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Doubl e- stranded RNA (dsRNA) can induce sequence-specific
posttranscriptional gene silencing in nmany organi sns by a process knomn as
. RNA i nt er f er end RNAAMEDIA FEBECENE STLOMGING WITHVIRALCSBEAORSt is 30 15
base pairs or |onger can induce sequence-nonspecific responses t hat trigger
a shut-down of protein synthesis. Recent work suggests that RNA fragnents:

.are the: sequence-specific nedia f p 3 (El bashir et at, 2001).
.Interference of gene expressi on%l I interfering RNA (siRNA) is
now recognized aShi is aabmﬁmhﬁqmoﬂ:awhcam&SrapplggatlbﬂSeﬁalINmm ng genes m C
el egans, Drosog%l lLa, 20 plant and i n.mouse, enbryoni.c stem.cells, oocytes

and early eh¥f3635T BlsdomiMap, 789 . Whngh s 2 epiinuaiaseot U Sodopleaionr del |, 1998;

Ti mons, lg et 2000
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si RNA- nedi apﬂdamﬂﬂumn oﬂ‘USnAgpmnoﬁﬂene}sm drm/masszbgﬁhdaﬁmgnmﬂ i2sbzd by :

transfecting cells with synthetic RNA 25 oligonucl eotides (Caplan et at,

2001; Hbashir et at, 2001) . However, as Bass (2001) notes, various issues

regarding the use of siRNAig, ﬂsf‘th(é%]véntcﬂave yet to be addr essed,
~including effective del i ver cells in vivo.

Further nore, if Bb%]&strﬁdedRTéAt@ﬂsRNAbﬁhnmdmdesequencet-lgpafcaﬁxy it will be

ortant in many cases to devel op nethods to express S|RNA|n tissues in
|vo 30 t o RRsHraGeRbgnalefeg Sﬁ?ﬂ“i‘%@lmﬂ}yﬂg@?%% 3 PYOCEH KOWEIHS si RNA.

Sunmary of mmﬁe@éﬂceggﬁm RISS&RE, ih MeaRhARR RO VARG, MaVis@l vector |

cont ai ni ng ‘an expression cassette, wherein the eXpression cassette contains
a pol USpr orase gmrmqne]loag&ry:aﬂ\lndnwsa’q@maﬁmﬁiﬁﬁiﬂﬁ@msm&ﬂﬁggén mked to a
nucl ei ¢ aci en ncodi mal | erfe I | ec (si RNA)
t ar get ed agsg%uﬁgfc’lwﬁ 38’&’2 %Fyl?tﬂ‘?ségr entwor Sugc'es‘[s tﬂgﬁ%m gmensare
the sequence-specific mediators of RNA.I (Elbashir et al., 2001). Interference of

gene expression by these small interfering RNA (S]RNA) is NOW recogmzed asa
namrally occurrmg strategy for s11encmg genes in C. elegans Drosophila, "
20 plants, and in mouse embryonic stem cells, cocytes and early embryos (Cogoni
et al., 1994; Baulcombe, 1996; Kennerdell, 1998, Timmons, 1998; Waterhouse
et al., 1998; Wianny and Zernicka-Goetz, 2000; Yaug ef al., 2001; Svoboda et
al., 2000). In mammalian cell culture, a siRNA-mediated reduction in gene
' ( | expression has been accomplished by transfecting’ cells with synthetic RNA
- 25 oligonucleotides (Caplan et al., 2001; Elbashir ef al., 2001). waever, as Bass
(2001) notes, various issues regarding the use of siRNA in ma:fnmalian cells
have yet {o be addressed, including effective delivery of sSIRNA to mammalian
cells in vivo. Furthermore, if siRNA is to be utilized in i1 vivo therapy, it will be
important in many cases to develop methods to express siRNA in tissues in vivo

30 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- .



cassette, wherein the ex SSi on cassette contains | Il pronoter
operably-linked to an isolated nucleic acid sequence™ncoding a first
segment, a YOI ent | ocated i nmediately 3' of the fPETUS2WI0E686 and a
third segnent |ocated imediately 3" of the second segnent, wherein the
first and third segnments are each |ess than 30 base pairs in |length and
each nore'th DRSSP Al Sed R ushce of the
third segnen?ﬂ%{éstpttohe cé%‘%?déérg%‘i“@‘l%ee%’?&?ﬂ%a?‘%&%‘é@“@?ﬁ% I'rst segnent,; and
wher ei n the (SRNa)askgstedlagiinstagiede oSiatpestice functions as a small interfering
RNA nol ecul e (si RNA) targeted . agai nst . enle, of interest. The present

i nvention further LBe&¥S én‘éFnHBP%@BPEﬁV‘ eégl}’érﬁhbeqoﬁé@ma’@%aé’ssi on of a gene

product i n 2 cglolsidly cdsOilabhéb e Ekbssithnldisstird Bt B I oAl ning an
expressi on ca et%e-, ereln the expression cassette contalns a pol Il
pronot er Hpeovphrklylyvtlinked d dmisabated sotletcatidreqhaice emoilthgpdiysesegmentyaodi ng a

cxpr essi on § PO AECEH SR BRI P RERS! SeeRnBH LRioNEoeNg e
expr essi on _ _ ; et _ the °
expr essi on OfocicdHidAl A Slofiihle Sechfd Sognitl, GARA Bl Bikt GRNMARE NG @ cel | with

viral vector conprising an expression cassétte, - wherein the expression
cassette conpegnsanss @ eachdbssttbah bdseipeirami longtle euibsacke moenthadilfdase f i r st

segnent, a second segnent lLocated i nmediately.3 of the first., segnent, and

2 DI rd seqnBHts ROgaR s FASHA e Sgauncs of Gn i SBRER S SRR IeRir of n t ho
first anﬁothbfﬁtege%ﬁeé&tﬁéﬁrs@ e ShdRReiB thel@pRePRld e hiid! ength 25 and
each nore than 10 base pairs in Tength, and wherein the sequence of the

t hi rd segmensequendetonciomp heaemell ofterféringdy o emdeculsf (sIRNAY targefedsegrrent, and -~
wherein the isaol ?t ed nucl ei c. acid sequence functions as a small interfering
RNA ol ecul BE3S RERIC PHIPISLY agai nst a gene of interest. The present N

invention provi deshepfeind fflehior fugidkt vﬂe@@ﬁ'e%aob%du&ﬁg@%;i ni 3&3 ering to

“the patient a conposition a viral vector described above. ‘
2004/ 013355 @QT¢sSISR0E)/ Buepductn aetll by sentagingarred withhdrativgetpes Thi s pat ent
or appligation.f.ile contajn t |eas n rawng executed.i.n coJor. Capies
of his Fa crrigpiog shRb R SarfoRhaliint SR ARRRREN fapais 381

11 promoter operably-linked to an isolated nucleic acid sequence encoding a

The present invention al ?pr ovides a viral vector containing an expression,

small interfering RNA molecule (siRNA) :targ‘eted agéiﬁst a gene, wherein
expression from the targeted gene is reduced. )
A method of reducing fhe expression of a gene product in a cell,
20  comprising contacting a cell with viral vector comprising an expression cassette,
wherein the expression cassette comprises an isolated nucleic acid sequence
encoding a first segment, a second segment located immediateljf 3' of the first _
segment, and a third segment located immediately 3' of the second segment, | O
wherein the first and third segments are each less tﬁan 30 base pairs in length |
25  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 sequenbe 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

30  administering to the patient a composition a viral vector described above. o .
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transfected with pEGFPN1 and pmCMVsiGFPmpA, expressing siGFP, or

plasmids expressing the control siRNA as indicated. pCMVeGFPx, which

C expresses siGFPx, cqntai_ns a large poly(A) cassette from SV40 large T and an

unmodified lCMV pfomctér, in contrast to meMVsiGFPmpA shown in (A).

25 (B Western blot with anti-GFP antibodies of cell lysates harvested 72 h after
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30 endogenous alleles. Recombinant adenoviruses were generated from
meMV sifgluempA and pmCMVsiGFPmpA and purified. Hela cells were
infected with 25 infectious viruses/cell (MOI = 25) or mock-infected (control)
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Figuré 3. siGFP gene transfer reduces Q19-eGFP expression in cell ~
lines. PC12 cells-expressing the polyglutamine repeat Q19 fused to eGFP
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' RNA interference is now established as an important biological strategy .
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rategy results-in mar

for gene silencing, but its application to mammalian cells has been limited by
nonspecific inhibitory effects of long double-stranded RNA on translation. The
present inventors have developed a viral mediated delivery mechanism that
results m specific silencing of targeted genes through expression of smail
interfering RNA (siRNA). The inventors have establish proof of principle by

markedly diminishing expression of exogenous and endogenous genes in vitro

- and in vivo in brain and liver, and further apply this novel strategy to a model

system of a major class of neurodegenerative disorders, the polyglutamine
diseases, to show reduced polyglutamine aggregation in cells. This viral
mediated strategy is generally usefill inrreducing 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
5

useful in

processes -



can be applied to a:'maj o] | ass of neurodegeneratiye_di sorders, the , . ,
pol ygl ut am ne di seases, 'i s denonstrated by the r’ction of pol.ygl utam ne
5 aggregati in-cells follow ng application of the Strategy. To acconplish -
intracel | ulk’gélz@g’w?ﬁi on of the therapeutic si RNA, an RNRCHEPME3P168565
constructed containing a hairpin sequence (such as a 21-bp hairpin)
representi ng sequences directed against the gene of interest.: The siRNA or
a DNA sequen CHuBfhel ABroSki NS tat SecHR QAN RS kool viatbgh cel |, 10 such
as .a di seaseg&g’?gﬁg (]:Jegllg. e S N,A\gr%ee'c[il ces target Irrr]LRI\lA an ggaene protein
expressi on. jiveessenatto podvidnithecipy dort Hvenat ldéseasee.u Foexminiphel this stradedyi. gur ed such
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regul atabl e, " 1 hduci bl e, tissue or cell- specific expression -of the siRNAis -
desi red. STheaggoepationdn célls following application of thhetrategr-get cel |, such as by S

injection, allow for dim.nis t arget.-gepe expressiaon._jn the cell. It
wnbsur pr st ng. o i assomtish SRt p oL B BPRERRL SRV " rml | Rnas
wi th extensi RﬁAﬁﬁeﬁeﬁmyc@ﬁﬁu&wewmgraqmrbﬁqelequdﬁeel@sut;ﬁm.&’plb?l I 20
pronoters, there is no'a priori reason to assune that small interfering RNAs
coul d be exphaigpirgdepressntipgisequengrsciinseted agaims thel gene of asesds Theer ni nate in a
short stretcg f Ts or 6), |eaving a.yery.small 3" end.and al,l owi ng-
Stabi i oat | oHbs oL AEBNARFY Rt B hEHFAL iSBRoMeH R AR Rl oxt ands
wel | pasto t hgick aslh Agheasd Graie L¥BIERYRNARIL RS iR 86 mRNWEndVMRh6 Protdif -

‘transcript is cleaved. Two 25 adenyl ation steps occur, |eaving a transcript
with a. tailexpfesgggnto 200 As. This string of As would of course conpletely

e e ne, ST b ARRREI p MR B R bR e Lo )
start sit e afehiifsinheinimediately@nbpyous tab pbl I prandte THegiol P pidmotehie | nventors
al so extensively nodified the pal yadeny| ati on_sequence to 30 test if a very
short pol yad&sg bt PEHCRlaUERRsEEet s $“~‘1°F|%i frems geaddy aypiiable Rl Abpiemotersr edi ct ed

from priqyr '%%%h%eeﬁ,%Bmeéﬁh&her‘}ggﬂl%bﬁhﬁdﬁéi Eflsnl B{ﬁeﬂt-i on provides
a viral Vector conprisi’ng an €xpression -cassette, erelrn the expression -
casset te congpedifiesxpessicodfthe diRMNik isadesirat | TheteoBsti@t 20060628 afo the

P 2 1 ' L e _
CT/ US2003/ Otm(?gg? (?ell, such as by injection, allowing for diminished target-gene expression

in the cell. It was surprising'that‘a pol Il promoter would be effective. While
small RNAs with extensive secondary structure are routinely made from Pol I
20 promoters, there is no a priori reason to assume that small interfeﬂng RNAs
could be expressed from pol II promoters. Pol III promoters terminate in a short
stretch of Ts (5 or 6), leaving a very small 3' end and allowing stabilization of
sécondary structure. Pdlymerase I transcription extends well past the coding | { 3
énd polyadenylation regions, after which the transcript is cleaved. Two |
25  adenylation steps occur, leaving a transcript with a tail of up to 200 As. This
~ string of As would of course completely destabilize any small, 21 base pair
‘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 sequen_cﬁe to
30  testif a very short polyadenylation could oceur. The results, which were not ) ‘ .
predicted from prior literature, showed that it could. |
 The present invention provides a viral vector compﬂsing an expression

cassette, wherein the expression cassette comprises an isolated nucleic acid
P | ‘
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sequence encoding a small terfering RNA nol ecul e ( ) targeted agai nst
I nterest. The sF may form hairpin struct¥e conprising a duplex

a gene of

structure WQ2@4PB3ES structure.

The | oop structure may cquﬁj@ow(g@gsﬁ to 10

nucl eoti des, such as 4, 5 or 6 nucleotides. The duplex is less than 3
nucl eotides 5 in length, such as from19 to 25 nucl eotides. The SIRNA may

further conprises an overhang region. Such an overhang may be a 3'

over hang

regi on or as&juencyendoding arsmpllonterfetieg Biéy malegule RO rtengbied aggnstexanpl e,

-conpri se a6|§8’$eu(% mpeﬁ?sgﬁi{l%f%g@ E%‘gﬁqﬁéex‘ﬁ%r%éﬁfrg Q@gﬁ%ﬁ%éﬁw@% f urt her

-pronoters l@ﬁﬁéﬁ%dnﬂ@lb@ﬁﬂhﬁ&x&oTﬁém%@ﬁm&ﬁh}C@mmﬁéiﬂﬂﬁ)IUOTTDterS For
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spi nocerebel | ar ataxia. Alternatively, the gene of interest may encode a

or a

W@B&%S\@%&%Fsﬁfgexg&\éﬁﬁﬁ bé&Qet?e':ﬁ@rﬂﬁﬂx\éf@:ﬁﬁ eyl r al vect or
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EXpFESSI n .cassette

c@rrprl ses appigaddrﬂqumonmgne} such2s asyethetid mmnnakpﬂyadmngianos sigadle@haucl ei ¢ acid
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base pairs in’length and each nore than 10 basé pairs in |ength,
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diseases, such as a trinucleotide-repeat disease (e.g., polyglutamme repeat”
disease). Examples of these diseases include Huntmgton s disease or
| spinocerebellar ataxia. Alterﬁatively, the gene of ihteres‘t méy encode a Iigand
for a chemokine involved in the migration of a cancer cell, or a chemokine
receptor.

The present invention also provides a viral vector comprising an

expression cassette, wherein the expression cassette comprises-a pol II promoter .

operably-linked to an isolated nucleic acid sequence encoding a first segment, a-
-second segment Jocated immédiately 3' of the first segment, and a third segment
located immediately 3' of the second segment, wherein the first and third
segménts 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 complemént
of the sequence of the first segment, and wherein the isolated nucleic acid
sequence functions as a small?interfeﬁng RNA molecule (siRNA) targeted

against a gene of interest.

and



The'present- i nvention prgai des a method of reducing the expression of ,a gene,
product in a cell by co ting acell with a viral ct or descri bed above.

It also provi _rethod of treating a patient by adm nistering to the
patient a {‘g%%‘@g@ls??"on conprising a viral vector descri bd§TABe/01888¢he
present invention further provides a nethod of reducing the expression of a
gene product in a cell, .conprising contacting a cell with viral vector
conprising an exp F es e

compri sesa pol | 1o Py ARERU oy llarh Bt -SRI Bl SERRIRT i 4
sequence engadipigdurt in 4 8¢ll by goreatting a cek vdthch vimd neotdr desaitieddbovarddi atel y 3"
of the first 10 segnent, tﬁ&g a third segnent | ocated in{‘redi_ately 3" of the
second. segmedfo Proxlss @ipethed of trealipg g patient by gdugpsiamatodhepatisata | ess than 30
base pairs i : : pairs in |ength, and
wherein the %éﬁ%@%@%@ﬁlﬁg%éﬁﬁﬁﬂgﬁﬁe conpl ement of the sequence
of the figst segnEh¢ preasid inwdndorefunthehgroviles atethoduwdk@iucingehel sequence

functions as a snmall jnterferjng RNA 15 no] ecul e (si RNA) targeted against a
gene of int e?’%!’éfsﬁl_oﬁt@arﬂﬁégé}‘ﬂd“ﬁté{‘ ﬂggn’eﬂogﬂ’nﬁlngfpﬁ@é“% ‘h%%l]h g gl reating a
patient, CO%Hdr%bﬂgzr@ ' ex Fers%i&gcés%tkb@h%ﬁﬂ R bx oINSl ON conprising a
viral vector, wheréin the viral vector conprises an expression cassette,
wher ei n t he. comptises s pobH prametet derabiydinkskte aa igpddted hugbeio acit eequence

operably-linked. to | sol ated 20 nucleic.acjd.seqyence, encoding a first
segnent, a s@tseﬁ&géggrﬁfe%?ﬁﬂﬁe%aﬁ%c&ﬂd F?ﬁ%‘?ﬂ%g{‘%{eal %g’fateﬁﬁé iﬂi‘%ilf.‘rs egment, and
a third gEIRBhehO34d a@mfmmeﬁmhate@hm@dia&%y SeaRAE:0RAYEEAt, Wher ei n the

first and third segnents aré€ each | ess than 30 base pairs Tn I'ength and each
nmor e -t han 10whersia thaifirs and tHinhsggmenis art eabletess than B base pairs selpogihce of the ,
third segnment s the ¢ I nt of .the sequence of the first. 25 segment, and™
wherei n the a};aglcﬁagl%wrﬁﬁ%ﬁélﬁﬁgecga&s%Eeagﬁcgmfﬁﬁgﬂl&h%segge%eé}%q interferi ng) _
RNA ol ecul en{rgisédiienttigihebipladat Hthe Se@en® d¥fthd ffsEi@tdent, land Def i ni tions The
term"nucleic acid" refers to deoxyribonucl eotides or ribonucl eotides 30
and pol yner swheyeindbg isolptedd nusgic asidhéquencgrfungsions as & smalhiéafarimgRNAonmposed of
nononer s -( nug i ﬁﬁil el S . phate and a base that is

ei ther 25 pﬁlrl!ﬁlﬁ'g&l%? pyrAl(‘)m I%iﬁ@&&%}lﬁ?é&%ﬂ%éfél&?ﬁ?%gal ly limted, the term
enconpasses nucl eflge prassndmetadiaiopragdéstomethed of wgsingfa padénty al  nucl eoti des

t hat, have sim.lar_binding 8 S - _ .. . )
: comprising administering to the patient a composition comprising a viral vector,

wherein the viral vector comprises an expression cassette, wherein the
expressibn cassette comprises a pol II promioter operably-linked to an isolated
20  nucleic acid sequence encoding a first segllnent, a second segment located
v 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 ( j)
sequence of the third segment is the complement of the sequence of the first
25  segment, and wherein the isolated nucleic acid sequence functions as a small

interfering RNA molecule (siRNA) targeted against a gene of interest.

L Definitions
The term "nucleic acid” refers to deoxfribonucleotides or ribonucleotides
30  and polymers thereof in either single- or donble-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



WO 2004/ 013355 PCT/ US2003/ 886 properties as the r‘r ence nucleic acid
and are netabolized in a er simlar to naturally urring nucl eotides.
Unl ess ot hewy ses0n3gdiscated, a particular - nucleic acid Se‘ﬂ'ﬁ%ﬂ%@o@(ﬁ&s
enconpasses conservatively nodified variants thereof (e egenerat e
codon substitutions) and conpl enmentary sequences, as well as 5 the sequence
explicitly indicated. Specifically, degenerate codon substitutions maybe
achi eved by gﬁj;ertadslasghesmﬁe:ameﬁaclem avddi amd atdastabolized posinkingsd sphil@ne or nore

selected (or all odons s s bst with mxe e and/ or deoxyi nosi ne -
Fesi dues (Baf%%?&ﬁ‘fyéﬂ““m@ﬁ% t@ﬂﬂ?@%ﬁ&lﬁ»ﬂﬂ%&%ﬁ)ﬂpa lini et al.
(1994)). A" %H‘%efc' a‘éu?%g%ﬁcre%gﬁ%ﬂéom&h?seg cQ%eHaﬁ@el?ﬁnoﬂﬁf@dV\%Hgi?H fhezbdy aci d

nol ecul e. oxyri bonucl el ¢ aci he” maj ority organi.sns is
t he. geneti c (a@t degeabraihidden sulisttuionsi amdaom;lle(rﬁhla&jy jeguenwes)lay @ctllias t he

transfer of information .C contajne nto prot The term
"nucl-eoti§ g&ﬁ?@“‘?’éje e;gkcgﬂ%mﬁga%g gPWré all(%f W’fﬁtﬁ ?{R‘B&‘ ‘&ﬁ?‘?}ﬁoﬁsan be
single- or dm&plb% achie?8diBd o eﬂépaftlhg@@éﬂeﬂc&%%ﬁdﬁ'tﬂ&hﬁﬁ%ﬁﬁﬁh6f01'il=9& &li nat ural

or altered nucleotide bases capa i ncorporation’into DNA or
pol yners. Thamtres&iﬁ:t&h(mlaliii mdansm'subS‘tm&ted wiith mitedibase ked/ar éoxylnosickei ¢ aci d

N Y R s e B e L i M "ol

20 and RNA encodegd, li]‘ilc%ltgﬁ"@ﬁa@&t" E‘éﬁi&ﬁ&fbﬁﬁ@éﬂ&ﬁz‘é&ﬁﬁa&éﬁkﬁcﬁﬁ or
substanti-al | éepurl fied nucleic acid protein conpositions. In the context

of the pt@seReokyntomurigic aCaHDN&bﬂéh%@'&JO@iYO@TEM&‘IBMgW nmol ecul e or RNA

ol eoul e, _or At Btk Gopfige B UPUAT i RPONGER DS farcher B MRARIRY! | onront
aﬁd IS ther e&@{tgnapwltauppﬂqmmop}bteﬁ@ture An isolated DNA nolecule, RNA

nol'ecul e or pol ypeﬁgl de my exist in a purified.form or é§XI st in a
non- native envirom mwda@@ew@m%ﬁgﬁfﬂr%toawdmwﬁw&on A cell. For

exanpl e,, an ol o] rotein, or
bi olrrggl cally a h'}lc?ﬁ \i‘gt"gg“ﬁ% or?ﬁ%lrléé%t?&d %g)hghéilfct%gf“@ ﬁ&meeﬁo’fﬂ ot her ceI l'ul ar-
30 mat erjsl ; ngtrat ut sltered madiotite démen caabibufetobyoratiomdntoi DISAtortRICANI ques, or
substantial I y free of chemi cal precursors or ot her chemicals when chemically °
‘synt hesi zed. P¢™SHe enbodi ment, an "isol ated" nucleic acid is free of :
sequences t ha n%&f&hkvn&a&@&la=h@naaah%ﬁﬁae&uéﬂ' “fuclcisggyences located at
e an ends
fragment” “nucleic acid sequence ot segment” or “polynucleotide” are used

interchangeably and may also be used mterchangeably with gene, cDNA, DNA

20  and RNA encoded by a gene. ’ :

' " The invention encompasses isolated or substantially purified nucleic acid
or protein corapositions. In the context of the presenf invention, an "isolated" or

C "purified" DNA molecule or RNA molecule or an "isolated” or "purified”

pol‘j/peptide is aADNA-molecule,_ RNA molecule, or polypeptide that exists apart

25  from its native environment and is therefore not a product of nature. An isolated
DNA molecule, RNA molecule or polypeptide may exist in a purified form or
may exist in a non-native _enviromnent sﬁch 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

30  material; or culture medium when Produced by recombinant techniques, or
substémtially free of chemical precursors or other chemicals when chemically
synthesized. In one embodiment, an “isolated" nucleic acid is free of sequences

~ that paturally flank thé nucleic acid (i.e., sequences located at the 5' and 3' ends
' %



9 { WD 2004/ 013355 PCT/ U@@03/ 016886 of the nucl eicgacid) in the genomc R

DNA of the organismfro ich the nucleic acid is ved. For‘.ex_arrpl e, in
vari ous er‘rb‘g -iﬁ@@}lé _,ﬁt.he i sol ated nucleic acid nolecule can contain |ess
t hanabout 5 KB, B> 3 kb, 2 kb, | kb, 0.5 kb, or 0.1 kBCEUSAU3(0a%S86 de

sequences that naturally flank the nucleic acid nolecule in 5 genom c DNA of -
the cell fromwhich the nucleic acid is derived.. A protein.that 1is .

substanti al | . Ly Facl ude ' -protein o
ol ypopt | de. HEE REIfE s6R) hithBLaliETO of 15 cHEBRR ESREY ) M el Cho o
cont am nat i ngrigpisategived. Frernanple, prarieunembodinents the isblated, nuoleibaddd ogi cal | y

active portion thereof, is recombinantly pr ced, preferably culture

medi um 10 reffPé& g can p@gtgmicﬁaﬁ:\ag _ gt _94 l‘g’o%gaggbs 13@199%@19? Brly wei ght) of
cheni cal - Pr@CHFARISHAE sABidS AR hitufily ML IR oAb Reufeig0MeNtS and
variants of the disclosed nucleotide Sequences and proteins or

par ti al - I%enggdnomioDdiAef the celbifrdm wiieh Hleyualer aidi derivahph pswelnbiyatt he present:

invention. By "fra nt" or ."portion'.is goeant a.full.length or |ess than
FULT 1 engt h BRvbHEAE oot sl bR AL neRoER BEBMAON e HER no acid
sequence of ;/pcil%&@ﬁ@&ih@ﬁsaﬁth@ﬁ%@%%, ﬂi‘%, I@}%mf'%(lﬂ}'dﬂyswé@ﬁﬁoproam y to

refer to an nt of nucleic acid -associated with a”biological function.
Thus, genes ¢antAntidatingpivisy. SWherethe@soteiared theyinvénsioneeniiciogicglly agivences
required for theiy expression. For examle, . "qgene' refers to a nucleic-acid
fragment t haRORRHIMEEEEAS TRRIPITIY PToReEt Ricrally SHre e ¢ pr ot i n,
i ncl udi g r egpleddn®s KsSRANSIREI0%, SBRERI%ArI% (BicdiyIRightperckRgased DNA R

segment's that, for exanple, formrecognition sequences Tor other proteins.
"Genes" can mecmmrabmccn—pmt@m-aﬂm@re%pgemﬂcalgoﬁrag@'@msi and Ivadamtg oftheni ng from a

.source of int.erest Ol t hesi zi na ,f rom known,. redicted C~ . gequence
hor mati on. ssireq gt R R R O BB BE R RS R epeggoe " O
paraneters. thilRbyalalds &G@ﬂpefshélﬂ;yﬂnépb@@xﬁiﬁﬂnﬁ@ﬁ.CB:ybﬁag’fﬁeﬂbbﬁc'f that can be
found in nature as distinct frombeing artificially produced. For exanple,

a protein or'porigal Egnpané 2 fdbleagtheor hess danddull fength ofthanndentidesequearng a

vi-rus), jwhich .c . i ' and whi ch has not
been i ntlgt i%ﬁ% "'fi%r?mth(ﬁ @légg‘ggSE%%é%inggéﬁﬁfﬁme@%%%gr atory, is naturally
occurring. The t eFimtémhn!geret is usedbroadly toraferde nry ssgnidhifof madeicacidai ns 1) DNA

associated wi.th. a biological function. Thus, genes include coding Se_qLienccs '
and/or the regulatory sequences required for their éxpression. For example,
"gene" refers to a nucleic acid fragment that expresses mRNA, functional RNA,
B 20 | or specific protein, including regulatory sequences. “Genes"" also include
nonexpressed DNA segments that, for example, form recognition sequences for
other proteins. "Genes" can be obtained from a variety of sources, including
cloning from a source of interest or synthesizing from known or predicted ‘ () -
sequence information, and may include sequences designed to-have desired
25  parameters. - ‘
"Naturally occum'ng" is used to describe an object that can be found in
-nature as diétinct from being artificially produced. For example, a protein or
nucleotide sequence present in an organism (inciuding a virus), which can be
isolated from a source in nature and which has not been intentionally modified
30 by aperson in the laboratory, is naturally occurring. : | ' B
* The term "chimeric" refers to a gene or DNA that contains 1) DNA
seqﬁences, including regulatory and coding sequences, that ari_e not found

together in nature, or 2) sequences ericoding parts of proteins not naturally
‘ 10



sequences, including reg ory and codi ng sequences hat are not found
together in nature, or 2) guences encodi ng parts of¥proteins not naturally

10 WO 2004ndLagabr3B%3T/ US2003/ 016886 adj oi ned, or 3) par tegrabs:00:Bker s t hat
are not naturally adjoined. Accordingly, a chineric gene may include :
regul atory sequences and codi ng sequences that are derived fromdifferent
sources, or include regulatory sequences and coding sequences derived from
t he same souadieinefhiar 33 padhefauomatess thatrane notdiafurdheartioified niiscardinglyf aund in

nature. A "transgene’ refers to a,gene that has bheen intraqd d into the
genome by ¢ PRSP Bae Mol RedhuiEy Sl 4R seh S iR o 1 0°
.ei ther het eagi @@t Qiffeh@itoheealsr nlulbrgibrpteduep@iand eb@ibgcel | to be
transforned. Additionally, transgenes. may include native genes inserted

.into a non: nsgauerees derived the same sevrceey arrgnead & 2 maeneraiffereatfienyenous

.gene" refers : i gene in its natural location in the genone of an .
or gani sm§A th%gt;ogf]g%{ﬁa\é'grﬁé refers to a gene not nornmally found in the host

organi sm t hat hasAbeensgentTeibuc®th forie teibBad bean Sterducdbinidhetgeiiorie " protein, "
"peptide" and "pol ypeptide" are used  inter chang?eabl herein. A "variant" of
a ol ecul e i &y BansdormsHer Lranpaanss yghidedat pxample, I\ tBat i3 eithere . sequence of

the native m&6igns GonfbiGiRRt AR MRANPATERicINP LU hAiRIHdeq  NOSE

sequences that, ause o0 egeneracy e genetic code, encode the 20
i dentical anhdditiagally, remngensandf inthde nativevzengyinteried intatnonadatiye occur ri ng
allelic  variants such.as.these. can be identified with the use of nol ecul ar
bi ol ogy 14 ectgriBsOr HENERGEENES anpl e, with pol ymerase chain reaction (PCR)

~and G hybri di 2atigncgelniodusns YRl raREs BUTEN bOR BOGNERE TodlinR | nel ude

synthetically derive sequences, such-as those generated, for 25
' %arrpl e, by inghegemminteafdnoeganeth.mut agenesi s, whi ch encode the native
p

otein, as well,k6gs those that encode a pol pl.i de . hgvi.ng, am no acid -
substitutions. C%ngz\r%ig?y?eq‘?ﬁ e@&?iaﬁnggﬂfﬁ@ﬁ%ﬁﬁgﬂpgm gme&ogt[ he invention
will have at%Pgﬁtﬁ%ﬂ,@%sbe@g%tr&g%dgp?gg%mgﬁg., 71"10, 72% 73% 74% 75%
(o) 0

76% 77% 78 79% generally at” Teast 80% e.g., 81%84% at |east 85%
e.g., 88% 87% gBuwtewg/praeind0epddeyend Poolyigptide’'atoqns@b9, 96% 97% to 98%

. sequence id elﬂ%eiréh%née%bltyq?erein. . |
A "variant" of a molecule is-a sequence that is substantially similar to the
'sequence of the native molecule. For nucleotide sequences, variants include
those sequences that, because of the degeneracy of the genetic code, encode the
20  identical amino acid sequence of the native protein. Naturélly occurring allelic
variants such as these can be identified with the use of molecular biology
_ techniques, as, for example, with polymerase chain reaction (PCR) and
C hjfbridization techniqués. Variant micleotide sequences also include
synthetically derived nucleotide sequences, such as those generated, for
25  example, by using site-directed mutagenesis, which encode the nati‘.fe-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%,
P : 50%, 60%, to 70%, e.g., T1%, 72%, 73%, 14%, 15%., 76%, 77%, 78%, to 79%,
generally at least 80%, e.g., 81%-84%, at least 85%, e.g., 86%, 87%, 88%, 89%,
30 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



native (endogenous) nucl gai i de sequence. "Conservatigely nodified . '
variations" of a particﬁ nucleic acid sequence ers to those nucleic
acid sequepee go ncode identical or 11 WO 2004/0133?% ﬁ | US2003/ 016886
essential ly"-i Entical amino acid sequences. Because of t < %@ﬂ%@‘éﬁ of t he
genetic code, a large nunmber of functionally identical nucleic acids encode
any given pol ypeptide. For instance, the codons CGI, CGC, CGA, CG5 AGA and
AGG al | enco‘é%eﬁtlimﬁﬂbxﬂﬁ:aﬂ&hﬁoaaﬁ:ﬂ! PyihcesT i aulof el e@fdy ifaRe Wher e an 5
arginine is specified by a codon, the codon can be altered’to any of the
corr espondi ngemﬂd@née, adexgemupber of funetinnally identiead nueleic epidsgnepdpeoyei n. Such -

nuclelc acid vari ons silent,, var ci es of
"conservati v@? Rﬁag’llj]e?té‘%f \}gorrﬂrg{qngﬁ, theag? 9’%86&(%% (gég;e%?%h@g'fdescri bed
herein that mdﬂén@odé%é’ﬁﬁﬁfoldéﬁiﬁ}gﬁﬂwd%ﬁélab@%r?ﬁ@.ﬁﬁo@@ﬁ&b%e silent -
variation, 10 except where otherw se noted. One of skill in the art wll

“recogni ze5 t harsinieels Spé@ﬁ%b]fﬁcad%@%@éoﬁéﬁfdbq@mﬁ@ apyrof thghi ch is

Funct onal 1 y AT a el Rereo Rl WAPM B BB eIl ROV DT, e

“silent vari ﬂtl¢lélﬂacﬂfvaﬁaﬁ¢t£s|a€e csﬂaﬁwhﬂaﬁaﬁs " which dfesone spediggnpt i de is i nplicit
I n each descrl bed sequence, 15 "Reconbi nant: DNA'npl ecul e” is a conbination

of DNA sequeheaservatively medifiedivadationsgeEvay nudpicgeidseaimce éeﬂcnm t echnol ogy

cxanpl o, i n LA AR s%Fé&e@%ﬁﬁ&%%&%w%%?%&%%ﬁ%eﬁer S gene,
" het er ol Dyousxdapiwhergodrewise nod. tme@gehﬂuﬁtﬁal\det\senuafme thitleatler ol ogous RNA

sequence", "exogenous.RNA QS guence" 'het er,ol ggous nucl ei c, aci d' each
refer to a sé@ﬂ%ﬁ%én@lﬁlam@i (sarept rhGyi Wb&fﬁfb@ortilawlat%eoqﬂlxeomrfex gn to the

part i cul ar NaalkiGehd) cafibe ibdfi@Toiad SR USAUINReiL h3leERE T ed from i ts C

original or natlve orm ogous gene 1 n.a host cell
i ncl udes a gsmmlarmm:hmquesndh@erdmsy,teach Heleptvdriatoh’sof sosleicedid 126 but has

been nodified t ri’al?{‘ 1y exarrE e, th cf[ése of DNA shuffling. The terns
al so i ncl ude®HB8AS ?’EﬁPI%? Teftin canhy 54 SEERCE- of a natural |y
occurrings DNA or RNAGRBHHAIDRA. B&»ﬂ@cule"*i‘@a&cﬁﬁﬁﬁaﬁ(ﬁ{ ADNA s@q%s%atRNA

segnent that is foreign or heterologous to the cell, or honologous to the
cel | but i nagjpuosd togethenmsitg recombinaniddNAde¢hnalogly end prosedresusadite h the
el errent 's n]%gn together DNA sequernices as described, for example in Sambrook and

Russell (2001)

The terms “heterologous gene”, “heterologous DNA sequence”,

20 “exogenous DNA sequence” “heterologous RNA sequence”, “exogenous RNA
| sequence” or “heterolo gous nucleic acid” each refer to a sequence that either
originates from a source foreign to the particular host cell, or is from the same
source but is modified from its ori ginal or native form. Thus, a heterologous | (e}
gene in a host cell includes a gene that is endo genoils to the particular host cell |
25  but has been modified through, for example, the use of DNA shuffling. The
terms also include non-naturally occurring mﬁltiple copies of a naturally
occurring DNA or RNA sequence. Thﬁs, the termsrefer to eDNA or RNA
segment that is forei gnor heterolbgous to the cell, or homologous to the cell but
ina positien within the host cell nucleic acid in which the element is not
3O ordinarily found. Exogenous DNA segments are expressed to yield exogenous
polypeptides. | |
A "hoinologous” DNA or RNA sequence is a sequence that is naturally

associated with a host cell into which it is introduced.
12



30 ordinaril y 'found.. Exog s DNA segnents are expre d to yield exogenous
pol ypepti des. A "honol ogo DNA or RNA sequence is aWquence that is
naturally weoecimted. with a host cell into which it is ppgrRsissstkssd?2 ti
WO 20081013355 PCT/ 1JS2003/ 016886 "W d-type™ refers to the normal gene or
organi smfound in nature. "Genone" refers to the conplete genetic materi al
of .an organism A "vector" is defined to include, inter alia, any viral
vector, as wel | as'Widyyps! asfaisdo theownia, gephage gansifmmdyinnettror i n doubl e or

single stranded lipear 5 i r,cul ar.form f.hat.K na r may .not be self

‘transmissible or U@%@Waﬁ%ﬁfﬁ‘&ﬂﬁﬁom#%%ﬁ?e ?%@P&?ﬁfﬁﬁ%& YBtic or,

eukaryotic host eif hegctdry id difR@H &5 ineRdé, Rh@r ERE anf HrhiWedior FRRANRSOr  eXi st _

extrachronosonmally (e.g., autononous repli catal ntg‘a plasmd with an origin of
euee or

Fepl i cati on) .anyplasmad,sosmids phagetardinang vagisdn singlastranded bhesrc ‘'aci d
sequence 10 capahle.of directing expression of. articul ar. nucl eoti de _
sequence i5n She 3@%’%%’5‘?@t ?téll?yo%&rg%?cﬁﬁmﬁ%#rgwsﬁﬁ?aﬂggW&gﬁlﬁg‘a?’@ﬁgt er operably
l'inked to theh4tconerhRgoing Brok@Fsab of ewkaryolit Rb@%ithéd 131 infEpdatibe impaieabl y | i nked
to termnation_ signals. It also may include sequences required for proper

transl ati on oelllaegensms aeKistextrshansemalihe. & catenemosgrepicgiingal | y codes for
a protein of. 54@5}?@%&1&50%%1@4@ \ code for a functional RNA of interest,

for exanple anant isense nhonttansl ated RNA in the sense or antisense

direction, or a si"Bhfressitigcasestit’ @s aicdhepnsmeinse nueldicigiidgequigeenucl eot i de
sequence of interest may be chinerjic. The expression cassette may al so be .
one that 10s rapables] dirsEag expraipianaf 2 nagiculse anclegfids sEBENLAIATY econbi nant form

useful Tor Neber s EHPLARRION indlic DB R SHolAN Mlkel RopRUC cot i de

sequence in Xpreéssi on’ cassette nay control of

a{consti t ut i maclpotidadequerme of interestitig wagtbalperaplydinked to tehainatiomi t i at es
transcription, onjy en the host cell is expgsed to sone.parfjcular C
stimulus. |nSiERBScaESHRIR!L iSE‘&‘anﬁSé?q%‘ieg PF RIRAperifaas B'i“ghﬁéth‘i’ can al so be

specific to gyupapkdddth@nch] fob’@otﬁﬁg fglgﬂﬁmsﬁélgﬁéoﬁg@f&ra dos el 25 Such.

expression cassettes can include a“transcriptiona Itiation region |inked
to a nucllédot bdemsyealseode foi aifmaionsitRNASof intemstefop exasple an cpiswndet € i S

brovi ded Wi t g, bl Urall by GRS hEShis ShleEsee Rleckfis 8 L LR iiche gene of
expression cassette including the mucleotide sequence of interest may be- ' |
chimeric. The expression caéééﬁe may also be one thaf is naturally occurring but
has been obtained in a recomb;hilant form useful for heferologous expression.
| 20 The expression of the nucleoti:dé sequence in the expression cassette may be
under the control of a.consﬁt?lftiire promoter or of an fegulatable promoter that
initiates transcription only when the host cell is exposed to some particular
' Q stimulus. In the case of a mllzlﬁ;:ellular organism, the promoter can also be
specific to a particular tissué :‘ciri organ or stage of development. _
25 Such expression cassettes can include a transcriptional initiation regidn
 linked to a nucleotide sequsn}:_e: ofinterest. Such an expression cassette is
provided with a plurality of r%:?s{riction sites for insertion of the gene of interest to
be under the transcriptional r%afg:i.llation of the regulatory regions. The expression
cassette may additionally coritjajin selectable marker genes. '
30 "Coding sequence” refers to a DNA or RNA sequence that codes for a
specific amino acid sequencej.? It may constitute an "uninterrupted coding
seqﬁence", i.e., lacking an in{toin, such as in a cDNA, or it may include one or

more introns bounded by apﬁ;bi)ﬁate‘splice junctions. An "intron" is a sequence
13 |



expression cassette m ditionally contain selec | e mar ker genes. 30

" Codi ng segue E}g refers to a DNA or RNA sequence that codes for a specific
ani no acid se%’ AP8> 1t may constitute an "uninterrupt ed RINTY03/Y6%f¢ence”
i.e., lacking an intron, such as in a eDNA, or it may include one or nore
introns bounded by appropriate splice junctions. An "intron"™ is a sequence
13 WD 2004/0 PCT/ US2003/.016886 of 'RNA t. 1s-contained in the primary
Lranscript BURITA AL Toopaienest B P eras e miah A s KSR BROE ¢ he Rawi (i
the cell to ddaRagearidie-1imtion 6f MENAA Within B8 0elDfy dréadtledhRGtei RN A2 protein. -
The term "open reading frame" (ORF) refers to the sequence between 5

transl ation thaticen he tramslatad inte e ®rieRi on codons of a codi ng sequence. The
terms "initiati R and it erm | N T [ nit of three
adj acent nucl eo?liq-1 gtg aop(?gé%arﬁi g#%%Wﬁéﬁgsgau en%é&?nﬁég ‘e@ﬁg%i fies
initiatign apsiahéi mitidta i drindihtionh e6dRe bif ¥ ebding 8dqueided tRHetermNt hesi s (MRNA
translation). "Functional RNA" refers_to sense RNA _antisense RNA, ribozyne
RNA, 10 si Reitiation cofpr andNteravnationggdons refispto  wikoldbeeg agigeenfet has an -
effect on at_| | ars- nr i E t ipt" refers
to the prodtl?gfﬁsg&segl(?i%ﬁgg 148%%!%'%Sg@?@?r%%hég%’e%ﬁeg}%@g@ntaﬁlg%ié%%li ption of a

DNA sequenc germiistion] feepddiifely] 6#yisiein fyhthiesis tmBA tadsiationn| enent ary copy of
the DNA sequence, it is referred to 15 as the prinmary transcript or it naybe

be under the transcriptiggal regulation of the regul_étory regi ons. The .

a RNA sequence deFPReipnal R~ sefetstie sense RN aoksinse a9 RNAe pri mary
transcr it hS I - y ¢ (MRNA)
refers tlg t%[el%m{ a‘f%flﬁgﬂ\}\%l #ﬁ%%tr{oralﬁ%{r%strllés{&gg t %atsl\%zﬁéggﬁ{arf% ated-into

protein by tohecdallarproeBhA" refers to a single- or a doubl e-stranded DNA"

that is conplementary t d derjyed from 20 nRNA " Regul v sequences” |~
and "suitabl e reaﬁ]‘F’é‘%{B’r gf@gd{?am&"m W%%P@duﬁtde'g%%ﬁ?i sequences )

| ocat ed upStLAMBASR caldBPed AIRHPBRISEORR) seqiibidd] Whed'the ﬂgﬂ*st ream (3

non- codi ng sequences) of a codihg sequence, ‘and which influence the
transcri pti drpscRNAsprisriestiomplemedaratsopy ofthe INA seqshed, itanraférredie 25

' d I ng. .. Regul ' d h , -.
o onot oS, B4 i ATAFON A RRLr Lo R EYOA PHIFBRRCer IR RS y adeny! atf on si gnal

posttranscriptional processing of the primary t;anscript and is referred to as the
mature RNA. "Messenger RNA" (mRNA)I refers to the RNA that is \#ithout
introns and that can be translated into protein by the cell. "cDNA" refers to a
single- of a double-stranded DNA that is compiementary to and derived from

20 mRNA.- 7 ' 7 ‘

| | "Regulatory sequences” and "suitable regulatory sequences” each refer to .
ﬂucleot_ide sequences located upstream (5' non-coding sequences), within, or
downstream (3' non-coding sequences) of a coding sequénce, and which (g)
influence the transcription, RNA processing or stability, or translation of the

25  associated coding sequence. Regulatory sequences include enhancers,

| promoters, translation leader sequences, introns, and'polyade,nylation signal

sequences. They include natural and synthetic séquénces a.sl well as sequences
that may be a combination of synthetic and natural sequences. As is noted -
above, the term "sujtable regulatory sequences" is not limited to promoters. -

30  However, some suitable regulatory sequences useful in the present invention will
include, but are not limited to constitutive promoters, tissue-specific promoters,

development—épeciﬁc promoters, regulatable promoters and viral promoters.

14
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seq‘uences.' They i ncl ude nQraI and synthetic sequen as well as sequences
that nay be a conbinati on™ synthetic and natural sé’ences. As is noted
above, thewe@eow/8354 abl e regul atory sequences” is not | ipgWeshobfHoREggnot ers.
30 However, some suitable regulatory sequences useful in the present
invention will include, but are not limted.to constitutive pronoters,

ti ssue-specific pronoters, devel opnent-specific pronoters, regul atable
pronot er s ankxampled ofpromotesy that iy b0 daiihe PBSER IPGTHtUG2R0RI0EBB6 Exanpl es

of pronoter at be ed in the present invention include CW, RSV, -
porn and poﬁ#?’%‘?‘%fiéjpgﬁspr%rmtﬁﬁn-codi ng sequence" refers to a nucl eotide

-sequence | ocat ed &' nof-Yoiihg SRAMNdeOrdfA8 1€ @ didlebtRRILARAE: lokhtei ' Present in the -
fully processed. nRNA 5 upStream of the initiation codon and may affect

“processi ng dipstreanrtp fergpdingspaientet It isprasmiin theRillygredsissadmRYA t r ansl at i on
ef ficiengy (Turner Al e o 1 3 -.coding.s ence" refers to

nucl eoti§e S@aﬁ%ﬂ%é}fh}e&i&a@&n%%%L(ag%vg\}]ag{ﬁgegtrﬁrg%egggg §g%1e|1\)8‘“§a5¥1uence and may
i ncl ude pol yageaiptad MRNA] GRAA dbiESasanesiatianeffielchey (Tieauenses encodi ng

regul atory signals capable of affecting mnmRNA processing or gene expression.
The pol yadenlﬁgél-i on signal is usually characterized by affecting the

addition of pol ya%eﬂg4-55&§§%:gPéﬂc§Efe?e L %o lectide Eéhqle %ees} Irl%é.a{egtfe MRNA

precursor. The tefm tiran on | eader sequence™re hat DNA

sequence 15 (gewhiterannfio a cading sdyptneendnhe inclodopsivadingiagedkipgalsequence t hat
I's transcribed into RNA and is present in the fully processed nRNA upstream
(5) of tife scausmsenadpihassquencesaroding eeplaiory signpls sapablelaticsingnce nay

arf ect NAIpkessi ' - i Sfrabi |t
it ansl at1 on AP Bessinstf 2B dEBfeibh S0E bUPAIC 1T Bem R BIIGE! 11 O
ost - t r ans| ahuaniztizyd by effesing the2@dfimnyipplyiadenyhic tabidutacistis tisd 3ead opept i de.

" r"ecursor"atﬁro X refers to the primary product of translation of an
MRNA. " Si gnaf® rdE*USY-ers to the anino terminal extension of a

Fo P o, uh hoib ARSALES ORI D gL Yoo 0
secretorly pawoiivayof digemeberwact tegmanotee quicadislg seghience thay istransctibat | de 25
S _eq uence t he};tlto %% 1st Fr%se%it ﬁlﬂﬁé ﬁﬂﬁrpﬁri)ge%sed mRNA upstream (5") of the
' translation start codon:- The translation leader sequence may affect pfoc_essing of -
the primary transcript to mRNA, mRNA stability or translation efficiency. |
Thc term "mature” protein refers to a post-translationally processed
20 polypeptide without its signal peptide. "Precursor” protein refers to the primary
prodﬁc't of translation of an mRNA. "Signal peptide" refers to the amino
terminal extension of a polypeptide, which is translated in éonjunctipn with the
C polypeptide forming a precursor peptide and which is required for its entrance
into the secretory pathway. The term "signal sequence" refers to a nucleotide
25  sequence that encodes the signal peptide.
"Promoter" refers to a nucleotide sequence, ﬁsually upstream (3") to its
coding sequence, which directs and/or controls the expression of the coding
seqﬁence by providing the recognition for RNA polymerase and other factors
~ required for proper transcription. "Promoter" includes a minimal promoter that is
30  ashort 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



"Pronmoter” refers to a nu{j@oti de sequence, usually ream (5) to its
codi ng sequence, which directs and/or controls the ex ssion of the coding
sequence by WPHMIEH3t he recognition for RNA pol ynerase ardTatshens/ofasss ors
required for proper transcription. "Pronoter" includes a mninmal pronoter
that i's 30 a short DNA sequence conprised of a TATA- box and ot her sequences
that serve to sp?c(i)}y the. site of transcription initiation, fo which

regul atory el caniroflingshe pIessIoRL 81codmng sspreassrdinctiopalbider * al so

refers to a nugj | oS ' j%gqgg bRl plus
regul atory el g?rﬁeéﬁ@gétgﬁ%ﬁ | s&%g&%tzgg%nzlsm 55 %%%&gg%§}%%6 @J‘,I(l:apabl e of
control ling t liensents, deslatier eémentcoltiinrgfesred ueacenhancdsindtdoodinglyRA. This type

of pronoter segquence, consists of proximal .and nore distal upstream
ol ement s, t ho PP STLRVA Serndtntarbry Bt ragolR AR e i ngl v,

an  "enhagceny, jhitdelBNEn SAAHEASMAR A 2 Bfra1b 4R | RlnfenPOaRIRD efifidc¥! ty and
maybe be, 5.an innate el enent of the pronoter  or a heterol ogous el enent
i nserted to enimleve orttisend speaficity of 4 prometerp #ds tapebleofoperating ontmttler . It is

bl e of ating in both _orientati | .or. flipped), i |
capabl 6 of f uREERBRITR{OQTEH ShAGHClD sBts EPHNEP DRSU LT SR SR am 1 rom
the pronoter. ,eﬁﬁérhagﬁlﬁ?ﬁx%ﬁﬂ&vﬁﬁ@aﬁtﬁlﬂ theYRShbRANBEHARRARErsGInE TRk S DI nd

sequence-specific bi nding proteins that 10 nediate their effects.
Pronot er s may upstredey progwtérrelanteats bind s¢quence-specific DMAthinding protains that be

conposed di fferept. el nts derived . fromdifferent . promoters. found in

nat ur e, o? evé‘?‘?dbaée %Wfﬁﬁd%aql?@?ﬁﬁaéﬁep&%é Ebtg‘ﬁléﬁ?té’g{yﬁﬁ?&%{%‘? may al so
contai n DNA sogmedEBS coipbsed o€ diffeydtt ¥Rthehid defi®ed oMl differeht oMbk factors
that control the effectiveness of transcription initiation in response to 15
physi ol ogi cal f@mddenafuss9Eyal beomprispdeksynthgtic DIVA segmanéh A Prasnotes t he o)
position surrgq | | ' . . of ot he .transcribed \ /)
sequence, whi 8%%@%@%%%@%&%@%3@ %ﬁ%\%ﬁg& @Wﬂeﬁghélggﬁgk{&?% this site :
al | other seqfimnasthadtoriths tigesftectinsheld of teaBdHpiohiinigati@gina8spodsecto nunber ed.
Downst r eam sequences, (i. e., further protein encoding sequences in 20 the 3
di r ect i on}? ar ehyelesicalar develermentaleondiion®s upst r eam sequences (nostly of

the controlling regi sk s e 6l ' ' ] negatikve.
Pronoter el enents, q%g?%%d&oggﬁ?/ g@@%%b%%ﬂ@@%@%%@%ﬁg%t | vg{%r t hat _
have greatly padtofisd transoriited seqpeneey mhychi i alsh defibskasqesitibn dis tWilam act i vati on
are- referred to as "mini m?ll ﬂ?r core é)r(%m)ters." Ln the presence of a

sui t abl e respect to this site all other sequences o the gene and its control Ing regions are

numbered. Downstream sequénces (i.e., further protein encoding sequences in
20~ the 3' direction) are denominai"ced pdsitive, while upstream sequences {mostly of
the controlling regions in the 5' direction) are denominated negative.
Promoter elements, pq;:rticularly a TATA element, that are inactive or that
have greatly reduced promote_f;} activity in the absence of upstream activation are .
referred to as "minimal or co:fe promoters." In the presen‘bé of a suitable () _
25  transcription factor, the minimal promoter functions to pen_ﬁit transcription. A |
“minimal or core promoter” thus consists only of all basal elements needed for
transcription initiation, e.g., a TATA box and/or an initiator.
~ "Constitutive expression” refers to expression using a constitutive or
regulated promoter. "Conditional” and "regulated expression” refer to
30  expression controlled by a regulated promoter.
"Operably-linked" retfers to the association of nucieic acid sequences on
single nucleic acid fragment so that the function of 6ne of the sequences is

affected by another. For exal}’fnple,_a regulatory DNA sequence is said to be
16




25'transcription factor, 4 m ni mal pronoter functi' to permt
transcription. A "mni r core pronoter"” thus co sts only of all basal.

el enent s ngedGel/d183ss transcription initiation, e.g., a Tﬁm%ﬂﬂgé(pr an
initiator. "Constitutive expression” refers to expression using a

constitutive or regulated pronoter. "Conditional" and "regul ated
expression” refer to 30 expression controlled by a regul ated pronoter.
" Oper abl y- 1 i“ninerdblyrliaﬂced "ton "dsheciaied edthd b DA eéquened thatccodes fir sequences on

si ngl e nucl g] aC|d so that the functiqn qf _.one of the sequences is-
ot s ot by AR arpolpBpGA L e a0 Sadyeney 5t BRI Fu8lBrcteldb d o be 16
- Y0 2004/ 013350 AREFhdiee 00 P 5P RBion &%&Eﬂg%}ggﬁ@e&e‘e (9, hggoci ated with’

a DNA sequence- th t codes f an RNA or a po | f t e two sequences
.are situat edodinglseqirare ohfunctiegal BNGY ip undiiahes repseriptional fantrobofthpr es'si on of

,the codi DNA se t hat, the _codi.r e ce or functional RNA
i s undergt h@TPIRgle c(r:}cf| I}goqegyene%qz}n&eo&erapﬁzfj 8# ?F%f“@?c)rysﬁﬂﬁlﬁp‘ﬁf‘ﬁlgequences
can be oper@@l%drlaﬁﬁ@gsg&gn%hatory sequences in sense or anti'sense
orientation. "Expression" refers to the transcription and/or translation of

an endogenous géﬁelprem rrofetﬁgodheg@werlmmrmdl'oelﬁ@né@m@@‘@grrent or a

| | i RNA
ot oael on agSERpls sb hRoRof: sl ot RERFE RGP e R SRS T acai ¢ o,

expressi on refierBorteRampr, inttheie oif BIRNA caitdubts axpfosd6s Bty rafet @hef sense
(MRNA) or functi onal Expression may also refer to the production of .

pr ot ei n10" Atragsasiption véihe siRMA only. {1y addiéioncexpressipn estprsdalieon i n transgeni ¢

cells of ChARN S iBpbhT kot GGl A B @RS lmBloghfiganS! or ed cel s
t eve

or or ganl Snb. er expressi.o pl’ ession 1 n

tq]ansgenl C @bfess]@ﬁnﬁﬂygmwsﬁﬁtdﬂiatpnﬁi&ﬁ@@d@fﬂremﬁﬂ s of expre55| on in normal or
transformed cells or organisns. "Antisense inhibition" refers to the

production of ant'fdErdde refersda dha eyl of expratsion in fransgepiceesls oy t he |
expr essi on %%ﬁ]aﬂfs%s%ﬁdﬁff&g‘ﬁ%&ﬁre@gﬁgﬂﬂsonﬁ &%lafceﬁssf&g &pﬁat contain

"Transcripti stop fragnent to nuc eotl e sequen
one or' btdre regu I"@wmeypmssgnﬂlrsﬁermcme leselpdleyprdssinn mttransgmqmﬂk osequences, C
_ capabl ? of %?Jams?nastttat%xcee s e%lls;% Ie:%?ressmnm nlo%%allorr] %Ltl%gn%fcgr?n%d celtilé) or | egul atory
‘organisms. o
* " Antisense inhibition" refers to the production of antisense RNA
_ transcripts capable of Suppressing the expression of protein from an endogenous
20  gene or a transgene. ' |
"Transcription stop ﬁ'agment" refers to nucleotide sequences that contain
one or more regulatory signals, such as polyadenylation signal sequences, -
' C capable of terminating transcription. Examples include the 3* non—regulatory
regions of genes encoding nopaline synthase and the small subunit of ribulose
25  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 f"rem»esr,rcapable ef teﬁninaﬁng trahslation. Insertion of a translation étop
fragment adjacent to or near the initiation codon at the 5' end of the coding |
30  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



ri bul ose 25 bi sphospha car boxyl ase. "Translatio op fragnent" refers to
nucl eoti de "aezguience_s_ that contain one or nore regulatory signals, such as
one or nor PHIR3E on codons in all  three f rames, caB&B/B2HB0dE8hi nating
translation. Insertion of a translation stop fragnment adjacent to or near
the initiation codon at the 5 end of the coding 30 sequence will result in
no translation or- e tﬁ’ﬁ? L-Qn. kS f ‘ tion stop
fragnent by si te-g%é;%ﬁqlpc&sr' %%o_ ieﬂ%%n?%ﬂa@?{s%c{gg%gleﬁes' treéfsgoqufl\l?‘l C sequence
i n the codi ngr RNduequencehwhosddasctivas rdqnire iear © bal dnhthpsampemolecales| at i on '
using the initiatio %odon. 17 WD 2004/ 013355 PCT/ US2Q03/.016886 The terns "
"cis-acting é@&éé‘ﬁE@'o &/5HF-acing SSUCRERP on jsdhe VIral SeRbGatieh RNA sequences -
whose functighs,require themto be on the same nolecule. An exanpl e of a

ci s-acting sequence on the replicon is the viral replication origin. 5 The .
terns "trans-act i The segs¥nos acting séquenaes and U agy-aelingeletient"atfertd¢ 0 DNA or

RNA sequence 0 function does not. require themto be on the sane ‘

ol eoule. - RN RO PR ipction AdRd e thete Bghtn B S8 f or ei gn
gene or nuchgiden@Ci d construct into the host DNA by coval ent bonds. Were
genes are 10 not "chronosonal ly integrated" they nmaybe "transiently

expressed. " Tr ansi@momesqmallysintegraséd"aclyrste thesihtegmtion of hdoreigwgessbon of a

gene that is not. integrated jnto, t st _chrqonos ut functions .

i ndependent | 9‘,‘6?%? £t Fg'éfg'”ﬁtdfljfc’%? hﬁﬁmg’gr‘fﬁaﬂglbﬁn&ep%B‘c’:rgtg_eﬂﬁs PPasnid or
expressign CAGSekrbRosdRAllEntFRItal” tREy Ay DA tansRhtlpBAIBQEd. PIi Thagémal system
such as a virus. 15 The follow ng teens are used to ‘describe the sequence

rel ati onshi pexpréseioneéa gensoreéars toohe expressiincofacgeds that ispol iniegritedtntdes: (a) p

"reference s ence” " rison w ndaw'..(c) "sequence identity", (d)
"per cent age tgxg'ﬁg%}&ﬁlé%oggg%ggﬁﬁﬁ?@qqs Hé%g e?%)nﬁyjs%ﬁé{ %igrﬁainaq%uqlndent ity". (a) As ) :
used herei n, aitbRnRiuElyGeplatnephemid & RprtelibNefsarIiRREAnpREs @past 20 basis
for- sequence conparison. A reference sequence may be a subset or the :

entirety of @f apier biplogicsbyistenraichfasp vERanpl e, - as a segment of a full-length
CDNA or jgene SequailiioRing iR BLANE dEiNpe e GG cE FMENSRips ‘

between two or more nucleic acids or polynucleotides: (a) "reference sequence”,

regi ons of genes encodi bnopal i ne synthase. and thi.smal | subunit of, i

(b) “minparison window", (c) "sequence identity", (d) "percentage of sequence
identity”, and (e) “substanﬁal identity"'. |
(é) As used herein, "reference sequencé" is a defined sequence used as'a
20  basis for sequence comparison. A reference sequence may be a subset or the
| entirety of a specified sequence; for example, as a segment of a full-length
cDNA‘o'r gene sequence, or the complete cDNA or géne séqueﬂcé. }
(b) As used herein, "comi:arison window" makes reference to a - (,)
contiguous and speciﬁed segment of a polynucleotide sequence, wherein the
25  polynucleotide sequence in the comparison window may comprise additions or
deletions (i.e., gaps) compared to the reference seqﬁénce {which does not
comprise additions or deletions) for opﬁinal 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
30  understand that to avoid a high similarity to a reference sequence due to
| inclusion of gaps in the polynucieotide sequence a gap penalty is typically

introduced and is subtracted from the number of matches. _
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(b)' As used herein, "conpgllson w ndow' nekes refere to a contiguous and
speci fi ed segnent of a po ucl eotide sequence, wherew® the 25

pol ynucl eowalgoogetpasnce in the conpari son wi ndow nmay CONRd196s286Ai1k4sgNs ofr
deletions (i.e., gaps) conpared to the reference sequence (which does not
conprise additions or deletions) for optinal. alignment of the two sequences.
Generally, the conparison windowis at |east 20 contiguous nucl eotides in

l ength, and opti oisthodsedaligrende of #guesss for campanisonargwell-kihesdn of skill in

the art 30 u ders h t t 0._avoi ref erence
-sequence due Lﬁﬂlﬁf e‘&’f‘ma %pﬁrﬁeﬁggﬁ%f% tgeg%#%gvos%e&ﬂ%c& a gap
.penalty is tyg E‘@ddc&m 1i§Her e %dnﬁﬂéin&tﬁ:aﬁdl%iﬂtﬂm Q‘ﬂef&fr@cﬁnﬂoﬁflnﬂﬁﬁger of
mat ches.. 18 WO 2004/ 13355 PCT/ US2003/ 016886 ©Met hods of ali gnnent of

-sequences f oﬁxmﬂﬁe@fsﬁ%mﬂ@mﬁépﬂlﬁmﬁﬁiﬁhﬂﬂ ge theeal garithmriMdyers pd Mellesr i nat i on

~of hed usi
et P ol (RSl e REMMEFRI AR ESIERRED of CRBISHERGRIRL oo U1 n0 @
mat herat i cal pg@mtallgaaﬂmefmésalaﬂl@mudtwﬂmsah (Mvey E‘thﬁﬁkdu‘cm forer 5 (1988); ‘the

| ocal honol ogy _al %orlthm of Smth et ad. (9%981) t he hompl ogy alignnent
al gor i t hm of SikBlesversthod 98 Pearrancand Lipmey (198R) thealgemfhmpt Kaglhrndy i t y- met hod

of Pearson a %gﬁ%@ in and Altschul (1990),
nodi fied as gﬁsﬁgf{@%%n ?ds%ﬁﬁﬁlﬁédgﬁwc@ép@% i npl enent ati ons of ‘
t hese mat hemat i caCombgt&r irtyplemetationsef tHede miathematichl falgoritionpedn ikon  of

sequences_to determ ne sequence identit Such i npl ntations include, but
are not 19 mi p@azeg(gor CEPSTARD ¢ eﬂ‘F@GW%WEn@eﬁPW%dgEV% S¥6he from .

Intelligenetj DL R I m(VerS|on v
2.0) and GAP hﬁ%Erg Fi %é%&%ﬁﬁ%sﬁhbgﬁwﬁksg%hgﬁﬁi 1&&%?2@%3 n Genetics

of t war e Pacpagem M&ambdmfr&n(lawﬂlgeaﬁics, MountaiGeriew| Gahﬂaﬁmﬁgo theuA BIGNE oup

( ), 575 Science, Dri.ve di ' [N, ¢ ‘ usi ng t hese
prograns canPi&?Pe VARG Oﬁ?%éﬁhg%jﬁﬁﬁ%f%% g’i%%él’éiBSTAL program
i s vel | descyycpdcdivid GasinsSetwab Paéﬁa%é%mbhgqamaste fréth Gend@dd9)

Cor petetal . (1988) Huang et at. (1992): and Pearson et. at (1994). The

ALI GN' pridgr aGwingutbaEeipdFAMe S H Saiencetnivef Meylison, Wisednsin) UI%A) supr a. The 20
e’ oo ReShall S5k e ioplos 28 PR bershRe R Sl oe o R ",
publicly avarhabl BSTALOMGEam is well described by Higgins ez al. (1988); nggms et :
- - al (1989); Cotpet et al. (1988); Huang er al (1992); and Pearson et al: (1994).
The ALIGN program is based on the algorithm of Myéi's aﬁd Miller, supra. The
20  BLAST programs of Altschul et al. (1990) are based on the algorithm of Karlin

and Altschul supra.
Software for performing BLAST anélyses is publicly available through
C ' the National Center for Biotechnology Information
(http://www.nebi.nlm.nih.gov/). This algorithm mvolves first 1dent1fymg high
25  scoring sequence pairs (HSPs) by identifying short words of length W in 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
30  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 jnair of matching residues; always > 0) and N (penalty
19
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C, the National Center, r Biotechnol ogy I nformatign _ .

(http://v\MNv.nebi.nImniﬁov/). This algorithminv s first identifying
hi gh 25 scoring sequence pairs (HSPs) by identifying short words of |ength W
inthe. qu‘@pf‘}@é‘ﬂ Ace, which either match or satisfy sofETAG2IBNEI83¢ a1 ued

threshold score T when aligned with a word of the sanme length in a database
sequence. T is referred to as the nei ghborhood word score -threshol d. These

initial nei ghoes iR YttsiRicHingirbSd@s! alﬁﬁyss@gﬁsl?cfr%nih&‘iaéih 3édufcessAr ches to find
l'onger HSPs 30 contal ning them The word hits are then extended in both

directions abwmniggeminx isusqd énededlye thesufmplative scére. Eatenbianioftheatargnnent score’

be i d. | at i | cul at ed ' f | eotid
cequences. 1 FE PaPdaREgon ot BABAG: Qs Brp e A P RO RIS O BY st dues:
al vays > 0) gdubhitporabiishiamiABRAe 043356: BERILERORILESES Score for

m smat chi ng residues; always < 0). For ami no acid sequences, a_ scoring
mat ri x i s5 useso ppbelawaivede tetaseunulaiioned one os saore negtivensoring refiduhe wor d S

hits in each_directiqn,are.halted n t.he ¢ | ati ve alignnent score falls
off by the %'mePEsygyh%reg%ofF@ﬁer%%gﬁcrﬁl%%"_ﬁ%d val ue, the cunul ative score
goes to 5 zero orlnheldaisntoealcalatifgpaoait ReikheOidlenfity Oe BIASTOr € _
negative-scoring residue_ alignments, or the end of either sequence is

reached. | n aaemthimoiisq peréuamms @ siatistiep] pealrdnef e gimiliedy beimisen 9, t he BLAST

I ith | kSt | f M. ' bet nt |
sequences.  HEt (DI staghe bt Sty O0EL o mACEAALUR e PL P e
10 smal | g5t ghallepr smapiobaliility( (PON))) whish pedvidusamiitdisation dMkd gebdbilityof the

probability by which a match between two nucl eotide or am ng acid sequences
woul d occur By/Whichadpatch-petwesm he auclepiide ot aming aid sequenses wguldpeeus s

consi dered shmyl.dke ¥y Bxampib, t%&tﬁﬁ‘a%icsa%ﬂfk%@ﬁé‘néefis &&gi&%' dirfiftdr t§ ym ()
probability 1'n a conparison ‘of the test nuclelc.acid sequence to the _ _
ref er ence nuefeémedenenseiftisnanaliest suasgobitdlitydhawompifisdh df theweste pref erably

| ess than about .0.Q1, and nos referably.less than abput 0.001. To obtain .

gapped al i GrteRsi fe%ﬂfépiéﬁfﬁfﬁm&gw%&iwae@m s PR BUAST 2. 0) can

be utiliged @s ﬂ&%@éf@ﬁ@ly 18s</thhss St 081, ﬂd-m&&%?gf):rabl §s%zg'?szbﬁle| Y, _
2.0) 20 search that

PSI - BLAST (i n 'BLAS can be used to performan-itferated
‘detects di st&Pl.rel ati onshi ps between nol ecul es. See Altschul et al.,
| To obtain gépped alignments fof compariéon purposes, Gapped BLAST |
(in BLAST 2.0) can be utilized as described in Altschul et al. (1997).
Alternatively, PSI-BLAST (in BLAST 2.0) can be used to perform an iterated |
20  search that detects distant relationships between molecules; See Altschul et al.,
supra. When utilizing BLAST, Gapped BLAST, PSI-BLAST, the default
parameters of the respective programs (e.g. BLASTN for nucleoﬁde sequences, ~
BLASTX for proteins) can be used. The BLASTN program (for nucleotide ( )
.s'equences) uses as defanlts a wordlength (W) of 11, an expectation (E) of 10, a
25  cutoff of 100, M=5, N=-4, and a comparison of both strands. For amino acid
 sequences, the BLASTP program uses as defgults a wordlength (W) of 3, an
expectation (E) of 10, and the BLOSUM62 scoring matrix. See
hitp://www.ncbi.nlm.nih.gov. Alignment may also be performed manually by
inspection. _
30 For purposes of the present inventiop, 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 parametérs or any equivalent program.
20 -



sup\ra. V\hén utilizing BLAgR Gapped BLAST, PSI-BLAST, 1e defaul t
paraneters of the respectr progranms (e.g. BLASTN f o™nhucl eoti de sequences,
BLASTX f or Wi 200f@85s can be used. The BLASTN program (f orpawtigd064d1666
sequences) uses as defaults a wordlength (W of ‘11, an expectation (E) of
10, a 25 cutoff of 100, M5, N=-4, and a conparison of both strands. For
am no acid sequences, the BLASTP program uses as defaults a wordlength (W
of 3, an exByleauivdant(Epsren” ivinteaded anyesepraSUNBRPEEOR Pragramthal, for See
http://ww. nehi. nl I-h..gav. .| gnpen | SO erforned manual |y by

4 nspecti on. W%rggﬁﬁé%ggfe}lsquﬁ%?lggg%rretge - ﬂ%ﬁ&?ﬁ?ﬁ% Ifglgglrﬁp@ri son of

.nucl eotide mefetRIdeRs afrdiio Slad AisItud atatdhas id ALideRtival fEGUEReRencdentity to the
pronmoter sequences disclosed herein is preferably nmade using.the BlastN,

-pr ogr am  ( veidgnidhy whep cpmparqdde dhe copfespending afenment sepgieteabydhis or any

_»equi val ent pﬁ%?errpe? 3%1-5191 WO 20041013355 PCT/ US2003/ 016886 By "equi val ent
program 1s tnten &4 ny sequence conparison programthat, for any two °
sequences i n ques{d) s, usgdhaenl beqasncaidegtitytnl "idantithtin tHecdntexabf twrucl eot i de
or am no acid residye rraiches and an idﬁ%téi cal percent _Eequence identity
when conpar eBAlYC atE OF BPIYRSHIHICIrARFNSES TS fiefergBeretot PEciHed peseentags: of er r ed

program (c),ASsite&dn e ﬁa'fdkgquéﬁg BChte ¥ letwhen aﬁgn"d ﬂﬁﬂxﬁklh}ﬁ{n in the
context of two, nucleic acid’or polypeptide sequencés nakes reference to a
speci fied pecesspagiencodver espetifial compahieort windoeg uemessrdligtsequencet he sanme

when_ al igned for paxi jum. correspondence ovef _a specified, conpari son w ndow,
as, neas edcog:g,pagé%glgégthﬂp (E'&ﬁ’p‘g@?g‘ﬁﬁpeé’%’&r f"ffw&@%ﬁmsge QA s8qBECE nspect i on.

Wien  per cent 2g6i9fs $RAYE RErend A8 Prdibitis itSs Po6shibal hed REGRGH roteins it-is
recogni zed tﬁat 1tr9esst|§due posieltli onsryr C \S/\hisc‘hb%a e1 not idelnticgﬁlgg ten differ by’
‘onser vat i vewhithne wtidensichisifiendiffarby,conseevativaninino i shbsitstionses ar e |
substituted f no, aci d W.th ~siml chem .cal properties

h i J
Carot o e U Al S e e tHE For el ap s Pen e The

functional piRReF tHefficA préfReiedql.8g uﬁe&%e Wigfi- SRROBRNG P anddhérbREe ddm@onser vati ve
substitutions, the percent sequence identity Err&g be adjusted upwards to
correct ¥or changetbadencigpihpsopratierrad thef mplesulsu B¥han: sgapenncs dienisnces t hat

differ by s u&)rﬁsgrgmrs\ﬁggthxgon%yﬁl%g)ie}cgﬁti S%H&ehicsg ?de?lﬁjcyd ma)pbehaﬁ%?steds equence )
' upwards to correct for the conservative nature of the substitution. SeQuences- :
that differ by such conservative substitutions are said to have "sequence -
similarity” or "similarity." Means for making this adjustment are well known to
20  those of skill in the art. Typically this involves scoring a conservative
| substitution as a partial rather than a full mismatch, thereby increasing the
percentdge sequence identity. Thus, for example, where an identical amino acid
( is given a score of 1 and a non-conservative.substitution is given a score of zero,
k | a conservative substitution is given a score between zero and 1. The scoriﬁg of
25  conservative substitutions is calculated, e.g., as implemented in the program
PC/GENE (Intelligenetics, Mountain View, Califoﬁn’a).

(d) As used herein, "percentage of sequence identity" means the value
determined bjz coiﬁparing two optimally aligned sequences over a comparison -
window, wherein the portion of the polynucleotide sequence in the comparison

30 window may comprise additions or deletions (i.e., gaps) as compared to the
 reference sequence (which does not comprise additions or deletions) for optimal
aligmnent of the two sequences. The percentage is calculated by determining the

number of positions at which the identical nucleic acid base or amino acid
21



simlarity" or "simlariga " Means for making this gdjustnent are well known
to 20 those of skill in e art. Typically this invigees scoring a
conservati 2&HB§£%EUtion as a partial rather than a full m smatch, . thereby
i ncreasi ng thé percentage sequence identity. Thus, for &XaHBPR03/Q)68%% an

i dentical amno acid is given a score of 1. and a non-conservative '
substitution is given a score of zero,, a conservative substitution is given

a score bet : ) rdi L ve:substitutions is
cai oul at od, g SERrPbcln schiEoBCRIE i nbher SRR QKRR | oriet 1 os.
Mount ai n Vi alividize the onmber) of njaigheApositient tethe itotal iundrecefpoagpnein iequence
identity" nmeang the value determ.ned by conpari two, .optimally aligned .
sequences oma%w@gﬁB’QPP’g%ﬂ?’%rﬁ ,5’"\_‘3%?é‘?snﬁgﬁéagéc???@ﬁﬁ%?ﬂf’ﬁggge T .
pol ynucl eot i ecﬁ.‘?e%@ﬂiéﬁtig)ﬂ t he conparison 30 wi ndow nmay conprise additions

or deletions (1-.e., gaps) as conpared to the reference sequence (which does -
not conpbi se addi{e}(DriEhedern Eubstadiab jJdehioty” opfpodlmabclecdide seywencesaofeankhe t wo R

ces. T ' al cul ated b t I Ni nb f
posl L1 ons. at N TSRS FEMGRES hagiience ted 1 BLeast dPiat fho T2 4 21°W0
20041013355 BGI/ 2083 649099, 193] Sl wongaiEablyk MLBIVEGHONGeY,L 0 viel d the

nunmber of matc posi tions, dividing thé nunbér of natched ‘positions by the

total nunber83td, 88bei85heB6%, B7%h&8% @bty mdre prafprablysbleast@006, P4, pl yi ng t he
It by 1 i el h t . I Ly i) Th
orm » subst aate 8% G et Sal B SReeBB Rl iRE e Al Sk otk b

pol ynuchgot ig eﬁ@é’ﬁfehﬁ@éc@nﬁa@éﬁlﬁ%%fdrélﬁb st usifPdle of M6 alich¥enf 2%  73%
. T4% 75% 76% T77% 78% or 79% preferably at |east 80% 81y 82% 83%

84% 85% 8@Iesranyessbed sringgogdandpuapeierserQus of shill indhsart 9l 91 %

S mence i Gurihitlye Y0 AR LaBhe Ll o Rb iR SR BB of e )
al'i gnnment ‘mbﬁasfp@ﬁain@%ﬁm'tﬂa&cbwﬁin@@nmwg&do Ratlesiiestquenclsbef skill i n the -

art will recognize that these val ues can be appropriately adjusted to ‘
det er ni ne Kiakiegintea550HuG $9gor deasnemagy, gminy erid pinylasin: spdHzaméo . nucl eot i de

- eadi ng 1 r abet BAEE At e BEE R R e B B Hoi IR A PR o v
-aci d sequenpempobarndrivalp mepny sequese identint dfjat teasi 0% eaire peefedablyrdti t y of at
oot T0% G Sk Al ok SR o0 o895 N0 ST preferabl y at | cast
Andther indicatibn that nucleotide sequences are substantially identical is
, if two molecules hybridize to each other under stringeﬁt conditions. Generally,
20 stringent conditions are selected to be about 5°C lower than the thermal melting
point (Ty) for the specific sequence at a defined ionic strength and pH.

However, stringent conditions encompass témperatures in the range of about 1°C

p—

to about‘20°'C, depending upon the desired degree of stringency as otherwise ( ) |

qualified herein. Nucleic acids that do not hybridize to each other under stringent |
25  conditions are still substantially identical if the polypeptides they encode are

. substantially identical. This may occur, e.g., when a copy of a nucleic acid is

created using the maximum codon degeneracy permitted by the genetic code.

One indication that two mucleic acid sequences are substantially identical is

when the polypeptide encoded by the first nucleic acid is immunologically cross
30 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%,

5%, 76%, 7%, T8%, or 79%, preferably 80%, 81%, 82%, 83%, 84%, 85%,



M, SO
Anot her indication that n(t‘got I de sequences are subs tially identical is
i f two nol ecul es hybridiz each other under string condi tions.

Gener al | y, w8@Qoiloiiz8gent conditions are selected to be ablo('."lt t han
the thermal  nmelting point (Tm for the specific sequence ama 8%?1}%%& ionic

strength and pH However, stringent conditions enconpass tenperatures in the
range of about 1 C to about 20C, dependi ng upon the desired degree of ‘
stringency asew, BevaV8s%, ofi8Hh) hbRbréfefbiyat I$CI00L, 185 09%, DBAY o0 not:

hybridi ze to each other under stringent 25 conditions are still

subst ant i al | P4Yadeheyaanotemreiiablys Py re PoTodle o4 388y orcHibb sequanse idegbtt anti al | y
identical. Thj : | . | hd is 'created
usi ng the rna)tt}% ﬁnﬁ%ﬁ%&% %%lglgcﬁgek}vgf:y %&f?ﬁd&%@%aﬁ{/onﬁ@&'@é?gg feg%?:gde. . One ‘
i ndi cati on t bptimhalighueneiscondictedasinghe asmelogy skiditieanligatithm bflent 1 cal is
mhen the pol ypeptide encoded by the first nucleic acid is inmmunol ogically
cross 30 eaﬁp&émmltaﬁ Fﬁ@%?%@pt@a@d&@@e@&@tww@%mﬁ@p%@ ei c acid.
(e)(ii) The % ' LdgRtJebide is Bbdd pti de

i ndi cat es t%%s%m%g ﬁeg{e}&déggrr%?l sesdegﬂgeelaﬁencgowt@%lﬁgea evaeg‘?’ﬁa%% 71% 72%
73% 74%  73ftibodtraitddagandtthececordpeptides fHmald pepd0ess sabsentBilYy 83% 84%
85% 22 WD 2004/.013355 PCT/ UB2003/ 016886 86% 87% 88% ,or._ 89% npre
preferably aﬂdoqlg ffo gg%og}%e@t g@WaIBPIEQW re the tE0 &EPLss &i ‘i’réﬁngfngﬁl Y,

95% 96% 97% 98N QA YuinGaBACe i dentity to the reference sequence over a
speci fied conparison wi ndow. Preferably, optiml alignnment is conducted
usi ng t h&d honol og¥orbdqgemerompbsmi tyipmally obe Mejpcicermats asndefttenseh (1970) . An

~indication that two peptide sequences are upbstantially identical is that
one. pept | de. PEFRIATIG E3 PR NIGSCEE saiuapen Doie PEBGR STFeed agal nst ¢ he
fcjond pept i gdenpattdf al gorilGR! tedtAnd Sefeléhsd @gﬁaﬁké Me iRl 8 _bmpRte Second
peptide, for exanple, where the two peptides differ only by "a conservative

|
substi t ut i onsubkoqEpEe s@qddanf@éar@oimnatgtgiﬁnecqspamﬂyemec%@gg@m acts as a
reference sequence to i ch it est ences are conpared. Mhen using a
sequence C cBIYpH™ BWY\J'% Ftdﬁ?‘}gnatt%gt ensgqﬁe&cg?%%agpsg%a%gﬁﬁk\g%t f'e input into
a conputgs, cﬂ&h&@gﬂﬁqﬁ&eﬁo@qdmaﬁ@@ﬁwﬁrdﬁ%ﬂ@&}u@ﬂe&éﬂ‘) relafieseahy, and

sequence al gorithm program paraneters are designate The sequence
“conpar i son afefIPReEHRARAISR bescden beidarigratedrogmptramYBEuence identity for
the test sequence(s) [Ql gl Gndifled iNBicatid BAEARG TSR RquiRston the
desi gnat ed program par aneters. R :

' substantially identical is that the two molecules hybridize to each othér under

stringent conditions. ‘The phrase "hybxidizing.speciﬁéally to" refers to the

20 | binding, duplexing, or hybridizing of a molecule only to a particular nucleotide
sequence under stringent conditions when that sequence is present in a complex
mixture (e.g., total cellular) DNA or RNA. “Bind(s) substantially” refers to

' ( complementary hybridization between a probe nucleic acid-and a_tafget nucleic

acid and embraces minor mismatches that can be accommodated by reducing the

25  stringency of the hybridization media to achieve the desired detecti.on- ofthe -
target nucleic acid sequence. - '

- "Stringent hybridization conditions” and "stringent hybridization wash
conditions” in the context of nucleic acid hybridiéation experiments such as
Southern and Northern hybridizations are sequence dependent, and are diffcfent

30  under different environmental parameters. Longer sequences hybridize
specifically at higher temperatures. The Tr, is the temperaturs (under defined
ionic strength and pH) at which 50% of the target sequence hybridizes to a

perfectly matched probe. Specificity is typically the fanction of post-
23



As nbt ed above, another jaaflication that two nucl ei ¢ ggid sequences are,
substantial ly identical that the two nol ecul es hyge di ze to each other
under stri itions. The phrase "hybridizing. specifically to"
refers to t‘ﬂggg%mg?%‘i ng, duplexing, or hybridizing of a REFASHEHIRE to a
particul ar nucleotide sequence under stringent conditions when that
sequence is present in a conplex mxture (e.g., total cellular) DNA or RNA.
"Bi nd(s) subgt.ani.i ; fers. .t Iy, l.fi_zation between a
probe nucl ei glyﬁg “%ﬁé’hﬁ’,’aéﬁ a&‘ﬁzé{’ﬁﬁa&g% Cg‘ir’%lbgfgg?ﬁdﬁa] gﬁlg@éﬁ%é@gé@ m nor m smat ches
that can be aegefameaifdnd il wvasiusluipn Fer DN ADN A ebdds, tHe T heantbebr i di zat i on’

nmedia to achieve the desired detectjon of the_t rfbet nucl ei c acid sequence.
"Stringent h?WTPHF%qu%ﬂPFW%"M@ﬁ@m@?W@Eﬁ 8Riokmi &-3%E Ton wash

condi tions" i I 0 n ' hd I LAl ' ,aents such as
Sout hern andhﬁlgi({b%ﬁ Q%H’g@ap ﬁéﬁgﬁg’?’@sgg%gh@gé‘@ééﬁ@%ﬁ@%ﬂﬁ? are

di f f er ent5 30niondedentichfi@seHGCishe parcantigalof pasmeimkeand cytbsinger sequences
hybridi ze specifjcally at. higher tenperatures. The Tmjs_ the tenperature
(under definBEFleqt@ﬁ?@é?P to/%rtl%fﬁals pexeenfpgeof fgmmmide iBe ¢ ar get sequence

hybri di zes t g : o IS igally the
functi on of g%tg‘td‘%q’%%gﬁ‘&\‘i\%ﬁ%gg 63?% OE%%?' ﬂé %§3§%igéé%yﬂh§bri di zation
washes, the spxdintdddst aboatct®6t fer badhrids phmisnmaiching tthen Gt hybnidizadomer at ure of the
final wash sol ytion, For. .DNA- ybrids, the T. can be oxi mated from
the equati ona‘iﬁ” OINﬁ?SHIPBP‘Ef“%rP?CFa%Ia%’fQQ% I,IYbF*FE%eLt?ﬁ?flanC%&fg]%{)‘ﬁ%ﬁe‘if +0. 41
(YE0) - fb 61idefbifyOro) exanifd/itseqiRESwith 80¢di8eriRY Afeishifa1f the TIRARQVal ent.
cations, %3C Is fhe percentage of guanosi ne and ctytosi he nuc) eoti des in t he
DNA, % f or m bedd¢chesebt ©EnGangraldy, strogentrrodditions araselettpdta bk zamt 5C sol uti on,’

and L is the, length of,.the hybrid i airs...T. is_ reduced by about 19¢
for each I 9% ¥ Fttﬂf']?fba,ln{ ,Poﬁ}\&@ﬁfﬁ?ﬁ?ﬁ?ﬁ%‘?@eﬁ?ﬁﬁ ll&\lvash conditions@‘ .

can be adj ust&fblbRehdh defied ibfic seenENGRFpI HobRvalesdverdly dPinbéigntity. For
exanple, if sequences with >90% identity are sougzgt, the, Tm can be :
decreased 10@nditions can wilizesthybridigationcaddirtvashat hrie 3sen €€t lewer hape about 5C

| ower t the .t her . Jq oj.n ' .for . cifig.sequence and its
U conpl nen&’egfmg e%llnﬁgé&lngﬁli-"@’ @P ?%%%M&éﬁngf nbﬁtﬁ%ﬁq%g\?e Wi Fer el y :
stri‘ngent cohybridization edifortidshiaz 6, B 8)ghuri 10PC dwanthantié dierabihelingl, 2, 3, or

4C l'ower than . . o g
’ point (Tr); low stringency conditions can utilize a hybridization and/or wash at

11, 12, 13, 14, 15, or 20°C lower than the thermal melting point (Ty,). 'Using the
equation, hybridization and wash compositions, and desired T, those of ordinary
20  skill will understand that variations in the stringency of hybridization and/or
wasﬁ solutions are inherently described. If the desired degree of mismatching
results 111 a T of less than 45°C (aqueoﬁs solution) or 32°C (formamide
solution), it is pfefened to increase the =:SSC concentration so that a higher ()
, temperature can be used. An extensive guide to the hybridization of nucleic
25  acidsis found in Tijssen (1993). Generally, highly stringent hybridization and
wash conditions are selected to be about 5°C lower than the thermal nielting
point (Ty,) for the specific sequence at a defined jonic strength and pH.
An example of highly stringent wash conditions is 0.15 M NaCl at 72°C
for about 15 minutes. An exampie of stringent wash conditions is a 0.2X SSC
30  washat 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 ba.cﬁkggound probe signal. An example medium stringency wash

for a duplex of, e.g., more than 100 nucleotides, is X SSC at 45°C for 15
24



15 the thermal nelting poigh (T.); noderately stri ngl condi tions can
utilize a hybridization amg/or wash at 6, 7, 8, 9, OC |l ower than the

t her mal neMWopgp4/opishat (T.); | ow stringency condi ti ons carctibislob 7@ i6dne
hybri di zati on and/or wash at 11, 12, 13, 14, 15, or 20C | ower than the
thermal nelting point (Tm). Using the equation, hybridization and wash
conposi tions, and desired T, those of ordinary 20 skill wl| understand that

vari ations |m1mH€s A ¢xdgwhe pvottripganey wiestator o duples pbre.g. \iaete thal 180 ons are
|nherentlyd e m,S r ItS|naT
of |ess than %Sﬁjﬁseo éshgf%[t@g %ir fselggﬁ?e(gf E:Pﬁﬂ}%g@ rggesgggt’ g‘ﬁ‘;{

preferred toig f&S(ﬁﬂﬁ:ﬁ:ohh@s)%ﬁQl ﬂ@ﬁ‘ﬂiﬂo@b tﬂ:ﬁbaﬂ ilodde s%ltfbbﬁé'&hauérﬁ;ﬁperat ure
.can be used. An extensive to the hybri d| zation of nucleic 25 acids is

“found in Tij wtqu@@)ﬂl emallem;efewﬁnbm uisd. Pl tgbAMNYiondi zati on and wash

-cconditio r It|ng poi nt
(Tin)- foijt hémsc %gt{:a?? hi&s&ége&le%ﬁ%"ggpﬁﬁ a def ne di%ﬁf%ké}t%‘?&éggstt%aﬂi(}?

exanpl e of hiegdilapod BOPO gad bt 1eas b 6AIC fop Mg o&sxéglybl‘sla@hclabn%ap for about
15 minutes. An exanpl e of stringent wash conditions is a 0.2X SSC 30 wash at

65C for 15 nliggey C?%‘BBODSSB%‘I‘I%‘R@ %@@VRG%@MW addiiqneof destebtizigscri ption  of
SSC buffer). \%ts Sfeh & 13k Rk | !lﬂ‘g%?a"i G5 tSndll %ﬁ%@'zﬁ%@@%ﬂ%s”' hgency
i gnal . I'n

wash to reno grounc probe n exanp medi u ency wash
for a dupl extheh thaeolgservedboreant una¢latk0 Probedt thetpattizalar hgblidz4am @tay15C for 15 24
WD 2004/ 013355 PCTI US2003/,01688 tes exanpl e | ow stringency wash
for a dubf) exingfcategdefectionnfa sp a Eg%i P’G%F]G ‘JSstth dgwossc at 40C for 15

minutes. Fory Q%?@fz{e 1O ERRER e(r%n&rsﬁﬁ%%ﬂfcollﬁlt&ﬁs ﬁ@sﬂﬂ%{gﬁa‘?‘%@%ﬁ?%@gﬁ%{y ngent

nditions t l'y |nvo ve salt concentrations out 1.5 M
rére pref er atﬁﬂ;e;ntmnmﬂmtﬁibytencdd@r%ub&hnhdlyﬁe:ﬂmabe’ﬂhsatam efcar other salts):
at pH7.0to 3, andthet%% ature is. typical | east about 30C and

1
at least aboWReEbEPySf 2mgrlst §re dysing E‘%lué’i‘)f"? CECRERDY ngent

condi tions yma® hige galtieysgt. Wi th the addi ti on of destabili zi ng agents’
such as forram de P,n géneral, a signal to noise ratio of 2X (or higher)

than that observe‘ﬂery@mnaﬁntmn@hamﬂepﬂg@edtOrbEtﬁqgalptattM Culfera hybri di zation

~assay 10 indicat te tion CI fic br. Nycl ei ¢ acids that
G0 ooty bR iRk SRl of st eh R e b i ¥y oL s |
substanti al |dbm]ﬂ@ﬁ6ﬂtaﬁ?huclbfc acide uﬂﬁ@ilﬁv@%dr@ﬁanﬂb@&éoﬁ@!&%te@ﬁﬁesﬁilh%t antially -
identical. This occurs, e. a. cop a nucleic acid is created

usi ng the nesd qrﬁ}ﬁqré@a §ﬁu@§@é}qé\kg@3¢m blot is 5 % fonnarmde e.g., hybridization
in 50% formamide, 1 M NaCl, 1% SDS at 37°C, and a wash in 0.1X SSC at 60

20 to 65°C. Exemplary low stringency conditions include hybﬁdization with a
buffer solution of 30 to 35% formamide, 1M NaCl, 1% SDS (sodium dodecyl
Slﬂphate) at 37°C, and a wash in 1X to 2X SSC (20X SSC= 3.0 M NaCl/0.3 M
( | trisodium citrate) at 50 to 55°C. Exemplary moderate stringency conditions -
include hybridization ii_l 40 to 45% formamide, 1.0 M NaCl, 1% SDS at 37°C,
25 and awash in 0.5X to 1X SSC at 55 to 60°C.

By "variant” polypeptide is intended a polypeptide derived from the
native protein by deletion {also called “truncatlon”) 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

30 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
po]ymoxphism or from human manipulation. Methods for such manipulations

~ are generally known in the art.
25



permtted by the geneti ode. 15 Very stringent coggitions are selected to:
be equal to the T. for Pparticul ar probe. An exa of stringent

condi tions ization of conplenentary nucleic acj i ve nore’
t han 100 cy&?%%%{sgfy residues on a filter in a Souther ni)glrsm%brog/ﬁm?% bl ot -
is 50% formam de, e.g., hybridization in 50%formanide, | MNaC, 1% SDS at
37C,,and a wash in 0.1 X SSC at 60 20 to 65C. Exenplary |ow stringency
condi ti ons i ncl ud%bymi%%uwﬁeswmsmmmﬁy Bkl WhioB9whes 35% |

f or mani de, 1M NaCl, 1% sodi um dodecyl sul phate) at 37C, and a ‘wash in
1X to 2X SSCinchginessanozey ﬂmbﬁtaf@tlw, delggions, F rancaHont. and maerépmat 50 to 55C.

Exenpl ary no in 40 to 45%
For i ds, "3 I3} SlRISRRKARANLS Al REOUAT IR Fof B | 312, “B5
to 60C By " wminoaRid sqyatyiesntinie of theipolypeptbdtsaanbe pﬂ@mted@@ mgationgd ' f rom t he
native proteln by del eti on (also called "truncation") or_addition of one or

nmore amiho Hxibg % MF‘éh‘?@St @F%UF%PHQEHGPQ ﬂuée@@erﬁeﬂaqnce aHeIgHonsHES nat i ve
protein; de [ r nore.
sites in thel‘"ﬁg (rjd!n{ eéfyr% ﬁ%rQs st |l?ﬂ{eﬁg %@gbﬁ%aﬁglﬁ@ﬁno aci ds
at one or erSePa‘td:ﬁtG,\R) |4g87t3r1®2 ﬁéeﬂker@nqbﬁﬂiﬁar(wﬂ,)pmd\/the refafetcaygited esul ts from

for exanple, genetic. . polynorphism or fro mgn mni puI atio Met hods for
such mani pul 8redhsCuidaBeq s e ARPIOPIAE SHinq 36 ﬁ'ﬁJSHF‘Fwn% thapdo not 2004/ 013355

PCT/ US2003/ 0@,@% ug tnyQﬁeﬁ%'t gpltn stltu?bteq&lﬂ Veh i8Re1gry be altered in

vari ous ways am no aC| ions eI etions, truncations,
and insetdi omyhdﬁﬂémdd(swv&)r Gmxsbrvmwa qnhttﬂtﬁmssmhms@edmnginlgymknovm in the
;art. For exanple, .ani uenge variants of f{he_ pol ypeptides can be
prepared by ﬂlﬁ@ata%ﬁgﬂﬂsn?tﬁeﬁ%m%wﬁwm’g%aw Hf€nesis and nucl eotide _
sequence al teratipgs gf eegg indSRBHOsREGRS bf (G BvenkiBh iR Kunkel ()
(1985); Kunkel et al. 87); U S. ‘Patent . 4,873,192; Wal ker and Gaastra
(1983), and ﬂﬂemauuﬁflbfrmunfmg(ﬂeqm@sm@]asva@anﬁ&me hﬂ:emea’throprl ate amno
acid SUbStItUtIOﬂ§ do noi. affect ' % acti.vi té}fof t he protein of
i nterest mayPUYFBHALE oiibe fye ‘&‘éFH%P]Pi%? oimin toc‘é‘fmn% 8)® 2conservat i ve
subst i t uf4 ongejl f464tiationeHsd ROBIME THAR thaBbM SRk varidts RilBaithas thavi ng

.sim I ar properties, are CE)referred
E possess the desire activity. The deletions, 1nsert10ns and subst1tut1ons of the

polypeptide sequence encompassed herein are not expected to produce radical
changes in the characteristics of the polypeptide. However, when ﬁ is difficult to
_ predict the exact effect of the subsﬁtution, deletion, or insertion in advaﬁce of
20  doing so, one .skilled in the art will appreciate that the effect will be evaluated by
routine screening assays.
Individual substitutions deletions or additions that alter, add or delete a
single amino acid or' a small percentage of amino acids (typically Jess than 5%, | L‘_/‘)
more typically less than 1%) in an encoded sequence are “conservatively
25  modified variations,” where the alterations result in the substitution of an amino
acid with a chemically similar amino acid. Conservative substitution tables
| providing flinctidnally similar amirio acids are well known in the art. The
following five groups each contain amino acids that are conservative
substitutions for one another: Aliphatic: Glycine (G), Alanine (A}, Valine V),
30 Leucine (L), Isoleucine (I); Aromatic: Phenylalanine (F), Tyrosine (Y), |
Tryptophan (W); Sulfur-containing: Methioi:ljne (M), Cysteine (C); Basic:
Arginine (R), Lysine (K), Histidine (H); Acidic: Aspartic acid (D), Glutamic

acid (E), Asparagine (N), Glutamine (Q). In addition, individual substittions,
' 26 '



Thus, the:genes and nucl eghi de sequences of the invenimon include both (, )
the naturally occurring s@gences as well as vari ant ms. Li kew se, the 7
pol ypeptid ] .4 nvention enconpass both naturally occurrin roteins as
15 wel |- as%\a}aﬁoé@%gﬁs and nodified forms thereof. Such vaprq]a“?@g:\fﬂqﬁff“ _
continue to possess the desired activity. The deletions, insertions, and
substitutions of the polypeptide sequence enconpassed herein are not '
expected 10 PUOGMESrAAH6RS £3dd Or ddie G RAIRCASND 8LHGR a fnafl NE
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that alter, add ofpderl GrafisfofthMn® réfdis RO RAMsRE 0P MIBNIé a8l Cent age of

am no aci ds gypl cally less than 5% nore typically less than 1% in an
‘encoded skquiragmentrinto'the gerwmenf aduisicellorasulting ivgeneticalltstable , " . where t he

| terati It in,t £t uti f: ' id witl heni cal |
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each contain am no acids that are conservative substitutions for one
anot her: Al i ptrsforoed@uglsigecid Gpgmentasreselerag to agdittanggepir! pellsgand euci ne (L),

| sol i 1) A tic:. nyl al anj e E YRR OPH ;
sl tur - cont sPRENg SRR R e AER e s rfferredd A5 Rl gregtiaie PRy
Lysine (K), Hi stidlmaasfoimed’Aciratisducedd pardnbgende] thd BrconBindm@mieter t@ad  (E),

- Asparagine (N, GQutamne (Q. In addition, individual substitutions, 26 0O
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encoded sequence are al'so "conservative vari ati o The term
"transf or mat gemetallydheows it thd dreand @ diselosall in®ambedeki mdadiseell, Fffg.agnent i nto

t he genome of a_host. cell, resultj i enetically stable ., nheritance. A
"host cell --.$ge als Seltl‘i‘ét(lé?éi %@#quaﬁg‘péiﬁé‘é%%‘ﬁaﬁl Géléﬂﬁlml@ﬁf o
transtor gt 'Kﬁwvél?ﬁleﬁibd_@)&?ﬁékg_ ugmaa%%enaﬂiﬂit@@toe ds emE phiged S cont ai ning
the transformed nucleic aci ragments are referred to as-"transgenic"
cells, and pigen; msedgoimrs,singe speafic peiniars, degdmsrae primefscganed- t o as

~transgenic _s%%gi%g Ip%glseré, vector-specific primers, partially;r mismatched primers, and the

like. For example, "transformed," "transformant,” and "transgenic” cells have
been through the transformation procéss and contain a foreign gene integrated
- 20 into their chromosome. The term "untransformed" refers to normal cells that
have not been through the transformation process. ‘
A "ransgenic” organism is an organism having one or more cells that
' ( contain an expression vector. |
“Genetically altered cells” denotes cells which have been modified by the
25 introduction of recombinant or heterologous nucleic acids (e.g., one 01" more
. DNA constructs or their RNA counterparts) and further includes the progeny of
‘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 liﬁked. Wiﬂn
30 regard to polypeptides, the terin operably linked is intended to mean that the two
polypéptides 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
27 _ ‘



10 "Transformed", "trangiaced", "transgenic", and " onbi nant" refer-to a
host cell or organism i ™®® which a heterol ogous nuc‘c aci d nol ecul e has

been int rmggomﬁgs nucl eic acid nol ecul e can be st abl )ﬁdﬁ@%ﬁ&lg 6i nt o

t he genone (genera known in the art and are discl osed rook and
Russell, infra. See also Innis et al. (1995); and Gelfand (1995); and Innis
and Gelfand (1999). 15 Known nethods of PCR include, but are not |limted
to, methods pgbiBidaat DB tephidifiRlsS Fo@ghiit, RIDNAhcledil\ @l codimpeied fids€ pri mers,
“degenerate prinmers, gene- specific_prinmers, vector-specific prinmers,

partial |y m Belapenile iphgated o angthgr PHA mplegae epepdiggdhgseend ¢ r ansf or ned; "

"transf onnang ... " ol V) ;1%9 t sformatién -
process and B%IXP %ﬁ%""a&{‘g@g?%ﬁh%élﬁgﬁ{‘dn%g‘?’é@gﬁ&%gg?’zﬁ? %58 eiarﬂbg%‘%e('i)lfr%sone. The .
t erm " unt r angioducedie fudbepoidie Tiey DHA m6letiicd dretligated vecavhtothee &na hr ough t'he
transformation process. A "transgenic" gani smis _an org;ni sm havi ng one or

> 2 or
more cel |5 t9at' orienigtion sich tha, altep Heafiomothe iapslational Gameof Big engodedt er ed cel | s”
denotes cell | , ndif | ' [ ~
reconbi nant ?lyﬁ%’tq@regfs\gg%gg&%g%éiﬁég@#&éd%’é.ﬁgs. %ééfﬁgﬁg?géﬁ%bg% constructs
or their RNAgamepnterparts) and further includes the progeny of such cells

which retain part or al] of such genetic npdificatio The term "fusion

U n 1] " n
protein” is intenf8dsebhergiacthe framydeniveds or (qipscteddpy EpEsBEL 0 Ry pical |y from
different so : ' | j - to
pol ypepti desll,ﬁc?ﬁ%dte ‘g@%&%@@gﬁrﬁgﬁ {t%ﬁégje{:@g?%t %ér%%lgm te %Q?gsgﬁ@ét' | %t the two

pol ypept 1@esidantitytoaparticathr molauleardmserestuch t hat each pol ypepti de can serve
its intended fungtion., ngé)"ca Isy, the two 1801 épg{)t i des .are coval ently
attached through GEtSERCIRGHGETS torile FUPRICSHOR PHBRHSFXPESHPB S abl y produced

by standard G000 AaEHe SaRCHIISRARTANR RAC REatl gk DA { eohni ques(

For exanpl e, - nol ec ncoding the fir ol ypeptide is ligated to
anot her DNA sieheingerysrecediatgd thiveugharoredsep dhay pécti tomscramidn adlor esul t ant

hybrid DNA npl ecule is:-expressed in a host cell ,to. produce the fusion
protei . The D RBPeEStP et 2PePorR T oRd e diEr™; M%%e 5 1o 3
ori ent atjon shEdHifbak, pedb kBéncigdRbie Wheh BRNA Muisht HRMRLratsRFE{Fhe t hE
encoded pol ypeptides 1S not altered (i.e., the DNA nolecules are ligated to
- each ‘ot her imRRtA afre penecf inferest i @sequence-precificrmannss pia A igferfergnecect ed t 0"
Wt h res peCt(ﬁgrc_)a feview, see Brantl, 2002). In some embodiments, gene silencing may be
ok allele-specific. "Allele-specific” gene silencing refers to the specific silencing of
‘ one allele of a gene. | _ .
20 "Knock-down," "knock-down technology” refers to a technique of gene
| silericing in which the expression of a target gene is reduced as compared to the

gene expression prior to the introduction of the siRNA, which can lead to the

i
p—

inhibition of production of the target gene product. The term “reduced” is used . (

herein to indicate that fche target gene expression is lowered by 1-100%. F or |
25  example, the expression may be reduced by 10, 20, 30, 40, 50, 60, 70, 80, 90, 95,

or even 99%. Knock-down of gene expressidn 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,
30 trypanosomes, planaria, hydra, and several vertebrate species including the

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

RNA, please refer to Bass et al., 2001, Elbashir ef al., 2001 or Brantl 2002.
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nucl eoti de nol ecul e rreans”at t he nol ecul e has conpl ntary sequence 10
identity to a particul ar ecule of interest. "GCene | encing"™ refers to

t he suppr e®® ma4/0f338fene expression, e.g:, transgene, hetpemalRuRUIsEEne

and/ or endogenous gene expression. Cene silencing may be nedi-ated through
processes that'affect transcription and/or through processes that affect.
post-transcriptional mechanisns. |n sone 15 enbodi nents, gene silencing
occurs when si RNARNAinteriseenee( @ Ny isdba profeso pf sqquencempeeille, p9sgene of
interest in - oMol IV LAk < a review,
soe Brand, | 2080y O b RS B B B mbln ¥ ©

+al | el e- speci éiganisthélshiel &-Bipegiifincliengomies shhginnd ptantsefuel is bebievedeospeci fic
silencing of, one allele.of ,',Kno?k-dovvn, " "knock:down technol ogy"

ene. 20
‘refers to a PERRAVEHAR 6‘#"&%‘?@3 859, Bedriaton At tenseesopretiutthradsi on of a target
“gene is red r : [%e@q ' | 0t he .
I nt roductszaoﬁlcé ﬁaﬁﬁ%ﬁg%ﬁﬁﬁﬁﬁ% eaé?’;%?ltqﬁzﬁ@%ﬁ?ﬁgﬁdghggkbpr oduction of
the target gergetpRIdAoctith dnsequentseduencksspedificishibBied of ger® exipesssion. t o i ndi cate
that the target. ne expression js | owered - 100% . For _exanpl e, the
expression may b ?é‘ﬁ?ﬁ gﬁe@ipngopr Pﬂé’@tf’rf%‘?gb%ﬁ# 6’6?1%1584)1,%%@0, 95, or

even 99%  Knggielopifhootiganfat e BRI 1A #A0ieedl Kot0ed dhickhRgeize of

dsRNAs or si RNAs. For exanpl e, nterference (RNAI ), "™ which can involve
the use of sioRhAstrurdsre femred by dloecsiplétmentanylairgrg hetwéendwkdeginns ¢fn  expr essi on

of specific es jn.pl . | anogaster,..C. .elegans;, 30 tr INOSONES, -
pl anari a? h %maﬁ@lgemlsv@ﬁ%ﬂ? ggﬂ%lﬂ%% tP?}ET‘%’Cﬂ“ﬁS SEHEHBuse and

- zebrafish. Fgg d@pl@ﬁ)ﬁbﬁi@anftﬁemmqbeéihﬁleﬁleﬁfa%n@%qﬁck@ﬁa@ﬁhaé&e JRNAi , please
fiefer to Bass et at, 2001, Elbashir et  at, 2001 or Brantl "2002. 28 WO

004/ 013355 thewrrgsed g1 s®gs embrplpnents, dhe length o8 theriplex of s NAgispr ocess of
sequence- spegi fic transcripti l,. gene..silencing, L yhtd d by si RNA
RNAI is seeﬁlefsrfh? %@ﬁ%@?ct{éﬁs‘s’%rsé%ﬁi%d?g%ﬁs’% dﬂp%gocaﬁ})% gb’ ingg%zt odes, fungi
and plants, z9)dsjx,be]2xeedq 09, I13e17,M60k5,6d, 13) 12n11 ovi0@icléeidente,

modul ation of transposon activity, and 5 regulation of gene expression.
Duri ng RRAI , leagthno sorar eakoditagiits db lengihof the diplpstis ARNAS wrelgotidsi d quent

sequence- spagi fid. crh. DRkl ik QR . ' c Sl ering" or
hort it orpigh T THERNA Bl Ao OFOPLENIIER TuP P parfef ot WALBRCEL LT &
target ed to Ia agditienitotherdeplex pArtioRNAe duippiesstrctnef eascontain a loop ‘

portion positioned between the two sequences that form the duplex. The loop

_ can vary in length. In some embodiments the loop is 5, 6, 7,8,9,10,11,12 or
20 13 nucleotides in length. The hairpin structure can also coniain 3'or 5' overhang
portions. In some embodiments, the overhang is a 3 6r a 5'overhang 0, 1, 2, 3,
4 or 5 nucleotides in length. '
C  The siRNA can be encoded by a mucleic acid sequence, and the mucleic
acid sequence can also include a promoter. The nucleic acid sequence can also
25  include a polyadenylation signal. In some embodiments, the polyadenylation
 signal is a synthetic minimal polyadelylation signal.
: “Tréating” as used herein refers to ameliorating at least one symptom of,
curing and/or preventing the development of a disease or a condition.
“Neurodegenerative disease” and “neurodegenerative disorder” refer to both
30 hereditary and sporadic conditions that are characterized by nervous system
dysfunction, and which may be associated with atrophy of the affected central or
peﬁpheral nervous system structures, or loss of function withdut atrophy. |

Neurodegenerative diseases and disorders include but are not limited to
29 '



to the structure forned t he conpl enentary pairing between two regions of-
a 10 RNA nol ecul e. si is "targeted" to a gene i hat the nucl eoti de
sequence of: the -duplex portion of the siRNA is conplenentary to a nucl eotide
sequence oFO KBS get ed gene. In some enbodi ments, t he PLEHGRHP3E16388 e
duplex of siRNAs is |ess than 30 nucleotides. I'n sone enbodi nents, the
‘dupl ex can be 29, 28, 27, 26, 25, 24, 23, 22, 21, 20,19, 18, 17, 16, 15,
14, 13, 12, j [ Bt nﬁ,qﬁg nts, the

| engt h of théﬁﬁé&%@%{&é&?ﬁ%@l&%@%ﬁ%?ﬁ%ﬁ des %Sﬁ%‘%\%ﬁg&r e % dupl ex »
portion of tlateraliseietosisaspingd musculavtrepiyi Kpnnedyis disgass, dlzheimerigidi tion to the

dupl ex portiogn, t ai rpip structur.e y _contain | 00 portion positioned -
bet ween t he g\ﬁf?sg’gec?ﬁ@ﬁﬁ@ss 41]9??&?6’ P@Wlﬁﬁg%%’ﬁﬁ TR TR %can vary in '
length. | n spaRoRIERRGHEITRI iscabdiCe b0 @R ehsRs %so@ate&wi&i exPansiéhs g1, 12 or 20 13

nucl eotides in length. The hairprn structure can also.-contain 3' or 5
over hang 5 potinuclestide repeathauch appeliyshitarsine t(pelyQd) aeieahdiséasesa e, or a 5'

“overhang O, 2. .3, 44 or ucl eot | in.l t.h. o h LR be encoded
by a nucl ei CEIBEW%%@E‘??E%,(@E&P?R%‘% e@f"’%?t lagglgéqsééﬁghég‘b‘?ﬁ%&gg’so include - °
a pronoter. FOR7)¢pinal mddilthr SRAUNGACArPER (SBFM), &1 | ncl ude a pol yadenyl ati on
signal . In some enbodi nents, the pol yadenylation signal is a synthetic
i ni mal  pol ydenatgruirapgtideluypan ?ﬁﬂmYeé}Wg&l)- as used herein refers.to
aneliorating at |east one symptomof, curing and/or preventing the
devel opnent of a disease or a condition. "Neurodegenerative disease" and

- "neur odegener at i VH, di sNaéleic"Adi¢ Mslebrsledet the 3Rvditioadi t ary and sporadi ¢
conditions that are characterized by nervous system dysfunction, and whic
‘may be associ at edSHWIeds %pvﬁswweéﬁqwm@e%ﬁvw@ag therpressnt micleipegid pher al o

nervous syst ameahibyEiiebtaifidd dihgllﬁﬁe (f&&%}itgﬁaége{%@%mﬂ}r%%ﬁ Gited to 29 () |

Neurodegenera?% ve di seases an sorders 1 nc re.
WO 2004/ 0133&BuREIMIGR003/ 016886 al nyotrophi'c 1ateral sclerosis (ALS),

hereditary spasti em plegia, primary |ateral sclerogis, spinal nmuscul ar N
atrophy, Kennedy" és gﬁsg‘é%@é} OX?%E%F‘?PE‘F iyls?OIaFﬁ%?é‘Q@é P“@é?‘ﬁifﬁgeﬁﬂ;f’ ¥ i Qease, |
mul tipl §ssclgsagse fmﬁﬁéﬁ@%@awms B SPRNDCHORAGRERR A hiiGfll Seases, e.g.,

di seases assocl ate expansions of 5 trinucleotide repeats such as
pol ygl ut anmi neellfleoey@onnepk and Gomemsedatian with otheucamprgients' of tleh @fase (HD),

spi nocer ebel | af ot oyl (3CAT,, SCHZ. SR S seqSAL) el ond ol bir
and/or expressed. For example, “isolated nucleic acid” is DNA containing less
than 300, and more preferably less than 100 seqpential nucleotide bases that
20 comprise a DNA sequence that encodes a siRNA that forms a hairpin structure
' with a duplex 21 base pairs in length, or a variant thereof, that is complementary
or hybridizes to a sequence in a gene of interest and remains stably bound under B
stringént conditions as defined By methods well known in the art, e.g., in . ' : ( )
Sambrook and Russell, 2001 Thus, the RNA or DNA is "isolated" in that it is
25  free from at least one contaminating_nﬁcleic acid with which it is normally
associated in the natural source of the RNA oi DNA and is preferably
substantially free of any other mammalian RNA or DNA. The phrase "free ﬁ'om
at least one contanﬁnating source nucleic acid with which it is normally
associated” includes the case where the nucleic acid is reintroduced into the.
30  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 celll, eg.,in

a vector or plasmid.
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dent at or ubr opal | i dol uysi angat r ophy (DRPLA). 10 H. Nucjgsk c Acid Ml ecul es of
the I nvention Sources of eoti de sequences from wh the present nucleic
acid nol ecw@soos@issee obtained include any vertebrate, prgigf %3)( Q%Emal I an,
('} cellular source. As discussed above, the terns "isol ate anoP/lor
purified" refer toin vitro 15 isolation of.a nucleic acid, e.g., a DNA or
RNA nol-ecule fromits natural cellular environment, and from association

Wi t h ot her conponinidiitidn thladDNAl dequense eficodmgridRActhegiudezrachbl ypepti de, so

that it can be, sequenged, replicated and/ or expressed. For_ exanpl e,

"i sol at ed nu@%ﬁ%ﬂéerf]ﬁ‘e m‘éenmw@fﬂeéﬁomﬂﬁ&“ mieermsmghA ‘Hﬂlﬁc':‘iﬁ%e

preferably 'ﬁaﬁﬁ:h%?@ﬁﬁs&@&fﬁqg' iitt@ipfrgééﬁ:h%?rait «tQRges that 20 conprise a DNA
a

sequence that encodes a sI RNA 't orms a hairpgin structure wth a duplex
21 base pairs in Asmgtdherein, the veami ‘aedonthiiemeofcleit haid”,ie. £yequindrimmt ary  or

. hybridizes t sequence in a.gene of interest and r i ns. stably bound
u%der .stfi'i négﬁ\ se‘@gﬁlaqetqré?gn%{g’g{pg?rﬁ g%@jn%‘éelﬁﬁflﬂo"ci%ﬁﬂeﬁﬁkﬁ%%sﬁﬁf he art,
e.g., in SaghreQlr ftidesshy agiBriatd Beftat BB MAniQhay WA 15 "isol ated” in

that it is 25 free fromat |eaSt ‘one contami nating nucleic acid w th which
it is nornal $upsequesiy chamdchllyralteed inavitor, ab thed its seueicetinpotRfuirgly DNA and i s

ferabl bstantially f f t her | | RNA DNA. The ph
Pfree from S Pr GEESRUNE I PHURLY SoCBIPe SSMERGR A B W h whi ch 1t T8
normal |y asgQed @kqutﬂegwoudﬁseﬁ&ﬁi&@aﬁl Glofnd WE R HE] Rite@rci d 1S |

I N

reintroduce to the 30 source _or natural cell but is in a different
chronosdithl trasirined vath gxegendys DA Anfaxamplsd ipyeselactcd DN A ddativeduences not

normal ly foupd in the so L, e. g ,.p. .avector or plasmd 30 0 WO
20041015355 PERAOLIBT OB e T eidis el's iR Ao BBl ng 2
| RNA,  t he nwithi@iaCxivel dtgartirth efidl wisiclofs thétechemi@dlllyisithedigddud essdadilye- st randed -
interfering RNA nol ecules, A which are also useful to inhibit expression of a
target gene.pPyssfargedimerasiple of smeh N i "splagesribionbasovecyerld bgeivgeful e g,
"reconbi nant ’ g ' id, e.g., to
. DNA, that ha%Nge%ﬁ&%gﬁﬁg%Cd& S%Ecll gg ate dﬁogimﬁg(?\?hgcpegw%%%agmgés?ul ar :
sour ce, Ishate gplyy the uss obestmiction bydonineleases|sbythalittoan &d fantheri tro, so that its

sequence is not, natyrall . . L
_ que manipu ateH, eg., mehﬁed, for use in the invention, by the methodology of

[ty

genetic engineering. .
~ Thus, recovery or isolation of a given fragment of DNA from a
restrictioh digest can employ separation of the digest on polyacrylamide or
20  agarose gel by electrophoresis, identification.of the fragment of interest by
comi)arison of its mobility versus that of marker DNA fragments of known
moleculér weight, removal of the gel section containing the desired fragment,
Q and separation of the gel from DNA. See Lawn et al. (1981), and Goeddel ez al.
(1980). Therefore, "récombinant DNA" includes completely synthetic DNA.
25  sequences, semi-synthetic DNA sequences, DNA sequences isolated from
biological sources, and DNA sequences derived from RNA, as well as mixtures
thereof. _
Nucleic acid molecules having base pair substitutiOﬁS (i.e., varidnts) are
prepared by a variety of methods known in the art. These methods include, but
30  are not limited to, isolation from a natural source (in the case of naturally
occurﬁng sequence varjants) or preparation by oligonucleotide-mediated (or
site-directed) mutdgenesis, PCR mutagenesis, and cassette mutagenesis of an

earlier prepared variant or a non-variant version of the nucleic acid molecule.
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occurring, or correspon o naturally occurring se nces that are nof - :
positioned as they woul positioned in a genone ch has not been 10
transf orne enous DNA. An exanpl e of presel ected DNA "de

froma sou(rj%vyzto\/\é&?%qbe a DNA sequence that is identifi edpgg%zﬁf%’ﬁiﬁs“
fragment w thin a given organism and which is then chem cal |l y synt hesi zed
in essentially pure form An exanple of such DNA "isol ated” froma source

woul d be a useful %%uéfe %dfa%tmﬁt&eﬁés%1§%‘§né%ﬁodﬁ>?8¥er°?‘§nﬁ%om sai d- source

by chem cal neans, y the use of restriction endontcl eases, so
that it can tmb‘sutumdlevamats; ﬁﬂnisabde@@Luovanplﬂlﬂreaﬁ ddsoribedstey i n t.he

i nventi on; e met ho etlc engiheeri. Th ecqvery or

i sol ati on of ‘% GREF 4y ﬂgh&%%?ﬂ ‘?‘PBﬂfiﬁn E@t%?gﬁ%%eﬁ& h empl oy .
separation th%ﬁﬁxzﬁig%%hg@ﬂucﬂaiﬁfﬁ%%ﬁ% tﬂ@déﬁred%gltﬁﬂﬁf BsooNal by |

el ectrophoresi's, identification-of the Tragnent of interest by conparison of

its mobil bty tempbtﬁsW&lhmthetemrdatﬂmmamgkfsagmdﬁdtfmbfkpmd ol ecul ar wei ght ,
renoval of t el ,section. containi esired fragme and separation
of The ool f HORBRIAEG sl R bE Ll Ve R Sed BRET A " 07550
Therefore, " f}%ﬁﬂﬁhﬁ‘tﬁﬂhE@U\l&\polﬂﬂérb@%u@ﬁm@é}@lﬂfésite%ﬁ@hﬁ%tsle@oﬂaNA 25 sequences,
sem -synt heti ¢ DNA sequences, DNA sequences isolated from biol ogical

sources, and mlmméwdﬁthvwmla o faknil] thasingetporadethei xt ures t her eof .

Nucleic acid riants) are
prepared by é”\gg?u E?O%agpgﬂ’éaf %g%?ﬁnggéfofﬁl%{% eagflrll ft&?ﬁ%rggﬁ}}%flﬁ%ﬁlg I ncl ude,
but 30 gpe nreid énbéﬂ]ﬁgdim G&ﬁéraﬂy,(vngéﬁmlﬁ)ﬁdéb&iﬂaf mastsz@mﬁEoﬁﬂéh inhe case of
natural |y occurring sequence variants) preggr ation

ol i gonucl eot ilengthigiused dAp eptima} legoawlemdemﬂ tealyetecls @lclqneﬂemﬁhﬂfagenesu s,
and cassette LERAN variant | .
version of ¢ A HOAEY SribledBhndR el RhGaR e S84 00be BhPoRB09370' 555 |
d i gonucl eot icddingdsti thé ﬁﬂltamhagémseaisﬁres ﬂmaaﬂlaehgmﬂxcfeetld@mﬂbhybﬂtﬁzﬁ ubstitution -
variants. This techni ue i s kno n the ar es Adel man et al .
(1983) . Bri efrgperlyiR .Seng&%ﬁta@élﬁ@ S0 fpraplale CE]§n e 03 gp@ﬂ%@t
hybr.idi ziygg Rhdi gf’%}ﬂﬁ:l kd EE&HH B&n fiE Rk 5@%11% de DNA 5
t enpl at e, §vvh%irJe (L e?%te |§151§t he si ngklrne st ran(?g%u?gr SE:ﬁ'll‘)éaﬁsm d or
bacteri ophagby@w&@mﬂl(ﬂ@m)he unal tered or native gene sequence Af t er
The DNA témplate can be generated by those vectors that are either
derived from bacteriophage M13 vectors (the commercially available M13mp18
~ and M13mp19 vectors are suitable), or those vectors that contain a
20  single-stranded phage origin of replication as described by Viera ef al. (1987).
Thus, the DNA that is to be mutated may be inserted into one of these vectors to
generate single-stranded template. Production of the single-stranded template is

described in Chapter 3 of Sambrook and Russell, 2001. Alternatively, (-._g_)

single-stranded DNA template maj’ be generated by denaturing double-stranded '
25  plasmid (or other) DNA using standard techniques. ‘

For alteration of the native DNA sequence (to generate amino acid

sequence veriants, for exaﬁlple), the oligonucleotide is hybridized to the

single-stranded template under suitable hybridization conditions. A DNA

polymerizing enzyme, usually the Klenow fragment of DNA polymerase I, is
30  then added to synthesize the complementary strand of the template using the

oligonucleotide as a pnmer for synthesis. A heterodupleéx molecule is thus

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

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



‘bact er i ophagediplabeladyigh 32-p
vectors age St@bRA, e hiRE HAG! @rtﬁegtlg@b%cgé}fﬁgbeglﬁ 9‘6 ggg&%&atét randed

hybri di zation, a DNA pol y ase is used to synthesi z' entire second
conpl enentary strand of t ‘tenplate that will thus i orporate the

ol i gonucl ewto zo4praszser, and will code for the sel ected alpcanabie¥nikggst he
nucl ei ¢ 10 "aci d encodi ng si RNA. Cenerally, oligonucleotides of at |east 25
nucl eotides in length are used. An optimal oligonucleotide will have 12 to-

15 nucl eotides that are conpl etelé@;:or_rpl enentary to the tenplate on either
side of the thedidodt Theskeferodundpngoleaile istbernimansforoed ithpsuidedehest t hat t he

ol i gonucl eot i ' | di r). t bngl-e- stranded DNA tenplate
- ol ecul e. Thgggfl%alcl)lkt?@é g%%?%gu%gs%?goé ?‘é‘g?}yﬂgﬁﬁ?’ gglfsz%% gﬁ)sv?nﬁgh?eqhni gues
-known i n t hea@mplatediedto agarobeplaide and scheded ﬁsin%ﬂ@iigbn@leotiﬁégﬂ&br The DNA
a

tenpl ate can be generated bi; those vectors that_ are either derived from

pphats deridentify|the basiexial gelpmesibatepntain thed' M 3np19

phage origin of replication as. cribe Thus, t he
DNA that is teatdiggenstallyen axpyestien versarof dut tiypd typivaly efpldyed éorvect ors to
generate si n?‘_l e-stragndeqd tenpl at-e.. Production of the single-stranded

tenplate is ¥Insfymatipn QEeR RRPTONIANR B9St3 of Sanbrook and Russel |, 2001.
Al ternatively, ( nglies : e : ed by
vl s shipuin e gt e

denat uring doubl e-stra g standard
t echni ques. Kkemoduplexrmoleanle of crédied whiremédoiNArandgofthe plabtndd cperten dice am no

acid sequence vari.antsg, for..exanple), e oljgonugleotide i's hybridized to
t he si.n& e- TPfat AR "E@Y‘?ﬁf‘%f{‘ﬁcq}'ﬁgg?m?ﬁﬁ[ Eﬂsé%ﬁﬂg %Pflﬁﬁ conditions. A DNA

" pol yneri zi ngolf'gaaweoﬁéﬁgaiﬂéaefdh@tﬂélsﬁ{g@é%&aﬁﬁmr%a% ?%cﬁséa/m%%ase I, is 30

then added to synthesize the caonpl ementary stra the tenplate using the
| i gonucl eot Adextse af thréerdeoxyrronyginetidss,idsox yitvedenosie gdAXPhol ecul e i s thus

f or med h that . tr the r d. f f, t.he DNA, and-:
Lhe ot hor ot j Rt T Yae A R RS ol G P Py iy erod
sequence of BrRoAMNOIABILXIBSEoshedallRPAOBP- HBq8Mich dag bPNBtainkd Fom

het er odupl ex nol ecule is then transformed into a suitable host cell, usually

~a prokarlfot ethe dsershanrCorperatiophBiis magtukeris adideddethes are grown, they are

Tadi of abel ed U e S ERLESADRIE AR HPIPRIUNR o BAMBSERES Tha™

contai n the mixture, a strand of DNA identical to the template except for the mutated bases
| is generated. In addition, this new strand of DN'A.wiII contain dCTP-(*S)
instead of dCTP, which serves to protect it from restriétion endonuclease
| 20 | digestion. |
After the template strand of the double-stranded heteroduplex is nicked
with an appropriate restriction enzyme, the template strand can be digested with - '
' (J Exolll nuclease or another appropriate nuclease past the region that 6§11tains the
site(s) to be mutagenized. The reaction is then stopped to leave a molecule that
25 | is only partially single-stranded. A complete double-stranded DNA homoduplex
~ is then formed using DNA polymerase in the presence of all four
‘dcoxyﬁbom-lcleotide triphosphates, ATP, and DNA ligase. This homoduplex

molecule can thén be transformed into a suitable host bell such as E. coli IM101.

30. III.  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 | |



5 nmutated DNA. . The nut d region is then renoved d placed in an ;
appropriate vector, ge ally an expression vecto the type typically
enpl oyed for transformati on of an appropriate host. The nethod descri bed

i mredi at el YO2860H338y be nodified such that a honodupl eXGHIBEF U486
created wherein both strands of the plasmd contain the 10 nutations(s).
‘The nodifications are as follows: The single-stranded oligonucleotide is
anneal éd to j : ' Yiflced m xture of

t hree deoxyr%Egﬁg@%%ﬁ%gfs@%gggﬁ%%%gﬁ%g?ﬁg%(agﬂé%l?@geoxyiﬁboguanosi ne
(dGTP), and dentxglrsefpanognihdi premOETEePyx présionafithesdombinhnt RNAgeedentd

t hi odeoxyri bocyt osi ne cal Isgod - (*S) (whi'ch can be obtained from 15 the

dCTP- (
Amer sham Cor pd IP%W}"MW medetlle is added to the ; _
tenpl at e- ol i gonucleediiderieodtdor ekiteRididdidette asafsedPhbeROmEiRIASe to this .
m xture, a strand of DNA identical to the tenplate except for the nmutated
bases i s5gemnettat excasiatteducliding nucltiniasidisequentcesameimaf lepiiawaidifferemnt ai n

dCTP-(*S) instead of dCTP,.whi.ch serv t rotect .it fromyrestriction
endonucl ease PG G ‘&@éﬂsia&?ﬂdeﬁﬁ wf S‘?%@”@gﬁ?ﬁ? glegga’g}ers_gﬁ(aésoq‘attlﬁ Bl e- st randed
het er odupl ex zt@cRitcdif @ mMrePhandARRbORIChAINGhE esdtiviet bi @ld 8} Tehe t he tenpl ate
strand can be digested with C Exolll nuclease or another "appropriate

nucl ease pastpeds. regi on that contains the site(s) to be nutageni zed. The

reaction is then stopped to |eave | ecul e t.h 25 is only partially
si ngl e- stranded. Z\S%%g%?%trﬁco%ﬁ%ﬁné-ﬁﬁ%eﬁgg ebk%&%ﬁ%}?{%g% W)%npt}loé"p_‘flﬂ%n f or med
usi ng DN@ODOEW%_egﬁ@e,idi poktong tiesesicep@fion bf thk@edomisitax YN A aydleeot i de

tri phosphat es, . and DNA |igase. This honmodupl ex nolecul e can then be
transforned vnr@saribed, saming atsgelatsy or asgipietmal fnctiom oy guample,3be M :

Expressi on Cagaghliass Biv A Dy 4OUPRLObeitops B0ATE, X PEeRLANIGRRER! oS, the ()
reconbi nant L sequence or - “Segnent ‘nay be cifcular or Iinear, _
doubl e- st r andeshapitilze\gpeonsdtéradiaady prefsnn i thk ldynorhb thabiAhs equence or  segment

is in the formaof chimeric DNA such 33 WO 2004/ 013355 PCT/ US2003/ 016886 as
plasm d DNA §RnsiommRationtangaiaSuch Rromalers dueds the (Y mgomelgr.aazelliaatieed by

cont:r ol qu Svid ' COMR DNA present
in the rzgul fﬁgﬁ;teﬁ? ]tfdgﬁésr’f %’Yﬁggﬁf%ﬁopﬁtei)éﬁ%ﬁ?m“ cﬁl\}gegts%é Feor e&%?géstsi on :
-cassette, asclesedts)aitbough memnether promoter elements well known to the art, such

as tissue specific promoters or regulatable pfomoteré may be employed in the
practice-of the invention. | | '
Other elements functional in the host cells, such as introns, enhancers,
20 polyadenyiaﬁon sequences and the like, may éls:o be a part of the recombinant
DNA. Such elements may or may not be necessary for the function of the DNA,
‘but may provide improved expression of the DNA by affecting transcription,
stability of the siRNA, or the like. Such elements may be included in the DNA : ()
as desired to obtain the optimal performance of the siRNA in the cell. o
25 Control sequeﬁces are DNA secjuences necessary for the expression of an
operably linked coding sequence in a particuiar host organism. The control
sequences that are suitable for prokaryotic cells, for exampie, include a |
promoter, and optionally an operator sequence, and a ribosome binding site.
Fukaryotic cells afe known to utilize promoters, polyadenylation signals, and
30  enhancers. _ _ |
o Operably Jinked micleic acids are mucleic acids placed in a functional
relationship with another mucleic 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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5 vector or cassette incl ng nucleic acid sequ'ences* omat |east two
different species, or.has nucl ei ¢ acid sequence fr t he sane species
that is |iwkedopsi133ssssoci ated in a manner that does not @¢gLrs20d3/otddes
"native" or wild type of the species. Aside fromreconbi nant DNA sequences
that serve as transcription units 10 for a peptide, or portions thereof, a
portion of the reconbinant, DNA may be  untranscribed, serving a regulatory
or a struct UhapequgRes;iobA rbpermehindipe site 1 pperablydiodad famtodDrrseABsncet sel f have
a pronoter t.hat._js.: Ve mal | I Ofi« 'lkii% r onot er

-al r eady preslgﬁtls ??\Sltaﬁ%édgsgr?g@rr% t a?é#r%ﬂ;}a%@h vt%reg%rg?%%{a%)n a%%tr‘& Such
.pronot er s i nelpuhecs he DINN spquentdsehat asslinket larasntipendsd Hé@éver onot er, SV40l ate
pronoter and retroviral LTRs (long termpal repeat  elenents), although many
-ot her pr onot<RaReEHEH nat hiue fo g‘f%‘sﬂrgié‘?&l,s a%‘i?é‘l‘i’hsgﬁx lgaiendhecifi c
.pronoterg or B8R St }{gﬁé S gtr%% W o jne practice -of.the
inventio%. &Ohggﬂ% enent sd}{ unctl?(%?\ca |?19t Re E)Sg’t c%*rP}é%ﬂ such as introns,
enhancers, digopatlyatiieraghpiorson hiakemertomed anatcoddevikh kenvemionabpractidee a part of

t he reconbi nant . Such el nts mayqr )0t necessary. for the
function of the CRREecBHPEPITR oY el Apa b 5 BauP GG SHEE DA by
affecting t&gﬁgﬁe‘éﬁbﬂ% me%cmggﬁméé&é rtéf géﬁé%r%{ﬂ\!ﬁgfa&ﬁtaEJ'iﬁeﬂtiH&@tionSHﬂh el ements

maybe inclu [

in the esired to obtain the optimal performance of
t he si RNA i rselebiéorcef transBEmEd wellsdioms drpumpuoletion pEodliNsosgiy i es necessary for

t he expreession of an - operabl.y.linked codi seguence jn a.particul ar host
organi s Tﬁ@f‘ﬁf‘?ﬁ??@'l Intgtﬁgueé%%ggn?ﬁsa?heaﬁcga.cgag}etra%#g ’?’E’)Y'i’?)?%? Metic cells,
for exanpl _e’sgéd?ﬁtlelﬂ&:e%fMR@ﬁd@sfedi@ﬁ@o-@d@hé@ﬂﬁétioﬁlﬁ\ﬂcéaﬁfé[Qﬁdﬂﬁ 'sequence, and a
;{.bosorre binding Site. Eukaryotic cells are known to utilize pronoters,

ol yadeny| atseleptablegnarikers and serguercgrmanwey be flapkadawifly appreniate nucl ei ¢ acids are

nucl ei ¢ aci ds_pl.aced |j uncidonal .re I pnshisy it ot.her nucleic acid
Coquence. . Foreaifeabtls o Qb 8RR esifrtaThe BT BB, Wiy seldige QuP eLe &
codi ng- sequeneRerk kird noafif iaGhsart i1kl intlaos Foi @laiple, @htiBdtiOredta004/ 013355 '

PCT/ US2003/ 016886 _the sequence; or a ribosone binding site is operably.
li nked & a g2eers srhasdgaaedthedikes s positioned so as to facilitate

transl ation. Gen%{é’f_-,'()hé’p ge‘ﬂQ?EI%tﬁEéﬁ foli_' m%ﬁﬁfy%otellﬁglly transformed cells and

fof evaluating the functionality of regulatdry éeque;lces. Reporter genes that
"encdde for easily assayable proteins are well known in the art. In general, a
reporter gene is a gene that is not present in or expressed by the recipient
20  organism or ﬁssue and that encodes a protein whose expression is manifested by
| some easily detectéble property, e.g., enzyiatic activity. For example, reporter
genes include the chioramphenicoi acetyl transferase gene (cat) from Tn9 of £.
( coli and the luciferase gene from firefly Photinus pyralis. Expression of the
. reporier gene is assayéd at 2 suitable time after the DNA has been introduced
25  into the recipient cells.
| The general methods for constructing recombinant DNA that can
transform targe'}t 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
36 methods of construction.
The recombinant DNA can be readily introducéd into the host ceils, eg.,
mammalian, bacterial; yeast or iﬁsect cells by transfection with an expression

vector composed of DNA encoding the siRNA by any procedure useful for the
| 35



sequences are DNA séque s that are linked are c,onwuous'. However, + .
enhancers do not have t e contiguous. Linking is onplished by ligation

at 5 converyghpsfiesEi ction sites. If such sites do not eﬁ({’ﬁ“ﬁ@h@@ﬁ??’mt hetic-

ol i gonucl eoti de adaptors or linkers are used in uaccord wi onal
practice. The.reconbinant DNA to be introduced into the cells may contain
either a selectable marker gene or a reporter gene or both to facilitate

i denti fi cat i pfrodidionSeloaCsdrgdle cell ron SHosEIbromlbgicil nathddictonpadlat i on of
cells sought to be 10 transforned. In _other enbodi nents, the_s_el ect abl e

mar ker may becadldiavingdfhe FecambiapblP Midestshly Siemptedigto #h genggisor gxisting as
co-transfor . r re. : orter. genes
may be flan E%#l\%ﬂ?fﬁ eg%lg%g,psﬁitgggﬁé?géﬁgﬁg%g&?éga%gélclfcgé3{%@@5%% e expression .

in the host i@etdtion dus efprbssadbpethcdbbtcelinBrdfanblyathe DWW introdided imot | and

I ncl ude, for exanple, antibi otic‘-reﬁi_stance 1% enes, such -as neo and the
li ke. Repor thast grilsaga avectom ckhehgpt Gelldmprefayably o @ﬁ‘éﬁ["ﬂﬁpﬂﬁ% e&nsfornmed cells:
and for ev t] IF [ ' f es. Reporter
Gones. that . DAyl HOR! VBRRL! bkl sl R BB S T the art .
I n general , eukaryetiobtigin igeyass e anpleged.t hat is not present in or expressed

by the recipient 20 organi smor, tissue and that _encodes a pr.otei n whose

expression is manibE i Sfé‘dﬂ@@&%?l}’?sg‘@?t@‘zp @‘t‘bﬁgﬁﬁﬁeb;m@‘?‘g’. o

enzymati c acti . - : t he chl or anpheni col
y éahé{\hﬁéhaé;@éte‘(i&gggﬁkaﬁxpn, BRAERh, p9&iE Bo ?&gﬁgﬁf np

acetyl transferas omTn9 of 'E. C coli[1 he luciferase gene
from fi néf | ymkhaihjentiep ghictraporition; asdthedikel Bidlegical epatiidds to fgrvduces assayed at
a suitable tj ter the DNA_has fheen inirodu 251 t reci pi ent
cells. The gtémo %8%5%“@8#10%&‘?@9?%&4‘?%@“*%5%% _ lr%at can .
transform t argehs e SarRinglideidic MREMWY, bOddBPRA Heldibehfly, liPistdagirald . and the ().
sanme conpositions and nethods of construction may be utilized to produce

the DNA useabube treeficient moeansenfanneitig Sop igeurkingnidie Rost gehdme Yirdli a, provi des
sui tabl e 30 net hods,of copstructi.on. The reconbi nant n be readily ,
i ntroduced i¥GT ﬁ’_éd ﬁ%’?flaﬁ%ﬁt?ﬁr f‘&cﬁm’ﬁﬁﬁ%cwﬁ?ﬁwgﬂéﬁgﬁ,“ﬁast or insect
cel I s by st r 3psthes fdr aserirg eads RtNheSEialin, \6HugianGed 0ofer ¢fralDNA encodi ng

t he si RNA by any procedure useful for the 35 WD 2004/013355

PCTI US2003/ 0/ee@soean; herdeged frpmmoxwireses, hemes siennley views| ) adesoyiruseppydi cal or
bi ot ogi cal %%Irl]oqgsssoci%%d%rﬁé& hd the like, See, for e;i’ample, U.S. Patent Nos. : '.
| 5,350,674 and 5,585,362. | |
7 As discussed above, a “transfected”, “transformed’ or “transduced” host
20 cell or cell line is one in which the genome has been altered or augnented by the
presence of at least one heterologous or recombinant nucleic acid sequence. The
host cells of the present invention are typically produced by transfection with a i
DNA sequence in a i)lasmid expression vector, a viral expression vector, or as an ' (J :
isolated linear DNA sequence. The transfected DNA can bécome a
25  chromosomally integrated recombinant DNA sequence, which is composed of
sequence encoding the siRNA. |
“To confirm the presénce 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 -
30  Southem 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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cel | havi’n'g t he reconbi na DNA stably integrated intgts genone or
existing as a episomal e nt, so that the DNA nol eCll es, or sequences of
t he presenyyo Joov®Bsison are expressed by the host cell. Ppefrarsaibwisstde DNA
is introduced into 5 host cells via a vector. The host cell is preferably of
-eukaryotic origin, e.g., plant, manmalian, insect, yeast or fungal sources,
but- host cells of npon- eukaryotic origin al so be enpl oyed. Physi cal

met hods to i ntroddcxdeieda @W@éﬁﬂéﬁwrpﬁ%%@%gﬁo wred regoEnbigt cal ci um
h hat iR Lo, ptirp@f ' ialfs | . : )
phosphat e pr ¢4iRistahkMS, RTPRR! ﬁ%gﬁgn?lﬁgé&.!Rtﬁls%P%EP%ﬁQHEFPCR%ﬁés < o

-m croi njection, electroporation, l'ike. gl cal ne
_introduce t Hestbiidessarytoreesstiraistribe R Nvb atto O A, usingl endeneschise of DNA and

RNA viral vectors. For .mamalijan gene.therapy, as descrjhed herei nbel ow, .it
-i s -desi r abl ef?veistFanSF%pqaﬁ?e“ﬁfrﬁ@? gﬁl‘%}?@ﬁ e}_‘ﬁ%ﬁq OB‘fenﬂPFéa_gﬁ)%@C@?&‘ﬂfﬁy gene into
.the host gengpBifMHeADNKE Gh RloSt indRfes PRRClcalkdiduds ShRiMideall, WBGIRT S, have

becone the nost wi del Msed 15 nethod for insSerting genes into mammali an,
e.g., human dembsastrate insegrisy obihe RiNA producic divrther idforinetioh shambrfheaatrire uses, -

P L koo BB S B e

di scussed ab@¥@ondratés thopiesiice 8f an RNMARRERE BRI ZiveY infdrhmnss MRl thehost 20

cell or cell line is one in which the genone has been altered or augnented
by the preséntegityfoffhat RéHst Threresracesttogeeoion RN sprasiesaar alsabdeei ¢ aci d
sequence

The . host | | < nt_ 4.pventi.on are typically produced b
t ransf ec%?on%\?\ﬁe{_{ﬂmgd %ggéqrtfl(’g?(la&ﬁ\go ae%qlgg%%azag%r eggeﬁ%%g%%?eg ’reDa viral Y
expr essi on Vetddficatiohs 8SNartherh blottaigemdlonReddimdddats BaRBSRce JFubsticansf ected.
DNA can becone a_25 chronosonal |y integrated reconbi nant DNA sequence, which
i(s conposed 6f an BBy arfcEsencodi ng the si RNA. To confi rmthe presence of the
reconbi nant DNA s | . ' ' be
performed. Such aﬁ%@g&%ﬁh@&:&g@%g}%%@%ﬁ%ﬁ{o?g{ﬁog{heﬁ% oglllagg%/" assays
wel I known t DNAesgmaft isfidstion, thdyhi rat providicif@amation Sotetviestierdizd Nor t hern

blotting, RT-PCR ang PCR; "bi ochem cal” asseiys, such as detecting the
presenceii)r arsselneted SIN4 segment s hels syppsside Expression may begvalwaied§vcal means

(ELI SAs and Weslselly MR Oe PoaRspydudiesant BRdalakabtomtiaki 45041 1y agent s

falling wthi cope o tron.. _
: sequences of evaluating the phenotypic changes brought about by the expression

of the introduced recombinant DNA segment in the host cell. -
_ The instant invention provides a cell exp;ession system for expressing:
20 exogenc;us nucleic acid material in a mammalian recipient. The expression
system, also referred to asa " genetically modified cell”, éomprises a cell and an
expression vector for expressing the exogenous nucleic acid rﬁéterial. The
Q genetically modified cells are suitable for administration to 2 mammalian .
recipient, where they rgplace the endogenous cells of the recipient. Thus, the
25  preferred genetically modified cells are non-immortalized and are non-
tumorigenic. | '
' According to one embodiment, the cells are'transfonﬁed or otherwise
genetically modiﬁed ex vivo. The cells are isolated from a2 mammal (preferably
a human), transformed (i.e., transduced or transfected in vitro) with a vector for
30 expressing a heterologous {e.g., recombinant) gene encoding the therapentic
agent; and then administered to a mamimalian recipieﬁt for delivery of the

therapeutic agent in situ. The mammalian recipient may be a human and the
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WO 2004/ 013355 PCT/ US2 016886 To detect and qu Itate RNA produced from
I nt roduced reconbi nant segnents, RT-PCR may be | oyed. I n this
application of PCR__it is first necessary to reverse transcribe RNA into
DNA, usi ngv@AWHEPSSuch as reverse transcriptase, and t ReHUBHIO3IY#H3¢ he use
of conventional PCR techniques 5 anplify the DNA. In nost instances PCR

t echni ques, while useful, will not denonstrate integrity of the RNA

br oduct . - Fur Lligty b bRIGRLL0abRbud (s UihceiRlurd 81 gluct Ty be

. d
~obt ai ned by ern blotting. Ths techni'qu enonstrates e presence of

an RNA speci esmamaliagrecsentnf or mati on about the integrity of that RNA The
presence or absence of. an speci es can_ al be 10 .det er m ned uUsing dot or
sl ot bl ot Norther CF%IPE&?%ﬁ%@%ﬁﬁ@%%&ﬁﬁi%@@%@eﬁ%a TW%fi ons of -
Nor t her n bl op4jchgaiRiHo@abY #AGIRhE BUR foRSHRIEHANSGAEcBRACREE  OF an RNA
species. WifTe So%?r}g?n bl igtti ng and PCR may he use t(gﬁ%gt ect the

reconbi nant trikddussdgpmdnansiected| iregve with atveetpr dantainingprogémes nufleic aeidi on as to
whet her the 15 presel ected segnment . i s bei expressed. . .Expressi on may be
bval vat ed by maiabRr EREPPE LD POy STl BB IR ¢ ho -
i ntroduced r&%%?@ﬁﬁ%n%th@&ﬁ%@ﬁ&%@ht@d@ﬁ%&d:!?&iz‘u.he phenot ypi ¢ changes

brought about t he "expression “of the introduced reconbi nant DNA segnment
in the host cel | .A¥hsedihestimiexogenons iupleip aod intibgiall' refird tomapickdsaad syst em

for expressing 20 ex ous.nucleic acid material in a | i an recipient.
The expr essi %"ga“‘ﬁiggf"é OﬁFsﬂﬂﬁéPMW Tﬁﬂfgcaw{"ﬁgﬁémt&ﬁwmm‘fﬁned cell",
conpriseg) a gRlckifBeifaNis nSRRIRSBLANINEE Lals, i(‘jsex?qcﬁgaic g?’i%' ifkhrightal gxogenous

~nucleic acid material. The C genetically nodifi ec s are suitable for
adni ni st r at i mativedormn. Hmsalaxagenove ohglbiernrid miena" itebyles,dpt eemplhe endogenous

cells of th i pi ent . Th the . f d tically modified cells {7y
are non- i moREarBal SRS wnE o pRieae Rt bEadRar e e -SRE cnbod ment,
the cells arRN; aRFNOA HREvaN ast HRibIs ousPRAS (7.62h lo¥nd@toliingd pRdtedti VO. The '

cells are isolated froma mammual (preferably a human), transfornmed (i.e.,
transduced othatis ankepeasead aris oxpressed of hiplogicelde nsignffmanlevelxiressi ng a

het er ol i us_ (e.q. . reconbi e di the therapeutic ,agent, and
t hen a'dﬁi ni s]?a%?lggy? AR ﬁ?firﬁé%ls%gégﬁ’g?)gﬁfo lgrgT%%laisﬁ%ﬁgP T ?ag%ral,_t her apeuti c
agent in si tgkne Eheodigy i dncdtythespiolstd(EP Mokl e dusgidered Ve ddefois’ -

nucleic acid material” with respect to human peritoneal mesothelial cells since

the latter cells do not'naturally express EPO. Still another example of
"exogenous nucleic acid material” is the introduction of only part of a gene to
20  create a recombinant gene, such as combining an regulatable promoter with an

endogenous coding sequence via homologous recombination.

.
!
S

IV.  Promoters of the Invention

| As described herein, an expression cassette of the invention contains,
25  inter alia, a pol Il promoter that is operably linked to a nucleic acid séqﬁence '
. encoding a siRNA. Thus, the pol II promoter, i.e., a RNA polymerase II
- dependent promoter, initiates the transcription of the siRNA. In another
e:nbddiment, the pol II promoter is regulatable. |
Three RNA polymerases transcribe nuclear genes in eukaryotes. RNA
30 polymerase II (pol II) synthesizes mRNA, i.e., pol II transcribes the genes that
encode proteins. In confrasf, RNA polymeraselI (pol I) and RNA polymerase
11 (pol IMI) transcribe only a limited set of genes, synthesizing RNAs {hat have

structural or catalytic roles. RNA polymerase I makes the large ribosomal RNAs
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I WD 2004/ 013355 PCT/ US2 /016886 cells to be nodi d are autol ogous
cells, i. e., the cells ar€ isolated fromthe manmal ian recipient.
Accor di ng we® zoebisess enbodi ment, the cells are transfor mpdTars2e63nassss se
genetically nodified in vivo. The cells fromthe manmalian recipient are. 5
transduced or transfected in vivo with a vector contai ni ng exogenous
nucleic. acid _material for 6{g@esm ng.a _heterol ogous .g., reconbinant)

I

gene encodi ngﬁrl%i\]Ai rédrdpeatpde ?Rﬂt@h@fﬁqxépﬂﬁ@ﬁrﬁewﬁep‘%@@ﬁt“? Hldel i vered in
situ. As use EQ‘V "‘Siégﬁgﬁ‘ é‘MQA | ifict gtﬂéesh?aﬁl' rRI\'ff?\ME;JS to a nucleic

-acid or 0 |gonuc eot i e|t er na‘tura synthetic I ch i.s,not
,hatural ly fomsﬂeﬂRNﬂa (tRIeAY; ¢hd tsansariptioh af tvhich mahdaralitd gontrolietthal MLt he cells,

is nodified fromits original or native form Thus, "exogenous nucieic acid

‘material " i n®FRMRYELS. f or exanple, a non- naturally occurring nucleic acid
.that can e transe s'd%%ueat@reﬁ{l Bt fexpBOiely RbNY ndPpdtQt | as a
"heterol ogous gene .e., a géne encoding pro tein  that I8 not expressed

or is expr esm@tersmmusm@lldaﬂirwtItnanscgptlmi cﬁhe siRNe| Thils waa sﬂ@rising
natural | y-oc urrln eII t he s pe ustrate, ynt hetic or
natural gen e@’r‘t‘é% t?c‘Fﬁﬁﬁ‘itﬁbOényRﬂH&EB%{@t‘%srﬁrﬁ aWLWBﬁPF&eSBBD% g%ler ed

' exogenous ?&éﬁ%cﬁbﬁoﬁﬁfﬂeﬁﬁé&'@ A, ¥ Baf; Rﬁt FOA A B JaRdd thoneal

nmesot hel i al s“since the latter Cells t naturall'y express EPO
Still anot hem‘éé(samﬁi!%asépﬂm«trdmous nucl ei c aC| d mterial" is the

introd c on of o rt of a ne t 20 r te a reco nant such- .
1’3.8 contl:Jn ng an rgg‘?vﬂl %p@t%%agﬁieé}set&m W&&Q’Qﬁtﬂfs%‘@ 8€quencg vi a
~horml ogous T geOTRINBAt kQRendMnaPbOBRE S Fhith tdSorkioy ARlHtARs he Eﬁﬁﬁ@tret bed

herein, an expression cassette .of ‘the inventi'on contai ns, 5inter alia, a
ol Il pronoeetivityhAs dtssﬂsspféhqbinyptﬂl Thipeeanatas ared@@Welt@ aakillad perqoeiite  encodi ng

a Ssi RNA Thu pr onot merase Il dependent
pronot er, ?ttei ”5{13&5;1 1{‘?}8‘5‘? Wgﬁg‘{{?‘i’tﬁ{ ‘t’%ﬁwyé’fdt?lﬁeeﬂg? h“8n8fher embodi nent,
the pol II P eRdReRdusl ek dleadbea conBfilbveRNex és)é EiftS G%r ek angiel | be nucl ear
genes in eukaryot esus)erN%tﬂg %ol yrre?oase IY (pollm ?Esynt hésgg@ nRNA, i.e.,
pol Il tlanséhs memoterseofwn%reglﬁated by welbder Htwpmgm eveisg 68t haalt , RNA |

polTErase 1 gl ke PR LS ol 0% BRI A 1LY,
r ol es. RNA pakedats Itlﬁsfﬁpfes@iah eﬁsém df ﬂfeﬁﬁvénltlbﬂs ﬁﬂﬁdttﬂ%ﬂm promoter of
' any gene regulated by the presence of a pharmacological agent, e.g., tetracycline
and derivatives thereof, as well as heavy metal ions and hormones may be
20  employed in the expression cassettes of the invention. In etn embodiment of the
invention, the pol I promoterfca:n be the CMV promoter or the RSV promoter.
In another embodiment, the pol II promoter is the CMV promotet.’
' (\ As discussed above, a pol II promoter of the invention may be one
naturally associated with an endogenously regulated gene or sequence, as may
25 | be obtained by isolating the 5' non-coding sequences located'upstrearﬁ_ of the -
~ coding segment and/or exon. The pol II promoter of the expression cassette can
be, for exan-lple,. the same pol II promoter driving expression of the targeted gene
of interest. Alternatively, the nucleic acid seqtience enceding the siRNA may be
placed under the control of a recombinant or heterologous pol Il promoter, which
30  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 inferest, and promoters isolated from any other eukaryotic cell,

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



38 s WD 2004/ 013355 PGmalUS2003/ 016886 (rRNA), - are under the control:

of pol | pronoters. ol ynerase 111 nakes a var y of small, stable
RNAs, including the small 5S rRNA and transfer RNAs (tRNA), the
transcri ptWVERYOI#Fch is under the control of pol 111 BECHHSRURBOI6886 A

described herein, the inventors unexpectedly discovered that pol I

‘pronoters are useful to direct transcription of the si RNA. This was

sur pri sing aTyeot N re thought to be

responsi bl e tor transc |B§£(y)§lﬁ&gc}%§{§ﬁ g‘?i/%lﬂﬂui% .?Lrar?tee?at ively |1 ong RNAs

as conpared expresBibs Inhd@lobtsprogedingmuleit esd seqlmnﬁsp@prdmotprsormt er may be

used in its ent, retiy or a portion ot fragrment of hgleorom)t sequence may
HE 8

be used in whHndFtc BIHE WI}EE{P ef jaing repombinant cloping nd/or o di scussed
herein, pol hiche Qﬁataﬁ{pm@aﬁomgmwgg AcRlline RRPEGPYAnktior Wigh #fel and

|nclude the pronoter of any protein-encodi ng gene’ e.g., an endogenously
regul at eds gecmnpnsxtwnsdmiqseéhml(yeedkﬁrmwd 31102, B Petcahp)028,904,5 t he

pronot ers of nes re b el l ul ar physi ol ogi cal events, e.g., heat
shock, oxyge ,e’ gfﬁﬂ% @?‘5’%‘?{??8 oxi de levels, e.g., in hypoxia, may be

used in the expreﬁﬁdlﬁ%ﬂ%ﬁﬁﬁéﬂt%p&fﬂﬁrBﬁnotéi‘Ylﬁﬁ‘Eff@éhvelfH@é@@H fnkon, the prormter
of any gene regul ated by the presence of a pharmnacol ogi cal agent; e.g.

t etracycl i neexpsgsdiodet thmRNéslntth@ﬁéhﬁpe asganelld, and otganisyn chuisen farons and

hor nrones nmay oyed t ression tt of .the invention. In
an embodi rren‘f’xPB“TSS]toﬁgvnﬂ bﬁf&?&‘%ﬂ tﬁ‘ﬂ SF IPWSF%%I%E‘? m%aﬂnl’i’é cPﬁ"é CW pr onot er
or the R Phig¥RYQenerallPkadiPieaise @Hﬁaﬂiofewfor ABinRRbresioR) PFBiRplée,Ss t he CW

pronoter. As di scussed above, pronoter of the |nvent|on may - be one

‘natural ly as@@MMMndrRlasﬂlbﬁwg@em@@psatw@mmatbarde@meoﬂ‘hs equence, as ‘may_

the codi ng SomENE: anePsre ek HE ol bR it FaFRe, S5EE R oo™ 7'

cassette c anundeﬁthefappro@ﬁamb@dmbhﬁom& Hgh lehk] EXpesBibe bf ﬂ{el iir&@ce& pr essi on
of the targeted gene interest. Alternatively, the nucleic acid sequence

encodi ng t heDNARREMSBly S‘Efél asj$ advantagenyein thedargensesl praguction ef onbi nant or
het er ol ogous chﬁﬁlgﬁa%\ut\%lE«?tgﬂJ% %ﬁd/{)i’\ﬁ%}ﬁ@es?’ Oﬂ{eqfi&{tﬁy B? &l @Bé@ﬁg Pro%?é I's_not

nor mal | y "associ a gene uraI ehvi fonment”. Such
pronot er s i ngivwdleaspiseiyete tlaraftertpenisr amhlafty, ik h&ll Hnbﬁfn to those of ordmary

gkill in the art.

V. ‘Methods for Introducing the _E:gnression Casseties of the

20 , Invention into Cells

The condition amenable to gene inhibition therapy may be a prophylactic
process, Le., a process for preventing disease or an undesired medical condition. .
Thus, the instant invention embraces a system for delivering siRNA that has a (_.d_-)
prophylactic function (i.e., a prophylactic agent) to-the mamimalian recipient.
25 The inhibitory nucleic acid material (e.g., an expression cassette
encoding siRNA directed to a gene of interest) can be introduced into the cell ex
vivo or in vivo by genetic transfer methdds, such as transfection or transduction,
to provide a genetically modified cell. Va;‘ious expression vectors (i.e., vehicles
for facilitating delivery of exogenous micleic acid into a target cell) are known to
30 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 mcorporation of added DNA. Thus, transfection

refers tor the insertion of nucleic acid into a cell using physical or chemical
40



target gene of interest, pronoters isol at ed from ot her eukaryotic
cell, and pronoters not " urally occurring," i.e. ntai ning different
el enent s olwo 24913865 2004/ 013355 PCT/ US2003/ 016886 di ffei‘@T)fJSZOO:SIOIGSSG
transcriptional regulatory regions, and/or nutations that alter expression.
In addition to producing nucleic acid sequences of pronmoters synthetically,
sequences. may be produced using reconbi nant cloning and/or nucleic acid
anpl i fi cati onethedh nSJémm} franstedtionitenhniaGBsTavk kihown enthes¢ oDordimatylekilhin 5

conposi tions_ discl ei n se U. Pat ent 4, 68 U. S. Patent R
5, 928, 906, féaeﬂmﬁe 1%0 SF‘W@AP@TPE? ﬁ'ﬁ?%@ﬂé“bnbodl ment, a pol
11 promoter {ifky h@&&gm@mﬁl DEAESdecliEn (& ?ﬁﬁf‘é&u%?of&ftmﬁgﬁ S)RNA in. the
cell type, organelle,, gani sm chosen expfressi o \RA 1 be enpl oyed.
Those of or diatianig lqalosdrme—mcdtat@i faansfegiﬁom@upmwaad tlmgswnqvlartg:}e faeitigated | y know

~the use pr onot er. rote re for. ex e Sanbr ook and
Russel | % dﬂmﬂﬂﬁ‘&%?b gﬂleﬂ PW??@S v ﬁ@)Bﬁ%ﬁB ©-enpl oyed nay
be const ' tUtﬁr&& 1téﬂo§13(1'§ash9#ﬁ! f(198,7?1)'1§‘ﬁ'ld8h|&laﬁsfe@{6i‘{rﬁéﬂ15§ef ul . under the:
appropriate condltlons to direct | evel expression of the introduced DNA

segnent, such as Insoatesintiragebgtion of colle” fefaryty the pravesy dduwosfeoingof 15

r econbi nant tein nd/ f.ti sue specific
pronot er s, %P%?‘Fé °§§§@V§“§8W§P&%V% tfkwgﬂw |t’ is well known
to those of ekEViRAY Yor tilbletridgl mitRi@hdid Vo alell ROGEeriedrto hefeo@uci ng t he
Expressi on Cassettes of the 20 Invention into Cells The condition anenabl e

to gene li0nhittosduning ﬂem&pyrerwnye Exogensppyrdeiciagid mprtedeleontained. | a process
for preventing.di,sease n un di_cal i,tio t he i nst ant

For Brevent ot SR RREy s AT AIEAN G PGPk RP e Riceg Tyt e fnstant
function (i .l tha has B@hﬂ@@dﬂ&dmrﬁ%ﬁl&é DelAvirie(el Al @eddvi@pt . 25 The -
i mhi bitory nucl eic acid material (e.g., an expression cassette encoding

si RNA di rectf‘éﬁ.‘/tﬂ@ aclfdAengeding QTEE@FW“’CWHeWﬂhWté@U@ﬂ@ AgGCthe cel | ex

Y o N YRR R0A A SN BUEDRR, LfgRlgCt On o

transductlon e ag ed ce rious expre55|on .
vectors 16i . ex resﬁhg tﬂmogérmu:; haﬂe:b atlatmaigqale}hat\rﬁetmﬁd exogenous nucleic acid
‘into a tar g%gﬁggﬂrgmoggnea]r lown | the ceﬁo one of ordi nary Skl Il in the art. ‘
The exogenous nucleic acid matenal can mclude the nucleic acld
encoding the siRNA together with apromoter to control trans‘cnptlon. ‘The
promotef characteristically has a specific nucleotide sequence necessary to
20 initiate transcription. The exogenous nucleic acid material may further include
additional sequences (i.e., enhancers) required to obtain the desired gene
transcription activity. For the purpose of this discussion an "enhancer” is simply
( 7 any non-translated DNA sequence that works with the coding sequence (in cis)
to change the basal traﬁscriptioh level dictated by the promoter. The exogenous
25  mucleic acid material may be introduced into the cell genome immediately
downstream from the promoter so that the promotef and coding sequence are
operatwely linked so as to permit transcnphon of the codmg sequence. An
expression vector can include an exo genous promoter element to control
~ transcription of the inserted exogenous gene. Such exogenous promoters include |
30  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 pfomoter is expressed under all conditions of cell growth,
4]



As used herein, "trans tion of cells" refers to acqui sition by‘a'cell'
of new nucleic acid nma ial by incorporation of d DNA. Thus,
transfection refers to the insertion of nucleic acid mtg@ (élﬂh g@

‘physi cal 8YOeesMil®as 40 WO 2004/ 013355 PCTI US2003J016886F CHUSHEHE v er al
transfection techni ques are known to those of ordinary skill in the art

i ncl udni g: cal ci um phosphate DNA co-precipitation (Methods in Ml ecular '

Bi ol ogy (199@bﬂstmiﬂ%%ra%fefﬁﬁcm§ame@}om@tle@%fm@%miw]ﬂg &fedidol  cationic

| i posone- nedi ated transfection (supra) and tungsten part icle-facilitated 5
m croparticl @Cbmwstlmhﬁéimsﬁ‘kﬁmg)fUHSnQI@nhmmhmgphat e DNA co-

preC|p|tat| rash et | tra met hod. "’
contrast, ' M@B@ﬁ °Selﬁtr feE%F?gﬁﬁa‘éfdsh}%r@ﬁ] g@g?@g transfer r| ng
_nucl ei ¢ aci dSchirgmanteld/. @991)9 aﬂeMeQﬁfeaﬁMésé/lph@@hogl&cd?bﬂqﬂﬁdéus (i.e., a
retrovirus) for transferring a nucleic acid into a cell is referred to

herein a$ a (PGK) pymuwatsikinpse, phosphioglycenot mwtase she faciirepronmtenbhisitc aci d-

mat eri al cont n the.retrovir |S|nc or te .into the genone of
t he transdu 1@8&) ar;g}t %@'ICPH tevar%femsgew‘wﬁe ﬂﬁnﬁl C@k meri ¢ DNA
virus (e.g. Inaéadﬁﬁﬁnﬁn‘éhj} Yial ;ﬁ@:ﬁﬁﬁéi‘%é’tl&l% ﬁﬂeu@arﬁrbﬁé gfRuti c agent),

w | not have the exogenous ™ nucleic acid material incofporated into its

genone but vThdse behudep this| carlp ind Bitepromstas OEE)SV*HE tiexloge teousahtepeatsc acid .

terial d t th t I Th
o et TP A AR TR DR el e g o) S
t oget herjowi tlan@se@&aﬁae‘e%fﬁape@gﬁﬁéx Vhﬂmﬁfohg&ﬁaas} ofhERe pronoter

characteristical 'y has a specific nucleotide seqilence necessary to 20
“initiate transcr |1]§11¢19ﬂq acfiisequsnogycthaiiase nudsr dicccoatrpbiofiregwdatablle nay furt her .

i ncl ude addltlo uenc B‘Ey g enha ersi}_tI % ired t obtaln t he ()
“desired gené3 Fﬁo %rlcl PIESiTd QD] Uit ¢ BTl IPEEe {hﬁ LFEHF s di scussion an
"enhancer”  igdsdiRPhgent, {8Y., Bafschipaos bl Gofb of HRUBAEIRThBALIn\WRSted th t he
codi ng sequence (In cis)_ to change the basal transcriptiaon’level dictated
by the pronds greatlyircressedjpvivessnosoitesiai metalipas)mitegplatablerpagmbiery nt r oduced
into the.cell nome | AWRSLL ea fromthe ronppt.er so that the

pr onot eﬁsand %@@?ﬁaﬁp% %%ﬁéc@éngsréms st Stt“m\?le y PSR n“@‘ as {0 permt

transcri pti gAd@ing faeto@s)ﬁ*erbgu@quﬁreﬁanpl%ntheﬁ)@@é RES if@en@cfxRforgan include an -
“exogenous pronoter element to control _transcription of the inserted
exogenous gehaoiddemonsserERoiACisr Rryelic AME: | Rpgemoters contaming a

patticular RE can be chosen in order to obtain an regulatable response and in

some cases, the RE itself may be attached to a different promoter, thereby
20  conferring regulatability to the encoded nucleic acid sequence. Thus, by
selecting the appropriate promoter {constitutive versus regulatable; strong versus

weak), it is possible to control both the existence and level of expression of 2 .

PN
S

nucleic acid sequence in the genetically modified cell. If the nucleic acid
sequence is under the control of an fegu]atable promoter, delivery of the

25  therapeutic agent in situ is triggered by exposing the genetically modified cell in
situ to cdnditi_ons for permitting transcription of the nucleic acid sequencs, e.g.,
by intraperitoneai injection bf 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 |

30  genetically modified cells is enhanced by contacting the genetically modified
cells with a solution containing the appropriate (i.e., inducing) metal ions iz situ.

Accordingly, the amount of sIRNA generated in situ is regulated by

controlling such factors as the nature of the promoter used to direct transcription
' 42 '



30 ‘both cbnstitutive and ul atabl e promoters. Natur y-occurring
constitutive pronbters co ol the expression of ess ial cell functions.
As a resul c acid sequence under the control tive
pr onot er |gK5§gpg§§g% under all conditions of cell gromﬂ%CTﬁ%ﬁa%ﬁg%$y

2004/ 013355 PCT/ US2003/016886 Constitutive pronoters |nclude t he pronDters
for the foll owing genes which encode certain constitutive or "housekeepi ng"
functi ons: hyo;ﬁdieamclmmamdpctquem;teo(uebmtherﬂmrpmmomsxs cohEiRI)ve atti hydr of ol ate

reduct ase Schar fi nan osi ne deam ase ‘
_phosphogl yéeF%&?@?@&s@%‘g(’P@R )aﬁgl?llﬁfalﬁ’é?ekf’%%@ 03 6?:}%0%31’ Flcrrut ase, the
(3-actin pronpigeg, ﬁén%laeﬁéodn-@hasﬁﬂ@ﬁs%hﬁencé%t%ﬁﬁﬁw‘c@ﬁs'[' tutive profoters

"known to those of “skill in the art n addition, many viral pronoters
sfunction consti t utthwddifion to &lenst yustromotet st at 1&pistane lietardlogaus mikeicear | y and

| at e prompters. of SVA0; nal repeat LTRs of Mol oney
"Leukeni a ¥i r&gdéﬁﬁleﬁfﬁ@cogﬂﬁtg%%mgﬂe %Paesflﬂﬁv?%%#’ﬁﬁ’wgudfﬁ ki nase” pronot er
of Herpes Si gRk&¥on'd gdhesm @i@ﬁ}ﬂe,@féﬁm%ﬁi%sﬁstaﬂ\dﬁ(’gb& Sordabiflt-fi8gWaBGRn that are
under the control regul atabl'e pronoters are expressed only or to a

great er degr efcélls thﬁeha}w bs@rtwsmteé ot trﬂmﬁducﬂdn@ﬂa’@e nxpreﬁseorgvectqrr anscription

under control of t r.ONDL er reat nerea in
presence of cert al(‘%ﬁﬁﬁ% 59 g‘ﬁ& ﬁﬁéegdf’) g IB?IS r8§s§o qrm %&g
responsi ve elogaeaitsr dopkding t}@tnuereida&daﬁequéﬂca@f EfdoBinicQRe YRRA N @e 1 nd uci ng

factors are bound. For exanple, there are REs for serum factors, steroid
hor mones 10 r evthes Vecteicmtaining e yelestionmene. Fhesriactor ofosuitableimgmaterpar ti cul ar

,REcanbecho n.in er to obtain an re bl e nd in sone
caseo, the. et plrn et SRl Berl ol & S PERARE B suPeby 20
gonferring reguhebfdtiinatyskilbin thear WGOdetundue bebepinadisionequence. Thus, by
sef ecting the approprl ate pronoter (constitutive versus regul atable; strong.

versus weak), it The feleydngliscussionsndirestedip ratonsaitiifipseltheastant | evel of

expressi on by HHeL AR ISR alidy HICuHRYSL LE LBl Llgd cel | 11

the nucleic aC| sequence I’s under The con an regula € pronoter,

del i very1of tsnhi&bfeﬁfotbﬁémﬁguheexpa@eimhdf@eﬁe(s)mfmeﬂegtl ggered by exposing the
genetically nodified cell in _situ to condifions for perm.ttin

“transcription of heNAEventinn dsosgtideywariogs gethods formakingend t oneal
I nj ection of ygREgiddnové AAGES g Rbuldif-mE@HLALAR! © Promoters. |

The instant invenfion also provides methods for genetlcally modifying -

.':‘:

cells of a mammmalian recipient in vivo. Acco:dlng to one embodiment, the
20 method comprises introducing an expression vector for expressing a siRNA
sequence in cells of the mammalian recipient in sifu by, for example, injecting

the vector into the recipient.

V1.  Delivery Vehicles for the Expression Cassettes of the
25 Invention h
- Delivery of compounde into tissues and across the blood-brain barrier
. can be limited By the size end biochemical properties of the compounds.
Cmréntly, efficient delivery of compounds into cells in vivo can be achieved
only when the molecules are small (usually less than 600 Daltons). Gene
30 transfer for the correction of inbom errors of metabolism and nenrodegenerative
diseases of the central nervous system (CNS), and for the treatment of cancer has

been accomplished with recombinant adénoviral vectors.
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whi ch control transcriggaon of the agent. For exangde, in situ expression of
a nucleic acid sequenbunder the control of theri al | ot hi onei n pronot er
in 30 genetically npdified cells is enhanced by contactip he etically
nodi fi ed V&%P?"é’“iﬁ% a sol ution containing the appropri a?&’%ﬁ?ogg’fg&?’f?duci ng)
metal ions in situ. Accordingly, the amount of siRNA generated in situis
‘regul ated by controlling such factors as the nature of the pronoter used to
di rect transcri ptTi¥beleéBoaniRpaddidbhdIapaitichlabeiRe3 dhlaRER fopf the nucleic
acid sequence, (Le., whether the pronoter, is constitutive or regulatable, -
strong or wedkIesHRg 2ePRERABNIA Bra el saabe aecompbisheddyeolieigingtbeei c acid
sequence encQdj | e t . | .addition to at

| east one prngl(rgr%3 earc%%éél@%el%gg&ﬁ%ﬁé’ Eg%mer Oté%ﬁé%ﬁ@%?%%p@t&@mggi d sequence
encodi ng t hecogirliNAgiohh . @ xroe®ErOnserien ssquérry); iphepatiflg adrecteeb@Btiuon gene, for
exanpl e, a neonycin resistance gene, for faciljtating selection of cells
that havé beomprisngdherciy e wipghisduwaad themmclelracd FapsasesmediBgor . Cel | s
can al so be b . ' t | east one
vect or _cont dr RS Bedy b e il R B o W B eB ) . the
10 ot her vecdbasireqrndideienginingsehathdrthansiBoireis pféventdie tiechiltmedelB. sui t abl e

pronoter, enhancer, sel ect]gon gene and/ oy signdl sequence.is deened to be
within the, scope’ects Bigelhgens @emny ynckide|viruses, suck aaFepliga®but  undue
experi ment at j T 08 b SC ' ' ' : jous utilities
of the inst gﬁ?&e?tn‘\aglﬁ%f@h&%g? nfeiie;%?%{)&? h%fﬁn%éﬁﬁéﬁgﬁ%/cgﬁé%én has utility as
an expr d9si akerisgtsfremm Ha-beysShrtabd eirn RIS Bmcomg virhg (MOOsMabmmeyf gene(s) of
interest. The instant .i nventi | so provides various methods for nmaking and
'usi ng the alBW&e 1%@@%@&%%%@?%&,@3@@%9(gl"_emmél%@i}.ant i nvent i on(,_,\)
al so provides nmethogs:foAldeSeiRel fefdliriseSRYichyd i I an 8
recipient in vi vgi.@gccgrdieng toeone er?bg%gicn%rﬁgﬁﬁgécggg?}gl od conpri ses -
i nt roduci ng vinoreprptegssbhwrreiacamble afimang mfxiiogs parsilBhAAcardinghse in cel | s
of the ma ian recipient in sity by, for exanple, injectin t he vector
"nto the r edhisF Erteacaly dlfsind Py sRPEREE Y10 ReveisepEL il Tensset t es of
E lhee d2§15ﬂV%gg1+5fﬁciaﬁéy MaisNu@fonCTRRSRARId RhtercbSRUtafnaateAs @3S the. -
ood- brain barrier :
: specific utility for use in the method of the present invention. Such retroviruses

fufth_er have utility for the efficient transduction of publeic acid sequences into
cells in vivo. Retroviruses have been used extensively for transferring nucleic |
acid material into cells. Standard protocols for producing replication-deficient
" 20  retroviruses (ihcluding the steps of incorporation 6f exogenous nucleic acid
material into 2 plasinid, transfection of a packaging cell line with plasmid,
production of recombinant retroviruses by the packaging cell liﬁe, collection of
viral particles from tissue culture media, and infection of the target cells with the | ()
viral particles) are provided in Kriegler (1990) and Murray (1991).

25 An advantage of using retroviruses for gene 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

30  inavariety of cell types (see e.g., Hilberg ef al. (1987); Holland et al. (1987);
Valerio et al. (1989). Some disadvantages of using a retrovirus expressibn
vector are (1) inseﬂionél mutagenesis, i.c., the insertion of the nucleic acid

sequence encoding the SiRNA into an undesirable posiﬁon in the target cell
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can be linmted by the si z’nd bi ochem cal propertie t he conpounds.
Currently, efficient deli y of conpounds into cell s™n vivo can be

achi eved olaoidiessst he nol ecul es are small (usual |y | espctigmob@issérl t ons) .
Gene 30 transfer for the correction of inborn errors of netabolism and

neur odegenerative diseases of the central nervous system (CNS), and for the
treatnent of cancer_, has been accorrpl I shed wi th reconbi hant. adenovi ral

vectors. 43 peopwouhighFonexanete.emltrymreadaisd cotharosdh and (23 themead optim zation
of “a particukgn oy sl gl |naceII
-can be' acco!rE?gI ?‘gﬁm&ﬁﬁélﬁ%ﬁglﬁ%?ﬁ%ﬁ%ﬁgr nuc?lgglﬁzlcﬁ[}g%:lge %gcqﬁg%(gdé %@élf\he
possibly wit mRNRCmedrbyﬁlefmpmm baneegratediniothe tageigenorhe (Miller pr abrot er

i nsertion se&%%ﬁﬁ preparing a vector construct 5 conprising the, vect or
-into which'i erted the nucleic acid sequence encoding. the siRNA;
.transfectgng or tm&&%&mﬁﬁm&wﬁ@@m@% Exhssidi VAo RaLO "

construct; and determ ni ng et her the si IS present he cul tured
celI's. Vect oofcdlisis thehﬂe@@nes,mrtbnblpwhﬁm&jaﬁAmms%e adanomiresisr epl i cat i on-

deficient vir escri bed i ow Iar viral vectors are
06 tor v t e ey R RS ineee o RN r R fadey) | hbl oney
nurine | eUkeEﬂtﬁtﬁé’hé%ll@'(‘ﬁar%iéaﬂd Bﬁ%ﬁ%léﬁ)ﬁ Theaa‘a%ﬁdﬁﬁﬁb %1&6)11a£ B&nRsBg (1986) ) .

Replication-deficient retroviruses are capable of directing synthesis of all
L~ viri on gﬂm@pmslobutctarmmmmm & o (Ruantiy et @f 6992Pus parti cl es.

Accordingly, thes enerijc vir pr essi ors have
general Htility f‘gii Wﬁﬁsgﬁdiﬁ d&t‘?ﬁ@ §fa?(5"é‘ “We%‘ﬂ'ﬁﬁé\ég ci d
sequences i Ng&idllelSederaPich@resdTaderRR6s hdve madelthém ub&Til éé&f’anb%h nthe method of
the present Tnvention. Such retroviruses further have utility for the

gef i ci ent t rdaliveutychiniesdbr therapentic @@h@ﬁt@@q,mém asfachitalingdevive geme vi vo.

ot ori ol 1 nt 4 e SRR GERERRL B bR ARER BRI, GCt i et

20 retrovi r ugisient MGl gendiriddeersd pﬂ'Sndhfymam6@TsﬁﬁW@hb@brginsemﬂlﬁft£gUS nucl ei c
acid material into a plasmd, transfection of a packaging cell line with

pl asmi d,15 pribadiens buinpanaesnsiliviadder and byer Jdisshasyllowed Bwaisagf ng cel | | ne,
coll ection v, l!l]ﬁ?lﬁ‘l! | fection of

-t he target 8% e‘}e&%hlmﬁ&hg\fqrﬁg é&Rmrgill C e% lﬁééy%{r%%%?%e rlz&rﬂlr“ggl er (1990)
and Murray (ﬂlﬂﬁﬂl}g,w%emmdmﬁbmgkhﬁredmj ntprget Oroavi mmschhtubmlthagene therapy is

that the vir i.ns rt t.he nucl ei ¢ aci sequence encodi he siRNA into
the host 'cel%%é‘@r‘?gm? encrvn-asvecturtoaccompl?shm f1 tumor trans n%n&'[as '

allowed the development of a variety of anticancer gene therapy methods for
20 non-disseminated disease. In these methods, vector containiﬁent favors tumor
cell-specific transduction.
Like the retrovirus, the adenovirus genome is adaptable for use as an
_ Q ' expression vector fqr géne therapy, i.e., by removing the genetic information that |
controls production of the virus itself (Rosenfeld ez al. (1991)). Because the
25  adenovirus functions in an extrachromosomal fashion, the recombinant
adenovirus does not have the theoretical problem of insertional mutagenesis.
Several approaches ﬁadiﬁonally 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 '
30  portions of the adenoviral genome. Alternatively, the nucleic acid sequénce of
interest may be inserted into a defective adeﬁovirus by homologous
recombination results. The desired recombinants are‘identiﬁe(._i by screening

individual plagues generated in a lawn of complementation cells.
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thereby pernmitting thegaicl eic acid sequence encogiamg the si RNA to be passéd
on to the progeny of t cell when it divides. Pr er sequences.in the LTR

regi on hay: gported to enhance expression of an i Woly)
seqguence &%)Bﬁiﬁxéﬁ$iety of cell types (see e.g., Hilbepg?g?§§?£?%§%7);

Hol and et al. (1987); Valerio et at (1989). Sone disadvantages of using a
‘retrovirus expression vector are (1) insertional nutagenesis, i.e., the

i nsertion of the Miostagdenoduisdectoscpre hased en dwdidagpititve fgieRNRAdSHIt 0 an _
undesirabl e positian i.n.the target cell .44, . W) 2004/013355

PCT/ US2003/ © 19 SYBALAURPERSI0R SASSENGsARiaining g quiclels Apd BgHFMEed cel |
growt h and (inthe: AR eh RiroiaEQEh phek b He@hily 8oddd PIET)dr (hdilegopr t he

nucl ei c acid sequence encoding the, siRNA carried by the vector to be |
i ntegrated ih{E3)t Varuses igerhigehb hras bevnidelstedere defectivedameplicaionand her vi r al

candi date. useful as an. ression vector for tr format i f.cells is the
adenovi r us, gemgg@?@{l}elﬁ-ﬁwomﬂﬂﬂw ?Eo.ncfﬂ%(ea% T cie]gsr}"iv ctive in a
w de range o ﬁg,lthe{nyggﬁfg cnB & el EX id Rnexanpl e, nuscle and endot hel i al
cells (LarricE and Burck {1991) The adenovirus al so has been used as an

expressi on vect orlniomegmde i@le@éb%éleipnesvlit\imve(n@gamnbmfiﬁtdea're to(geogae) . 10
Adenovi ruses. ). are douhl e; st randed,| | r DNA viruses.with.a 36 kb
genone. Seves_ﬂétllé‘gflgé’tbﬁ?]@sce Prgﬁgf‘&ﬁ]?u‘é_s g&gemcé%r ff/’.ﬁ ?P?@Fﬁfoné%a?_ransgene_
del i very vehirghRstdr @Brdoe EAHERDLL); 2iRky £AHI (R060a)PoiGh A8 Vi@ Fating in vivo
gene delivery. Reconbi nant adenovirus vectors have been shown:to be capabl e

of ef fildi ergxamplespremgEnee AANIMavidsen grarlcROMYmAlisloectsiad. @P00a)k i ous or gans,
1 ncl udi 15, t he | br.ain, [ d d.liver., This has .
L owed  ne A1k g 3 apBl b o AL GRS o8 DB SF sy Pion MR e genet i c

di seases, sughi ggooopptic fibrosis, where vectors nay be delivered to a (»\J
target organ. In addition, the ability of the adenovirus vector to '
acconpl i sh i rrsi tthusiasoyillihesnpargat tooae pherdingry. ghid dn theartgavanidpaent of a

variety of asﬁft%ﬁ@@ﬁ‘ e 'gFéESoﬁ DELARY: TRRARS erQ{angérrEhgggﬁf QosFalhpaLed di sease.
I n these met'hods, VECTErCont ai Nent - favor st Gior }’I.-SDECI?I c :
t ransduasi omcidlhateridligtoreells, Ghierselectidef aad@paipransexgeeaos vedoradapt abl e for

use as an C expression vector %Ogr gene, therapy, i.e,. by renpving the '
genetic i nf GRAFEES dieraRSRLc agsht 105 pPapicylar conditionamensble tpiggae sileagipg (Rosenfel d -

- et f‘l . (199 ]tﬂérap)ﬁﬁﬁamé 8pfififation of the conditions for insertion of the selected

o . expression véctbr into the cell, are within the scopé of one of ordinary skill in the
art without the need for undue experimentation. o

20 In another embodiment, the expression vector is in the form of a plasmid, -
which is transferred into the target cells by one of a variefy’ of methods: physical
(e.g., microinjection (Capecchi (1980)), electroporation (Andreason and Evans
(1988), scrape loading, microparticle bombardment (Johnston (1990)) or by : (_)
celtular uptake as a chemical complex (e.g., calcium or strontium co-

25 precipitation, complexétion with lipid, complexation with ligand) (Methods in
Molecui_ar Biology (1991)). Several commercial products are available for
cationic liposome complexation including Lipofectin™ (Gibco-BRL,
Gaithersburg, Md.) (Felgner ez a/. (1987)) and Transfectam™ (ProMega,
Madison, Wis.) (Behr e al. (1989); Locffler ef al. (1990)). However, the

30 efficiency of transfection by these methods is highly dependent on the nature of
the target cell and accordingly, the conditions for opthﬁal transfection oflnucleic

acids into cells using the above-mentioned procedures must be optimized. Such
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25 adenovi rus functions i.am extrachr onosomnal fashi, t he reconbi nant
adenovi rus does not have e theoretical problemof insertional mutagenesis.
Several apRsaR¢oH3sdiraditionally have been used to generPallEUS208/016836 bi nant
adenoviruses. One approach involves direct ligation of restriction

~endonucl ease fragnents containing a nucleic.acid sequence of interest-to 30

portions of the adenoviral genone. teyrnatively. .the nucleic,acid sequence

of interest® Vzﬁtécqlﬁé"@&'ﬂ% CiSHIRS ©; °8"é?€%fﬁ1‘\?’@’ ﬁb%g??ﬁévl{?ﬁum}ﬁol ogous
reconbi nat i opecgStkidue cp@if@aitiond reconbi nants are identified by screening

.individual plaques generated in a | awn of conplenentation cells. 45 WD

2004/ 013355 PCT/ US2003/ 016886 Most adenovirus vectors are based on the

" adenovirus type d5).. hackhone. i n..whi gh _an, expression, cassefte containing
.the nucleic aci d5¥i€us DH ;* SRCL SN AUN R T il| ace of the
early region | (El') orpgantisnregion 3 (E3). Viruses in which El has been

"deleted are defective Tor regl ication and 5 are propagated_in human

conpl ement ati on claithe cqrtaig embodimens ofthe peesentsiveniignchmawoeify t he ni ssi.ng

gene El and pl.X.in, t ; ' . of. th .2Se jnvention, one
will desire 3% ggﬂgr%ta%ﬁr%%mgﬁgﬁféﬁgﬂ%ﬁ%% h‘?.l f %Blﬁ)dgﬁ(?lnﬁll L8ue. A suitable
vector for tinménablefb igedd silehcing tlavapyr|A¢ used herein( Brepo kiteneingdhere@P02) ; Al i sky
et al. (ZOOOa%) or an AAV_vector. For 10 exanple, one may use AAV5 (Davidson

et at (2000)telen togidpuiistration toghergyipient efoggnousmacigigyacilapaterialol i ovi r us
Bl ed t , : ' : )it J  Thus,
(Bl ps0aget BnfffANdaft SUNEROLhd bl be b AIMLen! 0 Thus, s

viral expresgicteic adé imatsiahiresiny dihta thepHrave "comdiséeanhédableays aFanaus nucl ei ¢
15 acid material into cells. The sel ectign of an appropriate expression
tYf;Ct or to cheRREserabrasscapditiontsush ahgenchs diseasghiis, @disgase coBalioni on amenabl e

-gene sil I+ e e=TpleR \JHL 2811 an: %ﬁl}flﬁ : Ltions for
i nsertion oﬁﬂ%ﬁggtgél?de%%{lggyo exprnrééggfg%}%t%/egﬁ’réclaﬂ]{%{? e %%F%]e'eérae within the,
scope of oneatifolagich! wemditiaktHat isinot dthrébutahid towntitdorh defeet),vaackrf,or undue
experinmentation. 20 In _another enbodi nent, the expression vector is in the
f or m of 13 p|1§§¥ﬂda,geﬂ%ﬁ"8_ 1sie§se§,reag1,stp§pagqpqeﬂ?5ea{ ﬁ‘égrfjﬁﬁsg@d E’éﬁp}c‘é‘laﬁt}c one of a
variety of mpiheds (i Phel&Rion of & deasek 6f Hl BAREHIPLRALiEARSEERDnN 1980)) .
el ectroporation (Andreason and Evans = . , :
' gene “associated with a condition” is a gene that is either the cause, or is part of

the cause; of the condition to be treated Examples-of such genes-inctude genes ~ T

associated with a neurodegenerative disease (e. g a trinucleotide-repeat disease

20 suchas a disease associated with polyglutamine repeats, Huntington's disease,
and spinocerebellar ataxia), and genes encoding ligands for chemokines involved
in the migration of a cancer cells, or chemokine receptor. Also siRNA expressed

- from viral vectors may be used for in vivo antiviral therapy using the vector
( systems described.

25 Accordingly, as used herein, the term "therapeutic siRNA" refers to any
siRNA that has a beneficial effect on the_recipiént. Thus, "therapeutic siRNA "
embraces both therapeutic and prophylactic siRNA. - |

A. Gene defects
30 A number of diseases caused by gene defects have béen identified. For
exampie, this strategy can be applied to a major class of neurodegenerativ.e
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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(1988), scrape |oading,mm croparticle bonbardnment hnston (1990)) or by

cel lul ar uptake as a c cal conplex (e.g., calci or stronti.umco 25
precipitatio Lexation with lipid, conplexation wt i.gan t hods

in MlecdV rzb‘ﬁlmd%gy (1991)): Several commercial pr oduchJr} 300%5‘1(8? ble for
cationic |iposone conpl exation including LipofectinTM (G bco-BRL,

Gai t hersburg, Ml.) (Feigner et at (1987)) and TransfectamiM ( ProMega,

Madi son, W s pruroBedtneitive stk &y belactﬁﬁiidlemdeire%ﬁat 4is€88)shch Hoyever , - the 30
efficiiency of transfection by these nethods is y dependent on t he

nature of 't Wiscesgrageaciated vithpelygheaniae rrgests, H‘Hél ‘thQﬁﬁ%Olf or opti nal
transfection gxpoglf%eﬁtafamﬁﬁ' ds into cells using the above-nenti oned

procedures nu e optimzed. Such 46 s WD 2004/013355 PCT/ US2003/ 016886
optim zation is wWB,hAcyuifed patholeeieaf one of ordinary skill in the art w thout
t he need for undue exper| nentation., VII. Diseases and Conditions Amendabl e

to the Mefhods of Astised Berpmeaffﬂwa?dmﬁhqlw delersiod HassRIvREOmSt t he present

i nvention, a_m@my he invention
has a condi tf]i)ra?im. ’latB?S anenl‘éﬁéﬁg {Dﬂ) rie s| ng?%eﬁ@aégﬁa&uﬁ,&g}used her ei n,
"gene sil enchﬂged;mﬂ)aﬂygcalrseﬂtearléarte@araplmthe ﬁiseﬁelcomdthb ei\l*im‘t ﬂﬁeasBJ ent
exogenous nucleic acid material 10 encoding a therapeutic si RNA and
subsequent ef¥sdeBHIBOrABSadni ni stered nucleic acid material in situ.
Thus, the phrase "condition anenable to si RNA therapy" enbraces conditions
such as genetic diseases (i.e., a disease condition C that is attributable
to one ofgnore gefie @akasts), acquired pathol ogi es (i e., a pathol ogical
~condition that is_pot trlbuta e to i nbor.n defect), cancers, 15

neur odegener at i veTg *é%nalge et?ﬁ?‘?ﬁ@%@?ﬂ&@f@éf tg{nagvgl&c% &2 and B

pr ophy! act i Cge%Q%?s%&?e?ofthc 1r9&§¥tﬁ&5%)9&a9fsxﬁmﬂfe§%&% Bfola1 8y undesired ()

medi cal condFtion gene sso lated wth a con I's a gene that is
either the cpnﬂnfﬁr:ratmn eg. panteroAccorimg tathbeembddiblent; thmnsiaﬂtumentl(m be treated.

Exanpl es- of such es-i nci ude oci ated., wi eur odegenerati ve
di sergse (e.g's “Sﬁf”i]fq%ﬁﬂﬁqcé‘%ﬁ?a‘aé‘erlﬁ &%dsiaﬂls%@w%n?&éh SS seasg
associ at g4 %&tﬂm aaalawoad@aaed {oSRBDt DvertdpYeiet HMbre o is8RAABenesanst

splnocerebellar at axi a) , genes encoding |ligands for chenokines invol ved
in the m graimpamt d;ffe@nbetmerﬂm@rtsspt igyentihe vk bausadde epafmeurohli@tom, RNA
expressed

.

medulloblastoma, or glioblastoma.

D. Neurodegenerative Diseases

20 Expansions of poly-glutamine tracts in proteins that are expressed in the

central nervous system can cause neurodegenerative diseases. Some

neurodegenerative diseases are caused by a (CAG), repeat that encodes poly-

glutamine in a protein include Huntington disease (HD), spinocerebellar ataxia | _ ()

(SCA1, SCA2, SCA3, SCA6, SCAT), spinal and bulbar muscular atrophy '
25  (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,

30 and Hereditary Chorea. HD is an autosomal dominant genetic disorder

characterized by choreiform movements and progressive intellectuat

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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fromviral vectors may be ed for in vivo antiviral Qarapy usi ng the
vector systens descri bed®5 Accordingly, as used he the term

"t her apeutyyg 25hfA8¥4sssr ef ers to any siRNA that has a benebpgitgbooghidged on the
reci pient. Thus, "therapeutic siRNA " enbraces both therapeutic and
prophylactic si RNA. A Cene defects 30 A nunber of diseases caused by gene
def ects have been identjfied. For exanple, this strategy can be applied to

a maj or cl asSeRFMCTHRFs anfblgusie pEihE peolrnsEY s w-amingbupaio sl CAB AL di seases,
d ' [ [
Fo1 | owi ng- apEfiSialite biaEa b8l Pt 00 BlrayPOLKGHARLAG AR SRR 11 cells

- PCT/ US2003/ O%é&fifi6les’nssen od €jesvansat | ve di sease may be a trinucl eotide repeat
"disease, such as g disease as ated w pol vgl ut a peat s
Hint i ngi on' s df SeJBE £8 S b acaBEroRs el AFH18) e‘eféﬁfi q:%\’tdtﬂfl ogies 5

As used re [ o]’} gone

" mani festgg bgﬁas%oggﬁ&olroggﬁr Hﬁ’%}?ggogl%&ﬁﬁ alﬁse%tgéa u ar, structUraI ,
or nol ecul aper® amkdquodurks mmmbld%:)mamiedrtphlﬂr,ledtwerepeetease could be a viral.

di sease, such as hepatitis or Al.Ds . Cancers.The condition amenable to
gene sil enci gFé'thHl?r i 5‘:‘%‘1’8?9“?)&7?“13%lrb%P@te’ﬁé‘ﬂ@ﬁ“ce"H fder or an

acqui red pat ke biibndcs THRARAS LAY abibrARN AREAnsis ptich (GBbAL T o, .-

cancer. According t hi s enmbodi nment e instant invention IS Useful for
si | enci ng a bhartimgtinyaiewakndwn. 1Bwxbasimal hantungmttgroteiﬁ'@ppa:rekent 15 invention
can al so, pbe used Q Lnhibit. o ressi.on .of ,on gs t hat

SRR T gt M A R e B o e gt

neur obl astonﬁusadgﬁﬂgiétlggk@ﬁé@mld%gldn@&lt@ﬁtorra D. Neurodegenerative
D seases 20 Expansi ons of poly- 3 utam ne tracts in proteins that are

g;xpressed in the Symntoms| and igne @feb;pgwdlwalbf Mmtlﬂeupmmmrat ive

seases neur odege ativ se CAG " repeat
t hat encodes ‘if‘“ @%mgré' %hyp?rbf%ﬂﬁgﬂlﬁéﬁ’ Bﬁ’&faé T di )seasep( HD) ,
spi nocer ebel écﬁizo@h:%ﬁif@nn (1561, nRgAZeceSEAR mSFent m&mors@va@b and bul bar

rruscul ar atrophy
15 during its course. Anhedoma or asocial behavior may be the first behavioral

manifestation. Motor mamfestatlons include flicking movements of the
extremities, a lilting gait, motor impersistence (inelibility to sustain a motof act,
“such astongue protrusion), facial gilinacing, ataxia, and dystonia.
| Treatment for HD is currently not available, The choreic movements and
20  agitated behaviors may be suppressed, usually only pax’tially, by antipsychotics
(e.g., chlorpromazine 100 to 900 mg/day po or haloperidol 10 fo 90 mg/day po)
or reserpine begun with 0.1 mg/day po and increased until adverse effects of

C - lethargy, hypotension, or parkinsonism occur.

25 YIII. Dosaw, es, Formnlations and Routes of Admj_nistraﬁon of the -

Agents of the Invention

7 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
30  to, the composition chosen, the particular disease, the weight, the physical
condition, and the age of the manimal, and whether prevention or treatment is to-
be achieved. Such factors can be readily determined by the clﬁﬁcian employing

antmal models or other fest systems which are well known to the art.
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di seases, the poly-gl I ne expansion in a protei onfers a novel toxic
property upon the protein. Studies indicate that thie toxic property is a
t endency fWO 0AE0FPSease protein to nmisfold and form agdidgei2863/616486i n
neurons. HD is al so known as Huntington's Chorea, Chronic Progressive
Chorea, 30 and Hereditary Chorea. HD is an autosonal dom nant genetic

di sorder characte : .ol ' . pro ssive intellectual
deterioration, usu‘%{itf@ﬂ%@%ﬁﬁﬁ%gﬁﬁﬁﬁ}ﬁgﬁg agelﬁ?gtgﬂf@.gﬁgﬁ)eeyr). The di sease .
affects bot hhduenesatiepuef thynucltie acid mddealnenchding the siRNA @se, féthe smal | -cel | -
popul ation 48 0 WD 2004/ 01335 / US2003/ 01688 degenerates, and | evels of
t he neurotrar@‘ﬁ%nPlee §lg§3§ra‘?ﬁaﬁo'§t§tp§iarﬁeﬁt%§&i§§§%A$3@Hﬁe’é‘g}b§?%§hce P decr ease.

Thi s degener AbaREESML 009 MUBRASOST Iy BUCRos, VB sidtEs. seen on CT

scans. The gene 1nvolved in’Huntinhgton s di sease I's I'dcated at the
end of 55t heAlsdulnh eaw/mi 85).c Bhamasartieaforminlativre, domagaandrsutesnof he codi ng

region of this _gene. an roduce§ an unst abl e ex ded trjnucl eotide repeat
(ot 00 ne- a0 ERERBS iSRG B E s B8 ATFALY HRCIRSSh B R AmRle: B BBk pandod

gl utamat e seglgnce,,-Ahe nornmal and abnormal functions of this protein _
(termed hunti ngtiﬁs are unknown. The abnornmal huntingtin protein appears to
10 accunul at e i n rEenpresht muglten epfistona regpiry cdingase fotmxtamphe acausal
relationship oft this.accumul ation to neurgnal, death.is _uncertain. Synptons
and signs deﬁ’@P’@Seg‘f?’l’?Tadﬁvﬁt‘ﬁésF?ﬁ@ %’@W’&?ﬁy 8&9&9&%‘?@@8 of dnegeititdices,

rangi ng f1HomagRateyaddeompbsitiRD bh bk predston| welor VAP RALR of Gle

schi zophreni form di sorder, nay precede the novenent di sorder or develop 15

25 (SBMA), and dent at or gar opal | i dol uysi an atrophy $¢PLA) . In these

during its cduvention AAdeduisirationrof flxvthembelsisirgents in amyrdance With flier st behavi oral
mani f est ati on. Mot.or ni fesbt at i ﬁns i ncl.rtéde .él i cgi ng,. MoV, rrentslof t he {
extremties, PREERYIPYHGIOG4Y CorOPBPUIGURSL HEFRY ?ﬂ?e e(pfﬂ%fii?ﬁ’l Pt Sustain a -

motor act,  sieRiRSEAPRUEs D;ﬂ_fy@fowgséa@ BIndifiGtE vitlettith fBmIHRe obft@Xi @, and

dystonia. Treatment for HD is currently not available. The choreic novenents
and 20 agi t atdmdnigeaiioniistherapentioe ps asticeand atberdhdters nown pmskilled | y, by

anti psychotics ..(.e.q., | Oor. NRZI 0 to 0.nu/day po.or hal operidel 10
to 90 mg;i ayp’p'%c)n{m%%s'rgge? r 5:91- @é%ﬁf%%gﬁerﬁgatg Fﬁ%@“"d‘émg%ei ncreased until .

~adverse ef f egkgn®dlly continuous over a preselected period of time or may be in a series of

O

spaced doses. Both local and systemic' administration is contemplatéd.
One or more suitable unit dosage forms having the therapeujzié agent(s)- of
the mvehtion, which, as discussed below, may gptionally be formulated for
20  sustained release (for example using nlicroencapsulation?. see WO 94/07529, and
| U.S. Patent No. 4,962,091 the disclosures of which are incorporated by reference
herein),' can be administered by a variety of routes iﬁc]ud:fng pe{renterai, . 7
including by intravenous and intramuscular routes, as well as by direct injection
into the diseased tissue. For example, the therapeutic agent may be directly
25  injected into the brain. Alternatively the therapeutic agent may be introduced
intrathecally for brain and spinal cord conditions. In another example, the
therapeutic agent may be infroduced intramﬁscularly 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
30  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

therapentic agent with liquid carriers, solid matrices, semi-solid carriers, finely
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| et har gy, ‘hypot ensi on, or ki nsoni sm occur. 25 VIII, sages, Formul ations
and Routes of Adm nistrati of the Agents. of the In I on The agents of
the inventi " eferably adm nistered so as to result_j ction in
at | east or?gaszgorﬁgjflgf%gassoci ated with a di sease. The armun]féﬂgﬁo%ﬁggs& ed

wi ||l vary depending on various factors including, but not limted 30 to, the
conposition chosen, the particul ar disease,.the weight, the physical

condi ti on, andlvideg seligEcRfiers b€ corabiationsahdeohaid een, FRY&RikyORIBAudiigat ment is
to be achieved. Such factors can be readily determ ned by the clinician
enpl oyi ng  arfFhipiRg s podict Biip e degised deiyeRyPySioNi ch are wel | known to the’
art. 49 1 WO 200 - ]! i of si RNA may be
acconpl i shed thr oﬂ%@@ﬁ%ﬁggﬁéﬁlﬁg%g% gﬁﬁgmeﬁ@g{r%gk’%’éégﬁﬁrml ecul e

encodi ng t he &infNAratiae theyore prefamil eombiacdnith aghatiaceically RedeptbldNo. |
5,580,859, Pardoll et at 1995, Stevenson et al. 1995, Ml ling 1997,

Donnel |y &t afarricrodituent o rcipiend to farm a phappecsytical fesmulgtion jargmyt dosage

Phar maceut | ¢ o, O k!B e indReRGESindch 1AE RN inci BT BT @ T 0N  OF
nucl ei ¢ acids are generaal y arsc ose&, of exanpl'e, I n Felgner et at,
supra_ The prisseebyiweighttof dre fermmlatian sA t"pleatiaogtical i eqrsble'fion exanpl e, a
neur odegener ati ye dj sease, .i.n a | by. the adnmginistration of an agent,
e.g., 10 a rfgele CUetF3eny g@%ﬁ@fﬁ%@@ﬁ%ﬁ“ﬁ@&ﬁhﬁ or a viral
particle of .t:he i ' her | ts in
accordance wi't % e?ﬁgﬁgﬁgﬁ?@%%% g%%%%%ﬁ%%?ﬁﬁ?ﬁ@%ﬁ%%?@?ﬁnﬁ tent,
dependi nd0 f actiexaugpddignt for admigistnationemayelos present dss patwder of aggremtle;ondi ti on,
whet her the purpose. of the adm nistration i s therapeutic. or prophylactic, .
and ot her facatsérsgﬁ‘_ﬁlﬁ’ﬁvﬂﬁ“%e%s’rﬂ“iqré‘& e@‘%a@?@?ﬁ?ﬁ%&i%@?@“&&ﬁini stration of
e agents Ofcohfifhih PR MLl Yedfs 0BBE GiVehildd tn e BrpBHALY c}ﬁ&?édu?es

P
presel ected period of tine or may be in a serjes o? Spacéd doses. Both
| ocal and sydmewndn derariusing el bnows awbreadiippdvailalde in@reslions.mbiee suitabl e unit
dosage forns having the therapeutj.c agent(.s).of . the invention, which, as -
di scussed bel"SWPHHY * B gﬁ@??@}’e}} o %‘%%%@‘8?"%5 %‘ﬁg‘?‘?ﬂsned rel ease (for
exanpl e ysi nGgpploprigRTEARTeHietal AminfkeatiMDIF4h84Re Dy imfnudehfar, Patent No. -

4,962,091 the disclosures of which are incorporated by reference

subcutaneous or intravenous routes. -
The pharmaceutical formulations of the thgrﬁpeutic agents of the
invention can also take the form of an aqueous or anhydrous solution or
dispersion, or alternatively the form of an emulsion or suspension.
| 20 Thus, the therapeutic agent may be formulated for parenteral -

| administration (e. g., by injection, for example, bolus injebﬁon or continuous

infusion) and may be presented in unit dose form in ampules, pre-filled syringes,
Q small volume infusion contaillefs or in mmiti-dose containers with an added
| preservative. The active ingredients may take such forms as suspensions,

25  solutions, or emulsions in oily or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents. Alternatively,
the active ingredients may be in powder form, obtained by aseptic isolation of
sterile solid or by lyophilization from solutjon, for constitution with a suitable '
vehicle, e.g., sterile, pyrogen-frée water, before use.

30 - Tt will be appreciated that the unit content of active ingredient or
ingredients contained m 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 neceésary effective amount can be reached by administration of
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herein), can be admi ni red by a variety of routeggl ncluding parenteral,
i ncl udi ng by'int ravenoiand i ntranmuscul ar routes, wel |l as by direct
injection into the diseased tissue. For exanple, the therapeutic agent may -
be direct ' YOR04HP3&St ed into the brain. Alternatively th®CTHE8(FNI688¢ agent
maybe introduced intrathecally for brain and spinal cord conditions. In -
anot her exanple, the therapeutic agent nay be introduced intranmuscularly.
for viruses . I afefi r , : -such as AAV,
ot vi rds: andrabttobheP Ay MR ety RSigt ERTUEMREICEed 210" B2
conveni ent | y upihg $esatied thedabe 3 thetdosagei fornd Gitlasiadgieidvatliyrorand semes dfe pr epar ed
by any of the nethods well known to pharmacy. Such nethods may i.nglude the
step of bringfmygustatiedfssoci ati on the therapeutic agent with iiquid
carriers, solid i 1 G Gar L [ . 044 013355
P Uskobar 026886 T apiiagAR &RnbbGH G rescht B eltiolay Bt “{ and t hen,
i f necesssiry opiioral Opuaiionts, pharsdsapitivglly beceptabled watricrs) diusdis, sdbbilizak del i very
system When the therapeutic agents of the invention are prepared for

adnmi ni st rat i Ghempkt maragéﬂé%éflgggbﬁ S theoferpe ’éblafﬁ/i"‘fqh‘l‘é}loﬂ‘ﬂbmﬁﬁ%ﬁ-ti cal ly
acceptabl e g,CafL h&{-gmﬂkﬁg@(@}n’p‘fﬁs o?ﬁfc' ogh'?é?f arfdPor! fuEh@ ﬂ‘i’.ﬂ?fé@s%ﬁﬂ&ﬁcal

formul ati on, BFUni't dosage fofm e total active ingredients in such

f or mul at i ons thephateehtiif@mildtions 65th® Yrdsyntureregtion ifcludeovdtarandl ati on. A
"pharmaceutical |y ac table" [s.a .carrier, dilutent, excipient, and/or
sal t that i sPRYHAIaBPHNGRcRrRIDle REEeR splineisalylioed wigh&® Shosphetefyititat i on, and

not del efgpri Qaﬁaetsauggﬁs péﬁ@i@%.@.@alih@?%@v\tggns ahll%afd?. active ingredient for

adm ni strati on may esent as a p er or as granules; as a solution, a
- suspensi on or an Fheimveaton Wikbrow hadmstritedby fherfolldwingamos limitingt ai ni ng t he
t herapeutic gent of the invention can be prepared by procedures known mg)
"the art usi,ng FBPY- known and readily available ingredients. The therapeutic-
agents of the invention can also be fornulated as sol utions 15 appropriate
for parenteral adm nistration, for instance by intranuscular, subcutaneous
or intravenous routes. The phar maceutBxamplé &r mul ati ons of the therapeutic
agent s ofsthﬁ' invenﬂ)ﬂn &an al so take the formof an aqueous or anhydrous
sol uti ontor EyPErimPRtaLRrotgeols, o hatively the formof an emul sion or |

suspensi on. 20 Thgsueralion o Gieodgbisfona@8stiteiBid Ra-al Pécttsat@e for parenteral
| modified CMV (nCMV) promoter was made by PCR amplification of CMV by |
primers : |
5 '-AAGGTACCAG_ATCTTAGTTATTAATAGTAATCAATTACGG—3‘ (SEQ
- 20 IDNO:1)and _

5 '-GAATCGATGCATGCCTCGAGACGGTTCACTAAACCAGCTCTGC—3'
(SEQIDNO:2) with peGFPN1 plasmid (purchased from Clontech, Inc) as
template. The mCMV product was cloned into the KpnZ and Cla/ sites of the. ' (,)
adenoviral shuttle vector pAd5KnpA, and was named pmCMVknpA. To

25  construct the minimal polyA cassette, the oligonucleotides, 5'- _ o
CTAGAACTAGTAATAAAGGATCCTTTATTTTCATTGGATCCGTGTGTT

| GGTTTTTTGTGTGCGGCCGCG-3' (SEQ ID NO:3) and 5™

TCGACGCGGCCGCACACAAAAAACCAACACACGGATCC
AATGAAAATAAAGGATCCTTTATTACTAGTT-3' (SEQ ID NO4), were

30 used. The oligonucleotides contain Spe and Sall sites at the 5' and 3' ends, |
respectively. The synthesized polyA cassette was li gated into Spel, Sall digested
pmCMVKnpA. The resultant shuttle plasmid, pmCMVmpA Was used for |

construction of head-to-head 21bp hairpins of eGFP (bp 418 to 438), human f3-
| 52 |



admi ni st ra{t ion (e.qg., by i ction, for exanple, bol ugmnjection or
conti nuous i nfusion) and be presented in unit do formin anpul es,

pre-fill ed wepningesssC small vol unme i nfusion containers Oﬁc+ S $$Lf&§5e
containers with an added preservative. The active ingredi énts y $%%e such
forms as suspensions, 25 solutions, or enulsions in oily or agueous
vehicles, and may contain formulatory agents such as suspendi ng,

stabi l'i zi ng ghitihiddss(beraiong 66genionse Plvennaldavelby, 646ttb 666)adriBl @oki ngr edi ent s
may be in powder form:- obtained by aseptic isolation of sterile solid or by

tyophi | i zat i Sredfactasidest (hpi 1342-182). cawsGFPheiminsrernalgo slonedisiietheyehi cl e,

ile, - f. fore. use. 30, |t Wi Ll D i at ed
That " the- uni A BHIRRM 5} SopBL ne PRRRESENT Pty SV e Y hea i 1 an
f ndi vi dual a@ERANassbasdroRt SYAC hrgoT agesch@pOMIERGFPE) ShuRld fla@hifis consti tute

-an effective amount faor treating the particular indication or disease since

t he neces8ar yvees goclzansiasted Bt ER AP ¢rdls plons Nath By adenevipsbackbenss fof 51 w WO
2004/ 013355 P 6 ak#: i over, the
effective ang%%u%&?%@?—éeé %I Lod elgdsnil[gr“?‘g l\{l%:ég&h%%ﬁ%%gteggé@sqa% ﬁ% dosage
form either tiafdécdbn daad binplified kwd purifiediaedesefibech@irideisohl RID.O¢SL., The

phar maceutical formulations of the present invention may include, as' 5
optional i ng@?ﬂ? M‘s?zlﬁ%ﬂﬂ%@@p@)&al | y acceptable carriers, diluents,
solubi 112ing of RTHRIA figtnBOPRRPRNANsSalIAGd Font HEKDYBEGRNAL are
wel | -known in the art. peciTic non-Timting exanples 0 Fhe carriers
and/ or di uentssfécnaitbyaplesmigle brinfécted tyhaephdrmecesitig TRIZODTResgatti ons of t he

present invention ing.ude ter and ysiologically acceptable huffered .
3@4 i ne sol ut (IBrdrogeR:h Ialge “#Sgﬁﬁg!@% %ﬁ?@p &) pecardingrie mﬁaﬁ@%ﬂ 7.0-8.0.
gal.i ne sol utj dR}@tsg | | ] He ilzb raked by the
foll ow ng nokﬁgﬁ;ﬁcr%% 9 ing g%@&?eré%%&tt@&%% Aé%ofﬂ%gs’lgggelrs imt{‘g)lrl) Pr ot ocol s
- Gener ati on opolyigylempdesaisa gels tadaed: trasscaptd, v ol %\egaiose-Sormbildehydodi fi ed CW
(mCW) pronoter. was made by PCR anplification of CW. b%/I primers '
5' - M@A@@W%wm%ﬁﬁwmgfeﬂeémdm oblottng onto
15 hybond N+ membrane (Amersham Pharmacia Biotech). . Blots were probed with
*2p_labeled sense (‘5'-CACAAGCTGGAGTACAACTAC-3.’ (SEQID NO:5)) or
antisense (5’—G_TAQTTGTACTCCAGCTTTGTG&' (SEQID NO:6))
oligonucleotides at 37°C for 3h for evaluation of siRNA tranécripts, or probed

for target mRINAs at 42°C overnight. Blots were washed using standard
20 methods and exposed to film ovemight. I vitro studies were perfoimed in
ttiplicétt_a with a minimum of two repeats. | |
In vivo studies and tissue énalyses. All animal pfocedures were
(~ ' approved by the University of Iowa Committee on the Care and Use of Animals.
Mice were injected into the tail vein (n = 10 per group) or into the brain n=6
25  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 IYSates evaluated for - |
glucuronidase expression, eGFP fluorescence, or B-galadtosidase activity using
established methods (Xia, H. et al., Nat. Biotechnol. 19:640-644 (2001)). Total
30 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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20 I DNO 1) and 5' - GAAT GCATGCCTCGAGACGGTTCACTAAACQAGCTCTGC- 3" (SEQ 1D

NG 2) with peG-PNI pl a (purchased from C ont ecH ie) as tenplate. The
nCW pr oduy s cloned 1nto the Kpnl and Clal sites of the. adenoviral '
shuttle ve‘&b&%@%ﬁ%&npk and was named pmCMVknpA. To 25 &’gﬁg{sr_z%ﬁl?gﬁ@ B
m ni mal pol yA cassette, the oligonucleotides, 5'- : ‘
CTAGAACTAGTAATAAAGGATCCTTTATTTTCATTGGATCCGTGTGIT  GGTTTTTTGTGTIGCGECCECG 3
(SEQ 1 D NG 3)GrpaH 9%r-GRIBNGHARCEACACABAARACTOA 0GR DB DD)). For |
AATGAAAATAAAGCGATCCTTTATTACTAGIT-3' (SEQ I D NO 4), were 30 used. The

ol i gonuc! eot CEPsQEQrRlenes e seleqted and|clongi20chosqr fopesaylatablpprapertiers

respectively t l.zed g | ' QQ%I Sal |

di gest ed pnﬁ%&%ﬁyﬁjﬁgﬁé@gulfggwgﬁ@%é g?g@%s'%}b&%&n%%ﬂ}hn@{?“‘ s used for -
-const ruct i onGHP dxpesdsion foltmring Loy dxpiassion mdubtieGHR dhywudddl.s pgid8),, human
(3- 52 0 0 WO 2004/ 013355 PCT/ US2003/ 016886 gl ucuroni dase (bp 649 to 669),
mouse (3-3I udDk Biap Berddo repessdmnsditier) Adrexperigpgnts weee doeds inpicatgse (bp. -
1152-1172). 1e 5 ghz@é%ojr Bieyere also cloned into the Ad shuttle plasnd
containing the commercially available CW promoter and polyA cassette from
SV40 large T antigen (pCWSsi GFPx). Shuttle plasm ds 5 were co-transfected
into HEK293 cel |l s al ong with the adenovi rus backbones for generation of

ful | -1 engt h ReSYLHHERISCWsises' wer e harvested 6-10 days after transfection
and anplified and I £ : ' ; D al ., Gene Then
7: 1034- 1038 (2000;1-? %JI:\{I;odr]Itﬁ gﬁuﬂ:@’gﬁﬁ ‘?@?ﬁs%‘?tﬁg’ﬁﬁ&*%%%ﬁ%@d fr om HEK293
cel I s 101@ r arcptesetiting deguaicas diretsedmgainsf #EF R orab yoratientet,| and sis abilisy tog '

TRI ZOL(r) Reagent = (Il nvitrogenTM Li fe Technol ogi es, Car.l sbad, CA) according
o the. nnut SOHGR Bree Eore SORIEON GHmRRRGAR SH03 U LU 08
el ect rophor eghseRidd 1 BANY, AR N APRS; aié%&é@g%%ﬁiéi EGFPSas Pfa&&jtﬁfd%t a

transcripts, .or on 1% agdrose-formal dehy .for target nRNAs anal ysis.
RNAs wer e t r thesbetrolaf the Ch\é pranudi¢raint icogtametd @ faB-léngfloBY-40+ menbr ane

Ao PSR BB Ol A e SRR ot oS 6 S0

15 hairpin was juxtaposed almost immediate to the CMV transcription start site

(within 6 bp) and was followed by a synthetic, minimal polyA cassette (Fig. 1A,
pmCMVsiGFPmpA) (Experimental Protocols), Becaus_e we reasoned thaf
functional siRNA would reQuire minimal to no overhangs (Caplan, N.J., et al.,
Proc. Natl. Acad. Sci. U. S. A. 98:9742-9747 (2001); Nykénen, A., et al., Cell
20  107:309-321 (2001)). Co-transfection of pmCMV: siGFPnipA with pEGFPN1
(Clontech Inc) into HEK293 cells markedly reduced eGFP fluorescence (Fig.
1C). pmCMVsiGFPmpA transfection led to the production of an approximately
63 bp RNA specific for eGFP (Fig. 1D), consistent with the predicted size of the . (;\-,)
siGFP hairpin-containing transcript. Reduction of target mRNA and eGFP "
25  protein expression was noted in pmCMVsiGFPmpA-transfected cells only (Fig.
- 1E, F). In contrast, eGFP RNA, protein and fluorescence levels remained
unchanged in cells transfected with pEGFPN1 and pCMVsiGFPx (Fig. 1E, G),
pEGFPN1 and pCMVsifglucmpA (Fig. 1E, F, H), or pEGFPNI and
pCMVsiBgalmpA, the latter expressing siRNA against E. coli B-galactosidase
30 (Fig. 1E). These data demonstrate the specificity of the expressed siRNAs.
Constructs identical to pmCMV siGPPmpA except that a spacer of 9, 12
and 21 nucleotides was present between the transcription staft site and the 21 bp |

hairpin were also tested. In each case, there was no silencing of eGFP
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ant'i sense’ (5' - GTACTTGTACTG@AGCTI' TGTG-3' (SEQ ID NO 6 o'I I gonucl eot i des at
37C for 3h for evaluation si RNA transcripts, or for target nRNAs

at 42C ovewg,h;,olsﬁk@ts wer e washed using standard 20 ”EtPMfS osed to
filmovernight. In vitro studies were perforned in triplica é%%tl?%g

m ni mrum of two repeats. In vivo studies and tissue anal yses. Al ani mal
procedures were approved by the University of lowa Conmittee 6n the Care’
and Use of Amipredsion (ditamet shema). Tﬁq)@dteedheimmbtsumhcataﬂiatﬂ:empac(ﬂg:dﬂih@er group)
or into the prain . (n = 6 2 ou b iously (Stein, CS.,
et al., J. Eilﬁzlln“%@'e@&@foglfg mg%%ég‘?elmf’ Sﬂnrcﬁ %H’E%fg i ndi cated.
Ani mal s wer e 3agidd h(ffd#sﬁﬁ oh@@b?%@ﬂstﬁd1é§3ﬁl\ﬁﬂﬂ-7tdeﬁ§ ed and

‘sections or tissue lysates evaluated for 1- glucuronidase expréssion, eGFP
{1 uor escenceT.Roset(@Bs @ta@wet%éﬁd&é& 00R)i ty using established net hods (Xia,

H et al t 19: 640- 644 200 t RNA was h t ed
f roﬁ1 t?arﬁsduced % ; Eimrti A0TSR RSH e&‘&?&ﬁ)ﬂ?fs%ra Ema QTE Cel }Nail nggyelsi’c(laz |
tet off cel |@H(le nrg{@ &hdmgm@%{weﬂsfﬁ%lucg@ WedsthidsSEER éy Lr ansf ect ed

with a tetr regul atabl e plasmd into ’IIC was clone 53 0 WO
2004/ 013355 ﬂmm%awmmm@mnmmmmml Genefhal ., J.

| d d
s - R e b S Tty Enen SR AR o0 2
GFP- QL9 cl ong; dBniRded g é&%{?@ﬁl@ﬁ of¥Hdb 9EdBLE VarQé(ts zrg: Fo %ﬁ(ﬂ)fiﬁ;\‘iﬁi et P! | owi ng

gene expression | nductron studres 1.5 dox was used to repress
transcrili ocells Atd ofdhopemiomigin md/uenmlmmnéeram le\rels cpﬂthe:mleble fisdsomeale repeated 4

~tinmes. Results an scus i on l.i sh_.intracel | ul ar expressi on of
si RNA, a 21- m%@%ﬂ% F‘%rIB @Fﬂni‘ﬁg}f Us, with viusespresst inst eGFP was

~¢onstructed, gﬁjlrﬂﬁ ﬁﬂﬁg Hn manmal i an
C€el |'s using Stléxl%g%hhé]%f: %IL égz)ﬁlhcs%ergﬂcgf) g%ﬁ&n&?ﬁ%ﬁkg S? ﬁﬁbg he’si RNA . _
hai r pi n t ar geidag /ROAEMS Idetehf MBS ItuRGEdasy RERVity IfetaﬁvsﬁmlepP opf the CW

pronoter and contai ned a full-Ilength SV-40 pol yadenyl ation (poIéA) cassette

(PCWsi GFPx)contrl edile (BigddhdOpdmizetiarcef siRNA sequenses weingymatheds toxeaposed al nost
diate to th t d
T S oufioy B AR BAERRTL AL N ELLy ML A PR oS

505 (2002)) could improve further the dlmmutmnrof B-glucuronidase transcript

and protem levels.
The results in F1g 1 are consistent with earlier work demonstrating the '
~ ability of synthetic 21-bp double stranded RNAs to reduce expression of target
20  genes in mammalian cells following transfection, with the important difference
that in the present studies the sIRNA was synthesized intracellularly from readily-
available promoter constructs. The data support the utility of reguiatable, tissue
Q or cell-specific promoters for expression of siRNA when suitably modified for
~ close juxtaposition of the hairpin to the transcriptional start site and inclusion of
25  the minimal polyA sequence containing cassette (see, Methods above).
To evaluate the ability of virally expressed siRNA to diminish target-
‘gene expression i'nladult 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
30 vectors expressing siGFP or control sifigluc. Viruses also contained a dsRed
expression cassette in a distant region of the virus for unequivocal localization of

the injection site, Brain séctions evaluated 5 days after injection by fluorescence
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pnCWsi GFPnpA) (Experineptal Protocols), because we_reasoned that

functional si RNA woul d Quire mnimal to no overh (Caplan, N. J., et
al., Proc. Natl. Acad. Sci. U S. A 98:9742-9747 001); Nykanen, A., et

al .. Cell YO XBHIHI. 321 (2001)). Co-transfection of pnCMEIVEEIHASERFt h
PEG-PNI (O ontech Inc) into HEK293 cells narkedly reduced eGP fl uorescence
(Fig. 10). prrCM/S| GFPMpA transf ection led to the production of an

appr oxi mat el Nays F istent with the
predi cted si e 'o%‘)?E“B SI G1FH§> }Fﬁoﬁ% 2%%@?&%%%&@%%%% Reducti on of
target nRNA @apubssi@Pm&wadteéiFﬁ’ CXPIESEIOB MEA cwa‘hled@o € injected

pmCWsi G-P s on I.n_contrast, eGFP RNA,
protein angri? @'ﬁ%?ﬁ)e&b? gy ‘rl?éﬁg‘?dﬁf%‘% i REGTA @g)dpqrgcuég Y §0%§ ansf ect ed
w t h pEG-PNL..ang- cmpA (Fir
| E, FI,o H, or pEG %&%%@*8(8%?. T égtabg)pp mteﬁﬁgaeg{tjgt%%le%%g@%lgﬁs frpm( ¥

agai nst B. dhismhaigaieaﬁ:amswdﬂ@bf 3dogepiver, cﬂ;ﬁ)ahoﬂilmés@FHﬁvalmaﬂﬂmﬁat e the
specificity pof the .express struc | | t.0 pnCWSsi GFPnpA
except that C%ygﬁ&%l'épjeg{l ehf IHIEHHDTO? g%‘*d{l gg%gl%e %@E%Eﬂ’ts bet ween t he
transcripti %cﬁﬁ«ﬁk&ly%ﬁlc@mnggaﬁm%@#rpewmbl@ﬁIﬁ%ny\ﬁfe@mmm fed. In each
case, there was no Silencing of eGFP 54 rrlf~YrY~rYIQ r . . W 2004/013355

PCT/ US2003/ A0ede®:i, Bx pi s sirtsriofcdat &lmamd. Faswdyol. THHEOREIO2t BB Dbsul t s

i ndi cate that th aC| f. t.h hai rpin..i te t he pronoter can be
i nportant for fuﬁ“"g%ﬂ% q?sg ?}}eémﬁﬁ?ﬁlat Qﬁ”fe@(igby recent

studi es 1pn '\&Ere?m@ﬁh‘oﬁx éxﬁbgéﬂﬁﬁéwﬁbmvaﬁks a%‘iht?'te dec?éé‘s@ ce 296: 550- 553

(2002)). 5 Retonbi nant adenoviruses were generated from the siGFP

‘( pCIWVSI G:Prghﬁ)nmdhssm(:ﬁ'gtyun ﬂliqmtmmh’pql whﬂp,&)ld(pgeaemﬂ leheclg Xf this H., et al .. .
Nat . Bi ot ecl

| her . (
7: 1034- 1038 ﬁngb“dy )‘“ﬂf’ 4119%*2#‘4? ﬁ‘gﬁy%{ﬁi f¥ e‘f&éi‘”ﬂ%%“ﬂ?@x\’d?&?& ;—i A
al lows for .d h{cmg{qaﬁfasﬁstﬂl%ﬁ& RSB S SR rRIR- s%mﬁe ﬁ{&qséam é%g&cz gma“tro and in

vivo. HelLa 10 s are of human origin and c taln evels of the.

sol ubl e | ysesomsllvirsseszdsf 18e Gbeditic dor iaee. 3- glubmhidase)ofAlﬂeiﬁgalcel ls wit h
viruses expressing si(3 Iuc caused a specific reduction_in human

B- gl ucudéni defsaovirnes psded into)the fadlavem 5@89%@%@61%%@0% |
(3- gl ucur onidase,AFldih! &7, ot AL Y PirbP 781395K.2959 (1999)). Liver tissue

harvested 3 days later showed specific teduction of target B-glucuronidase RNA
in Ad51MuBg1uc treated mice only (Fig. 2C). Fluorometric enzyme assay of
liver lysates confirmed these results, with a 12% decrease in activity from liver

20  harvested from AdsiMufgluc injected mice relative to AdsiBgal and AdsiBgluc
treatéd‘ones (p<0.01; n=10). Interestingly, sequence differences between the
mﬂrine_ahd human siRNA constructs are limited, with 14 6f 21 bp being
identical. These results confirm the speciﬁcity of virus mediated siRNA, and (“)
suggest that allele-specific applications may be possible. Together, the data are

25  the first to demonstrate the utility of siRNA to diminish target gene expression in
brain and liver tissue in vivo.

One powerful therapeutic application of siRNA is 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.

30 Med. 7:479-482 (2001)). The molecular basis of polyQ diseases is a novel toxic

propeﬁy 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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control céells (Fig ! J). (‘i m zation of si RNA sequen using nethods to
refine 15 target nRNA acc i bl e sequences (Lee, N. S t al., Nat.

Bi ot echnol wolopef335H05 (2002)) could inprove further theiacqiflﬁgzﬁ@dl% of
B- gl ucuroni dase transcript and protein levels. The results 1n Fig. i are

consistent with earlier work denonstrating the ability of synthetic 21-bp
doubl e stranded RNAs to reduce expression of target 20 _genés i n mammal i an
cel I s fol | owexpgessedsiBN ta diminighi expandes polyfd progein expressemaneeunshBE- i n t he

t studjges t i RNA thesi zed ‘i nt LLularly f di | ‘
Bvar Tl o pr braebf el iR i SraRi a3 e B St Bty of regul at abl e,
tissue ~- Ofena@lclinsRgitdsitte mmbl?rgmtsﬁﬂﬁle S5 1eR vath firblevhen sui tably

nodi fied for close juxtaposition of the hairpin to the transcriptional start

site and i ncependnd gntanise of@ (RORF %) pad $A (@R Q3 repents, apmpeiycbasset te
(see, %t@o?ggf%%gvlea)[ed, E@Fﬁﬁlgg&ﬁ?%ﬂgﬁ?lﬂﬁnﬁé§§1F¥%%ﬁlgi%?tﬁxpr essed siRNA to

dimnishta ene’ expr essi o Vi vo, transgenic

M Cce expr essSjebgnbigat adeflihe expressiig GGFP delBBttekdd a $RAH3IERd 3dR- (1997)) were
injected into the striatal éﬁejgi on of the brain with 1 x 10" infectious

units of recdnpendemhfeqerssdyeCiE QG fuveessencedigr 2454 hpdsireteim levelg ont r of

si(igluc. Vigrus al,s9,. t ai . sRed XQAr.essi ssette in a distant
region of t h@lilgll%ms %pg}lgﬁﬁgéga\%g@%}\ﬂl agn aﬁoflgglﬁ}a rlllO(#f%Ctﬁﬁ}sg' g?ﬁ" tion site.
Brain secti ocgﬁa:ﬂmmaﬁﬁ e allaiko RGP flidibRehdeMnidistfdidioh@ssgree 55 WO
2004/ 013355 PCT/ US2003/ 016886 Fig. 2 or western bl ot assay ig. 2B

A F
denonst rié edredeasd (P QLS Epesippn E’i%@ﬂtﬂ'&@l%@éé@ﬂ Eﬂélﬁfel)@ra@ééﬂéﬂ&as confi ned

to the injected .. i i . . WN Y VO .LE cti-on i.s _promsing,
particul arl fegpleﬁ%ggg’]té%ﬁggg%ﬁ‘foggﬁ Sﬁ@%@l@?&] g&ﬁ“}%ﬁ% £ ‘SBWQ%““SPot ei n,

r@ Ki ng conpl@t®n)ofdoc Iréc{ihﬁreﬂ to dehidve snaiaalinbibinfof CEP QY &pkatsiofbr eover,
eval uation of eCGFP.levels was done 5 days after injectioh, when

i nfl amat or ye@ﬂfgdg@@imfﬁané@an@}litm@Pgdéﬁéw to e infegted by afene¥irgs-enhance

transgenic S§i ,% L . i et al., -
Arterioscl ereo%%‘(r?%%g @gg@ﬁ‘t‘%?g%&@&i‘} g@@ﬁ% }79 %ﬁ§%s%ggdnext tested
whet her 1§i r ugpressivasgddens @ddidson BlLdec aleddec. Ndil. expd. $85i018. fir om endogenous
alleles in vivo. Its ility to decrease (3- ucuroni dase activity in the
nurine |i ver27:%@r%3322@é;r%8§1‘$ g\/ﬁi "staf;fP"Pﬁifg"gJ- Aesh e dl v 4t abl e protein are
hi gh, was e\@gmgq@ﬂ@@@»\g\ere injected-via the tail vein with a construct -~

expressing murine-specific si(3gluc (AdsiMi(3gluc), or the
To test the impact of siIRNA on the size and number of aggregates

formed in eGFP-Q80 expressing cells, differentiated PC-12/eGFP-Q80 neural -

20 cells were infected with AdsiGFP or Adsifigluc 3 days after doxycycline
remdvél to induce GFP-Q80 éxpression. Cells were evaluated 3 days later. In
inock—infected control cells (Fig. 4A), aggregates were very large 6 days after

( A induction as reported by others (Chai, Y., et al., J. Neurosci. 19:10338-10347

(1999; Moulder, K.L., et al., J. Neurosci. 19:705-715 (1999)). Large aggregates

25  were also seen in cells infected with Adsifgluc (Fig. 4B), AdsiGFPx, (Fig. 4C,
SiRNA expressed from the normal CMV promoter .a‘nd containing the SV40
large T antigen polyadenylation cassette), or Adsif gal (Fig. 4D). In contrast,
polyQ aggregate formation was signiﬁcantly reduced in AdsiGFP infected cells
(Fig. 4E), with fewer and smaller inclusions and more diffuse eGFP

30 fluorescence. AdsiGFP-mediated reduction in aggregated and monomeric GFP-

Q80 was verified by Westem_:blot analysis (Fig. 4F), and quantitation of cellular
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control viruses Adsi(3g (specific for human (3- cur oni dase) or
Adsi f 3gal . 15 Adenoviru Injected into the tail t ransduced-

hepat ocyt , previously (Stein, C.S., et al., J_Vi .

73: 3424- 32@8?2%43@?#2 Liver tissue harvested 3 days |at epcgﬁ%@améﬁéﬁi fic
reduction of target 13-glucuronidase RNA in Adsi MuBgluc treated mce only
(Fig. 20 . Fluoronetric enzyne assay of liver |ysates confirned these

resul ts, witfugresk@ficed®hs ¢69. AASIGRPtdadicy drinfitid dndaspedfic,iospest ed from

Adsi MuBgl uc injected mce relative to Adsi (3gal _and Adsi (3gluc treated ones
(p<0. 01; n=16gpendent gdactaniyePlTsQR erressniFigr ehdds bet ween the - nurine and
human si RNA const I L] ] ‘ | ' 1 cal. These
results confirm t#%g‘faég%@gﬁ%it{%ﬁﬁgtsv%t%se#g&d@gFﬁe&n@@ﬁﬁﬁ?ﬂg\“&ﬁg&l}%est t hat -
al | el e- speci dndcoating thicinininalpplydiecpssieiviire capibeifheducingigendat a are 25 the
first to denmonstrate the utility of si RISIA to dinmnish target gene expression

in brai ® anekpressien i path plasmid gad, yral ppetonsyiers (K12 nefla pdisiRlacemspt i cati on of -
oA st T e | . S{4AE

Cnher ted g SAMYSnTE RASEHRA, He whRificASHR AL SISt AEBRIIAT LY, Lo

di sorders ( Mpolglehgatidn tassofte Res 9f cfitichl imipatatiee. Ninl plarR@ardlirosdpHilad- 482

(2001)).. The_nuol ecul ar basi.s pol i seases is a, noyel toxjc property
conferred up%NAthé’ﬂ#{PP%’ts lﬂﬁéﬁegitbﬁ %X}?g%«;@r@ggaﬁgchwvef ayageifileng pr operty
i s associ ate | b 5. (Y t 4 wahil ity virally 56
VO 2004/ 0133%%‘“&%%%%288%? ﬁ%@%%hﬁ‘é%%?{el??%af°&‘"&@? gﬁ'gfﬂr%& {F\tlyos toxpanded pol yQ
pr ot ei n 1éx pr«@RNiAdntd aRNAumdhcedGilgdring omaplex that rebo grizes\aad ckeawvdsithe ed. Li nes

st on pr ot cist (YARa et abr CoTL S0 g R Sy PO of el 19y and 80
(€GP’ - CBO) {APRa3 50008 BRARIGKEIEY ot 8L G RI 40013631 7 QO P cxpr essing ().

PC12 neural cells inf ecfed N reconbi nant adenovirus“expressing si GFP
denonst r at edAd: &pavicoinbeddd. Foierce 2Bo50eNA (122D Bammond, $8ERt @.,19 ‘

fl uprescenc Fi 3A rotein |evels .(Fi B) . Lication of -
Adsi (3gl uc ig‘gtﬁ’ Qg@#ﬁ%ﬁ%ﬁ&ﬂ)ﬁ e?'lrécv clops eﬁpreﬁﬁg%)s_.&u%ﬁ%ﬁ{sp  ve i mage

anal ysi 950f RfrRidihg RS RERhAENRS sk idfodebdtih dlrg &t IGER clddvigomced GFPQLY
expression by greater than 96% and 93% for 100 and 50 MJ ~respectively,

relative to eonnpln efllRfgwipEi g. 3C). The nultiplicity of infection (MJ) of
100, required to gghl gy e Tt 0Bt dORb Mol BaURRE EpsedBRR SRR O -
S # vectors in vitro and in vivo speciﬁcally reduce expression of stably éxp:essed
piasmids in cells, and endogenous transgenic targets in mice. Importantly, the
20  application of virally expressed siRNA to various target alleles in different cells
and tissues in vitro and in vivo was demonstrated. Finally, the results show that
it is possible to reduce polyglutamine protein levels in neurons, which is the -
cause of at least nine inherited newrodegenerative diseases, with a corresponding | (_)
decrease in disease protein aggregaﬁon. The ability of viral vectors based on
25  adeno-associated virus (Davidson, B.L., et al., Proc. Natl. Acad. Sci. U. S. A.
97:3428-3432 (2000)) and lentiviruses (Brooks, A.L, et al., Proc. Natl. Acad.
Sci. U.S, 4. 99:6216-6221 (2002)) to efficiently transduce cells in the CNS,
coupl'ed with the effectiveness of virally-expressed siRNA demonstrated here,
extends the application of siRNA to viral-based therapies and to basic research,
30  including inhibiting novel ESTs to define gene function.
All publications, patents and patent épplicatiens 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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results largely fromthe bility of PC12 cells to , nfected by

adenovi rus- based vectors.™This barrier can be overco usi.ng AAV- or

| enti vi r us WEAZWH0IB5%expr essi on systens (Davidson, B.L., e@craisposRnesss Natl .
Acad. Sci. U S. A 97:3428-3432 (2000); Brooks, A l., et al, Proc:, Natl.
Acad Sci. U S. A 99:6216-6221 (2002)). To test the inpact .of si RNA on the

si ze and nunber .of a 0 expressi cells, .

di fferenti a%@eﬁge&#%@%g@mqgﬁrngﬁﬁus%u%|1t|vg1 ragp%ﬁ?@ llg%e\ﬂﬁ“ﬁaAdsi GFP or
Adsi (39l uc- 3ikay art ¥at Ble iHENYIEN & d3EpHBIERY adlditiGhal BRSNS hf X Pr essi on.
Cells were evaluated 3 days later. In nock-infected control cells.(Fig.

4A), aggr egatetaimelthe getpys d@ﬁ@@d&mmaaﬂme’amd eoaisideiably wikhawgpor t ed by

ot hers (Cha Neus SCI 10338-10347 (1999; Moul der; K L.
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expression of the Huntington’s Disease gene via RNA interference.

2. A 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 interféring
RNA molecule (siRNA) to inhibit expression of a Huntington’s Diseaﬁe géne via
RNA interference. |

3. The vector of claim 1 or 2, wherein the siRNA forms a hairpin 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.



Zanore et alL, Cell, 101, 25 (2000). 10 (I 62 63 1. A viral vector

conpri sing an expression cassette, wherein the expression cassette conprises
a nucleic acid encoding a snmall interfering RNA nolecule (siRNA) -targeted
agai nst a Huntington's Di sease gene wherein the siRNA inhibits expression
of .the Huntington's Di sease gene via RNA interference. 2. A viral vector
conpri sing an expression cassette, wherein the expression cassette

conprises a nucleic acid encoding a first segnent, a second segnent | ocated
imrediately 3" of the first segnent, and4a third segnent |ocated i nmediately
3" of the second segnment, wherein the first and third segnents are each

| ess than 30 ThaSRcRRALS Slaind 3| WGk 80 dusiag Borting fohaly &0 Pagegdides.s i n
| ength, and wherein the third segnment is conplenentary to the first

segnent, and wherein a product nucleic acid generated by the expression

cassette  functions as small_i-nterfering. | ecul Si RNA), to inhibit
expr essi (§n of %&eﬁﬁﬁﬁf ﬂg?%ﬁn % Of)izsg@%rgmg%lﬁgllz\}\lﬁg%lr%c?wpgﬁése@e%g&mg. The
vector of clairggidnor 2, wherein the siRNA forns a hairpin structure

conprising a duplex structure and a |oop structure. } 4. The vector of
claim3, wherein the |oop structure contains from4 to 10 nucl eoti des. 5.

The vectaqr of ¢laim.3 ereinat | 0o £ t.ur.e contains 4, 5,0r 6
nucl eot i ges. 1%‘.6 “Fﬁté”\%\%h@%’ﬁ oq‘rzc arm t%eﬁb@‘giﬁ%t@%goww%yfsw%@gg than 30
nucl eoti des i etigAG §1.overhand reglHiE o¥ Bt @i S'GvaihahBregidiel €i n t he dupl ex

contains from19 to 25 nucleotides. 8. The vector of claim1l or 2, wherein
the si RNA further conprises an overhang region. 9, The vector of claiml or

2, whereig ! hepn! RO LYERIR'S SOTRREREPHE oJernBYLIUAIGS Pl o0 5 Over hang

regi on, or both 3 "an over hang regi ons. e vector of claim8 or 9,
wher ei n the ovgihetdesiadegthi s from| to 10 nucleotides in |ength.

11.  The vector of any of the preceding claims, wherein the expression cassette further

comprises a promoter.
12.  The vector of claim 11, wherein the promoter is a regulatable promoter.
13.  The vector of claim 11, wherein the promoter is a constitutive promoter.

14. The vector of claim 11, wherein the promoter is a CMV, RSV, pol II or pol IIf

promoter.
15.  The vector of claim 11, wherein the promoter is not a pol Il promoter.

16.  The vector of any of the preceding claims, wherein the expression cassette further

comprises a polyadenylation signal.

-17.  The vector of claim 16, wherein the polyadenylation signal is a synthetic minimal

polyadenylation signal.

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



11. The vector of any of the preceding clains, wherein the expression

cassette further conprises a pronoter. 12. The vector of claim1ll, wherein
the pronoter is a regulatable promoter. 13. The vector of claim 11, wherein
the pronoter is a constitutive pronoté®. 14. The vector of claim 11, wherein

the prompter_ js a , RSY, pot I] or .pol IIl. prompter. 15. The vector of
claim 117 mhgbeeY?ft%aﬁy Bgﬁeé’rre‘ieglﬁgd‘ﬁm‘gls’p‘ﬁ]iler?lplt ProtgtRAT 29810V vect or of
any of the preﬁﬁei@amﬂieﬁb%g&iatémfa?mfi\yb,egrcﬁf@pﬁﬁ@ HPN o 388 RleMaloHE-PREd

conpri ses a pol yadenyl ati on signal. he vector of claim 16, wherein the
pol yadenyl at Vie#d veftghal is a synthetic minimal pol yadenyl ation signal. 18.
The vector of any of the preceding clainms, further conprising a nmarker gene.
65 19. The vector of any of the preceding clains, wherein the vector is an
adenovi 2@l , TeMVécwdriotlany ddgRPprasdng s, Wherein thedétor ipeh AW Kiger. HSV, or
muri ne Mal oney-based viral vector. 20. The vector of any of the preceding
clainms, wherein the vector is an AAV vector. 21. The vector of claim 2,
wher ei n41 he [ 0 . t : [ 0 . er

oper abl 31 nisav i ARG SRl e Rples SRR A onlse S 0T 1 4
segnents. 22profifvecropetadly-Iifiked taitha mit]leiodivdd encvdidgethe fikst) deceidyamd giird s a CW
or RSV pronoter. 23. A conpound for use in nedical therapy conprising a
viral vectorS@BK¥BBt sing an expression cassette, wherein the expression
cassette conprises a nucleic acid encoding a small interfering RNA nol ecul e
(si RNA) targeted against a Huntington's Di sease gene, wherein expression

f r om t h22. HunTheygecon' of ciiméds whegemethe pol B gpumeder 24 CMVearnRp®Vipdorholer.use i n

nmedi cal therapy conprising a viral vector conprising an expression
cassette, wherein the expression cassette conprises a nucleic acid encoding
a firstosegnmeiompun@ForiheSf MMl 1Ry %mef{ﬁﬁg L34l Yechor Binphfifigldar St
segnent, and a third segnent |ocated immediately 3' of the second segnent,
wher ei n t heexfiresstonaassetiei whereio gneenpgessios casselic taspritchamudBicrask pairs in

| ength and each ,nore hap 10 b airs.in th, and wherein.the ,third
segnent 1s coratERay R eRe RN PRICDlaRRNA ke ShrenRe HuBiietint

nucl ei c aci dD%ag%r%@h@,dvmeih !&gﬁ%ﬁ@@ﬁ&n&ﬁe FRAERILE s 1TisHAGd %&i&%s Aslueds mal |
interfering RNA nol ecul e (si ) targeted against a Hunfington's Disease

gene.

24, A compoﬁnd for use in medical therapy comprising a viral vector comprising an
expression cassette, wherein the expression cassette comprises a nucleic acid
encoding a first segment, a second scf,gment located immediately 3' of the first
segment, and a third segment loca’l_:ed immediately 3' of the second segment, wherein
the first and third segments are.:ea_ch gléss than 30 base pairs in length and each more
than 10 base pairs in length, and Wliwrein the third segment is complementary to the
first segment, and wherein a prbdﬁéit nucleic acid generated by the expression cassette
functions as a small interfering RNA molecule (siRNA) targeted against a

Huntington’s Disease gene.

25. The compound of claim 23 or 24, wherein the siRNA forms a hairpin structure

corﬁprising a duplex structure and a loop structure.



25. The conpound of claim 23 or 24, wherein the siRNA fornms a hairpin
structure conprising a duplex structure and a |oop structure. 66 26. The
conmpound of claim25, wherein the |oop structure contains from4 to 10 .
nucl eotides. 27. The conpound of cl ai 625, wherein the |oop structure

cont ai ns, 4, or 6 nuc| eoti.de 28.. The conpound of cl aim 25, erein the
dupl ex ?@ I ejéletcﬂ’&aﬁo'i’?ﬁfl ?‘Ebfq’d@r‘?”ﬁ%egﬁﬂ? . Ct'f@f:oﬁtﬁ’é‘sg’@%‘%&hhw;f cl ai m 25,
wherein the guwpeesds from19 to 25 nucleotides in Ilength. 30. The conpound
of claim23 or 24, wherein the si RNA further conprises an overhang region.
31. The conpound of claim 23 or 24, wherein the siRNA further conprises a 3'
over hang’.r egilda compstmdbeiedionif, mdgraim thedpopsituetiBe camtdins'4, Hveb haclgotidegi ons.
32. The conpound of claim 30 or 31, wherein the overhang region is fromlto
10 nucleotides in length. 33, The conpound of any of clajing,K 23 or 24,

wher o n?Ehe. OFBFRSRPEHCLKlaR: 15 SR n R gt I<Sebah 3 RuRseRics infenene
conpound of claim 33, wherein the pronoter is a regul atable pronoter. 35.

Ihe”corpund ok SR A UPSEL R LBARLSE 1 P BB E,Pr oot e

36. The conpoun e pronoter s pol II, or
pol 1l prokngdr. 37. The conpound of claim 33, wherein the pronoter is not
a pol Ill pronoter. 38. The conpound of any of clains 23 or 24, wherein the

expression cassette further, conprises a pol yadenylation signal. 67 39. The
conpoundf-of dihgicpmpgundpieam2y W%&W@@b&%%ﬁér&@h@ﬁ%ﬁ@e%wh@@gi c

m ni mal poylggﬁgylation signal. 40. The conpound of any of clainms 23 or 24,
wherein the eXpreéession cassette further conprises a marker gene. 41. The
conmpound of any of clains 23 or 24, wherein the vector is an adenoviral,

lentivispl, JuerempseRréRdlsich 33 6134, WhHANMIn theQIRIOXIfitiBer JoEris@y a FUT i Ne
Mal oney-based viral vector. 42. The conpound of any of clains 23 or 24,

wher ei n t he Yethang rpgionms Rayeihigeg meion, or both 3' and 5' overhang regions.

32. The compound of claim 30 or 31, wherein the overhang region is from 1 to 10

nucleotides in length.

33. The compound of any of claims 23 or 24, wherein the expression cassette further

comprises a promotet.
34. The compound of claim 33, wherein the promoter is a regulatable promoter.

35. The compound of claim 33, wherein the promoter is a constitutive promoter.

- 36. The compound of claim 33, wherein the promoter is a CMV, RSV, pol II, or pol 111

promoter.
37. The compound of claim 33, wherein the promoter is not a pol III promoter.
38. The compound of any of claims 23 or 24, wherein the expression cassette further

comprises a polyadenylation signal.



39,

40.

41.

42.

67

The compound of claim 38, wherein the polyadenylation signal is a synthetic

minimal poyladenylation signal.

The compound of any of claims 23 or 24, wherein the expression cassette further

comprises a marker gene.
The compound of any of claims 23 or 24, wherein the vector is an adenoviral,
lentiviral, adeno-associated viral (AAYV), poliovirus, HSV, or murine Maloney-based

viral vector.

The compound of any of claims 23 or 24, wherein the vector is an AAYV vector.



