TITLE CONSERVED HBV AND HCV SEQUENCES USEFUL FOR GENE SILENCING
10FIELD OF THE INVENTION This invention relates to methods and compositions
utilizing conserved genetic sequences of known hepatitis B viral (HBV) strains and
known hepatitis C viral (HCV) strains to modulate the expression of HBV and/or HCV in
mammalian cells, via double-stranded RNA-mediated gene 15 silencing, including
post-transcriptional gene silencing (PTGS) and transcriptional gene silencing (TGS).
BACKGROUND OF THE INVENTION Human hepatitis C (HCV) is a major public
health problem with an 20 estimated 200 million persons worldwide infected. The
number of new infections per year in the United States is estimated to be about 25,000
in 2001. This number has declined from an estimated 240,000 new cases per year in
the 1980's due to blood donor screening. Nev less, an estimated 3.9 million (1.8%)
Americans have been |rﬁ@@f@gﬁ\)ﬁpﬂwW@%@ﬁ@ﬁmﬁﬁiﬁdﬁﬁfﬂ}éhronmally
infected. Hepatitis C shows significarfCgesenE\variatiomia worldwide populations,
evidence of its frequent rates of mutation and rapid evolution. ,There are six basic
genotypes of HCV, with 15 recorded subtypes, which vary in prevalence across
different reg ions of the world. Each EQE 238 ajor genotypes may differ significantly in
their O biological effects.. in terms oftepicatior, 1 Nitatofthtes , type and severity of
liver damage, and deﬁ@@ﬁ%ﬁ@'&?@’ﬁﬂﬁé@lﬂ@ﬁlﬁﬁ@%@%@@éﬂ%@ﬂerences are not
yet clearly undessteatedZencid heresinausrentympeyanainergairshtahanaiavailable
drug therapy, nelbgineEhREN ANGRTRIAN 15 ABlLRRIBR I sleglye lids estmated

that 75-85% of m]}ect ersons will develop. a chronlc infection, with 70% of chronically
infected persona expected (8 dBVaIGH A r? 8 foupBicuged ﬁ%fﬂﬁ?@a fr8ststellular
carcinomal ThrflsreRe pspite povidramusiationd gdeasippnaicatondot liver transplant.
Although a huntandagpatitis B nadeingraasdeen available since 1982, it is estimated
that 350 million persons worldwide are chronically infected with HBV. While the number
of new infections per year in the 1Q : hasdecllnedfrom an average of
260,000 in the 1980s to about #8;6% 6 DR R

hepatitis B carriers, d‘éﬁ?\%ﬁ%ﬁ#@?é@ﬂé@ﬁﬁ@@ﬁﬂmb’mhﬁaﬁl Qmiﬁm'xaﬁit@en (HBsAQ)
for more than Gsionths2Ruchiicansiessaf WBVale iatneicases fiskfor soveloping

cirrhosis, hep%@@&%&%@%@%&e@g@&@gL%&é&%fdQ%% %tﬁg&%h most
carriers do not ?6{&‘%’%“0 conaeg lications from chronic hepatitis B, 15% to 40% will

develop serlous seq AP eHETPinedifmen AR FHDARIAID R BHCHIER disease
occurs in 15-2896 XsRER 85 Al infeetiach pedsdmimr Fhiersiis dimesthémsmmproved
therapeutic agesis:@Hestvaiion (1.8%) Americans have been infected with HCV, of

25" whom 2.7 million are chronically infected. Hepatitis C shows significant

geneﬁc variation in worldwide populations, evidence of ifs frequent rates of
mutation and rapid evolution, There are six basic genotypes of HCV, with
- 15 recorded subtypes, which ;fary- in prevalence across different regions of
| the world. 'Each of these major genotypes may differ signiﬁcant_fy in their
30 biological effects - in terms of replication, mufation rates, type and severity
 of liver damage, anci detection and treatment options - however these
~ differences are not yet clearly understood. '



20patients suffering from HBV and/or HCV infection, especially chronic infection, which

together are estimated to account for 75% of all cases of liver disease around the

world. There is also an extreme need for prophylactic methods and agents effective

against HCV. Nucleic acids (e.g., DNA, RNA, hybrid, heteroduplex, and modified

25nucleic acids) have come to be recognized as extremely valuable agents with

significant and vari%j biol%ﬂcal t?ctivitiesk including their use as therapeutic moieties in
/

the prevention and/oF e e o i BB S IR 1nXPahavainiadugor example,
oligonucleotittesaeting uirsLigiedrit sedseterneciramsmly pedidisigivetlto Iybridize to
tarlget _mRN}:‘é%tiﬂi@@lﬁé%@@@@%%ﬁﬂM@dﬁS@é‘éHﬁ{sQLﬁg@eUé%Né'ﬁ%ﬂ@ﬂf&%@{?a}Ch to the
utilization of nuclei¢ acids as therapeutics is designed to take advantage of triplex or
triple strand ‘%%m@t@ﬁ? %ﬁﬁ?ﬁ%‘gﬁ?g ggﬁ%ﬁﬁ%@%ﬁ%‘"ﬁ%é)r%‘.’ﬁf?‘b‘f\rl‘ﬁ’ﬂf: WRNA) is
designed to BFfFE6 BRI SpRifCRIYIBNACaRIe? 16 PRSHIDE ¥ ebitd iveesult, e.g.,
inhibition of tfaasssiptiorfuan ihacRhbA tergel Mekpnpgther approach to the utilization of
nucleic acids as th ggﬁ‘”ti ' i t e.adyantage of ri mes, in which a
structured RNA 0[%%5 rr]od%fiﬁed!(]zlﬁl1 gﬁ%%& f%%%ggﬁg ?g E%H 0 ae{%%%? ('5F a
doubIe-strani:ggg'Iffl\‘FAe?QP&@?ii&'E‘Og{‘ﬁ?c‘é"Q‘H’b‘%ﬁ’fé@%‘é’eﬂ?‘@'@,W@r@@f@’ﬂcﬁé’avage of RNA
or the DNA iafeedmitithiB/inkiititigeitsekpres sion iMeiete psidesnaytaiso be used as
immunizing aRRRlSs S8 HhY INERSHEIRG.RNABISlecHos s e iS3HES. Q) oells of an

organism that e roteins capable of 10 eliciting an immune response. Nucleic
acids may aﬁsgc? @%@E’@%‘éﬁé@i@‘g %Sﬁeagﬁﬁmﬁf%ii%ﬁgﬁkﬁ?%&ﬁne, or triplex

activities, ora®y sddes RN testdsraiiseddrtbeprtitia Gesprigteir(sighat have biological
function. Mogesreegritynibie phamomenen ofRNALRFdqunte siandrd &84 15
(dsRNA)-megdiaisel gons sienringar hesndecognized, wherey dsRING.
complementary to a region of a targét gene in a cell o Organism MAIBIS E®ression of
the tard@t gSRE RN Ehoyghroeys sy Ty sHiielfayalon i redigg:oripicetians and U.S.
6,506,559: "iBendtiohithibitiditicy, Doute4Bant e Q6/63364iurvlgthods and

Compositionsdphsiaiting 2088 5unsi legi epges,’ Pachuk and
Satishchandran; lanﬁl U.S.S.N?GOfgﬁﬁ%%aﬁ%%Pg%ggﬁ %g%%%g?%s/lgﬁfkmediated

_ gene siIenci%hgr,oﬁit‘fﬁ]z?/n‘af%gﬁ%%ﬁﬁfﬁs providing an at least partially double-stranded
dsRNA, is expectédiets frevideceiiremealyarbiimbiethie mysetticiand/eirprophylactic
3%?ntfagaéplgﬁaiﬁﬁlsiﬁr#%@go%ﬂgg/aﬁdﬂ?ﬁ@ﬁfﬂ%&%!‘&Q@M '\ﬁﬁ 4 Alrg}g”glw thetextremely
ifficult pro chroni and/or HCV infection. ) pplicants'
~ disclosure pro%%t esa fr‘ﬁcet?]o&‘?‘ o %rﬁigﬁg%a\éé&?e%%%ﬁn f%g ApBiohGarsstiie sequence
of hepatitis B'¥iigsasarripHOR 'muereh dikgredspiso an extreme need for

prophylactic methods and agents effective against HCV.
Nucleic acids (e.g., DNA, RNA, hybrid, heteroduplex, and modified
25 nucleic acids) have come to be recognized as extremely valuable agents
with significant and varied biological activities, including their use as
therapeutic moieties in the prevention and/or treatment of disease states in
man and animals. For example, oligonuclestides acfing through antisense
mechanisms are designed to hybridize to target mRNAs, thereby
30 modulating the activity of the mRNA. Another approach to the utilization of
nucleic acids as therapeutics is designed to take advantage of triplex or

triple strand formation, in which a single-stranded oligomer (e.g., DNA or



comprising administering to said cell a double-stranded RNA effector molecule
comprising an at least 19 contiguous base pair nucleotide 4 sequence from within a
sequence selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ IP NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ
ID NO:9, and SEQ ID NO:10; wherein U is substituted for T. In a preferred embodiment
of the 5 method, effector sequences from more than one SEQ ID sequence may be
administered gt & SREMHGE toansies masebthananedibétdagetiepoditera within the

same SEQ ID; sequence, m Inigiered.iadhe rame cellArpleantstmethod
further provid%%sg%tdhreetﬁ%def rﬁ%@?ﬁﬁg‘éfo el?(Tpr{'IeiBssjon o%a ggﬁknmle%ti‘de sequence of

hepatitis C viRie iPaAPRIAAYS hAImmiRFaiPe&T RURRSHRTH RIGESHAG 6 said cell a
double-strandesiqRbAefiectatvaoteps e dormprisininadritprisiigeinrad BHStA P

contiguoys base.pair pucleotide;saguencairam WihiNA segdense selepiad from the
group consislii%r!]}%gf SEQ ID NO:11 and SgEQ IR‘HMO:%.Z' %Qggég\% ig% gptuted for

" T.In a prefer ABEIdREP SRS LT SR CeaG malecules from both
SEQ ID NO: IeabidASEGeiRiYGhE2 infdytbe dximimrasinsd M sleicsarils 8 Afel/or more
than one effegiqrmolecuisdrmyilinthe sameHEQERNmakeasminstered to
the same cell, Applicants’ method further provides A for.inhihiting 20 expression
of both a polyAt %Bﬁﬁsfs"?&ﬁé’f% 8@%3’55“%3 %ex."fgé'g éﬁl}g%?%%%yr%ggégt%e sequence of
hepatitis @ vielistinghe isamenieaveeranifHelkisPeils RanRIFR bR LHARRTEE Mg to said
cell a doublesiransded Mﬁ&ﬁ%éﬁg&&ﬁbﬂﬁﬁﬁﬁﬂpfiﬁip@%ﬁt%ﬁ%hﬁﬂb 19 contiguous
base pair nucleotide nce from. withi e p 25
consisting of %ﬁa%ﬁﬁd%ﬁa é% g‘u‘B‘%ﬁ%@%ﬁgﬁ?&%Sﬁégﬁ%gg%g% ID
NO:5, SEQ IB#digns, SEQ ID 140:7, SEQ ID NO:8, SEQ ID 140:9, and SEQ ID 140:10;
wherein U is substitrsecéeeityanckatavirerstnari dRARN A e airantsid £lifé

comprising a SeeRnd ALl G hase ARk RgieRlidasaaugasRIOM within |
a sequejlrrlége s@%c%gg ﬁ%ﬁ%ﬁ%ﬁggﬁs consi tin% of S%%LII-D 140:11 a?;r}ﬁjﬁégcg ID

© 140:12; wher€i ISR LB R RPRITOIR Bl HEFehbOdiments of this aspect of the
disclosure, effgotosimaibthadarrermanfecthod dPYELS 18 publishettdully SEQ-ID
140:10 may peadipinisieresido the saopssel@asns piftotion mpaiies from both
SEQ ID NO:11 an D, : h ini . . /or more
than one effe @P%gggﬁes\&:gﬁvqﬁth@%%%eg %@?ﬁ%%ﬁ}%? l(:?reﬁglt}?nﬂiﬁ%tered to
the san®9celths Kppitareé RasledarddatrergieRiddea tbRApo Sab B Mbiting the
expression ofagnolyuclestide ssquenee Oftbepatitis?BOZyudsRA-ediatdganealian
cel compris g A Ao e%gégmé\@ﬁmgrn@gl@gu@as%%mg@e;@t least 19

~ contiguous base pa | uence from within a sequence selected from the

group consisEEPSEBNA. NoSKPeaiasHe BB UeRel KRS gﬁapﬁ')‘tﬁOA SEQ

ID NO:5, SE@nHING:BimAcGr| Boblis AoSEQ DN T8 SEQCIBINDHE\AATHSEQ 1D

- NO:10; whergin W. tifu iments,af thecanapgsition
includeﬁvéﬂergﬁ\}é{ffle%@g?%t) ﬁ%lé%{rgggiﬁgﬁﬁig?gﬁof SEQ ID NO:1 through SEQ

ID NO:10 ard¥ré&¥a¢iifithe composition; and/or wherein more than 15 one effector

molecule from within the same SEQ ID NO is present in the composition.

Applicants' disclosure further pramigggggomposition for inhibiting the expression of a

polynucleotide sequence of hepatitis C virus in an in vig? mam)malian cell comogrising a

double-stranded RNPP@?%E%PW@E[ﬁé’rOVEdeS a methoa for innibiting expression
: 30 a polynuclectide sequence of hepatitis B virus in an in vivo mammalian cell

comprising administering to said cell a double-stranded RNA effector

‘molecuie comprising an at least 19 configuous base pair nuciectide -



20comprising an at least 19 contiguous base pair nucleotide sequence from within a
sequence selected from the group consisting of SEQ ID NO:11 and SEQ ID NO:12;
wherein U is substituted for T. Preferred embodiments of the composition include
wherein effector molecules from both SEQ D NO:11 and SEQ ID NO:12 are present in
the composition; 25 and/or wherein more than one effector molecule from within the
same SEQ ID NO may be present in the composition. Applicants' disclosure further

provides a composifl ?J%r Inhihitingdheexreassionehbothadqelyondiseide sequence

of hepatitis B vifus and a polynucleotid guence,o titis, G \AEUS | ingle in vivo
mammalian S Roprisih ?Jggﬁe%sgf%#&éﬁé %Niggﬁgcg[&?f %\ﬁ\ﬁ%?uﬂlg @?ﬁ?ﬁ)rising a

first at least KECOMiyISHAIO Pk HFFELHIN IS FER IR dduence
selected fromthe gropp SARFISHNG-RR BRI NP L pSEReDeBNGiR BEQID NO:3,

SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, S : . QID
NO:9, andl sE@W‘B%@%?Wﬁ%?S%"E? %‘)&‘J &%f%%%ﬁ%?%ﬁj@ﬁgﬁ%g?ﬁ%ed RNA
effector moldu elanistzisinty el e F TR TFIRNE IS PR EBtide

sequence 5 fram Wwithinaseakence solestedftemityégrdupnigasidiinget8EQ 1D NO:
11 and SEQ ID NO:12; wherein U is substituted for T.. Preferred embodiments of the

~ composition ude wherein effector molecules from mare than ope.of SEQ ID NO:1
through SEQ ID N@dricamspreiat iﬁ’ﬁﬁ‘@@?ﬁ”ﬁi’ﬁ#ﬁtﬁ)‘ﬂ?ﬁ'ﬁ&@f\%ﬁggg effector
moleculgs from,Ralicalke b iNGdldofiGeased SRR 1Y iNERlids dreipreisesnt invike .
composition; and/or wherein more. ) uencesomwithindhe same
SEQ ID NO MAJBEISHLEERTIH ﬁggicgmpos%%%%@? §§Ii$l] rticularly preferred
embodiment?Nﬂtﬁg%\fé@iﬁ@ﬂ%Wﬁ'ESrﬁ%gﬁ%'?%agf%ﬂga(ﬁsgsosur!eg,uﬁwues

polynucleotids:segupnoelisibl Acquuhdsithe mthimadcdRaEuIe B HEMENTCOR
‘Further provided a1 compostiops ferihiviting be@mressianaisapolynucleotide
sequence of hepatitis 8 virus and/or ?‘8&%%”%%'&8%%% tso‘?%§%$8e%[ Qﬁggmghg&{lrus in

mamméditan ERSEHIREER salf S'comprise an at least 19 contiguous
nucleotide sedieencerd@cakscieanroit WEANTSES 1DNOSEH BN BEHBNO:12,, the

complement SeAHRNSES: 0F PE QRN Lathieugh SHRMDNEE2iambleidkres of these

sequences. In this embodiment Q ' I themak LSontigyous
nucleotide sg%r%ﬁ’é%“%?ﬁr%?g}%t%%% ﬁe?gé%%engasrﬂ%%;én%?é%@ referably human.

Also provided are é&m@@@h@%@%@ﬁ'@?&éﬁ%ﬁﬁﬁﬂewgﬁ%g%r%mentioned
composjtions.aneaisesaaiantesthookiisingeeitexp repsitis Covistueg 2
polynucieotide sequence of hepatitis C virus in the same in vivo
mammatlian cell, comprising administering to said celi a double-st{_anded 7
RNA effector molecule comprising a first at least 19 contiguous base pair
nucleotide sequerice from within a sequence selected from the group
25  consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ D NO:5, SEQ-ID NO:6, SEQ ID NO:7, SEQ 1D NO:8, SEQ D NO:9,
and SEQ 1D NO:10; wherein U is substituted for T, and a double-stranded
RNA effector moiecuié 'comprising a secend af least 19 contiguous base |
pair nucleotide sequence from within a sequence selected from the group
30 consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U is substituted
for T. in preferred embodiments of this aspect of the disclosure, effector
“molecules from more than one of SEQ ID NO:1 through SEQ ID NO:10



In a first aspect, there is provided an isolated polynucleotide sequence comprising a
sequence selected from SEQ ID NO:14 through SEQ ID NO:24. 30In a second aspect,
there is provided an isolated polynucleotide sequence comprising nucleotides 1-19,
1-20, 1-21, 2-20, 2-21, or 3-21 of a sequence selected from SEQ ID NO:14 through
SEQ ID NO:24. 6a Another embodiment of the disclosure provides for a
polynucleotide sequence comprising a sequence selected from SEQ ID NO:14 through

SEQ ID NO: %?amoé'aﬁﬁﬁ%@?&a@E@?L%is%fn%B%&i%l@%tr%@é@viﬂa&e&@reawnumtide
sequence comprising nucleotides equence
selected fron® %é}l %ﬁ’ﬁfﬁ%ﬁ&?ﬁ%ﬁé&ﬁ fgm}ﬂ ee%rtgr%e%rrﬁ%%ﬁof the
disclosure previtesforatpolynaciitider m@e@&ﬁ%@%%ﬁﬁﬁ%&@é@ ik

contiguous base pais puklsstideseduense fm within a sequence selected from SEQ

ID NO:27 through SEQ ID NO:44. Anot&rtli\embodlment of the ISC| sure. ?row es a

composﬁon for inhi aagt’fhg“céci%srtéréa&on of B'pe po gﬁuglg%rﬁae sgcffu(e)ﬁg]e o) H%patltls C

virus in a maerpiasisionce| i pelinpiesiAte seRisRce PERRSETIRN AU h¥iEule
comprising %&ﬁ*ﬁﬁ%%lﬁ@cﬂﬂﬁ!ﬁﬁh@ @asatp@mmdmme stseenceléane within SEQ
ID NO:27; wherein U is su tltuﬁg §Q§I§é§g%§ﬁ§§@@g@&l§@ﬁ£%

SEQUENCE%O@E' % RI a'tﬁroug represent conserved regions of
the hepatitis @@@@W@U@EWWN@ ey NBRISTS PEpREER ESHserved

regionsiof thgHrepatiisC JFEmEMEOLE SEQIDNGE, ﬁﬁbﬂj}é&éﬁtﬁﬁ@ ubledtide

sequence of GupRn 8 POBRPIBNVBEOIEIND A S SEID NO:bteRurtent SiRNAS
‘that have HB sequences mapping within SE l\{ o"?the co(?n % O 16 d SEQ ID
N0:17 repreéél‘ﬁ%fp\ﬁrm&%eﬂwfﬁf AV SRR TS @éﬁD NO:4.

wherein effector molecules from more than one of SEQ ED NO 1 through

- SEQ ID NO:10 are present in the composition; and/or wherein more than

15  one effector molectle from within the same SEQ 1D NO is present in the
composition.

Appliéants’ disclosure further provides a composition for inhibiting the
expression of a polynucleotide sequence of hepatitis C virus in an in vive
mammalian cell comprising a dcub!e—stranded RNA effector molecule

.20 comprising an at least 19 contiguous base pair nucleotide sequence from
within a sequence selected from the group conststmg of SEQ ID NO:i1
and SEQ ID NO:12; wherein U is substituted for T. Preferred |
embodiments of the composition include wherein effector molecules from
both SEQ ID NO:11 and SEQ ID NO:12 are present in the composition;

25 - and/or wherein more than one effector molecule from within the same
SEQ ID NO may be present in the composition.

Applicants' disclosure further provides a composition for inhibiting the
expression of both a polynucleotide sequence of hepatitis B virus and a
polynucleotide sequence of hepatitis C virus in a single in vivo mammalian

307 é@ll compﬁsing a double-stranded RNA effector molecule comprising a first
at least 19 contiguous base pair nuclectide sequence from within a
"__sequen'ce selected from the group sonsisting of SEQ §D NO:1, SEQ 1D



SEQ ID NO:18 represents eiRNA that has an HBV sequence mapping within SEQ ID
NO:10. SEQ ID NO0:19 through SEQ ID NO:22 represent eiRNAs that have HBV
sequences mapping within SEQ ID NO:3. 25 SEQ ID N0:23 and SEQ ID NO:24
represent eiRNAs that have HBV sequence$ mapping within SEQ ID N0:2. SEQ ID
NO:25 and SEQ ID NO:26 represent eiRNAs that have HBV sequences mapping within
SEQ ID NO:1. SEQ ID NO:27 represents the "X" region of the HCV 3'UTR. 30 SEQ ID

NO:28 througly %&Mﬁ@ée@wmwegmpm tEENEITheGIE SBIUTR. 8

"SEQ ID NO: 37 throu SE r sen p. X" region of
the HCV 3'UTR: %@é%ﬂ%\r@ %%Driéé‘ﬁ SR . S| r?gft%ar}% @%ﬁgﬂg\%ore SEQ

ID NO:46 repreisamisarisiRNAmalopiie taaran VS EEHINEHE7 & presents the If
RNA polymerase gane SEQAR N QA8 1epresgints ashidaseneitiide veqenencoding

a hairpin RNA. BRIEF DESCRIPTIO F epicts a
vector illdstrafig PRt mERIbTFR"T %1? ﬁoﬁl%%g I%%%nilsilf%gf %%%@FQ;Q%

polymerase, §®W|ﬁ@¢rﬁﬁgl@13‘éﬁﬁ8rrﬁﬁ?@ﬂm’ﬁ\s seistiviggdfor 1. Pr efﬁ%ire 2 is a graph
showing HB%g)mlp&@@d;(gﬁge@mp&n@mmwmmaﬁeﬁ&blm@ecu!esﬁrgmre 3isa

graph showin ﬁg |nh|b %ﬁﬁéﬂ?@ﬁ&%ﬁ%@@@d%@%%@@@nt@ﬁ@ure 4isa

graph showi g mﬁ%ltlon corresponding to data foun% T&Pi%é igure 5is
a graph showwrgrasiiay mwibrtsheseinedpehamg a5 deta PuRa i Tabl FOE f
10 and SEQ 1D NO:12 are present in the composition; and/or wherein more
than one effector sequence from within the same SEQ [D NO may be
present in the composition.
In particularly preferred embodiments of the above methods and
compositions of the disclosure, the polynuclectide sequence is RNA, and
15 the mammalian cell is a human cell.
Further provided are compositions for inhibiting the expression of a

- polynucleotide sequence of hepatitis B virus and/or a polynucieotide
sequence of hepatitis C virus in mammaiian cells, wherein said
. compositions cﬁméﬁse an at least 19 contiguous nuclectide sequence
20 selected from within SEQ 1D NO:1 through SEQ ID ‘NO:12,‘ the .
complement sequences of SEQ 1D NO:1 through SEQ 1D NO:12, and
mixtures of these sequences. In this embodiment of the disclosure, the “an
at least 19 contiguous nuclectide sequence” is preferably DNA, and the
mammalian cell is preferably human. Also provided are expressuon
25 consts'ucts comprising any of the aforementioned compositions and a
_ mammahan cell comprising said expression constructs.
In =a first aspect, there is provided an isolated polynuclectide

sequence comprising a sequence selected from SEQ ID NO:14 through
SEQ ID NO:24.

.30: in a second aspect, there is provided an isolated polynucleotide
sequence comprising nucleotides 1-19, 1-20, 1-21, 2-20, 2-21, or 3-21 of a
sequence selected from SEQ ID NO:14 through SEQ 1D NO:24.



Figure 6 is a graph showing HBsAg inhibition corresponding to data found in Table 6. 9
Figure 8 is a graph showing HBsAg inhibition corresponding to data found in Table 8.
Figure 9 is a drawing depicting effective HBV-AYW shRNA inserts. 5 Figure 10 is a
graph showing HBsAg inhibition corresponding to data found in Table 9. Figure
11 is a bar graph showing downregulation of HBV RNA by 10Northern Blot analysis.
Figure 12 is a graph showing showing HBsAg inhibition corresponding to data found in
Table 12. 15Figure 13 is a Western Blot showing levels of HCV NS5A protein at (I to r)
0, 9, and 20 pmole of HHEFEAHTRAY EIRN RIS T SEH R Ay A8 debsiy TH BsQHEiEment 1
of Example 2. Fgurerbé oaWesterrsdiotsizowiagdaviels (FHICY NS3A throtgin at 20(]
to1) 0, 9, and 2Qpmplaes see jdemifiedRNA:RBfR. iaRd Amalal e "core”

positive control SIRNA as,’é:iescribed in more detail in Experiment 2 of Example 2,
DETAILED DESEHIFIGEIORIRIENURRFRIN U SERIN Si?ﬁé?fé?e%éz(hﬁr% & the
process of sequthee-sgécifie sposentapsieristdmah garie SNt iMgap teinSERpibnal
gene silencing in@ninalstied HrisHiaiiatedydedble-sisande e RINA KSRBHEA) that
is homologous in sequence to the silenced gene. Since RNA interference acts in a
sequence specific manner, the RNAiI molecule used as a drug must be 30 specific to its
target. Viral genomes are variable to accommodate resistance to changes in the
environment. While HBV and HCV are very desirable viral targets for RNAI, the
variability and mutability of the viruses 10 and the high rates of transcription of the
viruses make HBV and HCV very challenging targets for any therapeutic and/or
prophylactic approach. In order to knock down viral genome replication using RNAI
there is a need to identify conserved and unique regions in the viral genome. At that



5same time, it is very important in order to avoid toxicity that any sequences selected
for gene silencing be absent from the human genome. Human Hepatitis B Virus
(HBV) Hepatitis B virus belongs to the family of hepadnaviruses. The HBV genome is a
relaxed circular, partially double stranded DNA of approximately 3,200 base pairs.
There are 4 10patrtially overlapping open reading frames encoding the envelope (pre-
S/S), core (precore/core), polymerase, and X proteins. The pre-S/S open reading
frames encode the large (L), middle (M), and small (S) surface. gl C? roteins. The
precore/core mam@iﬁ@lﬁﬁéﬁﬁeﬂ%QF%E?@OCWHQH%%%%&%%é%l £ which is
modified into @&%Hgéq@ﬁ@tabﬁiﬁfﬁbqpaﬁiﬁs%@&adrﬁﬁg‘eﬁﬁ@l EREA) dhtbties
nucleocapsid %ﬂr}ﬁg_ﬁgaﬂtis B core antigen. Mutations in the core promoter and
precore regio Ve béen 'shown to decrease or abolish HBeAg production, The
polymerase proteimfutictiondedeereotihscivelpritr prageead GaiPAE E DRA PV erase.
The X prgteinsis epeianiismspctivaideatie seaypiay of rereiiiOnEpaidéarcinogenesis.
The replicaion eyl of HE\. hegins Wihilipataehmankshibrigomieda hepatocyte
Inside the hepatocyte nucléus, synthésis of thebglus strand HBY DNA@;;S%%%RIeted and
the viral gendiPleREsEsRRAGaRtd % VSRR E83&d circu ar%l\ﬁ%cc ). Most
antiviral agentgtheshave BB e nexanihcd sé el &liftle or no effect on cccDNA,
which accounts for the rapid reappearance of serum HBV DNA after cessation of
antiviral therapy. The aims of treatme pati 5&@&2\9 achieve sustained
suppreslon of HBV replicit&i-atiaifor expression o ABYV antigens and remission of
liver disease SEQINIENABhtovasRIFRLER A Eearesaib FRPRIFASEEMB O Suences
anhd 340 HB\ﬁg&g%@%%&%%@]e sequences I(317 Human isolates, 22 isolates from
other primates and one ywoo ' i j iahili itutes a
serious chalIgrlr:é%E%%ggéﬁl8rr’i(ci::eg-%%gechkﬁ‘?g/%ﬁ2?%%%5%&%?@%@%&%%%?% RNAI. In
order to idenfispetiissemerPaiyuences suitable for RNAI applications, a comparison
between=ll thg Gampietenepamesyvie canlisdidesesingea ohbdified Y@rsion of
Clustalw. 5 Tvr\é%rc’r)][glrt_iple alignment schemes were generated: the first included all 339

HBV complef‘?a genome sequences and the second was limit all n HBV
" isolates. TheFRAdBINQIhAMR RN Tel2 ’ngggﬁnaﬁﬁié“g}%%ﬁ%tt%%vﬁnciuded scores -

for sequencesequservatieppingadhpoSHEGIIMNEEHBY genome was generated. A

~ sliding windowrseasGlida ddeniibithad Qongeshregipnmtisaguenaeneonservation larger

then 19 nt in length was created. Thre Te]s ,Qserved regions were identified and

mapped o G’ﬁ%ﬁﬂ‘f?ﬁ&%@%’%%’gﬂ%%%@ ”a Human HBYV isolate. The conserved

HBV sequenSESWR G fompecsanti iR tididIs SN SRUPBRIMRERTE genornic

and cDNA liQfariesstypagsh®mosomes database). It 15 was found that the identified
conserved viral sequences are uni f I i6\purposes,

- assuring thama&%%g Wﬁ?ﬁjgﬁ g%é%ﬁé%% %@}e%%ﬁd%gﬁgﬁt}%iiﬁ%ﬁﬁfas

~ important as sejeetites corpringedifiasy feh¥esior RNAI.

- 25 SEQID NO:23 and SEQ 1D NO:24 represent eiRNAs that have HBV

~ sequences mapping within SEQ 1D NO:2.
| SEQ ID NO:25 and SEQ 1D NO:26 represent eiRNAs that have HBV
sequences mapping within SEQ 1D NO:1.
: SEQ ID NO:27 represents the “X” region of the HCV 3'UTR.
' Bd SEQ ID NO:28 through SEQ ID NO:36 represent siRNAs mapping o the

the HCV 3'UTR.



Human Hepatitis C Virus HCV is a small (40 to 60 nanometers in 20diameter),
enveloped, single-stranded RNA virus of the family Flaviviridae and genus hepacivirus.
The genome is approximately 10,000 nucleotides and encodes a single polyprotein of
about 3,000 amino acids, which is post-trasnscriptionally cleaved into 10 polypeptides,
including 3 major structural (C, El, and E2) and multiple non-structural proteins (ENS]
NS2 to 25 NS5). The NS proteins include enzymes necessary for protein processing
(proteases)drd rbIG3g|ibeaish GRGAPHIPHEraseraBbeiites the pirustolitates rapidly,
changes in tlesgvalep@preinsimay help it evade the immune system. There are at
least 6 maj e d more than, 90 subtypes o% H \é The different genotypes
have differgﬁ%ﬂgeﬂc? tp\réagpﬁ?%)éeéi%?r?b%?igrﬁ%g e?%%%&e% gean chcéii%‘ the most common in
the United $ta ?&%ﬁ’ﬁﬁ EROF e 25U R B eRBty pesi2E@id 2b (approximately 15%)
and 3 (&pprekitnatelyp 7% jcpredess cmmanA paiymerkbergig little difference in the
severlty of digears @b et aenianiesiRh i atear aeltpRs. However
patients with genotypes 2 and 3 are more likely to respond to int frontreatment. The
virus replicﬁ at a high rate in the liver and has marked sequence 5heterogeneity.
The main goal of treatment of chronic hepatitis C is to eliminate detectable viral RNA

from the blood. Lack of deteciabledianpiiiis CofrsRMRRAYood six months after

completing therapy is known as a sustaiped response. StudieS suggest that a sustained
respor?§e is equar?e{ Witha [gr?%g\?gr%{t)’[ﬂéjSg?%ﬁ§@£?§%ﬂ8%‘§ttﬂ%ﬁ§%§@equivalent toa
cure. 10 Thepd/HiEFISe BiReichrie Bl DINApehetirsef trbawinarincbiitnas slowing the
progressiorheftivesisearsag éileasis) in patients who do not achieve a sustained
response. In GenBank version 134.0 there are more then 20,000 HCV sequences and
93 HCV complete_genome sequences. A comparison 15 between all the complete
genomes was calfi8fdatRifGH! rirrstHRY SR Ben satrosporHiesieRie alignment
result Was peuwsddhardia 2able that included scores for sequence conservation at each
position in the HCV genome was generated. A sliding window search to identify the
longest region of sequence cons rvhatio,n I?{%er then 19 nt in length was 20 created.
Three major conseved Tegions Wer e IaRHed Al REHhel s RO8ABR Mk seq
(reference $&gEAcePkctession no.: NC_004102 this is GenBank annotated HCV
complete-genome. The conserved sequences were screened against Genbank
sequegges of both. [ C libraries (human chromosgmes
datatig(sge), and th%ggggq%%ﬁdggéﬂz%%%%%@% Iﬁ Etfoépcﬁlré?s %jedﬁ'% it _ata
Non-Homol H?%ﬂﬁ@tﬂﬁﬁan Sequences It is equally important to ensure that conserved
viral sequences targeted for silencing according to the invention be substantially non-

Figure 5 is a graph showing HBsAg inhibition corresponding to data
found in Table 5.
25
Figure 6 is a graph showing HBsAg inhibition corresponding to data
found in Table 6.

_ Figure 7is a graph showing HBsAg inhibition corresponding to data -
30 found in Table 7.



30homologous to any naturally occurring, normally functioning, and essential human
polynucleotide sequence, so that the dsRNA molecule does not adversely affect the
function of any essential naturally occurring 13 mammalian polynucleotide sequence,
when used in the methods of this inventioA. Such naturally occurring functional
mammalian polynucleotide sequences include mammalian sequences that encode
desired proteins, as well as mammalian sequences that are non-coding, but that
provide for 5 essangiakreglicieryrsaauensesinag inedithy: marsgaahdasseniially, the RNA
molecule usgfulin, thig,inyention must be sufficiently distinct in sequence from any
mammalian polynucleotide sequence for which the function is intended to be
undisturbed after any of the methods of this invention are performed. Computer
algorithms may béigsed e definertheqsstntialfitatkeIOR-Aomologyihdtasen the RNA
moleculg polynucleotide sequence and the normal mammalian sequences. Since
the length of a ccthégéuoil(? dsRNA seque.nc?é%ag}gblgof,association with and activation
of RISC (RNA-indUg&d HhaidGFROMIMEG? i[dT5aTe PR Ko &8s 18829 9-27 base
pairs, the idégitifiedndomserled. 15 HBV and HCV sequences were compared with both
human genomic libraries and, perhaps even more importantly, with human cDNA
libraries. Since hyman cDNA libraries represent expressed se t appear in
MRS, such MR Bad o bl e e R BV oy
homoldgoud'BEFaTNEREGIaNEES provided to a cell. 20Accordingly, the conserved HBV
and HCV sequences were compared with human genomic and cDNA sequences. No

human cDNA libraty, matshes égag]psh@yng%h&,\gggmg%wnces were identified.
e

(Although there were_ some matc C?_that were ultimately 1dentified as HBV
contaminaticH ' B8 LEINAKIR ARV AebRSalson with human genomic 25 library

sequences revealed no match of any sequence of 21 nts or more, one match of 20
nucleotisles, and gRgimatch 9ilSRICRBIITRS/FHESRNBITISS SR Frden-goding
regions, and likel no in.NRNA sinc tes were.not turned up in the
cDNA Iibrartgil.%@rﬁg5 r'gﬁ)arlgf}t H(i%a% 88%3&%%@‘? %nﬁq%ilgf/ﬂ t% %Sé%sscar%?é 'r?sﬁ?,%eut could be
excluded if B&&itdHRetBrHEchE F¥DRIEMCces from HBV and HCV HBV Conserved
Region 1 G1AACATGGAGA[A(89%)/G (11%)ICA[T(76%)/C(24 %)][C (78

%)/A(20%)/T(2% )4 890N G RLAMT B oIS AREAHEY M%Hﬁg%"(@)&lﬁ 5
CTAGGAC/%CCTG TCGIGII ACAGGCGG G% %h%/t(lz%ﬂ %)/G (119%)]

_ . ) GTI[T(8
ST (e S P RIS B8y A S ARG GBS ol &
ATACC[A(S5%6 )G 806 )ite(@onmit ARMS FE TAGAET DBTGGEGIGACI | CT
CTCAALLIEGIAGHE GIELARMY A5%6)/T(3%)]AIA(41%)/G(30%)/T(18%)/

DETAILED DESCRIPTION OF THE INVENTION

25 RNA interference (RNAJ) is the process of sequence-specific, post-

transeriptional gene silencing or franscriptional gene silencing in animals
and plants, initiated by double-stranded RNA {dsRNA) that is homologous
in sequence to the silenced gene. Since RNA interference acis ina-
sequence specific manner, the RNAiI molecule used as a drug must be

- 30 specific to its target. Viral genomes are variable to accommodaie
resistance to changes in the environmeni, While HBV and HCV Iare very

desirable viral targets for RNAI, the variability and mutability of the viruses |



C(11 %)I[C(90%)/T(10%)]- 10 HBV Conserved Region 2
TGGATGTGTCT[G(99%)/A(1%)|CGGCGII] ATCAT HBV Conserved Region 3
15AAGGCCTTTCT[A(43%)/G(43%)/C(14%)1[T(56%)/A(37%)/C
(7%)PT[A(87%)/C(13%)1AACA[A(57%)/G{43%)] TA[T(59%)/C(41%)1[C(59
%)/A(41%)]TG[A(92%)/C(8%)1[A(93%)/C(770)]CCTTTACCCCGTTGC[T(5
4%)/C(46%)][C(92%)/A(8%)IGGCAACGG[C(74%)/T(24%)]C[A(50%)1T (43
%)/c(?%)|G@{d(laﬁ@flﬁ?@@i@@)‘l@fﬁ:ﬁ@‘(mm@W@i;feemmmﬁ)w@mm GTGI I
CTTGOIC T IEn @?z%‘%‘“%ﬁm%‘“% e
%)/C(B%)ﬁé%@kﬁl%%{@g%f %?ng{f‘égﬂf ( /’%@g&f % i%‘?ii’;
AACCTTT[@{M}%@i@%\)ﬁﬁ(g%)wwgcy@ﬁm(@%mw@/@(&mmG{GWB%)
IT(22%} CTERIHRC LS AT CIAIAGTE G AALTE CTABBY TG RE -
1%)/0(1%)49&;[&&%3/ s CERLN %%'T@é[%% JGO %AT Gl I |

[T(88%)/C(12%)1GCT GCAGCIC(64 A))/A(V6‘V %)/ G(13%)1GC
HBV Conserved epalitis B irus (HB epatitis B virus be ongs to the

30[C(62%)/B(BBYNAGEBTETCAKGUE FBNASCTE FOOETES Gr@ﬂ'ﬁ@zﬁ:ﬂiﬁi!iy

[G(88%)/A(%8ué)§§£§@,?a"/m(ﬁ\(§? pﬁ ,@ﬁe‘:}%B 5. T
2%)/IA %)1(: 50/%%%5% GAAI| | GGAGC A(65%)/T(35%)] 15
CTGT /&)“f‘i‘(é*% HANTETS PIFR RS RS
C(8%)]GAC31$ COZUYT(SHYLIETI CENTCr B\ aBbXgeieidsREWaNGS/S open

gﬁ?g;)éiﬁié%%}}éﬁ(&ﬁ%)fm@%é%ﬂgf C(;%A&édlwml?{n}/%%ﬁ&@ﬁ@@m@
%)/A(39%)] 2%{)%%%8 ﬁ?f%%&ﬁ&g E’é%% I D ieciscatscie
AGAAGAT@*F@SKM RypRspdsT (SR i et ‘J&f‘i"@'ﬁf@&@%‘)‘?‘ﬁmﬂ)@ Pageids TTAGTAT
10 HBWSCoBseardigdrRebiteg) and the nucleocapsid protein, hepatitis B core

TTGG[C(843/ &6%}%&%%)«4‘{@&@&%@4@% L%c/ )ét ion have been
%)/9(17%)/c(1 % GGCCATC %83%}7 (17%)][G( 2%)/C(8A) JCGCATGC GTGGAACC

111[G(84(3 F?ﬁ’@@%i 659, TRCA AT S esiiss e protein
8%)/t(22%)3@@@@3’%@@@%@@6@?&@5@@@@%@0@#«%@9@%

19(1%)/c(1%}dfaik € OOt ad3RnYap (806 e Wodd Glal T 98%aH ¢ (7%)/g(1%)I T
GTTTH&SS% e) p%%c arc)JjDﬁg:ﬁ'fl;ggC{SSCAGC[C(64%)/a(36%)1GGTCTGG IA(87%)/ g(13%)IGC
. The replication cycle of HBV begins with the attachment of the
.virion to the hepatocyte. Inside the hepatocyte nucleus, synthesis of the
plus strand HBV DNA is completed and the viral genome is converted into
a covalently closed circular DNA {cccDNA)Y. Most antiviral agents that have
25 been examined so far have litfle or no effect on cccDNA, which accounts
for the rapid reappearance of serum HBY DNA after cessation of antiviral
therapy. The aims of freatment of chronic hepatitis B are fo achieve
sustained suppression of HBV replication and/or expression of HBV
o -antige'ns and remission of liver disease.
30 In GenBank version 132.0 there are more then 4500 HBV
sequences and 340 HBV complete genome sequences (317 Human

isolates, 22 isolates from other primates and one woodchuck HBV isclate).



20HBV Conserved Region 7 '
CTGCCAACTGGAT[C(86%)/T(10%)/A(4%)]CT[C(69%)/T(25
%)/A(6%)]CGCGGGACGTCC | Il GT[T(75%)/C(25%)1TACGTCCCGTCP(
93%)/A(7%)1GCGCTGAATCC[C(86%)/T(7%)/A(7%)PCGGACGACCCIC(
52%)/G(25%)/T(19%)/A(4%)] 25 HCV Conserved Region 1
fA(74%)/G(19%)/T(7%)1[G(82%)/A(15%)/T(3%)]ATCACTCC
CCTGTGAG@%E&@E&E@&EQW@M&@&@E@ dRféeCepdlsc CG
TTAGTAT % (8 CAG 0
A(76%)/T( 4%) %%é%@g %{J %ﬁ&g@g Asr%é ﬁ‘ég %EAfgriéﬁB@é%
TCTGCGGRACHEETHE @M@ﬁﬂﬁ@@@m@o@m@@@%%m@
(78%)/T (16 A )RRBECBSITHDE buOTETG G ATIGEBY) b LT )&, 16

%)]AAGC @@&%QE@@%@M@%@!@%@&% ;%)é%@"/a)&@%ﬁl% TN GEH
CGTGCCCCCGC[G(859 A(14%)1AGAC T(94%)/C(

%)IA(4A) ﬁ‘é&) %

506)1GCTAGC CENEIAEPB2 IR e CFE R tEIRTECGA AAGGCCI
| GTGGTABTGO B3 GATAGCHFRTITGC SGAGTEETIE GGG S:8d and a
e e ot “ée‘é“‘é‘”%%ﬁ‘g@%?"? e AC C
[T(84% /C/fﬂi%g)( @%TEE%%??R%K% c?}&'}f?[é’ é%ﬁ {%‘b % %h

4%)/A(169 ?Tﬂ%@&@%ﬁ%@@?ﬁ?%ﬁq"@é@%ﬁ@@@@C@Gﬂ\@@ﬂ@@ﬁ@ (8
1%)/T(18YNe(de)IAAGTIE COGHG]GF0N)WEEINGE{FRO%IF20%0)] 10

- GG[T(80%Mg(ézr@éeé§s@)4%§i&ﬂé§§é§2@&U}(%%W éﬁféey%%zﬂ%eﬁﬁg
T[T(87%)/A é%é%; 2%)ITAC[C(74%)/T(20%)/G(6%)[TGTTGCCG

GGGCCC[ o) RS B9 (6T 5T e f‘é‘(@?‘%ﬁ/ﬁf@%}/q
206)][6(87YWRETZIH)OTEE %] +PHGBEGFCOECECBNORT(TEIEHBEASBN/A

QS ﬁﬁm[’@*%‘ﬁJ@W%é%ﬁé’?ﬁ%‘%%@%%@C °
%)C(6%)]C§ ﬁl/(%& %‘))f%{(gf?é %85% Wé'?gf/’s)??‘(ﬁ }5'/&9?3%/55%‘?%53 %‘& HCV
Conserved"B8gbFeay %(‘FG?@@{?()‘P@“%YA [tEPdy) Mg 6% ?@GQ‘%@PF@@G%ATATGATGA 20
TGAACT G #8196y ado8siNtaCansenved ICORNENSUS Sequences presented in SEQ

D format  Thg fgliawin SRS s fevPieseisn BB icmahiaguiad per the
VVIPQ Standar ) e codes provided under 37/ CFR 25 1.821. SEQ
1D NG in BB SRS 1t Yeoid o Ve 9BNgamYHTERs NO:11 and
SEQ ID NGaredbeivedvremTtreda@ingénamesSE@ID! NOIT tdBvotides
30GAACA L aNsatEs A¥ieAt ARG NT SR AGT R e Gdids, which is
GCTCGTGT CAGG%(? Eﬁ‘EEGTKI [ LCT TT%;(ACAArAAT TCACAATA 17
CCACAGAT TR lea e ey c%f@ REPERR: TP REERG A fly
' structural (C, E1, and E2) and multiple non-structural proteins (NS} NS2 to
- 25 NS5). The NS proteins include en_zymés necessary for protein processing
(proteases) and viral replication (RNA polymerase). Because the virus
mutates rapidly, changes in the envelope proteins may help it evade the
~ immune system. There are at least 6 major genotypes and mote than 90
subtypes of HCV. The different genotypes have different geographic
: 30 - distributions. Genotypes 1a and 1b are the most common in the United
States {about 75 % of cases). Genotypes Z2a and 2b (approximately 15%)
_ and 3 (approximately 7%) are less common. ' '



SEQ ID NO:2 HBV 5TGGATGTGTCTrCGGCG | | | ATCAT SEQ ID NO:3 HBV
AAGGCCTTTCTVvhGTmAACAITAyrreTGmmCCT IIACCCC
GTTGCYmMGGCAACGGYChGGYCTnTGGCAAGTGII | GCTGACGCAAC 10
CCCCACTGGhTGGGGCTTGGYbATNGGCCATCrsCGCATGCGTGGAA CCI I |
bnGkCTCCTCTGCCGATCCATACTGCGGAACTCCTNnGCnGCbT
GillyGCTCGCAGCMGGTCTGGrGC SEQ ID NO:4 HBV
15yACTGTTCAABEETCREREHTE e R di st diqpseor outcome of
GrCATGGAGRMEGACHRCKTATIBAA G AL S ACERIMCTAAEEEGAGTTA CTCTCdL ill

IGCCUCY %g%r'(eg §&EE%§%%@§I%§&% HE8¥nd to inferferon treatment. The
20CGAbGCAGG TCCCCTAGAAGAAGAACTCCCTCGCCTCG

CAGACGEHT EPERRT B EHIEEEE SRS AKCRT BHERARIEEBGA
ATCTYAAT@IEARGTATY ST 1R2iN@E #iBVvatment of chronic hepatitis C is to

25AbGCAGH el GIRCAGIARRAGIE RETESECEEC S Géectable hepatitis
GACGMGr C'TCAEAJF GCGTCGCAGAAGATCTCAATYTCGGGAAT

CTYAATG ﬂieﬁ_ %E(%gw] %@ﬁ%ﬁs:}c m%n s afler completing thetapy is known as a
30CAbGCAGETEE CemrsAABARGARE dteCTEgraeeonse is equated
AGACGMGHEC AN ame redad ECEAGAAGAT 6d CARI¥RGHSCMA

A8 Shot A be it BEtlRNAEIIR s of srea -
GAbGCAG(-BFl'I-éCg% %ﬁ%&gAGAAGAA%T%&‘C%%&%%’?%‘&8”““ as slowing the
progression of liver scarring (fibrosis) in patients who do not achieve a

sustained response.
in GenBank version 134.0 there are more then 20,000 HCV
sequences and 93 HCV complete genome sequences. A comparison
15  between all the complete genomes was carried out using a modified

version of ClustalW. The multiple alignment result was parsed and a fable
that included scores for sequence conservation at each position in the
HCV genome was generated. A sliding window search to identify the
longest region of sequence conservation larger then 19 nt in length was

20 created. Three major conserved regions were identified and mapped to
GenBank RefSeq (reference sequence) accession no.; NC_004102 this is
GenBank annotated HCV complete genome. The conserved sequences
were screened against Genbank sequences of both human genomic and
cDNA libraries (human chromosomes database), and those sequences

25  unique from 21 nt up were identified.

Non-Homology with Human Seqguences

Itis equally important {o ensure that conserved viral seguences
targeted for silencing according to the invention be substantially non-
30  homologous to any naturally occurring, normalﬂy functioning, and assential
human polynucleofide sequence, so that the dsRNA molecule does not

adversely affect the function of any essential naturally occurring



AGACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAA 5
TCTyAATGTTAGTAT SEQ ID NO:9 HBV
TTGGYbATNGGCCATCrsCGCATGCGTGGAACCI I I bnGk
CTCCTCTGCCGATCCATACTGCGGAABTCCTNnGCnGCbTGTTTYyGCTC 10
GCAGCmMGGTCTGGrGC SEQ ID NO:10 HBV
CTGCCAACTGGAThCThCGCGGGACGTCCTTTGTYTACG

TCCCOTCHAAGEE piHid¥ite GRAGEAGAEN Lo SR R MR dsloHzY
DdATCACch%:TngAc&G ACTACTGTCTTCACGCAG

A :
AAGCGTCTAGERA NETATEASTER EREEREE) T RRsEds
CCCCCCCRIECESEACADEUHRIAGESGTET teGEAACESET GAGTA 20

gACCGSéﬁM%W@P&@@@?J @ch;éré %T%@@TG&A&C&G - G&%& for
CwAT rAGA TA

AOya TGO e T A R S R Rl ] ER R e
GCGAGTAMetasEnsdIonediraanteericaie AToadcaerhg
TCChAAAGETEAAAGARAARAAGTASAMGWAACAE CAAGEBYIGEREAC 25
AGGACGThARGH IO G PRGN AGATER LIGPRE GAGENTAC

bTGTTGCCGCGCAGGGGCCCNMvATTGGGTGTGCGCGCGACNAGGA
AGACTICHSRAIESE I CRBRICTALEN B ERS 15 {§te S 1piesyential lack
S0ATHG C T BESATARPGATCATBNACTSByolyouciectiDoabledrandethRNA Gene
Silencing/RiNMhaByiakeieie asiggaaposition” or "nucleotide” composition is meant any
one or more compaund. i WHich ong o mare Rlecules. ol Phosphorle acid are
combined with a carbohydrate (e.g., pentose or hexose) w ich are Inturn 5 combined
with bases%fé'ﬁﬁ?’éaoﬁd}‘ﬂ?;ﬂf% wgongidHivie AN\ vilengine T etiymine).
Particular natmadhpitycoursitey stlicl eic Bty mole gules inclvdeigenamiedeoxyribonucleic
acid (RA R hostEhacleicacil (ML RN BaiRSeKeral diferen forms of the

latter, e.g., messenger RNA (mRNA), transfer RNA (tRNA), and ribosomal RNA 10
(RNA), BT AL RrBHSTARR BRI FBTRETIS WHAHTERE EONbIBERtary (CONA) to
the differerbiri¢Auneieclds iByritsasizedeDNAPorssdy/biniehese dfiabirhpeaturally

occurring GiNdRas avell s TRINA/RNARyky idsuand peptigainvaleicseie,(PNA) molecules
(Gambari, Curr Pharm Des 2001 7(17):1839-62) ¢ Iso be used. 15Itis

: contemplat%%?ﬁfgg%@?eﬁ%%g 'é%é\stla%“ﬁzbc é{léegg% %rgi’é“%ﬁg’ i§ fﬁﬁ'A, the T (thymine) in
the seédlences pfAAEHHEEIR F8SFGRHBY RithIF W saduy =y ¥s&mple, SEQ ID

NO:1 througihnS&edIbith Qb regerdistiaser:DerekeashiNA segueneesOitiwill be obvious
to one of ofgayYskiids 4R ATCEMA ElfeStLNRIRSUS, SRR Seauences

from :
{(Although there were some matches that were uliimately identified as HBV

contamination in the cDNA library.) A comparison with human genomic
25  lbrary sequences revealed no match of any sequence of 21 nts or more,
| one match of 20 nucleotides, and one maich of 19 nucleotides. These
matches were in non-coding regions, and likely do not appear in mRNA
since cognates were not turned up in the cDNA library. Therefore, they are
considered unlikely to be a safety risk, but could be excluded if desired.
30



20 any of the aforementioned SEQ ID NOs will have T substituted with U. Nucleic
acids typically have a sequence of two or more covalently bonded naturally-occurring or
modified deoxyribonucleotides or ribonucleotides. Modified nucleic acids include, e.g.,

- peptide nucleic acids and nucleotides witHunnatural bases. 25By "dsRNA" is meant a
nucleic acid containing a region of two or more nucleotides that are in a double
stranded conformatlon It |s enV|S|oned that the conserved viral sequences of the
invention magme e H g Efidpositions known in the art or
subsequently developegmhm%tugymkb@ﬂsRNA -mediated gene silencing or RNAI
30 mechanism. In varlo bl%ql{R ucleotides
or consists of a mlxture 0 gg;&nuc e&%ﬁig PE];((?/g%‘Roxy gﬁ? ﬂ&é%%ﬁ%ﬁé? ge1 RNA/DNA
hybrids d|sdﬁ%’é@?%ﬁé%ﬁlﬁﬁ‘l@%@@?wwe%ﬁ@&l%@@%ﬁﬁ% 93661V .S.S.N.
60/130877cfiled@nuit 2L TR0 FhedsRNG srydE ssingla1n)ieayteswitly/a region of

selfcomple m ! p%q% m f, gggg}@ ‘i‘(&. se pair
with nucleoti desﬁmﬁg %ngét) k?negﬁe{ﬁ the/rgnb(%%ié@ (nﬁ\%{?l%oﬁ em% ﬁn%%ts a
"dsRNA thaﬁmw/ﬁ@ﬁﬁé’méyeﬂwﬁﬁg Aftvely 5 fsoHoeREEdES or includes
a region of fibGAAJIEDTIHES Hisb (s G ENBTIATB i) B\ [AFItH It BeeXyriamycleotides.
Alternatively, the, gfddéy fraypnglude two different strands that have a region of
compl%nentarlty to each other n various embodiments, both strands 10consist entirely
of ribonucleotides, one strand conS|sts entirely of ribonucleotides and one strand
consists entirely of deokiZiboargga@itiedionne or both strands contain a mixture of
ribonucleotides and dewg@hp@mdegﬂﬂg@gﬁ)‘g@l(awng@@@@gmﬁsﬂq@@mplementarlty
are at least 70, 80, 90, 95, 98, or 100% complementary. Desirably, the region of 15 the
dsRNA that is present in a double stranded conformation includes at least 19, 20, 21,
22, 23, 24, 30, 50, 75,108Y 20ensweed dianE0 or 5000 nucleotides or includes all of
the nutdeotides in a cDNAGIEIUT arepantot)/BHeIsIRINA) IM(SomBgpTpdiments, the

dsRNA dogsdat Taai‘%ﬁ@h§%%J@A%f%ﬂ€%%%?@&?@%)ﬁ%§ﬂ@@/%@ﬁ%’fé‘(%%d ends, or

the dsRNA | g? a 20 S one Or more single

stranded re§igHé bP é@@[ﬁ%@” HEL% gﬁfg%ﬂ(R@ﬁAWT&cfﬁgﬁﬁﬁ%ﬁA strand or
region that 484 @hfiodR$e28t 48 el PEaioi (EEGE B 6B 8 [EGsLMTG BQ5®0)/ 9608, or

iggs/e c?rr; PlSRPAREO! tesasaloeIMRisiRREI)) @@lsgﬂ \FRI¥A AaRE T EEgIon ;hfot ;S a
target nuclelc a%ﬁ%%é@n%%%ﬁg%%g%?%ﬁﬁggﬁ plég %in&g§8 vitro
using enzyfmatie S eHEMEAl Bipithétt md (A U/ it RS HRGER 08<eaK B ETein or
those descﬂbﬂﬂiﬁ%]@(ﬁﬁiﬁ%%{&‘ﬂ@@/ﬁﬂﬁ/lﬁ@@@% HOY8% 558 PBAEPSE 7, filed

April 21, 19 (llnr@ghg 9,
- complexed%vgl?h an A stra %ﬂ%e 3%%@?} %Q\;J cg 01)%}37 Ezwégb gggncbrrent with
the transfoffafi¢ M%?WBWCQ%E%T%T@G@WW%WM&G the
| dsSRNASIs & SHIGIE 1CHRRIEIC BT %Y A(35%)T(8%)/G(2%)GCIT(92%)/C(7%)G(1%)]T

GTFT[T(SS%)/C(‘E2%)]GCTCGCAGC{C(64%)/A(36%)]GGTCTGG[A(B?%)
G(13%)GC

- HBY Conserved Region 4
30 : [C{62%)/T (38%)}ACTGTTGAAGCCTCAAGCTGTGCCTTGG
- GTGGCTTIG(88%)/A(1 2%)]GG[G(92%}/A(8%)]CATGGACATTGAC[C(9
2% )ABYNCIT(E5%)/G(35%NTATAAAGAAT TTGGAGCTIA(B5%)/T(35%)]




nucleic acid containing a sense and an antisense region, or the dsRNA includes a
circular nucleic acid and either a second circular nucleic acid or a linear nucleic acid
(see, for example, WO 00/63364, filed April 19, 2000, or U.S.S.N. 60/130,377, filed
April 21, 1999.) Exemplary circular nucleis 5acids include lariat structures in which the
free 5' phosphoryl group of a nucleotide becomes linked to the 2' hydroxyl group of
another nucleotide in a loop back fashion. In other embodiments, the dsRNA

inﬁluldes o@%@&@@m@k@f@te@@mmymmnﬁmm?mﬁzwgar cogtains
a halogen (such 10 Y ;111: ¢ s an alkoxy group (such as a methoxy
group) Whiéﬁ%ié},}rgé%@ﬁ lt%%%éﬁ#%e@i the gfslﬁlgl]A in vitro or in vivo compared to the
corresponding dsRNA in which the corresponding 2' position contains a hydrogen or an
hydroxyl group. In yet ether epnbediments;idhesdsRNA includes one or more linkages

betweeon adjacent nuclﬁ%ﬁq%jé%& gL %:?,?l[u% C@&éﬁé&g&@%ﬁﬁ@ﬂég% fphqugmgiester

linkage. Examples of s oramidm&os horothioate, and

Si
phosphorodfit @W%?W%WEQ%%W@QT GHHRY nucleic
acid moleculgaiasuaBihtapd) SR HNCNOASTEAIGEHEE AN Aties diibodiraents, the
dsRNA CO%@@&@&?&@M}?@E Aiangecasdiaglased i oy WO
00/63364, filed April 19, 2000, or%gst? . 60/130,377, tiEI%(d April 21, 1]999. In other
embodimeﬁt@?‘ 4sRNA contains coding sequence or non-coding sequence, for
example, a regulatory sequence (e.g., a transcription factor binding site, a promoter, or
a 5' or 3' untranslated negiprcgddR)ef arqpRNA). Additionally, the dsRNA can be any
of the at 25least partia m di ( j,g [ filedh April 19,
2000 (see, for examplte%%@%’-éﬁ l@ﬁi‘ﬁ%‘?@ﬁ?‘%{ %@%ﬁ@ﬁﬁéﬁ:u es described
in US ProvigidHAT AYpIiaAIR 603 Y. 068 e tUiyeat>Gai/ she B Ery$5003/024028,
filed 31-Jul2@R3rand US[Bre¥isiorabAprheatiom sk 9 53 eduO eaibEs(T8, 2002,

SRl AR S e el A

[ . Vi in viv
using the r#%%%&%%%yé%g@ %ﬁé%%@f%@?@%&%ggggé%% CQ§J° i@ ) 2 described
in WO 00/63B6H IRt Xgil ¥FHDOFSEE G B4 dnipet PHGesI €6 28)A (877a5RNA
"Hairpin” Cgnstiyats; Constructs encoding a unimolecular hairpin dsRNA are more
desirable for some applications than constructs 5 encoding duplex dsRNA (i.e., dSRNA
composed of one RNA molecule with a sense region and a separate RNA molecule

“with affantisense regiof¥Heead Ple-Siagietstranded RNA with inverted repeat
sequences more efficientigdarws.a @SRNA BN SRR (L TOIE QeatpT efficiency is

due in partdg hg-REerNse A GRBSHRNSAR BRSNS m@@%eéﬁwg‘g{s
{

containing conver '{‘#] Spﬁromoters that generate duplex dsRNA. Tra§sccg$§g
interferencd &AL %@ﬁ@&ﬁ&%@&%@%&%&w RIGKEH ﬁ] % reducing
the numbe B3t peHABETSENSHE HAthHNntisense strands that can base-pair with each -
other gad form duplexes. Transcriptional interference can be overcome, if desired,
through the use 15 of (i) V\(eooxggtoeg géeglniq which one vector encodes the sense
RNA and the second v isense RNA, (ii) a bicistronic vector in
which the individual strEHa4%aY&eicedEd BiilHE Barfd 15idsmide i Tirotghthe use of
- separate cigitgus; GAGiASTUr renTEsvecacket enCERElaATIGEISBNA, i.e., an

RNA in which the Sease. and AniReNSe o 16 TGCAGCIC(89%)T(10%)TCCAGG]

30 ATBWYT(14%)YC(8%YG(1%)ICCCCCCCTCCLCGGGAGAGCCATAGTGG

TCTGCGGAACCGGTGAGTACACCGGAATTGCCIA(90%)/G(9%)IGGAIC
(78%)T(16%)/ABGY%)IGACCGGGTCCTTTCTTGGATIG(78%)/T(11%)/A(10



20 sequences are encoded within the same RNA molecule. Hairpin-expressing vectors -
have some advantages relative to the duplex vectors. For example, in vectors that
encode a duplex RNA, the RNA strands need to find and base-pair with their
complementary counterparts soon after tréﬁnscription. If this hybridization does not _
~happen, the individual RNA 25strands diffuse away from the transcription template and
the local concentration of sense strands with respect to antisense strands is decreased.
This effect % téateffor RNA 1SS EramBcibed rnEabei(3H) G ovleHBd I (CRNA

'transcribeO!mwu%ﬁimeﬁmdhmbmb&ebcﬁé@mgmfﬂ@w@ﬂp}m@ﬁ@%%% folds by
nearest nei I r R

co-transcri p%%ﬁ%ﬁw ié?(feégg%] %ﬁ@%ﬁ%%ﬁ%ﬁ?&%@@&%@ﬁé@&& gf\com pleted
RNA transc/ﬁ'ﬁ%qg refPE Uiav Sifelb IS AasE palrhi At e Eaapleatentary second
RNA because T oCiamasaciecriaChas@pairngonirese mmieaies; Ahp gercentage

of such unaygiaBle NAIRGVISR.IBSAASEBININ s ielepiag hadiansaripien. These

molecules may never form a duplex because they are already in a
e A A A P TA AR Bty to
its complend&fitay RNAASRGE/RITA SIfLE T T30t Ftatic CashedRNA G EasENtly
unfolds, its ¢auppl Iy, RRALE e s dRmed? ¢ 6% tigipate in
base-pairin ? 33339 @i%%ﬁﬁﬁll S 'Or?c@@ rmedf%@?@ﬁ%%%%d?g@ r}gglicted to
e motd St (A HAE Cr s RO i E O SIS Dare, 0.0,
"forced" haifpifPém&iits/ pEtal INEHEITS CHPEasI BEHEINY BXBBEESBECAG
-gggégeggéwmbwi&muwmg ﬁftm%mﬂ'%%b*&eb@éfmfwoﬂﬁﬁ@@%m%%ﬁéd\'RNA
, ATINE . w r

Structures gz(g}@g%it/?ﬂgé%a@? I@g@fgg é%%é&%%gééé@g%$%%§§%i filed
31-Jul-20037 4¥WEHeH5 GO AE M SR ol HELHAIRSMISNE BRI Rt IAEmatched
regiont; anGETUHRMIESHECCORBIARSHS (e DRI ESBINEE0140 1,632 kel 48-Oct-2002,
and PCT/U§20@3(03346@:¢ %@@)QE@W@QL{B@&G WQ%%%%%%Q}J)%H@CG, and

Methods for Generating and Using the Same, 0- Oct-20 By "short dsRNA"
is meant a dsRNA that has about 50, 45, 40, 35, 30, 27, 25, 23, 21, 20 or 19 contiguous
nucleotides in length thdENrEpnsetashiBesicanded conformation. Desirably, the short

‘dsRNA is at least 19 b%ﬁmmm&hdﬁ@ﬁm&%ﬁ@@@'ﬁﬁﬁ@ﬁwle

stran region,i ggﬁ 9 to 40, 19 to 30, 19 to 25, 20 to 25,21 to 23, 25
- 25 toc?gf o?%&gﬁ)@%?c nglgtj/%%:s&%%%g%airs in length, inclusive. In some embodiments,
the short dsRNA is between 30 to 50, 50 to 100, 100 to 200, 200 to 300, 400 to 500,
500 to 700 Cepeetore000n0804e 200N cos rRYBHIR SPOORMIaERIdas in length, inclusive
and has a doubleifﬁgq&g%gegéa[}é%; |§,Q%g§%e§§ﬁr% %Qrggﬂg ¥9u§ %@sepalrs in

length, inclusive. 30In one embodiment, the shor Is compl éﬁ/ ouble

stranded. IMESMBRIBBRMent< HAOSRb ITREKING Gedsatirewretuarer 36 RhRleotides in
lengthifandithé lertird dSRIOA ihehogbl8Eirdm et | aotheresdfadinientsa\24

genome SEQ ID NO:11 and SEQ D NO:12 are derived from the HCV

genome.

SEQ D NO:1 HBV
30 GAACATGGAGArCAyhdQATCAGGAyTCCTAGGACCCCT
GCTCGTGTTACAGGCGGKGTKTTTCTYGTTGACAAAATCCTCACAATA



the short dsRNA has one or two single stranded regions. In particular embodiments, the
short dsRNA binds PKR or another protein in a dsRNAmediated stress response
pathway. Desirably, the short dsRNA inhibits the dimerization and activation of PKR by
at least 20, 40, 60, 80, 90, or 5100%. In s6me desirable embodiments, the short dsSRNA
inhibits the binding of a long dsRNA to PKR or another component of a
dsRNAmediated stress response pathway by at least 20, 40, 60, 80, 90, or 100%. See
also the teaching. oA GBESHN EREROHOECed28TApTF2003 A Methods@ESdencing Genes
Without Inducing Toxicity", Pachuk, as to utilization of 10 short dsSRNAs in conjunction
with other d&RNAs to avoid dsRNA-mediated toxicity. By "at least 19 contiguous
base pair nucleotide sequence" is meant that a nucleotide sequence can start at any
nucleotide within one cffaeidisclosei@gequences, so long as the start site is capable of
produgjng a 15polynucieqtide 9f atteastddasemalis for example, an at least 19
contiguous base pair nucleotide sequence can comprise nucleotide 1 through
nucleotide 19, nucleotide 2 through nucleotide 20, nucleotide 3 through nucleotide 21,
and so forth to produc&aQ 9P Thiis/ a 20mer can comprise nucleotide 1 through

nucleotide 20, nucleotidg2dhyorph2Onustantidesstspmaleatide S tiraugicoucleotide
22, and so ~Similar.se C ove.2 i | visioned.
By "expreséﬁ)%lgv%vb%eé‘%l%ﬁ%%%@%%ﬂﬁngégﬁﬁmg gﬁ@ﬁ%ﬁid RNA
desighed t6HaRE¢rTsecEn RRAGE bl CHebAd Rttt ICastelfs st Fe 43t 8RéPromoter
operably ligkedthaGCaumstreant gemEroC22 Tadingoegionf 0udest egha cDNA or
genomic D&Iﬁﬁr@gg&%@%@g@g%gﬁdg%e&n, or any RNA of interest, optionally, e.g.,
operatively linked to sequence lying outside a coding region, an antisense RNA coding
region, a dsRNA coding region, or RNA sequences lying outside a coding region).
Transfection or transfoffh&tibhts?:the@xpression vector 30into a recipient cell allows the

cell to,gxpress RNA orypetei eosadrsthy: esexte sRio veeiorr dnexprassion vector

b ' ' d id, Vi ifici ived from,
o 25 exaute. AR T L R

By an "exprd$sI&iH EORSHEEE Id Figaive Ahy IddiéStranded DNA or double-stranded

RNA designed to transcribe an RNA, e.g., a construct 5 that contains at least one

- promoter operably linkeg to,3 deynstseam gene or coding region of interest (e.g., a
cDNA or genomic DNA fragment that encodes a protein, or any RNA of interest).

Transt8ction or transfofri7at C@ﬁ%@?&%@é\%ﬁ%ﬁﬁéﬁéﬁQﬁﬁ Fé(\c(li)(f&:ft%%ll allows
the cell to EXPBASHRIGATEI T[SHBA0I0 G@rEEe 6 HYGhe RPeASIoRbNEIIEE EPrexpression
10 construgtyinybera-peastiaally engineered plasmid, virus, or artificial chromosome
derived from, for example, a bacteriophage, adenovirus, retrovirus, poxvirus, or
herpesvirus. An expression construct does not have to be replicable in a living cell, but
may be made synthetica{z IByN@ By linked" is meant that a nucleic acid molecule

and ope ABGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCA
GACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAAT /
CTYAATGTTAGTAT

SEQ ID NO:7 HBV
30 CAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGC
AGACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAA
TCTYAATGTTAGTAT '



15 or more regulatory sequences (e.g., a promoter) are connected in such a way as to
permit transcription of the mRNA or permit expression and/or secretion of the product
(i.e., a polypeptide) of the nucleic acid molecule when the appropriate molecules are
bound to the regulatory sequences. By a '%romoter" is meant a nucleic acid sequence
sufficient to direct 20transcription of a covalently linked nucleic acid molecule. Also
included in this definition are those transcription control elements (e.g., enhancers) that
are sufficient to render promoter-dependent gene expression controllable in a cell
type-specific, tissue-spegiticimntemperal-specific manner, or that are inducible by .

external signals or age’%?\?b%{?ﬂfﬁ‘;ﬁ'@@ﬁ@rgé M%@&W?Q:E%%%%%@g artisans,

may be found in a 5' or 3' region of a gene or within an intron. Desirably a promoter is
operably Iir&g’a‘?@g‘ﬁﬂ%ﬁ%?@&%ﬁﬁ%ﬁ%ﬁ&%ﬁﬁ%@E@&N&Wﬁ%@@é\)ﬁn such a
way as fo peamwexre3Hei Al the nucleic acid sequence. The RNA molecule
according to this invention may be delivered to 30 the mammalian or e>ctracellular
pathogen present in the mammalian cell in the composition as an RNA molecule or
partially double strandeﬁﬁ-fﬁ\iﬁ @Qq%éﬁé’e or RNA/DNA hybrid, which was made in vitro
by conventional 26 enzyffétitéJmBel mEdeds GSING foT @kdvmple] tidkakteriophage
T7, 13 or SESRIVA notesasep aseardingdaibs cenventinsalbmethadsgqscribed by
such texts Wg?r%?%gﬁﬁgﬁols and Applications Guide, (3rd ed. 1996), eds.
Doyle, ISBN No. BT Rlternativé y these molecules 5 may be made by chemical
synthetic methods in vitro [see, e.g., Q. Xu et al., Nucleic Acids Res., 24(18):3643-4
(Sept. 1996); N. NaryshiirnapaliQBipamy Khim., 22(9):691-8 (Sept. 1996); J. A. Grasby

et al., Nucleic Acids ReéTéé@@&%é%@ﬁ@é@@@é&%%@é@ﬂ?éic Acids

Res. 17:7381-93 (1989). S.H. Chou et al., Biochem., 28(6): 1989); 0.
Odal el al., Nifete Tﬁ&%@rﬁﬁ%&ﬁi‘?ﬁ%g?f%?N.A. Naryshkin et al., Bioorg.
Khim, 22(9):691-8 (Sept. 1996); S. Sun et al., RNA, 3(11):1352-1363 (Nov. 1997); X.
Zhang et al., Nucleic Acigig)Refin28(20)3980-3 (Oct. 1997); S. M. Grvaznov el al.,
Nucleic Acids Res., 2-6 . - 998); M. al., Nucleic Acids
Symp. Ser., 15 37:77-8%%3‘?%%%§§%¢1@# ﬁ%@%o??gg?éf%é&%éﬁéﬁcleic
Acids, 2(1): MG E6I6) T ARE A \E RIUBFARGUSKERN &L T4 N B b ARANAC AR E)819- 22
(Jun. 19_91)q:CQCtS¢itbaﬂ¢:m@tB®MA@:RMWUMGWSAF\M@GWGEGJM made in a
recompnan AEISSIGANEN PbARGIRiRRRG A QR AAT insambipary host cell

I
e.g., mammalian cells, and isolated from the cultures there conventional

techniques “88d (LG Y BRAEEhRIGHEE RIS R EE6hG HEWOPABULAR
CLONING, AGYSBEORIGT) RYGMANGALC ZN6 i T8 0iE I reHabe G atory Press,

el oot e e e e AW s,
etail thes nigues, and the techniques described in atent Nos. 5.824,538;
5,877,155, AH RS SV LGP AN R B ABTee A OBl R molectiies
prepaiéd oASPIRESTIdd A Vitr 6 GeaythéHivEstiy reBvd A toa e angialaccell or to
the mammaasrthey @i masle drdte v iafeerness phove BrowaepeL skill in the
art with the jﬁg&sﬁle%ﬁd&&?ﬁ%rxrho&@&g&% ragﬂ& of the following specific

SEQ D NO: 12 HCV
30 ATGGONTGGGATATGATGATGAACTGGYC



embodiments, given the teachings provided herein. Therefore, in one 27 embodiment,
the "agent" of the compasition is a duplex (i.e., it is made up of two strands), either
complete or partially double stranded RNA. In another embodiment, the agent is a
single stranded RNA sense strand. In an#ther embodiment, the agent of the
composition is a single 5 stranded RNA anti-sense strand. Preferably the single
stranded RNA sense or anti-sense strand forms a hairpin at one or both termini.

Desirably, the single steandet&NABaDseRALSERIASERNE JoERS dhairpin at some
intermediat%sgorti%n hetween the terrnini. S{J{ch.a sma%lﬁ stranded RNA sense or

anti-sense Eﬁ%ﬁ&‘ﬁéﬁé@g%g%é&ﬁ‘ ed 131 6ae aﬁﬁf@r’? ftSeif thecome partially
double straiftimdatiovral oivooYerETBaRIUERbbEIPRICOE asidant RNA molecule
as the effectivpingenttisecbinihaieanpasitivnsdssasinglessirandedlNAwwequence

compriging Bof SERG ROARONHS SEAENES And an, antiserss, polynucleotide
sequence, optionally separated 1 b a non-base paired polynucleotide sequence.
Preferably PHISEIAGIE StrdRUBHRNRREEY (R Rel Y A58 HBNfY H6'PEEsite
doublejstranﬁed;mqedut&_sigdﬁmﬂeﬂiwﬂﬁbmmmqhs@di(@swt@&simst Still an_other
embodimenh gf (BISIMRNEANAS 28 RN AR AesrIRRDARQYE:£0Stll another

embodiment of the synthetic RNA molecule is a circular RNA molecule that optionally

forms a rod Sr(ETPE TERE TR Y MR Mg et RVANE OV 33 sBes8 TR (1886)1 or is
partial§ dotiBleAstraisddecadetican deprapaiFdracieortiingvticther¢echniques described

i2n S. Wan%?&@lemd SJqANGS 8{8@2@ &ga;z%fa&%n%agég@@. 9hesrzcatgumoto et al.,
5Proc. Natl. Acad.,Sci, USA..87 : - 1 E.F Ares, Proc.
Nt Asad B S AT A 5‘5’?‘&%’% N Aeide Ros.
19 7)1605-P{dprrbeantids miglal atal” Nieneadris(Ragbad( 21y 415907 (Nov.
1996); Z. Pastnan eNal;7RNA| 2@ BB03x1 Bi{due. 1286); P. G. Zaphiropoulos, Proc. Natl.

Acad.(8c., USA, 3093013} 85364 WiiLrd 995N BERHIRY SLialm MlbigleiG Acids Res.,
23(15):3064-6 (Augg 1995), all incorporated hereln.b% reference. Still 28 another agent

is a double™difatded HYBEAL L 8IR SR B RNV IERA BSREAT 5 c4BRT T L ¥ rate
strands, ortneesibréed omhres Sine Hirbifd! throwdteRiddivelitHd RNA molecule may
be formed iksvivesand Hinssiplivered Ry s delivarnsaeenbuviichgenatmias such a

partially do&%l%} the art that an RNA effector molecule comprising sequences from

20  any of the aforementioned SEQ 1D NOs will have T substituted with U.
Nucleic acids typically have a sequence of two or more covalently
bonded naturalty—occurring ar modified déoxyribonucleoﬁdes or
ribonucleoctides. Modified nucleic acids include, e.g., pepiide nucleic acids
and nucleotides with unnatural bases.

25 By “dsRNA” is meant a nucleic acid containing a region of two or
more nucleotides that are in a double stranded conformation. It is
envisioned that the conserved viral sequenc'es of the invention may be
utilized in any of the many compositions known in the art or subsequently

" developed which act through a dsRNA—médiated g.ene silencing or RNAI
3¢ mechanism. In various embodiments, the dsRNA consists entirely of
ribonucleotides or consists of a midure of ribonuc'!eotides and

deoxynucleotides, such as the RNA/DNA hybrids disclosed, for example,



5 stranded RNA molecule in vivo after delivery of the agent to the mammalian cell or to
the mammal. Thus, the agent which forms the composition of this invention is, in one
embodiment, a double stranded DNA molecule "encoding" one of the above-described
RNA molecules. The DNA agent provides'the nucleotide sequence which is transcribed
10 within the cell to become a double stranded RNA. In another embodiment, the DNA
sequence provides a deoxyribonucleotide sequence which within the cell is transcribed
into the abdwe/de SEVFEG4ifitpid Apriri@edORN Ardb s br Eitiz8tide ftramerilwhich

optionally formssadiaitpinigkAna- i beth tergunhoeialdshackapendisealf.to become
partially double.siranded, The ONp Jemolecuie whicn s e delivery agent of the
composition can prowae%\ single strande BNA sequeqnce comprising 6th a sense
polynucleotidésserjlieie 8 eiepirranti s peapmmitieohaenségyiande vaptishally
separated kynadienbasenairadpelnelaotide seqidencelane wherendhedsingle
stranded R%é&ﬂl&%&%ﬁé&%ﬁ.8%@"3%@%‘8@@0&8&!@&%&%@%@&@'.ZOA'tema“Ve'y’ the

DNA molecule which is the delivery agent provides for the transcription of the
above-desIIREERAY RNASHBIEHUfE 4P spHekRalifsR e drstrtigure or partial
double stradgRiiAvivey Fla:DNAridTeculestrayatbat rovidedgiothef in vivo production of

an RNA/DNA-yBRM a5 AprCEREd ARGV G, 05 Al RIGKLANEHRING ANG KA strand and
25 ong NA strand. T esi\/ar|0l‘1:fﬁé)f;é A molecules may be designed by resort to

convention&P TSR RTYLRY SlidkeRY P Ee ¥ iBEY T8 ARS8 &Y above or in the
Promega refevewdecidrsoead one. shdateporitiverytiaefenf otohaibeeseaeiideention, which

enables thesfermatientinsthanmarpmmalamagief ampefthesabeyerdescribed RNA

30mo|ecule§éog(aﬁb%eu% leDc%é ssl'n%Ieeslsrtrba}n’c}g‘(ﬁjl ,‘A%r Ig}(f)‘lgjl%lfecstrapded tglﬂsfranrg Qr vector.

. OiplemEntarty; o
EXpI’GSSIOﬂ Veclors es%%ne to proauc as described herein’in vitro or in vivo

may contaiff&8dfefiteSurde?ihe dORtOTURRIBT RN 29es5ERAMettstegiAtIating
mitochidndriad RIRApaharieasesiR i polibidAnpiet IbpafathRAA pRLdEs and viral

polymerases, gnd bagteriophagenobimesases HIchasad sh SR Theggyectors can

be used to transcribe the desired RNA molecule in the cell according to this invention. 5

Vectors may BE WSS 2b ) BeLrg A P Girrealf &R dby SROUSCHRG CHSRRHAPRNA
polymerasdn(#hg d4iiittar msitochemdadinRA helyisitildstodn whishiteisanguch vectors
melly utilize éh@i@@%ﬁ@&ﬁgﬂ@@:ﬁw@iﬁﬂ Héig?ﬁél@@%ﬁhm%m%)-ﬂ%iww@! _
polyrngrases-may be used to generate ca through expression of a capping
e o B A B A ARG oA ol T
transcripts AYA74R459OBR AR PARSBEROGIVB e St RIVADMAY Heidaipledaot not, and if
desirec_l, cy@phﬁﬁﬁéﬁd@ﬁpﬁ'gi@xmﬂay_ib_%rasmmbﬁdrh}bvaeriws(m@a@% izﬂcludi_ng use of
a capping C C capRing irus capping
enzyme. H%%ﬁ‘?' §akljl’ gﬁ%@ tgr%n%gr?gtfgre cagr{)%ggﬁﬁgﬁg& [%%221 %g[\?%éc?gr?sig)gsigned to

contain oné®f e DIOERBRGFAAGRiETE! bt SrAStERsIRER AITRERID I GnitBeAbndrial, RNA
poll, pa$ 11, erapoldl13oradr &k Ectersioss kiactéyiophaggapranietessialong with the

cognate polymerasephdriRialy QSN RRIRMOLELS RWARRL L the sequence

encoding the RNA molecule has an open reading frame greater than about 300 nts and
must enzymatic or chemical synthetic methods such as those described herein

or those described in WO 00/63364, filed April 19, 2000, or U.S.S.N.
80/130,377, filed Aprit 214, 1989, In other embodiments, a DNA strand

30 synthesized in vilro is complexed with an RNA strand made in vivo or in
vitro before, after, or concurrent with the transformation of the DNA strand

*into the cell. In yet other embodiments, the dsRNA is a single circular



20follow the rules of design to prevent nonsense-mediated degradation in the nucleus.
Such plasmids or vectors can include plasmid sequences from bacteria, viruses or
phages. Such vectors include chromosomal, episomal and virus-derived vectors e.g.,
vectors derived from bacterial plasmids, bacteriophages, 25 yeast episomes, yeast
chromosomal elements, and viruses, vectors derived from combinations thereof, such
as those derived from plasmid and bacteriophage genetic elements, cosmids and

phagem”%uciezcﬁlﬁ@c&ﬁ%rﬁ%&@‘%ﬂ%\é‘ﬁﬁt% E‘nﬁs@ﬁ‘&ﬁé&eﬂ%ﬁﬁé&%@,@d phage

vector. Angther exemplary vector is a si fﬁe or double-stranded RNA or 30DNA viral

vector. Sué?\%&%?scﬁ?ﬁfb%uﬂﬁi‘)@ﬁ@eﬂ“ FENEE s SEC YU GHIBOR R 51t ably DNA,
by well knowintechnitpiesddr et ctu cirgnDINAGH B FISACH Gt heriTHe Redlors, in the

case of phage; anslwirgd; 36 wt%dla@y@wb@g@@%ﬁf@@pw@feﬂw&@wced into cells
P B D B o e

transduction” Viral VECtors may be replication compe Uetective. In the
latter case ViFPEAS hegatISH Ej"éﬁ?ér‘@l@%@cm‘gr BNy IrP e GfisIeRR AP Pibis Bells. In
another embiedpnesk thendealivery agent comprises more than a single DNA or RNA

plasmid or vectok, 46,006, B 2ES1RNA RIASHLC. SRNPIYIE A piagle sianded

RNA sense ponnucIeotlde sequence as described above, and a second DNA plasmid

can provid@4FE8 SRR Wieh His PRIAISRHINSERSH RS P ATEISE R 2SS0 4RHSY as
descrilfed abdwesinhareip) thecsaage anclanty senge (RMA sequentivesy lyavethe ability to

base-pair %ﬂdﬂ%&%%@'ﬁﬁf@@gﬁﬂe%gﬁmmf%@;ﬁ%&%ﬂh%%&@ef

conventlongl plasmld se % dn& terla seauences such as the well-known
St

n é“an ST BT - ERBIRR P B Bession of a

sequences MR & RaN
protein. H@\@@E@Qﬁﬂ§ﬁ@§%@l@xﬂhaﬁ% Seriateesapietireeibl & prdtBiexpression,

e.g., Kozaknggiensneter ntde: Mokagelmleddathepe-phasmid stauctonas . than 4 he vectors
designed tRﬁG?Q&C&M%%QJPW{?dIQ&%P 1o, &%‘?ﬁﬁ%@'éﬁf%ﬁcﬁ%‘ﬁ'&%‘r‘% to generate

two or more, including a niumbe ferent dsSRNAs homologous

compIememﬁiﬂg‘?ooﬁcﬁqﬁgﬁgé%éﬁ‘eépﬁ?{@%%?oﬁw RhgdiipiEnie®itat a single vector
may produttekegzay|irdépintenty obelztivecdsttiAs odifiat thakia single dSRNA
molecule framqa#R0lE dansGHRIaNARLRd RyaresFing araplinlisiny-efdifferent
dsRNAs, it (S %Oﬁiﬁlle tot self selecttfor optimum eflaactlveé] S. Varlous 25 means may
be employ&tto achicve g AEIoING & B?oéJaSta?ﬁ 3?188% 4 LGRIPRE Sequences

for clefvadey ty/ eredsseAdoRd ﬁ*ﬁﬂi’dl@p?@%téfrﬁlﬁe‘él%pﬁ@é pad7, filed April

21, 1898. In other embodiments, the dsRNA contains coding sequence or
non-coding sequence, for example, a regulatory sequence (e.g., a
transcription factor binding site, a promoter, or a 5' or 3' untranslated
region (UTR) of an mRNA). Additionally, the dsRNA can be any of the at
25  least partially dsRNA molecules disclosed in WO 00/63364, filed April 19,
2000 (see, for example, pages 8-22), as well as any of the dsRNA
molecules described in US Provisional Application 60/399,998 filed July
31, 2002, and PCT/US2003/024028, filed 31-Jul-2003; and US Provisional
Application 60/419,532 filed October 18, 2002, and 'PCT/U82003/033466,
30 filed 20-Oct-2003, the teaching of which is hereby incdrporate.d by
reference. Any of the dsRNAs may be expressed in vitro or in vivo usi’ng '

the methods described herein or standard methods, such as those



Other delivery agents for providing the information necessary for formation of the
above-described desired RNA molecules in the 30 mammalian cell include live,
attenuated or killed, inactivated recombinant bacteria which are designed to contain the
sequences necessary for the required RNZA molecules of this invention. Such
recombinant bacterial 31 cells, fungal cells and the like can be prepared by using
conventional techniques such as described in US Patent Nos. 5,824,538; 5,877,159;
and 5,643, 7EBciissh poldieeb s, bledeferentc2 M foergianisragrisehalirs preparing
these delivery.ggents include those listed in the above cited 5reference, including,

without limitation, ﬁ?{%ﬁrﬁg'a co& CI|| 1S Okf)!g L%feaaé[}noa]ella txp\%g g(r;hgrt) and
various species o seudom nas, fﬁ%omyces an ap

ococCus. Still other
delivery agéﬂﬁ)mﬂﬁ?&/kmﬁ@fm&ﬁ?@r AP ReEEsRpCRieRSTam6ANGHRHSE desired,

above-desceifediRNAmalasaies (retheskmammsdien eflbircride fivecaitenuated or
killed, inactiyafed \ifuses %H%mtk%ﬁ!&f%rﬁﬁ&”ﬂ%%% JUIHSER Sﬂﬁs%ﬁ'%the required

RNA polynucleotide seq uence discussed above. Such viruses may be designed

similarly to F@%ﬁ?ﬁ?ﬁ%ﬁﬂs\ﬁ {18 S PRsEAAPH LB W TR GG E RBRERS SeEnsEene
therapy andihe ki idnitypgrefer alsistddictdpavethduadilithitooesqiee ssfaidisprietein or

functional fr&%‘?ﬁBEth@tRéQi@dUr{@ﬁB@B%‘é’%@@r‘i&a‘ﬁﬁHéﬁﬁt@Ffé@éﬂEé%%‘ﬁB9@5 which may be
' manlp ted to rOV|d the rec U|red RNA m Iec eto the maénwg]al|§\§l cell in vivo are,

Wlthou |tae[ %’hg‘\?ﬁP 5K g%ﬁrﬂmmo &ho a‘”’s&a%'i%a viruses, delta
virus, pox varlh@wﬂitmaﬁmw irentie snvirasezppelptasyvingsss{siach as SV40),
20poliovirukipsetdatahiasbyirisesniaio viliHERs defiMjiueesenacsiiia viruses, positive

and regative Sanleg RNAMINSRS MO, AR ATsaide.0n borlans erect. These

various viral delivery agents ma esigne n conventlorfi)a?)fechnlques
such as deéﬁﬂﬁ%ﬁlﬁq\ﬂai[ﬂtﬁl@d‘éﬁf’e?% b@%‘fﬁf@‘?‘@%rﬁfed?ﬂ{ﬁd §(r6’}’3‘5@1% {9998), among
otherswith@fthevte achings gethé prasie phventioanddie deimsdnseViAstatended to

include anysﬁg%t@é@nwk;@éﬁdPem%&@ilmé%l%mgé RM rRRliGRIGR machipety Is intact,
including tissue cuflﬁlture g/ ﬁ'&tx%? d within le cell'or multicellular living organisms.

By "multiple"SE4UitS e EH Ut Y PRIGReR S At fRGE A
molecule thilehiss séepneris dskioes frolil) mektigietmyeten yekiic teidznordbat has

non-contiguPHsiSRYMENES, fteMahRNBZn which the sense and antisense

20  sequences are encoded within the same RNA molecule. Haimin-
expressing vectors have some advantages relative fo the duplex vectors.
Far example, in vectors that encode a duplex RNA, the RNA strands need
to find and base-pair with their complementary counterparts soon after
transcription. If this hybridization does not happen, the individual RNA

25  strands diffuse away from the transcripﬁdn {emplate and the local
concentration of sense sirands with respect to antisense strands is
decreased. This effect is greater for RNA that is transcribed intraceliularly
compared to RNA transcribed in iﬁ'tro due to the lower levels of template
per cell. Moreover, RNA folds by nearest neighbor rules, resulting in RNA

30  molecules that are folded co-transcriptionally (i.e., folded as they are
transcribed). Some percentage of completed RNA transcripts is therefore

unavailable for base-pairing with a complementary _seccjnd RNA because



same target nucleic acid. For example, the multiple sequitope dsRNA may have
segments derived from (i) sequences representing multiple genes of a single organism;
(i) sequences representing one or more genes from a variety of different organisms;
and/or (iii) 5sequences representing diffe¥ent regions of a particular gene (e.g., one or
more sequences from a promoter and one or more sequences from an mRNA.
Desirably, each segment has substantial sequence identity to the corresponding region
of a target ipleicoRsid i vauoyaidegirahie.eibedimenthasaiegkufh substantia
10 sequence identity. e target nucleic acid.is at le 9 21, 22, 23, 24, 30, 40,
50, 100, 200 SO0 Tub Pl PR 2 Cuf RSB AR Lomerte, the
multiple epitBpEdRRNATMADIE @6 prassiBrrblaieabrE 4 ®2953 §1eV53720, or more
target genesréydatileashBl,idie 661861180, 185, iefip00BdAnsorerarahadicants, the 15
muliplg epUARGRRING BRS-NANCRRHAYIL RSCHRAIBIGN Kia. e fiaet gene thal

may or may be in the naturali%%)ccurrlng 5'to 3' order of the segments, and the

dsRNA inhibitSH8 Boteldisrsiisdhlicisnsiaisriada-ts somrEEe56Y 500, or
1000% mosedharca idsRINAlwitly ewyiaieaotithengegmivats.i20Bse"geaigoffope” is meant a
contiguousreeguente abdablecstianded pelwibpnuciestides halsanassociate with
and activati RISC (RNAndyced silencing omplex), youally a coptiguaus sequence of
between 19and 27 basepairs, Ncltoive. Sequances compring atieast one sequitope
from Withind6me 6k nidiee diipiePoeprserresaB\haidrsrAeabin e fdtide sequences
identified hexesnaay bernilzegddansafRiNA pradiatadgenensilescig mspasgbtherein.

Multiple-epjtoge, dsBNAScJREAhNALSS Pfa IUHLPIE:LREIPSOLHIsRaNItoPe
double-stranded RNA approach as taught in USSN 60/419,532, filed 18-Oct-2002 and

PCT/US200%183848B B SHsg Yoy GrasipisiapieMstiads &fon of the
conserved EB¥ratilent CihBBsSquendisdol thielideditmnwBesatise a singular

spelt:_ials of dﬁ%%"@@é‘f%ﬁ%@%'ﬁhﬁ%@ﬁ@Wﬁ&%ﬁgﬁlﬁ%ﬁéeagd genes from
multiple pathogens, multiple genes or se. Single patho r genes
associated Wi Eueﬁ%%ﬁ?p e |sﬂéagé":%)'%,aél1 Eﬁﬁ%@%@g&%&vﬂe&@&%‘ég%% for many
different in@itdlioridirapieSardsubledrleriisedsd Matbubsetiafmaithtions in one

subject and-ansttheis satespofdtdfcatiensinian etdarsupjasts ke suitduapplications, the
ability to expressdong dsRNA molecules (e.g., dsRNA molecules with sequences from
multiple genes) without invoking the dsRNA stress response is highly desirable. For

10exaiple, by uShgRPEHENET SopGanedsBYAHhat hasberbPad% 4% Phucleotides,
desirably 180 & 680 fucdléctitles] dradrihpupriecitoBdd; #, iBngihmhaterkilobases such

that the totgblangtyaficibseaHsnsestiedviibin the MaxaRR.CRRAGRSPE dhe selected
plasmid (e.g., 20 kllob%%ga]'ml Ie(pe%th a single such !ogglarmagfaut{cal c()}np_osmon can

provide pro %% Oaﬁrs i n irable embodiments, the double strande
region is between 19 to 50, 19 to 40, 19 1o 30, 19 ta 25, 20 to 25, 21 0 23,
25 25 1o 30, or 30 fo 40 contiguous basepairs in léngth,' inclusive. In some
embodiments, the short dsRNA is between 30 to 50, 50 to 100, 100 to
200, 200 to 300, 460 to 500, 500 to 700, 700 to 1000, 1000 to 2000, or
- 2000 to 5000 nucleotides in length, inclusive and has a double stranded
region'that is between 38 and 60 configuous basepairs in length, inclusive.
30  In one embodiment, the short dsRNA is completely double stranded. In
some embodiments, the short dsRNA is between 11 and 30 nucleofides in

length, and the eniire dsRNA is double stranded. in other embodiments,



15against a large number of pathogens and/or toxins at a relatively low cost and low
toxicity, e.g., HBV, HCV, HIV, etc. The use of multiple epitopes derived from one or
more genes from multiple strains and/or variants of a highly variable or rapidly mutating
pathogen such as HBV and/or HCV can atdo be very advantageous. For 20 example, a
singular dsRNA species that recognizes and targets multiple strains and/or variants of
HBV and/or HCV can be used as a universal treatment or vaccine for the various
strains/varidmsoddHBR dh déor i€ W hesmbilityttonsitdnegionultiple geaas-of a particular

_pathogen sugh, asHEN andiarFIGWREeyRRLSIhe Seleelion ol ihis.CasaekiBY and/or

25HCV "escape mutants." In contrast glcal small molecule treatment or vaccine

t
therapy thal Gl § LTS ORERgERE %@t‘ﬁ‘i‘y 6l FELARY iR e B dREOR GtitR ogens that
have sustaitted!imataitns andiaeticaten genérbbyprbteint 28d4beSpatifogencthus becomes
r?sir?tara to tbeﬂgmm&a@mm&aﬁmw%?@ﬁ@%ﬁam amﬁe%orlseﬁuen_ces
of the pathqge nd or v ions of the pathogen usi multiple epitope
appronch oP Y RLei OB e B SR L Bt s s
effectively pre€iatReciras respraperaim by il kaesitierEl parieutixlypatifintageous to
include a mpdurasaftRe g RneesHh oHSHOt/ME\BEQRIE N L ey fR@JIR NO:12, ie.,

one or oS ASHENGS SRn RN SO NG esshEL Wi oD oL orp sequences

from HCV SEQ ID NO:12, either in a sin SRNA 5 construct, an admixture of
constriits, YU ATGH EdmEorhitatipadifnfidiradoRit s iavelshstRhits Redigatient, in

order to dedos@ie the ability of the virus to generate viable escape mutants. Similarly, it

would be advantageQus.taPfouidamik s ohihg crRsaLVed fiRVsea1enges, in some

cases in combinatio V\(j one or more o thetconser ed HCV 10 sequences of the
invention. CETHIHEAY AT BRESEPBRE S Bl MEREAE X SRV BPmore of HBV
SEQ ID NOBCRETY $EaND s AP SED 1 NeyiZieiihermmibdeshigledsRINA construct, an
admixuge of pansIBEE: 6F dheakehooencomitantadaiisiationeisideheconstructs to a-

patient. SEQ R NQ:T, SEQ. P42, 809 SEQIDNG:3. man o e BV surtace

antigen genes. Due to the overlapping nature o H S, the following mMRNAs

would be tafjete BYPEESs PAdrEdaaiise SEtigbirsieddidrafemE'teiidy MRNAS,
precore, coterangh pobymtédasd rmRNAdottowevetysinceig.nNTROA S adenthe most

abundant, itis, Mok dikely dhatitaess, MRNASiLLe é@,r%@goﬁd%oéhﬁr&?ﬁ}ﬁ-si'encing

machinery is saturable. It is passible, however, that all listed mRNAs will be targeted.
Reductidn Wg%ﬁgg%2,01\g%C&%%’f?glﬁéhf(?f”%%?ﬁc‘rt&?s%%?% Y1758 A Eheeded for
assembly oféafeswes ahiroR; doytuerex pretsittes hBurfataoAgdduring infection is
thought to contribgiedg.ieumibne-anaray thahrser e chidingLranisiafgetion; and c)
double stranded RNA designed to transcribe an RNA, e.g., a construct that
contains at least one promoter operably linked to a downstream gene or
25 coding region of interest (e.g., a cDNA or genomic DNA fragment that
encodes a protein, or any RNA of interest, optionally, e.g., operatively
linked to sequence lying outside a coding region, an antisense RNA
| . coding region, a dsRNA coding region, or RNA sequences lying oufside a
'coding region). Transfection or transformation of the expression vector
30 infoa recibien‘t cell allows tﬁ-e cell to express RNA or protein encoded by
the expression vector. An expression véctor may be a genetically

engineered plasmid, virus, or artificial chromosome derived from, for



25the expression of sAg in the livers of infected individuals (even in the absence of
virus, i.e., from integrated SAg sequences into the host genome) induces hepatitis.
Therefore, reduction of sAg is likely to decrease viral titers, overcome immune anergy
and decrease/prevent hepatitis. 30HBV SEQ ID NO:4 maps to the unique region of
precore and core and will target these mRNAs specifically. Core protein is needed to
make functional virions and so down regulation of this mMRNA is predicted to 3$
decrease vical titaes . Thergishould badpGeRIRelition of shese.effector RNAS for
surface, polymerase or X mRNAs. HBV SEQ ID NO:5 through SEQ ID NO:8 map to
the poIymeli?jleﬁe@}é’ﬁéS Effector RNAs are predicted to target only precore/core and 5
polymerase transByipts. ekhesesishowitstiech dscomapetitiodonitle-sagnde KR NAS.
Polymeraseyisneadaddor t{msyﬁ@ﬁe&@ﬁr\éﬁeém@%thaer;%mrelg{ral particle

titer is exp d to decr rase IS d seéj HBV SE ID NO:9 maps to
the X g%ne ?5' & ta{'ﬁe ererﬁlsr%é)lgf uc’ri:l a (‘:af}ao ﬁp ﬁ] ese eaf?egFor RNAs have

the potentla‘?rtéofaf’gé?QFPﬂ/F?fa’WﬁF?NA%QXEﬁ)%ﬁ}%@@ﬁﬁ@ﬁﬁ/@%ﬁ%ﬂ*ﬂﬁéw&roven)
functions. Howeuerthergeneanig Ritenfausddn. Mmegeaiath B \rsequensrs in

individuals wiihAgtve Aepaliiaand Ao iaguiRtian a1 gsne. expressians predicted

to ameliorate disease. 15In general, the more sequences from the ditferent identified

sequences 4t ar@GERY E’(%C@deﬁé%t%‘t%qrﬁsﬂ@ FOREECIDANIGPrEFHBr SEQ ID NO:3,
plus séfuencestfrtom8E® {ydNEIdaISEQIRNME.b|-SHQ, DUNGH8ERQ! ID NO:7, SEQ

ID NO:8, SEQJRME camik3 R NGk Dietheoless i assyile able to

generate waQIe escage mutant§Ifa Iso,.20the more different m é\l s that can be

targeted, the more signiicant will e %H‘é” roBsefﬁr\?ﬁPﬂtg %Sr!irdlc $83sE amelioration.

Desirable cBaybiltdtpfpiferinsuniapitopedbhstresbamadnfixatreliof®onstructs, or the
concomitant admigjstpsiapiefidifferenhdam MAtconstieictsciachate dhesfallonsng:

Sequenesiom SEQ DN SEQIR 25 NA7 AL PEQUDNOA Bl sequences from

SEQ ID NO:4; Sequénces from S NO:2, or SEQ ID NO:3 plus
sequences ‘ff%‘f’r‘?‘?st@@efﬁ‘f\ﬁ@‘??"@fgﬁﬂéﬁ3&%%%@‘@’9@5@‘?@%@@%%O :2, or SEQ
ID 1\10:3 plszstiquentespiemcSES), KpNihepBeyueieas fleim=EQ iRNE: 1, SEQ ID

1\10:2, or Sﬁ@d%@%&%@%@&ge@5?@%%@&@@4@&1&9@@&&%@@ from SEQ ID
NO:1, SEQ ID N 2 qr SE D NO us se%luenc s from SE(aﬂlD NQ:8; Sequences

from SEQ ID NO: DT RIDH S G LEHte RS LS 855 1D Noo;

Sequeﬁ}:estransenption of a covalentiy finked nucleic acid molecule Also included in
this definition are those transcription control elements (e.g., enhancers)
that are sufficient to render promoter-dependent gene expression
confroliable in a celf type-specific, fissue-specific, or temporal-specific
manner, or that are inducible by exdernal signals or agenis; such elements,

25 which are well-known to skilled artisans, may be found in a 5' or 3' region
“of a gene or within an intron. Desirably a promoter is operably finked to a
nucleic acid sequence, for example, a cDNA or a gene in such a way as fo
permit expression of the nucleic acid sequence.
The RNA molecule according to this invention may be delivered to
30 the mammalian or extracellular pathogen present in the mammalian cell in
the composition as an RNA molecule or parﬁaily double stranded RNA

sequence, or RNA/DNA hybrid, which was made in vitro by conventional '



36 from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID
'NO:10; Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences
from SEO ID NO:4 and SEQ ID NO:5; Sequences from SEQ ID NO:1, SEQ ID NO:2, or
SEQ ID NO:3 plus sequences from 5 SEGFID NO:4 and SEQ ID NO:6; Sequences from
SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:4 and
SEQ ID NO:7; Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus
sequences ronSEQYRNE: fathddS RN @:BinGte usnbesdrophSiQTDINO:1, SEQ

ID NO:2, Or é%{%ﬁ? %P!Q%?&%&%%F&ﬁé@'i?xec‘go%é?lt?o%}'ﬂe%@@g SEQ ID NO:9;

Sequences or SEQ ID NO:3 plus se%‘uences from

SEQ ID Nd‘ﬁ%‘"ﬁtﬁ%é@iﬂﬁwwws %#&%wmw Ea“é’ﬁb BRO:2, or
SEQ ID NOBdqpids segyente Hirge ISEOND. N O 5 dipaSEYY ID=ROT®{cS8gaences from

SEQ ID;NQ, %Eﬁé@e'\k%e%o%@n@em%@u&%9,%@&@@ Hgm@l}i@ép 15NO:5
and SEQ ID I\YO :7; Sequences from S

ID NO:2, or SEQ ID NO:3 plus
sequences?fo%ggéﬁﬁ%ge? ahidh SEST N@%ﬁ %&n@e&a E@E%’?D NO:1, SEQ
ID NO:2, oE8EQ. [EhNQ: mﬁ%e&wﬁﬁ@eé%mJSEQﬁn@sm@hﬁweeeﬁedﬂo 9;
SequencesfrRM:$EQ: @M@%eéﬁ@aﬂé}l\t@ ZranSieQ | RIS Alus seguences from

SEQ ID 20 D Se from SE ID NO:2, or
SES ID NO ?ﬁqénéj% E%(% eé\g glﬁ?%\}%g: and %@8%@% eq(aences from
SEQ |E>0No198®E® hiaig:2! &‘@EQW%@@‘@@%&M&@ #3R9%HEA ID NO:6 and
SEQ ID NGsBnSrgHencesHonmy SEQRNDEL SEQIR. NOS); or SEGRINO:3 plus
sequences grgm 3%5%@ 95%51 éé%%@nfb%&'Qr,'élﬂg%t%e%@age%emgQ ID NO:1,

SEQ ID NIO:2, or us sequences from SEQ ID NO:6 and SEQ ID N10:10;
'Sequenceszﬁmé FD((RF(B 19%?55 5 REEEGY B W?\ﬁffﬁ‘ﬂﬂ?s%eéq@e ces from
SEQ ID 11@13)aHéGEGDtNOB?) Ségtrttesaaiin SEQI4D Agds, BPO 3™N0:2, or SEQ

:B m?oiifpg#?ﬂu%@@ﬁ yf &erng%@n I8 20 ﬁ!@rﬁe@n@eﬁE@rJgﬁlh@ RuSaauenses f(rjogwE%g EI%
OI’ egue I’O an
NO:10: Seq% Eg”iDVDr\I\%\‘ %%kﬁ %% b3 g T?F?‘ hit:

sequences %HPSE’@QI'D]NO 8 and SEQ ID NO:9; Sequences from SEQ ID NO 1, SEQ
ID NO:2, or SEQ #2iN@s hpliusisahe enesftonnis BQHIBDINE Boaned  SEQHINO:10;
Sequences ron SEQIB O SERIRNO:2, 41 SEQIRNOI3 s sequences from
SEQ ID NO 9 and SE 5 Sequences from SEQ ID NO:4 and SEQ ID NO:5;
Sequetites REARERAR N@Mea%d'?saé’@“?ﬂaﬁéegs S0 refried HIM'$EQ 1D NO:4 and
SEQ ID NQiftuBeduercesframveSsohHDiddtngiers SEQeID. M\ 18ei8daissnces from

- SEQ ID NO#ARndea RBUMNIELR Baenees iram &@M@ﬂ@@ﬁﬁﬁﬁw NO:10:

Sequences from SEQ ID NO: ID N ces m.SEQ ID NO:5
- and SEQ Iﬂ%g‘%i@%%ﬁceé Ep $ﬁ@ﬁ 383 %%ora ésﬁba?\%{ % PEuences from
SEQ ID NOHeénd SeQYDINTPEE, seqmeﬁ@égrﬂ@mebmm @wisiz@tm NO:10;
Sequepges feam (HEQ RN ARASROQIENG s SaaueacrR fiorasi@4P NO:6 and

SEQ ID N 6 and S D NO,9; guences from 15
'SEQ ID NO® gggg%‘é‘%g?jl\% %Qequencéén o ‘Tﬁr?\fbb‘? and §?Q ID NO:8:
Sequences from Seeh) RN OFesHisSERITND DrtEgirendeivfirsEe) ID NO:7 and
SEQ ID NO#i:tyemieneasdroa it liahl s and HEQatMiCi9Bgquences from
SEQ ID NG; agggnéﬁrg J’I[%e references above provide one of skill in the art with the

30 techniques necessary to produce any of the following specific

embodiments, given the teachings provided herein. Therefore, in one



NO:10; Sequences from SEQ ID NO:9 and SEQ ID NO:10; Sequences 20 from SEQ ID
NO:4, SEQ ID NO:5; and SEQ ID NO:6; Sequences from SEQ ID NO:4, SEQ ID NO:5;
and SEQ ID NO:7; Sequences from SEQ ID NO:4, SEQ ID NO:5; and SEQ ID NO:8;
Sequences from SEQ ID NO:4, SEQ ID NO:5; and SEQ ID NO:9; Sequences from
SEQ ID NO:4, SEQ ID NO:5; and SEQ ID NO:10; Sequences from SEQ ID NO:4, SEQ
ID NO:6; 25 and SEQ ID NO:7; Sequences from SEQ ID NO:4, SEQ ID NO:6; and SEQ

ID NO:8; S&%@&\%Jr@@ § R Gl N QAN RERIUDNO Y Sequences
from SEQ ID NO:4, S O 6; and SEQ ID NO:10; ge uences from SEQ ID NO:4,

SEQ ID N74hi"e @'{RF’CS %@%ﬁﬁe‘?‘ié’@&‘%ﬂ%ﬁ@?ﬁ%ﬁ@% ID NO:7; and
SEQ ID NO:9; 30!SeibrcesinsimSEQ HRN0i4s SEQUIDNSFARISEDID NO:10;

Sequences o, 5&@0'@63'?\'%0@5@1! Dl Qi apekRE QRN aéﬁgHgtaces from SEQ

ID NO:4, S I NO 10; 38 Sequences from SEQ ID NO:4, SEQ ID
NO:9: énd%% Qﬁ%‘%@ eque‘?]é%s from SEQ ID NO:5, SEQ ID NO:6: and SEQ ID
NO:7; Sequencegfﬁﬁ@%lf}”&l’@%%@ WW@%GP@%”@ Nerg: Sequences

from SEQ R haBitatRMNO:Goani i HosNDIY; theSagieseasBomd3EQ ID NO:5,
SEQ ID NQ:6:,80d SEQIRNA-AY faﬁ%umgga%fraq e R O and

SEQ ID NO:8§; Sequences from S D NO: 9;
Sequenceg?Wﬁ’?g% 5N %”@I?Cf’ﬂg'waf‘dﬁﬂ §ﬁ®eﬂ§€1\’i’©ai}@‘9§é‘iijences from
SEQ 10 NGRS FOYI BN O:B]aiuhSEQMR NOKnkh SediieheesroparGiQ 1D NO:5,

T o NI N SR R N0
nces 1ro , an

Sequences fr ﬁ'gm g%(ﬁ ﬁ\?@egﬁé (0] Iﬁﬁ‘b“?e%ﬁ’ot BPRISTS: 'S8 ces from

SEQ ID Ne’ﬂ@nswm\ﬁem@ﬁd:@mﬂmN@M@s%eé@fmﬁe@ﬂ@m SEQ ID NO:6,

SEQ ID N@e&nancbsaﬁamaN@aﬁs&e@wmweﬁ;m(ﬁfs&é%b{@qﬁgﬁe%&}aéxo 8; and
SEQ IR N%ﬁ&nﬁegwgsﬁeﬁgmgﬁﬁcﬁga&y%&gﬁa L er%“vo% ﬁg ID NO:10;

Sequences from SE e uences from

SEQ ID N&FEgER ﬁ%ﬁ‘éﬁf‘&ﬁd‘%ﬁé@ @‘Nﬁﬂl@e‘?@f@é‘&%‘ﬁcﬁ@?fﬂ&%@m% NO:7,
SEQ ID NG:® éirdIE® 1D-NOdLBnS g eericessfrom SEQ ID NO:8, SEQ ID NO:9; and
SEQ ID NO:10; Setroees drsBdrhR MO eRR DNRBSHBNQ:6; and SEQ
ID NO:7; S(etguegc&s from SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and ' SEQ ID
NO:8; Sequences rom §EQ ID NO:4, SEQ ID NO:5, SEQ ID 25 NO:6, and SEQ ID
NO: 92@>equence%t#@ﬁpeerymquntSE@elefw@f@ RIFQTIPeNE: & antcdBQ 1D

NO:10; Segnaneer&aHREQHEhNRGinSEQUIPNQm36Q, KyNRY waae;SEQ ID

NO:8; Seq (o SEQ ID NO:9;
Sequencesj}‘y{aré(]jn?\%{E ér?[%!lz\l%édlf% %!'g 6?§ﬁ?9 é@%@&? ﬁ?%% :%?r ha %Eﬁ‘d@%o 10;

~ Sequence$HBiFP3EF g@qrﬁiw@ghg@@:p'qqugscg@@ D NOBEHESEQ ID NO:O:

~ Sequencesifie BEQ: IReb (24 1SEQIDIN QbieSBEQ | DyiN®iBuant SEQ, ID NO:10;

S e BN B PR RN A S oo

Sequences fro
Sequencez\ E%gﬁ 3 3% S&kE %%@’éﬂéﬁgj I@%dgﬁ‘%ﬁ‘@} segiENo:9;
SequenceglfrW@EQQDsl‘ﬁ@zl BERTHNQR:G;p8 BQOID M O:dyasichS RgciBcNO: 10;

Seduences o SEQIDNDT S0 1D NG 7. SE0 D NG A SEG b 010,
eqguences from an
_Sequencez S gé% %%p}'@%‘% i N NEEARS-NS:9YSAd SEQ ID NO:10:
Sequéhce§HOMSEOHDINO: L9KED | Ber@iB cSEQNICROAEESEQ ID  NO:8;
_ SequencesdomBEQ ANOBIBER IRNQiGIER R NQcTaraied IHBEQ 1D NO:9;
Sequences from SEQ ID NO:5, SEQ ID'NO:6, SEQ ID NO:7, and SEQ ID NO:10;
. Sequences fro_m SEQ ID NO:5, SEQ ID NO:6; SEQ ID NO:8; and SEQ ID NO:9;

. Sequences from SEC) ID NO:5, SEQ ID NO:6; SEQ ID NO:8; and SEQ ID NO:10;
- Sequences from SEQ ID NO:5, SEQ ID NO:6; SEQ ID NO:9; and SEQ ID NO:10;

~ Sequences from SEQ



15 ID NO:5, SEQ ID NO:7; SEQ ID NO:8; and SEQ ID NO:9; Sequences from SEQ ID
NO:5, SEQ ID NO:7; SEQ ID NO:8; and SEQ ID NO:10; Sequences from SEQ ID
NO:5, SEQ ID NO:7; SEQ ID NO:9; and SEQ ID NO:10; Sequences from SEQ ID
NO:6, SEQ ID NO:7, SEQ ID NO:8, and $EQ ID NO:9; Sequences from SEQ ID NO:6,
SEQ ID NO:7, SEQ ID 20 NO:8, and SEQ ID NO:10; Sequences from SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:9, and SEQ ID NO:10; Sequences from SEQ ID NO:6, SEQ
ID NO:8, SE@olR:NQD} anddSEQ:1Ex NOetiOnIegie neepHremcEERABNONA SEQ ID

NO:5, SEQ IRNQ:6, SEQR NQnAsandmEQdRA QrBhoegrenggsdrom SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID 25 NQ:7, and SEQ ID NQ:9; Se%uences from

SEQ ID NO:4, SEQHHY", SEND RESRISEY RS 659 4hd'SE615'K0: 10;
Sequences fiineSEQY H'dedyery SEOHDR NG 8o BEGIBNOG) SRy 13:00@:8, and SEQ
o S 1D B D SEQID NO6,
an . , oeguen rom . . .0,
. SEQ |DQNo@?”&Wgﬁﬁbgqjﬁﬁ{%ﬁfd??éa“ﬁgﬁ@s& roemé%%%"?b%?zf% 0 |8 NO:5, SEQ
ID NO:7, SEOMRPNORedhg SEQHI RONPrseqientesreniBSkd $teNsd, SEQ ID
NO:5, SEQ iNDoTHE @B N8 cand Sk BebaE0; FBeyuenassiiom SEQ ID
NO:4, SEQ 4:1}?8'\':%\’@Ez@ﬂ%&@é?@ﬁ@ié&i@@é&[?é}ﬁjcéﬁﬁ?oms'\&%ﬁs%%@e%q”ences from
SEQ ID NO:4, SEQ ID'N0/6, SEQ ID NO:?, SEQ ID N0:8, and SEQ 1D NO:9:;
Sequenes 1o B GFIDPNE R SEGMPREEEEH Y NG FodierLFPed RS Y, and SEQ
ID NO:10; S#guzNsesdrontSEQIRNCIdSBQND NG SEQeRNmEhSEGAD NO:9,
B N, At e R e D
.0, an { .9, Seguences 1r . -0, ,
NO%, SEo BB ST oSBT A8 T MO EEED 1 Noss,
10 SEQ ID RUGISR w0 btird Srodbaibiveiwsgusredsdrdie S8 1D NO:5,
Eg% Igg\IO:lﬁmga% K N0 18 1HB QiVB-NEY 'Smtaﬂ%gE@nk?d}{Bki?ari&@Uﬁ@@S from SEfQ 1D
2, . . . A0k uences 1irom
SEG 1D No:e AE TR AR ool F%%%?‘%ﬁ?%%‘)ﬁ%m;
Sequences FOMFREGHPIFNEANSRON B Ner il steg R8st ID NO:?, SEQ ID
NO:8, and SEQatB0rP SeguerqEs b NvIFEQHDIN:dqSEQ | BN @ErGEGeID NO:6,
I s, SEa R e e Sonilences
: 6, 2, ) 1D, NO:9, a ):10; u
from S%b I ﬁa‘.%f@%{?’ﬁﬁﬁgﬂ%ﬁﬂe |E5' ﬁéﬁ@ %Wﬁ’#@?&@ﬁ%ﬁﬁ%ﬁ):g, and
SEQ ID NO:1@ iSesristicasftoeraBre dEsNDed cBE G BWOMISER IBINO:?, SEQ ID
BB 1D NO S T e o S50
7 8, ‘9. an :10; ces from
ID NO:5, SEQ 1D N0 B S8 ?5’)@8:%’,#1%(5’ |‘6V%8rﬁfg€§?“’§|é%abeﬁ§%ﬁ§nd SEQ ID
NO:10; and 8&ydeiscdesrbsf SEayNU4P SEQMBINER SENAGINOBIZEQ ID NO:?,
SEQ IRNO@eIHQ HRIN: 9hedeoh Qs DN culed an mn@dbgnhemigodiment,

12 | ledmag sy
oo o BB Al OSSR R MR AN S be

aforementioned sequences ( g ID NO:1 through SE

., SE ,
- utilized eith&'fi{ 2PO¥RE BLRNARRR IR GEE T adiRdBIPEYSF constructs, or through:
concomitant admiaiktttatiosiiofrg agkdah structsstoiarpatiént, which enabies the

formation in the mammalian celf of any of the above-described RNA
30 molecules, can be a DNA single stranded or double stranded plasmid or
" vector. Expression vectors designed fo produce RNAs as described herein.
in vitro or in vivo may confain sequences under the control of any' RNA



1 As discussed elsewhere herein, a particularly preferred embodiment of the
invention utilizes dsRNA expression constructs or vectors to achieve endogenous
“delivery of the dsRNAs of the invention, especially the multiple different sequences
described above. These 5 dsRNAs may be provided e.g., on the same cistron of an
expression construct such as a plasmid, on different cistrons of an expression
construct, or on different expression constructs or plasmids, e.g., one or more plasmids

andfor one g5RagLerlalE Dekiae Vel sty SUaR IR HTRigRseauences
may also bg prov exo eno#}ﬁé in any 10 different mixture of one or more dsRNA

structures ’upr]exes Al RS RIS o ANSIREHEN WiA%She or more
endogenouaiyexpressed-dsRNAxERbrdbese veDiesirahldenetbdtis of administration of

nucleic acidsdhadaNGd aadies Rr%ﬁ@@@ttémr@f dbedpseatigndnay Re-administered to
the hoth 15\(;@ cItI/tnjs ue/ an nakeéjto uHéé I§r't\|é6‘ or DNNRNA formulated ina

pharmaceutical ve icle Wltﬁ Jny ransfection promo BHS ?&é’ﬁt SR M Hlent delivery

may be actﬁé%ﬂoét@”ﬁfﬁﬁ%@té thgsEpglarandia s NmeasERN A iRivery, using
e.g., such pelnucteetidetransfediantfaciitating mgentedkaawdeHheseof skill in the art

of RNA and/oi,aNA R@B@H}!ﬁ&m @FQQ%‘Q’H&%Q%%’E%@P 8%&8&?&%&@ g”ic

amphiphiles including local anest etics such as bupivacaine, cationic s, liposomes

or lipidic patfli18e" 5ENRaRIgnE &@PB@%B%%W@W@H%ntﬁ?é%gﬁﬁﬁéwgfbnal
polycdtionstifchads Béifdeivhidrand &b amed Hites)sdapés gentsiwor sugiaetarits, including

benzylammepiunsiiaatartssyeh @s@pgé@%naéd@m%&h@& ideidyeRrgxclusive
examples of such faC|I| gg% r%()a}{ Is.or aé;gjnts useful in fhis inve t|on are described
3575787930

in U.S. Patent n?ﬁn%e%s J3, Sénft?ﬁsﬂﬁ %%lfsg 25 062,482;
6,127,170; BBTHIBBY ARG 8D BEACHIA tﬁmﬁeﬁm@a{ma&mﬁi@aﬁon No.
PCT/US98 2284k, cheteachingvef vanighi is therehyiingerpaipéadine 3diaference. U.S.

Patenig ”U%Q%ﬁéo%%‘&r%%% Ik Bl p§o7n20!e§§ SNGEHRR é%tr%?nhx%tg'% by

reference) teach dellvr:(aa%ﬁo a composition other - an a polynucle otide composition,

e.g., a tranSPEREE S 88ﬂ°8ﬁ535%|®?h1c%ﬂfélﬂfﬁé’ltwe ‘i‘fs‘ﬁfﬁ'&@ﬂ@ﬁ%ﬁﬁ@
compositiohscttribeipazantiowiers alimgeriteteerogdieatiyntbassiR NAeradRNA

expresslonmm@;ﬁ@m@xwmlamet% géat%&%t@mgdt%%&ﬁmﬂomc amphiphiles,
such 5as the smons dISC|OS us 4 897 th ett aL, filed October 29,
1987), US g\%ﬂg?gﬂ Gher et & q‘lFracﬁn,gtﬁ Efaf:é’ E@'@) % ZT-’?é’(ﬂa?‘s(’t:elgner et
W., tilé®) Séﬁ‘t@‘ﬁhﬁ@r“‘i‘ﬁs 9 %‘gmf‘bﬂféY%mﬁﬁme@@WA@‘%MMﬁ expression
vector is camgtexedunitiasmids or vectors can include plasmid sequences from
bacteria, viruses or phages.
Such vectors include chromosomal, episomal and virus-derived
vectors e.g., vectors derived from bacterial plasmids, bacteriophages,
- 25 yeast episomes, yeast chromosomal elements, and viruses, vectors
- derived from combinations thereof, such as those derived from plasmid
and bacteriophage gsnetic elements, cosmids and phagemids,
Thus, one exemplary vector is a single or double-stranded phage
vector. Another exemplary vector is a single or double-stranded RNA or
30 DNAviral vector. Such vectors may be infroduced into cells as
polynucleotides, preferably DNA, by well known techniques for infroducing -
DNA and RNA into cells. The vectors, in the case of phage and viral



a liposome/liposomic composition that includes a cationic lipid and 10optionally
includes another component such as a neutral lipid (see, for example, US 5,279,833
(Rose), US 5,283,185 (Epand), and US 5,932,241). Particularly desirable methods
and compositions for delivery of the oligoffucleotide compositions of the invention for
pharmaceutical 15applications, including for targeted delivery to hepatocytes, are
described in PCT/US03/14288, filed May 6, 2003, the teaching of which is incorporated
herein by reterenrceay alsd ransio predtichlirarsiaotidrad e cdls far peskareth and other
non-therapgutic PULROSES MAVLIGHUI EREQHOR & ValIslYRiReass dagluding, but 20not

limited to, lipofection, DEAE-dextran-mediated transfection, icroinje tion, calcium
phosphate BREEESRBN KAHAPEP Fe RV 6@5\9&‘?&9“&%“‘%%8{2 %IOlIStIC
transformatiefecling RN BiRNAsexyresiopryetes oA yma%ﬂtfeqfﬂék'@d RNA or DNA
or localzangsth Mm@lgg@@gﬁyA or DNA (See U.S. Patent Nos. 6,217,900 and
6,383,512, "VeS| ular 5 Com xes tatﬂdéﬂ \'E'hodas of Makln%and ‘%Jrglﬂ%the Same,
Pachuk etaL, su?) er gt asirable detiven ry tec 'Tor the dsRNAs or
dsRNA exm@ﬂﬁdﬁ%ﬁsﬁ%@@%%%ﬁﬂbrﬁﬁ%ﬁﬁﬂ%lﬁ% 5t Mdftications is the
self-assemblingfayslasestidd swprdierponratrsleioeoidigelisiesiddsystem, based on

cyclodextrinSongiane AalEalons WEh a1e.avlaRle fiam nsgr Fhataneutics

Pasadena, o/ loconiug May-Jun; Popielarski et al.;

"Structbral éﬁé@@tﬁ?"‘df% %%‘bﬁﬁtﬂ/a?&@ @S’ﬁf&fﬁﬁ?@ ) Rﬁf’é‘ﬁBﬁ% %%dféﬁrébagllvery 3.
Cyclodextrintiype aherdunicicratizatiohtnhsavet 8bBistonivgClhemtRoeBilan-Feb;14

(1):247-54 and. 285811 I Bedirst comnenenhita bneanisyalodexainsantmaing
polycationic polymer, that when mixed with DNA and to the 5 Rhosgheﬁe ‘backbone”

of the nucle? SER?“HSH%%H{%SEW PRIHCARGP s &P a 2SR stRg gInto uniform, colloidal
nanoparticléwtivat srowceeaeaDeA fitad tﬁlﬂﬂ@“dwﬁ%ﬁmw YeSiMsPrA second
Componﬁnt:&mﬁmm@éﬂn@wsmmm@w@Mn%a@ammiwm molecule,

that when combined Wil ngé{@'gﬂsémw@é@?sﬁ IR ARk SaTRIex with 10

surface cycfo&ex?nns an prevents a% egation, enhances stability and enables
systemic adififistiagem ‘l‘i‘?é‘ékﬂfﬁ%iﬁ’dc §ligands to cell surface receptors may be
attached to the monifiercpnevidingéor ttapgeteckdisiRibly of IDNAvdiréetiynay target cells of

interest. Singg applRCHes A Susrepll 1o R ANALHEN, BlRgHsa: uilzing tis

method to target 15delivery of the dsRN/ ex r SSio constrycts gf the |nvent|on to liver

different dsRNAs homologous an emen ary to a farget sequenc

cels This approach is desirable in that a single vector may produce many,
independently operative dsRNAs rather than a single dsRNA molecule
from a single transcription unit and by producing a multipiicity of different
dsRMNAs, it is possible to self select for optimum effectiveness. Various
25 means may be employed to achieve this, including autocatalytic
sequences as well as sequences for cleavage to create random and/or
predetermined splice sites. _
Other delivery agents for providing the information necessary for
farmation of the above-described desired RNA molecules in the
30  mammalian cell include live, attenuated or killed, inactivated recombinant
bacteria which are designed to contain the sequences necessary for the
required RNA molecules of this invention. Such recombinant bacterial



is considered especially advantageous. E.g., the asialoglycoprotein receptor (ASGP-R)
on mammalian hepatocytes may be targeted by use of synthetic ligands with
galactosylated or lactosylated residues, such as galactosylated polymers. 20In general,
targeting for selective delivery of the dsRNA constructs of the invention to hepatocytes
is.preferred. Targeting to hepatocytes may be achieved by coupling to ligands for
hepatocyte-specific receptors. For example, asialo-orosomucoid,
(p0|)|/)L'||ySi6Q!§$l§:H@aOé@8@mie§i fil¥ eymetbeipigands efithehepatienal

asialoglyc ' 0, ' i i :10009; , 1990; Wu et
. Bl D et S Hiotersby 3 £7-05, 1001)
Similarly, tFE8big¥mIddofidePrBF bR BEE R HEatbEReUBY Bt ¥bhiigated to
monoclonapeptibiogdibs thakiipagitigatlis hintide hepalatytdspeciiorecsptors.

‘Oligonucleqtides, mayalsahedargsiehioReraiondes AAsmingsaestinyrctors, as
described below. Pgrﬂc%%é}{h referred compositions for delivery of dSRNAs or dsRNA
[

expression CORSHEIASY o Ar th eI hCiR A ™ 8 %bmpositions as
described iRtRETIWSE3/242 §&flldddvenps, 2003, which may include trilactosyl

spermine as a liganddaetagringdethe b Receptenabhepaiopytassdyjlactosyl
cholesteryl rmine co-complexes with the oligon tides of the invention may be
prepared afr?g ‘%’ggé} 5e 8 _e%((%l e té#?greiéfg% 'ﬂ”&ﬁﬁ@ eg?rcfu\g‘le\?a{n !theThe dsRNA
oligontftlesTaEEEFIRSHIRHHBR PR PRAARE K bsd derrdiaipdyiaisargabthepatocyte.
Alternativgbgrﬁcﬂmwfémamﬂ_ne_rpmdaeedaw}m@tﬂw@a@eﬁ@ﬂfbysd@m&t&ﬁﬁﬁ@n of a
nucleic acidplecule CoMIIsing A PEABIQIRISSIHENGE QRRIADSIInkGH 19 & sequence

encoding 10the dsRNA In this method, the nucleic acid molecule is contained within a

non-replicafifg MRBAMOHUPES BIFBRIA SRR FHOIBLAR S A 9cebhiRise5nithin an
autonomouskrzephedting iaskricdctisishlwéetor lonvs irtehridicd mterebe host genome.

Any VQQtO'rﬁhﬁfbﬁad? trapsdast ﬁd@ﬁi@mﬁ)ﬂl %tasﬁ.bw e rfmy%@@aqﬂd@;fejsthe
invention. Preferred vectars are viral vectors, 15including those derived from
replication-s' e%%g%?ﬁ/ges r‘?’éﬁ p‘fg}[ﬁ?say/eitr)&snégn@%a{ﬁq é‘{f’éor}’g&“d ﬁ%fe%'fF%ﬁlﬁ%s (see, e.qg.,
W089/07 13 IR ibERy et amale Ry, 1. e @' 24y 6 oisdisn. 9mvigenovirus
(see, e.qg., ktnssyres, aldehoGeloBivaieims, Buppodiniked 3B Grafigmet al., in Murray,

ed., Methodg in.Mplactias RIalQyn&ene 1IRDSTBLANM FrRIESRIARRIORAR)S. 20V0l. 7,
Clifton, N.J.: ihe‘Human Press 1991: 109-128), adeno-associated virus (Kotin et al.,

Proc. ffatl, B84 EPIgEde BPI55 Y1U59%3 e B80S i e teii®herpes simplex
viruses (HSWusas arasitivalmsiastiopages 66 dedstdbtgios thevitedtirgdn Gene Therapy,

Sep. 22-26vik 3R g rERaiasbO RO RAIRRY s (RAAGSRING ddarRordy De), and any

modified 25,versions of these vectors. M L%o s, for constructing expression.vectors are
AR S oAt . S

design a mcvniozﬁ nigues such as qescr; f i
well known'in the ar y(séjg,ye.a., GreCaIar nlﬂg:A aboratory Manual,” Sambrook et

al., eds., CHRr9pihgiHarsseL a86ratbry, 260 Bdltfoll S8BIrSpragPrREBIN.Y ., 1989).
Appropsiatelcegaaings segqepessaan/baitmserted into the vectors 300f the invention

using methods k%‘é"”:‘e‘%mﬁ %&lﬁglﬁgeitng&et@mbﬁ%e any system wherein the

celiular DNA or RNA replication machinery is intact, including tissue
culture systems, and within single cell or muliiceliular Eiﬁing arganisms.
By “multiple sequitope dsRNA” or “multisequitope dsRNA”" is
30 meant an RNA molecule that has segments derived from multiple

target nucleic acids or that has non-contiguous éegmen_ts from the



example, by homologous recombination (Graham et al., J. Gen. Virol. 36:59-72, 1977),
or other appropriate methods (Molecular Cloning: A 45 Laboratory Manual, Sambrook
et al., eds., Cold Spring Harbor Laboratory, 2nd Edition, Cold Spring Harbor, N.Y.,
1989). Promoters Promoters are insefted into the vectors so that they are operably
linked, typically but not invariably, 5' to the nucleic acid sequence 5 encoding the
dsRNA oligonucleotide. Any promoter that is capable of directing initiation of
transcriptiosdame tukatyotidetehorhy e esetiicthihvinerfitiva . sEquiéxanple,
non-tissue- if} ovir. ' ., Proc.
ot Acad, B U Be g8y S L dh R e e AL
metallothiorTHiPlfeseres(Flanfiiele starnisnmel) Appletess ERESEBI1982), HSV
thymidine kisased\tRighte elh3kaeRER:082banaSYAQ caty (Renoist et al,

Nature 290:304-310, 1981) promoters may be used. Non-tissye-specific promoters may
be use§ in tﬁ%qufﬁ?oﬁpéé%( V&éﬁﬁ%ﬁf@@% ﬁ%@‘ﬂﬂﬁl@&qﬁ Hof:iver cells

directed by ¢ine nomtisssepetific ibprapotarstehauid dreslmmmbess to the non-liver

cells because e speclicingetihe HAY;ane, HOXASBNAS b Javgiiy for viral

sequences. However, preferred pronioters for Use in the invention are
hepatocyte SfeERcpropiciers the execspanitidraire tisdrmoeiNAsiare expressed

primarily in hepatpcyies  RreirssidenaiosrrsRedlicaoRMMAtes Religs; but are not
limited to the albumln,gal&ha-{%:%protem alpha-1-antitrypsin, retinol-binding protein, and
asialogcop AR TEERIILIR HGHAESPLFGAGIEIS 2hERTHE &< bLth as those

from cytomegalbind, 4k rp@sisitn e, vtdsas (types:banioklidagpatitisndthises (A, B,

and C), a”05Miéﬁr%%fﬁ%%Hgﬁﬁeﬁﬁéﬁii%’@&ge%ﬁ@%a&ﬁﬁ% fiGhe87, 1989),

may also be used in the invention. ession vectors may include
promoters fBXIRRERIPBIGHTEIS6LZRNA polYhdiasél ahéngtfiniset aetimitéd to HCMYV,

S oM o sl AR B A
promoters, _pregenomic promoter, R| romoter including bu
not limlted 'Y apﬂ%ﬁg%&f%ﬂé‘tg@, PR ?i@ﬁ@@ﬁ&%ggw SRand promoters.
Desirably, therdsfi¥ddebypres$ishmegiar mgmpoislgs at {easiatiralfgdAcpalyerase |I
promoter, fq 46, example. 2 SC%\A-imﬁégl%m%Br DRl LIGMVAE) or a

simian CMV (SCMV) promoter, at least one RNA polymerase | promoter, or at least one

RNA polymbBlaseidieisraidter af ieapkSmoter mag i e 4900 ¥romerdhan avhich case,
the cell fot@RWfﬂS%%%M pRlYRgRSRs.

20 - By "sequitope” is meant a contiguous sequence of double-
stranded polyribonucleofides that can associafe WEth and activate
RISC (RNA-induced silencing complex), usually a contiguous
sequence of between 19 and 27 basepé\irs, inclusive. Sequences
comprising at least one sequitope from within one or more of the

25 conserved HBV and/for HCV nucleotide sequences identified here may be
utitized for dsRNA mediated gene silencing as taught herein.

Multiple-epitope dsRNAs The advant‘ages of a multiple-epitbpe or

muitisequitope double-stranded RNA apprdach as taught in USSN -
60/419,532, filed 18-0ct-2002 and PCT/US2003/033468, filed 20-Oct-
30 2003, are applicable to utilization of the conserved HBV and/or HCV



5 Alternatively, the promoter may be an SP6.promoter, in which case, the cell further
comprises SP6 RNA polymerase. The promoter may also be one convergent 17
promoter and one convergent SP6 RNA promoter. A cell may be made to contain 17 or
SP6 polymerase by transforming the cell wiith a T7 polymerase or an SP6 polymerase
expression plasmid, 10 respectively. In some embodiments, a 17 promoter or a RNA
polymerase Ill promoter is operably linked to a nucleic acid that encodes a short dsRNA
(.. a dsRi4iiabisdens HalR90 cteudO0 s on bl PedehasepAiS g jength). In
other embogm;n nts thT peroter is ai]mlt?chondrlal promoter that allows cytoplasmic

iC t

transcription of t S A AT OV tE tePasa e #HEPRitochondrial
promoters B85 MUNCIEOBIe33e4s it Rps 9 2600)@petinddOAIG2082/00543,
filed 9-Jan-268t)adiennativelyidaeprempteris@driusiiaMRmeLE LsYehas a lac
(Croninget ; - 1506-1517, 2001), ara (Khlebnikoy et al., J
Bacteriol. 2";?3)]5)%“%2ﬂ [?é%%ﬂg 2gﬁ%gfé-%‘ity,%esca@ggﬁg}?ﬁthoéé)égégo B‘é‘ﬁ%ﬁ?ﬁms
(mefepristoREFiUBRIIB SR PS5 ReRevaHeE RO Linstertions MsaotieD Malley BW,
Roop DR, PrbieNafi AcadSqidicStisnd 999abili20:964453 81883 fHmantet promoter
(Rendal et gloldduigy @ENeEREY, ' :33D< rnartina.et al., Hum Gene
© @%ﬂ d A%Q%;&é@nﬁ@eé@eﬁ@gs%%%%ggé%%%éﬁ d April 19,

Ther. 2002&%%%2&'199-1(_25210) or a promoter disclosed in (

©2000. Also LSetal s athdd Uhe EShFIRAS ASIHaNY FRRiMsh &% the structural
and chffnerfErolncissiagiglreiint) S SNIGOId6 434, filer, 22 sApr-2008..8ee also the
p'\r/lor}]ptler éﬁﬂtﬁéﬁﬁd@@héi&@éﬁ’@ml@ oo ﬁ[léie%ﬁﬁégp&aé@i%m‘g(% 1,2.8.4,5
"Multiple- rkaryotic, Expression Systems," U.S. rovisional
Applicationgl\lrlgo?%%%%%%%f%ﬁé%f&i%ﬁ%@%%?%v ftc%u %es RS BB cularly
desirable it fhEHBIHBTR ARG Shipo shivFiacp iasadVierstion kigbaseslitver specific
promoters (gseftl.in dsRiNA exphessmraias toeioetitieciiveniier Bslddge.the albumin
promater, the:alahadgioRTAlGIS brmAles (eshRRl niver eancer,qelis, the

alpha-1-antitrypsin promoter, % itis B promoters, e.g., hepatitis B promoters
including p?g%%t%?g%%&th%gsa %%%h%\@ﬁé@ iﬁ@‘uding core, e antigen, polymerase and

X protein. 17" P yas0rE MeEeyenéease dExjwebsion Gystemsrd giesisahie method of
the inventionslitilizesead ZAsRNAeRSSIAREYSIRALI ASRISYE SYIQRlasMic expression

of dsSRNA, ) RNA malecules) in vertebrate cells (e.g., mammalian
cells), The é%%%%;%ﬁgﬁ{%ﬁg%“?& ilizes ?H@ﬁ%‘?qﬁ%’%&%‘?%ﬂ% 1%%’ desired

dsRNA TrERERE:B NOHR SRV RRetPRKE seiysnizassendinighicamvibplorovided on a
second plagrait@ndhthersameitasmick/Baaeviephase Joi BNApRRgrase (17 Pol) is

the produckefihzdenal biehFa14RaRINIER IR LRSI ME PLomAIS! gduence
y.

specifically and e(xgib't. a hiﬁh_ transcriptase activit ‘he complete sequence of the
T7 genome, with' J2EILY IRRIFRERGHERG AaRRs it Ramicdaiene eoeeswatteriophage,
including prdidYer skeUidAlYayecis distiosetkmidurnidiSiudier, 1883nd/dyiol. Biol.
166(%k 47ﬂ€53%é3§§ea{§3é_{}{g]3h;ﬁ§;ﬂgggg' gg@gygﬁ%,ﬁq&ggﬁ Eég&,}%}gg: 00 1 604). The
T7 promotg%%%%r}ﬁt rge uH}Ige% lb¥a?.n%{ other RNA polymerase than the 50 polymerase
of bacteriophage 17, Which SHowa 4 otrMiett EpRchitifygzsults in the

selection of pathogens that have sustained mutations in the target gene or

protein and the pathogen thgs becomes resistant to the therapy. By

simultaneously targeting a number of genes or sequences of the pathogen

30 and or exiensive regions of the pathogen using the multiple epitope
approach of the present invention, the emergence of such "escap'
mutants” is effectively preciuded. '



the promoter (Chamberlin et al., 1970, Nature 228:227-231). When utilizing the T7
expression system for expressing dsRNAs, for example, a first plasmid construct that
expresses both a sense and antisense strand under the control of converging T7
promoters and a second plasmid 25 constriuct that expresses the T7 RNA polymerase
under the control of an RSV promoter can be used. Both the dsRNA and the 17 RNA
polymerase could advantageously be expressed from a single bicistronic plasmid
construct, particutanygxsherettigsdsRiideisdarmried fdyradysiviale db i stehui with

iHVfrteo: fe%%ﬁr%fé@é{%@ﬁ%&%@ﬁwim }@tﬁ%ﬁ{%ﬁ%@@gﬁga@q to assume
a stem-ioop or nalrpin structure wi na S rta ( ouple stranded region.
g ettt i e s R e
synthesizednbeasingrepidsmid GoRSHHUEE NG, eiedormengisgprdhoters such as
bactelri@phagﬁsﬂd@,@?&iﬁﬁﬁtml?@eGg@@@@!\&lm@b@eo%'nMs%a@nds of Ithe )
comp ementary. strands of a select sequence.to . be trans rihed. See SO, e€.g., the
tonching of T ORTARA S FensE R s T deea D S e
USSN 6013b4igasefifisds3e TrileraieY'ahig eAsae au/ient s3mifrdy L gaset 2002,
Therapeutied&ampgsitions obthe bweationofhe dsRdiisiofdhesnentien iand the

recombinant yectors. coniainineL ALEIGHR aeid seavenges.cnsading,thery. may be used in

therapeutic compositions for preventing or 10 treating HCV and/or HBV infection. The

therapButic EHBEERIBHEDF @ IR0ention may be used alone or in admixture, or in
chemical combinatimiianyith oagter dnsrehiadteria scmatndasgrothbrantivieet afents.

Currently, lapiyuginapadsiowiidiniyaid andintargionaiphahrve.kegngapproved for

weatment of LI, and it s antiopated.that the composiions,of he Lainyention may be
used in comBINatiGH With thasé anétot'l:’}er cPrugs friatAre acive against HBV, including

emtricitabined(FTeljaiind erfieeasantives QsRNBRNAGERSTHEY a8 PICV act through
a novelsneshmnismd dsRNANTes iated@era-silesoingRdAdsrcommbinatiendherapy of the

agents of the JayepLion A1 oINSk ANNMERIS R GADSFER ARG AL A0l pase the

efficacy of therapy while"substantially reducing the development of drug resistance,

e.g., the deff oAb RS e s rolfaRs 68Aer 8 n with long
term lamivudimatherap\arGpoigmiyasateridion. SodelrayvainarddceRSéd foe treatment of

HCV, and aadof sB¥iida RMTEBRIRdial #18 (RIPARINERS/AI tBqdR)eaiign may be
25used in combination wjth theZe and, othgr ngf that ar%iaclglve a%agg]siF,iCV. Specific
Suff e A

dosag%oregf e%@ﬁi%%ﬁ%gtﬁg? W Witk %rﬁ bsl %Sé‘én?s & fifined
through routiifiedarpéiimentatderdsiatosedottediplaysic Ny thalesraifielimical medicine.
Formulationgvéihdesiaklydnslidesnateyirledbatdnareaspine pRiglogical stability of
the oligonucleotideD or the recombinant ectors Of materjals that in rease the ability of
\n{xons nj OVGBJ‘EE)(H{‘G?SIOH 0 %Qufécg ?unnt%m ecflon is %ou{;{ht ? :
the therapeutic compositions to penetrate hepatocytes selectively. The therapeutic
compositiorfefithie to immune anergy that occurs during chronic infection; and c)
25  the expression of sAg in the livers of infected individuals (even in the
absence of virus, L.e., from integrated sAg sequences into the host
genome) induces hepatitis. Therefore, reduction of sAg is likely to
decrease viral titers, overcome immumne anergy and decreasefprevent
~ . hepatitis. _ .
30 HBV SEQ ID NO:4 maps to the unique region of precore and core
 and will target these mRNAs specifically. Caore protein is needed to make

 functional virions and so down regulation of this mRNA is predicied o



49 invention may be administered in pharmaceutically acceptable carriers (e.qg.,

- physiological saline), which are selected on the basis of the mode and route of
administration, and standard pharmaceutical practice. One having ordinary skill in the
art can readily formulate a pharmaceuticaisscomposition that comprises an
oligonucleotide or a gene construct. In some cases, an isotonic formulation is used.
Generally, additives for isotonicity can include sodium chloride, dextrose, mannitol,
sorbitol ancylastase UmSREIE FRSRSHISRIOBIC RoLLionsEh-asphagphgle buffered
saline are p%'{?\[grrfed. S b|||ze{s include %glatln and albumin. In some 10 embodiments,
a vasocons rlctlsonoésguen ‘& RRYREE Y foftfafon. The pharmaceutical preparations
according to the p¥BYertihiieNtoh threvgrofide distéwie mad ioyiregeryfnesaSuitable
pharmaceutjea camders rasavellasahasnacertisalnesessitigsdardsse in

pharmageufj [ re.descrijbed.in Remington: The Science and Practice of
Pharm?i:y gg?gﬁgﬁﬁ%ﬁé@sﬁﬁgﬁﬁ% rSﬁg?r%ggcgu ica 'ﬁ%?é[}rf}'ggs ﬁ/ﬁé%(oﬁu lishing Co., a
standard refefdlice feltiRTasR Haeedasdan eyt viral gerpaesradministration
include, butizmehot limltesticeitisamasestar ibtraparitenraloiptiadesnal,
subcutaneqyg.dattayenous, intraarterially, intraoccularly and oral as well as
transdermally or %?ézomhalation or suppository. Preferred-routes of administration

include intravenolS intramd<etidmara ot seisn ddiciiiadsmidiantraarterial and
subcui&nededtipfectipnf asRRKAsogsR Ne@rpRissiomretistpts tiabio bargedministered
by means iaghidingramsnatJigliiacte. draditepab sy inges,esieiess-niection devices,
or ‘microprpiggL bmbardment gene, gurs", 25 Allerailyely, the SRNA andlor
dsRNA expression ‘const ot may be Intro uceg%y various heans mto cells that are
removed fréiiREaRcfiasivE heppileame RHideidrtioneeh | ecex S tRgsfection,
electroporagnmedhiendinjecttorandisissoprojectile bombardment. After the gene

constigst s taken Ry dna eslisrdien AR e mplAe I it vidual. It is

contemplated that otherwise non-immunogenic cells that have %%r}le constructs

incorporated THERST E4H BE iRptdRtda TRrg e 49 Hdilidke AR HBst cells were
originally takeR fEoh ahathe semisidealrom SRMBWRfeciEiNdNDbaRHis anticipated
that the dsRi¥A corapsiions oktheinvestisraay e ysaileAabedregtiment in -
the Vs, 1 S R e L S YU B R NGB may e
usefulfdr pldpReRGEReatraGittntottsende tserinfidhamsrs tinfigmdudldavho
because oftbedupationabioftathes getertakteniexposure are considered at high risk of
exposure to Desirable combinations for multiepitope constructs, an admixiure of
constructs, or the concomitant administration of different dsRNA
constructs include the following: Sequences from SEQ 1D NO:1, SEQ ID
25  NO:2, or SEQ ID NO:3 plus sequences from SEQ iD NO:4; Sequences
from SEQ 1D NO:1, SEQ 1D NQ:2, or SEQ ID NO:3 pius sequences from
SEQ 1D NO:5; Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID
NO:3 plus sequences from SEQ ID NO:8; Sequences from SEQ ID NO:1,
SEQ D NO:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:7:
30 . Sequences fr_om SEQ ID NO:1, SEQ 1D NO:2, or SEQ 1D NO:3 plus
sequences from SEQ ID NO:S;'Sequen_ces from SEQ ID NO:1, SEQ ID

NO:2, or SEQ ID NO:3 plus sequences from SEQ 1D NO:9; Sequences



10HBV and/or HCV, e.g., fire, emergency, and health care personnel. Such an effective
prophylactic regime may include administration of a composition that provides an HBV
and/or HCV dsRNA of the invention, e.g., weekly, biweekly, monthly, bimonthly, every
three months, every four months, semi-yed#rly, or yearly, as can be determined through
routine 15experimentation by those of skill in the art of clinical medicine. The ability of a
dsRNA expression vector such as a plasmid or viral vector to express the dsRNAs of

the inventiog.ayeEa ﬁ@lmelm@t@wg@bpsﬂgg@wm@ Eypecisd:io.hs wbthe range of

weeks tom ered to b for.thi the ations.
20Dosage (%%51%\&8 br 4 r%?ﬁ?ss‘[ra?lo %ﬁ%ﬁﬁ %Et& ﬁﬂ?(((j;rl?ds %?@q(!)u'ﬁnhlblt
toxicity or aNPGrP b RARYIERNTCHO SHchte M yéaay B fAsicasEbetween 10
mg to 100 memlsmg to fidMEGEDEgaR LomgEond RO BHO0pg SN A s

adminigteredia 3ale0aind prroRw) @Lﬁ@ﬁf&ﬂ@%@fﬂ%@é@%@ﬁ frence). For

administration o vector enco a short dsRNA to inhibit toxicity or

a short or IOHg B<BNEAIRMAES LRI S %’ﬁ?rﬁgﬁt&%%a 1 HAWEENR 00 mg to 300
mg, 10 mg CiPEmgetegitorl BEAgIER0 PgI6A Mo 50 0500 sRNA
expression YEAIOh QU GRIAT e is W@ﬁ@é@é%%%%@q&@%& Rem@animal (in
order of i |ncreaS| preferenc én %§§j§ (§¥i be adjusted bas%gé the weight of
the animal. 'fA @8} e Bmbbditte ﬁ 8 ggfﬁ%” P%%oﬂ?’ﬁ mg/kg is
administerddCGthed 86519 WY éi@étkﬁ’é\ﬂzﬁefﬂ?fasgﬁ@té@rﬁiﬁe‘d fredgriNfedtine
experimentaiian ibyNOeseef sl dadheramafiatinisalonegieingq i e agiministration in

an intact animal, ymcAN BESERAD NG ATEAAE, Bdesh 300 50 100 ng, o

between 1 g an NA'5 or DNA encoding a dsRNA Is Flsed. In desirable

embodimeritédappxdiinREy Al Mo 39NEB IS Y- %f%%‘ﬁﬂ%% Haminttered to the
animal. WitlorespectEntHe haekh odS B thieNive plicrn;dtie mats fiten cdthiat the

adminigiratip, af 4R @5 RYA eRceding dsRNAdA relRet a@alshs dnjed to a

- particular mode of administration, dosa rfrequ of 10 dosing; the present
mvelntLljon Co‘?ﬁ&}#&%{%gl glivﬁ?géggng? 38%[&%%%&@ﬁ9u0?¥%”3n§§86¢o§%e8 a dose

* ddequate tortibitoge frerexiiredBiol) préeniia Mis@asesbitiBdi@-digkase. If
gesired,(shggq@%%é\fi@rﬁ@y@nm@mwdwmm oicaftesdhe-pxegaopusedelivery of
SRNA (e.g g e 15 be ex Cte uce
cytotoxicity %lé? trﬂlegtéeéséﬁmg 0 S%@ q%w;' (5)65%5 ﬁggefg %%b rﬁethods of
Silenciity GERES WHREE TR IETHY q}%%t’(ﬁw’esﬁf%hﬁﬁQ 1D %ﬂl@’gﬂé%ﬁ&ﬁrcally
incorporate dherntipeNtontsint eéalkeited frefesinad ndlindissaurenBurther, when an
amount, CORCGRUAAN, o1 3R ARYIUS ABRITATS S BLaiBRS Sfher @ range,

preferred range, or a list of upper preferable values and lower preferable values, this is

to be under§ﬁ988r§§%f5%‘€|ﬁg§ﬁ3pdf\§(algﬁﬂﬁ SRRy ?oﬁﬁgﬁeﬁ’ﬁ‘?ﬁ UAY p&irof any upper
range limit b préfénselyiiueCed bl (oWwdiGahgediseiempesfammdizalie, regardless of

whethgg ran@@%%rﬁd%%@ﬁéta@ gh%aaﬁgﬁce%&mgmmﬁ@e: oé@arrtewizve#ues is

recited herein, unless otherwise stated, the r

t d th d t
thereof, and®aMitREgRTS HRYTFIRERTE WA S ﬁ%%aﬁ&e Fd d% r@ﬁéec&) chte trt]wepg:r(;Se
of the invenfientbedanftent %&N&ﬁi&&@d@ﬁ@@l@d%ﬁd‘éﬂrﬁm@a range.

sequences from SEQ 1D NO:7 and SEQ ID NO:8; Sequences from SEQ
- D NO:1, SEQID NO:2, or SEQ 1D NO:3 plus sequences from SEQ D
S 30 NOGY ah'd SEQ ID NO:8; Sequences from SEQ 1D NO:1, SEQ ID NO:2, or
SEQ 1D NO:3 plus sequences from SEQ 1D NO:7 and SEQ 1D NO:10;
- Sequences from SEQ 1D NO:1, SEQ ID NO:Z, of SEQ ID NO:3 plus



52 EXAMPLES The following Examples are provided as illustrative only. All
references mentioned within this disclosure are specifically incorporated herein by
reference in their entirety. 5 EXAMPLE 1 Silencing HBV replication and expression in a
replication competent cell culture model sBrief description of cell culture model: A
human liver-derived cell 10line such as the Huh7 cell line is transfected with an
infectious molecular clone of HBV consisting of a terminally redundant viral genome

that is capahle of transsrizipe @9 Rbtbe.viraERVANans! eqdysing infecdieys virus [1-3].
The repllcoErE]J K?eq mé%e%eﬁ\g(hgdles ?I:T%erlved.from the virus sequence found in Gen
Bank Acce&3id Vo1480" g\?\/?ﬁé e A2 A60F PSR ARH AR ES 4Ad nuclear
localizatio{&rd@eetiptiohloitel hfetiotrse4BNmIaEMAID NS sBEEr AbViG@IZpromoters
has been shaywiminitiie Rsassaieel Ryasdhal RurosdBY caplicalien. These
eventsdnelude iransiation of ianagsihed vial mBIe. Rackading ol fransgribed
pregenomic RNA into core particles, reverse transcription of pregenomic Z0 RNA, and
assembly dHd¥E¢@MbREST Vit RCanec-esay (repdh@dBNSufface Arfden) particles
into the medianfdeansfestetbaesTinNransfecton model gepraduces: mast aspects of

HBV replicajionyiinnjecieslver sellssandis.(erslpie. 49qtcel gty model wih

which to logk at silencing of HBV expression and replication. 25Using this model, cells

were co-traRSIEE YR tREHICE GO RN AnE ol SP INBP aREaHaREHS eiRNA
constidcts fithedelidinvefeithen Bighitohed Toblossofdd Bvhe 8@ $8idtvdnehteplication as
described kelows Retailsequhraestar snd ansesied RNA%YBagdm this experiment are
provided atthe end of this, le. 53 iment. 1: _ The following.is an example
of an expeislI'?"nclet"'reff1 ﬁ%t%%ﬁ%?f@&n@ l?é}%;é%?é?@}! ée]%{%o?s? %%%%C&%S% %ces derived

from GenB&hi@EcassirChliitier \BeraeocesHvsciffe Hedis tsseidederibed eiRNA 5
vectors wekohigBhcenseniet SEuaencesddeiatified as deserihedaisewisre herein,

whichyglso @xss aciNine a8 HNATSes ERRI oM g Constructs for

Evaluation of RNAI targets and Effector
SEQ 1D NO:8; Sequences from SEQ D NO:7 and SEQ D NO:9:

Sequences from SEQ ID NO:7 and SEQ ID NO:10; Sequences from SEQ
ID NO:8 and SEQ ID NO:9; Sequences from SEQ 1D NO:8 and SEQ ID
NO:10; Sequences from SEQ D NO:9 and SEQ {D NO:10; Sequences
20 from SEQ D NO:4, SEQ 1D NO:5; and SEQ ID NO:8; Sequences from
SEQ (D NO:4, SEQ 1D NO:5; and SEQ ID NO:7; Sequences from SEQ ID
NO:4, SEQ 1D NO:5; and SEQ 1D NO:8; Sequences from SEQ ID NO:4,
SEQ 1D NO:5; and SEQ ID NO:9; Sequences from SEQ 1D NO:4, SEQ 1D
NO:5; and SEQ 1D NO:10; Sequences from SEQ ID NO:4, SEQ 1D NO:8:
25  and SEQ ID NG:7; Sequences from SEQ I3 NO:4, SEQ ID NO:8; and
- SEQ D NO:8; Sequences from SEQ [D NO:4, SEQ ID NO:6; and SEQ 1D
NO:S; Sequencés from SEQ ID NO4, SEQ ID NO:6; and SEQ ID NO:10;
Sequences from SEQ 1D NO:4, SEQ ID NO:7; and SEQ 1D NO:8;
~ Sequences from SEQ 1D NO:4, SEQ ID NO.7; and SEQ ID NO:§;
30 Sequences from SEQ D NO:4, SEQ ID-NO:7; and SEQ I} NO:10:
Sequences from SEQ ID NO:4, SEQ ID NO:8; and SEQ ID NO:9;
Sequences from SEQ 1D NG:4, SEQ ID NO:8; and SEQ ID NO:10;



Molecules," PCT/US2004/005065, filed 25-Feb-2004). The particular eiRNA backbone
vector used for this experiment was a proprietary vector O containing a U6 promoter to
drive expression of the encoded RNAs. Each vector encoded only one short hairpin
RNA (shRNA). The shRNA coding sequefite was followed by an RNA p01111
termination sequence. Sequences of the U6 promoter, RNA pol Il termination signal,
and encoded shRNAs are all shown at the end of the example. Similar vectors
15containingeti&prostoter sEQdIRNAH GHD teriinationdsigals are:commercially

available suchas, e fkeniGanasR §leRiAg SRS YeRiTam Promega, Inc.,

Madison, Wis. One of ordinaré( skill in the art can also create them according to the
[

h I

information BroUTHSEHEGIR - ¢ i X3 e tad L Sitra? 12 8érts R litPalso be obtained
using otherQuexmestion Snd HrditoieBEIsIBMS d5padishtio s v@ctors with RNA
FéOlll_lspfog%Qé@ﬁc%a?@ﬁ?E@i @m@é,%@mgmwepéﬁmgm@N@lﬂ)l%rzgnote?-

Xperimen rocedure: n. s_cultyr 1| media were
seeded inttggl Shewelr 2 Bﬁtéggaigg%kg%i#}%?tgﬁfég%ﬁg We"%.illﬁ@éﬂhgsfections were
performed tRédRCaREPTHKHANG st LiBdtesamideiR (MYEdgen, Carlsbad,
Cal.) accordingutadbe roanstaciDresylisectiansidrrthiscexperimens; gells were

transfected yyiths i ' I i ubtype ('pHBV2")
(GenBank E%ggs%i!ogrﬁ% \%%%%Oﬁf ﬁ%%%ﬁr%}b??ﬁ@%%#aé%%oéng 100 ng, 50ng,
or 10 1§ of SFALARKER Eomsthdt "%gg%%}%ﬁ?ﬁgﬁéfgé{%ﬂ% 2.5 pg by
including aséqerrptasinid BRAIBLS; BasidXRomegal 3EauiSoRMS,) in amounts that
brought thgg(g&gg%gﬁf}\g/mgggﬂy@r@@%@gﬁ@;@p@pﬁxgggw%in trarclizctions
receiving ng o ¢ n &iRNA construct, 1.5 pg p was
added to th%et?"a%ﬁ%?gg'?gﬂ? %‘%jﬁﬁéﬁsge%ﬁdﬁ @e%iﬁ%a% Wovgdgfrom the cells and
the cells wastegwrp PSRN N Qv EN e’ TenhRElegie8i5 Carlsbad, Cal.). 800
pl of Opti-Mizilfenwas tbersadderno eashwell wbeelkmtollewad ktbe addition of the
ransfection iy, SEXSRIGRIS AGIAELRANS RESt Lanslectipny e fransfection mix

and Opti-MEMO were removed from ce culture media/well. At

and replace
3, 6, and 1Rl eraSEdiNCiReShRedi Mé)'sq%éﬁ%%%@ fkoNt&ds and 10 stored
at-70 C. Theemettiecw aisrmearsd NGt HHTL 16f fiesh aultSeiniedieon days 3 and 6. All

transfectiong.Wese-cafried St imduplicaleq T eets flLeptohtignsfgctions were also
performed: HBV DNA alon HBY DNA plus 2 pg pGL3) and HBV DNA with a
contro%:‘iR %938%%?%&?%%6&%%@7%& P @c%rﬂ%%%ﬁ@ 6 ¥ruct, and 1.0 pg
15 pGL3 DReJuaviepsttspind el Xblds SEEHB M pressiin 1D NBollbwing transfection,
cells were menitarest fstsEQss MoRJBEPMINGIBNVEXPII83%NE: 3aRd sepligation by

measuring HBsAg 20secretion. ) ' a ing the media of
transfectedhé%?:?gﬁaean ?%‘Qé%?én con#ﬁé@ﬁfgﬁ%ﬁg@gﬂg %@gﬁﬁqagl%feac'}%'n . The
AuszymeOHGYA NS i peserirpalamabicFom Qb St RABNRBLBEPEIK, 111.), was
used tesdetectGLEfRCSEATIISATaceqUding:4arthe seaniiact e BE Mgty Metigns, SAg was

measured peeSUiiaEe.AG iS-aporAIRY Bek A2 yal o RISZgRgut also with
RNA polymerase Il initiated transcription
D NO:5; SEQ 1D NO:7; and SEQ D NO:8; Sequences from SEQ 1D NO:4,
SEQ 1D NO:5; SEQ ID NG:7; and SEQ ID NO:©; Seque_noes from SEQ 1D
-NO:4, SEQ ID NO:5; SEQ ID'NO:7; and SEQ 1D NO:10; Sequences from
30  SEQID NOA4, SEQ 1D NO:5; SEG ID NO:8; and SEQ 1D NO:9;
Sequences from SEQ 1D NO:4, SEQ 1D NO:5; SEQ 1D NO:8; and SEQ iD

NO:'EO; Sequences from SEQ iD NO:4, SEQ ID NO:5; SEQ ID NO:9; and



of the surface Ag cistron in the transfected infectious HBV clone and from Hf3VcceDNA
produced during infection in vivo. Since surface Ag synthesis can continue with
deleterious effects in the absence of HBV replication, it is important to down-regulate
not only viral replication but 30also replication-independent synthesis of SAg. Results:
Cells transfected with the HBV-specific eiRNA constructs described at the end of this
example all induced a decrease in sSAg levels relative to the controls. The level

inhibition issgRowy W Hie SEGAMPAYING G 1B RAG0HESARNNG. to:dafa found in
Tables 2-8%@& that the ser%%ences |dent|f|$d as_788-808 and 807-827 only lowered
eV

surface Ag levelS ) J09 AN 500 EERSEHEN SE5HE AP Théke Gre the only
two eiRNASHRIHYGEt tad)SEMESKG: fn RISt fMIRFAPROtHeSED Kb HBV
mARN/Es andctmrsmecx:rwﬁeaﬁﬁ%@g%@ N@H@P%qifé?%gﬁ/@{ﬁ%@_gf/@@é@g“tio” in
SAJ observeg ne t R\ e IS consjaer ong
indicati%nt at h%ﬁé\lg&g R%%A&c@}’\s@%céngﬁﬁﬁaﬁ%sgﬁwggﬁgéﬁ%%ﬁ used in
this experifi&ift FHFEEIRNE (icteét s NestieeSHBSHG KL Segvisteesifiorable 1. 15
The sequencesiarechosbaEWwel: assbaimmap: sooidisrtes anoGenBank accession

number Vo140, ALIRe HAHMStRaE %fé&%%ésédéé I\ﬁlf%'s'?@’\é%%%%ﬁ(?

sequences map within. The sequence of the encode

sequence Hi5ts FAERGRIHORER DI dRROP HEHF 1FER IR MRS 28duence of the
particlfar vecfoHuBEHY, fEbaumrd dn/fad G 13H3IS BEMtBe3s, B d2quence
followed byibe lang §§9u@n@@:&w§@5{mﬁeefi§@|b§/»z@ f@'%{@%ﬁ@%@ﬁ@@ﬁ FI'BV
sequence, which.is the co t 10 the first se ..Note that the loop
structure d(%éh r{%tﬁrﬁsggdat%g;ge%ﬂ%&l s‘géq%% SCEGT Igﬁrgntq#‘gggr?(? WE aégﬂjgd several
loop sequelNE&s wWith koNighifeent RApEd e Sheavriissifigrotie BIRIPA25 construct.
The secondHBN senaesEe iDRinwedbygrosting o OF segidiness @¢n 458, 3, or more
Ts, thag fungtign. rEnation signahtar Ll ~37 <. A diagram of the
transcribeg%ﬁ%%?u@céfjé Fﬁg?é%ogv?rﬁn FIG'.QQ%NE%@%BI\I%% isset ue rrll(fjgcﬁ%)trilae

sequence &Egé%%%%tgﬁ%&ﬁgf?déggdgéﬂ@égb?w\%(ﬂ(ﬁmT@‘rminator 5 -TIHIIT-
3'. Tables &irdiGnaphiom SHIBBAY W ShtEEsMed REdesthiiett aboBEan plotted in

FrI]G- 2-8 cwmsp@éﬁnﬁﬁ%mﬂa«%@@ hales, %@@Féﬂ%ﬁﬁ?géqu@d%ﬁewﬁmd is
shown in p s fallowing the name of the e construct and is in pg amounts.
For exampge@}gi\?g%)@rﬁ !é%ns% Sa?foér.1 pgg?%én%éﬁiﬁé«%coﬁi%&t 2791-2811
(see Féble N Rt SERINNC 8 Sreetrnge T fiemp Sfe@nPiNkIsitioRQdRtii& To the control
is also shosmanithedablesitsrlawend itds spreifisdorshesiay HNneagizgment. Note
that the 4th$eif dgty, iyt 6@: AR RIS 4299 was evaluated af 500 ng has only

two timepoints, days 3 and 6, because the evaluation was not carded out at day 10.

The percert{rhiBHBHRdF s BRPRNERE \ESSHLM fortthy BHRA DBita is shown as
raw OD datzgoiectetions SIEQdiibed:bythe mandfachitenoitbe Aspayime ELISA assay

kit used to measke SAG. 1N NGB, ALR NG00, Re-AatR Ry £ 3B PR the 10ng
data for 19(,%%5%@327' I_:_Bach of th%soe_ doses inhibited HBsAg expression by about 50%
relative to nwgf. ng% UZ‘) 77, and SEQ D NG:10; Sequences from SEQ
iD NO4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:8, and SEQ 1D NO:9:
Sequences from SEQ 1D NO:4, SEQ D NO:5, SEQ ID NO:6, SEQ ID
NO:8, and SEG ID NO:16; Sequences from SEQ 1D NO:4, SEQ iD NO:5,
30  SEQIDNO:®6, SEG D NGO:9, and SEQ 1D NG:10; Sequences from SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:7, SEQ 1D NO:8, and SEQ ID NO:9:;

~ Sequences from SEQ D NOz4, SEQ ID NO:5, SEQ 1D NO:7, SEQ ID
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NO:8, and SEQ ID NO:10; Sequences from SEQ 1D NO:4, SEQ ID NO5,
SEQ ID NG:7, SEQ 1D NO:S, and SEQ ID NO:10; Sequences from SEQ
ID NO:4, SEQ ID NO:B, SEQ 1D NO7, SEQ 1D NC:8, and SEQ 1D NO:9;
Seguences from SEQ D NO4, SEQ 1D NO:6, SEQ ID NO7, SEQ 1B
5  NO:8, and SEQ 1D NO:110; Sequences from SEQ 1D NO:4, SEQ 1D NO§,
SEQ ID NO:7, SEQ ID NO:9, and SEQ ID NO!10; Sequences from SEQ
D NO:5, SEQ ID NO:6, SEQ ID NO7, SEQ ID NO:8, and SEQ 1D NO:9;
Sequences from SEQ ID NO:5, SEQ 1D NG:6, SEQ 1D NO:7, SEQ D
NO:8, and SEQ 1D NOG:10; Sequences from SEQ 1D NO:5, SEQ 1D NG:S,
10 SEQ ID NO7, SEG 1D NO9, and SEQ 1D NO1O; Séquences from SEQ
1D NO:5, SEQ ID NO:6, SEQ 1D NO:8, SEQ 1D NO:9, and SEQ 1D NG:10;
Sequences from SEQ 1D NO:5, SEQ 1D NO:7, SEQ ID NO:8, SEQ D
NO:9, and SEQ iD NO:10; Sequences from SEQ (D NO:6, SEQ ID NO:7,
SEQ 1D NO:8, SEQ 1D NO:9, and SEQ 1D NO:10; Sequences from SEQ
15 1D NGO4, SEQ 1D NO:5, SEQ ID NO6, SEQ 1D NO:7, SEQ ID NO:8, and
SEQ 1D NO:9; Sequences from SEQ ID NG:4, SEQ D NC:5, SEQ ID
NC:6, SEQ ID NO7, SEQ HD NO:8, and SEQ D NO:AG; Sequehces from
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ 1D NO7, SEQ ID NO:3,
and SEQ 1D NO:10; Sequences from SEQ D) NO:4,ISEQ D NO:5, SEQ
20 1D NOB, SEQ D NO:8, SEQ ID NO:9, and SEQ 1D NO:“iG; Sequendes
from SEQ 1D NO:4, SEQ ID NO:5, SEQ ID NO:7, SEQ 1D NO:8, SEQ ID
NO:9, and SEQ 1D NO:10; Sequences from SEQ 1D NO4, SEQ 1D NO:6,
SEQ ID NG:7, SEQ 1D NO:8, SEQ ID NO:9, and SEQ ID NO:10;
. Sequences from SEQ D NO:5, SEQ 1D NC:6, SEQ ID NO:7, SEQ iD
25  NO8, SEQ D NO:8, and SEQ 1D NO:10; and Sequences from SEQ D
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ 1D NO:8, SEQ ID
NO:9, and SEQ ID NO:10. |
In an another embodiment, combinations of sequitopes and ionger
seqliences from within any of the aforementioned sequences (e.g., SEQ
30 1D NG through SEQ 1D NO:12) may be utilized either in a single dsRNA |
construct, an admixture of constructs, or through concomitant

administration of such constructs 1o a patient.



58 Table 3 Day 3 Day 6 Day 10 % Inhibition relative to control pHBV2 1.169 4.445

10.18

10

C 15

20

25

30

2791(0.5) 0442 0.743

13

As discussed elsewhere herein, a particularly preferred
embodiment of the invention utilizes dsRNA expression constructs or
vectors to achieve endogenous delivery of the dsRNAs of the invention,
especially the multiple different sequences described above. These
dsRNAs may be provided e.g., on the same cistron of an expression
construct such as a plasmid, on different cistrons of an expression
construct, or on different exprassion constructs or plasmids, e.g., one or
more plasmids and/or one or more vectors, including viral vectors. Such
multiple different sequences may also be provided exogenously, in any
different mixture of one or more dsRNA structures, duplexes and/or
harpins, and/or in combination with one or more endogenously expressed
dsRNA structures.

Desirable methods of administration of nucleic acids The DNA

and/or RNA constructs of the invention may be administered to the host
cellftissue/organism as “naked” DNA, RNA, or DNA/RNA, formulated in a
pharmaceutical vehicle without any transfection promoting agent. More |
efficient delivery may be achieved as known to those of skill in the art of
DNA and RNA delivery, using e.g., such polynucleotide transfection
“faclilitating agents known to those of skill in the art of RNA and/or DNA
delivery. The following are exemplary agents: cationic amphiphiles
including local anesthetics such as bupivacaine, cationic lipids, liposomes
or lipidic particles, polycations such as polylysine, branched, three-
dimensfonal polycations such as dendrimers, carbohydrates, detergents,
or surfactants, including benzylammonium surfactants such as
benzalkonium chioride. Non-exciusive examples of such facilitating
agents or co-agents useful ih this invention are described in U.S. Patent
numbers 5,583,972; 5,703,055; 5,739,118; 5,837,533; 5,062,482:
8,127 170; 6,379,965; and 6,482,804; and International Patent Application
No. PCTfU898/22841; the teaching of which is hereb'y incorporated by
reference. U.S. Patents numbers 5,824,538: 5,643,771; and 5,877,159

(incorporated herein 'by reference) teach delivery of a composition other
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than a polynucleotide composition, e.g., a transfected donor cell or a
bacterium containing the dsRNA-encoding compositions of the invention.

In some emboediments, the dsRNA or dsRNA expression vector is
complexed with one or more cationic lipids or cationic amphiphiles, such
as the compositions disclosed in US 4,897,355 (Eppstein ef af,, filed
October 28, 1987), US 5,264,618 (Felgner ef af., filed April 16, 1891) or
Us 5,459,127 {Felgner et al., filed SepteMber 18, 1993). In other
embodiments, the dsRNA or dsRNA expression vector is complexed with
a liposomelliposomic composition that includes a cationic lipid and
optionally includes another component such as a neutral lipid {see, for
example, US 5,279,833 (Rose}, US 5,283,185 (Epand), and US
5,832,241).

Particularly desirable methods and compositions for delivery of the
oligonucieotide compositions of the invention for pharmaceutical
applications, including for targeted delivery to hepatocytes, are described
in PCT/US03/14288, filed May 6, 2003, the teaching of which is
incorporated herein by reference.

Transformationftransfection of the celt for research and other non-

therapeutic purposes may occur through a variety of means including, but

not imited to, lipofection, DEAE-dextran-mediated fransfection,
microinjection, calcium phosphate precipitation, viral or retroviral defivery,
efectroporation, or biolistic transformation. The RNA or RNA expression
vecior (DNA) may be naked RNA or DNA or local anesthetic complexed
RNA or DNA (See U.S. Patent Nos. 6,217,900 and 6,383,512, “Vesicular
Complexes and Methods of Making and Using the Same, Pachuk ef af,

| stipra).

Another desirable delivery fechnology for the dsRNAs or dsRNA
expression constructs of the invention for pharmaceutical applications is
the self-assembling Cyclosert™ two-component nucleic acid delivery g
system, based on cyclodextrin-containing polycations, which are available
frbm Insert Therapeutics, Pasadena, CA. (See Bioconjug Chem 2003
May-Jun; 14 (3): 672-8; Popielarski et al.; “Structural effects of
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carbohydrate-containing polycations on gene defivery. 3. Cyclodextrin type
and functionalization™; as well as Bioconjug Chem 2003 Jan-Feb;14

(1):247-54 and 255-61.) The first component is a linear, cyclodextrin-
containing polycationic polymer, that when mixed with DNA, binds to the
phasphate “backbone” of the nucleic acid, condensing the DNA and self
assembling info uniform, colloidal nanoparticles that protect the DNA from
ﬂucléase degradation in serum. A second component is a surface
modifying agent with a terminal adamaniine-PEG molecule, that when
combined with the cyclodextrin polymer forms an inclusion complex with
surface cyclodextrins and prevents aggregation, enhances stability and
enables systemic administration. In addition, targeting ligands to cell
surface receptors may be attached to the modifier providing for targeted
delivery of DNA directly to target cells of interest. Since hepétocytes are
susceptible to HBV and HCV infection, utilizing this method to target
delivery of the dsRNA expression constructs of the invention to liver cells
is considered especially advantageous. E.g., the asialoglycoprotein
receptor (ASGP-R) on mammalian hepatocytes may be fargeted by use of
synthetic ligands with galactosylated or lactosylated residues, such as
galactosylated polymers.

in general, targeting for selective delivery of the dsRNA constructs

of the invention fo hepatocytes is.preferred. Targeting to hepatocytes may

‘be achieved by coupling to ligands for hepatocyte-specific receptors. For

example, asialo-orosomucoid, (poly)L-lysine-asialo-orosomucoid, or any
other ligands of the hepatic asialoglycoprotein receptor (Spiess,
Biochemistry 29(43):1000940018, 1980; Wu et al., J. Biol. Chem.
267(18):12436-12439, 1992; Wu et al., Biotherapy 3:87-95, 1991).
Similarly, the cligonucleotides may be targeted fo hepatocytes by being

conjugated to monocional antibodies that specifically bind to hepatocyte-

- specific receptors. Oligonucleotides may also be targeted to hepatocytes

using specific vectors, as described below.

Particularly preferred compositions for delivery of dsRNAs or _

 dsRNA expression constructs of the invention are the multifunctional
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compositions as described in PCT/US03/14288, filed May 6, 2003, which

may include trila'ctosyi spermine as a ligand for targeting to the ASG

Receptor of hepatocytes. Trilactosyl cholesteryl spermine co-complexes

with the ofigonuclesiides of the invention may be prepared and used as
5 described to transfect hepatocytes in vivo.

The dsRNA oligonucleotides of the invention may be provided
exogenously to a target hepatocyte. Alternatively, a dsRNA may be
produced within the target cell by transcription of a nucleic acid molecule
comprising a promoter sequence operably linked o a sequence encoding

10 the dsRNA. in this method, the nucleic acid molecule is contained within a
non-replicating linear or circular DNA or RNA molecule, or is contained
within an autorniomously replicating plasmid or viral vector, or is integrated
into the host genome. Any vector that can transfect a hepatocyte may be
used in the methods of the invention. Preferred vectors are viral vectors,

15  including those derived from replication-defective hepatitis viruses (e.g.,
HBV and HCV), retroviruses (see, e.q., WO89/07136; Rosenberg et al., N.
Eng. J. Med. 323(9):570-578, 1990), adenovirus (see, e.g., Morsey et al,,
d. Cell. Biocchem., Supp. 17E, 1993; Graham et al., in Murray, ed,,
Methods in Molecular Biology: Gene Transfer and Expression Protocols.

20 Vol 7, Clifton, N.4.; the Human Press 1991: 108-128), adeno-associated
virus (Kotin et al., Proc. Natl. Acad. Sci. USA 87:2211-2215, 1990),
replication defective herpes simplex viruses (HSV; Lu et al., Abstract, page
66, Abstracts of the Meeting on Gene Therapy, Sep. 22-26, 1992, Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.), and any modified

25 versions of these vectors. Methods for constructing expression vecitors are
well known in the art (see, e.g., Molecular Cloning: A Laboratory Manual,
Sambrook et al., eds., Cold Spring Harbor Lahoratory, 2nd Edition, Cold
Spring Harbar, N.Y., 1989).

' ‘Appropriate regulatéry sequences can be inserted into the vectors

30  of the invention using methods known to those skilled in the art, for
exampfe, by homologoué recombination {Graham et al., J. Gen. Virol.
36:59-72, 19773, or other appropriate methods (Molecular Cloning: A
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Laboratory Manual, Sambrook et al, eds., Cold Spring Harbor Laboratory,
2nd Edition, Cold Spring Harbor, N.Y., 1989).

Promoters Promoters are inserted into the veciors so that they are
operably linked, typically but not invariably, 5' fo the nucleic acid sequence
encoding the dsRNA oligonuclestide. Any promoter that is capable of
directing initiation of transcription in a eukaryotic cell may be used in the
invention. For example, non-tissue-specific promoters, such as the
cytomegalovirus (DeBemardi et al., Proc. Natl, Acad. Sci, USA 88:9257-
9261, 1981, and references therein), mouse metallothionine i gene
{Hammer, et al., J. Mol. Appl. Gen. 1:273-288, 1982), HSV thymidine
kinase (McKnight, Cell 31:355-365 1982), and SV40 early {(Benoist et al.,
Nature 290:304-310, 1981) promoters may be used. Non-tissue-specific
promoters may be used in the invention, as expression of HBV and/or
HCV dsRNA in non-liver cells directed by the non-tissue-specific
promoters should be harmless to the non-liver cells, because of the
specificity of the HBV and HCV dsRNAs of the invention for viral
sequences. However, preferred promoters for use in the invention are
hepatocyte-specific promoters, the use of which ensures that the RNAs
are expressed primarily in hepatocytes. Preferred hepatocyle-specific
promoters. include, but are not limited to the albumin alpha-fetoprotein,
alpha-1-antitrypsin, retinol-binding protein, and asialoglycoprotein receptor
promoters. Viral promoters and enhancers, such as those from
cytomegalovirus, herpes simplex viruses (types | and i), hepatitis viruses
(A, B, and C), and Rous sarcoma virus (RSV; Fang et al., Hepatology
10:781-787, 1989), may also be used in the invention.

dsRNA expression vectors may include promoters for RNA
polymerase |, RNA polymerase Il including but not limited to HCMV,
SCMV, MCMV, RSV, EF2a, TK and other HSV promoters such as ICP§,
ICP4 and lCPO_promoters, HBV pregenomic promoter, RNA-pol 1
promoter including but not limited to U6 and tRNA promoters,
mitochondrial light and heavy strand promoters. Desirably, the dsRNA
expression vector comprises at least one RNA polymerase i promoter, for
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example, a human CMV-immediate early promoter (HCMV-IE) or a simian
CMV (SCMV) promoter, at least one RNA polymerase | promoter, or at
least one RNA polymerase il promoter. The promoter may also be a T7
promoter, in which case, the celt further comprises T7 RNA polymerase.

5 Alternatively, the promoter may be an SP8 prbmoter, in which case, the
cell further comprises SP6 RNA polymerase. The promoter may also be
one convergent T7 promoter and one convergent SP6 RNA promoter. A
cell may be made to contain T7 or SP6 polymerase by transforming the

- cell with a T7 polymerase or an SP6 polymerase expression plasmid,

10 respectively. in some embodiments, a T7 promoter or a RNA polymerase
tl promoter is operably linked to a nucleic acid that encodes a short
dsRNA (e.g., a dsRNA that is less than 200, 150, 100, 75, 50, or 25
basepairs in length). [n other embodiments, the promoter is a
mitochondrial promoter that alfows cytoplasmic transcription of the nucleic

15 acid in the vector (see, for example, the mitochondrial promoters
described in WO 00/63364, filed April 19, 2000, and in
WO/US2002/00543, filed 8-Jan-2001). Alternatively, the promoter is an
inducible promoter, such as a fac (Cronin et al. Genes & Development 15
1506-1517, 2001), ara (Khlebnikov et al., J Bacteriol. 2000

20 Dec;182(24).7029-34), ecdysone (Rheogene website), RU48
(mefepristone) (corticosteroid antagonist) (Wang XJ, Liefer KM, Tsai S,
O'Malley BW, Roop DR, Proc Nati Acad Sci U S A, 1999 Jul
20;96(15):8483-8), or tet promoter (Rendal et al., Hum Gene Ther.
2002;13(2):335-42 and Lamartina et al., Hum Gene Ther. 2002;13(2):199-

25  210) or a promoter disclosed in WO 00/63364, filed April 19, 2000. Also
useful in the methods and compositions of the invention are the structural
and chimeric promoters taught in USSN 60/464,434, filed 22-Apr-2003.-
See also the promoter systems taught in Pachuk, C., and Satishchandran,
C., “Multiple-Compartment Eurkaryotic Expression Systems,” U.S.

30 Provisional Application No. 60/497,304, filed 22-Aug-2003, which are
considered particularly desirable in the methods and compositions of the

invention.
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viver specific promoters useful in dsRNA expression constructs of
the invention include the albumin promoter, the alpha-fetoprotein promoter
{especially in liver cancer cells), the alpha-1-antitrypsin promoter, hepatitis
B promoters, e.g., hepatifis B promoters including promoters for the
antigen genes, including core, e antigen, polymerase and X protein.

17 Promoter/T7 Polymerase Expression Systems A desirable

method of the invention utifizes a T7 dsRNA expression system fo achieve

cytoplasmic expression of dsRNA, (e.g., long or short dsRNA molecules}
in vertebrate cells (e.g., mammalian cells). The T7 expression system
utilizes the T7 promoter to express the desired dsRNA. Transcription is
driven by the T7 RNA polymerase, which can be provided on a second
plasmid or on the same plasmid. Bacteriophage T7 RNA polymerase (17

Pol) is the product of T7 gene 1, which can recognize its responsive

- promoter sequence specifically and exhibit a high transcriptase activity.

The cbmplete sequence of the T7 genome, with detailed information about
the different regions of the bacteriophage, including promoter sequences,
is disclosed in Dunn & Studier, 1983, J. Mol. Biol. 166(4), 477-535 (see
also NCBI 'Genome' database, Accession No. NC 00 1 604). The T7
promoter cannot be utilised by any other RN.A polymerase than the
polymerase of bactetiophage 77, which shows a stringent specificity for
the promoter (Chamberlin et al., 1970, Nature 228:227-231). When
utilizing the T7 expression system for expressing dsRNAs, for example, a
first plasmid construct that expresses both a sense and antisense strand
under the control of converging T7 pfomoters and a second plasmid |
construct that expresses the T7 RNA polymerase under the control of an
RSV promoter can be used. Both the dsRNA and the T7 RNA polymerase
could advantageously be expressed from a single bicistronic plasmid
construct, particularly when the dsRNA is formed from a single RNA strand
with inverted repeats or regions of self-complementarity that enable the

strand to assume a stem-loop or hairpin structure with an at least partially

. double stranded region. Individual sense and antisense strands which self

assemble to form a dsRNA can bé synthesizéd by a single plasmid
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construct using, e.g., converging promoters such as bacteriophage T7
promoters placed respeciively at the 5" and 3’ ends of the complementary
strands of a selected sequence to be transcribed. See also, e.q., the
teaching of WO 0063364, with respect to T7 dsRNA expression systems,

5 as well as USSN 60/388,998P, filed 31-Jul-2002 and USSN 60/416,532,
filed 18-Oct-2002.

Therapeutic Compositions of the Invention The dsRNAs of the

invention, and the recombinant veclors containing nucieic acid sequences
encoding them, may be used in therapeutic compositions for preventing or
10 treafing HCV and/or HBV infection. The therapeutic compositions of the
invention may be used alone or in admixure, or in chemical combination,
with one or more materials, inchiding other antiviral agents. Currently,
lamivudine, adefovir dipivoxil, and ihterferon alpha have been approved for
treatment of HBV, and it is anticipated that the compositions of the
15 invention may be used in combination with these and other drugs that are
active against HBV, including emtricitabine (FTC) and enfecavir. Since
dsRNAs against HBV and/or HCV act through a novel mechanism
' (dsRNA-mediated gene silencing/RNAI), combination therapy of the
| agents of the invention and other antivirals is expected to significantly
20  increase the efficacy of therapy while substantially reducing the
development of drug resistance, e.q., the development of lamivudine
resistance, a problem of major concern with long term lamivudine therapy.
Currently, interferon and ribavirin are licensed for treatment of HCV, and
as for HBV, it is anticipated that the compositions of the inventién may be
25  used in combination with these and other drugs that are active against
' HCV. Specific dosage regimens involving therapy with such multiple
agents can be determined through routine experimentation by those of
ordinary skill in the art of clinical medicine.
Formulations will desirably include materials that increase the
30 biological stabifity of the cligonucleotides or the recombinant veciors, or
materials that increase the ability of the therapeutic compositions to

' pe'netrate hepatocytes éelebﬁv@[y. The therapeutic compositions of the
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invention may be administered in pharmaceutically acceptable carriers
(e.g., physiolagical saline), which are selected on the basis of the maode
and route of administration, and standard pharmaceutical practice. One
having ordinary skill in the art can readily formulate a pharmaceutical
5  composition that comprises an oligonuclectide or a gene construct. In

some cases, an isotonic formulation is used. Generally, additives for
isotonicity can include sodium chioride, dextrose, mannitol, sorbitol and
lactose. In some cases, isotonic solutions such as phosphate buffered
saline are preferred. Stabilizers inciude gelatin and albumin. In some

10 embodiments, a vasoconstriction agent is added to the formutation. The
pharmaceutical preparations according to the present invention are
provided sterile and pyrogen free. Suitable pharmaceutical carriers, as well
as pharmaceutical necessities for use in pharmaceutical formulations, are

described in Remington: The Science and Practice of Pharmacy (formerly

15  Remington's Pharmaceutical Sciences), Mack Publishing Co., a standard
reference text in this field, and in the USPINF.

- Routes of administration include, but are not limited to,
inframuscular, intraperitoneal, intradermal, subcufaneous, infravenous,
intraarterially, intracceularly and oral as well as transdermally or by

20 inhalation or suppository. Preferred routes of administration include
intravenous, intramuscular, oral, intraperitoneal, infradermal, infraarterial
- and subcutaneous injection. dsRNAs or dsRNA expression constructs may
be administered by means inctuding, but not fimited to, traditional syringes,
needleless injection devices, or “microprojectile bombardment gene guns”.
25  Alternatively, the dsRNA and/or dsRNA expression construct may be
' introduced by various means into cellé that are removed from the
individual. Such means include, for example, ex vivo transfection,
_electroporation, microinjection and microprojectile bombardment.  After the
gene construct is taken up by the cells, they are reimplanted into the
.30 individual. 1 is contemplated that otherwise norn-immunogenic cells that

have gene constructs incorporated therein can be implanted into the



0.864 4.414 8.344 - 1907(0.05) 0.17 0.538 1.396 83.3 2919(0.1) 0.368 1.044 1.908 771
1291(0.2) 0.573 1.654 1.896 77.3 Experiment 2: Background: The same cell
culture model was used to evaluate the additive effects of adding two eiRNA constructs.
In this experiment 2791- 2811 and 2919-2939 were evaluated. They were evaluated
separately at two doses: 10 ng and 25 ng, and in combination at 10 ng (5 ng of 2791-
2811 plus 5 ng of 2919-2939) and at 25 ng (12.5 ng 2791-2811 plus 12.5ng

2919-2939)nMcREdliNG Rifechisbseved fappsamplenwbershalfidhe inhibition seen

with 25 ng %é%nl&gqll plus half the inhibition seen with 25 ng 2919-2939 is about equal
! }

to the inhibition seen of the 25 ng combination dose. This is important because while
one may not be dgaifiRy REmRORGId isardrartierbifas B fistruct at the 25 ng
dose, the usengichitiner shireieiRNiArcequencesid ¥erypmperantihipreventing the

generafjon of yifalRSGARERRHANE . FXRGHSR RbRILkeAWE R dsan slasdion.

immunity against the virus. it is also anticipated that the dsRNA
compositions of the invention may be useful for prophylaxis in a regimen of
periédic administrations fo individuals who because of occupational or
other potential for exposure are considered at high risk of exposufe fo

16 HBV andfor HCV, e.q., fire, emergency, and health care personnel. Such
an effective prophylactic regime may include administration of a
composition that provides an HBV andfor HCV dsRNA of the invention,
e.g., weekly, biweekly, monthly, bimonthly, every three months, every four
months, semi-yearly, or yearly, as can be determined through routine

15  experimentation by those of skill in the art of clinical medicine. The ability
of a dsRNA expression vector such as a plasmid or viral vector fo express
the dsRNAs of the invention over a relatively prolonged period of time,
expected to be in the range of weeks to months, is considered fo be
advantageous for this and other applications.

20 Dosage of dsRNAs _For adminisiration of dsRNA (e.g., a short

dsRNA to inhibif toxicity or a short or long dsRNA to silence a gene) o an

animal, typicaily between 10 mg to 100 mg, 1 mg to 10 mg, 500 pyg to 1
mg, or 5 pug to 500 pg dsRNA is administered {o a 90-150 pound
~ person/animal (in order of increasing preference). For administration of a

25 veétor encoding dsRNA (e.g., a short dsRNA {o inhibit toxicity or a short or
ldng dsRNA to silence a gene) to an animal, typically between 100 mg to
300 mg, 10 mg to 100 mg, 1 mg to 10 mg, 500 pg to 1 mg, or 50 pg to 500
Hg dsRNA expression vecior or construct is administered {o a 90-150
pound person/animal (in order of increasing preference). The dose may

30 -_bé adjusted based on the weight of the ani_x;nal. in some embodimens,

about 110 10 mg/kg or about 2 to 2.5 mg/kg is administered. Other doses



Huh7 cells were seeded into six-well plates at a density of 3x105 cells/well. All
transfections were performed the day after cell seeding using LipofectamineTM

~ (InVitrogen) according to the manufacturer's 60 directions. In this experiment, cells
~were transfected with 500 ng of the infectious HBV plasmid ayw subtype (GenBank
Accession It V01460) and 25 ng or 10 ng of two separate eiRNA constructs or a
combination of these two eiRNA constructs at a total of 25 ng or 10 ng. DNA was held
constant/transfestiondiida, R By ielding R0JReoLRRRIL NALRG, in amounts
that brough tgseetgft%kﬁg\l%in t![g% r?nsft?cti%l to 2.5 pg. For example, in transfections
receiving 5 B ng of V DRA ancf%cﬁgnf) HAPBIRNA construct, then 1.99 pg pLUC
‘was added to the frAFsTBENFRIPHd 8 iPdansfedtio, tindily WweisreemdVed frem the cells
and the cellsoyasbethastha0pli-MENGD da\dtiegesd-fed aghnelegissr AAQR! of
Opti-MEMO, g henaded saseastiellef aels follawed b, the addiion of the

. - Ime . .
transfection mix. Seventeén to nineteen hours post-transtec IOﬂ,‘} e transfection mix

and Opti-MERR{F{MES e ATbre et sisBAds At inieredkfeemedia/well. At .
4, 8, and 1kdays. aftéh treapsiddtion: thetmesdid ivaswenioved & am gelisiandstored at

-70 C. The medimivas-aepipsee iR ¢ MRENERNGUILeR MEdia0n, days 4. and 8. Al

transfectioqs W! er rried Cz'l%é gbt%iﬁ%)licate. Two sets of control transfections were also

performed: V‘ VS8R BB ABNASHRLD. S556563. 8, ‘st DNA with a
controf @iRKESEGh EtrUREESODIREHBY DNANBRERgIountes! i RiANtanskiuct and 1.5pg

PGL3. DNAYufRashits: providdesitiscaligegnan foimhHigR|e:Se aRsHibsHoRIRANIING graph
found in F'%rséQseCSP%Fég@%%éggléSll and 2919-2939 showed at least equal effects
to administration of 2791-2811 or 2919-2939 alone. It is expected that similar

advantages will b SEURbFRIRISRING Tils bermo kefsr NN aiwaler toaifferent HBV
sequences $rogetive sdelieano/dsdifferent HBMganreNA L Tablieg8: BaywdsDay 8

PHBVZ3. 78 EP3RAA (iR W3 ARR 0 529U 2D 3P ISR 1B/3k 08919 @25

ng filed 28-Apr-2003, “Methods of Silencing Genes Without Inducing Toxicity”,
Pachuk.
Applicants specifically incorporate the entire content of all cited

references in this disclosure. Further, when an amount, concentration, or

20 other value or parameter is given as either a range, preferred range, or a
Hist of upper preferable values and lower preferabie values, this is to be
understood as specifically disclosing all ranges formed from any pair of
any upper range limit or preferred value and any lower range limit or
preferred value, regardless of whether ranges are separately disciosed.

25  Where a range of numerical values is recited herein, unless otherwise
stated, the range is intended to include the endpoints thereof, and all
integers and fractions within the range. It is not intended that the scope of
the invention be limited to the specific values recited when defining a
range.

30



2.73 10.91 Experiments 3 and 4 Silencing of HBV in a mouse model. Summary:
Two of the eiRNA vectors described in confirmatory experiment 1 were assessed for
their ability to silence an HBV replicon in a mouse model. These vectors were the
2791-2811 and the 1907-1927 vectors. Bdth vectors were found to silence HBV in the
mouse model to a similar extent as they silenced in the cell culture model. The ability to
silence this HBV replicon in mice by other therapeutics has been demonstrated to be a
predictor of human efficacy [4]. Animal BM@da Betkground: Chimpanzees represent

* the only animal mgdel in,wWhick. 9 SiudyRURAMEIBM. iRSAVIY oAymaouse model is

available, however, iIn which"HBV expression and replication occur. This r’godel has
been invalu%?éefﬁreﬁf@eé\‘?aﬂ?gﬁ%ﬁ‘ﬁ‘f%mﬁﬁ%?f‘fﬁ%?é SRRE G RA VAR targeted
against viraheeplicatiofefsntaisdragantteRT-independent expression of antigen. In this
model, geplication competent HBV is expressed transiently from episomal HBV DNA.
This model is created by introducing replication.competent HBV DNA into mouse liver
by hydrodynamic delivery [1]. The E%A Ak llowing experiment was to test two of
the vectors encodingilpiRirsHBY fiendisetiphat LpafsaletiiEESPEAHMENt 1 for efficacy in
a mouse model even though theenyesenatiexmeesadde:be HBVsequence-related
efficiency differences, hetween the cell r . s, Lhi eriment
utilized hyd rodynégﬁ%?é %c? elivi ?’;‘?’53?5 ?r}l é’m{é}é& t%%ﬁggd?[\?\%ﬁr%é% igﬁ%%xgéamgéﬁeﬁe nt HBVayw
plasmith(Exés prst asgheddriifralt g drarmirsincyy i dreietedr e ¥pecific
eiRNA expreissiosf itarotdistirgoyratnicidaly enyuisdaldadfg otresesfibstt tudies because

~ itresults in 9&&5%&9@%@&3}4@5}4@&3@5&9@%@%@%lafrﬁr&ﬁla%fﬁ@@@ﬁaﬁﬂmgodynamlc
Delivery Studies: Experiment 3. = All anlrcpals. W6Fre h{y?rod namically injected with
7.5 pg infectiotls VSR PIASHIN BESERBELTH'ESRHYTAIST) EfaMbieFollowing
internalizatioecimtochdpend dytes el diciessslor it/ Hien, trdpsingdttsinetizaByayw
plasmigfromysererabyjial Brmotels: asbeesrshenstdptivitiste:a iarstade of events
that mirror HY, (Rplcaen 1L, These.exeiivineide ianslalon of fiaagebed vira
MRNAS, pac ag?ng of transcribed pregenomic RNA into core particles, reverse
transcriptiorFTBRSHEIRYATIE FRIRIANIERE AR SARERRIATH JOERaBFUPIbIE and HBsAC
particles inta-dhgseracpirinjeaibadanial alRNExppsithayital aitimalsinete co-injected with

10 pg 27915%@&&&%6&%%%%&%@9&&9'@@@é@a\ﬂ{s&ﬁp@ﬁgﬁeaéggh@moog of an
irrelevant ei construct. All animals were also co-lnjeé%e%tgﬂ%q{ of a GFP

reporteéipladitifty pETbFRERHD M AT ARGTEA) 5T EUBPEIEH' n the livers of
injected micéwskneetingige contidésono thealizdizedutensfgaiedcelie nibigse model
_traTS;_ectiorgFiigé‘-ﬂ@a@ﬁ- r}ﬁ?}&@l %N&tﬁ}é@ﬁ%@ﬁ@@ﬁ%&g@;@f wa\z _kgm;a'ﬁ%@cifaﬁian; 20 p? byOI
including pGL3, an inert filler rqmega ison. Wis.), was.formulate
and inje%tgdrg%%%goﬂﬁﬁ t5 Hﬁg nrf'i”é%lgoe %% ’ees%ﬁ'ng‘fﬁifgﬁﬁr%P) eﬁ(}ﬂf“ hméiglecaﬁwtgre 5
animals perlgebapsiFneiBNALRY @mmssintseor MpACRiiRtted per animal are shown in
Table 3@. 63 TablgsH3 tREoHEHE BMIR WA &R B cted with the infectious

molecular clone of HBV and various eiRNA constructs. The cells were

then monitored for loss of HBV expression and replication as described
below. Detfails on the vector and encoded RNAs used in this experiment
are provided at the end of this example.

- 30



eiRNA pGL317.5pg 2.5pg10pg 27910 pg 2 7.5 pg 2.5 pg 10 pg control 0 pg 3 7.5
pg 2.5 pg 01-19 10 pg Tirnepoints of analysis were selected based on published
results from Dr. Chisari's laboratory [1], which detail the kinetics of HBVayw plasmid
replication in mice following hydrodynamig:delivery. Serum was assayed for the
presence of HBsAg on days 1, 2, 3, and 4 post-injection. Assays were performed as
described for the cell culture model of HBV replication. The presence of HBV RNA in
liver samples;yamasgertained by Northern blot analysis on day 2 following injection

using procedures.de ed in Dr. Chisari's laboratory [1] and normalized to
endc?anous GAE%#%%%”@\'/% snaeﬁan@ielﬁ)%maﬂﬁ???eﬁ\% Jfﬁgﬁﬁé" ORISR
techniques'8na ¢jaMtivaalRssFeTPOR sa84siss B RINAS Eom@ining sAg coding
sequencesamsi@gistaﬂﬁiaaéstma&umﬂé’%@&i&m&@%@@&th@? Northern Blot
analysis a IC Wi es.Narthern Blot analysis.
Dow>r/1ré§guﬁﬁﬁ%ﬁ%ﬁtﬁ%@%%%ﬁlygr%@hglgﬁ%ﬁ%ﬁ%g}%ﬁyg% ang | SAg were seen in
mice injectEFNIF A 1idlse exhipited Rt RIRMA G (ReritBavRUR T-PCR
demonstrated HetprdsendeCoh 867k BYVERAkatialecBlEsi indpadimersaéeontrol mice and

57 moleculggs@EHEY: RhHiE 2118k rraled misedAs-feld dowrsgulation. AGO

PIS eiRNA backbone vector used for this experiment was a proprietary vector

10 containing a U6 promoter to drive expression of the encoded RNAs. Fach
vector encoded only one short hairpin RNA (shRNA). The shRNA coding
sequence was followed by an RNA pol lfl termination sequence.
Sequences of the U6 promoter, RNA pol il termination signal, and _
encoded shRNAs are all shown at the end of the example. Similar vectors

15 containing UG promoters and RNA pol il termination signals are
commercially available such as the “siLentGene-2 Cloning Systems”
vector from Promega, Inc., Madison, Wis. One of ordinary skill in the art
can also create them according to the information provided herein. It is
expected that similar results would also be obtained using other

20  expression and promoter systems especially those vectors with RNA pol il

prom‘oters that are not U6, for example H1 promoters or 7SK promoters.

Experimental Procedure: Transfection.

Huh7 cells cultured in RPMI-1640 media were seeded info six-well
25 plates at a density of 3x10° cellsiwell. All transfections were performed the

day after cell seeding using Lipofectamine™ (inVitrogen, Carisbad, Cal.)
according to the manufacturer's directions. In this experiment, cells were
transfected with 500 ng of the infectious HBV plasmid ayw subtype
("pHBV2") (GenBank Accession # V01460) and 500 ng, 300ng, 250ng,

- 30 - 120 ng, 100 ng, 50ng, or 10 ng of an «iRNA construct. DNA was held
constant/transfection at 2.5 g by including an inert plasmid DNA, pGL3-
Basic (Promega, Madison Wis.) in amounts that brought the fotal DNA in
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the transfection to 2.5 ug. For example, in transfections receiving 500 ng
of HBV DNA and 500 ng of an elRNA construct, 1.5 pg pGEL3 was added
fo the fransfection. Prior to transfection, media was removed from the
cells and the cells washed with Opti-MEM® (InVitrogen Life Technologies,
Carlsbad, Cal.). 800 .pi of Opti-MEM® was then added to each well of
cells followed by the addition of the fransfection mix. Seventeen fo
nineteen hours post-transfection, the transfection mix and Opti-MEM®
were removed from cells and replaced with 2 mL culture mediaiwell, At 3,
6, and 10 days affer fransfection, the media was removed from cells and
stored at —70 °C. The media was replaced with 2 mL of fresh culture
media on days 3 and 6. All transfections were carried out in duplicate.
Two sets of control transfections were also performed: HBV DNA alone
{500 ng HBV DNA plus 2 ug pGL3) and HBV DNA with a controf eiRNA

" construct (500 ng HBV DNA, 1 pg control eiRNA construct, and 1.0 Hg

pGL3 DNA).

Monitoring cells for logs of HBY expression.

Following transfection, celis were monitored for the loss or
reduction in HBV expression and replication by measuring HBsAg
secretion. Cells were monitored by assaying the media of transfected
celis (and a media control) at days 3, 6, and 10 post-transfection. The
Auszyme® ELISA, comrrierciaffy available from Abbott Labs (Abbott Park,
lEL), was used fo detect surface Ag (sAg) according to the manufacturer's
insfructions. sAg was measured since surface Ag is associated not ohly
with viral replication but also with RNA polymerase i initiated transcription
of the surface Ag cistron in the transfected infectious HBV clone and from
HBVoceDNA produced during infection in vivo. Since surface Ag

synthesis can continue with deleterious effects in the absence of HBV

replication, it is important to down-regutate not only viral replication but

also rep!icaﬁon#independent synthesis of sAg.
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Resuiis:
Celis transfected with the HBV-specific eiRNA construcis desaribed

at the end of this example all induced a decrease in sAg levels relative to
the controls. The level inhibition is shown in the accompanying FIG. 2-8

5  corresponding fo data found in Tables 2-8. Note that the sequences
identified as 788-808 and 807-827 only lowered surface Ag levels by 30%
and 50% respectively at 500 ng doses. These are the only two etRNAs
that do notf target the siAg mRNA; instead they target the 3.1 Kb HBV
mRNAs and therefore reduce sAg levels indirectly. The 30% to 50%

10 reduction in sAg observed when these other HBY RNAs are targeted is

considered a strong indication that these eiRNA constructs are efficacious.

HBV-specific eiRNAs used in this experiment
The eiRNA vectors encode the HBV sequences listed in Table 1.

15 = The sequences are shown as well as their map coordinates on GenBank
accession number V01460. At the rightmost part of the table is the SEQ
D NO that these sequences map within. The sequence of the encoded
RNA is 5GGTCGAC (a sequence that is per se unimportant, but is derived
from the polylinker sequence of the partiéular vector used) followed by a

20  first sense or antisense HBV sequence followed by the loop sequence
(underlined in Table 1) followed by a second HBV sequence, which is the
complement to the first HBV sequence. Note that the loop structure does
not need to be a fixed sequence or length, and we have used several loop
sequences with no significant impact on the functioning of the @iRNA

25  construct. The second HBV sequence is followed by a string of T
residues, e.g., 1, 2, 3, or more Ts, that function as the termination signal
far RNA pol I
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A diagram of the transcribed RNA structure is shown in FIG. 9.
SEQ ID NO:13 is the nucleotide sequence of U8 promoter.
Nucleotide sequence of RNA pol lli terminator; 5 —=TTTTT - 3°.

Tables and Graphs,

HBsAg was measured as described above and plotted in FIG. 2-8
corresponding to the data in Tables 2-8. The amount of eiRNA construct
is shown in parentheses following the name of the eiRNA construct and is
in Jg amounts. For example, 2791(0.5) means that 0.5 ug or 500 ng of
eiRNA consfruct 2781-2811 (see Table 1) was used in the transfection.
The percent inhibition relative to the control is also shown in the tables
below and it is specific for the day 10 measurement. Note that the 4" set
of data in this example in which 1299 was evaluated at 500 ng has only
two timepoints, days 3 and 8, because the evaluation was not carried out
at day 10. The percent inhibition for this experiment was shown for day 6
data. Datais shown as raw OD data collected as described by the
manufacturer of the Auszyme ELISA assay kit used to measure sAg. Not
shown are the 50 ng data for 2791-2811 and the 10ng data for 1907-1927.
Fach of these doses inhibited HBsAg expression by about 50% relative to

the control.
Table 2
% [nhibition
Day 3 Day 6 Day 10 rejative to
control
pHBVZ 0.339 1.88 3.268 -—_
2791(0.6y | G101 0.263 0.333 59.8
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Table 3
% Inhibition
Day 3 Day 6 Day 10 relative to
conirol
pHBV?2 1.168 4.445 10.18 e
2791{0.5) 0.442 0.743 1.3 87.2
2791Mut{0.5) 1.138 4.305 10,585 ———
Table 4
% Inhibition
Day 3 Day & Day 10 relative fo
control
pHBV2 0.375 1,952 4.005 —
2791mut(1) 0.421 1.847 4753 e
HCV(1) . 0.445 1.805 3.933 ——
788(0.5) 0.255 1.185 2778 3086
807(0.5) 0.254 . 1.326 2.015 49.7
1907(0.25) 0.052 0.113 0,365 80.9
1912{0.25) 0.138 0.208 0.517 B7.1
1943(0.25) 0.099 -0.233 0.508 87.4
1991{0.25) 0.675 0.152 0.291 92.7
2912(0.25) 0.095 0.183 0.331 91.7
Table
% Inhibition
Day 3 Day 6 relative fo
controf
pHBYZ2 0.474 1513 | e
1289(0.5) 0.439 0.699 53.8
Table &
% Inhibition
Day 3 Day 6 Day 10 relative to
control
pHEV?2 0.33 1617 2.88 e
2791(0.3) 0.103 0.182 0.348 87.9
1737(0.3) 0.051 0.094 0.232 91.9
| 1291(0.12) 0.239 0.587 1.195 58.5
1907(0.12) 6.043 0.086 0.356 87.6
2918(0.12) 0218 0.5G65 1.09 62.2
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Table 7
% inhibition
Day 3 Day 6 Day 10 refative to
confrol
pHBVZ |- 0.741 2.53 5383 F e
279103y | 0.223 0.256 0.458 815
1737(0.1) 0.212 0.351 0.549 89.8
1907(0.1) 0.667 0.149 0.468 91.3
1991(0. 1) 0.067 0.16 © 0.345 83.6
Table 8
_ % Inhibition
Day 3 Day 6 Day 10 refative to
control
pHBV2 0.864 4.414 8.344 e
1907{0.05) | 0.17 0.538 1.396 83.3
2919(0.1) 0.368 1.044 1.948 77t
1291(0.2) 0.573 1.654 1.856 773
Experiment 2:

Background: The same cell culfure mode! was used io evaluate the
additivé effects of adding two eiRNA constructs. In this experiment 2791-
2811 and 2919-2939 were evaluated. They were evaluated separately at
two doses: 10 ng and 25 ng, and in combination at 10 ng (5 ng of 2791-
2811 plus 5 ng of 2919-2939) and at 25 ng (12.5 ng 2791-2811 plus
12.5ng 2919-2939). An additive effect is observed, for example, when half
the inhibition seen with 25 ng 2791-2811 plus half the inhibition seen with
25 ng 2919-2939 is about equal to the inhibition seen 6f the 25 ng
combination dose. This is important because while one may not be
gaining inhibition over the use of a single eiRNA construct at the 25 ng
dose, the use of two or more eiRNA sequences is very important in
preventing the generation of viral escape mutants.

Experimental Procedure; Transfection.

- Huh7 cells were seeded into six-well plates at a density of 3x10°
celisiwell. All transfections were performad the day after cell seeding

using Lipofectamine™ (InVitrogen) according to the manufacturers
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directions. In this experiment, cells were transfected with 500 ng of the
infectious HBV plasmid ayw subtype (GenBank Accession # V01460) and
25 ng or 10 ng of two separate siRNA constructs or a combination of these
two elRNA constructs at a total of 25 ng or 10 ng. DNA was heid
constantfiransfection at 2.5 yg by including an inert plasmid DNA, pGL3, in
amounis that brought the total DNA in the fransfection to 2.5 pg. For
example, in transfections receiving 500 ng of HBV DNA and 10 ng of an
elRNA construct, then 1.99 ug plLUC was added to the fransfection. Prior
to fransfection, media was removed from the cells and the cells washed
with Opti-MEM® (InVitrogen Life Technologies). 800 uf of Opti-MEM®
was then added fo each well of cells followed by the addition of the

fransfection mix. Seventeen ic nineteen hours posi-transfection, the
transfection mix and Cpti-MEM® was removed from cells and replaced
with 2 mL culture mediafwell. At 4, 8, and 11 days after transfection, the
media was removed from cells and stored at—70 °C. The media was
replaced with 2 mL of fresh culfure media on days 4 and 8. All
transfections were carried out in duplicate. Two sets of control
tranSfections were also performed: HBV DNA alone (500 ng HBV DNA
plus 2 pg pGL3), and HBV DNA with a control eiRNA construct (500 ng
HBY DNA, 500 ng control eiRNA construct and 1.5ug pGL3. DNA).

Results: _

Resuits are shown in Table 9, and the corresponding graph found in
FiG. 10. Combining 2791-2811 and 2919-2939 showed at least equal
effects to administration of 2791-2811 or 2919-2039 alone. |t is expecied
that similar advantages will be seen by combining two or more dsRNAs
directed to different HBV sequences from the same and/or different HBY .

genes.
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Table 8
Day 4 Day 8§
pHEV, 374 15.03
2791 @ 25 ng 2.49 9.63
2919 @ 25 ng 2.55 10.07
2791 + 2919 @ 25 ng 2.73 10.91

Experiments 3 and 4

Silencing of HEV in a mouse model.

Ssummary: Two of the eiRNA vectors described in confirmatory
experiment 1 were assessed for their ability to silence an HBV replicon in
a mouse model. These vectors were the 2791-2811 and the 1907-1827
vectors. Both vec{ors were found to silence HBV in the mouse model o a
similar extent as they silenced in the cell culture model. The ability to
silence this HBV replicon in mice by other therapeutics has been

demonstrated to be a predictor of human efficacy [4].

Animal Model Background:

Chimpanzees represent the only animal mode! in which to study
human HBV infectivity. A mouse model is available, however, in which
HBV expression and replication occur. This model has been invaluable for
the evaluation of anti-HBV therapeutic agents not only targeted against
viral replication but also against RT-independent expression of antigen. In
this model, replication competent HBV is expressed transiently from
episomal HBY DNA. This model is created by introducing replication
cbmpetent HBV DNA into mouse liver by hydrodynamic delivery [1].

The aim of the following experiment was to test two of the vectors
encoding HBV-specific sequences evaluated in Experiment 1 for efficacy
in a mouse mode! even though there were not expected to be HBV-
sequence-related efficiency differences between the cell culture and
mouse models. - This experiment utilized hydrodynamic delivery as a
méthod to co-deliver replication competen{ HBVayw plasmid (Example 1,



7840 30 1362 4171 5406 4920 grp ave=> 1972 7224 8234 7492 Std Dev=> 538 2041
1912 1765 2791 11 12 14 15 '

62

confirmatory experiment 1) with an effector HBV-specific eiRNA
expression vector. Hydrodynamic delivery is ideal for these first studies

because it results in efficient delivery of nucleic acid to the liver [5].

Experiments.

Hydrodynamic Delivery Studies: Experiment 3.

All animals were hydrodynamically injected with 7.5 ug infectious
HBVayw plasmid (described in confirmatory Example 1). Following
internalization into hepatocytes and nuclear iocéfization! transcription of
HBVayw plasmid from several viral promoters has been shown fo initiate a
cascade of events that mirror HBV replication {1]. These events include
franslation of transcribed viral mRNAs, packaging of transcribed
pregenomic RNA into core patrticles, reverse franscription of pregenomic
RNA, and assembly and secretion of virions and HBsAg particles into the
sera of injected animals. Experimental animals were co-injected with 10
Mg 2791-2811. A second group of control animails were injected with 10
g of an irrelevant eiRNA construct. All animals were also co-injected with
2.5 pg of a GFP reporter plasmid (Clontech, FPalo Alto, Cal.). Expression
of GFP mRNA in the fivers of injected mice served as a control to
normalize results against the mouse model transfection efficiency. Total
DNA injected in animals was kept at a constant 20 ug by including pGL3,
an inert filer DNA (Promega, Madison, Wis.). All DNA was formulated and
injected according to the methods described in Yang et al. [1]. There were
5 animals per group. The DNAs and amounts of DNA injecfed per animal

are shown in Table 10.
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Table 10
Group HBY DNA GFP DNA eiRNA pGL3
1 7.5 ug 2.5 ug 10 ug 2791 0ug
2 7.5 ug 2.5 ug 10 g condrol 0 ug
3 7.5 ug 2.5 ug G ug 10 g

Timepoints of analysis were selected based on published resuits
from Dr. Chisari’'s laboratory [1], which detall the kinetics of HBVayw
plasmid replication in mice following hydrodynamic delivery. Serum was
assayed for the presence of HBsAg on days 1, 2, 3, and 4 post-injection.
Assays were performed as described for the cell culture model of HBV
replication. The presence of HBV RNA in liver samples was ascertained
by Northern blot analysis on day 2 following injection using procedures
developed in Dr. Chisari’s laboratory [1] and normalized to endogenous
GAPDH RNA levels and GFP mRNA levels using conventional technigues,
or a quantitative RT-PCR assay for HBV RNAs containing sAg coding
sequences using standard techniques. RT-PCR is more quarntitative than
Northern Blot analysis and has a larger dynamic window than does
Northern Blot analysis.

Downregulation of both HBV RNA by Northern Biot analysis and
HBsAg were seen in rice injected with 2791-2811. See FIG. 11. Also not
shown, quantitative RT-PCR demonstrated the presence of 867 HBV RNA
molecules in the livers.of control mice and 57 molecules of HBYV RNA in

2791-2811 treated mice, a 15-fold downregulation.



Hydrodynamic Delivery Studies: Experiment 4. 5This experiment was similar to the
Experiment 3 of Example 1 except that two eiRNA constructs were evaluated:

2791-2811 and 1907- 1927. In this experiment, HBsAg was measured on days 1 and 4
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Table 12
MUCS HBsAg HBsAg (ngimi)

dl | d2 [ d3 1 a4
2 2810 6793 8422 8517
3 2344 8332 8089 B743
HBV 4 1684 8788 9064 3876
5 2318 9378 8597 8480
29 1066 5038 5153 5925
grp ave=s 2044 7666 7865 8108
Std Deve=> 878 1754 1556 1231
5] 2554 8048 9233 8870
eiHCV 9 2267 8420 9535 8338
~10 1704 8258 8761 7840
30 1362 4171 54606 4920
grp ave=> 1972 7224 8234 7492
Std Dev=> 538 2041 1912 17685
11 1 1262 2823 2276 2080
12 1222 2549 2858 1583

2791 14 1056 1933 1143 792
15 1275 8320 1920 2068
27 779 4771 3782 1252
grp ave=> 1119 4079 23495 1567

Std Dev=> 209 2598 993 551

Hydrodynamic Delivery Studies: Experiment 4.

5 This experiment was similar to the Experiment 3 of Example 1
‘except that two eiRNA constructs were evaluated: 27912811 and 1907-
1927 In this experiment, HBsAg was measured on days 1 and 4 using

the assay already described herein.
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Table 13
NUC6E_HBsAg HBsAg (ng/mi)
dl d4
2 5147 »~ | 36,953 &
3 5234 | 42 542 »
HBY 4 4658 33,061 ~
5 5077 ~ | 29,389 4
gip ave=> 5529 35486 .
Std Dev=> 784 56827
B 1901 11,236
eiHCV 7 6286 ~ {20,637 4
8 1023 6,345
grp ave=> 3070 15738
Std Dev=> 2820 12282
11 3066 5009
13 4705 7347 A
279t 14 2289 4538
15 2427 4217
grp ave=> 3347 5278
Sid Dev=> 1182 1417
. 16 4954 7203 A
1907 18 2982 6917 *
19 3436 7568 4
20 2246 5135 A
grp ave=> 3405 6706
Std Dev=> 1143 1081
EXAMPLE 2
5 Hepatitis C- Sequences for RNAI Therapeutic Development

Experiment 1
Brief Introduction:

The hepatitis C virus (HCV) is the primary cause of non-A, non-B
-transfusion-associated hepatitis and accountis for more than 200 million
10 hepat_itis cases worldwide. The HCV genome has a high degree of

sequence variability. There are six major genotypes comiprising more than



1143 1081 EXAMPLE 2 5Hepatitis C- Sequences for RNAI Therapeutic Development
Experiment 1 Brief Introduction: The hepatitis C virus (HCV) is the primary cause
of non-A, non-B transfusion-associated hepatitis and accounts for more than 200 million
10 hepatitis cases worldwide. The HCV genome has a high degree of sequence
variability. There are six major genotypes comprising more than 67 fifty subtypes and
significant heterogeneity hallmarked by quasi-species has been found within patients.

Gr:eat progm@%mﬁﬁg@ﬁ?ﬁg?&ﬂwe@mggw magheea Plasdedspsing recorleinant
polymerases or cell-based.subgepnomic replicon systems. sing a.repficon ce
Cerem, & T e P o T Gt B St E reee ricw
protein expigdsiPaREsRRA rEple Ao SdgoeREESBIAYBERTR ahtPboth structural

and nonstruaﬁﬁkgegmsfha\te;iﬁgem dﬁ@aﬁed Byqe&s;sﬁu’éwia'diegbim@ly@anserved nature
of the 3 N seauenee migkend abidily altaciieoehiol sighiabased therapy.

However, no study has been one to examine the feasibility of using the 3 NTR.

Here we rePSIEthERESHALHY (BEUhFoiccloR P SIRRIAESREEEah HIAPAICV protein
expressiontintirérstibge noimoreplicorekystemhdvedgendaslyisystheszddlyH CV-specific
SIRNAs wetedrapafeeteddriaitha RO replicRmesll dingas Agnsctipgdgaipw. 15 Cell
culture and ! ed&%‘é etEng F@X epli in hepﬂtoma Huh7 cgll?.w%%gultured in
Dulbecco'sﬁq\}g ﬁ‘leaaégagle Media aﬁ%’vt%ﬁ%\ﬁe)r’c%%%li’ ?’ngai 5 fetal calf
serumt AinvRGER )BT PR Rieiffashiép isiomthed hditestuatitt Epehiiivo acids and
0.5 mg/mL dzenaticia idselg werrgpwiRind 5% canfvemepuerdasplitting. Western
blot analysizcolgleplliusaiss.liomd AalEan sells wets hanesied fam epyon 25
cells in Ix LDS Buffer (Invitrogen). The gates ere heated at 9 Cy or 5 min in the

presence oftbeiaaTRICShtIEHERTT BRfsiecld sip pro ks erlicPG%d fisalycine

polyacrylamégergpeli(tmidtrogen). The protein was transferred to PVDF (Invitrogen)
membyane. Following the transfer, the membrane was rinsed once with PBS containing

0.5% Twee&; 0 &Iﬁg!% ng I}\(g I%n) and blocked in PBS-Tween containing 5% non-fat
milk for 1 hrs ' BS-Tween, the membrane was incubated with the
The HCV replicon in hepatoma Huh7 cells was cultured in
Duibecco's Modified Eagle Media (‘DMEM”) (Invitrogen) containing 10%

fetal calf serum (Invifrogen), 1% penicillin-streptomycin, 1% non-essentiai
20 amino acids and 0.5 mg/mL Geneticin. Cells were grown to 75%

confluency prior fo splitting.

Western blot analysis:

Total celt iysates from replicon cells were harvested from replicon
25 cells in 1x LDS Buffer (Invitrogen). The lysafes were heated at 90 °C for 5
min in the presence of beta-mercaptoethanol before elec:trophoresié on a
10% Tris-Glycine polyacrylamide gel (Invitrogen). The protein was
transferred to PVDF (Invitrogen) membrane. Following the transfer, the
membrane was rinsed once with PBS containing 0.5% Tween-20 (PBS-
30 Tween) and blocked in PBS-Tween containing 5% non-fat milk for 1 hr.

After washing with P_'BS-Tween, the membrane was incubated with the



68 primary a-NS5A antibody (a gift from Dr. Chen Liu) at 1:1500 dilution for 1 hr at
room temperature. Prior to incubation with HRP conjugated a-mouse IgG secondary
antibody (Amersham) diluted 1:5000, the blot was washed in PBS-Tween 20. Following
the secondary antibody incubation, the blét 5 was washed again and treated with ECL
(Amersham) according to the manufacturer's protocol. Northern blot: Total cellular RNA
was extracted by using the Rneasy(r) kit 10(Qiagen). Northern blot analysis was done
according t8"Répidesr nEnsetesiBimrTy)s Gretotdl RNA Wk ddiardphbresed
through a 1&@% agaiesegeltent@nngdrdidarmaltetyde dipsatesraghiuganylon

membrane g@agw%%gggéy(xrﬁgeaeauglﬂp& 6(§t§'%lé§,%eg]ee).b!-ol}/br|d|zatllgyerg;i(\)/v}s(:s carried

out using a 213 TP=labeled’neom A'in a 15 solution containi

deionized f&ﬁ%ﬁﬁ@%&%ﬁ%@ﬁ?%‘% S6aRINPEARSTTIRR BeYRi S dia i ditrate),
Denhardt's wetutiesh <3 @2 sodiraiphedpliaie (phids8xno). 206 anligim tledecyl sulfate
('SDS"), 100 paakshsarsrd.denatured salmon sperm DNA/mI, and 100 pg of yeast
RNA/mI, for 16 hr at 58 C The membranes were washed once in 2x SSC/0.1% 20 SDS
for 30 min at room temperature and twice in 0.1x SSC/0.1% SDS for 30 min at 68 C.
Membranegwsiem@aded to X-ray film. Transfection of siRNA into replicon cells: For
transfection of sﬂl&@; @mggnﬁggm@gl@%@m@ﬁ@@g@ﬁ@ﬁnggg@q& reagent

(Invitr gen) &/as u ceor%dﬁcﬂ to tyglsugversmanuaaécBJeflym 104 elli n 0.5 mL of
DME Was 66 ed |n € transfection, Theé indicated

afes one e ore

amount of SHRNZ AaSaflitedi A Wb@‘@ﬁﬂﬂﬁ%%ﬁﬁhﬁm\m{ﬁ%ﬁﬂé‘ﬂ%pofectamlne(r)
2000 reageagdibsl get béhplindigQtinnesmualtieayarxtiuesiwasdneubated at room

temperatureng;ﬁﬁgr%%%mp@gg(%ﬁew%@p&ggg 1oln) %gltgl@tl%%% golayer 48-72 hr after

69 transfection, cells were washed in"PBS arg DS sample buffer.
Table 14 sfﬁ?ﬁ,&“ﬁﬁpﬂﬁ%@@”ﬁg %usmg o> P CTP labeled neomycm RNAin a

16 solution containing 50% deionized formamide, 5x S8C (750 mM sodium
chloride, 750 mM sodium citrate), Denhardt's solution, 0.02 M sodium
phosphate {pH 6.8}, 0.2% sodium dodecyl sulfate (“SDS™, 100 pg of
sheared denatured salmon sperm DNA/mI, and 100 pg of yeast RNA/m,
for 16 hr at 58 °C. The membranes were washed once in 2x S5C/0.1%

20 SDSfor 30 min af room temperature and twice in 0.1x SSC/O.1% SDSfor

30 min at 68 °C. Membranes were exposed o X-ray film.

Transfection of siRNA into replicon cells:

For transfection of siRNA into replicon cells the Lipofectamine®
25 2000 reagent (invitrogen) was used according to the user manual. Briefly,
2x10* cells in 0.5 mL of DMEM was seeded in 24 m}eil plates one day
. before the transfection. The indicated amount of siRNA was diluted in 50
pl. OptiMEM and mixed with diluted Lipofectamine® 2000 reagent (1 L in
50 ul of Optimem). The mixture was incubated at room temperature for

30 20 min before being applied onto the cell monolayer. 48-72 hr after



HCV sequence #12 28 GCTAAACACTCCAGGCCAATACCTGTCTC #22 29
TCCTTTGGTGGCTCCATCTTACCTGTCTC #32 30
GCTCCATCTTAGCCCTAGTCACCTGTCTC #42 31
TCTTAGCCCTAGTCACGGCTACCTGTCTC #52 32
CCTAGTCACGGCTAGCTGTGACCTGTCTC #62 33
CTAGTCACGGCTAGCTGTGAACCTGTCTC #72

10

15

20

transfection, cells were washed in PBS and lysed in 100 ul. SDS sample
buffer.

Table 14

SIRNA

number  SEQ ID NO HCV sequence
#12 28 GCTAAACACTCCAGGCCARTACCTGTCTS |
¥22 59 TCCTITGGTGGCTCCATCTTACCTGTCTE
#30 30 GCTCCATCTIAGCCCTAGTCACCTGTOTE
#o 3 TETTAGCCCTAGTCACGOOTACCTATETC
#52 2 CCTAGTCACGOCTAGCTGTGACCTGTCTC
#62 33 CTAGTCACGGCTAGCTGTGAACCTGTCTC
770 34 CGTGAGCCGCTTGACTGOAGACCTGTCTC
#8o 35 GCTGATACTGGCCTCTCTGCACCTGTCTC |
#1002 36 ACTGGCCTCTCTGCAGATCAACCTGTCTE

Several siRNAs comprising the HCV sequences identified above in
Table 14 targeting the 3'UTR; siRNA #12 targeting the HCV NS5B gene
(positive control}; the identified HCV core siRNA (positive control); and the
identified lamin siRNA (negative control) were synthesized using the
Silencer siRNA construction kit, Catalog # 1620 (Ambion Inc., Austin,

Tex.). DNA oligonuclectides were synthesized by IDT (Coralville, towa).

Control siRNAs:
1. HCV core {positive confrol): SEQ ID NO:45
2. #12, shown in Table 14, fargefing the HCV NS5B gene, alsoc a positive

control

3. lamin sequence {negative conirol): SEQ 1D NO:46

Three siRNAs were used as controls: siRNA targeting the celivlar
gene Lamin for negative control; siRNA targeting the core sequence of
HCV as a positive control; siRNA targeting the HCV NS5B gene as a
pasitive control. Two concentrations of each sIRNA (9 and 20 pmola)

were used and the results were compared with transfection of no siRNA,



34 CGTGAGCCGCTTGACTGCAGACCTGTCTC #82 35 .
GCTGATACTGGCCTCTCTGCACCTGTCTC #102 36
ACTGGCCTCTCTGCAGATCAACCTGTCTC 5 Several siRNAs comprising the
HCV sequences identified above in Table™14 targeting the 3'UTR; siRNA #12 targeting
the HCV NS5B gene (positive control); the identified HCV core siRNA (positive control);
and the 10 identified lamin siRNA (negative control) were synthesized using the
Silencer siRMN2CEBRSHUBRINISIETT Blale i #1516 (Rartsiin the,, andsthpMeks oDNA
oligonucleotideganefiedsyriesizady 427 (CoralvllealowalvGontebsRNAs: 151. HCV
core (positiye coptLaly, $EQ sl!%é&czii%&e'.?eﬂ%ﬁ@r‘?%é@u%bé@%c%ﬁmfgE‘egé"e HCV
NS5B gene, also a positive control 3. iamlﬁ sequence (negative control): SEQ 1D
NO:46 20THBE LA REIRER JRecisAti SLENRRAP S MR G tive ReiiNar gene Lamin
for negativeccondiGiRHNR INA dag eliag: thistiva seqleitewh HEdéas mgositive control;

SiRNA targetingaihe: iy NGB AeneaR 8LaR IMEA R HR-cRNgEMations of each
siRNA (9 aq}%ZO Pmolcfe) ?%/\,{Srﬁ used and the results were compared with transfection of
¥ HHII‘]Q , L

no siRNA. Xotslo) AL B i 139 &ffesent 0, 9, and 20 pmoles

of the identified SiRNAs. siRNA ff22, 32, 42, 62, and 72 were notably active in
repressing EkgéihasrA protein expression. Presumably, HCV RNA level is also

decreq%ed based énl% éﬁ&ll\}vs obt%ined revi us%t\a/}/jith Eositi.ve 5 coqlrol siRNA for

K as pe [
core. Several siRNAs had minimum eCJ{fgct éatst %880nce’r‘?tra)ﬁat')errfg1 e%té& and should be

evaluated diFRGHET CorRBIRRERRDIE Rt ddernadic PEY(engenh g RSB BItH102, #52,

and #82. ExjitifsdRt-B8, comprising the sequences (and their complements) set

forth in Tabie 15 below, were used in transfections. The Western Blot
assay performed here was as described in Example 2, Experiment 1. The

15 control HCV core siRNA used as a positive control is the siRNA described
in the previous HCV Experiment 1. All siRNAs were fransfected at
concentrations of 0, 9, and 20 pmole except the confrol “core” siRNA,
which was transfected at levels of 0, 3, and 9 pmole. R1, R2, R3, R5, R7,
and R8 all exhibited significant inhibition of HCV as can be seen in the

28  Western Blot, FiG. 14.

Table 15
siRNA  SEQ ID NO HCV sequence
R1 .37 CTGGCCTICTCTGCAGATCAAG
R2 38 TGCAGAGAGTGCTGATACTGG
R3 39 TGAGCCGCTTIGALTGCAGAGA
R4 40 GAAAGGTCCGTGAGCCGCTT
R5 41 TAGCTGTGAAAGGTCCGTGAG
R6 42 TTAGCCCTAGTCACGGCTAGC
R7 43 TCCATCTTAGCCCTAGTCACG .
R8 44 TTGGTGGCTCCATCTTAGCCC




10Experiment 2 was performed as described in Experiment 1 of Hepatitis C-Sequences
for RNAI Therapeutic Development except that SIRNAs R1-R8, comprising the
sequences (and their complements) set forth in Table 15 below, were used in
transfections. The Western Blot assay pefformed here was as described in Example 2,
Experiment 1. The 15 control HCV core siRNA used as a positive control is the sSiRNA
described in the previous HCV Experiment 1. Al) sSiRNAs were transfected at
concentrations of 8] 9Rad 20:jurietbrescephth@!doRtrdkiedteV giR/kswhith was

transfected atleygris QEQ aRonld AOMYRo e RAdR3aREpBeansERG!I exhibited

significant i%b' ion of HCV as can bie seen in the 20Western Blot, FIG. 14. Table 15
SANA SEQND NG L o L s R e oy L A AR > 3
TGCAGAGAETECPEATALT GGR3 39 TGAGCCGCTTGACTGCAGAGA R4 40
GAAAGGTCCGTGAGCCGCTT R541

EXAMPLE 3

Silencing HBY replication and expression in a replication

competent cell cullure model

Brief description of cell culture mode!:

10 A human liver derived cell line such as the Huh? cell line is
transfected with an infectious molecular clone of HBV consisting of a
terminally redundant viral genome that is capable of franscribing all of the
viral RNAs and producing infectious virus [1-3]. The replicon used in these
studies Is derived from the virus sequence found in Gen Bank Accession

15 #s V01460 and J02203. Following internalization into hepatocytes and
nuclear localization, transcription of the infectious HBY piésmid from
several viral promoters has been shown to initiate a cascade of events that
mirrors HBV replication. These events include translation of transcribed
viral mRNAs, packaging of transcribed pregenomic RNA into core

| 20 particles, reverse transcription of pregenomic RNA, and assembly and
secretion of virions and HBsAg (Hepatitis B Surface Antigen) particles into
the media of transfected cells. This {ransfection model reproduces most
aspects of HBV replication within infected liver celis and is therefore a
good cell culture mode! with which to look at sitencing of HBV expression

- 25 and replication.

in this model, cells are co-iransfected with the infectious molecular

clone of HBV and the individual effector RNA constructs to be evaluated.
The cells are then monitored for loss of HBV expression and replication as
described below.

30 The following is an example of an experiment using eiRNA vectors
encoding sequences derived from SEQ 1D NO:1 and SEQ ID NOG:5. The
particular eiRNA vectors for this experiment are T7 RNA polymerasé-



TAGCTGTGAAAGGTCCGTGAG R6 42 TTAGCCCTAGTCACGGCTAGC R7 43
TCCATCTTAGCCCTAGTCACG R8 44 TTGGTGGCTCCATCI | AGCCC 71 All siRNAs
evaluated map to the 3'UTR of the HCV genome and are conserved amongst HCV
genotypes and quasi-species. SEQ ID N@:27 represents this 101 nt sequence of the
HCV 3'UTR, sometimes referred to as the "X" region. 5 EXAMPLE 3 Silencing HBV
replication and expression in a replication competent cell culture model Brief

description.ateglaiitue model 404 hymagdiverderirdcplling sHgtagthe Huh?

cell line is transfected with an infectiouss\g%(g%%zlar clone of HBV caonsisting of a
Y

terminally reSUREH SR UEnBE Y 2588 B HandlRdin g Aot thatiral RNAs
and produdiitp hfeddibu s 3y kel 1 8]0THOPEp Hodrensedk insthes & Studiestigeterived from
the virus segkiRRefaBrkRGEs, B@Qkf&ﬁé@'sﬁ&ﬂﬁl ' z&@&%ﬁ/&%@@mg%ﬁg& fFollowing
internalization into atocvtes n ocalizatian, transcriptio the infectious
HBV pI%lsm#%gﬁgi%ogg\%?%l%%%d%rgo% g%gﬁs%egg %%%'ﬁ S oAV\?rg{t\}gw ﬁlri%%ﬁgj a?oégscade of

events thatdHi6r8aIRvEr &5 faHab HIsHba GRS It utieddhdi8Ratnfanscribed viral
MRNAs, paekagiagoobioanseasb@eipregarnmuic RNelintomeredderly” structured

hairpins (e.g., multi-hairpin fong dsRNA vectors and multi-short hairpin
structures), hairpins with mismatched regions, and multiepitope constructs

10 astaught in USSN 60/419,532, filed 18-0ct-2002, and
PCT/US2003/033466, filed 20-Oct-2003). it is expected that similar
resuls will be obtained using other expression and promoter systems,
e.g., as described above, and/or veciors encoding alternative dsRNA
structures (i.e. dupfex}.

15

Experimental Procedure: Transfection.

Huh7 cells are seeded info six-well plates such that they are
between 80-90% confluency at the time of transfection. All transfections
are performed using Lipofectamine™ (Invitrogen) according to the

20  manufacturer's directions. In this experiment, cells are transfected with 50
ng of the infectious HBV plasmid, 1 pg of a T7 RNA polymerase
expression plasmid (description of plasmid below) 600 ng of an siRNA

‘vector encoding a hairpin RNA comprised of sequences derived from SEQ
D NO:1 (described below) and 600 ng of an eiRNA vector encoding a
25 hairpin RNA comprised of sequences derived from SEQ 1D NO:5
(described below). Control cells are fransfected with 50 ng of the HBV
plasmid and 1 pg of the T7 RNA polymerase expression plasmid. An inert

_ filler DNA, pGL3-basic (Promega, Madison W), is added to all

_ transfections to bring total DNA/transfection up to 2.5 pg DNA.

30



20 particles, reverse transcription of pregenomic RNA, and assembly and secretion of
virions and HBsAg (Hepatitis B Surface Antigen) particles into the media of transfected
cells. This transfection model reproduces most aspects of HBV replication within
infected liver cells and is therefore a goodtell culture model with which to look at
silencing of HBV expression 25and replication. In this model, cells are
‘co-transfected with the |nfect|ous molecular clone of HBV and the individual effector
RNA constriéesiteribe eollalipste hetabtxszesttien monitored for loss of HBV
expression and repbmmﬁ@ t@ér@%iﬁﬂb&%lk%&i%&@@ﬁ&d@ﬁ%ﬂﬂ;&@%%@z@'e of an
experiment %JS éle}l’%sYer?Eor@ ca% {ﬁuergﬁ%s g{%rsxed frc;?gt} SE D NO:1 and.
SEQ ID NO: ' "The particular el vector Ris e PETi are 17

polymerase Pi2-pideitg disalglichetsithm el ves G@GS@G@,W@H&%@&EN to T7
dsRNA expr@ssianisystemsiasdediadddBoN.GR/393ya98E dire81-Jul-2002 and

USSN 801419332 {6 181Q54,2007) a0 RLSIRE hATPID BNA U Wisrespecially
desirable arekg\&j forced" hairpin constructs, artla alrglns capabem§ being

extended by’ ?ﬂﬁ@rﬂé%ﬁﬂ“ﬁﬁ%@rﬁ% Biedr PhLRRR RS s taught in
USSN 60/39%9980, ifilext Io Heke0 02pahiis BCT/ 36200840 24028)) fitékk A4 idul-2003, as

well as the "wdderiy SrUSTHERA HRIBS AR nBRYRINAHIPI-PRISRNA Hegtars and
multi- sh8rt ha [;PH}\I tru?tureggﬁq lrpln ith mism atc edr ons, and multleﬁltope

constructs 1855 tatyh gg%sq (5’ '1@ 65 gRfpen cistro
- PCT/U52008/33u&8: ¢fad! mfe@@tugcbtﬁaé clens- eSdp@@iéasﬁm@mthﬁaﬁ rgsults will be

obtained usmmtb@rﬁx@r@ﬂawmd{m@m@:ammpmma@diﬁﬁcr@enia@bove
and/or VeCt%&%ﬂWﬂ'&]Qe%‘x 8&9&%‘%& Jﬁ’ﬁ%s%%{f&% &2 L& dyRl ﬁ& @ &xperimental

Procedure: Transfection. re see ed nto six- Pd?f lates such that they
are betweerl 865505 EGHROSHE R H"f’é“ﬂ'ﬁ%%f‘ﬁgﬁﬁé?éﬁéﬁs‘% fereBections are
performéd usingriipbfetiamirrahit bt ogess)cdetordingiitdsthe@Bmiagufacturer's

directions. I@AB@%@Hmﬁﬁt|sqﬁu§§r@etasam$§§mw%§ﬁcago9f Hgaieghious HBV

plasmid, 1 pg of a 17 RNA ymer ression plasmid (%escrlptlon of plasmid
below) 600 r\%'o %lencrgfﬁﬁ,&%)ec oF e%c r%%' %églrs (1}? ReBHHEe S Sequences

derived from"BEROIPCNO PRIHESTAtbanelersy ﬁ%%@&f@m@@ﬂ@&@ﬁor encoding
a 25 hairpindzNAeeqmppseeiof ﬁ@ﬂ:&ﬁ@ﬁ@ﬁiﬂ&iﬁ\é@ﬁuﬂ@l&@&@é Bubj&se{@escribed

i nef o Srle R BIRIE e IR RO RS HE \é@@{g@%@%&% of the Ti

ymerase expression plasmi ninert til sic (Prornega,
Madison WI§! raigdesets- é"ﬁr%?@?é%ﬁdﬁ@ﬁ?‘ﬁﬂhﬁtm PARSREESh up to 2.5 pg
DNA. 73 Madison, Wi) to degrade the DNA liberated from core particles. The

sample is digested again with Proteinase K in the presence of SDS to
_ inactivate the DNase as well as fo disrupt and degrade the infectious
25 enveloped virion particle. DNA is then purified by phenol/chloroform
extraction and ethanol precipitated. HBV specific DNA is detected by gel
electrophoresis followed by Southern Blot analysis.
Results will desirably indicate a 70-95% decrease in both HBsAg
and viral particle secretion in the media of cells transfected with the HBV
30 p[ésmid, T7 RNA polymerase exprassion plasmid and eiRNA constructs
" telative to cells transfected with only.the HBY plasmid and T7 RNA

polymerase expression plasmid.



Monitoring cells for loss of HBV expression. Following transfection, cells are monitored
for the loss or reduction in HBV expression and replication by measuring HBsAg
secretion and DNA-containing viral particle secretion. Cells are monitored by assaying
5 the media of transfected cells beginning-at 2 days post dsRNA administration and
every other day thereafter for a period of three weeks. The Auszyme ELISA,
commercially available from Abbott Labs (Abbott Park, IL), is used to detect hepatitis B
surface antigen (HBsAg). HBsAg is measured since HBsSA(g is associated not only with
viral replicafign but.alsq gH Ir\]ltA polymerase Il initiated transcription of the surface
antigen cisfron In the transiec fectious HBV clone. Since HBsAg synthesis can :
continue intREISBEBAERSF LEBVAESIIEaHS) ffnportant to down-regulate not only viral
replication but alSiE(efilicttian-iagependent symResispidBsAgeReskat0R of virion
particles CQTIE@HE!%&Qﬁ%%%%ﬂ&}!s&%ﬂ%gﬂ}'gﬂ}'és'g%& nec §ured. Loss of
virion parh%ea %ogta&gn%encap&dated DNA is indicative of a loss of HBV replication.
Analysis of ¥Afion secrétion TVoToR a dadifnigne tharaistiiedinfes aetitsen naked,
immature céegantibieartnclshalelope dvinfechiaius!&HRY visiprad6vBrieflypelleted viral
particles fresydBacaagiaobalied sellsarsubissied 13,20Rr9ieinage K digestion to

degrade thg ore roteins. Following inactivation of Proteinase K, the sample is

incubated W?t "ROT DNasge (Promega, Madison, WI) to degrade the DNA liberated from

core ﬂarticles. The sample is digested again with Proteinase K in the presence of SDS

to inactivatgiRhia Ditaseasodiel BsAod neldegrasiedhe idestious 25enveloped

virion particle. DNA.isdhenpyritied by phenolichloroform extraction and ethanol
precipitated. HBV cSI\_Z{!)eCiﬁ‘C bNA IS detgcte(f' %y Se gé’gt!::)rgﬁél}se%#se%ﬁgﬁ/se% by Southern

Blot analy<$/2MCeRIBLRLATiF AR PiRafkisReces 70080 detteassitaisoth HBsAg and
viral particRI8écebid@hethesrhenid GbuRiiskramsatettedwith tbe HRV®BA@asmid, T7

RNA mlynerassyeruessionipiasnig ARde RMAGRSINGsie l?é&?(%&%%%‘:%d"a”ge“e"
with only tggelélgé{) ;Rlaé”[‘ci,g Sﬂﬁew RNQ%Ré)CIﬁme%ase expression plasmic!. 74 Vectors
used in experimént ée?quence ot iR SOBTAREFSERCERCEE BD NO:47
represents> &P RANEESBITFTEragesde he Yesiehcd Brlonedkibydrmsnakilmdiian expression
vector suctiaspCEP4 (Invitrogen, Carlsbad,CA). Cloning can be easily done by one
skilled in the art. One skilled in the art would also be aware that a leader sequence with
a Ko%k S cgcrt\eeds to be cloned in directly upstream from the T7 RNA
polymera?e%é{ or encoding RNA hairpin detived from SEQ 1D NO:5

The vector is T7-based as described above. The insert encodes a

unimolecular hairpin comprised of sequences mapping from coordinate
730-786 of GenBank accession #s V01460 and J02203. The hairpin is

designed as described for hairpin encoding sequences from SEQ ID NO:1.
25

EXPERIMENT 1

Rationale for mouse models:

Chimpanzees represent the only animal model in which to study
human HBYV infectivity. Mouse models are available, however, in which
- 30 human HBV expression and replication occur. These models have been
invaluable for the evaluation of anti-HBV therapeutic agents and have

been shown to be a predictor for the efficacy of these agents in humans.



10 eiRNA vector encoding RNA hairpin derived from SEQ ID NO:1 The vector is
T7-based as described above. The insert encodes a unimolecular hairpin comprised of
sequences mapping from coordinate 3004-2950 (about 55 bp) of GenBank accession
#s V01460 and J02203. 15 One region of the hairpin encodes the sense version of the
sequences and the second region of the hairpin encodes the antisense version of this

sequence. Hairpins can easily be designed and made by those skilled in the art. 20
eiRNA vectdfendstifyy flsskanpisie e Earferni SRy D NG, in wirisk dector is

T7-based as-drsgshetbabeercliteiByajtencadespeningienuiBehaispinpemprised of
sequences manRMGIPMERAHINRE (0180 AlG enRaRacReseion i, (3} 460 and

J02203. The hairpin is designed as for hairpin encoding sequences from
© SEQ ID NOAMp B R PERARERT o1t B3RP 18P M6 hisaEIEs O omiapanzees
represeft the enljzammizl madelnmhiticeticstodctiopstentHiBY infeqtiedyedouse

models are gyaiabie, m@g%ﬂxammwﬁm%@% ExREEssiPR AN, Lpplication

occur. These rTP.odeIs have %ab_le for the e,var‘leléation of anti-HBV.therapeutic

een inval
agents and (RS TBE S LRRTRNELBY BN AaIR PGP NS O Sl B ARE TS in
humans 75I[4] Unhieefibst iofrussicragtiels. dheseansgemionidusenmbdetstio which the

HBV genomey selgetedHBY eenesasnuessard 6alrbasausaEBY is integrated

into thei@o%seep engme, thg'g%tagggagls serve as a model not only for viral replication

but also for Rl'-m&%gggé\gnt expression of antigen. 5A similar model exists in which

replication compet®¥HtHBEWWRCd ek s8d Hurfsnastneiesisl BpiberdiarueEy DNA. This
model is createddhyidrtiopuitin g/ vejiidadiandcokipetanes B DN patovaguse liver by
hydrodynamig deliven/ldil - Jalike dhe Hansapnic.aaimalss SNEss MirgATeROt

immunotolerant to HBV antigens and immune-mediated clearance of HBV transfected

10hepatocy ¥ &P BEEH Y Mese RRAR GRS WEEHRaLHY BisEeirdlels exist for the
study ofwoatetiutsktelatic<p(eaziaB Vi) lamobd bk h epatifid ¢BHBMEIespettisely, we
have opted BehioJsse Heesssiardels fonsayetald easngonldftueras 4ABY, cannot be
studied in t models. As. we ar | ly interested in 15 down-requlating
expressionhﬁi%srﬁgﬁcﬁ%@,{ B.%'g%. %hge{zera ﬁg%yglg%v%rﬁﬁ ¥ eggrﬁg%lg?ﬁ? %’%%essitate the
re-design antPEG&lRIPFBRIRERRS 'aR BT RN/ SisEtARE foTh BRSENHEVIKD) the mice
are isogenichandhthebefarepcisenduelidagenetitvanablesavithiinthe systamdoes not

arise. Ul BumanddaV. e aie NOMRIJEIRGWHBYIREBY cell culture models

that 20can be studied in parallel with their respective animal models.
The experiment described below utilizes hydrodynamic delivery as

a method fo co-deliver replication competent HBVayw plasmid with the
various effecior dsRNA (efRNA) expression vectors, Hydrodynamic
delivery is ideal for this experiment because it results in efficient delivery of
25 nucleic acid to the liver ES}. Combination of the dsRNA effector plasmid
and replication competent HBV plasmid info the same formulation
increases the likelihood that both plasmids are taken up by the same cells.
Because expreséed effector dsRNA are present in the majority of cells
bearing the replicating HBV plasmid, observed results can be attributed to
30 the perfarmance of the effector plasmid rather than to differences in
delivery efficiencies. This experiment demonstrates only that a particular

elRNA is efficacious in an infected liver. Formulation and delivery are not



The experiment described below utilizes hydrodynamic delivery as a method to
co-deliver replication competent HBVayw plasmid with thé various effector dsRNA
(eiRNA) expression vectors. Hydrodynamic delivery is ideal for this experiment because
it results in efficient delivery of 25nucleic acid to the liver [5]. Combination of the dsSRNA
effector plasmid and replication competent HBV plasmid into the same formulation
increases the likelihood that both plasmids are taken up by the same cells. Because

expressed gfgciai-di3 N atamprset-iniRfmaissity ahaelksReaingdhasigrlicating
HBV plasm{%bpbserved rfe%ul!ﬁ can be qttribv%e tgaSO the performance of the effector

plasmid rather than to ﬁerenc%es%aaqﬁl%?y e |C|en%ﬁ%%’?1?ﬁ?écg>%%ffﬁ?gnt .
demonstrates only that a particular eiRNA is efficacious in an infected liver. Formulation
and delivergareineintédbvasddeessed by this example. Formulation, dosing and delivery of
the eiRNA vectorare enabled jn t mple.in whi ansgenic. mice are used.
Experimental procedure: 5Contro%%ﬁ%ﬁ?ﬁ@g\%}{g}%%}ﬂga%nawrﬁﬂgﬂy injected with an
infectious niBREEAIE BRIFRYBE FiRne RARR Y ERYTRPbaR RemtsEra eEairraina¥edundant
viral genomediratsist capbiptecrfidranseribipghil| o ttheadiah RNAS dadiproeising
infectious vipis [ba.3hdalowing interpalizationinindepatogas,andnuclear

localization transcr'gtion of HBVayw plasmid 10 from several viral promoters has been
" i '

shown to INTARCSEaL A48 PhifAPRB PRl R TRt hike events
includ&Craristetiesyorirdrd erpeetsisdian Ri¢AshpaoKkadiiigiefeasseribed pregenomic
RNA into ceremartislesiiavesseréainseaptiomatpsageneiieiRA-a0dassgmbly and
secretion of yi(i articles.into.the sera of injected 15animajs. Animals
are injecteér%{v’{%gqgﬁ%%%iﬁg%gepﬁ Y Fg%l?éorﬁnp (érjsgr%%op (%QSSO? lrc)g['%%agoand 10 pg).

These dos&8"8RATIR  FRNBSSS teEy sprER@senemic Al g aesuatdapable of
eliciting detectablastivpressiamobaireperig ppitsasithfoiewiag: hydiedwaamic delivery.
Animajs are,GRriBiacirkWiththe aHe iR, ﬂﬁﬁh@mﬁ%swl%ﬁ%%@%%é such that

20 animals,in each group receive a 10-19 pg dose of a particular effector construct(s)
such that tﬁglfgta‘cﬂ ‘fﬁ\l%‘@oélg% %49y E%Sr%g?aﬁ?fp?éelﬁ%?@é’ PECBIARYYe 3 pg dose of
the HBV refsiREBvEnt T@inysefuridinhocses siRhacvd ctinifispidatgeietad dopadsital of 20 pg
injected DN Tl asmpiehd thiswiagejaihsielene dependaninen hs.dose of HBV
plasmid us 0l imals injected with the HBY replicon but not with an
eiRNA vec%%%gﬂ%g‘ %‘n%c%%@egws%%%a %ngﬁf’est':%gd %ﬁi&aﬁ}%ﬁg‘ t%ﬂfgrt%éA, pGL3-basic
(Pronfeha, MIRASOR, SAAYT SIRYP thetifeatdfal Anibtprest DA uise #8psidtation is 20 pg.

eiRNA vectansstnutiis) stutlytrareitheotdbEras edsexprassin i glasangss & ghicAmbion, Inc.,
pustin TXiSind 58 Neeiis o Rdeos B RILRNAS dedvekfigm SEQ 1D

he exact secgJences enco %né)gy these VECtOI’S are
SRETSHeighs. It is

NO:1 and SES%IP NO:4. eS
described BETST R UaHasH o5 A 8! el Hestddr df
expected tidaser§ therefore dependent upon the dose of HBV plasmid used. Control
25  animals are injected with the HBV replicon but not with an eiRNA vecior.
Control mice are instead co-injected with an inert filler DNA, pGL3-basic
(Promega, Madison, WI) such that the total amount of DNA in the
formulation is 20 Hg. eiRNA vectors in this study are the U6-based
expression plasmids, e.g., Ambion, Inc., Aﬁstin, TX, USA. These véctérs
30 encode short hairpin RNAs derived from SEQ ID NO:1 and SEQ ID NO4.

- The exact sequences encoded by these vectors are described below. The

vectors are co-injected in equal amounis (by weight). It is expécted that



similar results will be obtained using other expression and promoter systems as
described elsewhere herein and/or vectors encoding alternative structures (i.e. duplex).
Description of U6-based eiRNA vector encoding sequences derived 5 from SEQ ID
NO:1: vector encodes a hairpin containiné sequences mapping to coordinates
2905-2929 of accession Its V01460 and J02203 (i.e. the hairpin contains the sense and
antisense version of this sequence, separated by a loop structure of TTCAAAAGA).
Description Onirslsadomiib rordaiias ety edie bR s ansrerarigo]. The second
eiRNA vecteystéhusaddasthilscaxpariment iependes ahaitpin datv@dfrom SEQ ID NO:4

and encode&tg%%gggggcm%%pg@ égtrgg)gfdinates 1215-1239 of Accession 1# V01460

and J02203. Liver samples are taken from injected animals on day 1 following
injection and analy2&t RIPEH pRseatice it NBEEN AN alagiftassipthéR1Sbeen
selected bagesh GiQublished resuitsfeode Dy haipsacistzibarptenysviich detail the

kinetics of k&%\éamw plasmihrenlisationdagaice.falowing byliedviamis,delivery and
demonstra:zs hat ﬁéeiak RNA expression occurs in the liver on day 1 following
vV

hydrodynanti&-dBfvEIP I For iR B FAESREESHIG BV RS KERRIBP SAHSIEe eSS Rertained by
Northern bléep@atealysis. ivdvarttistue Will He'évditdte dferatigiclowinifeiatdadion of HBV

RNA expresb@'%ar é@@@ﬂﬁ&%ﬁ%%ﬁﬁﬂhb@f@@?ﬁﬁd]f "ﬂi@ﬁ%ﬁéﬁ’d@i@ﬁ!ﬁqe@éﬁsugemeﬂt
of HBV/SAg and, DNA-containing viral particles.. Assays wi ibed for the ce
culture o B SR L Sy A O o RESER Ty anc
control groufR RSB IRTHRSERPI B ate T afmbid Seialy sefeerpeigpchding to a

collection time1poeinind hetecsre 5 animals is each set. Results: Mice that are injected

with the HBY repigop ang e SIRA A SONSLUSIS LIRS droanas 1BV-specif

RNA, and HBsAg and HBYV viral particles as compared to the control animals. In
I

individual affWFEIeT 4B% ARG Wi LR SLerdrc IR Y7 60 o His DB a9t has
EXPERSMENERsdeairsdenic! mopsblishediessuBatkgroundhiddiésvialdetasing the HBV
trarll_sgenic mﬁféﬁ%émdﬁé @%@%%W?M@ﬂ%@@@%ﬁ& é&?}ﬁﬁﬁgmli_ce
replicate appreciable amounts o n ve nstrated their utility as an
antiviral scr&'r{ ?ﬁg 05 ﬁ?ﬁ‘(’ﬁ&gg‘ %%ﬁﬂ}r%résﬁr%ﬁlsc@% Wﬁf%‘%@g Ninars are also ideal in
that they ar8%&4fofldrediveIBV davebfalisuine dntes eignisdsbvest @htigen and thus can
serve as a medehsobantyy RN ialireplaaiin husalsedaedly Mingigpensdent expression

of antiggn. EH%QWR/@F@&@%VW%@@A%%%& down-regulation of HBV
RNA expression. In addition, serum will be collected from day 4 mice for
measurement of HBVsAg and DNA—containing'QiraI particles. Assays wiil
be as described for the cell culture replicon experiment (Example 3) and
as in Yang et al. [1]. Each vector and control group will be comprised of 2
25  sets of animals, each set corresponding to a collection time point. There

are 5 animals is each set.

Resuits;
Mice that are injected with the HBV replicon and the eiRNA
30 . consfructs will have decreased HBV-specific RNA, and HBsAg and HBV
' viral pafticles as compared to the contfrol animals. In individual animals,
decreases will range from about 70% to near 100%.



in targeting not only viral replication but integrant-mediated antigen expression as well.
These experiments differ from the hydrodynamic delivery experiments in that the
effector plasmids are administered to animals 15using clinically relevant nucleic acid
delivery methods. Effectiveness in this medel demonstrates efficient delivery of the
effector plasmids to mouse hepatocytes. Experiment. 20Mice described in reference
[8] will be injected IV with a formulation containing the eiRNA vectors described in the
hydrodynamic delivery example. These are the U6-based eiRNA vectors encoding
hairpins cow_%wgnces derived from SEQ ID NO:1 and SEQ ID NO:4. 25
Formulation o | |njected DNA is formulated with trilactosyl spermine and
cholestery| Sp&sAMES etsesablien Beckaresnd/14288, "Methods for Delivery of
Nucleic Acids", Smahmhamdmg tfited 6 :Misa200 B Be s dbraevigopudations are

made, all USipg.a ghéa&%t@y?a?fT%@sér%%@Y&ﬁ%ﬁ&%ﬂ}@%ﬁ@ag%ﬁ{&? 5 aW&«(ef it

should noted that formulations 'with charge ratios between and re all expected

to exhibit effic cacvdﬁ%vﬁﬂ?ﬂ‘gfﬁﬁﬂ%@d%érk“%%ﬁﬁﬁ‘Fcﬁ”@‘é‘&?‘{ PEREAIER & fhg/ml. The two
plasmid stoekd7sofitivnsaiéomyéd. tbyethenimalquat aswidats sunbtlih@y each

plasmid is ak2Mgha: fbhislasmich iR dsusesdadhedinaliormuating
Formulation |% as descrlbed |r? P?T/ 03/14288 abovg{ﬁ Formulatlon A) 35%

trilactosyl spermine, 659 choleStery speri GHBY 0% 5 trilactosyl

estery spermi in&P omf]l
spermifie, S’Gﬂ?ooéﬁé%%t%‘ﬁiﬂ%ﬁ@ﬁm?@wﬁﬁFﬁ?mﬂaﬂ@ﬁf@)ﬂ%@wmaﬁt@@y@@perm|ne

20% cholesteryhspeymineniliresuliasitormulationsnaneenedaiaegeh plasmid at 1
mg/ml. Micgﬁ;gsg\(owg%%q with 100 pl formulated DNA. One group of mice receives
Formulation A, a second group receives Formulation B and a 10 third group receives

Formulation C. ThREEGFERFESRELATTRT Bedha SxdrmiurrmiGeEi@With formulations
containing axesritrehBinAh a8 sio Promegardadisainteh4), Bemmdations D, E and

F. Injedionssaie amfEiag AULRNER ISR fRNSPRaRiYS=faYR JRIEtiRg for only 1-3

days is efficac howev e ro St effl seen with a four day injection
15protocol%dg%§ o(\)/vnisr‘l?raa S %L}ﬁ’ ?Eg\fif o S&RR RS PRIBsAG and

DNA contaffﬁﬂ@“?ﬁi’éﬁ)artlcles will be quantitated on days 5 and 9 post first injection. All
analyses will be as described for the hydrodynamic delivery studies. 20

Experiment.

20 Mice described in reference [8] will be injected IV with a formulation
containing the eiRNA vectors described in the hydrodynamic delivery
example. These are the UB-based eiRNA veciors encoding hairpins
containing sequences derived from SEQ 1D NO:1 and SEQ ID NO:4,

25  Fomulation of DNA to be injected.,

DNA is formulated with triflactosyt spermine and cholesteryl
spérmine as described in PCT/US03/14288, “Methods for Delivery of
Nucleic Acids”, Satishchandran, filed 06-May-2003. Briefly, three
formulations are made, all using a charge ratio of 1.2 (positive to negative

30 bharge) However, if should noted that formulations with charge ratios
between 0.8 and 1.2 are all expected to exhibit efficacy. The DNA startxng
. stock solution for each plasmid is 4 mg/mi. The two plasmid stock -



Results: HBV-specific RNA levels, HBsAg and virus containing DNA patrticles will
have decreased relative to controls in the Formulation A, B and C groups. 25
EXAMPLE #4 Silencing HBV replication and expression in a replication competent cell
culture model Brief description of cell cultdre model: 30A human liver derived cell line
such as the Huh7 cell line is transfected with an infectious molecular clone of HBV
consisting of a terminally redundant viral genome that is capable of transcribing all of
the 80 virakRINBBsaind prrsucingiarestiqust wnsiFi=3udhe sepligopiased indhese

studies is deriye oML MBS IRANANGRINAIN FenBANK.AGeaasIANAMBRO0B40.

Following internalization into he&a;oc&tes and nuclear localization, transcription of the
infectious HB% SlaRsiieHnT SEUETEPViTAPE BRI eRaelRRAshBMN to initiate a
cascade of gisnisyiaemiiner HiBA\chepltdtatibspcivdse Buenisktitaliidédtanslation of
transcriged yirl MRNASRackaging Qb iranssrbad R saeremic RbAdNiRHore particles,

reverse transcri tlonI of pregengmic RNAf arL%I asse_mblré(E and secretion of virions and
HBsAg particRaRts! fhe ME = of R S RE N his RS S I el
reproducesosiatpeccbilBVidapligaton.within infected liver cells and is therefore a

good cell culture mpedelwithwbiekitRiteakmtistancing @DRR Voryyessienaad

replication. In this npdeI,IgFlls ere co-transfected with the ir'!fa%ctioéjg molecular clone
N 0

of HBV andr%%egl r%"nsf?ﬂct.’ ?ﬁ%"é’@ﬁsq(fv’% er?ﬁg'r\]’ef n%”ﬁ. oré) rrfosas of HBV

expreskion Bifdl SEBICEIRSYaS TaRiiEd belbWee groumieofairsilim §iseticexample of an
experiment ¢hatawamipetéarmedaisingtaneiNAneg tocancoding, 5| Laeks derived

from both SEQIR NO%AR, SERARNRREhS patisHarnEINA yeelarsed for this

experiment is T/ RNA pogmerase-base,d and encodes a duplex RNA of 20about 650

bp (See e.g? {RErDA/AIBEL TR GRFTIUIYS 9610) e BX FEARY traf&ififar results
would be olsffirethusingvatimer expressishedivg g chseter siistefng dsidefsctibed
elsewhere hgsgipsand/or vectors encoding alternative structures (i.e. duplex).

25Experimental Plj_:gﬁedure:c;l'rans{fectiog@y R uh7.cells were §%?9; d into scjx-well
0

d .
plates such that theyovv\‘/’('enl% e W‘ese‘ﬁtk?b‘: con Iﬁgngﬁrgﬂh%" ime og tsf%%éaféctlon. All

transfectionBNA containing viral particles will be quantitated on days 5 and 9 post first

injection. All analyses will be as described for the hyarodynamic defivery
studies.

20
Resulfs:

HBV-specific RNA levels, HBsAg and virus containing DNA
particles will have decreased relative to controls in the Formulation A, B
- and C groups.
25
EXAMPLE #4

Silencing HBV replication and expression

in a replication competent cell culture model

Brief description of céi! culture model:

30 A human liver derived cell line such as the Huh7 cell ine is
transfected with an infectious molecular clone of HBV consisting of a

terminally redundant viral geriome that is bababie of transcribing all of the



were performed using LipofectamineT" (InVitrogen) according to the manufacturer's
directions. In this experiment, cells were transfected with 30 A) 50 ng of the infectious
HBV plasmid adw subtype, 1 pg of a Ti RNA polymerase expression plasmid
(description of plasmid in Example 3), ang 1.5 pg of the HBV-specific eiRNA vector
(described below); B) 50 ng of the 81 infectious HBV plasmid, 1 pg of the T7 RNA
polymerase expression plasmid and 1.5 pg of an irrelevant dsRNA expression vector;

C) 125 ng qf I t l [ xpressmn
plasmid an%lf %h A% Ng%‘%?%gﬁ%%é@@ ?ﬁé%%ﬁ%%gﬁr:%%%%&igg%s §f§ t § 5 infectious

HBV plasmid’™® (ijefwgdl'ffoﬁjl\?l{e ﬁf&ﬂﬁﬁ@?’é{%@c@)@%@é%ﬁ?ﬂm%ﬁﬁ‘% pg of an
irrelevant dsRNASdRpredsivnovettoriilitvarifestonsayeresodmigdeaut in duplicate. In

this experi%@Qm@aﬁf@eﬂe&wﬁ@@tﬁémgﬁwmgﬁmmﬁ@é%;%%Hransfecti0n
media was remo(s/ed frorB tran%fecte}d c% and assgge for the presence of HBsAg 10

(see belowﬁ) VEREE 6

i from untranstected Cals WAS B1€6 %s%e?%%“é%t g”ﬁﬁ&l‘(_bargund control.
Monitoring ‘&&lisaénosacse ﬁwféméééwsP@ﬂ@Wf ighraretdotiohirEei8avere

monitored ferthegilessrenibtasictiogdndiB\:enpiession andideplication by measuring
riBsAg sedeliadrals e mANianRd hassuina IR JIedia sl tpRsiged cells (and

a media control) at 4 days post-ds ministratio Aliszyme
com merC|aﬂ?da’égﬁﬁﬁIBaﬁ&'ﬁsA%tﬁﬁﬁeL’aﬁ@?ﬂBWﬁ@ﬁW ﬁ'sm%déféﬁfﬁ?%ect hepatitis
B surfite antidsmefhiBhibg).hBsAxgpevhsoitisisupikafsingehihinfassadiaéed not only with

viral replicaling hui Al withRNARQMSNRse HJatiaipd Hagseiglienof the surface Ag
cistron in thq transfeﬁt_%{/lnfectlous ?ﬁ‘gﬁﬁd ane. Since HBsAg synthesis can continue in

the absence of HBV repllca Nl ﬁ%ﬁ?wrﬁown regulate not only viral replication
but also repl|cat|é'hfi“rﬁ€}9éﬁbléﬁ¥%‘yﬁtﬁél§|§ B sayvitEtRdsitiouCells transfected with

the HBV- spe@ﬁ@awecmmahemibita@aébﬁﬁra&"/mh@ca@%a@eir@ HBsAg at the
four- d@/ tlrg%ggg}géq@tmgstgf hg\;:grﬁ Sl.troa}]ng (?ctlo 1S 08[,lzal;$l e% r|%e%1f|c eiRNA used in
e 0

this experiment The eIRNA vector esa RRA map E coordena%s 2027-
The following is an example of an experiment that was performed

using an eiRNA vector encoding sequences derived from both SEQ ID
NO:1 and SEQ 13 NG:2. The particular eiRNA vector used for this
experiment is T7 RNA polymerase-based and encodes a duplex RNA of

20  about 650 bp (See e.g., WO 00/63364, filed April 19, 2000). It is expected
that similar results would be obtained using other expression and promoter
systems as described elsewhere herein and/or vectors encoding
alternative structures (i.e. duplex).

25  Expermental Procedure: Transfection.

Huh7 cells were seeded into six-well plates such that they were
between 80-90% confluency at the time of transfection. All transfections
were performed using Lipofectamine™ (InVitrogen) according to the
manufacturer’s directions, In this experiment, cells were transfected with

30 A} 50 ng of the infectious HBV plasmid adw subtype, 1 g of a T7 RNA
polymerase ekpression plasmid (description of plasmid in Example 3), and
1‘.5 1ig of the HBV-specific eiRNA vector (described below); B) 50 ng of the



2674 of GenBank Accession # AF090840. The sequence therefore includes sequences
derived from both SEQ ID NO:1 and SEQ ID NO:2, 5More specifically, the sequence
includes all of SEQ ID NO:2 and 134 bp derived from SEQ ID NO:1. EXAMPLE #5

The down-regulation of HCV in a cell culttfre replicon model 10Brief description In
this experiment, a cell line is created which expresses functional HCV replicons.
Creation of the cell line is as detailed in Lohmann et al. [10]. In this experiment Huh7
cells are usttFadcHer FafefranibI B dtan By re RRRas mepEistyte derived cell
line can be pisedidraeicelig:are dbithenanziRuredyith asmheNospEcific atRNA vector.

The presenge af HGY:specific RNA is aeoerained:oy Nouhern.blot analysis as
described in Lohmann et al. 1%%}#@@/5 3-7 post-transfection of eiRNA. Experimental

protocol: TrRREREERN 2oL EE SahraiG R VSR e dsRid o six-well
plates suchitifetiithey-#e petwébri 80-80%s darithianojyataredianeresdiansfection. All

transfectiong; 2y iparermeshusing ik-nalsstarnal s itogensaggording to the
manufactur?r's |reEct|ons. In this 3)5‘)?”” eng, cell? e transfected with 1 ofaT7
R pob PRl kRl A R TR ATSIES Shd 1.5 pg
of a T7-basBdeiRNeRVed R entsiinguiarsincRNRuderirsadedisegaences derived
from SEQ IRN&sHvaciondesstkensaiendof euanpie)s eaniral selissake transfected
with 1 pg T7.R S i id and 1.5 pg of the HBV-specific (SEQ
ID Noﬁgspésc? IC %%ﬂ%%e‘?ﬁ%ﬁ@%ﬁ%‘%i%ﬁ%gg m 5{%%5?5 5*Intransfected

replicon-exprRE&ERY M ¥ dells are included as a second control. Each transfection
mix is made such that ten transfections can be performed/mix resulting in a total of 20

83 transfectigsd AR-RSNINIBNIAL HBMBP dn2sBoand 7, two wells of cells/each
transfection are Iyl_sei% and RNA? IS ,extrachted using standard techniques. Samples are

analyzed simultatSS0SNBYNTRESH B8 LT5R/ S TEY FHABIBEAMELHF HCV-specific
RNA aPdesedudipirin dRmaxmassian [e] repRetaltdy meBelisaridRsfacted with the

HCV-specifig.aiftbif vemaicnilhahims desienser O sesifis RMAexels selative to the
control cely 3t ey Ry A RalL ARaLAet AR SHRRIG SRNANEHL o

ELISA, commercially available from Abbott Labs (Abbott Park, il), was

used to detect hepatitis B swiface antigen (HBsAg). HBsAg was measured
20  since it is associated not only with viral replication but also with RNA
polymerase ll initiated transcription of the surface Ag cistron in the
transfected infectious HBV clone. Since'HBsAg synthesis can continue in
' the absence of HBV replication it is important to down-regulate .not only
viral replication but also replication-independent synthesis of HB sAg.
25
Results:

Cells tfransfected with the HBV-specific eiRNA construct exhibited
an 82-93% decrease in HBsAg at the four-day timepoint relative {o the
control transfections.

30



The eiRNA vector is T7-based and.encodes a hairpin RNA. One side of the hairpin
comprises SEQ ID NO:48. This sequence is followed by a loop structure of 9 Ts. The
second 15 side of the hairpin contains a sequence that is complementary to the first
side of the hairpin. One skilled in the art @an easily design and construct hairpin
constructs. Note: it is anticipated that other types of eiRNA vectors driven by other
promoters and encoding other types of RNA structures will have similar effects. 20
EXAMPLE @& Ereatnaent of andd BV canmigetion Brief description In this
example, cells that are, Ilca botg HBV HCV 25 repllco re fransfected with
an eiRNA vector?rﬁ‘at eﬁﬁg es %o - aﬁg %xpéﬁrr]{sental
protocol: CFeAft6H BrediinestRairadnidi ﬁ9&§ﬂ9 ITBV%H@HWW@@F@“@% 30HuH 7 cells
are first engiciegeedsquexpse sefuactionabbie ¥Teplicros: ereation of thexell line is as
detaileg i yehmaaneLal. HOLAflersehingesibishmantie allsais franstected
with an infectious 8-1 H rep icon plasmid as descri xample d below in the
"Transfectidf BPALIRE™ SEQGH NG fhis example, the replicon is derived from the virus
sequence found in Gen Bank Accession #s V01460 and J02203. Theoretically, it is also
possible to first create a cell line that mmﬁ»@g@g@sses the HBV replicon and then use
this cell line to create one that ¢ Lso eXRIESES HCV I Plicons It is also OSSIb|e to
transfect the cef gitanebt i both' the SR aHie fereamusHs A nd select and
expan® celRrief it ating both HBV and HCV replicons. 10Transfection of cells.
In this example, ﬂﬁQHri;Ba\(p@ﬂﬁhé'ﬂ@\é e RSt /80080t Ry sepasatarcigirans within the

same vectaicuouus. sinlladrsulin. s aipRARU e AITNAR Ale sapoded witin

the same cistron or pI’OVI ed :/ separate vectors. In this example, transcription from

each cistrorl % §rfnersasp Wﬁﬁ%%ﬁ@ﬁ?@%@%tbﬁ?&ﬁﬁgﬁ fine Ry
- polymerasérdeachipromete hépfodomedeby st helipin eiR NAustdichhie tets isdfollowed by

a T7 tegminglaréhiGeddd The ﬁﬁﬁ@ﬂﬁs‘ﬁb@?ﬁé @mmgca;@ﬁ%lgﬁégéﬂsew one could also
use leGFgIH%&IStIgI;ItSC losuallgl al o be nolé%f hat d _use 851 er expression

“systems (iNCIUdING Viral 10 prodies hese RINA eé'ﬁ %Sl?ﬁ‘j LYt Bher
promoters,!@naag Gégbiﬁéété!%%ér@qfiéf@iﬂﬁfedm Of eiRNA.

4 T~ GG M
% m,..t_ EHE N

Experimental protocol: Transfection.

20 Huh7 cells expressing HCV replicons are seeded into six-well
plates such that they are between 80-80% confluency at the time of
transfection. All transfections are performed using Lipofectamine™™
{InVitrogen) according o the manufacturer's directions. In this experiment,
cells are transfected with 1 pg of a T7 RNA polymerase expression

25 plasmid (plasmid described in Example 3} and 1.5 yg of a T?—bésed
eiRNA vector encoding a hairpin RNA comprised of sequences derived
from SEQ ID NO:fH (vec{or described at end of exambie). Control cells
are transfected with 1 pg T7 RNA polymerase expression plasmid and 1.5
Hg of the HBV-specific (SEQ ED NQ:1 specific) T7-based eiRNA vector

30  described in Example 3. Untransfected replicon-expressing Huk 7 cells
are included as a second control. Each transfection mix is made such that
ten transfections can be performed/mix resulting in a total of 20 |



to drive expression of these RNAs without significantly affecting efficacy. Selection of
the appropriate expression systems and promoters is within the skill in this art. Also one
could express other eiRNA structures, e.g., as described elsewhere herein, as well-as
others, described in the literature in 25 thi area. In this example, the HBV eiRNA
vector encodes sequences derived from SEQ ID NO:1 and the HCV eiRNA vector
encodes sequences derived from SEQ ID NO:11. Description of vector inserts is
located at thexestdcabtbist oxample. Hulelcells aressesd@dimasic-vrlikbpatessuch that
they are 30 patuean FO: 00 aanlusary.at e e aldansierion: Al fansiections are

performed using Lipofectamineml (Invitrogen) according to the manutacturer's

directions. IRIRREpERREMEEAIR R GARSM AP T ERCBEHE S d ffectious HBV
plasmid, 1 pgeskact HRNA pphaifieféisé expressian pidsmik(description of plasmid is in
Examplg 3), 600 ng of an eiRNA vector encoding a hairpin RNA comprised of
sequences derived from SEQ ID NO:1 (described below and in Example 3), and 600 ng
ofan 5 eiR tor encoding a hairpin RNA comprised of sequences derived from
SEQ ID NO:11 (désdribeasiettan viboher bl éitperdarinbio cradonith 58omy of the HBV
plasmid andyddpshebdhec s PN ACIONMEerase SXRIe 55108 plagRlickiAniaestjiller DNA,
pGL3-basicthargrg%g%ha %%lic%on WI), is added to all transfections where needed to
bring total D Ritranstection up to 2.5 10pg DNA. Each transfection mix is made such
that teri fransfections can be performed/mix resulting in a total of 20 transfections (10
per mix). Anadysese=dfiiol Rirgveatasfection, cells are monitored for the loss or reduction
15 in HBV expressin.and A6RliEaton Yy mepsuing HRBSAG.SREHE AN 2Bfe

DNA-containing viral ﬁa_rtlcle secretion, Cells are monitored by assaying the media of

transfected S8fCHEGIARTRY PR 558t BARNA S dministration and every other day
thereafter for a petige BftireeewdeksvatheyAiseyraiclELIS AT ¢ dmieciadiyndvailable

fom ARGt dabey etk Atlind sisuied lmieshiabnlid & iaepantigen
SAQ). easured since. it is associated not only. with viral replication but
also with RN DO TS e SFOMY ovblbe S Ba i the
transfected fHERGIEIBYSCiPiE: Shapticipyag teghtheyiy/ean ESiNGe/fsitie absence
of HBV repliddtionif ishisn postasttte devendatudedeaoly padyo? Birasteplicationi but also
replication-independent.gygthesis of HBsAg. Secretion of virion particles containing
encapsidated HBV genomic DNA is also measured. Loss of virion particles containing
encapéaated DNA is indicative of a loss of HBV replication. Analysis of virion secretion
involves a technique that discriminatesE)étjBeh #@ked, immature core particles 30and
enveloped infectious HBV virigasntGk Bueflynpelletes,vikalpasticles from the media of
cultured cellg are cjsublectted to Proteinase K digestion to degrade the core proteins.
Following inachvation of Proteinase K, the 86 sample is incubated with RQ1 DNase
(Promega, Madisdn W iptantdgrerls thel DR elliratie detomMBBorspaEYles. The sample
is digested agaicondthrProieiRase kih theprasreepihalpdedaastivatethenPNase as
well as to di?{é\l?_ts%é‘gf%ee%%ﬂﬁ the infectious enveloped virion particle. DNA is then

Experimental protocol:

Creation of cell lines that contain both HBV and HCV replicons.

30 HuH 7 cells are first engineered to express functional HCV
replicons. Creation of the cell fine is as detailed in Lohmann et al. [10].

After cell Iir_le establishment, the cells are transfected with an infectious



5purified by phenol/chloroform extraction and precipitated. HBV specific DNA is
detected by gel electrophoresis followed by Southern Blot analysis. At days 3, 4, 5,
6 and 7, two wells of cells/each transfection (experimental and control) are lysed and
RNA is extracted using standard techniqges. Samples are also analyzed by Northern
blot analysis for the 10 presence of HCV-specific RNA as described in Lohmann et al.
[10]. Results. Cells transfected with the HBV-HCV-specific eiRNA vector will show

decreased W@@%@HI&M levels spbative o dheeontid selbs.at gvery 15time-point

anayzed I addion i el ol bBson anct B via paricles il lipfcrease
relative to th&°Contror trans ectlons -Sp ec elR he eiRNA

vector is 17hBaded W@m@@@@hﬁ@ﬁlﬁﬁ?NAﬂf@?@W@H@%ﬁ@r@ﬁd%ﬂﬁ’%omprlses
SEQ ID NOH&reticalilii sesluepessisifalicinaedbyta loam stagtweafip Ts. The second

side of the Q?ELQ g%s?rtg%m@%&%ﬁ s?i% gqsﬁ uf»sg%&o(!%@stmcghﬁga the first side of the

halrpln On e art can ea esign an alrgen constructs. Note:

ills anticipaf&tP iR etpe? %\éée@f"é‘?ﬁ?dﬁ‘%ﬁwéoﬁgtﬁ‘ﬁ\%ﬁaﬁﬁfﬁ% fidihoters and
encoding otirenitypesicfyRINAstiutta By inclUditg reaticus hadpiestracdures will have

similar effeg%amgg%a(}%@@g@ﬂga%@ 8- HEX GRS HRRTRINiGnstructs, partial hairpins
capable of being extended by RNA-dependent RNA polymerase to _form dsRNA

hairpins, as taught in USSN 60/399,998P, filed 31-Jul-2002 and
H02d dflesd 31-Jul-2003, as well as the "udderly” structured hairpins

(e.g., multi- halrplnnléiaﬁ%blé veckHy and muteshosshad pitsdadciyres), hairpins with
mlsmatched re nd m con s tau ht in N 60/419,532,
filed 18-Oct 9200%3% e i’%’l‘?ﬁﬂ@%‘ /%@54% chl d %8@ r?fegé{ t\%éﬁ as a variety of

“other dst&q%&qufrgﬁ%Wtafﬂm%ﬁdsz %%\m%c%%ﬁ@éﬁv&dsﬁim -SEQ ID
NO:1 Thepsestovdstdré-bates asidpicibedcapivefifhednbait encadbyen

unirnojgculay hAIFPIRGONINIRRE X SEAMERCES NRPRIRG, @g@i@g@%% -2950
(Abogi%S l:?gé@ff? GenBank %? erssm%q;#sﬁ 8%%460 and JO%%%?Q nere o the hairpin

encodes thB"RBRE GrliBHeErhE SRIB RV ARG TR & ELEJREPYE e hairpin
encodes th@mns@ﬁéﬁlﬁef@l(ﬁh@f?mrg@aﬁdbiﬁc%ﬁmalmCé@rﬂl@é@l@ﬂ}bb’é%é&gned and

made by thesaskidledds dhe@iig cistrons. It should also be noted that one could

use other expression systems (ihc[uding viral) {o produce these RNAs and

20 one could also use other promofers, e.q., as described elsewhere herein,
to drive expression of these RNAs without significantly affecting efficacy.
Selection of the appropriate expression systems and promoters is within
the skill in this arf. Also ohe could express other eiRNA structures, e.g., as
described elsewhere herein, as well as others, described in the literature in

25  this area. In this example, the HBV eiRNA vector encodes sequences

 derived from SEQ ID NO:1 and the HCV eiRNA vector encodes
sequences derived from SEQ 1D NO:11. Description of vector inseris is
located at the end of this example.
Huh7 cells are seeded into six-well plates such that they are

30  between 80-90% conflueﬁcy at fhe fime of transfection. All transfections
are performed using Lipofectamine™ (invitrogen) according fo the
manufacturer's directions. In this ékperiment, cells are transfected with 50
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110-113.- 89 CLAIMS 1. An isolated polynucleotide sequence comprising a sequence
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sequence compri§ipkpying&angiestipngels aoe monitoped doribeiogs 4 dfiasequence
selecteg from iBRQIBrNQcHaHir aygBaSdr hdiSw2ihg HBsAg secretion and
DNA-containing viral particle secretion. Cells are monitored by assaying
the media of transfected cells beginning at 2 days post dsRNA
administration and every other day thereafter for a period of three weeks.
The Auszyme ELISA, commerdially available from Abbott Labs (Abbott
20 Park, IL), is used to detect hepatitis B surface antigen (HBsAg). HBsAg is
measured since it is associated not only with viral replication but also with.
RNA polymerase Il inifiated franscription of the surface Ag cistron in the
transfected infectious MBV clone. Since HBsAg synthesis can continue in
| the absence of HBV replication it is important to down-regulate not only
25  viral replication but aiso replication-independent synthesis of HBsAg.
Secretion of virion patticles containing encapsidated HBV genomic DNA is
also measured. Loss of virion particles containing encapsidated DNA is
indicative of a loss of HBV replication. Analysis of virion secretion involves
a tech-niqﬁe that discriminates between naked, immature core particles
30 and enveloped infectious HBV virions [8]. Briefly, pelleted viral particles
from the media of cultured cells are subjected to Proteinase K digestion to

degrade the core prote'ins. Following inactivation of Proteinase K, the



90 CONSERVED HBV AND HCV SEQUENCES USEFUL FOR GENE SILENCING
Abstract Conserved consensus sequences from known hepatitis B virus strains and
known hepatitis C virus strains, which are useful in inhibiting the expression of the
viruses in mammalian cells, are providedssThese sequences are useful to silence the
genes of HBV and HCV, thereby providing therapeutic utility against HBV and HCV viral
infection in humans. No Suitable Figure Nucleonics sequence listing v5,txt

SEQUENCEakS Nfscsddla \%mzo glh@ﬂamp?ﬁﬁ%g& %@St&%ﬂﬂ@@%@@&%ﬁ@d?ﬁ C.
V4 Ki, Vi t.Mintz., tiat < > conserv a eguences, Useful for
Gore s e e a5 76 035 A 5, 055055 G900 48
<170> Patenitifersicnia ey psngeds £05 fq gragivie B AN238ssHEiatitio B Virus
<220> <22 tismpsefeakyed P2 (3375, €h3dihsdd 3ridh iSantidle DA LISARA> 1
gaacalgoag aifay ] RBIIMIGRIANIAGEREIN.AIsgIalRTAdocgalatkon ictygttg

acaaraatcc tcacaatacc dcagagtcta gactcgtggt ggacttctc caattticta ggggdany138
[DNA is detected bgy g?el eiegtroph%rggs ?cgiowed by Southern Blot analysis.

Atdays 3, 4, §, 6 and 7, two wells of cells/each fransfection
{experimental and control} are lysed and RNA is extracted using standard
technigues. Samples are also analyzed by Northern blot analysis for the

10 presence of HCV-specific RNA as déscribed in Lohmann et al. [10].

Results.
Cells transfected with the HBV-HCV-specific eiRNA vector will show
decreased HCV-specific RNA levels relative to the control cells at every
15 time-point analyzed. In addition, the levels of HBsAg and HBV viral

particles will also decrease relative to the control transfections.

HCV-specific elRNA sequence,
The eiRNA vector is T7-based and encodes a hairpin RNA. One
20  side of the hairpin comprises SEQ ID NO:48.

This sequence is followed by a loop structure of 9 Ts. The second

side of the hairpin contains a sequence that is complementary to the first
side of the hatrpin. One skilled in the art can easily design and construct
hairpin constructs. Note: it is anticipated that other types of eiRNA vectors

25 driven by other promoters and encoding other types of RNA structures,
.including various hairpin structures will have similar effects. Especially
desirable are, e.g., “forced” hairpin constructs, partial hairpins capable of
being extended by RNA-dependent RNA polymerase to form dsRNA
hairpins, as taught in USSN 60/399,998P, filed 31.Jul-2002 and

30 PCT/US2003/024028, filed 31-Jul-2003, as.well as the “udderly” structured

hairpins {e.g., multi-hairpin long dsRNA veciors and multi-short hairpin
structures), haifpins with mismatched regions, and multiepitope constructs



<210> 2 <211> 26 <212> DNA <213> Hepatitis B Virus <400> 2 fggatgtgtc
Tft-ggrgttflatcat’ <210> 3 <211> 206 <212> DNA <213> Hepatitis B Virus <220> <221>
misc_featu e <222> (63)-(63) <223>nis a, c, g, or t <220> <221> misc_feature <222>
(111)..(111) <223>nis a, c, g, or t Page 17 <220> <221> misc_feature <222>
(140)..(140) <223>nis a, c, g, or t <220> <221> misc_feature <222> (174)..(174)
<223>nisa,c, g, ort <220>

as taught in USSN 60/419,532, filed 18-Oct-2002, and

PCTUS2003/0334686, filed 20-Oct-2003, as well as a variety of other

dsRNA structures known to those of skill in the art.

5  HBV-spedific eiRNA-SEG 1D NO:1

The vector is T7-based as described above. The insert encodes a

unimolecular hairpin comprised of sequences mapping from coordinate
3004-2950 {About 55 bp) of GenBank accession #s V01460 and J02203.
One region of the hairpin encodes the sense version of the sequences and

10 the second region of the hairpin encodes the antisense version of this
sequence. Hairpins can easily be designed and made by those skilled in
the art.
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<221> misc_feature <222> (177)..(177) <223>nis a, c, g, or t Nucleonics sequence
listing vS.txt <400> 3 aaggcctttc tvhgtmaaca rtaymtgmmc ctttaccccg ttgcymggca
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transcripts in human celfs. Nature Biotechnology, 2002, p.500-506.

10 10. Lehmann, V., Komer, F., Koch, J.-O., Herian, U., Theilmann, L. and
Bartenschlager. R. Replication of Subgenomic Hepatits C Virus
RNAs in a Hepatoma Celf Line. Science. 1999. 285: 110-113.



<400> 6 abgcaggtcc cctagaagaa gaactccctc gcctcgcaga cgmgrtctca atcgmegcegt60
cgcagaagat ctcaatytcg ggaatctyaa tgttagtat99 <210> 7 <211> 100 <212> DNA <213>
Hepatitis B Virus Page 2 Nucleonics sequence listing vS.txt <400> 7 cabgcaggtc
ccctagaaga agaactccct cgcctcgcag acgmgrtctc aatcgmegeg60 tcgcagaaga tctcaatytc
gggaatctya atgttagtat100 <210> 8 <211> 1008€212> DNA <213> Hepatitis B Virus
<400> 8 gabgcaggtc ccctagaaga agaactccct cgcctcgcag acgmgrtctc aatcgmegegGO
tcgcagaaga tctcaatytc gggaatctya atgttagtat100 <210> 9 <211> 104 <212> DNA <213>

Hepatitis B vipys, £220>

1. An isolated polynucleotide sequence comprising a seguence selected from
SEQ ID NO:14 through SEQ D NO:24,

2. An isolated polynucleotide sequence comprising nucleotides 1-19, 1-20, 1-21,
2-20, 2-21, or 3-21 of a sequence selected from SEQ 1D NO:14 through SEQ ID
NO:24.



<221> misc_feature <222> (9)..(9) <223>n s a, ¢, g, or t <220> <221> misc_feature
<222> (38)-(38) <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (72)-(72)
<223>nis a, c, g, or t <220> <221> misc_feature <222> (75).,(7S) <223>nis a, c, g,
or t <400> ttggyEatng gCeitZl-scg catgtgtgga at?Prtbngk'ctcuLctgc gatc-eataut---- -607 -
gcggaactcc tngengcebtg tttygetcge agemggtctg grgecl04 <210> 10 <211> 71 <212> DNA
<213> HepatitOBERYEIZOANID ALY BHIUENCRESSEPPR YR DBEWEISIKENZNG is a, c, g,
ort

Abstract

Conserved consensus sequences from known hepatitis B virus strains and known
hepatitis C virus strains, which are useful in inhibiting the expression of the viruses in
mammalian cells, are provided. These sequences are useful to silence the genes of
HBVY and HCV, thereby providing therapeutic utility against HBV and HCV viral infection
in humans.

No Suitable Figure



<400> 10 ctgccaactg gathcthcgc gggacgtcct ttgtytacgt cccgtergeg ctgaatcchg60 Page 3
Nucleonics sequence listing v5.txt cggacgaccc n71 <210> 11 <211> 490 212> DNA
213> Hepatitis C Virus <220> <221> misc_feature <222> (86)..(86) <223>nis a, c, g,
or t <220><221> misc_feature <222> (434)..(434) <223>nis a, ¢, g, or t <221>
misc_feature <222> (455)..(455) <223>nis a, c, g, or t <220> <221> misc_feature
<222> (476)..(476) <223>nisa, c, g, or t

<110>

<120
<130>

<150
<151~

< 1 GO‘»
<170

\..
AAA A
Tordhat
Pt pmt ot

Vv N

N

W P et D
']

2220
<2¥ix
<222>
<223

<100

Nucleonics seguence listing v5.txt
SEQUENCE LISTING

Nucleonmics, Inc.
pachuk, Catherine
satishchandran, C.
Zurawski, Vincent
Mintz, Liat

Conserved HBV and HCv Seauences Useful for Gene Silencing
26788-002

60/478,076
2003-06-12

48

patentin version 3.2

I
138
DRA

“Hepatitis B Virus

misc_fTeature
(137)..(137)
nisa, ¢, g, or t

i Co .
gaacatggaq arcayhdcat caggaytcct aggaccectg ctogrgttac aggeggkgtk 60

tLLCtygitg acaaraatcc tcacaatacc‘dCagagtcta gactcgtggt ggactictct 120

caatttrcta ggggdany 138

<2 10>
<211l>
<212>
<213>

<4G0>

2
26
DNA o
Hepatitis B Virus

2

tggatgtgtc ‘trEgyegire tatcat” 25

230>
<211>
<21Z2>
<213>

<220>
<22]>
<222>
<223>

<220>
<221
222>
«<223>

3

206

DNA

Hepatitis B virus

wisc_feature
(63)..(B3)
nis a, ¢, g, ort

misc. Teature

(111). . (111)
nisa, ¢, g, ort

“Page 1



<220> <221> misc feature <222> (4881..(488) <223>n s a, c, g, or t <400> 11
ddatcactcc cctgtgagga actactgtct gtatgagtgt ygtgcagceyt ccaggncccc aaccggtgag
tacaccggaa ttgccrggah watgccygga vatttgggcg tgccceeger a_aaggccttvtggtactgec
tgatagggtg cgtgcahcat gagcacrmwt cchaaacchc gcccacagga cgthaagttc ccgggygayg
cgcgcagggg cccnmvdttg ggtgtgegeg cheghggnag <210> 12 <211> 29 <212> DNA
<213> Hepatitis C Virus <220> <221> mlSC% _geature <222> (_,62,5@ tcacgcagaa
agcgtctagemtggcgtta ccctececcggg agagcecatag ?ggtctgcgg gaccgggtcc tttcttggat
daacccgcﬁ%:zéiga @ﬁ‘g ﬁﬁﬁagtagyg ttgggtygcg cttgcgagtg cccologagg tctcgtagaC
aaagaaaadrcadamgwaac aceaaccgyc ghcagatcgt tggbggagth tacbtgttgc cgacnaggaa
gacttcbgapgggtcncarc Page 4 Nucleonics sequence listing vb.txt <223>nis a, ¢, g, or t
<400> 12‘%@90@1@?‘% gatgat gaactggyc29 <210> 13 <211> 265 <212> DNA <213>
Homo sapiehs <46 Aaggtcgggc aggaagaggg cctatttccc atgattcctt catatttgca
tatacgatagb@.aaggctgtta gagagataat tagaattaat ttgactgtaa acacaaagat attagtacaal20

aatacgtga%@*agg@ggﬁaa%%atttctt gggtagtttg cagttttaaa attatgtttt180

<Z?3> nis a, ¢, g, or t

<400> 3
aaggectrre tvhgtmaaca rtaymtgmme cittaccceg thgeymggea acggychagy 60

ctrtgccaag tgtitgctga cgcaacccce actgghtggg gottggybat nggocatcers 120
cgcatgegtg gaacctttbn gkctectotg cogatccara ctgoggaact cctngengeh 180

£gtitygete gcagomggtc tggrge 206

<210> 4

<211> 119

<Z212> DHNA

<213> Hepatitis 8 virus

<400> 4
yactgttcaa goctcaaget gtgeclttggg tggotttrgg rcatggacat tgacmcktat 60

gaagaattig gagctwcigt ggagttacte todtittige cftoygacit ytttootec 118

<210 5

<211> 101

<212> DNA

<213> Hepatitis B virus

<400> 5 .
cqabgcaggt cccctagaag aagaactccC tcgoctogca gacgmgrict caatogmege 60

" gtcgcagaag atcrcaityt cgggdatcty FAtgttagrat -30%-

<210> &

<211> 99

<212> DNA .
<213> Hepatitis B Virus

<400> 6
abgcaggtco cctagaagaa gaactcectc goctegcaga cgmgrtctca atcgmogegt 60

cgcagaagat crcaatytcg ggaatctyaa tgttagtat : 99
<210= 7

<211> 100

<212> DNA

<213> Hepatitis B Virus

Page.z



aaaatggact atcatatgct taccgtaact tgaaagtatt tcgatttctt ggctttatat240 atcttgtgga
aaggacgaaa caccg265 <210> 14 <211> 51 <212> DNA <213> Artificial <220> <223>
eiRNA encoding sequence mapping to HBV-AYW coordinates 788-808 in Genebank
accession # V01460 <400> 14 cgtctgcgag gcgagggagt tagagaactt aactccctcg
cctegcagac gl <210> 15 <211> 51 <212> DNA <213> Artificial <220> <223> eiRNA

encoding seéquence mapping to Nﬁ,\gqﬁb\qwscgg{gggageﬁgpﬂ,@zi #sGenebank

accessior4%01460 <400> 15 ttcttcttct a acct gactt gca CCC taggagaaga
a51 <21054%6%9919 SEESY ﬁﬁc&ccﬁtl%% gtrtl%lu 1< 5%3 <223> e%%ﬁl A encoding

sequence - faspneg fé%WA“(W%éb‘?Hﬁﬁé‘t%tfﬂgitBll in Genebank accesstof #
V01460 <400> 16 aagccaccca aggcacagct tagagaactt aagctgtgcc ttgggtggct t51 <210>

17 Page 52]1%1%051Nucleonlcs sequence listing v5.txt <212> DNA <213> Artificial

<21Z2> DNA
<213> Hepatritis B virus

<400> 8
. gabgcaggtc ccctagaaga agaactecct cgcctcgcag acgmgrictc aatcgmegeg LetH

togeagaaga totcaatytc gggaatcitya atgttagtat 100G

<230> 9

<211> 104

<2712> DNA X .
<213> Hepatitis B virus

<2 20>

<221> misc_ feature

<222> (.. (D

223> nis a, ¢, g, or t

<220>

<221> misc_Ffeature

<222> {38)..(38)

<223> n is a, €, g, or t

<220

<221> wmisc_feature

<222 (.. (T

<223> nis a, ¢, g, or

<220>

<221> misc_feature

<222> {7%)..(7%)

<223 ndis a, ¢, g, or t

<400> 9
" Ttggybatag gccatcr‘scg” EArHegTaga arrrribirglk - creetctgee - gateeatack - - —b0- -

gcggaactee tngongchtg tttygctcgc agcmggtctg grge - 104

<210> 10

<«211l> 71

<Z212> DNA . i
<213> Hepatitis 8 virus

<220 :

<221> wmisc feature

<222 (71D .. (71}

<223> nisa, ¢, g, or ¢

<400> 10
ctgccaactg gathethege gggacgtect ttgtytacgt ceegrergeg ctgaatcchg 80

page 3



<220> <223> eiRNA encoding sequence mapping to HBV-AYW coordinates 1299-1319
in Genebank accession # V01460 <400> 17 caaggcacag cttggaggct tagagaactt
aagcctccaa getgtgectt g51 <210> 18 <211> 51 <212> DNA <213> Atrtificial <220>
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 1737-1757 in
Genebank accession # v01460 <400> 18 ggattcagcg ccgacgggac gagagaactt
cgtccegteg gegcetgaatc €51 <210> &%ﬁeg&%? 31 5‘;32“1(:2>TE)SN_E,%} <2V _35)(@rtificial <220>
<223> eiRiyAcencoding sequence mapping to BV-AYW coordinates 1907-1924 in
Genebank accession # v01460 <400> 19 ttccgcagta tggatcggca gagagaactt ctgccgatcc
atactgcg%ﬁ?l §%10> 20 <211> 51 <212> DNA <213> Artificial <220> Z223-> alRA-en
bidit0--S-Mff¥rnapriatng to IIRV-AYW-toor-d4nates-19 1,1932 in Genebank accession #
V01460 <4btr> 20reaGtAtggat Béfgcagagga gagagaactt ctectetgee gatccatact g51 <210>
21 <211> 51 <212> DNA <213> Artificial <220> <223> eiRNA encoding sequence
mapping ié%@ﬂa\/,ﬁﬁyﬂgg,%dinates 1943-1963 in Genebank accession # V01460

<222~ (86)..(86)
<223> nis &, ¢, g, or ¢

<221 mwisc_feature

<222 (434)-.(434)

<223 nis a, ¢, g, or t
<220~

<2l1> misc_feature

<2)2. (455)..(455)

<3 nmois a, ¢, g, or

<30 misc_feature
«X22> (476)..(476) ]
<23 nis a, ¢, g, or t

<221> misc_feature
<220 (4@8)..(488)
<223> nisa, ¢, g, or t

<{00> 11
ddatcactcc cctgtgagga actactgict tcacgcagaa agegtotage catggcgtta 60

gratgagigt ygtgcagoyt ccaggncoccoc cootcccgygy agagocatag tggtotgogg 120
aaccgygtgag tacaccggaa trgecrggah gaccgggtce tttottggat daacccgete 180
wargooygga vatttgygog tgoccccgor agacygotag ccgagtagyg ttgggtygeg 240
.2aaggccteyg tggractgeo tgatagggtg ctigegagta ccocgagagg totcgtagac 300
cgtgcahcat gagcacrmwt cchaaacchc aaagaaaaac caaamgwaac accaaccgyc 360
gcccacagga cgthaagitc ccgggyggyg.ghcagatcgt tggbggagth tacbtgttgc 420
cgcgcagggg ceonmvdttg ggtgtgcgeg cgacnaggaa gacttchgar cggtencarce 480
cheghganag _ 490
<Z210= 12

<211> 29

«212> DNA
<213> Hepatitis € virus

<220>
<221> misc_feature
<222> (6)..(6)
Page 4



<400> 21 tccacgcatg cgctgatggc cagagaactt ggcca cagc gcatgcgtgg a51 Page 6
Nucleonics sequence listing vS.txt <210> 22 <211> 51 <212> DNA <213> Attificial
<220> <223> eiRNA encoding sequence mapping to HBV-AYW coordinates 991-2011
in Genebank accession # v01460 <400> 22 tgcgtcagca aacacttggc aagagaactt
tgccaagtgt ttgctgacge a51 <210> 23 <211> 51 212> DNA <213> Atrtificial 220> <223>
eiRNA encoding sequence mapping:to:kbBV=A¥\kcoortinates 27912811 in Genebank
accessionH01460 <400> P3%ahacgccge agacacatce aagagaactt tggatgtgte
tgcggcgttt&%ﬁ}x210> 24 <211> 51 <212> DNA <213> Artificial <220> <223> eiRNA
encoding SETBHEE MESBME o BEVARYW coordinates 2791-2811mut in Genebank
accession #.Y01 go <400> 24 aaaacaccac acacgcatcc aagagaactt tggatgcgtg tgtggtgttt

t51 <210>2h22%1s 51 <212> DNA
<212> DNA .
<233> Homoe sapiens

<400> 13
aaggtcggoc aggaagaggy cctatttcoc atgaticott catatitgca tatacgatac 60

aaggcetgtta gagagataat tagaattaat ttgactgtaa acacaaagat attagtacaa 126G
aatacdqtgac gtagaaagta ataattictt gggtagtitg cagttitaaa attatgtitt 186
aaaatggact atcatatrget taccgtaact tgaaagtatt togattictt ggoittatat 240

atolttgigga aaggacgaaa caccg 265

<210> 14
211> 51
<212> DNA
<213> artificial

<220> . .
<223> eiRNA encoding seguence mapping to HBV-AYW coordinates 788-808 in
Genebank accession # V01460

<400> 14 )
-cgtotgegag ¢gegagggagt tagagaactiy aactocctog ccteglagac g 51

«210> 15
<211> 51
<212> DNA
<213> Artificial

<220>

<223> eiRNA encoding sequence mapping to HBV-AYW coordanates R07-827 1in
. Genebank accession # V01460

<400> 15

ttettettet aggggacctyg cagagaactt geaggtocce tagaagaaga a 51

<210> 16

<231> 51

<212> DHA .
<213> artificial

<2205 '
<223>_ eiRNA ehcoding sequence mapping to HBV-AYW coord1nates 1291-1311
. in Genebank accession # v01460

<400> 16
aagccaceca aggeacagot tagagaacti aagetgtgoc ttgggtggct T _ 51

<210= 17
page 5



52137 <22D> <223> eiRNA encoding sequence mapping to HBV-AYW coordinates
2912-2932 in Genebank accession # V01460 <400> 25 ttgagagaag tccaccacga
gagagaactt ctcgtggtgg acttctctca a51 <210> 26 <211> 51 <212> DNA <213> Atrtificia
<220> <223> eiRNA encoding sequence mapping to HBV-AYW coordinates 2919-2939
in Genebank accession # V01460 <400> 26 Page 7 Nucleonics sequence listing v5.txt

aagtccacca ¢gagtctaga cagagaactt gtetagactc giagtagact 1o, 52,;95(37 <211>101
<212> DNZA;£2132Hepatitis ¢ virus <400> 27 tttggtggct ccatcttage cctagtcacg
gctagctgtg<aamggteegtgagecgcttgb0 actgcagaga gtgctgatac tggcctctct gcagatcaag t101
<210> 28 s2k1> 29 <212> DNA <213> Atrtificial <220> <223> siRNA encoding
sequence fA&ppirg e e%mosfehl,epa«titmﬁwﬁus «400> 28 getaaacact eeaggeeaat
acctgtctc29 <210r§’2 e“<‘§f} PGPS DRI 13> Artificial

<A0(> 17 .
Caaggcacag ctiggaggot tagagaactt aadcctccaa getgtgectt g 51

<Z2i0> 18

<Z21l> 51

<Z2i2> DNA

<213> aArtificial

<2 20>
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 1737-1757
in Genebank accession # v01460

<%00> 18
ggaticageg cogacgygac gagagaactt cgtoccgtog gegetgaate © 51

<210> 19

<21l> 51

<212  DNA

<213> Artificial

<220>
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 1907-1927
in Genebhank accession # v01460

<400> 19 :
ttccgeagta tggatcggca gagagaactt cigecgated atactgcgga a 51

<210 20
<211> 51
<212> DNA
<213> Artificial

<223> ‘éﬁﬁﬁi"éﬁ&ﬁﬂ?ﬁﬁ"§§ﬁﬁéﬁt§“ﬁ3ﬁpfng“TD*ﬂBV=ﬁ¥Mﬁﬁ@aﬂdinatesmiﬁilzl932
in Genebank accession # V01460 : ’ :

<400> 20 .
cagtatggat cgycagagga gagagaactt ctectotgoe gatecatact g 51

<210> 21
<211> - 51
<212> DNA
. <213> Artificial

<2205 o
<223> eirNA encoding sequence mapping to  HBV-AYW coordinates 1943-1963
: in Genebank accession # V01460

<400> 21 :
. tccacgeatg cgotgatgge cagagaactt ggccatcage gcargegtgg a 51.

Page 6



<220> <223> siRNA encoding sequence mapping to X region of Hepatitis C Virus
<400> 29 tcctttggtg gctccatctt acctgtctc29 <210> 30 <211> 29 <212> DNA <213>
Artificial <220> z223, StRNA- encodtng sequence apping-to-X-reg,ion-of:Hep it- <400>
30 gctccatctt agccctagtce acctgtctc29 <210> 31 <211> 29 <212> DNA <213> Artificial
<220> <223> siRNA encoding sequence mapping to X region of Hepatitis C Virus
<400> 31 tcttagccct agtcacggcet acetgtetc2e <2d@»3@21Pades8v Nexieonics sequence
listing v5.1¢4 211> 29 <212> DNA <213> Atrtificial <220> <223> siRNA encoding
sequencg@%ppm to x region of Hepatit

<2313> Artificial

<220 . . o
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 1991-2011

in Genebank accession # v(1460

<400> 22 _
tgcgtcagoa aacacttygge aagagaactt rgocaagtgl tigetgacge a 51

<210> 23

<21%> 51

<212> DNA

<213> Artificial

<220 i
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 2791-2811
in Genebank accession # V01460

<400> 23 ) _ _
aaaacgccge agacacabco aagagaactt tggatglgtc tgoggoghti ¢ 51

<210> 24

<2311> 51

<212> DNA :
<213> Artificial

<220> .
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates
2791-2811mut In Genebank accession # V01460

<400> 24 : ;
aaaacaceac acacgeatel aagagaactt tggatgegty tgtggtgrit T 51

<210> 2%

<Z211> 51

<212> DNA

213> Artificial

<220> e
<223 eirnA encoding sequence mapping to HBV-AYW coordinates 2912-2932
in Genebank accession # V(1460

<400> 25 : _
ttgagagaag tccaccacga gagagaactt ctegtggigg acticictca a . 51

210> 26
<211> 51
<212> DNA
<213> Artificial

<220 .
<223> eiRNA encoding seguence mapping to HBV-AYW coordinates 2919-2938
An Genebank accession # V01460

<400> 26
Page 7



C virus <400> 32 cctagtcacg gctagctg g acctgtc c29 <210> 33 <211> 29 <212> DNA
<213> Artificial <220> <223> siRNA encoding sequence mapping to X region of
Hepatitis C Virus <400> 33 ctagtcacgg ctagctgtga acctgtctc29 <210> 34 <211> 29
<212> DNA <213> Artificial <220> <223> siRNA encoding sequence mapping to X
region of Hepatitis C Virus <400> 34 cgtgagccgc ttgactgcag acctgtctc29 <210> 35
<211> 29 <212> DNA <213> Artifigiak <220 sc223wsiRNA pncading sequence
mapping 16X Y85 Gf LHEpHitiS EWMIS <4682 B St ghiaFrTHcitdrerge acctgtetci2-9
<210> 36<§fgl>1>2?9 <212> DNA <213> Artificial <220> <223> siRNA encoding
sequence:mapping to X region of Hepatitis C virus <400> 36

<232> DNA
<213> Hepatitis € virus

<400> 27
Tirggtgoct ccatchitage cctagtcacg gotagotgtyg aaaggiccgt gagoogortg 60

actgcagaga gtgctgatac tggoctctet goagatcaag + - 101

<210> 28

<211> 29

<Z212>  DNA

<213> Artificial

<220>
<223> siRNA encoding sequence mapping to X region of Hepatitis ¢ virus

<400> 28
gctaaacact ccaggecaat acctgtcte ‘ 29

<210> 29
<211l> 29
<212> DNA
<213> Artificial

<220
<223> SiRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 29
tcetttggtyg gotccatort acctgtcte 29

<210~ 30
<Z211> 29
<212> DNA
<213> Artificial

<220> .
UTRZ23F RTRNAC encodting . sequence mapping to-Xoregion-of Hepatitis. &-Vieus

<400> 30 : :
gorecatett agocctagic acctgtote : . 29

<210> 31
<23il> 2%
<212> - DNA
<213> aArtificial

<220> .
<223> siRNA encoding sequence mapping to X region of Hepatitis € Virus

<400> 31
tettageoct agtcacgget acctgtctco . 29

210> 32
Page 8



actggcctct ctgcagatca acctgtctc29 <210> 37 <211> 21 <212> DNA <213> Atrtificial
Page 9 Nucleonics sequence listing v5.txt <220> <223> siRNA encoding sequence
mapping to X region of Hepatitis C Virus <400> 37 ctggcctctc tgcagatcaa2l <210> 38
<211>21 <212> DNA <213> Atrtificial <220> <223> SiRNA encoding sequence
mapping to X region of Hepatitis ¢ virus <400> 38 tgcagagagt gctgatactg g21 <210> 39
<211> 21 <212> DNA <213> Artificial'«@2@> <22@»<iRNAiencsding sequence
mapping t@%iéfejsm of Hepatitis C Virus <400> 39 tgagccgctt gactgcagag a2l <210>
40 <211>2032125iHNR £213> Artificial <220> <223> siRNA encoding sequence

mapping teexoregion of Hepatitis ¢ virus
<223» siRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 32
cctagteacy gotagorgtg acctgteto 29

<210~ 33

<211> 29

<21Z2> DHNA

<213> artificial

<220> .
<223> siRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 33
¢ragtcacgg ctagotgtga accrgictc 2G

T<210> 34

<211> 29

«212> DNA

<213> Arvificial

<220> -
«223> siRNA encoding segquence mapping to X region of Hepatitis C Virus

<40¢> 34 :
cgtgageege ttgactgoag acctgicec 29

<210 35

<211> 29
C<212>  DNA

<213> Artificial

<220> . _
<223> sirRNA encoding sequence mapping to X region of Hepatitis C€ virus

<400> 35
GETGatarTy’ geCtetetyge acetgtete ‘ T - - .t

<210> 36
- <21l> 28

<Z21Z2> DNA .
<213> Artificial

220>
<223> siRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 36
actggeotct. ctgragatca acctgickc : 29

- <210> 37
<211> 21
© <212> DNA
- <213>  Artificial
rPage 9



<400> 40 gaaaggtccg tgagccgctt20 <211> 21 <212> DNA <213> Artificial <220> <223>

siRNA encoding sequence mapping to X region of Hepatitis C virus <400> 41
tagctgtgaa aggtccgtga g21 <210> 42 <211> 21 <212> DNA <213> Artificial <220>
<223> siRNA encoding sequence mapping to X region of Hepatitis C Virus Page 10
Nucleonics sequence listing v5.txt <400> 42 ttagccctag tcacggctag c21 <210> 43

<211> 21 <212> DNA <213> Artifigiah 5220 5223 siRNA gnceding sequence
mapping tgx;region of Hepatitis C Virus <400> 43 tccatcttag ccctagtcac21 <210> 44

<211> 21R2E2>SHNA «28BmArkficiab<2203ng to X region of Hepatitis ¢ virus

<400=> 37
ctggocectc tgcagatcaa g 21

<230 38
<21i> 21
<212> - DNA
<213> aArvificial

<220> ’
<223> siRNA-encading sequence mapping to X region of Hepatitis ¢ virus

<400> 38
tgcagagagl getgatactg g 21

<210> 39
<211> 21
<212> DNA
<213> Arrificial

<220
<223> SiRNA encoding sequence mapping to X region of Hepatitis ¢ Virus

<400> 39 :
tgagcogott gactgeagag a 21

<210> 40

<211> 20

<Z212> DA

<213> Artificiail

<220
<223> SiRNA encoding sequence mapping to X region of Hepatitis C virus

<400=> 40 .
gaaaggtccg tgagocgott _ : 20

22105 4%
<21l> 21
<212> DBNA
<213> Artificial

<220>
<223> siRNA encoding sequence mapping to X region of Hepatitis € virus

<400> 471 :
tagctgtgaa aggtccgega g . _ 21

<210> 42

<211> 21

<212> DNA

<213> Artificial

<220 :
<223> siRHA encoding sequence mapping to X region of Hepatitis ¢ virus
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<223> siRNA encoding sequence mapping to x region of Hepatitis ¢ Virus <400> 44
ttggtggctc catcttagec c21 <210> 45 <211> 21 <212> RNA <213> Hepatitis C Virus
<400> 45 aaccucaaag aaaaaccaaa c21 <210> 46 <211> 21 <212> RNA <213>
Artificial <22.0 <400> 46 aacuggacuu ccagaagaac a2l <210> 47 <211> 2652 <212>
DNA <213> Bacteriophage 1-7 <400> 47 atgaacacga ttaacatcgc taagaacgac ttcaacactc

tggctgacca ttacggtgag catgagtctt altéjagritéey teraneadyetgesgytgatsg ttgcggataa

cgctgccgo@oﬁstctgaca tcgaactggc tgctatcccg cgtttagctc gcgaacagtt ggcccttgag
trageectag tcacggetag ¢

<23i0> 43

<211> 21

c<212>  DHA

<Z13> Artificial

<220
<223»> sSiRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 43
Tecatottag coctagtcac g 21

<210> 44
<21l> 21
<212> DNA
<213> Artificial

<220>
<223> siRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 44
Trtggtggote catcitagec ¢ 21

<210> 45

<211> 21

<212> RNA

<213> Hepatitis C virus

<400> 45
AaCCUCadag Aaadaccaaa ¢ 21

<210> 46
<211> 21
- <212> RNA
<213> artificial

<220>
a2Z3e A -G ERNA: -

<400> 46
aacuggacuy <cagaagaac a _ : 21

<210>= 47

<211> 2652

<212> DNA

<213> Bacteriophage 717

<400> 47
atgaacacga ttaacatege taagaacgac ttetcotgaca togaactggo tgotatceccg 60

ttcaacactt tggctgacca ttacggtgag cgtttagetc goegaacagtt ggoccttgag 120
catgagfctt acgagatggg tgaagcacgc ttccgeaaga tgtttgageog tcaacttaaa 180

getyggtgagg ttgcggataa cgetgocgoee aagectctea teactaccot actocctaag 240
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ttccgcaaga tgtttgagceg tcaacttaaa accactctgg atcggtcggg cacttcaaga geatttatge
tggtcttcgt attgagtcaa tctgagacta ctggctggea attactggtg agtaagaaag aacattgcgce.
atcaccaagt ccgatgaaac gccgctgcetg atgettgage gactggecgeg aaaggactge aaaatccacy
ttcattgagg :tggtgggctg gtacagcacc tctggcatcc ttgcttccta attctacaag aacactggtg
ctggcttacg tccaaagagt tccggcaagg atttgggaat gcatcaacga agttcctgea cttgectaac
ccattgagga aaaacgttga aagttgtcgaggeataagga;ceagaatggt igoaacieyc tetctccgat

gtggctattgt%%gtg@;g C& gtacggg%cgg]c &Q%%g%gg[gg: ca%gaagacat t taccgcaa aagcca%%aa
CiC

gtcgtgttta ttacgctgge gtgcaaact g aaaaccacga agcaagattc adguecigag agcactt
gtgaaaccyt éagacgciy 5%5%&%‘5%ﬁﬁcﬁ&@f&@@?ﬁté&@c@fé@étgﬁ%ﬁ@@é@cgt Page 12

Nucleonigssetuence tistingrvsstat totgety etasagotgetgye gctgaggteagagataagas
agactggagagatigiiceedtolangsgituce, clotosaligaotaapicst galggitics eiotgtagsa

ggaatacaag2a20 aageeialic a9acqeact oaaceloalg ticetedgic agtceqett,
acagcctacc2280 attaacacca acaaagatag cgag att at gcacacaaac aggagtctgg

tatcgctcc?ﬁ@ﬂﬁ%gétﬁ&?gé?‘é%%‘g%%%ﬁ@?%@féé%@é‘@%ﬁé@?ﬁé@%%twg 600
ggcacac@agZAorhdagtatega regakttititigeactgat caegavtocticggtacgatc 660
tccggctgacPdtigetgegpaca tgtcprange agigegeoas actolgolts acacalaige 720

gtcttgtga&%%ggmta%@&g&%@g&s&%%@%&%%C@ggﬂggc%gg%%[tctc 3 alggacgpazs80
atgccagcac ttccggctaa aggtaacttg aacctccgtg acatcttaga gtcggactt 2640 gcgttc%cgt
aa2652 $21453% §qa D115 ggff? é‘ﬁg FEONA LI R A ACEPLIZ02 4T 5399T7

Page 12

pcﬂynneréﬁ&§ﬁ5é%ﬁ§é GIRBIAETLG ggctaacggt cgtcgtccte tggogotggt gegractcac 300
agtaagaadqg cactgatgeg ctacgaagac gittacatge ctgaggtgra caaagegatt 960
dacattgegc aaaacaccgc arggaaaatc aacaagasag tectageggt cgocaacgea 1020
atcaccaagt ggaagrattg tccggtogag gacatcccrg cgattgagog tgaagaactc 1080
ccgatgaaal cggaagacat cgacatgaat cctgaggeic tcacegcgty gaaacgtgot 1140
gocgetgetyg 19tacdygcaa ggacaggget cgeaagietco gccgtatcag ccttgagtto 1200
atgcrtgage aagocaataa gtittgotaac cétaaggcca tctggttece ttacaacaty 1260
gactggcgcg'gtcgtgttta cgctgrgtca atgrtcaacc cgcaaggtaa cgatatgace 1320
aaaggactge ttacgetggce Qaaaggraaa ccaatcggta aggaaggtta ctactggetg 1380
aaaatccacy gtgcasactg tgogggtgic gataaggttc cgttccctga gegeatcaag 1440
ttcattgagg aaaaccacga gaacatcatg gcttécgcta agrclecact ggagaacact 1500

;tggtgggctg agcaagattc teegltckge trecrtgogt totgotiiga gtacgotggg 1560
gtacagcacc acggcctgag ctataactge ftocoricego tggegiitga cgggtettge 1620
totggoatcs ageactieic cgogatgotc cgagatgagg tagatggtcg cgoggttaac 1680
tTgoriccta gtgaaaccgt Tcaggacatc tacgggattg ttgctaagaa agtcaacgag 1740
atictacaag cagacgcaat caatgggacc gataacgaag tagttaccgt gaccgatgag 1800

‘aacactggtg aaatcictga gaéagtcaag ctgggcacta_aggcactggc'tggtcaatgg 1860
ctggcitacg gtgttactcy cagtgtgact aagcgttcag tcatgacgot ggottacggg 1920
tCcaaagagt toggcttcey tcaacaagtg ctggaagata ttattcagec agétattgat 1980
tccggeaagg grotgatgtt cactcagecg aatcaggotg ctggatacat ggcetaagetg 2040

‘atttgggaat ctgtgagcgt gacggtaggta gotgoggitg aageaatgaa ctggettaag 2100



<400> 48 atcactcccc tgtgaggaac atgagtgtcg tgcagectce ccggtgagta caccggaatt
tgcctggaga tttgggegtg aggcecttgtg gtactgectg tactgtcttC aggaccccce gecaggacga

cceceecgegag atagggtget acgcagaaag cgtctageca tggegttagt60 ctcccgggag agecatagtg

gtctgcggaal20 ccgggtcctt tcttggatga acccgctcaal80 actgctagcec gagtagtgtt

gggtcgcgaa240 tgcgagtgec ccgggaggtce tegtagaccg300 tgcaccatga gcacaaatce taa323
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Tctgotgeta
aagegitgeg
aagcctattc
attaacacca
aactrtgtac
aagracggaa
getgegaacs
gractggotg
atgeccageac
gcgtregogt
48

323
DNA

<210>
<Z211>
<212>
<213>

<220>
<223>

<400> 48

agotgctgge
ctgtycatty
agacgogert
acaaagatag

acagccaaga

tcgaatertt

tgttcaaage
atttctacoa
ttcoggctaa

aa

Artificial

Nucleonics sequence Tisting v5.txt

tgetgaggtc
ggtaactect
gaacctgatg
cgagatigat
cggtagccac
tgcactgatt
agtgcgcgaa
cCagricget

aggtaacttyg

T7 polymerase-based eiRNA

atcactccec tgtgaggaac tactgtcttce

atgagtytoy
ccggtgagia

. tgectggaga

aggeettgty

tgcaccatoga

tgeageetee
CRCCQYaare
trtgggegtg
gractgcctg

gCacaaatcc

aggacecccec
gccaggaéga
ceeeegegag
atagggtgﬁt

taa

aaagataaga
gatggtttcc
ttcctoggto
geacacaaac
cttcgtaaga
cacgactcct
actatggttg
gaccagtigc

aaccrecgtg

acgcagaaag
crcecgggag

ccgggtcett

actgctagec

tgegagrgoec

agactggaga
citgtagtggca
agtrecgett
aggagtctgg
ctgtagigtg
tcggtaccat
acacatatga
acgagtotea

acatettaga

cgtctageea
agecatagrg
tcttggatga
gagragrgtt

ccgyggaggtc
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gattortegce
ggaatacaag
acagcctace
tatcgotcet
ggcacacgag
tccggoetgac

gtctigtgat

attggacaaa

gteggactte

tggcgttagt
gtctgeggaa
acccgectcaa
gggtcgcgaa

tcgtagaccg

2160
2220
2280
2340
2400
2460
2520
2580
2640
2652

60
120
180
240
300
323



