vector composed of DNA encoding the siRNA by any procedure useful for the
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encode for easily assayable proteins are well known in
the art. In general, a reporter gene is a gene that
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bonbardnent, 10 m croinjection, elec oratio
chlé of pelllineds ong i whirh thstasaerse has besn ali? or a?&ﬁ’éerﬁf&’%@e
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TN 0TS B 5 bl SRR e sy I DRSO Jr el of B
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or inserting genes into manmalian, e.g., human cells.
@hivenoseimaty mtvgaﬂed) recomimaptDiey seduencer which éxeonnesed of

NETRSs. Sl likid | - adenoviruses and

To confirm the presence of the recombinant DNA sequence in the host
cell, a variety of assays may be performed. Such assays include, for example,
"molecular biological" assays well known to those of skill in the art, such as
Southern and Northern blotting, RT-PCR and PCR; "biochemical” assays, such
as detecting the presence or absence of a particular peptide, e.g., by
immunological means (ELISAs and Western blots) or by assays described herein

to identify agents falling within the scope of the invention.
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adeno-associ ated viruses, and the |like. See, for
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Western blots) or by assays deScribed herein
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According to one embodiment, the cells are transformed or otherwise
genetically modified ex vivo. The cells are isolated from a mammal (preferably
a human), transformed (i.e., transduced or transfected in vitro) with a vector for
expressing a heterologous (e.g., recombinant) gene encoding the therapeutic

agent, and then administered to a mammalian recipient for delivery of the

therapeutic agent in situ. The mammalian recipient may be a human and the
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of the introduced reconbi nant DNA segnment in the host
cell. The instant invention provides a cell expression
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can bepgra cribed i 0,an anti-sense RNA, a si RNA
as wel 'asmg%mgﬂe" (i.e., a gene

encodi Ag descAb&l Rdrbin, ihétpréssion GasselPbLHhS @ihedfion Sontains,
expressed at biologically |nS|%h|f|cant |l evels in a 15

niaradio) ypdEpiomatef the i oprably dinkedhie anysleic acidsequence
' l:ﬂcldﬁﬁlrg%tsﬁiNﬁ. Sﬁﬁﬂg,qﬁé b&l I?E)ro%tt&{ %., a RNA polymerase II

dependent promoter, initiates the transcription of the siRNA. In another

embodiment, the pol II promoter is regulatable.

Three RNA polymerases transcribe nuclear genes in eukaryotes. RNA
polymerase II (pol II) synthesizes mRNA, i.e., pol II transcribes the genes that
encode proteins. In contrast, RNA polymerase I (pol I) and RNA polymerase
III (pol III) transcribe only a limited set of genes, synthesizing RNAs that have

structural or catalytic roles. RNA polymerase I makes the large ribosomal RNAs
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gene encodi ng human erythropoietin (EPO would be
consi dered "exogenous nucleic acid material” wth

the latter cells do not naturally express EPO Still
anot her exanpl e of "exogenous nucleic acid material™

is the introductio f I t of t 20
CRNAS WhiFk ais R %@1@?@ 0¥§§1§[Pra§0@gﬁfﬁgm@%%me I
r Q6 aLaRES JHsRERL ﬁéblwmsaﬁmhﬁ%ﬁ@ BAHS 58 PRNAGand

sequence via hono1ogous r eConpi I'V. Pronoters
otf-artsfee RNAsS(IRNAY), the trdessdpiited wikck usrundanthe xpnrted of pal 11T
casse%te of the invention contains, 25 inter alia, a
PIPEOY or onot er that is operably linked to a nucleic

acid S&Q&’c%@ﬁ@ed RRGANB ﬂl\@nﬁﬂrﬁ%xpaa%&y disbsveR@ thatlpol 1T
pronoter, i. a RNA pol ymerase || dependent

pPromotees are S P th@scmmm@f ithst SIRN Ao f Thitwas suRpuasing n

not her L
S ans U5 PERY o Pl B BB R b remponsite for
gﬁzﬁgmpti@néﬂf Kl@dsyéﬂgeﬁRNRNé\e afativelyyiong BB s|ds cOmphrel It()
nt hesi zes NMRNA, i.e., poI Il transcribes the genes
t RN@As oE 3@ Bare N9FBLBISE. 1 n contrast, RNA pol ynerase |

ol AL i
oﬁl y oh PP PR O BE RS in %fﬁéﬁ%é‘é ot pUrtich AR HaEingiR of
hthe @ronsdtersetjuereb nay beatsed it witich dieqmrtiMaiptﬂiI}srthc po@dter
makes the_ large ri hoso R 20 4/01%]3‘@5
PRETV GG 2 0d P B RSt reip, RAUA) Profe e&%afs OWR RSBy

0) eSgagyari et
ook ka5 VESh bl BRoSc ! o

t emhgéwnslsarmgﬂa@tc@gme ortapenstitatiedy exmressed eénewior pxanple,

RE Bt pered roiBF hy sl PHGTRIBISE e s heat

dileR Rk eh lehdk afBbr ddrborPhendi®s 18vels, . dlsiafybotis, iy ret
transcrl ption of the siRNA. This was surprising

besed iis the expregiie easseites gbthednvestipn.| In asddiins téxe@r@‘fl@ter of

UL 5PN ST 2 2l

t and d%N%tl\G:ﬁ tRddedfasewglhig sea®y nie% $onsbAd Aopmdnek nay be

pronot ey, be used in its ntlret a ortlon
f erapiewst inghe XIRESSHI e S %’ayﬂ)&éﬂ it of the
WhvERidhh e ool hlpq&nm eglt@me Uwfv @;&H&E@ar th@RtS'VVﬂrEﬁﬁoteP\S

di scusséd her ein, ronoters are known
ski dnothdr gabsahment; thetprué Ibprbmated is the ICME pNIeotpr ormt er of

any protein-encqdi ng enou

Fenul aRa fiogenes 8ova s Ba bt or PRETEE iV ke ror

exAMRI1$ assodiatddNAitPaPE R QErfoustly re@Nasd g&@tdr%é@ﬂnbé; as may

cel lul'ar physi ol ogi cal events, e.g.,
be obtained by 1solating the 5’ non-coding sequences located upstream of the
coding segment and/or exon. The pol II promoter of the expression cassette can
be, for example, the same pol II promoter driving expression of the targeted gene
of interest. Alternatively, the nucleic acid sequence encoding the siRNA may be
placed under the control of a recombinant or heterologous pol II promoter, which
refers to a promoter that is not normally associated with the targeted gene’s
natural environment. Such promoters include promoters of genes other that the

target gene of interest, and promoters isolated from any other eukaryotic cell,

and promoters not “naturally occurring,” i.e., containing different elements of
39



w@eamwge13es of the invention. In addition, the PCDI®1083/016886

10

15

20

25

30

shock, oxygen |evels and/or carbon nonoxi de |evels,
e.g., in hypoxia, may be wused in the expression

of any gene regul ated by the presence of a
phar macol ogi cal agent e.g. tetracycline and

deri vatives .ther as mell as heav ns and
rfgifjﬁﬁﬂfegmptt@a ’E?glélﬁ‘tﬂ%%&mﬁrﬁnﬁ% gﬂ’% ﬁﬁ
CapaRtibAS Pidditeh ’ﬂo"b‘f@dﬂch%rhucfei’b 2ol %eﬁ@ rofotdrh e

i nvention, the pol pronot er can be t he pr onot er

myntltqecemsvsqmom may bel pmocansed hing mcmlbtmamlomng endjoit

. OND ussed , .abov
SRR EnpliBpdndf (o BRg R FEne Byt koS e RV Giepd
aonQokitions distlobedtitran ¢Re NS Fkeat #8880 ot ad . SIRMRENtX,928,906,
sequence, as_may 25 be obtai ned by |solat|ng the 5'

§§QHW@ﬂ§eh@@ﬁﬂé@fﬁﬁ@ﬁﬁkd upst ream of the coding
segne
expr egii%ll %ﬁ %éng)s Sgﬁh‘? a Cpol ?I I%QIJHO{‘EL‘ tHak Qﬁgctt%%ly(%{qekg“?he ool
Idfxprsﬁﬂﬁbﬁthe(kﬁRng tl&)(@tlleﬁlﬁ organélld, lhled b@agengeﬂhogﬁrfer
of interest natively, e nucl ei c aci d seguence
eHeEEFAR Vil @egm eflnf hpss of ﬁtcg%aéu skiflda the srbofugplepdpr of

t I
%151%%? g@%e@ﬁ lgﬁ{)v‘f {gﬁout%ée ref I?Elgltﬂﬁilrgﬁlrr] gfdtelﬁ e?rgl}%%s%n f&‘Exﬁfﬁple
ass Semhbtoeit atwdﬂ{ussdﬂe(zoak)gmbmﬂogteaddtesem ay mfa]tence The

envir nnment ronot.ers i.ncl ude 0 ene
R o A i S R gt e N Tl
| skAhe prnroﬁﬂht@ RYn@HBE] to AR le@elce%bfessmﬁﬂﬁlthe introduced
pronoters not "naturally occurring,” 1.e., containing

dPNAeegmente eakenstis adanBgeonpipthed4ge-8gae production of

P 3/.016886,, diff. renf, transc t i onal
gr‘tﬂ%lf‘%@yr‘?%‘éﬁs Rdor BwRirey Hhsided 156t Bk St promoters,
eV edissl Bfhys kd) ctaﬂ@btéﬂzenhduoadﬁrvaszl ue el kauwhed thod€ bfbrdinary

sequences of promoters synthetically, sequences may
&i88d using reconbi nant cloning and/or nucleic
acid anplification technol ogy, including PCRTM in
connection with the 5 conpositions disclosed herein
(see WS. Flietlnids ioﬁBﬁr&ﬁnglthExBaésshm Cas3eBesAiGhe
each incorpprated er by reference). In one
enbodi ment ,lnyenden mto Lells i or that effectively directs
the emc%ﬁitﬁ)ﬁ aﬁfenﬁﬁ@ t&géﬁ%ﬁh&ﬁbﬁ ehe? Sy mhyPEa proph lactlc
organel l e, and organi smchosen for expression wl ¥
etrp¢et§§sec¢ aThoesss fir pm@nmg@w@m b1 anj yndesieedamedicd] condltlon

TP e Bt iRl R AR BR 0 Ay BP et SEDA thag s o
S;ﬂﬂﬂ{;@gdﬁc@a@btiam(ﬁel 4 plopBfidotic dgBat) tddhbatatn llemeeipfiit.

reference. The pronoters enployed may be
const i Faginibitory muglgic agidenteriel (Ggnacpression Arsete

A5Shdhe ANk REPLARCF G478 A0 G OBl o
s\uvzhoras e ydyeanti agaotis ngthddeesuch ng ramsfattion pr ﬁdnsdtwm

of . . . . . .
to provide a genetically modified cell. Various expression vectors (i.e., vehicles

for facilitating delivery of exogenous nucleic acid into a target cell) are known to
one of ordinary skill in the art.

As used herein, "transfection of cells" refers to the acquisition by a cell
of new nucleic acid material by incorporation of added DNA. Thus, transfection

refers to the insertion of nucleic acid into a cell using physical or chemical
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15 reconbi nant proteins and/or peptides. The identity
of tissue-specific pronpters, as well as assays to

wW@hb@rac3ss i ze their activity, is well known toP€TOS®0OD616886

ordinary skill in the art. V. Methods for |ntroducing
the Expression Cassettes of the 20 Invention into
Cells The condition anenable to gene inhibjtio

mithodp ySevgyal b@ng‘egmﬁp@pwq; are klgpgygég thosg ogordlngry skill in
ﬁlg%%ﬁf’lc gcfil%r cﬁMI%r})ttl'nﬁg%an [?Ig%f’c% &Emﬁﬂatﬂﬁct%tﬁcﬁﬂ ifredi cal

i'nventi on enbraces a
Rioddcamr B;)cﬁlo glyé(II%?e))I; DEAS-dMN&ah I(mlpreb aeiearopprabmh)(stw); C

function (i. rophyl ac t he.

pattonsi lms)tsomzweﬁhaée HMSB%CPB?@S 3?'1%%3? iy ?"‘Tﬂateg
e hdte DN L ebed

tfedorytB8 s ERLARTAE @?s%ﬁ“%g‘)?n??%‘%%“éﬂgﬁ?ﬁ o the cel |

precipitation @rasinervil (985) ig etseta transfeatiert methedt hods, such

as transfectipn or tran r OVi

genet Ib%qtﬂ?s%rgtﬁqnlsfl%‘ﬁloe 8? Féﬁ:své?%?fg {2 h]ee PESEY gtﬁa%& fering

hlicl8ic acii8hiod &3 usirra DRAI drikNA vingls d &l RNAryireii.e., a

exogenous nucleic acid into a target ceI ) are knovvn

t@rovﬁOS)dnetrmiszmdg pangieisiarid intorp eflels oferredaty heggjas a

ki AP L o B0 i
WA P katdvamis  inostgedtedio tihgmonid @fté eatsdoced ceBf Ar s

to the insertion of nucleic aC|d |nto cel | S|n

ol Biat bas heen emesdused widlpa ?eg an adcnovitus
PCT/.U
St TR e

?ﬁéleiﬁmgidxdaﬂagi}g?airpomwd [irito $ts iganm@bwc widl- lp:rcapaltge oftion -
Met hods 1 n ecul ar. 1)).. E- dextran
CERASPAS th§|eé%$qneb%? %?Fl% 5‘1?8‘%"5‘5 ?E)A)F‘iaBﬁDE@

l deditchih iRnefiection (supra); and tungsten
psé{r??‘%gﬁ faci |tat1ed 5 mcroparticle bonbardment

( Johndiherxddcno0y 1)ucl@{: pGd magenap h@gmbﬁg thonpacledg acid

e at i

EhgreRebR o ot e SapebRsd Sl @S Refn, The
‘f)%lh&er sk &istiBallyiis RIsPERHS nﬁtfledtfd@@é(fp&ihm figeessatyctoei ¢
acid into a cell using a DNA or RNAV”aﬁ A RNA vj rus

(imitiete, traascrintion.oThe gxggenels nueleits3cid patgiahmay dpdier inglydg
f
@ﬁfiﬁlgnal Sglll"lle F%s S %ﬁ]{aggerg &8 oﬁﬁlﬁt&%e%f@rgegé‘c' ng

r"c ras us nuclelc aci eri al

aankaiphied actiwityhi For tepurpdse of thisidiscussioncaor” pldraacfaf'd isisirnply
t he genone of _the transdﬁced t hat as

say HORERAEl AtGe SN ANVSEHRCRCIRRIERS éwﬁMﬁ% F‘?‘ﬁ%g yegugpee ‘é‘rf’s)
AR N ) 6 ot
rmﬂcbm atlid inateoiabmapbe thtiodueediint the pelhgenoute iminmddigtely
Cd%ev%ks)'lrgarr? ffrom the promoter so that the promoter and coding sequence are
operatively linked so as to permit transcription of the coding sequence. An
expression vector can include an exogenous promoter element to control
transcription of the inserted exogenous gene. Such exogenous promoters include
both constitutive and regulatable promoters.

Naturally-occurring constitutive promoters control the expression of

essential cell functions. As a result, a nucleic acid sequence under the control of

a constitutive promoter is expressed under all conditions of cell growth.
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15 expressing the exogenous nucleic acid material that
is retained extrachronosomally within the cell. The

wexwgensss nucleic acid material can include tPEr/US2003/016886

nucl eic acid encoding the si RNA together with a
pronoter to control transcription. The pronoter

CORMARIRE P G O E pRRRGLL 16 A B JE Seé@w

necessary tO anscrip

mnch@s ceriaui chnstititve @ "hnagekéegmg'eﬁmd;tﬁﬁlhu%oxﬁﬁlﬁhé l onal
u ired to obtain the

c@g Fﬁé’@%ééﬁﬁér anffFr& @ﬁﬂgﬁr EWYQE} plgterrgductase (PHERYur pose
QR chdififarH e?%'ﬁ?%l\& 8fflenoSiB ﬂ@&ﬁfnase’ mgh%ﬂg\%l%‘%er@%nase

non-transl ate sequence th he“codi ng
i@éﬁh@np}eru(/ata kiniass) phésphogigogel rhhtasé;) asd-attinyRemotep (1AM,

80 o i U Ry Amepiado oo Akl ethe et
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T ARENS o P ER-RER N nd b0 AP yrsericin s hpmicine

(findsb ronisier etk RUSVIGR) Smori nous
pr ormtgers | ncI uclf.@ég Eot h 1const P%t [ 326%% regul at abl e

pr onpthBcdeic agid §¢%1in dlead @rerundgr thoeentrelnfiregalgtabderot er s

nof ntial cell functions.
%s(%gt%}s E&F? Xt é‘&%‘ﬁg &i Et"a%f%%a%ég%ﬁ%‘@ ﬁH‘E?FenFHQ%%nt r ol
ofductngoapest, (4 4} iratscidtminder ¢dhtOK Of B8 HRIBAES eiRblomoter
Condﬁjgzons of cell growth. 41 WD 2004/ 013355

BGERERiB Bteserss i cptainmelal gonsioReguathble prageoterse
it 2 code.certain
Bt on ik ol RO RIS N ST RBEE ERT 1o
pibisipigdretbosye baundn Foe emmalé HEIRZ{)are RIEO$ol l‘s@ﬁﬁal faéters,

T e NP Y BN C AT
Pt REl@aﬁ%‘é%hod%H%&lmegiovcﬁo%ﬁl Rif3sle feg,g 1{s§ At 1

promoter (Lai et al. (1989)), and 01
poBererses.dhaRBuikself mawﬂp@@@ta‘dfeds« aldifferenttpmnamt, therdty

elitelr: B loa TR o he BRRTRL S dlat i seqitabonmop Bha ©
lsdbcmngrthmqt;ﬂmm@é proveler (EdRthAIRE v&@ﬁsﬂi‘ ?ﬁ'llataf)fépﬁ?dn% versus
| oney Leukem a Virus and

L
8?190{} i} pRsEdle faﬁan?ﬂé%%ewsmce sl llewla)iexmmm ®ra of
| | I eic,acid
EE%E‘E%&I?&?MG 1 en AR ORI D00 T ine AT S b g e
mmmw sndar eheeoqntrels«sbm mgldllytabre ptr@n@teg rdem@y ofig@ree in
{ gr esence. of an . gfﬁa:i) agent, (e.
1}35‘\1? WG Henb S dtried ¥ |eXB?SH%%1Téle ﬁﬁ@eélcﬂllﬁ mpdiist gell in

PhOXMoRditions for permitting transcription of the nucleic acid sequence, e.g.,

by intraperitoneal injection of specific inducers of the regulatable promoters
which control transcription of the agent. For example, in situ expression of a
nucleic acid sequence under the control of the metallothionein promoter in
genetically modified cells is enhanced by contacting the genetically modified
cells with a solution containing the appropriate (i.e., inducing) metal ions in situ.
Accordingly, the amount of sSiRNA generated in situ is regulated by

controlling such factors as the nature of the promoter used to direct transcription
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Is greatly increased in presence of certain netal
ions). Regul atable pronoters 15 include responsive

i nduci ng factors are bound. For exanple, there are REs
for serumfactors, steroid hornones, retinoic acid
and cyclic . Pronmpters ntaining a. particular RE
OB RIHGSEN oDt are « ShOBTdnn Pio g e s tte oF

r ABR, 8chd & wHRIEIGRS BEmbENYT BFiel bEGE tex%,@xo&enudeic
attached to a different pronoter, thereby 2

canid eaquemey enegdihge sliNA sgquence that aspigodiedelhucl ei ¢ aci d

sequence., .Thus selecti t he r ope.iat r.onot.er
(canst Fraeroey apbu SR St RN GRER Bl R TRUEL
VWRRK Sequilicd chcbdIRS HRISERITA, gerkpREsifdVdtidrheyantladence
and | evel of expression of a nucleic acid sequence in
t $pdection @ene; 401 sxample) # nemYEn resisfance genen for facilitatipg splection
S ' L. 4,0f r

PSRRI o P R ea Il O AR e,
IS triQgly e d bexpmnsicagd it tgerneiaakipressivdiviectos, aelehst

in situto conditions for, permtting transcriptiqn_of
t RS YrGH spptadinedhs sblei ceid Séqlg%nse(s)ovlcmilps hesRNoate
| BB cefvlﬁlﬁ.g@ca 5&1&15{11 QLRe " FheQblebich SEONESIR ?hﬁnoter,

pronoters control “transcription of the agent.
Ferthaesagel eetion gersi dnd/og xjgnelssijomcefs deemed bd led withinithle scope

eguence under.the contro f the net.al |l of.hi onei n
;?g‘gﬂﬁ’t Pf(?llﬂa%@k@elﬁélﬁ WFtbO'f?Hﬁlth‘? %’8’35181@@%1?% enlﬁanced
by confREH IRt @s@RA8H isCBidcded® HhridRtilif& dfthdirstang

solution containing the appropriate (i.e., inducing)
msventiqng fier ¢xample, the inglartdnvnagh Pas wtHEy ahueRPression;sripm

generated .in situ is requl ated ntrolling such
PREEOROE etk ters P oL Re iP eeq o i ect

t r anscTh@insent indention akdGH6 A& oRGhetiSa O3 nka88Mmd of
the nucleic acid sequence, (i,e., whether the pronoter
i usinptherappye-flessribed genetigallyrmedified edllsong or weak) and
the nu ' &1 A6ai%i
sequendit st FRBIER e G ANRIR s UEHENR AEEying
cedlls.of hmanidalidanaecipentin heasAcoondingtooometearbodimaengtthe

| eagt .one heterol pgous nuclei.c 5 acid sequence.

ARG PRSP RAGRCNE TS RS HER TFOVEE PRI 4 RN e
AseqdBh@Gh cBIls SEREmamBlalig AERlignt iR sAEOYDEGH HafrBR §g§@fr‘1§
gene, for facilitating selection of cells that have
bthervettonindé dtredpiont. t r ansduced with the expression
vector. Cells can also be transfected wwth two or nore
expression vectors, at |east one vector containing
the nuwiiei c DREVEySRMAECRE the ERpRIIOH CabRttes GINNeS)
the 10 other vector containing a selection gene. The
sel ection oﬂl_&ll_ﬁ.ﬂ]lt abl e promoter, enhancer, selection
gene apd{ : R .t he
Scope Doyt S0 EAHADGE LS pHPRIRE bR Mo bt
utahitee hed byrdietsizeiand biochemical properties of the compounds.

Currently, efficient delivery of compounds into cells in vivo can be achieved
only when the molecules are small (usually less than 600 Daltons). Gene
transfer for the correction of inborn errors of metabolism and neurodegenerative
diseases of the central nervous system (CNS), and for the treatment of cancer has

been accomplished with recombinant adenoviral vectors.
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The follow ng discussion is directed to various
utilities of the instant invention. For exanple, the

w0 p@Bam3s3 nvention has utility as an expressi oPCHYS10831016886

15 suitable for silencing the expression of gene(s) of
interest. The instant invention also provides various

h : ing t -d
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cance rRerpa?atlo?l apicfhf %gglvﬁs%g %Tymc&tg%{]é gf; &rectlng synthesis of all

adenovi vectors.

REdo 5oy, BliGBSMhcagddte SRhalah ifectiods patitlet. ZAbd:degf
artlcular expressi on, vect or for expressing a SgeCI

ghwenwcalhc gltgred epfropisal £XpESSHPR ¥erders byveogsngrah pibtytiae
'}Hgﬂ m%frﬂécmgg%?%%?ﬁgt?(glcﬁ Cngélteyﬁ%uﬂegl}@wey S&l'ltm‘éﬁ é@ilg hatnﬂne
[ spscaﬁ‘c utlityfemqusenc e methepaf tha grmemtemtennomoﬁmh netrbv15uses

iheevagily fotfh iR buthgton afdueleiged Soquctces int

deBOH 5. | RGrRirubdsRSEYENNR e f BHEMI Ry ff lnafisfeing ﬂuE:R:lc
with the vector construct; and determ ning whet her

talqei RN inte qglrle sBtandard proiecotafor produciog répdicatiere deficsent

d |
st GRASAL RE 3RS OF FietBBmtoh St B et s agig
bﬁzltt@ﬁi@l 1ntE>ﬁ€pmhﬂd,)/cra\ﬁbfeaﬂ10ﬂ/ 5158“ ckag@h€celOliktekitl prhsiidm
ar

Harveé Sar cona_ Vi rus, coma virus, ( S\/‘ze
NEPGEGN omﬁvmbmpm@mlalsvs bm@wﬁw opll g eeolleation of

%ﬁlt%[‘ga&ha% frotn HREM &1&1%&191%@&%) aé]. k)ﬁ(ﬁ%f & ag dt G \P{th I}e
viruses are capa Irecting Syn SIS 0
wiiral partipleg)tagé poyidedtin KriegienCi@pejdre Mibrrapkiond).

I nfect]ou artigcles. Accordi , ) )
An (fvagtage of s?ng retroviruses rtlor g%ne therapy is that the viruses

insert the nucleic acid sequence encoding the siRNA into the host cell genome,
thereby permitting the nucleic acid sequence encoding the siRNA to be passed
on to the progeny of the cell when it divides. Promoter sequences in the LTR
region have been reported to enhance expression of an inserted coding sequence
in a variety of cell types (see e.g., Hilberg et al. (1987); Holland et al. (1987);
Valerio et al. (1989). Some disadvantages of using a retrovirus expression
vector are (1) insertional mutagenesis, i.e., the insertion of the nucleic acid

sequence encoding the siRNA into an undesirable position in the target cell
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cells, and specific utility for use in the nmethod of
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C&IﬂL@eélﬁchﬁ@Sd@%}pVI rus, a doubl e-stranded DNA virus.
The adenovirus is infective in a wide range of cel
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ceII Larr ur ck dengvi r.us
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appﬁlcatlons suc acl INng 1N vivo gen
Several approaches traditionally have been used to generate the

recombinant adenoviruses. One approach involves direct ligation of restriction
endonuclease fragments containing a nucleic acid sequence of interest to
portions of the adenoviral genome. Alternatively, the nucleic acid sequence of
interest may be inserted into a defective adenovirus by homologous
recombination results. The desired recombinants are identified by screening

individual plaques generated in a lawn of complementation cells.
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del i very. Reconbi nant adenovirus vectors have been
shown to be capable of efficient in situ gene

including 15 the lung, brain, pancreas, gall bl adder,
and liver. This has allowed the use of these vectors
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i FitePlg vtk exPresHen XeenE e yeilpBle doyriEang exogenous nucleic

r &ﬁﬂﬂ?ﬂeﬂﬂgh%;beﬂgslbﬂet s%lecg&?oiijﬂﬁ‘iﬁpgﬁ%ﬂa%ceg(gpésﬁgﬂ Lectdt
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i expees$ atherapfeutoagsne frentratticotar cehdition dinendble20@éhORAGIDE

PCT/ US2003/ 016886 . Most adengvi rus. vect based
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replication an
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cationic liposome complexation including Lipofectin™ (Gibco-BRL,

Gaithersburg, Md.) (Felgner et al. (1987)) and Transfectam™ (ProMega,
Madison, Wis.) (Behr et al. (1989); Loeffler ez al. (1990)). However, the
efficiency of transfection by these methods is highly dependent on the nature of
the target cell and accordingly, the conditions for optimal transfection of nucleic

acids into cells using the above-mentioned procedures must be optimized. Such
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et al. (2000b)). Thus, as will be apparent to one of
ordinary, skill in the art, a variety of suitable

transferring exogenous nucleic 15 acid material into
ceI I's. The selection of an appropriate expression
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g““?%%"éﬁ"’&@lf’n Qﬁ&l %ﬁrg% Uil to anriabera defeet).cresedrsr
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| Eession ette of the
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phstemedeseobetl.t i on anenabl e to si RNA therapy" enbr aces

condi t,j on ch as geneti i seases (i a di sease
condi £15 Sc‘hnglll 'hs SSedhieren, tﬁet i erapegmc siRNA" refers to any

siRNA that has a beneficial effect on the recipient. Thus, "therapeutic siRNA "
embraces both therapeutic and prophylactic siRNA.

A. Gene defects

A number of diseases caused by gene defects have been identified. For
example, this strategy can be applied to a major class of neurodegenerative
disorders, the polyglutamine diseases, as is demonstrated by the reduction of

polyglutamine aggregation in cells following application of the strategy. The
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Acqui r ed pat hol ogies 5 As used herein, "acquired
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| (DG, ISAA2, SCA3, SCA6, SCA7), spinal and bulbar muscular atrophy
(SBMA), and dentatorubropallidoluysian atrophy (DRPLA). In these diseases,

the poly-glutamine expansion in a protein confers a novel toxic property upon
the protein. Studies indicate that the toxic property is a tendency for the disease
protein to misfold and form aggregates within neurons.

HD is also known as Huntington's Chorea, Chronic Progressive Chorea,
and Hereditary Chorea. HD is an autosomal dominant genetic disorder
characterized by choreiform movements and progressive intellectual
deterioration, usually beginning in middle age (35 to 50 yr). The disease affects

both sexes equally. The caudate nucleus atrophies, the small-cell population
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VII. Dosages, Formulations and Routes of Administration of the

Agents of the Invention

The agents of the invention are preferably administered so as to result in
a reduction in at least one symptom associated with a disease. The amount
administered will vary depending on various factors including, but not limited
to, the composition chosen, the particular disease, the weight, the physical
condition, and the age of the mammal, and whether prevention or treatment is to
be achieved. Such factors can be readily determined by the clinician employing

animal models or other test systems which are well known to the art.
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physi ol ogi cal condition, mﬁether t he purpose of the
iijected info the brain. Alternatively the therapeutic agent may be mtroduced

intrathecally for brain and spinal cord conditions. In another example, the
therapeutic agent may be introduced intramuscularly for viruses that traffic back
to affected neurons from muscle, such as AAV, lentivirus and adenovirus. The
formulations may, where appropriate, be conveniently presented in discrete unit
dosage forms and may be prepared by any of the methods well known to
pharmacy. Such methods may include the step of bringing into association the

therapeutic agent with liquid carriers, solid matrices, semi-solid carriers, finely
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néhthipegiorgynts n€ thedeveptien saregsobe frmnlgtedgsisalugons

i ation th h J it h. i d
CSRGR RLob e B BRSALE APSBhntt by o,
SR RN bPER55 RS T4tS2003/ 016886  di vi ded sol i d

carriers or conbinations thereof, and then, if

necesshhgpharmacestionl iforgnustionn apthegherpreufie agritt of theo t he

IERELES S8 hisY B BY R6Br aliGHe08: LIS ARS Wb foEENt S

) € invention are prepar or ~admnistration,

t digpercioe, dp hRéEMatILY thedoin ofah svhtilsioa op hespemsiaut i cal |y

acceptable 5 carrier, diluent_or excipient tq forma
%Srfo eI’“'glr

phar ma @t the dherapsuti pgent gy bgfommlated fr pgeenterdy m The
Rt B ! gt ! c
R

" pifizsior) eeditriag &k Ipyesanteé pt wiit do'se fermmin angrutdsepre-fdiddipysnges,

exci.pient, .and/or salt that is. conpatible w.th t
ol voips i Ehen et fperiod B mpli R cones ot e
dBle8dr@4tiveU The ActiiEngRaichiseidy thibesRR FormEhe sddpeagbnsy e
ingredient for adm nistration may be present as a

penkatéms oor ealsiersinlodly or agesons vellicles, ond may soripiafermwatory
e

an | sion. Phat t. cal | o i ni
P Sy A SR AR ol BF bt g A R AR,
pitepativdinpiedinRarsitei poderdrinNobthiaedby aseptiodpolatibh of
known and readi | 1¥ avail able ingredients. The, .

sterile solid or by lyophilization from solution, for constitution with a suitable

vehicle, e.g., sterile, pyrogen-free water, before use.

It will be appreciated that the unit content of active ingredient or
ingredients contained in an individual aerosol dose of each dosage form need not

in itself constitute an effective amount for treating the particular indication or

disease since the necessary effective amount can be reached by administration of
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subcut aneous or intravenous routes. The pharnmaceuti cal
formul ati ons of the therapeutic agents of the

|nventJon an al so ke the, formof an a
PRERlisyef s i ﬁoreew%ﬁ ?sff%we goyft BEhBe P‘g’é?‘S?d
tﬁ’s’-}‘né RESThR thR oS tBE BBsaRE foTHS BRRS iffividadllyl bEfh a §é§‘1‘%s of

therapeutic agent may be formulated for parentera
aatmhinisgraicsi on (e.g., by inj ection, for exarrpl e, bol us

o eon PRt STMART Y crpBan Bigfppy igude, o
SygtiondEifigredieiB] phav@hstiBicalRf 465b4b1€ B4ttissN@iliSend, sblibilizing
mul ti -dose containers with an ‘added ﬁﬁr eser vat ive. The

aetenydsifyieg agentsnerd sally of m@éymfbﬁ areweE-kaewaus et ons,
Zée%ecﬁlrcl'gonq{}ﬁ%m%gxgﬁw ?gﬂﬂ% fan rru zlg 6)? rdllagiggn Sarg l}lg 11n

Sthe phaciaoeutical ﬁbmhlaiibmgof&hﬂf)mﬁemi irsentici ngludg mter and
Al ternatively, act |9&/e i ngredi ents may, be

oal@ﬂlmacmaéal%@eff% %?él@sﬁ@leﬁ@%ﬂusl@ Ao phasphate buffered
S f pion, for
c%%lgtgf(?gttl%rﬁ%?t@hmgSéglfléém‘ft(ﬁlg (ﬁl c?ée, e.g., sterile,
pyr ogeThd ineentivatveltl, nolwebaillestrrgel bydibe fellowing nbe-limiting
g@ reciated that the unit content of active ingredient
aMGr edi ents contai ned in an individual aerosol

dose of each dosage formneed not in itself
constitute an effective anmount for treating the
particul ar indication or HElampek since the necessary

fective nt .can be reached by adm nistration of

XWS“E&‘&&?ED‘%%%%S PCT/ US2003/ 016886 a plurality of

d 0sageGeération M) HeOMAPiressiohcasdcties hn d eiralvestérsahebe
achi_eved using |l ess than the dose in the dosage form

empfied CMIY (UMD gromasier wasanaderydClp pmplification of CMV by

aﬁ% pi;strations. The pharmaceutical formulations of
t present invention may include, as 5 optional
i Slgx AGGINGC A CKRAICTERAGT TAITAA BAGEANIIT LATRACN@ES, (SEQ

digql’#ﬁor]b?, sol ubilizing or emlsifying agents, and
andp o type that are well-known in the art.

Spﬁm\'r@d}@f@tmd@@ﬁc@mmééwmmbum@mmm'

diluents that are useful in the pharmaceuti cal

f EQIMANQDS vwith el Pﬁladeammd i(pehasedfromrilonteeh,iac)as

B Eh<hER s RSP Fdb kBRE Pl s of e

S&leblied Shitte YedoBp AdSKsIA, Afd @b ﬁzhhétflpm&mﬂ\/’knqiﬂe r'To The
invention will now be illustrated by the follow ng

neanstrietithe mipimplRelpf eassette, the oligonucleotides, 5'-
CTAGAACTAGTAATAAAGGATCCTTTATTTTCATTGGATCCGTGTGTT

GGTTTTTTGTGTGCGGCCGCG-3' (SEQ ID NO:3) and 5'-
TCGACGCGGCCGCACACAAAAAACCAACACACGGATCC
AATGAAAATAAAGGATCCTTTATTACTAGTT-3' (SEQ ID NO:4), were
used. The oligonucleotides contain Spel and Sall sites at the 5' and 3' ends,
respectively. The synthesized polyA cassette was ligated into Spel, Sall digested
pmCMVKnpA. The resultant shuttle plasmid, pmCMVmpA was used for

construction of head-to-head 2 1bp hairpins of eGFP (bp 418 to 438), human f3-
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Exanple 1 15 Experinmental Protocols Ceneration of the
expressi on cassettes and viral vectors. The nodified

CW by primers

5' - AAGGTACCAGATCTTAGITATTAATAGTAATCAATTACGG 3'  ( SEQ
20 ID NO 1) and , .
glucGANTIERNPEOAY BroTVamenEdEEnoNonas ORAA g 6p0)pr E. coli

bromeia o i 158 PR PR S 35 e L
%h e/pMsthid BentSRH g 0 t8e eorﬁinafha‘ﬂlyta%ﬂaﬂe Chvev pﬁﬂmm/andm
utt e vect or pAd5 , and was naned

PblyAorassetta dtont B¥4ﬁﬂaxg¢rﬁlanbgﬁry1\0%‘é%6??éf Fple Plasmlgs
I I
SRR PABR IO RAEIRG e s ety peadmeyagkpones o

@Tm (aréecﬁacgsb@wb@ Ryveated 6510 days after
MMAWWWWW%Z&E@W% RePa5t tlyer e
Jiepb2hg; 7 Ao R (5% Foapecti vely. The
synt hewirgesn MotiAsc TombRNA waswbla@@tﬁa«dmﬂﬁ@%p@lls Sai |
TR BAD BSRSchF e B RS TR0R T B 1O o RHe

ABBA B SEL IR Y BRLERE 81 Cett ont tace (bp 649"

tifstMGEIn. RIVAS 30(3) glerecseparmied by eleChppleresis en YW OlE.

| | act d 1152-117
PR b AR e L L R T
(L) S d
LB S v ot
Shbotd H+phmlmads (&mersham ebamnaamsaletepb)a BlﬁtSdeHERE@Sd with

°§' Snsbsertonst 1P ARGGTHOAS HRGRAC TR RICEE I NO-S) or

J&%%& el Pr AOTEEYA GFCCAGAITIGT @St asm) HI]N(B&))I ified

purified as descri bed (Anderso

n
Geipenestidey ati736-foo 3 thr zmdeat on Qﬁ@rfilﬂértﬁnﬁ?f&t% 3 grobed
Total R
’?’Bﬁ’ﬁg éwwéﬁgasm glsl or |n ec ted lehgsdlé gt\{;llmrlalf(sles

U biREdsTmid2sdb 6 seRe &g ntvern(dhnv it wing etu'dMs wereperformed in

Technol ogi es,  Carl sbad, C‘A) according to the
naiplieade W@h@rmgnmum of two repeats.

In vivo studies and tissue analyses. All animal procedures were
approved by the University of lowa Committee on the Care and Use of Animals.
Mice were injected into the tail vein (n = 10 per group) or into the brain (n=26
per group) as described previously (Stein, C.S., et al., J. Virol. 73:3424-3429
(1999)) with the virus doses indicated. Animals were sacrificed at the noted
times and tissues harvested and sections or tissue lysates evaluated for 3-
glucuronidase expression, eGFP fluorescence, or [-galactosidase activity using
established methods (Xia, H. et al., Nat. Biotechnol. 19:640-644 (2001)). Total
RNA was harvested from transduced liver using the methods described above.

Cell Lines. PC12 tet off cell lines (Clontech Inc., Palo Alto, CA) were

stably transfected with a tetracycline regulatable plasmid into which was cloned
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instruction. RNAs (30g) were separated by
el ectrophoresis on 15% (w/vol) polyacryl am de-urea

agar ose-fornmal dehyde gel for target nmRNAs anal ysis.
RNAs were transferred by electroblotting onto 15

B R0Tp B P RDRCR sl B Flal e o o 035357 oo

GFp @¥0)\eldnd SSwbfehelebRE bl ERseRfPefildtale
gnt i sense (5' - GTACTTGTACT CCR%%%TTC?T G 3 éta Bmpemes

otridgoslysion dermpdion o ForGEP1YP chenef loirwmlqsr&vduf@hurufonmtmm&
oGEP RpleiS e lon R LR b Bleid Rl By T

adsk wrPaeddo teprdsh tamsayiption. gAll exparinvdnity werdtdode astripkcate
performed in_ triplicate with a m ni num of two
r%*fﬁie‘ﬁ?@reﬂ"ﬁte@l“vt&n%% udi es and tissue anal yses. All

ani mal procedures were approved by the University of
lowa Commttee on the Care and Use of Animals. Mce
WResailtsnadDiscissiono t he tail vein (n = 10 per group) or

Ipptesl g gpgk}:ro?lé{l]]éfx Hltraéglgﬁar egpre cr)r? g 1R${SA° &Fﬁ Cgl)l Ig)a?r%m
7§p?e§g1ﬂir%43%§uen(:ésgtﬁ%c)ed\%gﬁlhstte@? PV\krﬁéJ&ngﬁ’ﬁ&i landlit§ MiBG-to

Animals weré sacrificed at the noted tines and
t Ieégwgrmagmemsaml ismaminehign eallstusmgigo Id}@at:fefsmstructs

eval uat ed. f r.oni dase press

B PR o Bhng iR PR BIRRR Rl e wnder
ek @bhﬂr&hﬁ“@hd@m n{cﬁ%rand tbntéinedh full-Nagth $V-apechnol .

19: 640- 644 (200 Tot al 30 RNA was harvested from

t P padenplation mPéY (MeMYsiGliot- dretheseead capyipet, the
gg i 1%5&/{3%?11){&%95%1%1%& o Oeld)f;a?e% Lo atir#s" F%ZY Qr%&:ﬂijﬁ&tf sthf Site

t @tittae ¥ dlp) aed we@faﬂlamlli) Bg a pjgg}agmj gggt@é%aﬁ&ﬁe (:IFlgnH‘d,
53 WD 2004/ 013 PCT. or

(BREMVY 5,8 @m§ (E’X}aennmtﬂf g&%ﬁw gbergasegve rsaspped %@ 9)).
Fﬁﬁlcu&fai’m@@A “xahm%am%ﬁuﬁsﬂ te%%%ﬁfaﬁ s S{CapRn 2R, 1 @pae n

for regul atabl e properties and inclusion formati
FBrocGVRd QU@dcSant. 3.54. 88974219841 E00fl )y N yladndng A eltyl o{fell

a7 G TER08NY St bR e R C P a Rl o G

t (G6seEH Bich Rifo HAKI298 BBy hARBAIS r¥diced GQRR flubrdsédnibé (IGat €
and were repeated 4 tinmes. Results and Discussion To

abeh MV S GFPapa|translaeticndpd st rodyrtion efam apgroximpply
2@:%? R'N‘A} 90 ngﬁr ¥ Cgafai) ?ﬂﬁ Zﬁ%? 8&&%??&] 'wrlﬁltcthg Sreag:?édr]ﬁzte of the

t aG@Ethagpmeccﬁmmﬁg $iafdeript) Rehohdn a‘ha@t IRNS amgeGMb
di stinct constructs . was testc‘gljEGF tially, the S{
hBfOPeH PRI &P noded iRPm@EYs énrpfr Hepifectrdieslls only (Fig.

1E, F). In contrast, eGFP RNA, protein and fluorescence levels remained
unchanged in cells transfected with pEGFPN1 and pCMVsiGFPx (Fig. 1E, G),
pEGFPNI and pCMVsifiglucmpA (Fig. 1E, F, H), or pPEGFPN1 and
pCMVsifligalmpA, the latter expressing siRNA against E. coli B-galactosidase

—

(Fig. 1E). These data demonstrate the specificity of the expressed siRNAs.
Constructs identical to pmCMVsiGFPmpA except that a spacer of 9, 12
and 21 nucleotides was present between the transcription start site and the 21 bp

hairpin were also tested. In each case, there was no silencing of eGFP
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the control of the CW pronoter and contained a
full-length SV-40 pol yadenyl ati on (pol yA) cassette

was j uxtaposed al nost imediate to the CW
transcription start site (mﬁthln 6 bp) and was

SRS DI (b R eal BrlRisaBRae sebiolie

‘ﬂ%‘u f arﬁm&aﬁiaté Rethe fdﬁ%éﬂc‘aﬂ% 11§th mtﬂlgcttfoﬁmqwg@t

to no ove han s (Caplan, N.J I Proc.
Nadﬂctloﬂ;@afﬁct sSpported. bySecemt stodied MMCF72 ¢elt81®@m1melkamp,

ane 107: 309- 321 (2001)).
gﬁv £ srsA %P?%#?"a%‘w'??g%é?égpnm with pEGFPN
(O ontreghmbiaht 4dehevitilsk?ere@ehdrateddifoketheiGEduced eGFP
fluorescence (Fig. 1 Q pnCWsi GFPnpA transfection |ed

t(pmCMEV s6FRup) and s ghie (alpaﬁﬂ\@wlﬁalpemyA) sRspisKR, H., et

3P efiet Biase dingl b abros? kA RBRRET R Doty el
t: APICI(3BY 200 Plactks: @ 18fpothREis elat RirhRy @qﬂesg@:ﬂmg allows

prot ei n expressi on was noted in
;fnmmm@m?me pxmg@@mf@@d@&qnpgs @rﬁe;;s ipptye andjinprivopyHeLa

t =)
"Sﬂgg‘% i Sigan PR Bl S0 o Bl BT o BERY
héarbhidasel Gnfedtion o@HeLaQEﬁ:WNh vaasks expressing
si | 3glucnpA (Fig. IE, F, H, or pEGFPNI and

psmgsllsc tadged appreificreduction o humm B-ghicnrpnidappunRayh(Figt 11E.

lj. 13-gal act d E
eHin e drgoassat pratut e At BB RS E B a s,
RRELY & %FlgqggtOgtﬁglzﬁﬁorPMAq:Eﬁ@ﬁeseﬁ%%e&B@ todefine

spacer o 21 nucl eotides was present
tteltgﬁemRNAh acdessilrls sequendes fLeg, LS., stl atleNah ] lttthdanh 18:500-

Ir alsot ed Inea t her
s BhSca ebve S5 Do oG e ER-S s Bl
Qﬁg&@§§mggv&gaia not shown). Together the results
indicate that the spacing of the hairpin inmedi ate to

t he prﬂmtesﬂtseaﬁlgaé argsmsistent with ﬁalﬂlﬁﬁ&’?ﬂ"c)@?éﬂlonﬁ%?tﬁ’étthe

S of Bl TS, TOBRA R PSS Ban s UGrBSichid b
(@ﬁ@i])n)marﬁmlaﬁﬁrﬂééﬂs Helldwiag &Bmsfedtmswnh/ﬂteangmrtemtahﬁﬁence

okt N B ey o

42D
gé‘gllg‘i‘?ﬁ Efgm(’t%‘gcfggtg“%ss (28%-30‘:5;» to t“;ﬁsht@y £ ﬁg Qﬂﬁtggtehgéssflg
t ¢1a1ell*spe<aﬁb proqu:tens é"mpfﬁsﬂhu\oﬁdﬂmwhero suitablyi mo@ﬁ@cufor
re on endogeno tar itr
Vi 1ok B Sien Py bREFE AORS HameoBg s sh ik e
NRE &{iatneal pEN2! fqfénde REntaiRinsaSsetty 622 ONRthod € BHONER

(3-glucuronidase. Infection of HelLa cells with Viruses
expr esE¢ aypluate the ability of virally expressed siRNA. to diminish target-

gene expression in adult mouse tissues in vivo, transgenic mice expressing eGFP
(Okabe, M. et al., FEBS Lett. 407:313-319 (1997)) were injected into the striatal
region of the brain with 1 x 10 infectious units of recombinant adenovirus
vectors expressing siGFP or control sifgluc. Viruses also contained a dsRed
expression cassette in a distant region of the virus for unequivocal localization of

the injection site. Brain sections evaluated 5 days after injection by fluorescence
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si (3gluc caused a specific reduction in human
B- gl ucuroni dase nRNA (Fig. 11) leading to a 60%

waele@nessss i n (3-gl ucuroni dase activity rel ati vVBCT/0S2003/016886

siGFP or control cells (Fig 1 J). Optim zation of
si RNA sequences usi ng nethods to refine 15 target nRNA
accessi bl e seq % nces

{ [ . {
18t &/ hefowesterg b gssay g Won@%ﬁp@r@%&%@]} urt her
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protein levels. The results in Fig. 1 are consistent
hwemkspberel(Fiy 2Rbr khede vbogeductionds privmisiagipaftioylaghy since
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ftlﬁl; kit fishetiagiesingikélly OMorebien, dvaman@fp@f SGIFR leslelf frel doaes
that in the present studies the si RNA was _synthesi zed

idays aftes injestion) when pftamaaieny whanges indipedbyihs ﬁé?@ﬁflms
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@lllmufbrﬁdlhsé actpety-in @m&uﬁmﬁm,swhﬁre Iemddgétidnts la\mhsﬁ this
tissues in vivo, transgenic reSS| n

relrtvly siblegrotgi are nghgvasgyal uakﬁ% s weigin ?@f@g%w} thaib
UGS Bl e RO OB Mo

\éﬁﬁ&&rﬁnﬁ@A@ﬁpglﬁ«g(sﬁécﬁ?@f(ﬁmuﬁ&ﬁtﬂ thcﬁ‘oﬁﬂgéebl or AVEiBgsles

al so cont ai ned dsRed expression cassette in a
d%@namuaeégnmﬁeddﬂtqth@tayh veirs transdueaddisnptoeriay as shown

\QRhIAFIER £, d fo  Phapsanaaiisy (Boahn sertans

ér 1njectio escence
\Pﬂ'\%@l@éBQih's%Ex&rMiJéd?s@ﬁ&ﬁ/c@é(ﬁﬁHGn of far gyt B2AYcuconiduss RENAQ

b| t (F 2B) d t d d eGP
Aeddntgtu exsdicunch anSORRE. Okpr i SR ia SVRBIASHRf o
tlﬂﬁr %@é’c@& L&firme8 HeSPREGIR, WhihG: lﬁ/ﬁhecrg_at},@ ik BetiityFrom liver

tionis promsing, particularly since
thaarsgd ficta AdyiMufghedsjected GEEY Tebative $¢ Aldkif gdrand @idsifgluc

maki ng conpl ete reduction.in 5 this rt tlrrefr
amateréanys (W9 U l0)- Bsieing B regenceSieranses SEER Wene

I S
In ngg% dbyh{’aﬁ SHEQ & Chh@hots VM6 BrdifRfl) @mrm Bf Y1 BhBAAE

enovirus vector |ikel y enhance
tidemicgle Nl Imsef@ﬁltss)opﬁtm dheospetifioity phein@ediatad siRSYA, and

ArI erioscler
sgRest hpt alkissior sphigiioR Y B Shesitlth TPRub Py
\thé Hst PRaRREak tIRNA1R P BF SRORC te@anisH fir €% PerS&ipeddsion in
from endogenous alleles in vivo. Its ability to

dueinand sivedtissye ioiooni dase activity in the nurine
i ver Or\ll\élz1 EOrV%%l‘ﬁll %1 ga%gstli'cs aﬂp%\{:gi!lc?n &f sﬂElQAsis to reduce expression of

toxic gene products in dominantly inherited diseases such as the polyglutamine
(polyQ) neurodegenerative disorders (Margolis, R.L. & Ross, C.A. Trends Mol.
Med. 7:479-482 (2001)). The molecular basis of polyQ diseases is a novel toxic
property conferred upon the mutant protein by polyQ expansion. This toxic

property is associated with disease protein aggregation. The ability of virally
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relatively stable protein are high, was eval uated.
Mce were injected via the tail vein with a construct

wexpressing nmuri ne-specific si(3gluc (Adsi Mu( 3032008016886

the control viruses Adsi (3gluc (specific for human
(3-glucuroni dase) or Adsi(3gal. 15 Adenoviruses

ehbrared SROVA Sy bt acdp oA S pRSRa) ArYue 122
i§ RAMAP %&141?1’%8 (vhe %ﬁated—' Vi@s %bl%%é@elof)&f hesdxprbss days
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injected mce relative to Adsi(3gal and AdSI
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sarellmt
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t herapeutic a lcation o i R
IS 0E 0 reairid oy Eiogemaxigas LR G ol Grepgression
L ORGE | dafrgé:ix HAPRS G ﬁﬂ§ laf pe1% ?@ﬂﬂ@ ¥ %ﬁ&t@d‘h? §den69ﬁ‘ﬁ§4Q)
néur o erative |sor ers (Margolis, R Ross,
Gafed vErtond STH barridOcaithe. ovErco - Bz K800 I)entwlin@-based

| | bas | dj

By U DRCEs TR e FAndt an O\t ¢4 Hond Bety

PPANSINAAY (A0F, BrosksS A. P RBE Frdc. NuRIsAL Sat eHSwiLt h
di'sease protein aggreégation. The ability of virally 56

\89:62064201 §3¥)3))PCT/ US2003/ 016886 expressed si RNA to
di ded ' ' |
0 RO SR RN PG g

I nes was eva

CiBMﬁécD@Q:dBHHﬂQBO eXRERES cengtdiﬁtay@ﬂlamepcceprmm@ neural
eG=P- pol y% ut am ne fusion proteins wth nornal

@pﬁawe@dn ctedarinadsETE or Adeifplugrojays ﬁﬁergbxw@ﬁe Q80)

f
G5 30 P BEP 1R gt RIS el Bl s Reer. 1n
fﬁ@@@iﬂfdmatcoﬁﬁelr&m (Eig. £Xpagasine wercherydergertstayatfie a

P GGtion 66 PErEEPE OthGm (s, Skt Bk St a5 LA 03 T Q347
l a a, ates
%%%fl\@(?n}gh&aké%neé%f ﬁ%ﬁéu(’gbg 49.785-73 5§ P5Yoy)0 L had difosat

ntitative i rage anal ysi s

%E’ afsb yedreincecafatedonsh Adsi@dlivcl{Big. étB)SINEsIG’F Bxe (RigetC,
G-PQL9 expression by greater than 96% and, 930/ %&@OO
Boexpryssed isagp dhaopenl, CM e promajer angd cepamng ¢

(R T Zgen PG adBilatiBh LGisbi¥e)O8r AdiFEH (9D, 4D). In contrast,

polyQ aggregate formation was significantly reduced in AdsiGFP infected cells
(Fig. 4E), with fewer and smaller inclusions and more diffuse eGFP
fluorescence. AdsiGFP-mediated reduction in aggregated and monomeric GFP-

Q80 was verified by Western blot analysis (Fig. 4F), and quantitation of cellular
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ation cassett 3gal (Fig.
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I aliBraitein, Bl ot o ity Hiboso

fAUO&%%ﬁl%e s ISRz b 99083k 2 @ 9oyt HARnioAd 298, @ l,ed
and nononeric GFP- QB0 was verifi ed by Vestern bl ot

aatlinest04: 2(9&2@6 (2690)). a\ﬁmalq@atms eXPLISEing élﬂRN,Az prepsgiul ir57

RSNt e
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g

modi f i laguemery thnse flefp demmasteadhtbat HRNG: Wéesmdrﬁrmwral
px%lcyo'rAs GRS E; V\/"r;\aoes&)‘éa@i@a dﬁ'eﬁ cd &?i‘é%lgg ogﬁgﬂﬁ }tvressed

expression 1 n vect or
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| eﬂldmsﬁmsstn ad 4 85 ORb ivad demBWMratddt &2y eihe fesults show that
initiated by the ATP-dependent, procesSive cl eavage of

| mm@ossibllemu\rqdnc@pmglmnbpe protei tevels imaneheenss WRIGh, is the
follo .ncorporation.of 10.si

RIS i i BB B hendit EMsb b comssponding
CdRAMSSintdiRasd bﬁﬁi adabped e nTheAabﬂl@tof &lral V@G&iré based on
107: 309- 321 (2001 Zanore, PD.

1®8tene-gssegiated YD) fBéﬁlsr‘P@t Bilp, et@l., P'Zn? Jé{cﬂl ACRétSﬁ d/. S 4.

W3 PR3338 ?260%)9)03111% 'le séso(@h-ooks AL, et al., Proc. Natl. Acad.
Sci. U. S. 4. 99:6216-6221 (2002)) to efficiently transduce cells in the CNS,
coupled with the effectiveness of virally-expressed siRNA demonstrated here,
extends the application of siRNA to viral-based therapies and to basic research,
including inhibiting novel ESTs to define gene function.

All publications, patents and patent applications are incorporated herein
by reference. While in the foregoing specification this invention has been

described in relation to certain preferred embodiments thereof, and many details
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Zanore et al., Cell, 101, 25 (2000). 10 62 WO
2004/ 013355 PCT/ US2003/016886 WHAT IS CLAIMED I S: 1.

wherein the expression cassette conprises a nucleic
acid encoding a small interfering RNA 5 nol ecul e

)l gf@ﬁﬂ% ainst a gene of interest. 2. A
% #gp%J§é?% ﬁ?3|ng an expression cassette,
wherein the expression cassette conprises a nucleic
acid encoding a first segnment, a second segnent
| bcat el \41m@nt@t09rr5pnsmg@ﬂ OKBIESTIPT 63sseiisy bRt R §xpression
third segnent §§N-nd
segne n(fa g P g{'p%s% ?eqc géoq}%ﬁr élsrﬁ%% 8{’%%? %11{;1’1 ar eg
each | m&&chléqglRM)bageteﬂ agmﬂstl angenepfidterastd each nore
than 10 base pairs in length, and wherein the third
segnent is conplenentary to the first segnment, and
wherei g AP (Iggbiccton@ﬁ‘i?{n%'aﬁ_ ﬁfegmgl? @z%%éﬁee %h@})élﬂ ﬁ'l% expression
expressi on cassett uficti ohs as a small interfering
RNA notssttteccohiprisad Rivd)eit amg enmﬂu@aﬁm Sem@aweoénd
interest. 3, The vect
o Rua g lovnisd rprro st i Tk rgpictt BT A T e
Struct {J-LredRnRdRAP3! %tf RICIcBERE sedfheflt, W_Hé%u’{ ettt #id third
claim3, wherein the | oop structure contains from4 to
10 nusdgecnisces sach. lesFiaan/Ahase paifs il lengih 3nd odelymaprng thave

| oop s cture c ns 4.. 5 .or, 6 ucl e

herveld et ot S iR seEgh ¢ EhnpRheftury
30 nucieak *fgﬁ%e nt,| DA HEreid a pIoERicYREIEE atill peh@bted y the
wherein the d ex contains fromi19 to 25 30

nucl eot:xmeesslons:assvﬁ@ fupstipasy asaf sneal bintarferige RNA adecila

20047 0EISNAY Bt SRS bR R SVt oF of claim
1 or 2, wherein the siRNA further conprises a3

overhan |on a 5' overhang region,_or 3'  and
. oV e’ﬂ%@ ?@ ciya 1 or 2, whereug the ng.IQIA forms a Plall‘pll’l structure

comprising a duplex structure and a loop structure.

4. The vector of claim 3, wherein the loop structure contains from 4 to 10
nucleotides.

5. The vector of claim 3, wherein the loop structure contains 4, 5 or 6
nucleotides.

6. The vector of claim 3, wherein the duplex is less than 30 nucleotides in
length.

7. The vector of claim 3, wherein the duplex contains from 19 to 25
nucleotides.

8. The vector of claim 1 or 2, wherein the siRNA further comprises an
overhang region.
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5 10. The vector of claim8 or 9, wherein the overhang
region is froml to 10 nucleotides in length. 11. The

expression cassette further conprises a pronoter. 10
12. The vector of claim 11, wherein the pronoter is a
regul atabl e pronoter. 13. The vector of claim 11,
wherein the pronoter is a constitutive pronoter. 14.
THe vedhewedtr afl ciim Ndy 2,whetreih the HRNRY SIFDEEEonhSisds £BV,
RSV, or | 111, 15 proq?ter.,15. The vector of claim
11, wh QV%BPP& 158198y dAVEFIaNg regiengr Bpthsend §raysthang regens.
16. The vector of claim 11, wherein the pronoter is
not a pol Il promoter. 17. The vector of any of the
pt@cediThg vettar ofs]aimieord, iwlenein ¢theprvesizing Regicmisdh @ to 10
further go IS pol yadenyl ati on signal. 25 18. The
vectorn'@eqﬁgfﬁfégghmherein t he pol yadenyl ati on si gnal
is a synthetic mninmal polyadenylation signal. 19.
The vector of any of the preceding clains, further
cbhpr i $hagedonrdiakeof thgeneceddg dgmsTwherviedhoexmessamy of
the pr ' [ . Wherein.the vector is an
adenov?%gﬁ%nggﬁ%ﬁ§gﬁg§,s%@@H&ggésociated viral (AAV),
pik.i oviTheiSecttiDY claim 110 hiien BlesityebR998eMhtBle promoter.
vector. 64 WD 2004/013355 PCT/ US2003/016886 21." The
vector of any of the preceding clains, wherein the
Vet or Ty alelViMg chor. 2. The .vector of
2 of TPpeir SRR PheBF b hrontod P SO ulfifroRloter
interest is a gene associated with a condition

nab to_ si .therapy., 23. The vector of clam 22,
BT o7 B HE B ORalaR Y, Rhsiste PIORRIPHRA (s RSY of BOMI!
neur odgggesat i ve di sease. 10 24. The vector of claim
23, wherein the neurodegenerative disease is a
trinucl eoti de-repeat disease. 25. The vector of claim

2 in.the trinucleotide- t di i 15
Pecas TSt Febim I WERoR s bmros pepba K5V

promoter.,
16. The vector of claim 11, wherein the promoter is not a pol III promoter.
17. The vector of any of the preceding claims, wherein the expression

cassette further comprises a polyadenylation signal.

18.  The vector of claim 17, wherein the polyadenylation signal is a synthetic

minimal polyadenylation signal.

19. The vector of any of the preceding claims, further comprising a marker

gene.

20. The vector of any of the preceding claims, wherein the vector is an
adenoviral, lentiviral, adeno-associated viral (AAV), poliovirus, HSV, or

murine Maloney-based viral vector.
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26. The vector of claim 25, wherein the
trinucl eotide-repeat disease is Huntington's disease

the preceding clainms, wherein the gene of interest
encodes a ligand for a chenokine involved in the

m gration of a cancer cell, or a chenokine receptor.
28. The vector of claim1l, wherein the pronmoter is a
pol. 'l TRE QBREESE any &P tieSDredddtrg(@sihR! wRéreRl thé Fector is an
wherein the expression cassette further conprises a
pol || ageromwéletecioper abl y-1i nked to the nucleic acid
encoding the first, second, and third segnments. 30
30. The vector of claim28 or 29, wherein the pol I

PRONDt ghe ivsctéesfiinglof epreceding cliithsywhérein thé geded it is

or 29, wherein the pol Il pronoter is a constitutive
pr onot 8EENEESWRNtedwAhGucprdRiopamenalo tra#BIEBEIaPY2. The
vector of claim28 or 29, wherein the pol |l pronoter

is a CW or RSV pronoter. 5 33. The vector of claim 28
0p3.29, Thheecoroftdien R2) whdreipribherodrglitidnSangen@Mé to BRI tisarapy
34. The vector of claim 28 or 29, wherein the pronoter
i s a RO PRUERAsEeRerative d3se88e- A net hod of reducing t he
expression of a gene product in a cell, conprising
contacting a cell wth a viral vector conprising an
epr es §“|he mectorassdtime?, 3, wieredi thetnerrodrgamesgive discasdett e
conprl F n cleic Cld encoding a small interfering
RNA rm THBiGe8 % feﬁﬁﬂ) 1¥%?Yet ed agai nst a gene, wherein
expression fromthe targeted gene is reduced. 15 36. A
met hod of reducing the expression of a gene product in
a2&el | The mmqfeﬂlm@ Lomthatsit thy tenmqtldwr@mat/dlﬁeﬂse isa
vector ,cQ rlégp e eﬁglqne & sette wherein the
expresg}gﬁ &3 §§' 9%%@?%&‘%“3 ﬁ&% €ic acid encoding
a first segnent, a second segnent | ocated i medi ately
3" of the 20 first segnment, and a third segnent

| 36 at edbe ieaien aftcaip W@ﬁreﬂrh@e%ewudsvé@?ﬁéh@lse%& ei n
the Tigghy ﬁglgnéﬁfséé%e%? Ddete [lgreﬁ%ﬁ?hl ess than 30

base pairs’in ['ength eac nor e an 10 base pairs

in length, and mhereln t he thlrd segnent IS

c | epentary to the first seg erein

S%Tp q‘ﬁe vector of any o? the precedlsng c alms Wﬁ‘ereln € gene ofa}nterest
encodes a ligand for a chemokine involved in the migration of a cancer

cell, or a chemokine receptor.

28. The vector of claim 11, wherein the promoter is a pol II promoter.

29. The vector of claim 2, wherein the expression cassette further comprises
a pol II promoter operably-linked to the nucleic acid encoding the first,
second, and third segments.

30.  The vector of claim 28 or 29, wherein the pol II promoter is regulatable.

31.  The vector of claim 28 or 29, wherein the pol II promoter is a constitutive

promoter.
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product nucleic acid generated by the expression
cassette functions as a 25 small interfering RNA

worpdogow3ss (si RNA) targeted agai nst a gene of POI/E8M83/016886

10

15

20

25

30

37. The nmethod of claim35 or 36, wherein the si RNA
forms a hairpin structure conprising a dupl ex
structure and a |l oop structure. 30 38. The nethod of
claim 37, wherein the I oop structure contains from#4

t 8210 Thevtaatdfttdam BHoIO, ROEiDhs OBIT promoter is a CMV or
PCT/ US Q/S/ 016886 39. The nethod of claim 37, wherein
t he Iogg HPEOtr e contains 4, 5 or 6 nucl eotides.
40. The nethod of claim 37, wherein the duplex is |ess
than 30 nucleotides in 5 length. 41. The nethod of
cBai m 3s vedharddicteimi 28 a9, eketein the pol I Prémotbis a CMV
nucl eot i de in length. 10 42. The nethod of claim 35
or 36, PRAE & n the si RNA further conpri ses an

over hang region. 43. The nethod of claim 35 or 36
wherein the si RNA further conprises a 3' overhang

r &4i onThavatormistaiard§ ar@gi whereorthpptama@er iandR$V promoter.
over hang regions. 15 44. The nmethod of claim 42 or
43, wherein the overhang region is from1l to 10

nB&:| eoAimigBod of le@tighf thedRpreséion 6B bt b #Eelt! ai s
35-44, wherein the expression cassette 20 further

conpr | CEPEINE eoprclpg aLell wither vieal Merdorodonairising arbgxpression
wher ei t ' .re le .pronpter. .47.
The. mevhoaton oDy e geteRid el B BB R et
const i enoding aprmiidhierferin® RNASmolEoaele (ERNOY) 1ofgetddaihinda
wherein the pronoter is_a CW, RSV, or pol IlI:

pr oot 1S VLTS EXDERSSiAR fopy the taggstedigeneip eadared. t he
pronmoter is a CW or RSV 30 pronoter. 50. The nethod
of claim45, wherein the pronoter is not a pol |11
prenot & meth@lpof reducing the expression of a gene product in a cell,

comprising contacting a cell with viral vector comprising an expression
cassette, wherein the expression cassette comprises a nucleic acid
encoding a first segment, a second segment located immediately 3' of the
first segment, and a third segment located immediately 3' of the second
segment, wherein the first and third segments are each less than 30 base
pairs in length and each more than 10 base pairs in length, and wherein
the third segment is complementary to the first segment, and wherein a
product nucleic acid generated by the expression cassette functions as a

small interfering RNA molecule (siRNA) targeted against a gene of

Interest.

37.  The method of claim 35 or 36, wherein the siRNA forms a hairpin

structure comprising a duplex structure and a loop structure.

38.  The method of claim 37, wherein the loop structure contains from 4 to 10

nucleotides.
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WD 2004/ 013355 PCT/ US2003/ 016886 51. The net hod of
any of clains 35-50, wherein the expression cassette

met hod of claim51, wherein the pol yadenylation signa
is a 5 synthetic mninmal poyladenylation signal. 53.

T ne any., of alns. 35-52.  wherein the

e?(%r esIsrﬂg ﬁnegg)g sog fm ﬁu yv:hﬁrg - %8 i&bqpl Sé%lg{:uﬁe ROREF 4 ficd

10 54. ndhieotiet.hod of any of clainms 35-53, wherein the
vector is an adenoviral, lentiviral, adeno-associ ated
viral (AAV), poliovirus, HSV, or nurine Ml oney-based
Vi al : ' - .
Wb e REERod ¥t ol R B8 86 A RS 3o Hoggthaes n
The netehgith. of any of clains 35 or 36, wherein the
expression is froma gene associated with a

neur odegenerati ve di sease. 20 57. The nethod of claim
5, wh j ; e j j [ .
] oo o REaEh bt U s SRR 5o a7 muplsetides
57, whierleagtht he trinucl eoti de-repeat disease is a

di sease associ ated with pol yglutam ne repeats. 25 59.
The nmet hod of claim58, wherein the

t 42 nucTROMetRd0TRRAh 3810388 58hdréin thHbBRNWERheS cHhB8&s Gn
or spi nocerebel | ar ataxia. 60. The method of clalm 35
or 36, ovgHeangiragivhe gene of interest encodes a 30
l'igand for a chenokine involved in the mgration of a
cancer cell, or a chenokine receptor. 68 WO

24004/ OlEs3methBe bl LladG3/09 36 $36reidthe sTRISANRItHG LA prizbLd
45, wherein the pronoter conprises a pol Il pronoter
62. THYSHRANEABZIBR. &} QVahaws rogiesy o bpth Reansky peedpegregions.
cassette further 5 conprises a pol Il pronoter
operably-linked to the nucleic acid encoding the

f44 st , Tizemethdd afidlairh 42 dr 4Bgriemneia thédSverldng rogibh e 1 to

cIa|nw%;&ﬁgga%%?b$gggéarn the pol Il pronoter is

regul a he net hod of claim®61l or 62,
wherein the pol Il pronoter is a constitutive

pr onot er .

45.  The method of any of claims 35-44, wherein the expression cassette

further comprises a promoter.

46.  The method of claim 45, wherein the promoter is a regulatable promoter.

47.  The method of claim 45, wherein the promoter is a constitutive promoter.

48.  The method of claim 45, wherein the promoter is a CMV, RSV, or pol I

promoter.

49, The method of claim 45, wherein the promoter is a CMV or RSV

promoter.

50. The method of claim 45, wherein the promoter is not a pol III promoter.

67

5PCT/URI03/016886
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65. The nethod of claim6l1 or 62, wherein the pol |
pronoter is a CW or RSV pronoter. 15 66. The net hod

pronmoter. 67. The nmethod of claim65, wherein the po
Il pronoter is a RSV pronoter. 20 68. A nethod of

t zeati ' I Sl Lnistering.to. th
o3 entis T Sty o SIRAL 31 30, FREL ) B Pyl U
wher ei futthiee comptiods Lipidesgsti@nsig@ipr essi on cassette,
wherei n the expression cassette conprises a nucleic
acid encoding a small interfering RNA nol ecul e (si RNA)
t gpget i n : [ [.O t he
L Brget ade BN By et R LB R Rl 4

met hod spith¢tieainiimg]l poypeaiendation cigngdr i si ng adni ni stering
to the patient a conposition conprising a vira
vector, wherein the vector conprises an expression
cgsSset e nWIRIES hnk ¢ IR $585 AP GERIRL EHrER T daSEhe 2
nucleic 30 acid encoding a first segnment,” a secon
segnenfurthse gemprisesmedirkeregepe.3’  of the first segment,
and a third segnment |ocated imediately 3' of the
second segnent, wherein the first and third segnents

af4 eaThe hesifod dfany oBClakas®s-pali wiseréifl the&Ntdt idAda®A6Viral
nore than 10 base pairs in Iggg&g, and 69 WO _
2004/ 0e38BBAPEIMOSBETHt G 6EE epdiovimupdI$¥ij ordnurine
segneni . C g to the first segnment, and
mherei%m%&%zg%%%faﬁﬁc é%% acid generated by the
expression cassette functions as a small interfering
nol ecul e (si RNA) .targeted agai nst a gene of _
iR%%A'er eiﬁ? megw?l(}’.f ARy REEIAE o4 r"g“e?(“?lﬂ dheavestariisi adenoviral
conpri gidpg adm nistering to the patient a conposition
conprising a vector, wherein the vector conprises an
expression cassette, wherein the expression cassette
c rises._a I 1] r onot erably-linked to a
it ei COSeod ol gy ALCIamE Y 9r 1o PEPRS: 1A GXRISHEaS from a
Mol ecupdhe(a8iddMd Rk detRAIEGAEASTe 8isgRBE, Wherein
expression fromthe targeted gene is reduced. 71. A
nmet hod of treating a patient, conprising adm nistering

1 NoTRELLANY o TR LA ERIBA DG B, AL

casset trianclebigdeeiepedtiitsegepr essi on cassette conprises a
pol 11

>

58. The method of claim 57, wherein the trinucleotide-repeat disease is a

disease associated with polyglutamine repeats.

59.  The method of claim 58, wherein the trinucleotide-repeat disease is

Huntington's disease or spinocerebellar ataxia.
60. The method of claim 35 or 36, wherein the gene of interest encodes a

ligand for a chemokine involved in the migration of a cancer cell, or a

chemokine receptor.
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pronot er operably-linked to a nucleic acid encoding a
first segnent, a second segnent |ocated i medi ately

i mredi ately 3" of the second segnment, wherein the
first and third segnents are each | ess than 30 base
péirs MheneMdorANEmeRs ihdli jfiS in
| ength, and wherein the thiﬁgmg Sﬁgﬁ?r%%mﬂﬂégaBgiﬁ
conpl eRENERIEY to the first segnent, and wherein a
product nucleic acid generated by the expression
cassette functions as a small interfering RNA
n62.ecullhe (ethNAY cladth 36! GHe@BAhB SkprasUi\GsQbte gl est -
25 72. A nethod of perform ng all'el e-specific gene
si | encPHgPEsERmes pgomotsrpparatdy-dinkedytosthe exgleiessidamcoding
cassetHﬁfﬁgng&%ﬁagguﬁﬁggﬁah&ngronnter oper abl y-1i nked
to a nuclel ¢ acid encodi asmall interfering RNA
nol ecul e (si RNA) targeted agai nst a gene of interest,
rei?lthe Si.R silfnces only one allele of a gene.
e methog et leimp 81 05 P2 Wprain tes poldpprontater igeapelatable.
silencing in a mammal conprising admnistering to the
manmal a vector conprising an expression cassette,
vitter ei ‘hhe inethest of elgtn 6h oc 62 Sdidrein clulilB@sndtdyshei ¢ 70
WO ZOQ%%Q%Q 55 PCT/ US2003/ 016886 acid encoding a
smal | §ORE MY PRRIOMGA ol ecul e (si RNA) t ar get ed
agai nst a gene of interest, wherein the siRNA silences
%%Iy one allele of a gene. 5 74. The nethod of claim
-or s meihad ef ¢laizn 6kpe62, othetdie thygrod Iihrbieter bya SR Br
or fe irs out of 21 base pairs. 75. The
nethoggg¥ggﬁ§?§§ 72 or 73, wherein the gene is a
bet a- gl ucuroni dase gene. 10 76. The nethod of claim
7§, rein the_ alleles are nurine-specific and
R rmmﬁ‘ﬁé’&‘?th?‘% offlaim & wireraie the-ngll Uquemnted s CRIA pithsoter.
met hod of claim 72 or 73, wherein the expression
cassette further 15 conprises a pol |l pronoter
6per adlhg nhéthdcbof damtdte whesdieine paLIIPremeRAI IR SV omoter.
si RNA. 78. The nethod of clains 70-77, wherein the
vector is a viral vector. 20 79. An expression
?%S Z el ReHRERF tredtHg a%hafRht, EdmPiGH® Elcﬁ{lin%?gnrn%qlo ¥nd 1!)&?1%1%’9 a
composition comprising a viral vector, wherein the vector comprises an

expression cassette, wherein the expression cassette comprises a nucleic
acid encoding a small interfering RNA molecule (siRNA) targeted

against a gene, wherein expression from the targeted gene is reduced by
the siRNA.

69. A method of treating a patient, comprising administering to the patient a
composition comprising a viral vector, wherein the vector comprises an
expression cassette, wherein the expression cassette comprises a nucleic
acid encoding a first segment, a second segment located immediately 3'
of the first segment, and a third segment located immediately 3' of the
second segment, wherein the first and third segments are each less than

30 base pairs in length and each more than 10 base pairs in length, and
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nucl eic acid encoding a small interfering RNA nolecul e
(si RNA) targeted against a gene of interest. 80. An

operably linked to a 25 nucleic acid encoding a'first
segnent, a second segnent |ocated immediately 3 of

the fi kdkretC@EENtd sebRfbndistddhd qjerﬁ&geﬂ?%t o9 BBment and
i mredi at efy 3" of %he gelcsqndpsegrren , v}\ﬁerelin e
first ¥Agreihg produetanrisin acidigencosehby tsexpieasionbasase

[ [ : .each .no than 10 b; airs in
ange ek B BRECHIEREA ket R00aRBrasiutataing
30 to tlgendofristeresegnment, and wherein a product nucleic

[ [ functions
acid generated by the expression cassette
as a small interfering RNA nolecule (siRNA) targeted

agRi NSH RetBEDEr t?gatihgta%raﬁgr{‘t; conzplrising administering to the patient a
composition comprising a vector, wherein the vector comprises an
expression cassette, wherein the expression cassette comprises a pol II
promoter operably-linked to a nucleic acid encoding a small interfering
RNA molecule (siRNA) targeted against a gene, wherein expression

from the targeted gene is reduced.

71. A method of treating a patient, comprising administering to the patient a
composition comprising a vector, wherein the vector comprises an
expression cassette, wherein the expression cassette comprises a pol II
promoter operably-linked to a nucleic acid encoding a first segment, a
second segment located immediately 3' of the first segment, and a third
segment located immediately 3' of the second segment, wherein the first
and third segments are each less than 30 base pairs in length and each
more than 10 base pairs in length, and V\;herein the third segment is
complementary to the first segment, and wherein a product nucleic acid
generated by the expression cassette functions as a small interfering RNA

molecule (siRNA) targeted against a gene of interest.

72. A method of performing allele-specific gene silencing comprising ,
administering an expression cassette comprising a pol II promoter
operably-linked to a nucleic acid encoding a small interfering RNA
molecule (siRNA) targeted against a gene of interest, wherein the siRNA

silences only one allele of a gene.

73. A method of performing allele-specific gene silencing in a mammal
comprising administering to the mammal a vector comprising an

expression cassette, wherein the expression cassette comprises a nucleic
70
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74.

75.

76.

71.

78.

79.

80.

acid encoding a small interfering RNA molecule (siRNA) targeted
against a gene of interest, wherein the siRNA silences only one allele of a

gene.

The method of claim 72 or 73, wherein alleles of the gene differ by seven

or fewer base pairs out of 21 base pairs.

The method of claims 72 or 73, wherein the gene is a beta-glucuronidase

gene.

The method of claim 74, wherein the alleles are murine-specific and

human-specific alleles of beta-glucuronidse.

The method of claim 72 or 73, wherein the expression cassette further
comprises a pol II promoter operably-linked to the nucleic acid encoding
the siRNA.

The method of claims 70-77, wherein the vector is a viral vector.

An expression cassette comprising a pol II promoter operably linked to a
nucleic acid encoding a small interfering RNA molecule (siRNA)

targeted against a gene of interest.

An expression cassette comprising a pol II promoter operably linked to a
nucleic acid encoding a first segment, a second segment located
immediately 3' of the first segment, and a third segment located
immediately 3' of the second segment, wherein the first and third
segments are each less than 30 base pairs in length and each more than
10 base pairs in length, and wherein the third segment is complementary
to the first segment, and wherein a product nucleic acid generated by the
expression cassette functions as a small interfering RNA molecule

(siRNA) targeted against a gene of interest.
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