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 |tﬁ@é¥§§Wﬁ‘PﬂJ@V W@%ﬁ%ﬁ@ﬁ@“ﬁﬁiﬁdﬁﬁ?&léhronmally
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 de@@@ﬁ%ﬁ@'&?@’ﬁﬂﬁé@lﬂ@ﬁlﬁﬁ@%@%@@éﬂ%@ﬂerences are not
yet clearly understeatedienctid hefesinaLsrantympeyans mepgashHEhantavailable

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‘é%ﬁfﬁ%%?ééﬂé%ﬁl@@mmb’mhﬁaﬁl Qmiﬁm'xaﬁit@en (HBsAQ)
for more than Gsionths2Ruchiicansiessaf WBVale iatneicases fiskfor soveloping

cirrhosis, hep%@@&gmmwe%é@@g@&@gL%&é&%%@% %tﬁéthg&%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 cal infeetiach pedsdmimr Fhiersiis dinesthémsmmproved
therapeutic agemmﬁ@etm‘irbatapa&@rm@mam&\fécu@ehlﬁéc%adm HEY #afection,

especially6 QgL YL IORCIPT Al o Deleg ogggount or 7o of al

D
cases of liver disease around the w here is alse an extreme Need jor prophylactic

methods and #FERE ‘@?@Bﬂ@é"a\’ﬁﬁm‘gﬁﬁ espuRiRneicvdrass et §s fsnperRries Mybrid,
heteroduplex, @rtinoditibeisrudldicratiusy havebchmie Jerbepecolfiirédvils extremely

valuable age'r_ms recorded subtypes, which vary 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. '



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, oligonucleotides acting through antisense mechanisms are designed to
hybridize to target mMRNAs, thereby 30modulating 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 3 RNA) isegé.'&?d SH B BINSPE s TR AAE A B R iR fEeproduce a
desired resultegagy, inbilstigribavidgmsorptioricomisiep pXitdygete et anather

approach to dsenuilizationyefasuciginacids asthesaneuticsds designrddedake

advantage of ribgzymes, in which a structured RNA or modified oligomer Is
designed to gftr&?d(?téo/{ggr)l?ﬁglo ’8?@ E:ri}o%% &-LfAR0e BRI a%g%?‘f%ioﬁ’r%‘i?é’ga‘ﬁ’ésired
result, edy., @r§aRsdedvaderAtraeiier DN taienaitMusiatiterg its

expression. Meeleiciaeitadmayalpat usedsasmuprAiZIng agents, e.g., by introducing
DA molecules infayfiiedips eman fElls Rl 4\ aloRniam. hat expresp proteins capable of

10 eliciting an immune résponse. Nucleic acids may also be englneererac?o encode an
RNA with antiéendds ABDsIRE 6 fRosxiiptionenorasidrsiaue Rronigsdy is translated
to produce préteiedsyithatehaveHiotbgicahhenclioawidsetivesenitythe-phenomenon of

RNA ofdoublarsirandachRNAJREsBN AN Meriates 98n608anaing9as feen

recognized, wherehy dsR omplementary to a region of a target gene in a cell or
organism int%%ﬁtfg ﬁﬁi@é‘%ﬁ”ﬁf {H%?aarrg?e?'bgﬁ@@%‘é%e%ﬂ“% 89789619, published 1
July 1999, Fifé"Eraldeiinedass:6506 BEYiviGenativtithiBisofoby Dogate-Stranded RNA;
" VYO oollasaeg-szxmam@dsaamdmmsgj@@ﬁﬁéﬁﬂ@ﬂ%ﬂ%@%@%ﬁh@%ﬁ@@ff
~ Polynucleoti " P nd Satjshchandran; and U.S.S.N. 60/419,532,
filed Octobe?%S%%%%%‘S g@ﬁﬁﬁﬁ%ﬁ%lﬁ?@é Ser?gosrﬂg%%?r%?nmﬁpzq%ge %%ﬁ?ﬁg%?ﬁfons
providify arfAi9888epAfRHg BBl s e asraNRoneRple eeniqatigle extremely
valuable thefrapetitioranbéprifirophytsctic agfonil ageings sdralinieeiendackiding HBV
and/or 25 HegM iﬁ@d%%%&ﬁrﬁﬁ%ﬁ@%ﬁ@ﬂ@EiQégQéeéﬂc%l:—sCﬂr?@-%UBoY and/or HCV
o

infection. S%M'OM':A&RP( @g licants' disclosure provides a me for mhﬂ:)lting expression
- of30a porynucpeo% é ‘gﬁ%ﬁ%g’%ﬁﬁepaﬂtis B virus in an in vivo mammalian cell
comprising administerng 0'eaidadihardaslessrantic doRAeiffeibtoirmolecule

compriging pacetieastdthgantgHenshass naiy lﬂ#@éﬁ@ﬁl%pééﬁg%‘v%ﬁcf rom within a
NOS, Se0 TN Be T R B A2l o oo B 02, SO
ID NO:9, anYSEBSN 1! pareds. Jhssipstiwmuctdiemaneepfeferred embodiment
“of the 5 methoghgfieiioicsenisencesiamsmanathanpeeBRQ ID sequence may be
administered to t ; l,and/ h ne_effector sequence from within the
‘'same SEQ ID segﬁlé%r?‘i;g%rﬁ% %%Ba nﬁll%}ggeﬁrjie’ﬁ{%%ﬂ&segeﬁe %ﬁ%’%ﬂplf@g @e‘ij’nethod

fu rthelzarovm‘géeic‘f ﬁf&%?f‘l’ﬁrqﬂﬁﬂﬁﬂﬁ& recognized as exiremely 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



10 expression of a polynucleotide sequence of hepatitis C virus in an in vivo
mammalian cell comprising administering to said cell a double-stranded RNA effector
molecule comprising comprising 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 140:12; wherein U is 15 substituted for T. In a preferred embodiment of
this aspect of the method, effector molecules from both SEQ ID NO:11 and SEQ ID
NO:12 may bgredniinissigred to el sameoccsli-aratioehiié thegetinepeifiector molecule
from within thgeggerg? §&Qe:§e&h§ﬂ%% Qﬁ%ﬂggﬁﬂ%%r@gngqﬁggw Il Applicants'

method further provides A or inhibiting 20 expression of both a golynucleotide

_ r
sequence of ﬁ@?ﬁﬁﬁt@%r%‘d&%ﬁ@e&ﬂ@@‘i’ﬂ%‘%BH‘EfS‘%éaﬁ%r%eiWﬁ%%gﬁﬁs C virus in the
same in vivo sesigtaalianice hocontprisiighadymieistevivg € s aidckiicd fdbREBtranded -

RNA effe@"ﬁ%‘&&ﬁﬁé‘Lﬁiéb%%?E?B&@Jgﬂ@!&slﬁﬁ%t#mm%@mmsﬁg@adwucleotide
sequence from within a’ sequence sele_ct%d from the groupféS consisti f SOITEQ ID

1140:1, SEQ |B\ul9cKR B 9PPEA G 38 E r‘?ﬁ“@]&%‘: RGE9%EEG B 140:6, SEQ
ID 140:7, SE@d DINOtSgSEQd DhaAbighitngl S EQ19a: N daersiHINRY @iSstituted for

T, and a double;stranded RNA:gifasiornole chlercomprisinunasacprdiet igast 19

contiguous base pair nuclegtide sequence f withi ted from the
group 30 conSR Rt G %rlféﬁfﬁj%ﬁ'b:gﬁagﬁ é%%efﬁfi%o%ﬁfgﬁﬁggﬁﬁ%%?g substituted for

T. In preferredicititgadiinentsdfthpopash v demeciis oY e MFERERsABR Ies from
more than ong,efSERARA 4AH dhresal SEE;IRC] 40 Tfienaativiiieadministered to the
%ﬂo%%&%%r&%“@ Haand SERJRNO:12 may

same cell; and/or eff r,molecul s1f
be administePé%ﬁrFﬁr%ﬂgatrrﬁ%Qg’(j%i%ﬁ or more than one effector molecules from within

the same SEGQMHIMO may be administered to the same cell. 5Applicants' disclosure
further provides a gasnpasitatyfahénitibitimgthe ekFssiodofidepiigndeiddide
sequenge of NRRALIIS B yirls DR ke dnaRRRaiAR CRIhERMRIHRIRGRAISRNA

double-stranded RNA effector mol_eculﬁ comgrisin an %telnaasg rl'% I&g{gtigﬁ}g{l@ base pair
" nucleotide seQERSHEHY JRRIFPALLLRREES SRy From the'group consisting of SEQ
ID NO:1, 10 SE@4BdNOf hHSEQIING BeSEQ I BRGH3ZH S mkye Sty 1D NO:6,

SEQ ID NO: 7655 @ilDeND: &inak X!, 583§ @ndepief IPhBoh®iyvinetdin U is

substituted for, T. Preferred &l j S. (o] [tion, i in.effector
molecules froéﬁar?l%(?g %1%1 (ﬁ?@%ggg% [ﬁ%%%r%ﬂt?&% S Qé?ghlgg):}ﬁgﬁa%%g;sent in
the confbsitfbaFanetion afRekmurtertinanasnsRe cRathyk A AR WRhin the
same SEQ IRN® is preseniindmeraepdsitisher 18, 20(2)lickRisAdiselisaregfineher
provides a composition.f irr\}igQg}ﬁ#@ﬂ@ﬂ%mﬁg)gr%%g{wQ@g@quence of

IVO mamm ouble

. Cing, U d

~ hepatitis C virus in qn'in v ) alian cell comprising a -stranded RNA
effector moletABIRIdsRNAs g AR FeAePIe sl RMR S NGRS
sequence frogditipinshgrgte agerdes legtedifvon itHecroupdodsisiitit)/cr8RQ ID NO:11
- and SEQ.ID NQ:A2: in A ' keed embaginantsof the ‘

compos%on H%ﬁpﬁ%?ﬁ@?ﬁ%ﬁ?ﬁﬁﬁﬁ@{gﬁ% SEQ ID NO:11 and SEQ ID
NO:12 are pr‘é@é(df‘ﬁ?ﬁﬁ&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 pramigegggomposition for inhibiting the expression of
both a polynucleotide sequence of hepatitis B virus n% .ogf ucleotide sequence of
hepatitis C virus in APsratasnARGEPTHERYIFS 3 %ﬁ’% %EW |§5"éq§(’)(ﬂiﬁ%_s-'§??§ﬁded
‘RNA effectormolgtiectiom praimgee firstendiiissh 1usoftRjLEi vy b apaaiaeslotide
sequence frogmwikiRyhsrfisReRSalesiREaMIBIRIgrsHmonsisingietBEQ ID NO:1, .
SEQID 6 NO 2 SR Romensis an aPiens 13 eGP Bar RRBHO:6. SEQ 1D



NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:10; wherein U is substituted for T;
and a double-stranded RNA effector molecule comprising a second at least 19
contiguous base pair nucleotide sequence 5 from within a sequence selected from the
group consisting of SEQ ID NO: 11 and SE® ID NO:12; wherein U is substituted for T..
Preferred embodiments of the composition include wherein effector molecules from
more than one of SEQ ID NO:1 through SEQ ID NO:10 are present in the composition;
and/or wherejn effector majatlesiqneReta HEQJ N2 k& aosh SEQIEY NO:12 are

present in the com osﬂm;ggﬁié?% {\évzaerzg'ér&%w tgagé%gﬁ}%qgg%gﬁng\]r@%‘from

within the saflets -@j?ﬁ sent in the tomposition., In particularly
preferred embadinterts@faHe dbole mEHBE Mt SRpI=itiHe arthetdidtosure, the
polynucleotide segugnce;is RNARd:Ea theTmamnnpalienabibadiuenas tell

Further provided are compositions for inhibiting the exnregsiop, Qf, gg&érmg_l,eotide
sequencé of ‘P?@Bﬁ’ﬁ%i?@%?ﬂgeﬁﬁ 5t a %%@%%%ﬁ%e sequence of%i‘epatitis C virus in

mammalian ¢ellsdmineteiaddaithesaposiEbraeorpRSEN PRaLedd SERIHESUS

nucleotide segyienseiRd selaaedion wihirGE @APHN GdinthiergH SEQ $87R0:12,, the
.complement sequences of SEQ ID NO:1 through SEQ ID NO:12, and mixtures of these
' sequences. FFthis embodiment of the disclosure, the "an at Iea,sh:é)_contiguous
nucleotide sequené’@bﬁ@@?@féﬁ@ﬁwqjme&ﬁéomeﬂW%%@ '@8feferably human.
Also proyjded;qie Sxiessipanihcensictscamprising aiip 67 thesdfioremefioned.
compositions andmaa namr gli%%ﬁgngcgmggi@gn?agg EXPIRISIQRON8SHHSdSd Ina
first aspect, HER"S provided an isolated polynucleotide s uenc corpéarti)sigg a
sequence sefidfedifroier SEilErHe REFPATRLYRAPEE S R?%i@f goﬁ?lne{ Second aspect,
there is provigieg aaiiselatetqolyaueieatitiersedhiere eomprsiflg Hef R des 1-19,
S b S A SEAIANO 4 ough
polynucléotidaRetieAderdo Mﬁr%ﬂﬁf]?%r‘éeé%%né%%gngg ggtgjji #r%srﬁég%éb %I% r(I?]\Iécfgl!cl}cjf through
SEQ ID NO: 2feAnothelreriesduimatiobiie MR reFRaEL NP PR R otide
sequence CogpKiSIngAHGERtdesL-40; baa/ck-Rbrini eheddfmid-Rolafiesequence

selected from SEQ,ID NO:14 thr : mRag) of the
disclosure provfBedts %8?%%§g§9§ E%e%)a 2%5 %%@n%?é%ﬁan af Iém}:;‘ﬁgig
u

[
contiguous base pdiepisclistinetbed fefe REMARRANTS! AU cted from SEQ
ID NO:2p thrayghSER IR diRxdbiinetbstidnsbquimentidfapriidid idarenfrvides a
composition for inhibiting 5 the expresgion gl aPalvRucRetidmsaguence of hepatitis C
virus in a ma?nrxalﬁar_] celr, C(ﬁﬂp_rlslng a double-stranded Fée %fgggﬁqutgggl ule
- comprising aﬂi\%ﬂma@m@&&ﬂi@%ﬂg%ﬁg@'Bﬁf?ﬂ‘?:%lté’o%aéde S d“uence ffom within SEQ
ID NO:27; wipgyriattddssHisitute ddopfisit BRIERDESTR FTNIDN GPFE palr
SEQUENCE%C%% 1D, NOL hroaR REQJ BNRAQ epasamcronRageg regions of
the hepatitis B'genome. o N
pf25 cogsisting of SEQ 1D NO:1, SEQ 1D NO:2, SEQ ID NO:3, SEQ ID NO4,
SEQ D NO:5, SEQ-ID 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; and a double~stran’ded‘
RNA effector molecule comprising a second at least 19 configuous base
pair nucleotide sequence from within a sequence selected from the group
30 consisting of SEQ ID NO:11 and SEQ ID NQ: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 1D NO:10



SEQ ID NO:11 and SEQ ID NO:12 represent conserved regions of the hepatitis C
genome. 15 SEQ ID NO:13 represents the nucleotide sequence of human U6 promoter.
SEQ ID NO:14 and SEQ ID NO:15 represent eiRNAs that have HBV sequences
mapping within SEQ ID NO:5. SEQ ID NO:%6 and SEQ ID NO:17 represent eiRNAs that
have HBV 20 sequences mapping within SEQ ID NO:4. SEQ ID NO:18 represents
eiRNA that has an HBV sequence mapping within SEQ ID NO0:10. SEQ ID NO0:19

through SEQ, D NO:22 represent RNASL AN hau HRYseaRImRS MapHIog ithin

SEQ ID NO:3. 2V5 SEQ ID N0:23 and SEQ.ID NQ:24 represent eiRNA t have HBV
sequences n%%ﬁl% tﬁ?rﬁ%@ﬁé@%%‘%ﬁ“ﬁp ’%ﬁrﬁ@ﬁg\ ?ﬁ%g%gnf’epresent
eiRNAs that hasleriR\ sequencetariappipigaviesificS EGD RS SEG {27

represents the . X s edioniabibe by ShEReB0 SEQ ID NO:28 through SEQ ID NO:36

represent sSIRNAs mapping to the the HCVY 3'UTR., 8 SEQ ID NO:37 through SEQ ID
NO:42 rpresent sTARAETHB SUTRg o En0e ghs s ey 00 PRIEER K0 5
represents amsiRdsR M FrIAlBciReiFEsEEETRceSE BPEIRRG: XB YR Praldntd an siRNA
mapping to |amiRxaIak iRV kgepiesenrtsithelidtiNA pitiproeradecgene. SEQ ID

NO:48 represents a. T7-based el s codin irni :
DESCRlPT|Bﬁ“ﬁrf‘?%ﬁ“ﬁi?%ﬁ%%%xﬁjgﬁee i dgp%%@g%gc%%ﬁgﬁn%g -

placement of kil RIMETSEIFHRHISETRBMBEPUR T FHNA R ErAsE showing
inclusiomof pimeiRASEY (RMES, SEQ ID NOghreERIDAgraphshdwiNg:FBsAg

inhibition corgesponding i gatasleiundse Tale:3; and SEQUIARIS @ GraRBishowing
HBsAg inhibition corresponding to data found in Table ?’i 20Firgu‘re.4 iS.a %rggwh showing

'HBsAg ‘inhin(%Sé@ﬁtg’é e 9 l%nafgféed embodlments of the composition inc
o : Wherein effector molecules from more than ons of SEQ ID 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 double-stranded RNA effector molecule

.20  comprising an at least 19 contiguoué base pair nucleotide sequence_from
within a sequence selected from the group consisting 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 configuous base pair nucleotide sequence from within a
"__sequen'ce selected from the group sonsisting of SEQ §D NO:1, SEQ 1D



found in Table 4. 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. 9 Figure 8 is a graph showing HBsAg
inhibition corresponding to data found in TalSle 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 dOWﬂEﬁ%“%@@é’NH.%}’s%NM@QNQE@Gm HBI0S, EQYHISNO:6, Sl 12 is a
‘graph showing showing HBsAg inhibjtiqn carres in iy Lable 12.
N VBT B0 R o DRy N B D670, 5. and

15Figure 13
20 pmole of thenidiaritifidor SiRNAs, desilestipead R ASfeReMAEHSeriment 1 of
Example 2: Figure: 14 s, aWestemdBletshawingdayelsseheiomidistisepretemat 20(I to

r 0, 9, and 20 pmo]e of the identified SIRN , 'core”
positive ContfBIGHRA 2SHEERAEST ?ﬁkﬁddo%rﬁ%%ﬁg%%r%fﬁ lg g? ng%}mple 2,

eta -
DETAILED DESCRIAT &R BrNCHI2INRERITIOR S BRIt erBIRETRNAI) is the
process of seguensemsReeifiseRasipranseiplieralyeninsientingdetdestrptional
gene silencing in animals a ML Sstapded RNA{GSRNIA) that
is homologod%olff?ée%fb8ﬁ%g?t%$é@%§bﬁe%%%ﬁ.§§%@§ RNﬁji%\e enc &t ina
sequence spedificonitiemerdive IR RSTEERIITRBE S 1WRY ég‘{%@) 3% S(Eicific to its
target. \isal garosees iorfiuarioble jesssimimpdatersitistannd/to whemiesirethe

environment. While H \64 _gg&(&(ﬂ%%gg{m%igﬁ@@%%@gg@ﬁ{pﬁﬁwm, the

n
variability an(t‘f MUtaBift y 8?0{ 6 viruses 10 and the high rates of transcription of the

viruses make@BAEECYWESRallenging targets for any therapeutic and/or
prophylactic approa¢halticatsier pocfarosk atohadiviralty ehtmabrsicatindasing RNAI
there IS  neggigddenbLFAISGLAH AT HDIBYEIRAANS DG NI ORRATIAAL tha

) c? 2]
‘5same time, it is'very important in order to a\v0|d toxicity that any sequences
15 the mammalian cell is a human cell.

Further provided are compositions for inhibiting the expression of a
- polynucleotide sequence of hepatitis B wirus ant_ifor a polynucleotide
sequence of hepatitis C virus in mammaiian cells, wherein said
. compositions cﬁméﬁse an at least 18 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 nucleotide sequence” is preferably DNA, and the
mammalian cef! is preferably human. Alsc provided are expression
25 con’simcts cdmprising any of the aforementioned compositions and a
_ mamrﬁalian cell compris?ng 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.



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), polymera@@, and X proteins. The pre-S/S
open reading frames encode the large (L), middle (M), and small (S) surface
glycoproteins. The precore/core open reading frame is translated into a precore
polypeptide, which is HEHIFEGTIREIASHIIE D FRERE WP R 1B BAVAHEGale
(HE3eAg) and thenercteacapsisingr otedaubepatitisdeddrenaftigeri Mutstitnsughthe core
promoter and prgeqr, 166198 NaYSRe hEbANBHCARR BREHANARANRREREA

roduction. The polymerase protein functions as a reverse transcriptase as well as a
DA polymeradio W B8 HHB RRA IE BB TR SRR it & g s i
20hepatocarcindteriesist of a Firieapticatastedyicier SHHIBY beyidstwitrntheEditiehment
of the virion to the hepaiReyie clsideihie beRalasyiss G st sy ihepisyaltiRiuS
strand HBV DNA is completed and the viral genome is converted into a covalently
closed circular DNA (cccDNA). Most antiviral agents that have 25 been examined so far
have little or no effect on cccDNA, which accounts for the rapid reappearance of serum
HBV DNA after cessation of antiviral therapy. The aims of treatment of chronic hepatitis
B are to achieve sustained suppression of HBV replication and/or expression of HBV
antigens and remission of liver disease. 30In 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 isolate). 11 This
variability constitutes a serious challenge for sequence-specific pharmaceutical
approaches such as RNAI. In order to identify conserved sequences suitable for RNAI
applications, a comparison between all the complete genomes was carried out using a
modified version of ClustalW. 5 Two multiple alignment schemes were generated: the
first included all 339 HBV complete genome sequences and the second was limited to
all Human HBYV isolates. The multiple alignment results were parsed and a table that
included scores for sequence conservation at each position in the HBV genome was
generated. A sliding window search to identify the 10 longest region of sequence
conservation larger then 19 nt in length was created. Three major conserved regions
were identified and mapped to GenBank accession no.: AF090840, a Human HBV
isolate. The conserved HBV sequences were screened against Genbank sequences of
both human genornic and cDNA libraries (Human chromosomes database). It 15 was
found that the identified conserved viral sequences are unique from 21 nt up. For
human therapeutic purposes, assuring that homologous human sequences are not
inadvertently silenced is as important as selecting conserved viral sequences for RNAI.
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-transcriptionally 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) 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 more than 90 subtypes of HCV. The different genotypes
have different geographic 30 distributions. Genotypes la and Ib are the most common in
the United States (about 75 % of cases). Genotypes 2a and 2b (approximately 15%)
and 3 (approximately 7%) are less common. 12 There is little difference in the
severity of disease or outcome of patients infected with different genot (Pes. However,
patients with senetyse PR3 archleret iR TBHLBHETS %Hféqﬂ%%‘% treatment. The
virus replicatggs akadaighrratanmthediyerand HaseddrimEE e B lewageneity.

The main go%Eoé E@e%t&wﬂwt of chronic hepatitis C is to eliminate detectable viral RNA
from the blood."Cack ot detectable hepatitis C virus RNA from blood six months after
completing therapyAokisomnbagimestistainel Yeps REY St ARG GRS AP Sustained
responsesis afuaieskudihaie iolavocailidpragnesiccanfapritit meEBdeyuivalent to a
cure. 10 There may be ather mase.sublie hanelisatiteammentdaschascaiewing the

progression of Iver scarring (fibrosis) in patients who do not achiey ined
response. In GEREAR %%%ﬁ?ﬁ?ﬁ@@?ﬁg%%g ore then 20, Osﬁ%\g/%%é{éences and

93 HCV complim geNpineiSetfiontessiihitbnspbeidsipd Bbetween all the complete
genomes was carried out using a modified version of ClustalVV. The multiple alignment
result was parsed and a table that included %l@%g‘gnservaﬁon at each
position!fh the HCV g,enor@»%%@ggﬁé%ﬁc J(S&o(é‘ﬁsdﬁ%wmdow search to identify the
longest regioskd R dNEAEreopB ST IR FE aRsrSEY APTRIVAEHRHRES 56 Bfeated.
Three major ﬁgﬁg@ggtbé@,g}g@s were identified and mapped to GenBank RefSeq
(reference se uengle}& ccession No.- NC {bix i enBanisRRoeiaied HCV
complete ger%%’ﬁ’e‘, @'i%ﬁggr%%g s’equeh%geié\;ﬂv%re screened against Genbank
sequences ohgutiinihggndenomic and cDNA libraries (human chromosomes
databasg), angthgseicequences:ab unique kol enteapadieidentifed.

Non-Homology with Human Sequences It is equally important to ensure that conserved

viral sequen eg‘?arsgted for silencin%accprdiﬁ to tq A Y\&{.]s.tit%gt e \;eugé@ntially non-
" 30homologo$ER B XAtral BeddRiNG A3 FfARy FUhctoning. and essential human -

polynucleotide:gesuesceasarthatithie SSRNR Nélecule does not adversely affect the
~ function of any-espepiil saHaliv@eeuIiNgT 1shrademnmiRnalmucieatne sequence,
when used in the methods of this,égyeg#’&nmsigghz;naturalIy occurring functional
mammaffan %%%ﬁﬁ@@@ﬂﬁg W8S’ ncIude mammalian sequences that encode
desired prote®is) i3 Weli asapraventdiaiRbéoiiehbas TR SHORNSIRE B that
provide for Sﬁ@gﬁ@@ér@g“@@@y sequences in a healthy mammal. Essentially, the RNA
molecule useful in this inyention 1 IGL IStiNGE ENGR, any
" mammalian ﬁﬁ%'@cF%(ai?@et@rgaggrl%%@)&mﬁ%%E%%L%%Ft{i{;%ﬁgﬁ?gﬁded toﬁtlf)gewI
~ undisturbed afteuantpoidrpinawitds SERiIENEtion are performed. Computer
algorithyes may e Rebty fefioedthmassentiatjectecht-oienticiogybet@den the RNA
molecule polynucleotide sequen n 1 mammalian sequences. Since
the length of %%%’%%eﬁcﬁﬁ%pa’ \ %%g%'q%é?%g] %ét%?ble of associjation W%ib d activation
of RISC (RNﬁﬁ@d@w@@m&@%‘aﬁ%%%?&f&BF?eﬁ*‘é[PBﬁ%&'é?&%at‘(? %-27 base
pairs, the idexiirgheansapmeephbihin\SBadPIBV:dequences were compared with both

- human genoggéliﬂﬁgg%%% %&éﬂ%@vﬁ“r%ﬁ ppaitantly wvith human cDNA
libraries.. Since human cDN I raries reBresent ex| ress?dﬁﬁﬂuences th{:\t ppear
30 SEQ ID NO:28 through SEQ ID NO:36 represent siRNAS mapping 10 £

the HCV 3'UTR.

]




in mMRNAs, such mRNA sequences would be especially vulnerable to silencing by
homologous dsRNA sequences provided to a cell. 20Accordingly, the conserved HBV
and HCV sequences were compared with human genomic and cDNA sequences. No
human cDNA library matches to the HBV 8r HCV conserved sequences were identified.
(Although there were some matches that were ultimately identified as HBV
contamination in the cDNA library.) A comparison with human genomic 25 library
sequences rEv/e bt $id My b &y Ibedtetoeme s bl moreymmetatatch of 20
nucleotides;andpaednatchof 39mecleotides. These matches were in non-coding
regions, and.}i t ear.in mRNA since cognate e not turned up in the
cDNA Iibrar%.gﬁiéﬁrg%f%%{ g{/é%{?g%gﬁéfgﬁﬁégq ﬁprﬁﬂgglf to %ﬁé]\%@sr%%?y risk, but could be
excluded if GESrEYNPA4E FRiBFGaY SBGiRNC s B EMd HCV HBV Conserved
Regiond SEQ IDGIANCGATEERAGHARIB SN tolhidmie AERE6%)/C(24 %)][C (78
oA 0 BN IR EHE VG ARAGE A Rl s TC 5
CTAGGACCCCTGCTCGTGII ACAGGCGG[G(88%)/t(12% € (§ ‘%’7 (11%)]I
CT[T(94%)/C8%)|GTTGACAAL[G(64%)/A(36%)]AATCCTCACA
ATACC[A(56%)/G(43%)/1-(1%)ICAGAGTCTAGACTCGTGGTGGACI I CT

S;([?CA(All/l)}T((ilTOAGGﬁ%@{/@?%ﬁé&ﬂwﬁ@%@ﬂ%@é@%&%)m18%)/ C(11

% % 9 HBV. Conserved Region 2.

TGGA GTGTCT@%@%ﬁBﬁQT&ﬁC\fﬁcéﬁ%ﬁilfgﬂw,&alcﬁnwtea@e}zéﬁ“ﬁegion 3
15AAGGCEPTERRR @396 (@3h0) CIAT) N THE6% YRGB TR Tl usion of

(7%) PT[A(STS)ICEIA%) IANEARA(57%)/G(43%) ] TA[T(59%)/C(41%)1[C(59
%)/A(41%)] TG[A(92%)/C(8%)1[A(93%)/C(770)]CCTTTACCCCGTTGCIT(5
4%)/C(46%)][C(92%)/A(8%)IGGCAACGG[C(74%)/T(24%)]C[A(50%)1T(43
9%)/c(7%)|GG[T (879139 Bk b pring iBpladn)iivtion peassprive aat20 GTG | I
GCTGHCGRANDCTEIEACTGG[C(48%)/T(38%)/A(14%)]TGGGG
CTTGG[C(84%)/T(16%)1[C(84%)/T(12%)/G(4%))AT[A(47%)/T(23%)/G(17
AACCTTTIC BT DT RO A Lo e Pohrena sy
IT(22%)ICTEOIOTEHESGATCCATACTGCGGAACTCCTA(88%)/T(9%)/G 25
(1%)/C(1%)]GC[C(57%)/A(35%)/T(6%)/G(2%)1GC[T(92%)/C(7%)/GO %AT Gl | |
T(B83%) CUL20G GG CARCICRAMARSIIREIST SSIABIIRY Skagmec
30[C(62%)/PHE89R) [RBIT G TTCAAGCCTCAAGCTGTGCCTTGG GTGGCIll
[G(88%)/A(12%)PG[G(92%)/A(8%)]CATGGACATTGAC|C(9

290)/A(8%)1C[T(G53ehGREGIFATAMAGABLAL RRARST TAGRIMTER %A
found in Tahle 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.



15 CTGTGGAG lIACTCTC[G(62%)/T(35%)/A(3%)1I | I I | GCCTTC[T(92%)/
C(8%)]|GACTT[C(92%)/T(8%)11TICCI IC HBV Conserved Region 5
5[C(69%)/del(31%)][G(69%)/del(31%).1A[G(85%)/T(11%)/C(4 %)]|GCAGGICCC
CTAGAAGAAGAACTCCCTCGC CTCGCAGACG[C(61
%)/A(39%)]G[A(62%)/G(38%){1CTCAATCG[C(88%)/A(12%)1CGCGTCGC
AGAAGATCTCAAT[C(92%)/T(8%)1TCGGGAATCT[C(88%)/T(12%)1AATG TTAGTAT
10 HBV ConservetgRegian=tgraph showing HBsAg inhibition corresponding to data
TTGG[C(84%)1{16%)J[C{84%)/1(12%)/g(4%)IATIA(47%)/t(23
%)/g(17%)/c(13%)]|GGCCATC[A(83%)/g(17%)][G(92%)/c(8%)]CGCATGC GTGGAACC
111 [G(84(3/O)/C(13%)/1(3%)11T(92%)/a(4%)/c(3/0)/g(1%)1G[G(? 15
8%)/t(22%)3CTCEFCT GECGATDEATAGTREGOAAETOT VLSS 4{S81}.
/g(l%)/g(l%)1GC[C(57%)/a(35%)/t(6%)/g(2%)1GC[T(92%)/C(7%)/g(1%)IT
T T3 c(L )| T OO A BB RS TST GG AT ) a1 3IcC
onserve
CTGCCAA@a@@m@@@%)PT(m%)/AM%)]CT[C(69%)/T(25
%)/A(6%)]CGCGGGACGTCC Hl GT[T(75%)/C(25%)1TACGTCCCGTCP(
93%)/A(7%)1GCGLCTGAATCCIC(86%)/T(790)/A(T96)P
5206)/G 25%)/T(1% TA(ASH)] % éf&?f‘éon"é‘é] ed Re égq'f“ SARVRRS,
fA(74%§§/G(i@%)‘?frf( 7 F[@18506)/A(15%)/T(3%)]ATCACTCC
CCTGTGAGGAACTACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCG

TTAGTATGAGIGH[G{9256)/T ‘g areler ﬁ%%@@ﬂ%%)%&r&CAGG[%
1/0 CCCCCTCCCGGGAGAGCCATAGTGG

A(76%)/T(14%)/ E"é é{% }é

TCTGCGGEKE CHACREE CRERTTG CCIA(90%)/G(9%))GGA[C
(78%)/T(16%)/A(5%)PACCGGGTCC Ill CTTGGAT[G(78%)/1-(11%)/A0 0 16
%)]AAGLC CGCT@ﬁ@ﬁ%%)éﬂ&%)ﬂérﬁ@@@ﬂ'&%%)é%@%bww Podfn(4

0/(()))/A(4A)1 TTI gc T § %té%) 940/
Fé%?e%&@?@b@iﬂ?%@%g%%E%%ﬁygmCc CC GG Eé ;% é&%A AACEEE
AGGTCTCGTAGACCGTGCA[C(62%)/1-(30%)/A(8%)1CATGAGCAC[A(50

%)/G(S09%)][A(92%N LYW MG B [Ta ?s%}/ﬁ&‘iﬁ’/aié%ﬁ%ﬂ%%ﬁc C
[T(84% /C(]ﬁ:@& %)1CAAAGAAAAACCAAA(C ééAi%e%

49%)/At6% C AKX BENS B 79%)FDE66) R
1%)/T(18%)%(@%?3%7@'@@@@@@{3@@9%!:1‘@]1%)]@:@{?@@%)&(20%)] 10
GG[T(80%)EfbAMHGINMIGAREABCGTTG G [T(91%)/C (8%)/G(1%)]G GAG
T[T(87%)/A(11%)/C(2%)I TAC[C(74%)/T(20%)/G(6%)]TGTTGCCGCGCAG
GGGCCC[C(87%)/T(8%)/A(4%)/G(1%)] A(92%)/C(8%)][G(92%)/A(5%)/C(
29%)][6(87%)/A(12%)/T AINIB (-1 3%)/A
(7%)/@62%)]AGGA%M&Q{&%(@@R@WE%MH@@]@WQQ&%M@@%&R 15

GGTC[G(7 %)/A 8
| %)C(G%)]C%Gréfﬁrj(?%éﬁ?/o)%{ %%‘{Ag(gg(% 7% F/Ia% ]?ég % i '{g@g%ls HCV
Conserved BERPATSATGA 20
TGAACTG@{%@&%mwﬁ&@i@weﬁhmmeﬁ:@mmmms ppresented in SEQ

ID format ¢ Eeec@ I RSHENGRSAR RISRENSO Iy EE Jormakiegred per the
VVIPQ Stan darﬂ %?:9(53 199 usm the codes provided under CFR 25 1.821. SEQ

1D NO%F thr *'Rfé éﬁ%ﬁrﬁﬁ?ﬁﬁ‘iﬁ@ IREGERBHESEQ ID NO:11 and
SEQID Noq@smcaémmmm@ PreVogersomélhile HBY and HCV are very :

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




SEQ ID NO:1 HBV 30GAACATGGAGArCAyhdCATCAGGAYTCCTAGGACCCCT
GCTCGTGTTACAGGCGGKGTKI I | CTYGTTGACAArAATCCTCACAATA 17
CCACAGAGTCTAGACTCGTGGTGGACTTCTCTCAA 1111 CTAGGGGdA fly SEQ ID
NO:2 HBV 5TGGATGTGTCTrCGGCG | I'’ATCAT SEQ ID NO:3 HBV
AAGGCCTTTCTVhGTmAACAITAyrreTGmmCCT IIACCCC
GTTGCymGGCAACGGYChGGYCTnTGCCAAGTGII | GCTGACGCAAC 10
CCCCACTGGHTSEHGOTTE By A THGEE DATCSEGRAT BBGTG BRAVGE | |

bn|(|3kCTCCJ@H&@Q@&E&%@E&@E&%@@&E lg%&%%ﬂé%@@@@@ﬁgpmach. in
GilyGCTCGCAGCMGGTCTGGK : . .
ToyACTGT RO R R0 [P el s here s  nesd
GrCATGGAE KT TENCRTERTATAANGAAESICNS AdETid paroe MSTheA CTCTCdL il
IGCCUEYGARK Wt GGEIvVES BipQrEbhNOstiERY avoid toxicity that any sequences -

RIS MM E IR S o
ATCTyAATGI| AGHR AvigsBY)  Hepatitis B virus b?e/iongs to the

25AhGCAGRICDE CTAGANGARCIACTEYQETEE GRTEBGAicular, partially
e lical

y ; .
S0 AT U RESR ARG Feseee Poseisrpsaveione ore
AGACGMGFIRTCRATEBRESOTEGOAGANG XTOTERATHT 06 E/6 Asen
TCTYAATGr&dikglifenes encode the large (L), middle (M), and small (S) surface

glycoproteins. The precore/core open reading frame is transiated into a

precore polypeptide, which is modified into a soluble protein, the hepatitis

15 B e antigen (HBeAg) and the nucleocapsid protein, hepatitis B core
antigen. Mutations in the core promoter and precore region have been
shown to decrease or abolish HBeAg production. The polymerase protein
functions as a reverse transcriptase as well as a DNA polymerase. The X
protein is a potent transactivator and may play a role in

20 hepatocarcinogenesis,

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 isolate).



18 SEQ ID NO:8 HBV GAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGC
AGACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAA 5
TCTYyAATGTTAGTAT SEQ ID NO:9 HBV
TTGGYbATNGGCCATCrsCGCATGCGTGEGAACCI | | bnGk
CTCCTCTGCCGATCCATACTGCGGAACTCCTnGCnGCbTGTTTyGCTC 10
GCAGCmMGGTCTGGrGC SEQ ID NO:10 HBV

CTGCCAATh asbhity daesaeSARad %Téﬁﬁ@%yg@tﬁgmewspemﬁo

TCCCGTC n 15

oI S e A ey 5 B N G,
AAGCGTCEAESHZER Pei@r e A Ardiare W@f&&@@@@@%@?ﬁ
CCCCCCOTRQaE GEAGAGEOATRETE GG ECLGGAASEGGT GAGTA 20

CACCECAALTGIEICHFMEACEEHEE Tl I CLIGCAT ﬁéﬁﬁéﬁﬁ&q 1339
CWATGCCYGGAVA | Il GGGCGTGCCCCCGCIAGACYGCTAGCC

AGYGTTG y@@@?f&&@éﬁéﬁ%@l@éﬁ%ﬁ?ﬁ?@ﬁé&ﬁ%@f@%ﬁ
GCGAGTGRIeTEGREET CFCGINGAGDGHE CANCATBAGEACIG

TCChAAAEBID GAARGAAPAACOHAARGWAAGAGEAACE XA GEEEAR 25
AGGACGTHAAGTICCCGGG ATCGTTGGDb C
bTGTTGC@&Q@%(E@Eé% nmvé’%% g E?@%ée@?f%%dg R@éﬁ
AGACTICUesreCrsiehe! Araeshessersesyriondes theao fLot indapgth was
30ATGGCrEGEGATAT GATGATBAAGEGGYGeld dentiRoublersirpades RNA Gene
Silencing/RiARBY JHERISAG ceflpaakian] o RUHSPIdR : LOMPasilian is;meant any

one or mo:ﬁé?m ounds in which one or more molecules of phosphoric acid are

combined CHIBSRY AR [ PR ek sirercsd #Pfirn 5 combined
with bases Wiedefom pantheD(d gibadenifrbyearddromeparimidiaétess). thymine).

- Particygar wmwauycp@@wm@gfémmg&ccmme&al%dnemg %ﬂﬁm%dﬁ)@%yribonucleic

acid (DNA)qu}ﬁj ln)o%t lpénucl glic aC|d RNA 88 weéas th veraéodifferent forms of the
latter, e.g., messenger %5?\?,& trgn er RNA Hﬁ,& b0somal RNA 10
(rRNA). Al%%ﬁ@ﬂ%ﬂﬁf@ﬁ&itﬂ@ﬂwiﬁamfdjw%ﬁﬁsar@ﬁ@aﬁm@nentary (cDNA) to
the differerseRbigmoleciies. WyhtbesizedsDMARAR hybrid thereof with naturally

occuring DN, 5.t g DNGIENA LYK ATORIRISRIBEIERGIENA) molecules

'(Gam grl éurr P 001 Nov;7(17):1839-62) can also be used. 15It is
~ contefiiplaf8a R ﬁ'é\f%[cfﬁgddﬁgﬁgdsﬁﬁ%‘ﬁ&% BN Wit e feriAIad¥ Rty mine) in
the sequerkfskgstoiidedacbiain Eeulssitiuted withddifutalil) 0RO0 exalmgide SEQ 1D
NO:L roughiSRQJE N 8 pIS@ASSILBSIPIGES DNLSRRUETARS I wil be obvious

to one of ordi sklll art that a ﬁ ecto molecule c rising sequences
from 20 angl rﬁl i€ atc ré%‘grﬁlgﬁae % ge\ﬁ ﬁsa\}g Cs}ﬂggtm%é’& with U.

~ Nucleic acRiSieky Rdvend 58ysrcheeibplaverorstrisierebvalensy(bShase to
naturably-ossayimgoNmedifies d@m&y@&@&@@%d@&@:@ﬂ&%ﬂdﬁé%tﬁ@&d}ﬂ dified
nucleic acis Jpeluds o6 g RFRINS AR AGSF RIS GRRldes Kath e fonaturlbases.
: mutates rapidly, changes in the envelope proteins may help it evade the
immune system. There are at least 6 major genotypes and more than 90
subtypes of HCV. The different genotypes have different geographic

30 - distributions. Genotypes 1a and b are the most common in the United

States (about 75 % of cases). Genotypes 2a and 2b (approximately 15%)
and 3 (approximately 7%) are less common. ' '



25By "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
sequences of the invention may be utilized in any of the many compositions known in
the art or subsequently developed which act through a dsRNA-mediated gene silencing
or RNAI 30 mechanism. In various embodiments, the dsRNA consists entirely of
ribonucleotides or consists of a mixture of ribonucleotides and deoxynucleotides, such
as the RNA/DNA Hisfds e dbsensondhasipreitee Bipsaes 0orsisie fed April 19,
2000,01 U.faS:hs GaE-38)] 34th, diftedeArdrlyiE3 90 civhesd SRk Imaihbe a single
molecule w @twggoyﬁd%gf@m&l@ms@t@wngﬁg atanglsotdasin,ongsegment of

the molecule base pair with nucleotides in another segment of the molecule. In various

5 embodim&ftts " RN LRSS B 4'6iyid HRR G LoRYSR .ntirely of
ribonucleotigésraganetiydesecaraigiombbtivaruedaidbsotiabipedmpléntentary to a

region of degxikienideieolitos Alanativelethe i RMNA Maydneiure tyadifferent

strands that have a.reagion of complementarity to each other. In various embodiments,

Dot strande TO B o R e e G TR AL Bty o

ribonucleotidfé&tigd Easespandiednsisigasstifed v udakgrioprrtiedifdesasebne or both

strands comiainsa/erdarersiiisibanucleotide snand dagxwribprusactidesulesirably, the

regiong,of [ ' 98, or % lementary.
sy fﬁ@@ %Q? B%a&Weﬁé%?sé g%ﬂﬁé Egh.éfﬂs %p trggﬁne%’t, su%ﬁ%{ s%?vrg]ag dﬁ'irg

Desirably, the region of 15t RNA that is present in a double stran conformation
includes atfEEEIYORE! Ber 5921839 FRrags 0 PrECItvbed s 248G 2000 or 5000
nucleotidesastaictudespahad. the nucleotides in a cDNA being represented in the

dsRNA. In some grehogimgniss e A3 dogs pR-CAURBLAMY siRgle stranded
regions, such as singleﬁté%%ﬂ:e\g ends, or the dsRNA is a 20 hairpin. In other
A'has’o

embodimenits! e aeR ne 'gfﬁreﬁ%lgee LTS SAGEE foGR B?O&erhangs.
Desirdble FRREBSNAIHDEGaSRRIR denarTHN AxteaTdesh selgiondiamnigidindantisense strand
- or region (exgshasoatieasto,18Q,:90i98 288 9EkQ830ICRIPaRaNIAHY R target
nucleic aci ; t region. that is a sense strand.or region (e.g, has at
25least 7o%iagmg%ﬁ’%g%%“’%5%18%}5‘#5‘3%8&0?%5“ ?é%%%? n%acﬁéi%(_)gqéllo_) "?r(lfg11 Various
embodimefits HETRNA AR AGRATRIE s SR PR ASAG R FASERE tBE chemical
synthetic metlhedsrsgioh ssthpsedaescebadiheraigartthasmdescitheth ¥ O 00/63364,
filed Apyil 19 20007 Aol SafNoAUL30. AHTo ISR ARKL o499 I gierembodiments,

a DNA strand 30 synthesized in vitro is complexed with an RNA strand made in vivo or

in vitro befTEN AftaT, 5 Rh UG FETRAR AR MR B ARG o e BRI RS into the
cell. In yet GiBankbogitazus|GNedsRdA dsrmsing [Beircomned sauckeicacid

containing @eenRee-andsaly ARIceRseaFRAON A taeasRANAINsgeR Acikgdlar nucleic
acid and eitg)j\sfgﬁ%eg%q&d circular,nucleic acid %%in%a%%eic acid (see, for example,
WO 00/63352, fiIeAASF1E B HI Bt ESS {87t 3h 44 ARSLABIANS TS 1099.)
ExemPfary éHaubf o@éid saciasiideiitiedariat structures in which the free 5'
phosphoryl group of a nucleotide becomes linked to the 2' hydroxyl group of another

. nucleotide in a loop ba%fgﬁmg&b .EQ[cher bggrilrglesnts, the dsRNA includes one

) . an oe .
or more modified nucle - sugar contains a halogen

(such 10 as fluorih® GRER) BHOBREIRCAREIBRY RIeD BsSUdrRIEe gUATSESOXY group)
which increaggsehéhsibtittghiterdal Ana ivilsatnina/io senparagio the '
correspond] I i ngdi ' ition ins a hydrogen or an
o g R e o
between adf4BBRPRIEIASTRILE sa%FIRara WEhR AaRNbCRGlsmEpsiess b diester
linkage. Exeadnpiesoifsentkihbrikagies: of any essential naturally occurring



include phosphoramide, phosphorothioate, and phosphorodithioate linkages. The
dsRNAs may also be chemically modified nucleic acid molecules as taught in U.S.
Patent No. 6,673,661. In other embodiments, the dsRNA contains one or two capped
strands, as disclosed, for example, 20by WO 00/63364, filed April 19, 2000, or U.S.S.N.
60/130,377, tiled April 21, 1999. In other embodiments, the dsRNA contains coding
sequence or non-coding sequence, for example, a regulatory sequence (e.g., a

transcriptiop. sacteniinsing st aaLemalte, oia PuekArURy ARaRIacfegion (UTR) of an

MRNA). Additionally,.the dSRNA can be any of the at 25least partially dSRNA
molecules i5¢ g%@cﬁH%%B@}@ﬁéﬂ?ﬂ%&é‘%ﬁf‘f@”ﬁi%@?‘@agﬁ%"r‘j Eéé’tlh e, pages
8-22), as WRANHS ®AY bElikle dsmNAlmoRecukiseedeibatbiie USimduisioinal Application
60/399,996:8 |edilslyr3dnmmERA, s2adenEeb M S200 A4ANRS;, filed3l plulide@sk; and US
. Provisignal icati 419 iled Qctober 18, 2002, and PCT/LJS20031033466,
30 filedgzo-eoégt%%%gg%%%{é%%ﬁ?%%é [ %vﬁ%%?sa ﬁ?r@ﬁﬁﬁ?t%r%&%ﬁ%ﬁ%# r%%é%r%\nce. Any of
the dsRNABRREF BB EEi i TR Stipt DR/e-Elsisg indstahib ds@e&sabed herein or
standard nethoals; suchrasdhpsiyn22cddderiaqden¥\iQ) 00IG3B6 4, fideehApril 19, 2000
(see, for exampieRAJE SRR Aed andSRNAr thiAHRIRo SR FHUEIF: (rRRSYCts encoding

a unimolecula hair‘gin dsRNA are more desirable for some aﬁplicatlons than constructs
5 encoding’SUBIEIC AsRRIAPH'Y, 2 GSHR RSO pSs s O DA RENRC AiERAL3GHh a sense
regiorf &@nd & Bepaiete RNEandle RIS witheanaptizendectcgior) isecausd the

single-strandad RNAWiENdR veriedhsepeat sequences more efficiently forms a dsRNA

hairpin structure. s gieier eficiencyis ue I pAILIG.he occurrence of
transcrlptlonal Interrerence arising in ectors containing converging promoters that

generate dBPpTESPRNAD FndRetiripionel Mtridiifdedesdiedsnahe feutsslete synthesis
of each RNAgtnardthenshiy ketinding they masebericf templait-9ensecsand antisense
strands; thal g hasr-paikquith-eaqRAIBSHANA o Q&R'ﬁéﬁani?&m@pﬂona'

interferencF can be overcome, if desired, through the use 15 of {i) a two vector system

g > , .
in which onl& FE&to? Sh 85 HEE 158 LR HRIR HHnE EdLEw oA BFtisTes the
antisense R (ilmapiciditoicvies epmarhichitisssadsdduet sstsdhelssapeagncoded by
the same plasridButibrovgRAhR giseseisSepatate cisisensy oiki)aisipgle promoter
vector that gpgores A NAIID ASRNAkE 1 RNA mwieh the gense and antisense 20
. sequences are ericoded within the same%gﬁl,&' molecule. airpin-expressing vectors
have $Bme advahtEgEtindraife o aseat HEY seeidfs/ FyveRspiMEMN vectors that
encode a duptgeRNAiHherRINAstsandsmedoiNoe dingarndhase paipwitbitheir
complemeRiacy GRLRILIDAE.SRD BfiREFABREERLAR.H bisdwReidizatigR.does not

happen, the individual RNA 25strands diffuse away from the transcription template and:

the local coNtBRFRHER 6MELR SR TR Rt b U Rt 5 aishs KF8Liet 45d8BY decreased.
This effect tonjeadtefidoriRNAC ithteam$ chiibedpatismellitabyrconypacedsto RNA

transeripedinaviiie dumiathadang hievelziobiemplatp AR kM eovR: RNA folds by
nearest nei hbo%\im{e resul}in din.RNA 30moleﬁjl?% that are folded
y (i C

co-transcriptionaily '?z,%qul‘ffee %se B)LPEHARLE B g MekinldsRriBfiSge of completed
RNA trans&eses wrstcifonerueriling semionsr dablicpiiidimgohitrascompRiientary second
RNA becauysec2d@idrisasroletulaidpsemaibnoimtiiass malestdes rldyapercentage

- of such ungyglaRe MRIREEDG eRRe, e [allovang el anscyption. These
- molecules may never form'a dupFexabezaus’e 'Eﬁey are aIrea&y In‘a sfat?ly‘ folded

-~ structtfe. In a hairpin RNA, an RNA sequence is ‘



5 always in close physical proximity to its complementary RNA. Since RNA structure is
not static, as the RNA transiently unfolds, its complementary sequence is immediately
available and can participate in base-pairing because it is so close. Once formed, the
~ hairpin structure is predicted to be more stable than the original non-hairpin structure.
Especially desirable 10are, e.g., "forced" hairpin constructs, partial hairpins capable of
being extended by RNA- dependent RNA polymerase to form dsRNA hairpins, as taught
8 Refileh & 7, aanadiRE T/US2003/024028, "Double Stranded
RNA Structures and Cmm%&/ﬁ@@%afor Generating and Using the Same," filed

31-Jul-2003; as well as c W matched
regions, and multlepltoég\%é}r%tﬁ%}gg&%é ; é?éreﬂﬂh@%%l )@% ﬂm -Oct-2002,
and PCT/U@?’W&%’@)I{%%%%%‘BM@H%W§ﬁﬁ@t@f‘é§@ﬁ%)@&ﬁﬂvﬁ&%, and
Methods foc@memmgmmdg“mmmaﬂﬁﬁt@@e@w@%Gﬁ@ﬁséﬁlmt dsRNA"

t ti
Insurt?lggt:dgs in Ien?th that are |(rl-l1{t;g6 dg @éﬁgﬁég%ﬁélﬁgtlﬁ%%| 369 Ce) r;tlt%l;to US
"dsRNA is af et BARERP LM gt AR S aBE A b&t ﬁféﬁ%%@a“&?ble

stranded reQiGRABTISTINERNGI G| 509 21°9)t6 (49,950 ) BOALKS 16/25832B )0 (28R to 23, 25
25 to 30, orc394infe68aleH Qs pasepairs in length, inclusive. In some embodiments,
the shﬂa;t dsRNA Is between 30 go 50, 50 to 100, 100 to 200, 200 to 300, 400 to 500,
500 to

00, 700 to 1000, 1000 to 2000 or 2000 to 5000 nucleotides in length, inclusive
' iedweinileen 38 and 60 contiguous basepairs in
length, inclusive. 30In qmmn@q@mq@@@@mﬁwga@@g@ﬁpmle@y double
stranded. In some embodiments, the short dsRNA is between 11 and 30 nucleotides in
length, and the entire dsRNA is double stranded. In other embodiments, 24 the short
dsRNA has one or two'stigle ai gighs? In particular embodiments, the short
dsRNA3binds PKR or ammcmmnmamﬁmmemmmss *psueNEe/pathway.

Desirably, ge s% bR IRBRADA RS ATk ARBLALIRG ORI Y at leas

20, 40, 60 diments, the short dSRNA inhibits
the blndlng r@]d%%@[lgﬁ:{ 8%ﬂ%(ﬂé?@&ﬂﬁ%ﬁﬁ&%&%ﬁ%&ﬁated stress
response pamwy»weww%o}e@mww Of 7HORK 28 Belalscbité)teaching of

gSSN 10/4%5/&%) fHedras-Apc 2008 cvieiheds of filspe (iﬁd)@e@%ﬁtﬂ&@wndgcg% R

oxici % er ds S
to avol dséN me |a Hfjé?l%\f{b g@ﬁ%ﬁ%@ﬁ@%ﬁ&ﬁgb cleotide
sequence" fs' ekt ﬁ‘?a@é%lﬁ:”(@ﬁ%%“s’é&ﬁé%@@W@i&ﬂﬁ%@iﬁ@)/ﬁ@é@t@@ Tithin one of
the discloset/sgtuences; satony esie en) sitedskppadlsobpmwiucnyes

L5polynuciaqide o1l 8as) A5 3R A EohBIRIRIR a0 priGasiAR cApliguous base

~ pair nucleotide sequence can comprise fiuc ucleotide
2 through et %%TQ@,T FUGESt e Sl agH ﬁG@&ﬁ%TQPT%@%éHﬁW%%roduce a

19meRSThu$ Yy QOIMEICEH 6 @ MpAGIS Tnal@atide (24 reaghorosiaytite/20 mytleotide 2

 through Zowﬁw@@ﬂe@y%ﬁe&%éﬂe@@ (WAL, A& RdrER R gmilar

sequences a 20 contiguous nucleotides are envisionéd. By "expression vector"
IS meant ar%fﬁo/%dﬁe stranded DNA or 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 2geding.seqion phitarest (e.g., a cDNA or genomic DNA

fragment that encodes tiona eratively
linke técl sequence Iy| @gg&%‘j (3%%@&5 %gﬁ&agrégﬁt%e&%ﬁéflg%gdﬁg(%eglon a

- dsRNA codi§RgIon [ GBRINASEHEEREES (§R16) OIS ATeoane YEEAG[dtansfection

or transformymme@tbg@mmmaﬁotmmmmmgemmmkam?ﬁ|| to
express RNA or protein encoded by




the expression vector. An expression vector may be a genetically engineered plasmid,
virus, or artificial chromosome derived from, for 25 example, a bacteriophage,
adenovirus, retrovirus, poxvirus, or herpesvirus. By an "expression construct” is
meant any double-stranded DNA or double-stranded RNA designed to transcribe an
RNA, e.g., a construct 5 that contains at least one promoter operably linked to a
downstream gene or coding region of interest (e.g., a cDNA or genomic DNA fragment

that encodes @ Rieigi PLary iR pthaakl E%%;Aé@mi”aqﬂme@fdmﬁ@mﬂon of the
expression construct | ecipien IQH%I e cell to express RNA or protein
encoded b)(;' E%%ié%#e%%%&@@u@ nexpression 10 construct may be a genetically
engineered plasmid, virus, or artificial chromosome derived from, for example, a
bacteriophage, adenoviieg, rRikewitds, REXUS, or herpesvirus. An expression
constryct does not hay, bG repli L i 0' ' ik Y \PEmade. gynthetically.
By "op%rabSI{élinked" is@gggn t%%aqggﬂgé%:ggé\{%gﬁgalé& é{ﬁ% ?))EE( 15 gr r(??cl)re
regulatory lRfenEEs G S HITOMBM PARCE St St AS0GPES® permit |
transcription i deeamBINA T Yo Ba-ENPres sTCariti(6R ot et fdhe pedHuct (i.e., a
DO'VPept'd@&A&%é%ﬁ@@ﬁ%@ﬁ%&%%ﬁ&ﬁ@%ﬂ@m@@%)mgnlg%h;jmme bound to
the regulat%y sequences. By a "promoter” is meant a nucleic acid sequence sufficient
to direct 20 Etion of a covalently linked nucleic acid molecule. Also included in
this définition are those transcription control elements (e.g., enhancers) that are
sufficient to render propgtezdepandentaane expression controllable in a cell

type-specific, tissue-specifi - ifd I re ible b
gxternal s:g;nalls ol: a}gmgéﬁﬁ%@mﬁgﬁ@ggﬁ?ﬁ%%@gIQ?%@]@S%%@% arti);ans,
may be foufght %8¢ 3VpE3 RNt HdSe bYW HARRTOYF Brasir &) B 3Gromoter is
operably linkedds a0uicie|c aeith Bed aen 48 ol ERathpies % 6RMNA/of 1&g efe(Th such a

way aglo @@L’ﬂﬂi{b%@fé?é@ﬁ@?cﬂ@ﬁs@ﬁé@@ﬁ&@?%@@&ﬁcmﬁ%é%ﬁ)h@ﬁ'/dBe
according to t ﬁ"b

is Invention may ke deliver ian, ar e>ctracellular
pathogen d%é@fﬂﬁ%@ﬂ%ﬁ%ﬁgﬁ%a‘1?/ @%@?%2 E%éﬂ%%jjg? 21 r%sci ecule or
partially doGBIETEHEAUWYE RNASE] Gt COITPIXAINACHyBAE | (whiehlaE PYade in vitro
by conventignag; 26enzymatic synthetic methods using, for example, the bacteriophage
T7, 13 or SP6 RNA polymerases according to the conventional methods described by
such texts as the Promega Protocols and Applications Guide, (3rd ed. 1996), eds.
DoyleZ$SBN No. 1 57 Alidfnaglehpedeeiidletules 5 may be made by chemical
synthetic methods in viCoGeER AL GRAKC @6 M) NiUleie @ekiC Resso24(18% 3643-4
(Sept. 199); NigyeiuinelaloRioorarisimaRIOLa9 7 A8eTb 08T b(A. Crasby
et al., Nucleic Acids Res., 21(19):4444-50 ( ﬁ)t; 93);,C. Chaix et A%gé@elc Acids
Res. 17:738170%{4315C8 Y] %’%’8 FARCHEEH A 8’?8??%— 161989): 0.
Odal el al., 3uglel B6ME S Béi], 21:105-6 (1989); 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 Agj '%es. 25é O‘){'39180- (Oct. 1997); S. M. Grvaznov el al.,
Nucleic Acids Res., 2- ; = X ); M. Kadokura et al., Nucleic Acids
Symp. Ser., 15 37:77-84699)Y CAT Bai§o1nE A2 BIBHISF &P IPbteiRd Olucleic
“Acids, 2(1):t61¢ 988 send &AC MudrakoxsiaiaehaladicrgTKBIDTA T3 ()8 19- 22

(Jun. 1990} orATALBRHEN R R OlEUa b vBOL R eaR e made Ina

recombinant microorganism, e.g., and %_e recombinant*host cell,
e.g., @%M@%M@M@&é@%&ﬁ@ﬁ&@c CCCGGGAGAGLLATAGTGG

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



cultures thereof by conventional techniques. See, e.g., the techniques described in
Sambrook et al, MOLECULAR CLONING, A LABORATORY MANUAL, 2nd Ed.; Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1989, which is
exemplary of laboratory manuals that 25 detail these techniques, and the techniques
~described in US Patent Nos. 5.824,538; 5,877,159; and 5,643,771, incorporated herein
by reference. Such RNA molecules prepared or synthesized in vitro may be directly
delivered to"théiRarmaRad e oy TEShEANGRHEIA(SHS (B BGRAIE (BT %G (4T he

'refeJences a@wem\ﬁdﬁ@mmw&@b@@@@ﬁ@(@@%}ﬁ@ﬁz@@ﬁh@ﬂ@ﬁ%@%ﬁé?&z‘% to
yroauce any4 | roviae
Frierein. The%e}%ﬂ@gﬁggg;\g@ﬁ/%?ﬁg %ﬁ%ﬁ@?@ﬁa%%&%ﬁ?%%ﬁ%ﬂg%%@% é\‘duplex
(i.e., it is mAdE GRS 6f 1 Sards) CEthEPCOMpRsEd SFpariaf Go@ICStFaed RNA.
In anotlser ewGiTWINETABeagenids aisiagie)stiaoded BN Aersacyanthdvanother
bodi LOVe : (¢
e o W )

strand. Preferably the S|0n%;le stran e or ant forms a
hairpin at oﬁ‘g%Tﬁ%‘f%lj%‘?’rﬁ’. DESHABR HEASNGRCSAMICIT KA LI B hti-sense

strand form4°aMéifieALSAEE At M0 ZTHorEcKk 6 BERaAba tBaidBYeh a single
stranded RhA PSS ph@NiaRese e cupsl snasplapiia Aetsnashipdolbpgck upon
Itse ec | Iro_ar 1N vivo. Yet anotner empodiment o
an ext?olft R%%r@oqge}’e?ﬁ?21%’%&3‘;35}?(;@6\%2;3@%%{;?31t%’é/ %W&‘i%ﬂ?@ﬁé@single
stranded RINA(é{uéntE odmphisinydHE(R4vsa e pdBlatildeiidsssuseacdand an
- an}isensle p_@tyeu;@emim%w?npﬁ(mp@ma%y]@@mt@@bﬁénm@mmgﬁ,@/@@i;ﬁd i
olynucieo e aplli
polynucleotide reaanre BB RaMr iz.2ing &f@&%@%ﬁﬁ@%@@ﬁﬁ;@% y

to become double-stranded once it'1s in'the cell, or in v SIS. Still

another emBetirETt B GHEMHRRNE RIS @R'RIGAT AT HRAME HSeYALEY 50 ve. 20Still
anothd emBGdIBIEIT5h kg i@phiiadst RINIvnokd ogbe 46)/& Circajpr R INdsmpbgeule that

optionally fe, ﬁ@%ﬁr ) ! d\(@u}o 18 34:31Rr88-514
(1986)1 or ié%m y o?ﬁg&?ﬁ?ﬁ? %%]ﬁﬁb%%ﬁpgﬁéﬁgd accé%i%r%g %ethe
techniques described in S. Wang et al., Nucleic Acids Res., 22(12):2326-33 (June
1994); Y. Matsumoto eti8lY 2BPeetvadaftegiond? Sci, USA, 87(19):7628-32 (Oct. 1990);
-EI. Flgrd & M. Ares, Prosa\.ﬂ&;?b[ﬁﬂ{}@/o)ﬁ@gfiﬂl.?{/gsgll;@“ﬁs)iééﬂ%yﬁlsfﬁfvﬁﬁ\%l _'%_'Cli'sagris et
al., eic - pr. ; S. Braun et al., Nucleic Acids Res.
: 24(21@15 -7%%5%5@%;/ %%ﬁﬁén et al., RNA, 2(6):603-10 (Jun. 1996); P. G.
Zaphiropoulos, Proc. Natl. Acad. Sc., USA, 3093(13):6536-41 (Jun. 1996); D. Beaudry
et al., Nucl€ionAeidsdResisRH{ED 06 AtigehRR5) sHidntpfpaiated herein by

reference. Siil 2% aalheh AUE 5 AouRlsAIEA MOIGAHS EampLisgs) of RNA and
na.

DNA present on separate strands, or mterspersed on the same str
the WIPC Standard ST.25 (1998), using the codes provided under 37 CFR

25  1.821. SEQ D NO:1 through SEQ ID NO:10 are derived from the HBY
genome SEQ ID NO:11 and SEQ D NO:12 are derived from the HCV

genome.

SEQ D NO:1 HBV
30 GAACATGGAGArCAyhdQATCAGGAyTCCTAGGACCCCT
GCTCGTGTTACAGGCGGKGTKTTTCTYGTTGACAAAATCCTCACAATA



Alternatively, the RNA molecule may be formed in vivo and thus delivered by a "delivery
agent" which generates such a partially double- 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 istin 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 strassled RN TR Ketembadiment; thie RNA seqUENCE AMEoddRRa
deoxyribonnucleotide sequence which within the cell is transcribed into the
above-desctibed single stranded RNA sense or anti-sense strand, which optionally
forms a hairpin at one or both termini or folds back upon itself to become partially
double stranded. The BN& Tbrteele which is the delivery agent of the composition
can prgvide a single strandgd RNASEIUSAE seMHsiAg both a sense polynucleotide
sequence and an anti-sense polynucleotide sequence, optionally separated by a
nonbase paired polynucleotide sequence, and wherein the single stranded RNA
sequence has the abili§=e bebénde-@dlble-stranded. 20Alternatively, the DNA

molecule which is the gelveryageni Uit i frarssHricoafiiecce _
above-desgrijed.crcula BNAmAlceyls inat oplanaliforpe & tdsiycyre or partial

double strand in Vivo: olecufe ' may also provide for the in vivo production of

an RNA/DR&FHyHfd GSHESEHea HseveoF aGftlpleX contditing SRE KM Strand and
25 one DNAcstraneGHiEReoarnps G naelgeaies oGy e desigred bgcesort to
conventioqgﬁ%%&gg@&g%gﬁﬁggbed in Sambrook, cited above or in the
Promega reference, cited above. A latter delivery agent of the present invention, which
enables the formation in the mammalian cell of any of the above-described RNA
30molecules, can be aIHQAIZMNGlé Bitdhded or double stranded plasmid or vector.

Expregsion vectors designgd:iadrodice RNAs ascirseinadherendn vitra®r in vivo

may contai th )f'ﬁ% I | ding
mitochondr‘ieé?%ql\ll%fgpﬁ) érﬁgga%%méﬁpﬁ%ﬁ% po f‘ant?%ﬁlﬁgﬁgﬁ], and viral
polymeras€d @rierbactetidphadeefiimdiddd<stidit’as T7 and Sp6. These vectors can
be used to transcribe the desired RNA molecule in the cell according to this invention. 5
- Vectors. may be desirably desigred igytilize an endogenous mitochondrial RNA
polymerase (e.g., human mitochondrial RNA polymerase, in which case such vectors
may dflize the correspGﬁtﬁﬁ&ﬂﬁﬁﬁﬁ%%%ﬁ%ﬁ%@%qa%%ﬂ’&%%ﬁaﬁg!
polyrneras€s G dre GO/ gditEate GEMIEENMB LB AKPESSTY BE&EEPpIng
enzyme) Oh¥RgeRRaEMEsSages in vivo. 10RNA poll, RNA pol I, and RNA pol I
transcripts may also be generated in vivo. Such RNAs may be capped or not, and if
desired, cytoplasmic capping may be accomplished by various means including use of
a capping enzyme sucki@ Ve ¥apping enzyme or an alphavirus capping
enzyme. However, all pHEdAmECpis X6 CARRAG ANETDNATLvectar ¢ designed to
‘contain on e pro| r ' ' inati ' drial, RNA
pol pol 1.3 el g T G ot the
cognate pdhivfdses)ASretdrably, where the promoter is RNA pol Il, the sequence
encoding the RNA molecule has an open reading frame greater than about 300 nts and
must 20follow the rules@f dgsign.to prgvent nonsense-mediated degradation in the
nucleus. Such plasmids or vectors can include plasmid se]quences from bacteria,

virusé¥or phages. Such ARSI Tt deCoh GRvoEbAA SIS GRS ItS derived

AGACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAA
TCTYAATGTTAGTAT '



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 phagemids. 'Ilﬁus, one exemplary vector is a single or
double-stranded phage vector. Another exemplary vector is a single or double-stranded
RNA or 30DNA viral vector. Such vectors may be introduced into cells as
polynucleotides, preferably DNA, by well known techniques for introducing DNA and
RNA into cells. The vecsmrg, im thecass/ of phage and viral 30 vectors may also be and

preferably are introduce(gﬁ\iglgbﬁgiéucuon ggm@m&%@@%qqﬁﬁgﬁggﬂ known

techniques for infection and trans iral vectors m ere mpetent or
replication GETEERRGH thE-iEr CaleCHFAI TP SEARIEA teHerdily SEG RSty in
5complémentifiigtadst Cells iwiranother embodiment the delivery agent comprises more
than a single DNA or RNA plasmid or vector. As one example, a first DNA plasmid can
provide a single stranded RNA sense polynucleotide sequence as described above,
and a second DNA plas%i@ %N%r%ﬁﬁ% a 10 single stranded RNA anti-sense
polynucleotide sequenckl&subadeitse addeswhcibiitie Kensds and Britihédnse RNA

sequences gaxe the abilityAohasenaitanshecone daublecstiansieprzitehdplasmid(s)

canc pri&g@g&q@&t&%@i@l%mid sequences, e.g., bacterial sequences such as
the well-known sequences used to construct plasmids and vectors for 15recombinant

expression of a protein. However, it is desirable that the sequences which enable
protein expression, e.gSkozakuegiAg\etc., are not included in these plasmid

structures. The VecME@W%@A&M&@ﬁ#%W t é\re desirably
umber o ifferent ds

be designed to generate two or more, including a n NAs
homoIogoug%(ﬁ‘g%B%QQQQEWngiig’%%?égﬁﬁ%eg.“This approach is desirable in

that a $ingle vector may produce many, independently operative dsRNAs rather than a
single dsRNA moleculedtemmpstngledranscription unit and by producing a multiplicity of

different dsRNAs, it is ' I f ti I s. Various 25
means may be employ%%? éjlpé%ﬁ&?gég%ﬁ?@iggéé%%ﬁ%%%ﬁﬁ?é%%%(rf s well as
sequences A0 s attGE efd B FaTddH Bt predeteipimatafiiceAfies:  Other
delivery ageats durquovidngdien BAGTREORGESeSsar dodomaon b thera -
above,descki i les.j W% I} ive,
attenu%%ed%%ﬁﬁ%ﬁ%ﬁ%%ﬁ%ﬁ%ﬁ?éna whic %&éﬂgﬁgg(@i contain the

sequences HEOEEGTY RiPANE F GG R RIAGHEREGESFAREGEHEER A\&h
recombinamt®eEeieiizb Gy Celis ARmgal ceEliscaiadike CanheTpieagaeddyiusing

conventiongidegliiaues el an deTerRagiNiAR PaiRt AIRSA PERERS B 7 7/ 159;
and 5,643,37%| cor§§§§ted herein by reference. Microorganisms useful in preparing
these delivery A‘g@ﬁ TR 6 G i%?e%rﬁﬁﬁ‘?&‘@é\%“& R ffuding,
witho3imifdéieACEIEReEhid €61 Bar Gy SGhUIAGATCGTTGGhGGAGTHTAC
bTGTTGCCGCGCAGGGGECCCnmvd TIGGGTGTGCGCGCGACNAGGA
AGACTTCBGArCGGTCnCArCChCGhGGRAG

SEQ D NO: 12 HCV
30 ATGGONTGGGATATGATGATGAACTGGYC



Salmonella typhimurium, and various species of Pseudomonas, Streptomyces, and
Staphylococcus. Still other delivery agents for providing the information necessary
for formation of the desired, above-described RNA molecules in the 10mammalian cell
include live, attenuated or killed, inactivatéd viruses, and particularly recombinant
viruses carrying the required RNA polynucleotide sequence discussed above. Such
viruses may be designed similarly to recombinant viruses presently used to deliver

genes to cells forgenatherapy andiedike st farefrrahlyadonethays the ability to
express a 15%rotein qQr fu‘nctl?nzél fr;agment. f aégroteln Amor(}g useful viruses or viral

sequencesc\(/}v %Sir??gy%enr%%ﬁ?pgﬁteﬂq Oﬁlréoﬂ e i"r*fean redRNATolecule to the
mammaliaseseoid it afdchvithioart itatiolecalphalines ddenevidgeadeno associated
virus, baculomisieeswar EcuiBihy BRXMBELSCEeNOPa b SMdLs ST BESIVIEES, papova
viruses,(sugh, a5, 3Y 4 2QR0IRILs BIEHIRIBNICS Vitisess glipipyses. lentiviruses,
vaccinia viruses, positive and negative strande A'VIruses, V|rq|d2,_and virusoids, or
portions thBYEBYITRAES vANGHES i T BRI 2y EHbs 5B aeeRjRed by applying
conventionmbiwhaﬂuﬁs@g@amdg&mﬁbﬂmbﬁu%i@mamawbaﬂ ,h&an(_:er Ge_ne Ther.,
5(6):350-6 {1998)RMARYFAAS s With 28BS Leachings; af i Riesent inygntion. The

term "in vivo" is intended to include any system wherein the cellular DNA or RNA
replication FkchiarR /e lntadt, TRERGin %&ﬂ%‘%&%@s@?ﬁé‘?gﬁﬂ%itﬁmmgle cell or
multicEHulrfibig Sferaimnsirdedye dilitiphé BiguitojseudisRMACharEmultisequitope
dsRINA" is d&Qﬂﬂ@ﬁi&hﬁﬁyﬁHfNﬂ}Qlﬁ@@@iﬂ%@éd@@\@egﬁ@aﬁﬁﬁgﬁ@v%&%@umbﬂp'e tlarget
nucleic acids o, as_non-contiquous segme rom the, 3 rget nucleic
acid. For egiar]n%lﬁg;ﬁ%h%er'ﬁﬁ t%‘l% 28@6%&%“ sﬁrﬁgﬁ ﬁ% aﬁe{’\vle(jisagz?rz\?e%gerived from (i)
sequences MpfssaRtiRGRiipIe' e Rels ST inglesligantzrmbay <equBhess
representir@erzeajrmré(’gz_anmswem @Marﬁe:tgm)ﬁsb%ﬁerent organisms; and/or (iii)
Ssequgnces represegiing-diffacantsegions Ataparis AL GeneiiG B Qne gr more

sequences from a promoter and one or more sequences from an mMRNA. Desirably,

each segmenf hiEs WAL LYt EFETGER RED YIS S BBV RS RHRAIESLYIBh of a target
nucleic acid). wragiltiotier dessiretse ErhbbdiRehisicaige Girenbwith4ubstantial 10
sequence igientsidatheriargehnusigieasid. s alilarsbidloddiocldhZd oddng4, 30, 40, 50,

100, 200, %%R%no or Ephore bﬂﬁ%\p‘%%ti” Ien,gth In desitable embodimFQ{tg, the multiple

epitope ds Elzbziitfs ta(t-:'%]xpressmn of gjﬁeggite 2(305,1 péfsgl,gl?_)ejcfgfﬁﬁif O tore target
gene<By aANeabtEriam e tivocd G5 IR NESOWH. aveoh R esibirg Mgt the 15

multiple epitope dsidbiA duiss nepieadntiguos sepgments Hkomrtheresamg:tagget gene that

may or may ot Be Rk, PRI 89%&9&1@&6’5@19&98&8&58&%9me”ts’ and the
dsRNA inhibits the eg@[&essmn of the nucleic acid

) ucleic a at least 50, 100, 200, 500, or

1000% moFBRHeSt M%?ﬁ%ﬁ%’%’ﬁ@%‘f‘%ﬁ%%éﬁ’eﬂm‘?%é? mﬁ@‘ﬁlﬁﬁ‘fﬁf&" is meant a
contiguousasdqustioddeidatiblenstraridedesolyribonucleotides that can associate with
and agtjvate R'S%%%K‘qg%ﬁi‘g%&@&&&&ﬂﬂ%%ﬁ%ﬁ%@ﬁwQM?H? sequence of
between 19 and 27! b%geg%i, inclusive. ﬁeggh%r{ge%co?ﬂls%n ai least one sequitope
from within SHE ST TRBTEor The 25 Condeviis Iy AhetBiP iU Rucldbtide sequences
identified herdsinagb@aitlizagiorusRWAl arstiznedsgd teedileprding menthaght herein.

utilized in any of the many compositions known in the art or subsequently

* developed which act through a dsRNA-mediated gene silencing or RNAi
3¢ mechanism. In various embodiments, the dsRNA consists entirely of
ribonucleotides or consists of a midure of ribonucleotides and

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



Multiple-epitope dsRNAs The advantages of a multiple-epitope or multisequitope
double-stranded RNA approach as taught in USSN 60/419,532, filed 18-Oct-2002 and
PCT/US2003/033466, filed 20-Oct- 30 2003, are applicable to utilization of the
conserved HBV and/or HCV 33 sequenc&b of the invention. Because a singular
species of dsRNA can simultaneously silence many target genes (e.g., genes from
multiple pathogens, multiple genes or sequences from a single pathogen, or genes
associated Wit diipietdistiades)ild Pndfifslece pitb FeNIRNA0GHIT Héedgedi’s for many
different indigafigyts mrbassamensapioct %g@%@&@é@%@t@ém!ﬁ%@ns in one
subject and ano hegg ab;et of '%9' atl ns Jgegnother subj ec r suc{: apépllcatlons the
ability to ex regs i’-’?ﬁ‘f& ecu Jf‘ d%?ﬁ\fﬁgmopecu With' sequences from
multiple geRasy Rﬁth‘é’lﬁfﬁ ARG AR & é‘é‘RfN?X %%%@ﬁfég&ﬁg@fﬁchi@hi? WRiIFHgDble. For
10exansple ek tsingnes S HERIOA SRAUBACRS: SaCckingig masehotasisi9silisaycleotides,

desirably 100,10,60036lS00%, ALEBSLNUP P beAuddedibs i dp@re kilobases such

that the total length of such sequences is'within the maximum capacity of the selected

plasmid (e.§°MRAFRIGIAYES A %%@@@ﬁﬁﬁ%ﬁ%?wﬁ@ﬂ%‘éﬁ%dﬂ?pos|t|on can
provide protegivhridagaindt dlarjgeranintiemdt pathogens apidfooftoxins at a relatively
low cost angh|QWEaXiG eI edABMREICH JAR LS Il BE S ROE B LiRIR EPItopes

derive from one or mire enes from UItI%e strains and/or variants of a highly
varlable or ?85 {SRUTEYR {ngh”& é)ﬁ' TR HTRY ST TERPEAN also be very
advantaged@@ﬂwﬁﬁ@@aﬁmeéfmg wRIFHRAATsefidsctvsbrasogniities and targets

multiple stram@@eéﬁftwaﬂaﬁwg ebHRVaansi{orREN RN ReHAseG@s a universal

treatment of; va)t(c% Ine for &8 é’sa”Bg % g‘alqﬁév%n%rfl‘tss Oc%f I6|BV and/or HCV. The ability to

silence muIt| r%enes of i gartlcu ar gtho ert such as ﬂ%\/ﬂ ”trylélr&@ prevents the
selection ofeﬁ'?tt 15 881 \?%rﬂi/é‘?%ﬂ@@’%@%ﬁ‘ﬁé’ m%%’ﬁﬁ?é"y e srtieseftypical
small rriolechied titisimiesttio praeeine dhenapy shahosdyctargeisianargeaeostprotein

results in theselaction:of pathagonsigiaau sysained nisatonpiha et gene or

pathogen thus becomes resistant to the therapy. By simultaneously

protein an
targeting a'?ﬂi%B'é?ec?fogré'ﬁﬁgng S QLK RCPINE D AT S5 BA FBress R Live regions
of the pathdtythe dsitiythénrmuhipirdpispentspodeR v teepresemtiivention, the

emergencesmgwgﬂamr@@,mﬁt@n% isseffeptivelyRecinded $4 dsriRNEXxample, itis

consi arUC adva eou to incl mixture of sequences from both HCV
SEQ I N T_[Lp %8 |?e%1on8esl#o£rk?ma]8raé3 gg%ﬁ(renceg?' q & HCV SEQ ID

NO:11 togéﬁ@?%ﬁﬁ%ﬁ%‘%?ﬁ%@@éqﬂeﬁ@é@@@nﬁ{%‘?@ﬁ@b@?\l@&@? aither in a
single dsRNAS tensttictfivhacknixineaieansisuatRl aftyionghgoasamitant

least 70, 80, 90, 95, 88, or 100% complementarity to a target nucieic acid)
and an RNA strand or region that is a sense strand or region {e.g, has at

25 least 70, 80, 90, 95, 98, or 100% identity to a target nucleic acid). In
various embodiments, the RNA/DNA hybrid is made /i vitro using
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 vitro is complexed with an RNA strand made in vivo or in
vitro before, after, or concuivent with the transformation of the DNA strand

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



administration of such constructs to a patient, in order to decrease the ability of the
virus to generate viable escape mutants. Similarly, it would be advantageous to provide
a mixture of the conserved HBV sequences, in some cases in combination with one or
more of the conserved HCV 10 sequences of the invention. Similarly, it may be
desirable to use sequences from two or more of HBV SEQ ID NO:1, SEQ ID NO:2,
AND SEQ ID NO:3, either in a single dsRNA construct, an admixture of constructs, or

through consae%ta%%@mmg@egneg%%ﬁ%ﬁggﬁéé lefbRatent RRJAD NO:1, SEQ
ID 15 NO:2, and SEQ ID NO:3 map to the HBV surface antigen genes. Due to the

overlapplnﬁ‘ﬁﬁﬂffea ?‘Eﬂéaﬁw’?ffﬁrﬁ&sa%3%%&&5%%&@%8&?&8&9@?&%5&ed by one
of more of thesasegqirnees: (StrfavecAgrSAg)MmRNAS Erdierdedrd aitbpolymerase

MRNAs. Howewes, !ﬁi@@@%\g?m RNAS siesthe saost @95&9%@ diisimeneikely that these
mRNAé will bg tar ég(?a Ctgﬁe%qns%%p%qﬂergag@ %ra/sgﬁ?sa urable t IS possible,

however, that allliste (SWIlFBE A 2auch Firface” Ag s desirable for
several red‘é&ﬁ*@@?é—’tﬂ%@@%&@ﬁ@%@éﬁ@@ fordEesd rarsyrotfiafstiiviuy- Glersiss; ip)
overexpressiospaf=okaeeAg during infection is thought to contribute to immune

anergy hat oceuls AHENG SRS RISAURRAMY £ 28106 EXBTARSION alighy n he lvers

of infected individuals (even in the absence of virus, i.e., from integrate

sequences s HeR G GERdHS ﬁ%"ﬁg&ﬁﬂﬁarﬂﬁ’é‘@fﬁ@ W"“éﬂ%’ﬁé’ﬂ‘@? SAg is likely
to dedi@ases/fialrtite spopercomnézinsmurtanargpy arishide crea sefireyanmbh@patitis.

30HBV SE{L{h N@ébé@@lﬁ%tﬁaﬁhﬁf&&%@d@@@ﬂ;ﬁ@ﬁf@%ﬂﬁ @Mc%ﬂ{ﬁa?éﬂjt&’ ill target
these mR!\#ﬁxs %Q[ecm&%lyﬁg%%grote nis eeded to make fpnctjonal virions and so
a

down regulation of this m IS p'rréglcfe 80§§ed3é’8|’?eé'§%%/|§9§ﬂ’t%r}§oﬁ’ﬁ§]% should be
no competRibiirane se BffactsrR NRsTolnsrfater sonparbrgdsol X daRNfAs. HBV
SEQ ID N@ibithseupk SEiDiNQ;8snamiatheipebmaniessgrrotiiiasiaRNAS are

predicied R RIaR SO REECRIEIERLS 806 S ANTEIASRIANS Bl TLe should be no

competition with SAg or X mR IS nee for the synthesis of viral

genomes dﬂﬁ%ﬁ%%ﬁ?@‘ﬂ@ﬁ“ﬂﬁrﬁ&?ﬂf@f?@@?ﬁ%&@ﬁ 5?8‘??@8%3%‘3‘i§aﬁ%lymerase is
decreasedlih¥BY¥eSHQ: IERIGKS mrapsso b ehérgenty Duodifiedhedeinrnidl 10redundancy

of all MRNAg,dhass £ffecttn RNAS bausing Rotentiad 10 et all ik miRNAs. X
protein has{a ﬁ_%é%&gcnb on proven fun%nons owe er the %ﬁagene is often found
S

in integrate P R e R I O ATk (B 5 REUT G8AMRIgulation of
X gerdd exmebSipis preditlediAprhite Rokitec Fééi‘a§é\‘ 1@/?1 Hopefaflandpribre
sequenceszfronsdbersliffrseniisiantifind SEqUBREES ébﬁiaﬂf@dd)‘éﬁ%@ Rguef@SEQ ID

o1 SEQIRNGS anlasTa DS AT 0 oy S0
the less lik @“écﬁﬁtﬁ’ﬁ?tﬂéb&ﬂ@%'é%ﬁé?éﬁ@‘?}%{b@ a8t apé witltantiadso, 20the more
different miRiyisrs AhaR cairbentRigotedidtienntigr¢hsignitidantawitlbenths teops in viral titer
and diseasg ANRlRLAIABRNA 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



Desirable combinations for multiepitope constructs, an admixture of constructs, or the
concomitant administration of different dsRNA constructs include the following:
Sequences from SEQ ID NO:1, SEQ ID 25 NO:2, or SEQ ID NO:3 plus sequences from
SEQ ID NO:4; Sequences from SEQ ID sz):l, SEQ ID NO:2, or SEQ ID NO:3 plus
sequences from SEQ ID NIO:5; Sequences from SEQ ID N10:1, SEQ ID NO:2, or SEQ
ID 1\10:3 plus sequences from SEQ ID NO:6; Sequences from SEQ ID NO:1, SEQ ID
1\10:2, or SEEEciibadG3/ Husiietirdntied frorh SETID (N9 7ioBO8auiamegssirom SEQ ID
NO:1, SEQ1B.:N¥§:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:8; Sequences
from SEQ ID NO: 1 NO 2 ID NO Ius seguences from S Q ID NO:9;
Sequences 36 froméggég) Oné%‘&%D%?B §E8q¥Bgl\?Q"§nﬁ?us sEquences
from SEQ @arwmﬂé@qﬂéﬁwe ﬁ%ﬁﬁ%@@qweqm@@@m NenzopsisE® ID NO:3
plus seguengesdrami G RA: 4 andiSEQ. QR Segue reesfiaendEQ ID NO:1,
SEQ ID NOZyor SR Q.| S#Qﬁ@%@%%@%@mgmiéﬁﬁz th ikdad SEQ 1D

NO:6; Sequences from or SE NO:3 plus sequences

from SEQ IFEH5: $ﬁ?f'8*%ﬁéﬁ? Peysta Héey “#Fdﬁ‘(%ﬁ%@ﬂ@%@%l@@e% NO:2, or
SEQ ID NOpiusisegdip fives raishRERQAIpiNErdctume. SHP HD=he) 8ffiSegtyances from

SEQ ID NOglie RISt ol dRMQcARIMSSRAkRNeRS PRIg RR D 10 NO:4
- and SEfg ID NO:9; Se uences from SEQ ID NO 1, SE%IID Of%r#@g(g ID NO:3 plus

sequences\! rtr?réﬁﬁ ot g%% Okfﬁ _ﬂﬁtg% 'é’ﬁh’c ID NO:1,
SEQ ID NOZaimscSEiona Nea il rsetitfeindbs fropnsBe 105 dreSEQ ID NO:6;
Sequences MoNsHRQ HaNEY: dBER) t%ma%eb%@d@t&@&@msequences from

SEQ ID 15 NO:3 and SEQ 1D NO7; Se %grnw RN W RERIO NO2 o

SEQ ID NO:3 plus sequences from SE an equences from
SEQ ID NoTia@E'@tfﬁ‘N@t?ﬁ?fP%fﬁéﬁ ora st daerre et NO:5 and
SEQ IDSNOBiEe uenads: fsgsteSHEQWHEENA G Ve SBCQE HooNE: 2o s SEORDANGSB plus

sequences Iﬁ@%@&@J&%@A}l%@nﬁe%%@épsyﬂ&ﬁ gggumm@%éﬁ(? ID NO:1,
from ID NO:6 and SEQ ID NO:7;

SEQ ID NO: Ef lDN 3 plus seque
SequencesW?B?% éﬁ %48 fr%éQqﬁqﬁ@ ; %P%E‘Qﬁﬁ'ﬁ@’ I3SoNTSRE IR from
SEQ ID NOtEane SEEPiTHN OGRS qudite siigmBROHD NGt IBEQIDIND:2, or SEO
ISD go 3 pl(;!@:mwes @geﬁ/iéwzm §E@ND.R@%&?&@@%@Q&Im\#@&egegenceé f(rsom |
EQ ID\NO:1, SEQ ID NI N ences.from SEQ ID N an
se0 BN R AR R e A RS T 0 1D N plus
sequences W@E‘QWW@W?‘@M‘B‘E@YWNQ@ ‘"S'éémeﬁ’c@? #@H?S@@QB NO:1, SEQ
ID NO:2, or Sk @<HnNE; $ phisose tac aesifrardup EQHR AN G N aBekaEQ4BUNO:9;
Sequences.fragy §:Eu%é@e’}5§?r%tﬁlﬁ% PoMB@@rnQﬁt§@QoRt’é‘r%%1Q'égoﬁ%%F”Ces from

SEQ ID NO:7 and SE ences from ID NO:2, or SEQ
ID NO:3 plugaﬁcgﬁtd‘ﬁen'f:g%sf%m' ?%OWR?@@%WB‘EQWB'R@@“@ nces from
SEQ IPENOsTaSEQifDshlewdy dpBE@ tRiNGidipiussehiracttfrdovaSEQ ID NO:8 and

SEQ ID NO:3R:cheaHsNeeS IQmmiQ Wﬂl\\l:@séeé%}msmgs@fﬁgg ID'NO:3 plus
sequences from%léé} ID NO;9 and SE 10; 5 Seééences from SEQ ID NO:4

and SEQ ID'RE: H@nﬁf%%%%ﬁﬁfiﬁﬁifd%ﬁdf BN 8 lences from
SEQ ID NOMiaicSEQRIA N SEiSutnefices fdmiSHQUD NGk dtth®ER 1D NO:8:

gg%lfnCSéaf@%zS w&mpmsm A@aPég% ,9@&@13%@131%%8@%@%#@;@01 g ?nd
ces n uences rom
SEQ |go HF%E%]t ?\fé)‘gd a3 uéﬁ%" TS el §§Q?ﬁ%?’ﬁ?(f%% Q ID NO8;

Sequencesﬁ?@ﬁ?@E@ Iﬁmﬁwt%@flwm@@%@mg s $EEADENO:S and

SEQ ID NQi#&\ R ences&oaninduiD: MaisanenthQ4NORRSequenses from

- SEQ ID NO:6 and SEQ ID NO:8; Sequences from SEQ ID NO:6 and SEQ ID NO:9;
Sequences from 15 SEQ ID NO:6 and SEQ ID NO:10; Sequences from SEQ ID NO:7

and SEQ ID NO:8; Sequences from SEQ ID NO:7 and SEQ ID NO:9; Sequences from

SEQ ID NO:7 and SEQ ID NO:10; Sequences from SEQ ID NO:8 and SEQ ID NO:9;

nnnnnnnnn frmnrs CEN I NI AaxnAdA CIEFN I



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 MO: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; SenHracRsds0RY %@d&rh@wﬂ}%&é}d@eb@a@ e REQHBYING:9; Sequences

from SEQ ID 0:4,. S D NO - and SE ces from SEQ ID NO:4,
SEQ ID NO*7 Nanﬂagaé%%b”ﬁ&? e‘aﬁféﬁé‘és r?ﬁ@%&%’%ﬁxﬁ) 'SEQ ID NO:7: and
SEQ ID NO'6"'3pigiequdheas W@ﬁ?@ﬁ@qﬂ REYer i3 @‘WW&%@SE@V@WO 10;
SequencesaferiySiEstEbIN @ide SEQCR N Qi8s andpSERIADINRBASeguUenses from SEQ

ID NO:4, SE&«% Nocr%s@gﬁk,%a%'&}xmﬁ t}% .t§%§€a&%eﬁ&ﬂfms§%%k!@ 4, SEQID
NO:9; and SEQ ID NO:10; Sequences ﬁ%%‘ 0:5,SEQ ID NO:6; and SEQ ID

NO:7; SeqfilHd §ef%ﬂ?t§f§'éflﬁsl\f5 BNSEEfie oty mmlﬂﬁ@agequences
from SEQ K5 BEQMIDINGYGailth BEQH BrNGIEcESeqUsmeessrom SEQ ID NO:5,
SEQ ID NQ:&;8d iBES %&Oé%@@ﬂﬁ@@%@ SR QR &Qpﬁe&ﬁ& tp NO:7; and

2531!9?1 ch(-i-g’??o r?\eé]é@& é EQ%'{TB'N% 5 SE?%I'E%\I ?%%R? 5 %ﬂaekhk\(l:es from

SEQ Y N@'5; 8BQ Wﬁﬁ)*ﬁ“faﬁd?%@%?’ e T@'@@é@@ﬁé@@ﬁb‘?ﬁ@EQ ID NO:5,
SEQ ID NQ:3zanst SERQNBRNE:IG NS rouenaesdrass BEMRINRANSHRIRNO:9; and

SEQID N%&Qbéﬁ%ﬂ?@éf&%@g%ﬁ%@ NQs6 2%'39 PR ABHoafRRU N O-8;

Sequences from SEQ ID N 9; Sequences from

D
SEQ ID No%‘@ﬁétiﬁ‘ﬂ?é‘;}Nér%%%éeﬁ?'&?&%%@%@aﬁé%éﬁéﬂﬁ SEQ ID NO:6,
SEQ ID NCGE8nemtr8 EQ! I:NDIIS: Seyedficesiron-SBQ I Wa:6s BEQ ID NO:8; and

SEQ H3 NO@%@@%@&QE@ frampinE QalBiNQiR SERJRHNOS;iand §%Q ID NO:10;

Sequences fr O 7, S es from
SEQ ID Né“’f %D% ‘éiCtS 3 %%@lﬁ%%ﬁ@%%@%g’%eﬂ%‘ég%m ' ID NO:7,
SEQ ID N@*@}i aﬁa@ﬁ%ﬁwﬁﬁ@% BegtentestrsisEgnpiNesandEQ ID NO:9; and
SEQ ID N@dtstheguenter:dfions HEQaH2 IO HaBHRIND NOSZNBSE@4DMO:6; and SEQ
ID NO:7; Sggusgges from SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and ' SEQ ID
NO:8; Sequences from S ID NO:4, SEQ ID NO: 5 SEQ ID 25 NO:6, and SEQ ID
NO:97 gequence@fr&ﬁ?"éﬁ%qﬁ m“&a@@(ﬂﬁﬁ’%@% kee AP ING: éSa‘?‘Fﬂ QD
NO:10; Se§lePtes i SEQ DN OMBES IDI¥0iBeSE@IBIINGaTarrid SEQ ID

NO:8; Sequgnsesaes BRAMRNRA. §EQA%N%%§E&#@N@% i@d BEQ ID NO:9;
Sequencesbfrom SEQ ID r\é)o 4, SE%EI' SEH%E% and S ID NO:10;
Sequences fromcdd SESP N'reRie sHPREME GRS FSH EQ ID NO:9;
Sequences9in SEeMEENG.» Sk QI NO'S, ISEQ 1D hisSED 112R0:10;
geqUQBCGQ?%TBS; EQBFQ«JR:@ c?nﬁ&@u%aisb@g‘imé%@?% I,':::Q?Qéi@@.d !ﬁ&ﬁﬁ)Q£8 IE\;OZ 10;
equences,fr . 6 7 :8;
Sequences HERRERS IR SRR BB B S A0 S0 NG o
Sequences O BED O [KE: ip BB WREPE; BB IIHNOPORIER ID NO:10;
SequencesffaMmdSIHQ ) MOHd:5 iSRayth NAudySEQ HRRNQ@ndisk@dD NO:9;
- Sequences i SEQ H%h%'&%n48§§ng HB &\JJF& Z}ués'égak%;}!% & %H%tf?%@id?v“o 10;

Sequences ffom SEQ ID NO:4, SE ID NO:10;
Sequéfced i g@@q’ﬁ%bt%e ‘fﬂW@)’B Co @W?ieaﬁ[?@i? B NO:ws;
SequencessfroaeBEiIDeNEG He SEQ {HNA:B, IBEAD 1N End, HnLiteB&ER D NO:9;
Sequencesdrgi, afQniD:M 2sRRAQHR NS RERAD 1 Nfids @nHoafidt® NO:10;
Sequences from 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;
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25 NO:7, and SEQ ID NO:9; Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:?, and SEQ ID NO:10; Sequences from SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:8, and SEQ ID NO:9; Sequences from SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO*8, and SEQ ID NO:10; Sequences from SEQ
ID NO:4, SEQ ID NO:5, 30 SEQ ID NO:6, SEQ ID NO:9, and SEQ ID NO:10;
Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:8, and SEQ
ID NO:9; SepienutsfRin BEQHNOIN W siBHEIRMNE: beS&E. | D POHZUISEQ ID 40

'N0:8, and SEQIRNQAG: SeauensasomSER 13 Mok SERIPNIRRRER ID NO:7,
SEQ ID NO0:9, and SEQ ID NO:10; Sequences from SEQ ID N0:4, SEQ ID NO:6, SEQ ID

Q !
NO:?, SEQTBHRFE SHRtFSERMS N B ¥ hEntaL 5in Lt deNO-F &ED 1D No:6,
SEQ ID NOi®E $BgiBisniNOdigicine i SECQ MBANG, 20 /8eigiibrHfe§Grd@th JEQID NO:4,
SEQ IDsNO:fpoBE QhlEaND dosphiefie DiRand KEGhHA NGl Seaienees from SEQ ID

NO:5, SEQ,ID NO:6, S | ? ID NO:8, and SEQ ID NO.9: Sequences from
SEO ID NO?Q%@(S%W%?%%%&%%&?@%S ?Bm%%%gﬁé A N0:10;
Sequences TiRfh# SEEY ¢85 KB SE IR0, of (S 01 BNGY7 SSE0. » ND; and SEQ
ID NO:10; SeepianeandtomthigQfIDINOS0BESNIB, N6z SEL-HRJY0:BHE4 ID NO:9,
and SEQ IDNQ:10: QUUENGRE oy NO. 7, SEQ.ID NO:8, SEQ
ID NO:9, aﬁﬁ%ﬁ%ﬁ% N_o:%@g%%ﬂﬁ%%%@% %@ %%%%5?%@5%%8‘:9?5@ ID
NO:8, BEQ o esE Ndsd et s an A > S@ﬁi@?ﬁd@'?l‘SrﬁVSﬁésfé‘{’D‘W@?aﬁeéEQ ID
NO:5, SEQ t&xibify.6, SEQ ID NO:?, SEQ ID NO0:8, and SEQ ID NO:9; Sequences from
SEQ ID NO:4, SER), I b1 SERIRNG16:SEQ- RN T SEQUR NO:8 ,ane SEQ 1D
NO:10; Seot(ﬁe ces from SEQ ID NO:4, Stl%g ItD NO:5, SEOQ ID NO:6, SEQ ID NO:?, SEQ
ID NO:9, and S ESHEFRIGC 5°EE R AR SAEA TR GHTPRI™E "ERBIEF Rb™E sEQ 20 1D
NO:6, SEQ #5058 SEGIENGDloasdSHosiptNieio camitientenfierinGEQ ID NO:4,

- SEQ IEBNO;’f;l@E&HQdN&’a’t 154010 hKY Ba @dP:NR:BiaRd SEQIDIN0:10;
Sequences fror 1 L4 4D NO: EQ ID NO.? SuE D NO:8, SEQ ID
NO:9, and Sé% gﬁ%%%ﬁ%ﬁ‘u?r%%é%or&%&% T%ll\clar%prggé I R%H:%,%EQ ID NO:?,
SEQ ID 25 NPWISEEaeY 4609, HnrLEe 18 Rugba usieisefite REESHR SEQ ID NO:4,
SEQ ID NOBBEMIDId6®, SEQIBNOR (SEQID:NOBSEB, N@@nand SEQ ID
NO:10.  lnaesoibenceBRdiment cambinalipRs:of seauieres Andignaer

sequenges from within any Pf the aforementioned se uenceﬁs{R(Fe.l%., SEQ 30ID NO:1
through0SEESTSNER 1) ARG DEer ERMP P L6 g B RAR BB, an
admixture cfesuastecibose Boumjis corrcomitatitemlandmstriatimedf such constructs to a
patient. 1 Asyjiscyssadalsembiers hessinng saitiedadiduetawed.embodiment of

the invention utilizes dsR xpression constructs or yectors to achieve endogenous
delvery of T SRR ot . SaSoH BBt B Sl A RGPS Eclitonces
described aBWHENTAdSaSE USRIV IRRSPEEPdietite Hdaymetieameeneistron of an
expreggion ennsirugiisushiasresplasmisl conaifereniis HarsRiganaxpEassion
construct, o iffer 2XP. '%&o ructs,or plasmids, e.g., one of more plasmids
and/or one é?%r%%ggv@g%%?fﬁdmg vﬁfz{w\%g_%st%r%@ uc fﬁtﬁtfr%geéﬁ?g?éﬁt sequences
may also b&Fo\VidieeregBeribgdyisiiea P atngifrsient #hiriitiecosoRBAdr more dsRNA
structures, deptexegiandiarsREPORIBNHGO) @M@&D@n&&h Iging GEteRya .
endogenouslyeXRrenRsed ASRNAIUGHES omafDf SF AR S pRIGMS R administration of -

nucleic acids The DNA and/or RNA constructs of the invention may be ad'ministered to
the ho%q info a recipient cell allows the 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



15 cell/tissue/organism as "naked" DNA, RNA, or DNA/RNA, formulated in a
pharmaceutical vehicle V\/ithout 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 fac#itating agents known to those of skill in the art
of RNA and/or DNA 20delivery. The following are exemplary agents: cationic
amphiphiles including local anesthetics such as bupivacaine, cationic lipids, liposomes
or lipidic pagigles.PolycatianssHeh.as RUMKSIBR, Ara0Hsd-lbree-dimensional
polycations such as dendrimers, carbohydrates, detergents, or surfactants, including
benzylamm&HRiR Si¥factants such as 25benzalkonium chloride. Non-exclusive
examples of suchBiagilitatiFigsigentsrotroc-ag emisiusefuldnttuistinudead éMarer described

inU.S. Pat%hazéf@@&ﬁge% RO AEigRe3, Q%ébﬁ%ﬁm%%ﬁ?ai%%s@u%& 482;
6,127,170 /%5’79 965 an 6,482 804 d Inter% aI Pateipt Aggllcatlon No.
98

PCT/U ggﬂm nektaeta ?F]‘a”é%‘f‘“% em 8?% |nc%r6%raa fence. U.S.

Patents nufib&idins geuics 38 isesas Era.; aﬁﬁmimﬁ]@é\%@@ﬁ@w@étn by
reference) teaghidelveseof arcompegitiomethen. T3iFamiapalyaustestistecomposition,

e.g., a trangfegted dongy cell or A hagteriym, ¢ ggné@gwggowgtgéR sengeding

compositions of the invention. In some embodiments, t SRNA or dsRNA

expression SBESF E%S%B‘i@?@ﬁ%ﬁ%‘@f??ﬁ%c@&ﬁgﬁﬁ i BEanic amphiphiles,
such 5d5s thepgsimpiosiiors algaiotediretd® <B4 BE5E ppstem ettékiafiled October 29,

1987), US i8S (raianst sialolledMpEl 46448833 00dd Siafadrtd” (Feigner et
W., tiled Se]pttember 16, 1993 aneother embodiments, the n%u(il\%,% or dsRNA expression
n

vector is comprexed (i Iy [pOSOMENPOSoNIc @6%358)&?8 idSS a cationic lipid
and 100ptldwmd§@§%©ﬂﬁ@f@m5%@m ggethasnadresitrdisipidlysee, for example,
US 5,279,833 (Rexehdd@tiyaBRel8% (hanthaandudsib080:2Addule andParécularly

desiraple mgthods andsomossitins.for delivery-afdhe eiganucleqtde cqupositons of

the invention for pharmaceutical 15applications, in or targeted delivery to
hepatocyte§”aé(r%‘°’c§8§8ffﬁl§6’ ?ﬂ%@?ﬂﬂ%%ﬁ% ﬁfe%em‘gféprfﬁﬂgnﬂ?@achmg of
which is incerpetated Hergindyiréferengeypeptidbjari shermatenransidetiona of the cell

for researcmﬁ@mﬁmpmmét@m&m@smaéma Ma=qeaURLIbreYah anvatety of means

including, but 20 tllmlged t%)e 0:%%%%?” D%@Eags xstgagemedla%eq tr gs&gggton
microinjection, ca é'lurTPp(hospﬁa?e precipi ation, ViralsGrvetioviral aefiver

electrafforatiBRSBiPHrGl iRt epaAsiIfriiatieh il @pﬁwe&bﬁe@giwﬁ@é@tor (DNA)
may be nake BiARNRNANesdaealanpsthebiaeampiexed RNAamaiNA{See U.S.

Patent Nosy L 800768 2137 o ePUands Fpisysa.gn Methods o

Making and Using the Same, Pac e ra esirable delivery
technology f8P¥R ‘eﬁR"N"?\‘éeBﬁm%@ﬁ@%ﬁtﬁﬁ%ﬁﬁﬁﬁ&ﬁ’ﬁ?ﬁ@ﬂ%@%on for

pharmaceutiealrepplications isdhabée Hyaseemblsigh &y closgrtiidyktwb-dempanent nucleic
acid dEBVGrMﬁ%X?é%BH RASRA B ANEPIRHD-GRRBINBgRAY S 3lions. \ich are

available
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 '



from Insert Therapeutics, Pasadena, CA. (See Bioconiug Chem 2003 May-Jun; 14 (3):
'672-8; Popielarski et al.; "Structural effects of -13 carbohydrate-containing polycations
on gene delivery. 3. Cyclodextrin type and functionalization"; as well as Bioconiug
Chem 2003 Jan-Feb;14 (1):247-54 and 255-61.) The first component is a linear,
cyclodextrincontaining polycationic polymer, that when mixed with DNA, binds to the 5
phosphate "backbone" of the nucleic acid, condensing the DNA and self assembling
into UnifOr%n@@“@%ﬂﬁﬁélﬁﬂﬂ&l&ﬁisihairmdtﬁ@&mdw\hﬁdm&mlwﬁeg’mdation in

serum. A sec éﬂgs@s%ésﬁﬁn%dem%grﬂgﬁmammg&@ma'

adamantine-P g mol ecu e, that when combined with F{C odextrin polymer forms an

inclusion coleRsedi 2RI B aIHRIRARS éﬂ@ﬁé\?@ SRR ARG Bnhances
stability andienablasaysteri®agmiltistidtion i additetydargetiagtipants to cell

surface; eCRRINLS MY b&'r%H@&r&fflgﬁqmgmgiﬂsa@mwsﬁmef@ré@rg@%@elIvery of
DNA dlrectly to target cells of interest ié ?gga %/g I?r su%&&tlk%leI to HBV and
HCV infectith NHfZREGTE Fe&thod 10t % Rivery of Expression
constructs Gidbig iHNtGRE: Wéf&@@is%ﬁkldef‘e&eﬁﬁb@@‘aﬁy aeleinagidus. E.g., the
sialofglyconggtem (w@gm%ﬁgm mammali@mhapﬁﬂ@@ym&iwsbﬁ targeted by
use of synt | 0 ctosy ch as
galactosyla??(t:?%% ymgﬁsggggl g%ﬁ%ﬁgra tar%y iﬂ% or sele ?iﬁ%%@x of the dsRNA
- constriifts 6PB9S Medtich 3 }ﬁ\gﬁﬁééﬂ% prefefed T Hg&IGE® Hépatocytes may
be achievedibyeaitpingi (@ligagdshior, he@atriteSpecifieomcepfursstair, example,

asialo- OVOS‘?JN%CQ 91 (RS '—mlx%'Q@oas@@zpe@sgxgnahcgﬂaaome»é;@t)ﬂaaé'%@ds of the
hepatic asml@gg gqroteln rece emistry 29(43):10009-10018,

less, 25Bio
1990; Wu ef g3 @H‘étm 8&1%2’%”?5&@ 1@@%‘9\@0 fle%l%tﬁerapy
3:87-95, 19a8).43ifilaclethd @ﬂ@om&@mm ehal/, bitiigéw@dstEmepdiecytes by being
conjugpied 9. W@P{ﬂ@ﬁgb@@&%ﬁ%ﬂ@ﬁt@&@@ﬂCﬁﬁ)ﬁﬁbb}étéﬂxbamﬁg@w%ﬁ%edﬁi
receptors. u es targeted. t tocytes pecific
vectors, as%te?s%::% %% Iow artlcﬁjlarzi% grse errg}j %Or%%%gltlo[lr']s fo%?%?y of dsRNAs
or dsRNA ek tagsidA%ohstructs of the invention are the multifunctional 44
compositions as damciiechivd\C HIS08/h4R88Ifits thv my 4, 1i30@3n Whichdaay include

trlactosyl speying s & gAML N AKAE g 1 10 ASG Recentpr of hepatooytes.

Trilactosyl cholesteryl spermine co-complexes with the oli onucleotldes of the invention

may bé%reFEuePEIt sy o BE@eéﬁﬁ'B‘@E?'ﬂaWr%ﬁiﬁea&H% At iffviva  The
dsRNA oI|gouiumtedhﬂemﬁbﬂwmw@ﬂmht%yimm@ﬂdwgeﬂbgewbmﬂyet@ a target

- hepatocyte 43 ﬁgr%iw%l ragsﬂ&ﬁ%mam@@d@mﬂm@dowm@ the/ptarnseikhy "
transcription of a nucleic cu prising a promoter nce operably
- linked to a @ﬁ&e?éw %%m%%%‘? %%Trﬁ? ra% rl;Qgs?’heonu‘%%lc%lmd molecule
is contained-aithin @moﬁorémi&%ﬁmg‘rlméauemrnn@mmfwa@rmmmmé%%, oris
containgd Within peLianpmessreplicalinginiasmid obyl v,@c;cyteﬁr i#tegrated
into the hos e. tor ansfect a Ratocy be used in the
“methods of %hgeS %h%%éﬁt?%%lz’ﬁ?érre%?/&'&?%sqairréc%pﬁ vga(l%toerei 4 y Hefbrence
Such RNA molecules prepared or synthesized in vifro may be
directly defivered to the mammalian cell or to the mammal as they are
imade in vifro. The 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



15including those derived from replication-defective hepatitis viruses (e.g., HBV and
HCV), retroviruses (see, e.g.,, W089/07136; Rosenberg et al., N. Eng. J. Med.
323(9):570-578, 1990), adenovirus (see, e.g., Morsey et al., J. Cell. Biochem., Supp.
17E, 1993; Graham et al., in Murray, ed.,2Methods in Molecular Biology: Gene Transfer
and Expression Protocols. 20Vol. 7, Clifton, N.J.: the Human Press 1991: 109-128),
adeno-associated virus (Kotin et al., Proc. Natl. Acad. Sci. USA 87:2211- 2215 1990),

replication o) UG st
Abstracts o%@@gﬁﬁﬁi%?ne@ ?E%ra Qgt?n ZSZ%dG%b%Q(gébCE)%%%%l%ng Harbor

Laboratory 'CORSERPITY BLIBOrONPES 8%65 YfigdRiR g P8 REEYAS of these vectors.
Methods for condtrastiigexphessiomivéttogsals welhgiemiranidethBNkts(see, e.g.,
Molecular GlaRings AnbaRe@ipnuMantale 288 akeqlalnRisn £8ldypting Harbor
LaboraéorySt and gﬂdﬁwg Cold S pring I—éarbor N.Y., 1989). Appropriate regulatory
sequences can be NSerfad into the vadtors 300f the invention using methods known to
those skilled in tHeeipiaRly Besfivgie sbpHsthBibyeasseeombiperisriarham et al., J.
Gen. Virol. i35 % R2ir %8 AT hrerwothen apprapiatemeithedsitelesias Cloning: A 45

LaboratorysM%%%'ai%%@RE@%ﬂﬂan?\g% ’hg%!gz §P§g}ageﬂﬂépi%eé‘§t% & Or?{ 2nd Edition,

Cold Sprlng Harbor, N 9). Promoters Promoters are inserted into the vectors

so that the %?ﬁb@%ﬁﬂmfﬂk&fc?%ﬁ%? BrRARsEiI A asTpes rteeAtR eic acid
sequéiiice StemdodingittedsRhgnetigofuidleatideohnisef tmetenmb atitagpable of

directing inilalRn-ehLHRRSE I BN, 364 KAy Atif 8 LIRS HESG: Nsthg nvention. For
example -tissue euﬁ@ gm ters, such sthe tomegalovirus (DeBernardi et

Proc. atlA,&jcadC ey 95 HGHET Bohe SRAPERERI R & &9&n), mouse
metal|oth|oﬁiﬂ@dpéé?{‘éﬂ\1w(m@ﬁ%é@n§trélngpm s&pm&. Dbnudleige288, 1982), HSV
thymidine kinasedaknighiniselsal;35ha3r5iL082)aRdeSYA0RAYIVRenaist et al.,
Naturr,e529%};.3'94151119&;89%)@@8%@5@@@ q %/L%%%%O%'r%% \3%?‘ %ﬁpec@c promoters may

4]
be used in the invention, as expression of HB i r?non liver cells

directed by* ﬁé‘%&ﬁ%ﬁ%%ﬁa%ﬁ*&aﬁ*m%{/é&%ma PRUBErHRISSYPRE Hon-liver
cells, becade betbal spauifitivydofitigetHB izt HCV dsRNAs of the invention for viral

sequences. HowsiesnBheteHiRERIRRIAIE 0 UsGlh R VARHN A Ghrid as
hepatocyte: sge%lflg romoters, the use of which ensures that the RNAs are expressed

primarily i |n epatocy 65 Preferred hepatocyte-specific 20promoters include, but are not
limited%o the aIbﬁH‘ﬁﬁ“%Wﬂ&@@m@étmféﬁph?dnihamlf?\%momuhoﬁb|ntdfm@lproteln and

asialoglycauateibisesentar ppasalp i alroaumaiers ad, %"@aﬂ@ r@yich as those
from cytomegalqyiys. NorRgs. émg gﬁ\/«%ﬁ;&?g%éﬁ’gﬁfdouﬁ% tal ggﬁ Wipaiaes U B

and C), and Rous sarcoma vir atolog 987 1989),
~ may also @Eé%‘i?fﬁqﬁéci?ﬁ‘?’é’rﬂlmhe te‘-"d’éﬁﬂf?ﬁ 89}"5? A §e\é{@?§ shal include
promoters focRiN AqiisRaer 288 12)RBZS polimerased)incidingiau satiljmited to HCMV,

- SCMY5 MGIY, fRaaVa&la28ci T4 ANS 75 @aoﬁ%@)?tt—?%ﬁ 476, ICP4 and
ICPO promoters HBV g%genomlcgromoter RN r%01111 )ﬂromoter including but

not limited ¥ B1E BT NRNABH RS ARG N Gl it LM hMavsagia®d promoters.
Desirably, #heMNisiR¢ Adstp Resich? VEdtSethippisd$3); | SaBtame=RINApolyimerase I

promoter, fQfids Res. 24{21):4152-7 (Nov, 1996); Z. Pasman et al.,, RNA, 2(6):603-10
- {Jun. 1998); P. G. Zaphiropoulos, Proc. Nall. Acad. Sci., USA,
30 93(13):6536-41 {Jun. 1996); D. Beaudry et al., Nucleic Acids Res.,
23(15):3064-6 (Aug. 1995), all incorporated herein by reference. Still



46 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 Ill promoter. The promoter may also be a T7 promater, in which case, the
cell further comprises T7 RNA polymeras& 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. Ascelhmaydre imadeuideomaited molkeSRE qoolynterhseRNAtraristidiming the cell
with a T7 pelyugiaseQ %@&%99&@%@&%&@&%%@%@@@9 respectively. In

some embodiments, a %romo er or a RNA pol merase [Il promoter is operably linked

to a nucleic acid that SREGHEL"E YRERNE [ DA GERA AP iR L% han 200, 150,
100, 75, 50 defh 258 dyepaiedvertcrugi) Whl@tmn@mbadm@ntsamfspmnMer is a

mitochondrigl-presagtent halallaws QWQ@@QM}M@@@@&M@UCIGC 15acid in the
vector (see, for exqmrple th tochondrl lﬁx otee[s dg m?}&ﬁd 000/63364 fled

- April 19, 20 %5}%\? 3aﬁef 8’% Ferhativ ively, the promoter

is an induci@@lﬁ’ﬂﬁ‘ﬂ@fé}ﬁ tﬁﬁdﬁvﬁfﬁ’%é G@Fﬁﬁlﬁ'@@%ﬁ“‘@éh&d&@@\fé@wﬁént 15:

1506-1517, 2R8 ) oreaig<blehnikgvoatal tleBaoterols 2000 20Reei8R(24):7029-34),

d R t t) (W
50 Lifer KT SN B HeA R e e L9 000 20,

96(15)%’483‘“55"%W?e?%rﬁ?rﬁS?@F%ﬂﬁ%ﬁ‘%ﬁ&F“W%ﬂ@ IR eDBEPMH835-42 and
Larnartina ethalHusmqBGene Fheiie002:3(2hdas528 Gpquanprovhiotewithstlosed in

WO 00/63364; flgek AR HA4GR0 tbﬁé%‘%@&ék&ﬂ&@@ Bogs @ paAResitions of the

invention are the, structurftal de chhmertlc oterstq tin USSNb6 /464,434, filed
- 22-Apr- 20037 %ésgsot %a?)rbmo erkye aﬂs?&ﬁgﬁt ) I&C%lﬂ?eé a(ﬁ terriini
Sanshchandvafﬁ*d@b,aq(ﬂumésem@&nﬁmpﬁu@kmm%e@%@r@@ﬁoﬁwswﬂ&ns," u.S.

30P_rova‘sionamfapléqa{ﬁi@ﬂ ;Nmeaﬁm&@?é@,énﬂ&%@M@a@&awwmgi@aconsidered
partcularly desiabie LR SIIACs A0 OMARSTONS.ALihe IYSIIRdT Liver

specific promoters useful in dsRNA expres nstructs o} Invention include the
albumin proﬁ%t@f‘%%@lﬁﬂ&%ﬁ%ﬁ%ﬁé’myﬁ%%@? GESHERRIPRTINRY cancer cells), the
alpha-l-antiteypsatepgriomotenpbhepptitisiB grombielide egyndrepatitisd BHeremdiers
I)?clucimg prem@iggamerm?@ega@éhegﬂ%gﬁ@qmwgo%%n%%%@%y%eretlﬁedang
pro rom erase pressm stems A desirable method o
o i Biof RN T d RN RS e Ehi B AR ATETE GRTadHhc expression
of dsRNA, (éhgffﬂcﬁg!ﬁw@mfrﬂ?dﬁQMA*ﬁ@@FE@@késff%f%%l%m@@éif%t(@'fg mammalian

cells). The loh@sRigsiar systeshddudligesatha dduploneiry 19 mprﬁ% thgndesired

dsRNA. Trans? Elon is asige?ogpéier}gr 7eRN£\\/ org erase fwh| Q\e provided on a
second plasml or on thée same plasmi Bacter op age DI'{} ﬂrNA polymerase (17 Pol) is

the product BfPTiH @%ﬁ%’gim?ﬁﬁ|§W68Wf&6@jﬂ%ﬁ§t%§ﬁﬂ)ﬁ§ﬁ/8%‘?oﬁé‘ﬁér%@quence
specifigally and exhibitzad)ighetiansasipianesaativbyidbnEyhearyptal sgquence of the

17 genome i) deialos nfarmaipn oy dhedifeientisgions o g hapteriophage,

including promoter sequences, Is In Dunn & Studier, 1% Mol. Biol

- 166(4), 477388 18REH N%Bm@%ﬁﬂafﬁfé"f%‘%tfﬁ&é 3Re¥&ssion No. NC 00 1 604). The
T7 promoter canndtdileutdised agan yOtiep BN pobrtierasaithamibe@hgolymerase

of bacteriophageld ihich shewRA SHBeSR) SPRCilchY Lo lipRpRIgier (Chamberlin
et al., 1970, Nature 228:227-2 1\@2\ When utilizing the T7 expression system for

| expres%ﬁ)ng TYSARS ﬁ“e?&%% S0 Prasds Estntrircrtnatedpleiedeboth a sense

and antisensecirappression vectors designed fo produce RNAs as described herein.
in vitro or in vivo may confain sequences under the control of any' RNA



under the control of converging T7 promoters and a second plasmid 25 construct 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, particularly when the dsRNA is formed from a
single RNA strand with inverted repeats or regions of self-complementarity that enable
the 30strand to assume a stem-loop or hairpin structure with an at least partially double

stranded regig, é&@y'%@m%&%m%ﬁ%%ém%@’mﬁ%f AFSEe to form a
dsRNA ca be %y&]%esae % e plasmid "construct using, e.g., converging

promoters sucﬁ A B EpREGE B%ﬁ%ﬁ@ﬁ %%B%CF%é%%aﬂ?ew at the 5'and 3'
ends of thehebimplease sty strahadsdofef sélestedsequenceaodse transcribed. See also,

e.g., the teachingf Méca&%&m \MEM@&Q%%&QJ I SshdY eXpiRSsienRystems, 5 as
well aséJS C@Q %9 §9§el?gl 1 JuI Z?Fmd US 60/419 532 filed
0

18-Oct-2002. rapeutlc m%% itions Fhven %em’r’ﬁe dsn%!f the
invention, ARl EEsABifet Yesrst s Herbalingy ﬁﬁ‘é‘i@l‘é’ﬁ%ﬁﬂ@@q[ﬁ@ﬁ@é@ encoding

them, may beeisechinstherapeytiticenpositiessofaliny eventingiecidhtigating HCV
o e plofRSHANRO; erEPSUl SHMRAFANS ALING IRNLNIBLDe used alone

or in admixture, or in chemical combination, with one or more materi including other

antiviral agéﬂi@@ﬁi‘@% A0 RN A AR dibWﬁpﬁﬂ&”ﬁﬁé?@r%ﬁ Yiha have
been apprdviid fot trEatmesitiokBYNAnd!itisantdipatedythibthe gormpésitions of the

15inventionmay. g:usaein ﬁ%@@&l@é@w@nﬁﬂeﬁdmg@@f&ﬁ Ho@dhat are active

against HBV includin %@E@S&a é%%%FTCQr%nd ente%a"\{ér mcg SRNAs against HBV
and/or HCV f(?t tﬂroug a?znsm (sts'ﬁﬁ& d“af‘e% égr?é%llencmg/RNAl)

2 ROVEl Mg
combinatioRPHRIE DA WHaRS BReRBimGaisheand stse pa RIS expected to -

significantly: fingreasentheiefficacy-uiiberapyseipte suhstamntialisneednaing the
deveIqeme&@&mmé@ﬁg&%f&@n&g oﬁg%ﬂﬁx%' %Qﬁrl.%t.g@% [Geistgnce, a

problem of mrejgor concern with mp term lamivudine thera urren y, Interferon and

ribavirin ar§EBRELE EPIRSARRERY JEMRP! hivg'ds %P‘Hé}\/‘)ﬁt"féaérﬁ‘?éfﬁa?éarthat the
compositiohgctfribiehrseartionarapbeEitisda rpgurtthpesticerasith) tifeserabigh other drugs

that are actjyRgalNSLRIGY - ISRAAIG I FaIsLRAIMERAIAYAlING fgrapy with such

multiple agents ¢; nhtz)ie é:ir‘egerriqli%%%yhrga h r(?eug Jne.exp gé}jme% tion b those of ordinary
skill in the art of cimical medicing R ES N, ncﬁlude hdt&Hals that

increa®® th@’%b‘i‘b?d@i%‘épgf@élﬁfyf%ﬁjfﬁé%ﬁQ@Fﬁﬁl%ﬂlﬁé@éﬂdtﬁ@gf@é@h@bltﬁ‘a&h@vectors of

materials thatiacreass: thesabiliyofdhertheiapeniie soriprRiignslepepetrate
_ hepatocytegaégjﬁgtlyﬁjge ?)@peutic compositions of the 49 invention may be
administered in pharmaceutically acceptable carriers (e.g., physiological saline), which

are selected on tHEBISREWF AR ABAMASVIAL SHSRIRFABE MUFd%APEtandard
pharmaceuticibipragticecOnatbaxad drardiratyrsklaanthi akaanopdadity, formulate a

pharmace yiqal Sgaasion tuaeasaisPaaRAlganydeaide p gene construct In

some case an IS tonlcré%rmu ation is used. Generall ditives for ISOtOﬂICIty can

y, &
include sodiam G ISMHeoHRRERS tﬁ%ﬁ?ftt8f°§cﬂ%f%5r¢&?&%?o@@“lﬁ%% cases,
isotonic soRtibkrsistichagphovitattebeaffsredsmids 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



saline are preferred. Stabilizers include gelatin and albumin. In some 10 embodiments,
a vasoconstriction agent is added to the formulation. The pharmaceutical preparations
according to the present invention are provided sterile and pyrogen free. Suitable
pharmaceutical carriers, as well as pharnficeutical necessities for use in
pharmaceutical formulations, are described in Remington: The Science and Practice of
Pharmacy (formerly 15Remington's Pharmaceutical Sciences), Mack Publishing Co., a
standard refetencentgxidn thisfie|detmeabiy the UBRING into cRsEPafkadainistration
include, but.ace DAL Imitad 1o, BYauySENATCLiFRpRIRnRRlciNagemal,
subcutaneous, intravenous, intraarterially, intraoccularl nc{ oral as well as
transdermalfy 6P 15/ 20ifHal XEOR B & E%Wtﬁg?e%%%%tﬁ‘é?%fcaa Ministration
include intrautntus, iintratatiscotae, oial, intragelitoisar iy adedrnanintaarterial and
subcut@ne%m@ﬁg%gqﬁg{\%ﬁspr dsRNA expression constructs may be administered

by means including, but not limited to, traditional syringes, needleless injection devices,
or "microprojectilé'gb%}?lﬂ{é%rr "r‘ﬁ%’@%ﬁ%‘*‘&%@h‘% %él'?enr}'%gw erf/{??hﬁéoéeseyﬁllgand/or
dsRNA expriasiidPhEopstibtraBeieeiictt B2 FXRiBaS AdEFHIND cells that are

removed frexadihes individuale Suthmerasinciide sorsexainpleleexdavo transfection,

electroporalign, Jnigrolnjection pndicromglecti DobaLEr Lo ek e gene
construct is taken up By the co S, t?wey are reimplanted into the 30individual. It is
conteridlateB e ERPRENE RIHARRTGRSHEIE RIS fEH AR FIRE TS ructs
incorporatediihereihaain be ismpiaried mtostrecSRNAdIviteateybavit the $1d8Y cells were
originally tajen. from, AnaNRL ANVl -stralhEB Y daierisd g Wayalsdpiganticipated
that the dsRNA com\gos_itions of the invention may E)eC e?%]‘lg as a gég-ttrjgﬁ\%ngent in
5conjunctioR RS IR Eat R LG SRS R SFStScIs deSighad to boost imhitinity against
the virus. It feealsd-amicipaedkivas tred SRIGASHER PESHIsIEBH 1REIPRFRtion may be
useful fgr prephiviaxisia.aragioest afpetpdisadmwinistiatiensieindivideals who
because of occupational or ot nti osyre idered at.high risk of
exposure to 10 I%ffsé"r@(% ?—I%&lf@g E%t%%%%réﬁgé&r?g fég‘aﬁgg t%écge%}gnnel. Such
an effective"Stdpryigetie FasRRiamay FMGHESEdministration of a composition that
provides an HBV ansdierii€ iedzRdNiobthéuirvdsitivas efdhewseklgrbiveyekly, monthly,

bimonthly, exens iy 68 FORHL BRI QI9BNRoREMENGAYY: Qinearly, as can be
determined through routine 15experimentation P%y{athqse f skill in, the art of clinical

mediciid. Tﬁgeé%ﬂﬁ&sgf\'&ﬁgﬁﬂf’ﬁ\g%ﬁég‘g SRUVREBFEath 38 %rgﬁéssrﬁ?é’%t}c\?iral vector to
express theTtsRitpwatthedinirhiion tatesindgtikrsipprslopgedgsensiof time,
expected tojheheihekangRafiveskaiasandishis aensidarsriNg heevantageous for
this and othgr a%plic iotns. 29 iggall%?t ORQERN&%‘ y Forgl%u 'Hle)iﬁzg tion.Qf SRNA (e.g., a
short dsRNAYS it 6)%?& dr’a Short or 5r§)g ‘sﬂ?\?A to silence a gene) to an animal,
typically betigEéH\s Gtisgpessitd tavpismiectdot O g UB i P BPETRGY B %Dy to 500 pg
dsRNAs ackpinisiarsdbicm90y2stpanngoensonamnimab (oarastiof increasing

preference). Eor ISy ot .25 SRION SRROEIGLASRVAf oAAJor SSRNA 0

. o . L8e

inhibit toxml%y r'a short or long dsRNA to silence a gene) to an animal, typically
between 100§ E5 30 R] CEG A% to 100 mg, 1 mg to 10 mg, 500 pg to 1 mg, or 50 pg
- to 500 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 RNA molecules of this invention. Such recombinant bacterial



pg dsRNA expression vector or construct is administered to a 90-150 pound
person/animal (in order of increasing preference). The dose may 30 be adjusted based
on the weight of the animal. In some embodiments, about 1 to 10 mg/kg or about 2 to
2.5 mg/kg is administered. Other doses HAiay also be used, as determined through
routine experimentation by those of skill in the art of clinical medicine. For
administration in an intact animal, typically between 10 ng and 50 pg, between 50 ng
and 100 ng:ene FehyeerikDa aghanitdaag 5 daRbAD:oLBNAeReadingR dSRNA is
used. In degiahie embpdments. SRR IABI 7 ANA 01 paof dSRNAs

administered to the animal. With respect to the methods of the ihveention, it is not
intended thEttRLANNMAISIZRBABIRILIRME BY [RGB JAFIGUSRNGA3d'8MIE Br animals
be limited toreppdrgicblenolieof asmmnistiatiothcdosatye, iottresjuanayted 10 dosing; the
‘presenkinventian copiampatesallmeAesiol adminixiation; sylfigicot iR povide a dose
adequate tg inhibit gene expression, prevent a disease, or treat a disease. - |If
desired, sh%?m%‘?ﬁ@AtY? W@%@Edaggfﬁg?%?ﬁegcf%sr ‘ngéﬁ’efﬁjé"@?B@%nous delivery of

dsRNA (e.¢lrepfomyeeesiRN Afaiatonightotherwise 15 be expected to induce
cytotoxicity. See thg teashiagehlLbg Sk 16/425006, HletRBrAmsrQ3ssMethods of
Silencing Genes Without Inducing Toxicity", Pach : licants, specifically
incorporatgc{ﬁte%%%aﬁ'r%nc%tﬁ%gn#egfrgﬁ'c%?ga’%éj%?(gh%gg&# %%épﬁg%%’sﬁrteggzurther, when an
amount congarERsFelimambievalinarprhraritedr ragivatpdyiesreradange,
preferred raageptiria dﬁt@ﬁ_mmwt@fﬁa@l@m@mmw\m;pmmwl@_w@éues, this is
to be undewslggaas erleabydiaciasingalkianassdoupag L Apayr of any upper

range limit or§referred value and any lower ran%e limit or preferred value, regardless of

whether raffReRRPEEYEISEEIN BREADSEIP L. AMETE 9L PaR L oEHH eIl values is
recited herdiaranylesd tih dkaibeigtesfesiityel ey ddgdnterddivt iegbois the endpoints
tr;e rhe0f5 angra{biﬂtﬁlgaﬁ@tm:f%@ﬂm gi%h’ﬁtea.ramé;lai@fmpc&izitfl@@@ed;mat the scope
of the invention imited.t pecific v S recit en defining,a range. 52
EXAMPLE§egue e %F??O\}v%\éy%fa%ap! %ig?r_eé?)?&%lé%ésﬁﬁﬁ%ﬁ%ﬁ%ly. All references
mentioned WRRYEhIS Hiscnsstmaline ideitivalRsnibhost dfatpiereirby¥BRerence in
their entiretydén&XadyiRlcnd aSiteirtinigridB Voreplicatisasand@xpiessien in a replication

competent glLculiug-adsh Buehelsscplion.of 65l SulE a4 suman

liver-derived cell 10line such as the Huh7 cell Jine Is transfected with an inféctious

molectiiar AOHY B HEAGEHERERY 'SP St SRR EHS S2 RIFYARSAr APGENBme that is
capable of weusseribisiii v afdhegriut RivAsethdkotiussg iinbettieod virus [1-3]. The

replicon usegLipinese strdins tscialyaddenatneyirvs seanepasdeynsinseen Bank
Accession ¥01460. FoIIovyin internatlljzati%rﬁ

A efs%ned b .a%p d’? con}yen[ ona 0 %;imtgshs%pgtgsc Xtees%n re]a(% 9‘: I.%r '
Iocallzatlon, r SCI’IF}%IO the Infectious Bfésmlac rom several vira promoters_
(

has been sheG@ate! ipfitisnger Gene Ther., 5(6):350-6 (1998), among others, with
25. the feachings of the present invention.

The term “in vivo™ is intended to include 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



cascade of events that mirror HBV replication. These events include translation of
transcribed viral mMRNAs, packaging of transcribed pregenomic RNA into core patrticles,
reverse transcription of pregenomic 20 RNA, and assembly and secretion of virions and
HBsAg (Hepatitis B Surface Antigen) partitles into the media of transfected cells. This
transfection model reproduces most aspects of HBV replication within infected liver
cells and is therefore a good cell culture model with which to look at silencing of HBV
expression satadptipaition @sUsidg fus eedellecdhe weitipbe deandfanted with the
infectious mEIRRGLclons. A B ad arlos RERNA casiels Th.calipgere then
monitored for loss of HBV expréssion and replication‘as described below. Détails on the
vector and EHHBBIEERME L S 1B eHISEREAN Bhé angpirersdea astidien @ist this

example. 5S¢ ExReriBaBs Fom abagidolieningieanfyane: ot sp@eriment that was
performed using eiRNA vectors _en%?#%iggg?equences derived from GenBank accession

numberVOFEEHCHEY QRjGRA d&8IG TR ARRIAKIGESRNE (Fede highly
conserved seguencesddentifedasidescibethelsavdieretweoeimondich also exhibited

e o BN R R TR LR e o <A
particular eiffeRpepaeBend Y Eeisr sostesortHis e paimahaiasal prapeistary vector 0

containing a8 RrPRsId s rxarassimaliheancpded RNAs kaghikector
encoded only one short hati?)in RNA (shRNA). The shRNA coding sequence was

followed by SHTENIRSIAET 1Y {8 BR! SiTRA BE G B RIdFR¥s!6f ik €6 pfomoter,
RNA pol |1l garrainasigital 1a0d200c606d 2R NAs are iaisshawniatehgtand of the

le. Simi ini t d I L] - inati
Cionals are e A G R B e vector

from Promegj@riifsiomatiridpasts. ©hebfidrdiRarlsial firthdaaget a8 risd¥reate them
according tathesnfermasiasn pravideddacerinolids eppesiaddhnisimiaideidts would
also be obtained [usin%otheﬁ{ %)33%;( ression ang promoter systems especially those
vector%?mittﬁ%ﬁfﬁ%&? 94575 i AN W%ﬁ?@%\tﬁlg%%ﬁ)mmers or 75K
promoters. Eaapeﬁmgatajdﬁmﬂmimy‘bam@yeotb@ be 'ﬁﬂtﬁl@ cellyaljftucedimBRBMI-1640
media were, 5aedeck e el 2nlalen a8 SaRRf B droelomel il
transfections were performed the day arter cell seeding using LipofectamineTm

Y ¢
(InVitrogen lesaispiats, @id Pacidearidtb 190 mMaRufiupsrideibctivns. thathis

experiment geelisavgiie Bandaeted it eRngsof the infectious HBV plasmid ayw
subtype ("pHBVZ'g (¢3enBank Accession # V01460) and 500 ng, 300ng, 250ng, 30 120

ng, 108%g, 50ng ¥r TPHECHEAP IR BSEWILOBNRWEE Tt CoMEnttransfection
at 2.5 pg bysirahddit g alpribent:plasticiesDiNA cpt b Ss dsic RromnegasiViadison Wis.) in

amounts th the fot In. 54 the transfection to 2. . For example, in
transfection%%@ﬁﬁ\%ﬂtﬁg&?ﬁﬁ%&%\%%ﬁ)kn E%écﬁ”)(?bs lr%l%fa a%oglﬁﬁl%&g%onstruct, 1.5 pg
pGL3 was &§degncalné eiwsreeiiGnamtior keacprisctivwyshudiSemeresaoved from the
cells and thgaglleswgahed Wih-QRYMEMO IMitiPgRN - fskeshnglogies, 5 Carlsbad,
Cal.). %80 pl of O&){ti-!\é&%o V\f,aSé adldetd to each well, fcg?lls followed by the
additidh of (e ?F}anes% IOATHIR SevehiEen s ﬁ?n%%%%cﬁ%f?&%‘ begsl?ﬁ?%ﬁ@égé/on, the
transfectionuiised ier dsthfm FRiirigRe aene pibnsthdropfawid berdineplaced with 2 mL

culture media/welAgRs-Spisteh HOrdays afieniranaiasion sthe madiamas gemoved from

cells and 10 SIRER AL 4 DS SELA MR RRIBARA MDA tieh cuture media
on days 3 and 6. ranstections were carned out in aupeil e. Two sets of control
transfectiorf{idPeratsdp it O RisapdRIA AlSHEqB083E6-H%A BRRYBIus 2 pg pGL3)
and HBY DhaayitreaplietishatR Niteatnstidt (odRdrgeH BRDRNAo LI control eiRNA

construct, and 1.0 pg




15 pGL3 DNA). Monitoring cells for loss of HBV expression. Following transfection,
cells were monitored for the loss or reduction in HBV expression and replication by
measuring HBsAg 20secretion. Cells were monitored by assaying the media of
transfected cells (and a media control) at days 3, 6, and 10 post-transfection. The
AuszymeO ELISA, commercially available from Abbott Labs (Abbott Park, IIl.), was
used to detect surface Ag (sAg) according to the manufacturer's instructions, sAg was

measured sipqesusiRoR AHs-ARsRCiRier B0kl s kel aplicaon,but also with
RNA polymg n in the transfected

§J]Ieig1&gi|ate etranscri tiion f the surface Ag cistron in

infectious Hé@ﬁc one and’ ronr%eﬂfﬁvﬁc@éﬁl%‘ﬂ%éﬁ@eogaﬁ‘?ﬁﬂomf%ﬂ@ﬂ%n vivo. Since
surface Ag 3Hfsssis cattielrrige witedaeteridusneffeotgdpativgbsencenfHBY
rep:ication, isiodmparant mmpwm?gs@ay,emh@lalg éﬁ@é;&@@#ﬁﬁi@&f‘ﬂtﬁéﬁé&g )
replicatipn-i S| sAg. Results; . ells transfected with the'
HBV-stp?écifﬁ?:pe}E%S ,g %%h%ﬂj“(}ti%fgggﬁ@e%ée atthe Seur?ée 8? Thic ?kg%ﬁl'%ugﬁ%%ced a
decrease il"$K31RVRIR PaRAVRGE MK eartrssubretielisripnipitdn fnehewn in the
accompanyingeeiGF ar 8 Stospetpaivdin thto=thitg fowngrinTahiegs2i8s Note that the

sequences igaaiifiesas 788308 AN0BRZ-B77 Qv dquiered surface Ag levels by 30%
and 50% respec ly at 5 dose%. These%ai ﬁweé%gn y tw%meﬁ:ﬁ%lﬁ%ntﬁsgt do not

ive 0on
" target the sAg nlﬁitﬁwgk'ff%{%gggﬁwtﬁ@s& P anEadp e Anriekieafi@therefore reduce
sAg lelfels RaTEsRYTHENGos 5 0V6 i eodemtionin s Ag aabsenved vhen these other
HBV RNAsnaowstatgeed inaonsisteredos stqasiindicationipan hepe, eiRINA constructs

are efficacigus, - ific. eiRNAS u in this experiment The eiRNA'véctors
encode the @%%%}é)ﬁgfﬁ%éﬁ%%f ifrtﬁf'ff ?% %.n %ﬂ%% é’éq‘*&@H%%%%‘é Yiidtin as well as
their map cBBAMIRE GreschBeikardecisdnintinid & w02aktbAasEdrightmost part of
the table isithelSEGHIN S that theseseigupasassriaghwihinoTie seauarse of the

encodesl RAASEERRECGAC(@rsemieane lhalde Behsgumpoian,buLls derved
[

. a, i E)W C .
from the p%lxl nkertos;(? uence g'f \?&‘Eﬁa icular vector used) follows y a 20 first sense
or antisense i@&/{ se&h’én%g'f f% Myi_ﬁ% F(’fﬁp sequence (underlined in Table 1)
followed by a sed®fd'$4B¥ rsutiolerriioptvicleiivetidroomplementéaythe difsirhi BV
seguenche. Notelehaihe a?amsmmt@eoﬂg%a%t@ﬁgn%_@%@&%ﬁ%&%gegci or length,
and we ha r sequences with no significant impact on the functioning
of the eiRI\}Iéth% co%é%ﬁéﬂt. !'I?ﬁg%récggﬁd BRALEGIHCEY FNBEaesYs Siting of T
residd®s, EFMP'D a6 ASTNA PRaviandiisse thizee mnihatiorssigrtibfor RNA pol 1.
57 A diaghamsofritiertranactioedHR AngIsi CIOne dS SO WEiNE 15w vSER ID NO:13 is

the nucleotjdenseAtianee ah LI RIAMEIS! NHSIRIULR. ARG5S QI RNARYLLLL
terminator 5' -Tl JrIT- g_‘ ] Tablesiw and Grapghs. Ugﬁaﬁ%qo anﬁorﬁ :
he abifity to silence multiple genes of a particular pathogen such

as HBV and/or HCV prevents the selection of, in this case, HBV and/or

25  HCV "escape mutants.” In confrast, typical small molecule treatment or
vaccine therapy tha; only targets one gene or protein results 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 muttiple epifope
approach of the present invention, the emergence of suéh "escap'
mutants” is effectively preciuded. '



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 pg amounts. For example, 2791(0.5) means
that 0.5 pg or 500 ng of eiRNA construct 2¥91-2811 (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 4th set of data in this
example in whichFb28%awuak: evalvatedae8@eigal ediativgdme poimtBiddays 3 and 6,
because t*}%%ﬁ;}éﬁ'&@&g&%ﬁ&@%&gﬁ?ﬁ%ﬂéﬁ%QQY&&QTP?%&Q@% utjm@ﬂ@qtfc:jr this
experiment was shown for da ata. Data.i s%g raw ata collected as
Gescribod B AR ATAGF e ATy S IO oLy R UEH o edbure SAG.
Not shown ereetise B g ata fOF2 7B HGAd. thigheOng siagiefdsii07-1927. Each of
these dosegdpbibited HBsAd pxRISIGHBK ahaubaght:siaiMeata the control. Table 2
% Inhibition, Day. & ey 6.Day 101elpflve (0 capig) pHRY? § 539:188,7,268 —

2791(0.5) 0" a

abifity of the virus to generate viable escape mutants. Simiiar!y, it would be
advantageous fo provide a mbdure of the conserved HBV sequences, in
some cases in combination with cne or more of the conserved HMCV
10  sequences of the invention.
Similarly, it may be desirable to use sequences from two or more of
HBV SEQ 1D NO:1, SEQ ID NO:2, AND SEQ ID NO:3, either in a single
dsRNA construct, an admixture of constructs, or through concomitant
administration of such constructs to a patient. SEQ 1D NO:1, SEQ D
15 NO:2, and SEQ 1D NO:3 map to the HBV surface antigen genes. Due o
the overlapping nature of the HBY mRNAs, the following mRNAs would be
targeted by one of more of these sequences: Surface Ag (sAg) mRNAs,
precore, core and polymerase mRNAs. However, since sAg mRNAs are
the most abundant, it is more likely that these mRNAs will be targeted if
20 the gene-silencing machinery is saturable. s p'ossi'ble, however, that all
listed mRNAs will be targeted. Reduction of surface Ag is desirable for
several reasons: a) surface Ag is needed for aséembiy of infectious
virions; b) overexpression of Surface Ag during infection is thought fo
contribute to immune anergy that occurs during chronic infection; and ¢)
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
.. hepatilis. . :
30 HBV SEQ D NO:4:maps to the unigue region of precore and core
and will target these mRNAs specificéliy, Core profein is needed to make

functional virions and so down regulation of this mRNA is predicted to



Day 3 Day 6 Day 10 % Inhibition relative to control pHBV2 1.169 4.445 10.18
- 2791(0.5) 0.442 0.743 1.3 87.2 2791Mut(0.5) 1.136 4.305 10.595
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15

20

25
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decrease viral titers, There should be no competition of these effector
RNAs for surface, polymerase or X mRNAs.

HBV SEQ ID NO:5 through SEQ ID NO:8& map o the polymerase
gene. Effector RNAs are predicted to target only precore/core and
polymerase transcripts. There should be no competition with sAg or X
mRNAs. Polymerase is needed for the synthesis of viral genomes and
therefore viral particie titer is expected to decrease is polymerase is
decreased.

HBV SEQ D NG:9 maps to the X gene. Due té the terminai
redundancy of all mRNAs, these effector RNAs have the potential to target
all viral mRNAs. X protein has many ascribed (non proven) functions,
However, the X gene is often found in integrated HBV sequences in
individuals with active hepatitis and downwreg!JEaﬁon of X gene expression
is predicted to ameliorate disease.

In general, the more sequences from the different identified
sequences that are used (e.g., from SEQ 1D NO:1, SEQ ID NO:2, andlor
SEQ 1D NO:3, plus sequences from SE_Q D NOA4, SEQID NOB, SEQID
NO:6, SEQ ID NO:7, SEQ 1D NO:8, SEQ ID NO:9, and SEQ ID NO:10),
the less likely a virus will be able to generate viable escape mutants. Also,
the more different mRNAs that can be targeted, the more significant will be
the drops in viral titer and disease amelioration.

' Desirable combinations for multiepitope constructs, an admixture of
constructs, or the concomitant administration of different dsRNA
constructs include the following: Sequences from SEQ 1D NO:1, SEQ ID
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:

- Sequences from SEQ ID NO:1, SEQID 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



Table 4 Day 3 Day 6 Day 10 % Inhibition relative to control pHBV2 0.375 1.952 4.005
--2791mut(1) 0.421 1.847 4.753 ---- HCV(1) 0.445 1.805 3.933

36

from SEQ ID NO:1, SEQ ID NO:2, or SEQ 1D NO:3 plus sequences from
SEQ 1D NO:10; Sequences from SEQ 1D NO:1, SEQ ID NO:2, or SEQ 1D
NO:3 plus sequences from SEG ID NO:4 and SEQ ID NO:5; Sequences
from SEQ ID NO:1, SEQ 1D NO:2, or SEQ ID NO:3 plus seqguences from
5  SEQID NO:4 and SEQ ID NO:6; Sequences from SEQ D NO:1, SEQ D
NO:2Z, or SEQ 1D NO:3 plus sequences from SEQ 1D NO:4 and SEQ ID
NO:7; Sequences from SEQ 1D NO:1, SEQ ID NO:2, or SEQ ID NO:3 pius
sequences from SEQ 1D NO:4 and SEQ ID NO-8; Sequences from SEQ
ID NO:1T, SEGQ ) NG:2Z, or SEQ 1D NO:3 pius sequences from SEQ 1D
10 NQC4 and SEG D NO:S; Sequences from SEQ ID NO:f, SEQ ID NO:2, or
SEQ ID NO:3 plus sequences from SEQ 1D NG:4 and SEQ 1D NO:10;
Sequences from SEQ 1D NO:1, SEQ ID NG:2, of SEQ 1D NO:3 plus
sequences from SEQ ID NO:5 and SEQ ID NO:6; Sequences from SEQ
D NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID
15  NO:5 and SEG ID NO:7; Sequences from SEQ 1D NO:1, SEQ ID NO:2, or
SEQ ID NO:3 plus sequences from SEQ D NO:S and SEQ {3 NO:§;
Sequences from SEQ 1D NO:1, SEQ 1D NO:2, or SEQ ID NO:3 plus
sequences from SEQ ID NO:5 and SEQ ID NO:9; Sequences from SEG
ID NO:1, SEQ 1D NO:2, or SEQ ID NO:3 plus sequences from SEQ (D
20 NO:5 and SEQ ID NO10; Sequences from SEQ 1D NO:1, SEQ 1D NO:2,
or SEQ 1D NO:3 plus sequences from SEQ ID NO:6 and SEQ ID NO:7;
Sequences froni SEQ ID NG:1, SEQ ID NO:2, or SEQ ID NO:3 plus
sequences from SEQ D NO:6 and SEQ D NO:8; Sequences from SEQ
{D NO:1, SEQ 1D NO:2, or SEQ 1D NO:3 plus sequences from SEQ D
25 NO:G and SEQ 1D NO:8; Sequences from SEQ ID NO:1, SEQ ID NG:2, or
SEQ 1D NO:3 pius sequences from SEQ 1D NO:6 and SEQ 1D NO:10;
Sequénces from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus
sequences from SEQ 1D NO:7 and SEQ ID NO:8; Sequences from SEQ
- iD NGO:1, SEQID NO2Z, or SEQ I_D 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 ID NO:10;
Sequences from SEQ 1D NO:1, SEQID NO:Z, of SEQ ID NO:3 plus
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sequences from SEQ ID NO:8 and SEQ ID NO:9; Sequences from SEQ
ID NO:1, SEQ ID NQO:2, or SEQ 1D NO:3 plus sequences from SEQ D
NQO:8 and SEQ 1D NO:10; Sequences from SEQ D NO:1, SEQ ID NO:2,
or SEQ ID NO:3 plus sequences from SEQ 1D NO:9 and SEQ 1D NG:10;
5 Sequences from SEQ ID NO4 and SEQ ID NO:5; Sequences from SEQ
ID NO:4 and SEQ 1D NG:6; Sequences from SEQ ID NO:4 and SEQ ID
NO:7; Sequences from SEQ D NO:4 and SEQ ID NO:8; Sequences from
SEQ D NO:4 and SEQ 1D NO:9; Seqguences from SEQ ID NO:4 and SEQ
- 1D NO:10; Sequences from SEQ 1D NO:5 and SEQ ID NO:B; Sequences
10 from SEQ ID NO:5 and SEQ 1D NO:7; Sequences from SEQ 1D NO'5 and
SEQ 1D NO:8; Sequences from SEQ [D NO:5 and SEQ [D NO:9;
Sequences from SEQ 1) NO:5 and SEQ ID NO:10; Sequences from SEQ
ID NO:B and SEQ ID NOQ7; Sequences from SEQ 1D NO:6 and SEQ ID
NO:8; Sequences from SEQ ID NO:6 and SEQ 1D NO:9; Sequences from
16 SEQ D NO6 and SEQ 1D NO:10; Sequences from SEQ D NO:7 and
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
. SEQID NO:8; Sequences from SEQ ID NO:4, SEQ ID NO:6; and SEQ D
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 1D NG:7; and SEQ X NO:A1O;
Sequences from SEQ ID NO:4, SEQ ID NG:8; and SEQ 1D NO:9;
Sequences from SEQ 1D NG:4, SEQ ID NO:8; and SEQ ID NO:10;
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Sequences from SEQ 1D NG:4, SEQ 1D NO:9; and SEQ ID NO:10;
Sequences from SEQ D NO:5, SEQ D NO:S; and SEQ 1D NO:7;
Sequences from SEQ D NO:5, SEQ 1D NO:8; and SEQ ID N'O:S;
Sequences from SEQ D NO:5, SEG ID NO:G; and SEQ 1D NO:&:

5 Seqguences from SEQ 1D NO:5, SEQ D NO:6: and SEQ iD NO:10;
Sequences from SEQ 1D NO:5, SEQ ID NO:7; and SEQ ID NO:8;
Sequences from SEQ D NG5, SEQ {D NO:7; and SEQ 1D NO:9;
Sequences from SEQ 1D NG5, SEQ 1D NO:7; and SEQ 1D NO:10;
Sequences from SEQ D NO:5, SEQ 1D NO:8; and SEQ 1D NO:9;

10 Sequences from SEQ 1D NO:5, SEQ 1D NO:8; and SEQ ID N(}:io;
Sequences from SEQ 1D NO:5, SEQ ID NO:9; and SEQ 1D NO:10;
Sequences from SEQ 1D NO:6, SEQ ID NO:?; and SEQ ID NG:8;
Sequences from SEQ 1D NO:6, SEQ ID NO:7; and SEQ ID NO:9;
Sequences from SEQ D NO:B, SEQ ID NO:7; and SEG ID NO:10;

15 Sequences from SEQ D NO:8, SEQ ID NO:8; and SEGQ ID NO:9;
Sequences from SEQ (D NOQ:6, SEQ 1D NO:8; and SEQ 1D NO:10;
Sequences from SEG 1D NO:6, SEQ (D NO:9; and SEQ 1D NC:10;
Sequences from SEQ 1D NO:7, SEQ 1D NO:§; and SEQ D NG:9;
Sequences from SEQ D NO:7, SEQ ID NO:8; and SEQ D NO:10;

20 Sequences from SEQ 1D NO:7, SEQ 1D NO:9; and SEQ D NO:10;
Sequences from SEQ 1D NO:8, SEQ 1D NO:9; and SEQ 1D NO:10;
Sequences from SEQ iD NO:4, SEQ 1D NO:5; SEQ ID NO:6; and SEQ ID
NO:7; Sequences from SEQ 1D NG:4, SEQ ID NO:5, SEQ ID NO:S, and -

, SEQ 1D NO:8; Sequences from SEQ D NO:4, SEQ 1D NO:5, SEQ ID

25  NO:6, and SEQ ID NO:9; Seqguences from SEQ 1D NO:4, SEQ D NO:5;
SEQ ID NO:6; and SEQ 1D NO:10; Sequences from SEQ 1D NC:4, SEQ
D NO:5; SEQ 1D NO:7; and SEQ D NO:8; Sequences from SEQ 1D NO:4,
SEQ ID NO:5; SEQ 1D NO:7, and SEQ 1D NO:9; Sequences from SEQ ID

~NO:4, SEQ ID NO:5; SEQ ID'NO:7; and SEQ 1D NO:‘!O.; 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
NG:10; Sequences from SEQ 1D NO4, SEQ ID NO:5; SEQ ID NO:9; and
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SEQ ID NO:10; Sequences from SEQ D NG:4, SEQ iD NO6; SEQ D
NO:7; and SEQ 1D NO:8; Seguences from SEQ 1D NO:4, SEQ ID NO:8;
SEQ ID NO:7; and SEQ ID NO:9; Sequences from SEQ 1D NO4, SEQ 1D
NO:6; SEQ ID NO:7; and SEQ ID NO:10; Sequenices from SEQ ID NO:4,
SEQ ID NO:7; SEQ D NO:8; and SEQ ID NO:9; Sequences from SEQ D
NG:4, SEQ 1D NO:7; SEQ ID NO:8; and SEQ ID NO:10; Sequences from
SEQ D NOH4, SEQ 1D NO:7; SEQ ID NO:8; and SEQ 1D NO:10;
Sequences from SEQ ID NO:5, SEQ 1D NO:6, SEQ ID NO:7, and SEQ ID
NGO:8; Sequences from SEQ 1D NG5, SEQ 1D NO:6, SEQ ID NO:7, and
SEQ ID NO:9; Sequences from SEQ 1D NO:5, SEQ 1D NO:6, SEQ D
NG:7, and SEQ 1D NO:10; Sequences from SEQ ID NO:5, SEQ 1D NO:6;
SEQ ID NO:8; and SEQ ID NO:9; Sequences from SEQ (D NO:5, SEQ ID
NO:6; SEQ 1D NO8; and SEQ {D NO:10; Sequences from SEQ 1D NO:5,
SEQ ID NO:6; SEQ ID NO:9; and SEQ ID NO:10; Sequences from SEQ
i) NO:5, SEQ ID NG:7; SEQ ID NO:8; and SEQ iD NO:9; Sequences from
SEQ 1D NG5, SEQ ID NO:7; SEQ ID NO:8§; and SEQ ID NO:10;
Sequences from SEQ 1D NO:5, SEQ ID NO:7; SEQ 1D NO:9: and SEQ ID
NO:10; Sequences from SEQ D NO:6, SEQ ID NO:7, SEQ 1D NO:8, and
SEQ ID NQ:9; Sequences from SEQ ID NO:6, SEQ 1D NO:7, SEQ ID
NQ:8, and SEQ ID NO:10; Sequences from SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NG9, and SEQ ID NO:10; Sequences from SEQ ID NO:6, SEQ
ID NO:8, SEQ 1D NO:8, and SEQ ID NO:10; Sequences from SEQ ID
NO:4, SEQ ID NO:5, SEQ 1D NO:6, SEQ ID NO:7, and SEQ ID NO:8;
Sequences from SEQ ID NO:4, SEQ'ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, and SEQ 1D NO:8; Sequences from SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7, and SEQ D NO: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,
SEQ ID NC#, SEQ ID'NO:8, and SEQ ID 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.
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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

2 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

10 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
- 15 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
20  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
25 benzalkonium chloride. 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
' 30 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
5  as the compaositions disclosed in US 4,897,355 (Eppstein ef al,, 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
10 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
16 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.
Transformation/transfection of the cell for research and other non-
therapeutic purposes may occur through a variety of means including, but
20 notlimited to, lipofection, DEAE-dextran-mediated transfection,
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
- 25 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
30 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




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). An additive effect is observed, for example, when half the inhibition
seen with 2&mgiR/AAi28ktapiitg halfdfwirhibijer-seananith 25,0g42249-8939 is about
equal o theghiies,sRenaf 0e 2990 ERRRINANANALSS,.T iR 5 mportant because

while one may not be galnln% inhibition overthe use of a sing eei NA construct at the
25 ng dose e (198 8 T3 BP otediRNATSERRRN &8 HEsRErFHRRSHEIRY in preventing
the generatior@f ngalasedipeinpetants, Expetionented Puticemebhtansigetion.

' Huh? aells yeepsasdeskininsismied mlaiss aha densinepl P BRsesiwal. Al
transfections Werqd[i)erf rme% the dﬁ\g
|

2oNErGREerme Eiafter cell seedirg(? usm% LipofectamineTM
(InVitrogen]) according 1o e ThafiredarereoRd EiRsfighe cdedi@nt, cells

were transfétteasmitle Bedatignon trstifife dtivnes MBVTHanmidsywisabtype (GenBank
Accession Hid{H#HEueRthdh AE:0nihe) AYLIAMRSEIAARISIRNAHGPRSIHCES or a
combinatio i onstructs at a total of 25 ng or 10 ng. DNA was held
oSttt B B A e TR BET AT amounts
that brugRIRCERF BAERIRS ARG PR GBIS RIRIBISID H P baRE@RAIRSIEY I Aansfections
receiving 58ahigof14BWiD Attnaud didng oéadite R MAyshnmsigaatdhesel.99 pg pLUC
was addedygsthe taasfection, BrigrieHsansiectinguimedia g lsmaysdfrom the cells
‘and the Ceg%inShc?fq)W' h .Op% -MEMO (InVitrogen Life Techno ogl%sa)ﬂ.?SOO pl of
Opti-MEMOWASHTER BaFEGHY SadaRetrlt LS RbWHRFB tRE SRS Df the

* transfectiofYFRPEEGén 1ERY, 20chilteldelrdionrsipiainwtibin sfettivhotregensfection mix

and Oggti-MieMgyweamemrMacfina sellsandieplaced Wil adm b linre media/well. At
4,8, and 1; ion,.t ia was removed from cells and stored at
EE Qé‘b@@é}&ﬁ g%%gg ngﬂﬁlgt%r%%gé%frgvsi t'i} asm%%mopro

-70 C. The media was replace cultare a on%gys 4 and 8. All

transfectiofCRRIPE e B AR iRAUPRiR aRAo Shts srudmiararseithycdtsneiwere also
performed siB\c2NgaatsnettGBlang st By Did Aghssi 2t rpdlid), anchHBY DNA with a
control eiRMA:cRBskIEE (3949 HBV DNA, 500 ng control eiRNA construct and 1.5pg

pGL PNA). Re?ults: Ee%%tﬁ%e shown in Table 9, and the corresponding graph

3
foundn FIG. 10."¢ PBIRING PEEHY %@ﬁf@ﬁ@@@tgﬁg%@ﬁ%ﬁ@%@f“éaual effects

to adminis@aisrvealgl i 8enaincres ds 2939raidnd At psiex relotedidogiesimiar
advantagesandlithevseesy byusmiglainigshiwase haparscdeRNATdiraspd to different HBV
o s e ambb , SAS ARSHRIC A NS0 ShsEARIE, S DY ©
other ligands of the hepatic asialoglycoprotein receptor (Spiess,
25  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 fo hepatocytes
,  30 using specific vectors, as described below. '
Particularly preferred compositions for delivery of dsRNAs or

 dsRNA expression constructs of the invention are the multifuncﬁonall



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 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 mod&!. These vectors were the 2791-2811 and the
1907-1927 vectors. Both 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 micgdsjtiotherstiesaimdtio NSRS dedhonisttded G099% whedictor of

human eﬁi%&yi[@uéﬂm&éd@%bﬁﬁﬁwggmgm foGhigeRAn e A% Iepresent the only
animal mo%%llln Wh}_i%{v%o stu é% huin?n HBIV time(;{tivigy. ,{:,Aa\i,mogsc%_rcn%,(]1?43 )i(% available,
however, il iR HBU BRI ion SHA b iRER ScaUr This Thoder has been
invaluable foitiHecalighiatneisicand PBvETEapaaT & agEmepbedh s tdrifeted against
viral reglicagiarddialsaragairstBpbtngepandant expression of antigen. In this model,
replication competent is.expressed trapsier i DNA. This
model is created yeircftsro ﬁcgllﬁ Oﬁgﬁl%coft%ﬁ %@r%%%ﬁﬁﬁé%/ggﬁl%hg%éouse liver by

hydrodynarffeSeaIrksty oL traet Hergirrirtd et 28pRNMEIMIES to test two of
the vectorseatediogikiB\Mrepeciiccetquencasrptialuatechini&x peidmerntclitor efficacy in

a mouse moggl eyYEN thotglhetg Ware agér%@%m@ heddRYReakenaRy elated
efficiency differences between the cell culture and mouse models. T{us_ )%)erlment
85@8}? &‘Fﬁﬁ fent HBVayw

utilizedhydtsadraMic BENSERTEeh hrtHE§ e e s - aeiR e ¢ &

plasmid (Exampielitatieg bwmsfionaiionjeeiderion EMi L Inaktauwn effe cait#iByY-specific
_eiRNAl expmipanvegﬁ??{erh&%w%{?@méﬁgwwﬁhwcl't;s ienldanthese fﬂx&é@@n@giez because
it results in efficjent delivery of nucleic acid to the liver [5]. Experiments rodynamic
Delivery Stllt ?jé? %)?B?e%}ﬁce%ﬂ? 3/.3‘ﬂy Ve(f&?lrﬁﬁ;rﬁ:g S?W‘S?ér@%y]% %é%%ogn%%c%?wﬁected with
7.5 pg infectfedsHyagigsiashiig iaeadionedrriecchir AT E XU/ YRsFbHowing
internalszatipsiiateghbpaickyies: aachnucleaidocaizalemdsatitscriptien @¢fddBVayw

plasmid fropseyeral¥ipal Dramoters Bas Beenmseup iainiiale dsasaanef events

that mirror HBV reélicatlon 1]. These events include translation of transcrijbed viral

mRNAs, packagintf ¥t raRSerB8e pred Bt RN Ao Pelp LIS St éVerse
transcriptiod. ¢fqiirégamemicRNA,1ahd1888efibhaamet skoreforaf eitions and HBsAci
Egrticles éqt@éh%é@r@m@%mc@@?a@ir@ng?%!af@ﬁa&al@@Q@@l@r\r\f@ﬁ@%ﬂjecteg with
' - A sec roup of cantrol animals were injected witkh of an
irrelpegvg‘ét e@%@rﬁ%ﬁU@:ﬁAﬁ?%ﬁ%}é §Were a sgigo&?ﬁfggea%ﬂﬁ_?%oga ) ggG FP
reporter plagmficlivitiedh AretoNaloAcat. PErasE{or bF-&HP. HRRIA in the livers of
injected migeptesved agaweRNiEpbie sapRaAliERtesaisagairshihamsoasepaadel

ranstection,gcieney. Tolal pAAIISHEL 1D ANIDRP was kephasaasipnt 20 pa by

including pGL3, an iner romega, M Wis.). All DNA was formulated
and injectePaEED AT TSR Fsih SR FERBRTERIRATY Ny ™ Y Masdiefwere 5
animapsspergrsips dittecdidstand detoukteofdbAdbfectet-perianmmdbarashown in

Table 10. %J%%%% 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



Group HBV DNA GFP DNA eiRNA pGL3 1 7.5 pg 2.5 pg 10 Pg 2791 0 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 anqu5|s were
selected based on published results from Dr. Chisari's laboratory [1], Whlch detail the
kinetics of HBVayw plasmid replication in#nice following hydrodynarr_li(_: de_Ilvery. 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 kBMiNAImlessamBIRSIVAS @@get;@;@@grmé Ng;gg,@r;_ré@&%tg@alyﬂs on

day 2 followggéﬁkﬁggo&yds%% E%%Fﬁg gev% ed in Dr. Chisari's laboratory [1] and

normalized to endogenous evéls and GFP mRNA levels using
conventional tecHAieiE S d%ﬁfﬂ&iﬁ/@ﬁ@@ﬁ%@%ﬁ?%@f%l%ﬁﬂ% gontaining
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I nregulation of both HBY RNA by Northern
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RT-PCR defefétratee traprissenodisf863bkiBl Rdtotas|ecklessithe livers of control
mice and S5¢ymelapusmal (BRI 8 27 P8 Nhirealed spicasa ha-dold.
downregulagg%q; @@ic,)alﬁcﬁ'eferences therein), mouse metallothionine | gene
10 (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
15 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
20 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
25  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
30 promoter including but not limited to UG and IRNA promotérs,
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.
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,

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
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
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-
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.
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
5 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

10 ulilizes the T7 promoter o 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.

15  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

20 polymerase of bacteriophage 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 |

25  construct that expresses the 77 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

30 strand o assume a stem-loop or hairpin structure with an at least partiafly
. 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
composition that comprises an oligonucleotide 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
embodiments, a vasoconstriction agent is added to the formulation. 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

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 imited to,
inframuscular, intraperitoneal, intradermal, subcufaneous, infravenous,
intraarterially, intracceularly and oral as well as transdermally or by
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”.
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
individual. it is contemplated that otherwise non-immunogenic cells that

have gene constructs incorporated therein can be implanted into the
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individual even if the host cells were originally taken from another
individual.

in HBV infected individuals it is anticipated that the dsRNA
compositions of the invention may be useful as a pre-ireatment in
conjunction with therapeutic vaccination protocols designed to boost
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
HBV andfor HCV, e.g., 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
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.

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
personfanimal (in order of increasing preference). For administration of a
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

‘be adjusted based on the weight of the ani_x;nal. tn some embodiments,

about 110 10 mg/kg or about 2 to 2.5 mg/kg is administered. Other doses
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may aiso be used, as determined through routine experimentation by
those of skill in the art of clinical medicine,

For administration in an intact animal, typically between 10 ng and
501g, between 50 ng and 100 ng, or between 100 ng and 5 pg of dsRNA
or DNA encoding a dsRNA is used. in desirable embodiments,
approximately 10 pg of a DNA or 5 ug of dsRNA is administered 1o the
animal. With respect to the methods of the invention, it is not intended that
the administration of dsRNA or DNA encoding dsRNA to cells or animals
be limited fo a particular mode of administration, dosage, or frequency of
dosing; the present invention contemplates all modes of administration
sufficient to provide a dose adequate to inhibit gene expression, prevent a
disease, or treat a disease.

if desired, s.hort dsRNA is delivered before, during, or after the
exogenous d'elivery of déRNA (e.g., a longer dsRNA) that might otherwise
be expected to induce cytotoxicity. See the teaching of USSN 10/425,0086,
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

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.
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.
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EXAMPLES
The following Examples are provided as illustrative only. All
references mentioned within this disclosure are specifically incorporated

herein by reference in their entirety.

EXAMPLE 1

Silencing HBY repﬁcation and expression in a replication

competent cell culture model

Brief description of cell culture model: A human liver-derived cell

16 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 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 V01460. Following internalization

15  into hepatocytes and nuclear localization, transcription of the infectious
HBV plasmid from several viral promoters has been shown to initiate a
cascade of events that mirror HBV replication. These events include
franslation of franscribed viral mRNAs, packaging of franscribed
pregenomic RNA into core particles, reverse transcription of pregenomic

20 RNA, and assembly and secretion of virions and HBsAg (Hepatitis B
Surface Antigen) particles into the media of transfected celis. This
transfection model reproduces most aspects of HBV repiication within
infected liver cells and is therefore a good cell culfure model with which to
look at silencing of HBV expression and replication. ,

25 Using this model, celis were co-transfected 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
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Experiment 1:

The following is an example of an experiment that was performed
using eiRNA veciors encoding sequences derived from GenBank
accession number V01460. HBV sequences in these desciibed eiRNA

5 veclors were highly conserved sequences identified as described
elsewhere herein, which also exhibited activity as siRNAs (See, Pachuk,
C., “Methods and Construcis for Evaluation of RNA targets and Effecior
Molecules,” PCTIUS2004/005065, filed 25-Feb-2004). The particular
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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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, HBsSAg was measured on days 1 and 4 using the assay already described
herein. 66 61901 11,236

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,
5 Carlshad, 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
10 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
15  pGL3I 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
20  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
25 with viral replication but also with RNA polymerase il 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 fo down-regulate not only viral replication but

3¢ 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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6706 Std Dev=> 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. Great progress in understanding HCV replication has been
made by using recombinant polymerases or cell-based subgenomic replicon systems.
By using a repficorf iy St sapesilep &difcdiratietassusrteifostrated to be
able to suppress $HEPgteits exfire aatdrpatilsRiN@repicatigrogeguences of the 5'
NTR and bﬂﬁb@%&é@&@%@é‘%ﬁk{g&rﬁ# BRRRSBAVE beer-arasied successtully. The
highly conserved nature of the 3' NTR sequence makes it a highly attractive target for
siRNA based therapy. However, no study has been 10 done to examine the feasibility
of using thel28bleT RodHerepiie report the design and testing of several siRNAs that can

inhibrit HC\{jprotei{B@xg?@%i@@é@Lﬂaa §9eg&%@3f‘ag%%% @/&E@mnﬁ@%@mﬁy
synthesized HCV-specific sSiRNAs were transfected into the eplicon cell line as
l;:?je # Bl aEJ Sg %?ﬁ‘@ Qﬁg%\&’a‘ gﬁﬁ' ﬁg“f%toma Huh7

. CO[Tes 3] ata in
described below: 15 Cel c%]?ure and media: replicon”

cells was cHf&WIH BaBRiEcsss (pheifedEname ®etize ENIE vPYmeitrogdn)
containing 0% detal:calf BeresuiinidlTgar).s) Mapesidili stieptoBnwiy 4%
non-essentiatgid asniiR.acds-end 0 @10gapk Genslall eIR eIz aLmun 1o 15%

confluency_prior to splitting.. Western blot analysis: Tota ysates from replicon cells

~ were harveSEEPHSRFEHHRBA I8 RLIR T EREBIFRIFFRALEGRHE R sates were
heated at 9BoW@ng itifsietie freberty df betasencagtodthaticlt iefalbset '

electrophogsig:@m a0 hiscGlyaing ﬁgbﬁ%)é@@%@@'a@@wrr@ﬁé@ U'HQG protein was
transferred,to PVDFE Ipvi rgg%ngnrg(émbrane. FoIIowi@%the transfer, the membrane was
ining 0.

rinsed oncé with PBS Contining 0.5% T aeen 20° (PRS0 R BeHFHIRS Sidcked in
PBS-Tweedt CaHtinin§sos ram-itibine fof hinemeemprisisghvm FBSaY Ween, the
membranedats insuiatedwithdhay 6D prEaYIecS 5 Rrthedy Hagit from Dr. Chen
Liu) at 1:1500-dition faf d kAL ORI HREIDSLALYR: Loy fgog%%gB o, Wi HRP

conjugated a-mouse |gG secondary antibody (Amersham) diluted 1:500 ,tFe blot was
washed in %?ﬁgﬁ%%gﬁ 28 "BcItHIRGAHE SeddrisrharitpBdF M &b IEn $%é blot

Each of these doses inhibited HBsAg expression by about 50% refative 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




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 to the protocol of Guo et al.
Briefly, 5 pg total RNA was electrophoresét] through a 1.0% agarose gel containing 2.2

M formaldehyde, transferred to a nylon membrane and immobilized by UV cross-linking

(Stratagene). Hybridization was carried out using a432131CTP-labeled neomycin RNA

in a 15 solufiabiedntaining 50% deionized formamide, 5x SSC (750 mM sodium

chloride, 750 MM sodign citrate); Denhargt's sotution, 6,02 sod
6.8), 0.2% sodium dodé¢cyrsulfate (DSﬁS") 10€ py of sheanedden
DNA/mI, ang-1Q0-png-efiyeast RNA/RL;: for-16-hr

. ’2 o V £ [{ f\té 445 10 18 annrnFTF‘b and
once In X 4 it 0 Lu_\BH& for-3 -‘-thléll t IU\,{IéI ter |JC|O|$|};|\., a6
SSC/0.1% SRS Y Min 8 [C MENblangSyEere exposedto

jum phosphate (pH
atured salmon sperm

hr-at-58-C-Ffi¥thembranes were washed

twice in 0.1x

C-ray film.

Transfection of sIRNA into replicon cells:

the Lipofec

-or transfection of SIRN
O 25 2000 reagent (Invitrogen) was used according to the user

A into replicon cells

manual. Brigfly, 2x104 cells in O 5 mlL. of DMEM was seeded in 24 well plates one day

before the tr tivansfectlo %nd cafed mb t Of S|F2I\I°A‘glg§?§*t‘§muted in 50 pL OptiMEM
and mixed with diluted Lipofect amlne 2000° eage n 50 pL of Optimem). The
mixture was_int@gatefl a.faom temgwature 40030 20 mm before being applied onto the
cell monola;é’éﬁl@ﬁt(‘i’)? hr%fdr 69 frafisfettioh’58elld were-washed in PBS and lysed in
100 pL SD$ B Tahle 1A SIRNAZAEMber SEQID NGO HCV sequence  #12
28 (05) 0,255 1195 2778 30.6
807(0.5) 0.254 | 1326 2.015 497
1907(0.25) |  0.052 0.113 0.365 90.9
1912{0.25) | 0.138 0.208 0.517 87.1
1943(0.25) |  0.099 10,233 0.506 87.4
1991(0.25) | 0.075 0.152 0.291 82.7
2912(0.25) I 0,095 0.183 0.331 917
Table 5
% Inhibition
Day 3 Day 6 relative to
_ controf
pHBV?2 0.474 1513 | e
1299(0.5) [ 0:439 0.699 53.8
Table §
% Inhibition
Day 3 Day 6 Day 10 relative to
_ control
pHEV2 0.33 1617 2.88 e
2791(0.3) | 0.103 0.162 0.349 87.9
1737(0.3) | 0.051 0.094 0.232 91.9
[ 1291(0.12) | 0239 0.587 1.195 58.5
1907(0.12) |  0.043 0.086 0.356 87.6
2019(0.12) | 0218 0.565 1.09 62.2




GCTAAACACTCCAGGCCAATACCTGTCTC #22 29
TCCTTTGGTGGCTCCATCTTACCTGTCTC #32 30
GCTCCATCTTAGCCCTAGTCACCTGTCTC #42 31
TCTTAGCCCTAGTCACGGCTACCTGTGAC #52 32
CCTAGTCACGGCTAGCTGTGACCTGTCTC #62 33
CTAGTCACGGCTAGCTGTGAACCTGTCTC #72 34
CGTGAGCEGRFTGACTGCAGACCTGTCTC #82 35

GCTGATACTGGCCTICTICTGCACCTIGICIC #10 309: e
L b inhibition
ACTGGCCTCTCTGCAGATC AAg&g’G'I CE% B relative t%
confirol
pHBVZ2 0.741 2.53 5383 | e
279103y | 0.223 0.256 0.458 815
1737(0.1) 0.212 0.351 0.549 89.8
1907(0.1) 0.087 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 R
1907{0.05) | 0.17 0.538 1.396 83.3
2919(0.1) 0.368 1.044 1.908 77t
1291(0.2) 0.573 1.654 1.896 773

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



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 siRN#& construction kit, Catalog # 1620 (Ambion
Inc., Austin, Tex.). DNA oligonucleotides were synthesized by IDT (Coralville, lowa).
Control siRNAs: 151. HCV core (positive control): SEQ ID NO:45 2. #12, shown in
Table 14, taggetingsthe Mg\ MNSHBaeneIalseraipasitive-aantialoB nipsimsequence
(negative contr P: SEQ . ID NOQ:46 20Three si r >d as gA - SIRNA
targeting th“e#%%% ulfgrgg%f]gqisamrﬁfna% %gésﬁ?\?é@(%%éﬁ%?&%i%rgetin%gﬂér}:ﬁore
sequence GIHE VY #PEEIFreEBHiHs SR AWBTHEES P I HE RISE B J457E as a
positive conffokiRwa congerteadions el sbh g RND (afiN20vpatall) were used and

the results were compaied B uangiestionoling SRNA L ZGASeRIARAYthe Western
Blots in FIG. 13 represent 0, 9, and moles of the identified siRNAs. siRNA ff22, 32,

42, 62, and* e R IBKP ARG TR VR L5 hG IRV IR A YT orit dBression.
Presumablyxki@VeRNddesfetivmisebing &466dh at 6B g theards i wbiaimed

previously with\pasiveaceaisol SIRNATOECRES -S8¥eBsiRNAsRashminipum effect at
the concentrations tested and should be e(yglua d at i%hgr coanantra%ogs. These
ré) % fisand th (‘2e i ed.

include #1Ztc(tg?ﬂa?ﬁaoﬂlé%%ﬂ',aﬂﬁaﬂw?an L ? xperimen _ d‘@)S(perlment 2 was
performed a8t EsdHBEN P Enpepuranife TRhaplaties)C808qHehBrsMERRA
TherapeutigReyeipparatiexeeptdbntbsisNAGIRL-RBy eampdsingdhesequences (and

(nelr comp\emRRisiaekien B 0:helis daelaty wieke asddndianpiegfions. The

Western Blot assay performed here was as descri in Example 2, Experiment 1. The

15 control HeVrisHesRNANG SR ARMBOERR BRI s S RNADES hed in the
previous HGAhExperavent hadllxSIRINAS 4vérextrahttintediat tansentiatidns of 0, 9, and

20 pmole except (he conialGRIe’ SIRMA ¥hich yasdransieiaablays!s of 0, 3, and 9
pmole. R1, R2, R3, R5, R7, a gRga‘J‘& exhibited sig |f|c%nt |$§|b| n of HCV as can be
TS N

seen in the SBWESEIT BIBE- £ AR ek CV sequence R1
37 CTGGCM@W;Q?X@‘QQ dglicate. Two sets of control 4

fransfections 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.



TGCAGAGAGTGCTGATACTGG R3 39 TGAGCCGCTTGACTGCAGAGA R4 40
GAAAGGTCCGTGAGCCGCTT R5 41 TAGCTGTGAAAGGTCCGTGAG R6 42
TTAGCCCTAGTCACGGCTAGC R7 43 TCCATCTTAGCCCTAGTCACG R8 44
TTGGTGGCTCCATCI | AGCCC 71 All sikRNAs evaluated map to the 3'UTR of the
HCV genome and are conserved amongst HCV genotypes and quasi-species. SEQ ID
NO:27 represents this 101 nt sequence of the HCV 3'UTR, sometimes referred to as

the "X" regipp,2 FXAMPLE 3 Silencing HBV replication and expression in a replication
competent cell culture model-

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

method to co-deliver replication competent HBVayw plasmid (Example 1,



Brief description of cell culture model: 10A 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 viral RNAs
and producing infectious virus [1-3]. The r&plicon 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
HBV plasmiddfianaseyerakvirahpromobters sfchhediBShmenito ¢ittde a cascade of

events that JUHQLSHBY£& Pl 'e&yf;%é%axﬁgtssiﬁ@g%ﬁfmaﬁm%ﬁ&nsuibed viral
MRNAS, packaging of transc nomic RNA intq corﬁ*%gfartlcles, reverse

scribed pre
transcriptioﬂeﬁﬁb?ﬁétéﬁﬁlfﬁ?c’W}&fegﬁg%é%?gn%wiﬁ%’ E5E & %ifidns and HBsAg
~ (Hepatitis B Surface Antigen) particles into the media of transfected cells. This
transfection=mugghsppsoduces most aspects of HBV replication within infected liver
cells and is,therefore a qd cells(f‘uclltureénodel Wig which to look at silencing of HBV
. FOGVNaiml elive i85, EXbe Ei1E,0. .
expression . . ydet, Tefls are co-transfected with the
infectious molecufdradioiis ofamBrdndvreEmisaividtiarieretior RA Biesrtkts to be
evaluated. Tibeaplpasmihersoabioreddotitasmof HBVipxpiessinsuand replication as
described REION-RAHLe: R U06.5.80 SHAMBIE-AlAR LRSI ENLLIRIG GRNA vectors
e rom SEQ ID NO:1 EQIDN

encoding se%;:ences rive and S O:5. The particular

eiRNA vectdR/RMtirespémmeanar F ARG BB arSEn $huasedéee % g., the
teaching of dAK0=00638386hts\itlatredpadt BV TFptisRINA Ex pressiarvaystemisdas well as

USSN 60/399,908F, fledakidRA02 AR ALSSNIGAMALI 532 Jiles18-Oct-2002) and
encode hairpin RNA structures gespeCLal%}/ deswabl? are, 8.0, "f‘prced" hairpin
constructs, Sﬁ?&f’ﬁ‘é‘ﬁ%. % ngtgécpé%peagp gi,nravg)r( &N 88%‘{} &Nﬂ-'ée Shaent RNA
polymeraseRidAomit @sRatRInaip iprsraionabitrese NBHg 99 Y9eP Ifife#a 1-Jul-2002
and PCT/132200842¢02%ifikasl IJutkROR3l asad werthe HRdeidyatrygtured
hairpins (e.g., spuyiiagipin lepg NG yecInrs angmylsagiaalipipatHctures).

hairpins with"mismatc regions, ultiepitope constructs’10as taté% tin USSN

60/419,532"6iIEPT $TERYDO6 5 MM AGRLTHEIS A0 GBS ERCED SB-DIRESENEN It is
expected thas signis GFSUkpwiktihgebtaitetusalg BalvetiexgiessiGx@ndspromoter

systems, € g P IeRNANRthBRONE GYEMPRIRESBREAADY RiRHapfve dSRNA

structures (i.e. du’oleﬁ. 15 Experimental Proce%el}w: T(iansfect}'Pn. _ fuh? cells are
seeded intd"SRAEH FEYES WRASHIAT HSYSHE BRWELR T B8A CERRter&ht the time of
transfectiorDi inietfd dtienisrale v fsiphebiausingfatipdaa dmindTdinpitioyen)
‘aC_chogg)ing ta?h;%&@?@wﬁqw%@?dimm, wi]cét}jslﬂwgmmltf&ﬂmaaé@ Hansfected
wit ng of the infectious plasmi ofa. P erase expression
Plasmic (e o A o O R B & A VLT o ESRTG nairpi
RNA compfisttietisequeieas Heritd rant Smoits PNAdseiarFbaéns! and 600 ng
- of an eiRNAnesiorenrcosgingia.25 hairpin RNA comprised of sequences derived from
SEQ ID NO:5 (described below). Control cells are transfected with 50 ng of the HBV
plasmid and 1 pg of the Ti RNA polymerase expression plasmid. An inert filler DNA,
pGL3-basic (Prornega, Madison WI), is added to all transfections to bring total
DNA/transfection up to 2.5 pg DNA.



73 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 cellssheginning 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 surfage antigen (HBsAQ). HBsAg is measured since HBsAg is associated
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loss of HBV replication. Analysis of virion secretion involves a technique that
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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 vector encoding
RNA hairpin derived from SEQ ID NO:5 The veddor 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 sEﬁyﬁnman*HB‘VTnfeﬁrvﬁyvkmnodebﬂreﬂ' ailable,
however, in which 30 human HBV] expression.and replication occur, These models

have been invaluable for the eAljation of anii-HBV therapeutic agénts and have been
shown to be a predictor foij the effjcacy of these agents in humans 75 [4]. The first of
these models are transgenic mguse models, in which the HBV genome or sglected
HBV genes are expressed @ SE‘E ecause HBY i is integfated into the mouse penome,
these animals serve as a mgde£npt only for Viral replication but alo for
R1'-independent expressian of nligen. 5A similar model exists in which replication
competent HBV is expressed trangiently from episomal HBV DNA. This model is
created by introducing replica rong competent HBV DNA |nto mouse liver by
hydrodynamic delivery [1]. Un gé the tﬁansgeﬁ}lcﬁn@alal these mige greoaoi

immunotolerant to HBV antigej and immune-mediate i tlearance of HBV tfansfected
10hepatocytes can be studied - Although woodchugk and duck models éxist for the
study of woodchuck hepatitis (VVHBV) and duck hepatitis (DHBV) FféSpécti
have opted not to use these n*tmlels fer several igasQnge 1pHumam HBV gannot be
studied in these models. As WaE’ang Iﬁfnatelglnteresteng5 dov@ r%uﬁtl g
expression:of human HBV, usggof thege modgls Wogid 51 s%?me pcSInt Bec@ssitate the
re-design and evaluation of veeétof3 arit/or RNAS specific for human I‘-TB\?‘ 2) the mice
are isogenic and therefore noise-due.-to genetic variable: _
arise. 3) Unlike human HBV, there‘ar%)no validated W (\BN/DHBV ceILpuItu <
that 20can be studied in parallel wigh 8eir regoe%hv ars
experiment described below uﬁz% gdrodypar@c If.- neas a nSét@d ﬁ) co-deliver
replication competent HBVayw pl ®mid with the SarBuleffector dSRINA t8i
expression vectors. Hydrodynpmic delivery is ideal forithis experiment because it
results in efficient delivery of <5nL ele|e>a0|d ta the lived {b]. £omblggatlen of the dsRNA
effector plasmid and repllcatloﬂﬂc )@pgtent I—%Vggla | r‘go the @n‘g fou
increases the likelihood that bgth [ﬂ'as‘ﬁnds afe tgkef} ugbythe sa%emelﬁs Because
expressed effector dsRNA are présent in the majority ¢Fcélls beanﬂd‘thé“replicating
HBV plasmid, observed results can be attributed to 30jthe performance of the effector
plasmid rather than to differerjces in dellveryoeffkﬁlem:n iy, This expgeriment _
demonstrates only that a partﬂQﬁlhl{QﬁI%NA |sg§ff|§aq@u$‘3in5§n infegieﬁlivgr. Formulation
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addressed by this example. Formulation, dosing and delivery of the eiRNA vector are
enabled in the example in which transgenic mice are used. Experimental procedure:
5Control B10.1)2 mice are hydrodynamically injected with an infectious molecular clone
of HBV (ayw subtype) consisting of a ternainally redundant viral genome that is capable
of transcribing all of the viral RNAs and producing infectious virus [1,2,3]. Following
internalization into hepatocytes and nuclear localization, transcription of HBVayw
plasmid 10 feym aeveral viral promoters has been shown to |n|t|ate a cascade of events
that mirror HBV replication ] These ey ibed viral
mRNAs, packaging6ft fied pregenomic RNA into_dépeAmkticles) reverse
transcription pf-pregenomic RNA _and a\qeﬁﬁhlv nd%ecrétiod®f virionstan HBsAg
particles into the sera of injected 15anima 810himafy 8fe injeétéd wit$$ddr doses of the
HBV replicon plasgid (3 pg, 3 PO, 5 pg, @ g,i) pg) %gése d@ are sep because

they represent non-saturating dgses capablg; gf ellcbt% detegigble e>§gi§js5| n of a

reporter plasmid following hydradynami¢ delery. Adspals akg£0- injegigd with the
effector dASRNA expression yectoe{eiIRNAPsugh thatedd animalsin €agingroup receive
a 10-19 pg dose of a particeltar éffector cortéuct(s)1gEeh thatabe total IMA |dose is 20
pg. For example in mice receiving the 3 pg dose of the HBV replicon, 17 pg of the
chosen eiRNA ve % is injected for a totaPdf 20 g‘\%ectéﬁfﬁNA $R&amount of this

dose is thereforg ndent uppn the dps % f,HBV Jiasmid Bedd. Cobedl 2b animals
are injected With the HBV repliggn but npt yif3 an e ve §26Conf{§$3mc e are
instead co-injected With an gigifiier DNA ot 3-basry(Promsge; May WI) such
that the total amount of DNAwntkee-formulagim is 20¢pg. eiRNA yectoregg thls study are
the U6-based expression plasmids, e.g., Ambion, Inc., Austin, TX; USA  These vectors
30 encode short hairpirj RNAs tierived frof2GEQ IR3Q:1 and7B8EQ IEodO:4. The
exact sequeices encoded by thése veotor’?&?e degériBed bE&RS%. The S8ktars are
co-injected i eqt/a 'améunts (q\‘z weight). expe that 1#%3similafS@sults will be
obtained usingother-ex ressm&and prom 217% syst asd here herein
and/or vectors encodin auslréugyé(%w Cote; (re: c;\, A 6-based
eiRNA vector encoding seqtignsgs-deri /edz rom § £n¢odes a
hairpin containing sequences mapping to coordinates ZBUb -2929of accesslon Its
V01460 and J02203 (i.e. the hairpin contains the sense and antisense version of this
sequence, separated by a Ioop structure of TTCAAAAGA) Description of U6-based
vector sequeree: 2 SXEETIUET e second eiRNA vector 10 used in
this experiment e?twdﬂxsammtpmmmuaddrmmtﬁﬁarr@rﬁ\d@cﬁ Bﬂﬂr@[@pﬁ)des sequences
mapping [ecRinaleR WSAGIRRIARERSRAAANO 80 900 Jog2h, Liver

samples ar%eg&akein from mgected animals on day 1 following i éectron analyzed for
the presencd ot HEVHRIC FIEHRSA8HPH S A BRS AL eREtb askbyash published
results fror@esCivishiers Yadsmailory benidh detail the kinetics of HBVayw plasmid
replication in mice following hydrodynamic delivery and demonstrates that peak RNA
expression occurs in the liver on day 1 following hydrodynamic delivery [1]. The
presence of HBV RNA in liver samples is ascertained by Northern blot 20analysis. Liver
tissue will be evaluated for the down-regulation of HBV RNA expression. In addition,
serum will be collected from day 4 mice for measurement of HBVsAg and
DNA-containing viral particles. Assays will 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 25sets of anrmals each set correspondrng to a collection time point.
There -




are 5 animals is each set. Results: Mice that are injected with the HBV replicon and the
eiRNA 30 constructs will have decreased HBV-specific RNA, and HBsAg and HBV viral
particles as compared to the control animals. In individual animals, decreases-will range
from about 70% to near 100%. 78 EXPERIMENT 2 Transgenic mouse studies:
Background. We will be using the HBV transgenic mouse model developed in Dr.
5Chisari's laboratory [8]. These mice replicate appreciable amounts of HBV DNA and
have demonisitatetl their utility as an antiviral screen that is a predictor of human

efficacy [4].
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EXAMPLE 2

Hepatitis C- Sequences for BNAI Therapeut'ic Development

Experiment 1
Brief Introduction:

The hepatitis C virus (HCV) is the primary cause of non-A, non-B

-transfusion-associated hepatitis and accounis for more than 200 million

10

_ hepatltls cases worldwide. The HCV genome has a high degree of

sequence varfabsi:ty There are six major genotypes comprismg more than



5 trilactosyl spermine, 50% cholesteryl spermine and Formulation C) 80% trilactosysl
spermine, 20% cholesteryl spermine. All resultant formulations now contain each
plasmid at 1 mg/ml. Mice are IV injected with 100 pl formulated DNA. One group of
mice receives Formulation A, a second graup receives Formulation B and a 10 third
group receives Formulation C. Three groups of control mice are similarly injected with
formulations containing a control DNA, pGL3Basic (Promega, Madison WI),

FormulationgyDyEnaid nd @iggti@aﬁt@q@é?ag@'ﬁ@‘@Mﬂg&mqtﬁsf%egasecutive
days. InJecEag tgor Oplé{n% -3 %a[}/s Js enftféca(% zﬁ't Omglfc%)iv‘v&g\a/?nrhw re o W\ﬁgacy is seen

with a four day |nject|on protgco g 3aministration, NA and serum
levels of HB¥AGEHRY BNRCEBREHTRY Vﬁ@@ﬁﬁ?ﬁﬂ’@@ﬁﬂﬂ%%ﬂﬁ%ﬁé&%h days 5 and 9

post first injesiidrsublcanalysesivdhesaate Seyibeider taidyydraidynasnic delivery
StUd'eSS 20}5&?9{5&:@0 sriﬂﬁ%\é%&éﬁ%%éﬁggﬁ t!?'@éé&ge%%é(ﬂﬁés%%@”'“g DNA

particles will have decreased relative to controls in the Formulation A, B and C groups.

25 EXAMPPREA &RETEIRG 398 tepiRpiGalran Pesvacsdt e & %Wcaé‘ﬁjon competent
cell culturetmibdétuBvref alesorptionofdelkoait bey eredel faBGRedancasskidy derived cell

line such as{heFhzrellioe a%mi%eﬁ AR %@Eﬁ@%ﬁé@@@%%clone of HBV
consisting olﬁa?\%grm nale¥ D@%umgnt vwa %%(F;f)m Th"‘%é]‘}gf;% a%ﬁg scrlblng all of
ou r

the 80 viral san roducmg infec %%] in these
studie®is dermeea ﬁw*ﬂﬁféhﬁrf?@%*émtyeﬁcéﬁmﬁh@ i Eeh Bk B tmsichsAF090840.
Following iatesgalizatiesiinfehepatacyiasandaueleanlpealzatigmefranscription of the

infectious HEYRRsMIAoNSRYR/al Mgl Rgmatershiasdiesn shawn o giiate a

cascade of events that mirror HBV replication. These eve ts inclu ans atlon of
transcribed IrarAARAERYASKYEIR JHtRIRE bR § B rag¥iBRIORREA iRtP8ore particles,
reverse tradsetifitfoibefpregenomic RNA, and assembly and secretion of virions and
HBsAgsparticles into the media of transfected cells. This transfection 10model.
reproduces m!?st ﬁspects of Hﬁv replication within infected liver cells and is therefore a
good cell ¢ h to look at silencing of HBV expression and
replication. In thid MidifeY, Eplisandreepateansfdeidbollkivesecitgetdus molecular clone
of HBV andaneiRNAvecast ilgiEhesarlls weraithenkbspen)wiadifardassof HBV

expression g IBRIGRHIOMAR HSSAIPIRRIN swe iR oM P AR SBIPle of an

experiment that was performe USIHQ%Q A vector enco ing sequences derived
from 58th SEHIBNOANAAP SO HFRRFEEIF HasYs MRIRF MR §éctor used for this
experimentisiieRN Arjpolgregitisg-based and encodes a duplex RNA of

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



20about 650 bp (See e.g., WO 00/63364, tiled 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 encodin%galternative structures (i.e. duplex).
25Experimental 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 LipofectamineT" (InVitrogen) according to the
manufacturefeiecieRs. antndverpal frrentedHaanéie) rhhdfddeduinm 801A) 50 ng of
the infectious 41 BMplasmid-ace, Seitypeindupgihaih RNA aolyimasasesxpession

plasmid (d ipti I id. 3 f the HBV-specific eiRNA
Coctor (losiben Belom ) B o 0 R e R e 17
RNA polym&rBE&-disiib &fbr llufmerian depe e praipriyibrahr iR A MR bression
vector; &) 124snwepdidtiadniectidusiBMyilasmidAlregadithedcoBiNAipalymerase
expression glasmid.aaek 1488, the HBV-specific eiRNA vector; and D) 125 ng of the
5 infectious HBV plasmid, 1 pg of the T7 RNA polymerase expression plasmid and 1.4
pg of an irrelevant dsRNA expression vector. All transfections were carried out in
duplicate. I ghisgegedihent transfections B and D served as controls. Four days
post-transfection, maadiaivas removedkapdepsiegigdeatlaandsssayed for the
presence of HBsSA ee below). Media from untransfected cells, was also assayed
Be 2 DA U D R A s ke BV e S owing
transfectiorZée s e FsielvnitBadaiFbRike ieseicisrearsgerIFPHB\R &3ression and
replication byaneasisingnHBSAQ searetionideplisavesasmaaiasednpyassaying the media
of transfectgg&glla%(eagqum%g@gg@%@Q/%}ég_ﬁmr%o(g%%%%ﬁdm|n|strat|on. The
Auszyme ELISA, commercially available from.Abbott Labs ott Park, IL), was used
to detect he AN BISTMEESH ARG OH (B9AL). FIBIRgaRalshieasticiy PRI it is
associtted swittam yavidhninedtEplicatiardioratsoidd!s-RMC gotymeraselillrinitiated
transcriptiogrgfi e SEEARE HEGISERAY, Beanpecirdidniacows JRY.flone. Since

HBsAg synthesi%gan ntgnue in the absence of HBV replication it is important to
down-reguiBtEH 5%@%% Prdplie A8 BECIRY iRt ot PR e fEHER AL synthesis ofHB
sAg. 25 ResweCCintmsiabted sprtimHaNABV.-gpe diie 1eiRRYE ©o WAt exhibited an

82-93% degseasarin: IBsATRLthR imdakinapaintaelative o tag epnisg!
transL%%glon§9§?{i% HBV-specific eiRNA used in this experiment The eiRNA vector
a

enco A FH PPy I8 LSPHHEINS 563 Fuice I 0.1x SSC/0.1% SDS for

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



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 qgrived from SEQ ID NO:1. EXAMPLE #5

The down-regulation of HCV in a cell cultire 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.

cells are usE et paisntare sipRhrAduNBRREE Ay sshy

[13%]\(.% In this experiment Huh7
"hiffRat REHEEERE derived cell

line can behisted. The cells are 15 then transfected with an HCV specific eiRNA vector.
The presence of HCV-specific RNA is ascertained by Northern blot analysis as
described in Lohmann et al. [10] at days 3-7 post-transfection of eiRNA. Experimental

protocol: T

ion.

20Huh? cells expressing HCV replicons are seeded into six-well

plates such thaifthgy are between 80-90% conflugpey gg&ggn@@e of transfection. All
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transfection are lysed and RNA is extracted using standard techniques. Samples are

analyzed simultargousiiNonhe
s[%ribed in Lohmann et
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eiRNA yectgeisikd-Rasediang arepdes @haipiR Nk &ideiahthe hairpin
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second 15 side
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constiy
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constructs. Note: it is anticipated that other types of eiRNA vectors driven by other
promoters ang.encading.other types of RNA structures will have similar effects. 20

15

20

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,



EXAMPLE #6 Treatment-of an HBV/HCV co-infection Brief description In this
example, cells that are replicating both HBV and HCV 25 replicons are transfected with
an eiRNA vector that encodes both HBV and HCV-specific eiRNA. Experimental
protocol: Creation of cell lines that contaif ’both HBV and HCV replicons. 30HuUH 7 cells
are first engineered to express functional HCV replicons. Creation of the cell line is as
detailed in Lohmann et al. [10]. After cell line establishment, the cells are transfected
with an infeéieeid sy HEVYeprco B pladniiPad desc sl tnErampleo et dfelow in the
"Transfectiaheatieeiist septiow. lsithis exanplete reglicons-dedved, fremdhe virus
sequence f i n i 460 J02203, Th ically, itis also -
possible to %@%ﬁ@a@l ﬁ%ﬁg@éﬁg@ gg)%ﬁ?ésﬁg lfﬁqeaﬁéé(r:&pﬁg{)ﬁ%ﬁ é then use
this cell lind 6 EPREGHENAr Ry dRpreselsaepad pirdris!dars Bessible to
transfeét thewelid StfiAtameous|\Bwithabsittibe HHB Yhiaind i GWere pligiens and select and
expand cellsthalatisapicating ROtRJIB VAR HGEN %ﬁﬁ%@%&@lﬁﬁgﬁéﬁﬁﬁon of cells.

In this examr[‘}'le, the lH \ 2%1% HCV eiRNAs are encoded g separate cistrons within the
same vector EIowesare P RsdORd SR Lt 8¢tdd 4 iR BN As are encoded within
the same cistron or provided by separate vectors. In this example, transcription from
each cistrogigehingmild by the T7 RNA polymerase promoter and T7 RNA
polymerase. Eac oter is followed by.a hairpin eéiRNA which in turn is followed by
aT7 tgér?]inator %I%gg %‘1 eﬁ{g Cist o%fs‘[,%fﬁ" dlsa Seé%rﬁﬁ?&@?e%?ﬁ?@r%‘?ﬁé B{It one could also
use divergihly frsSpusRBERa BIRNA Horepaytie Brectaungnisxethtihakpression
systems (ingRidigR/ral, teoprotiresttbeseRhAs and Reoneapiicalsy sise other

promoters, éh.iAT 455 9ERRALGISRNDELR MRrEIR RS SreRsion cbihese RNAS -
without S|gn|f|cantlé/ rl%ffecgn% efficacy. Selection of the a%g;%nate expression systems

and promotare i REITRIT e SRS ARSRE RRD D EER] REEEGHhdr difENA
structdfes, eogirahsigeseripstRbSettbre hersitivasoniell astiotiséRsl déssribed in the
literature iniREdiseaea Hohisexample: the BN QIRNA yauRI-aacades sequences

derived fro : d the HCV eiRNA vector encodes se ces derived
from SEQ %?\l%%@%%irﬁ%bﬁng vepc%%nesxé:? Sfiﬁﬁggg{fnggf) tRe End’ of this example.
* Huh? cells 4R8N E She AR vsiaeisdchrthBptely-afd 382 &vEan 80-90%
confluency atdhRs tithexbiitah skgafiomt Alhsansfeationsarepesfesme using
Lipofegtamifggp nyitrageny according to the manufacturer's directions. In this
experiment, cells are transfected with 50 85 ng of the infectious HBV plasmid, 1 pg of
a T7 RNA polymerase expression plasmid (description of plasmid is in Example 3), 600
ng of an eiRBMevECtor encoding a hairpin RNA comprised of sequences derived from

SEQ ID NOsir(described hetow and in Examplesdy.and: 600 ng of an
. ] .

37 CTGGCCTCTCTGCAGATCAAG
R2 38 TGCAGAGAGTGCTGATACTGG
R3 39 TGAGCCGCTTGACTGCAGAGA
R4 40 GAAAGGTCCGTGAGCCGCTT
R5 41 TAGCTGTGAAAGGTCCGTGAG
R6 42 TTAGCCCTAGTCACGGCTAGC
R7 43 TCCATCTTAGCCCTAGTCACG
R8 44 TTGGTGGCTCCATCTTAGCCC




5 eiRNA vector encoding a hairpin RNA comprised of sequences derived from SEQ ID
NO:11 (described below). Control cells are transfected 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 WI), is adled to all transfections where needed to
bring total DNA/transfection up to 2.5 10pg DNA. Each transfection mix is made such
that ten transfections can be performed/mix resulting in a total of 20 transfections (10
per mix). Analysesil #aNdwisnplraiesfecidn, tcelts Bré oidrtdd Jendhre lass or reduction

15 in HBV ea&er&ﬁe@ﬂ@mﬂ&mmi@@@ﬁ R HRsA%sREreHER and
DNA- contalw |raI Par

tion. Cells are assa |ng the media of
transfected céﬂ beﬁlnnlng at? ésa?ys PSRRI mecfgmné?“%% Sgrﬁ’ W&ty other day -
thereafter fOP&FtORDEArée wéieks. The Auszyme ELISA, commercially available
from Abpott Labs (Abbott 20 Park, IL), is used to detect hepatitis B surface antigen
(HBsAg). HBsAg is measured since it |§_)%§,§@,q_gt§d not only with viral replication but
also with RNA poly merasell |n|t|ated tmmn of the surface Ag C|stron in the
transfected infectidli@ieiay bhee rigatio FRERAISiR 2 9inadigslin the absence
of HBV replication it is mportanbtamé@mﬂddqmﬂt&mohmdy 25viral replication but also
replication-ipdenendentsyatbepisafEIRsAg. Secretion of virion particles containing
encap%jate %en mic IS also measured. Loss of virion particles containing
‘encapsidated DNA & IdNATESYEH58L PSR Pegptf]é‘ﬁﬁw #1081 of virion secretion
involves a téensfieiectih dis brieslitaes detioerionskeld) ivratsisgrgovéaparticles 30and

enveloped ir@‘mﬂgmﬁr&ﬁ}(agm@nﬁ:@n&ﬂ@t%fpeusb%xm r@ﬁé@ﬁl%f@mfﬂﬂe media of
cultured cel r bjected t Prote n se K tion ade the co roteins.
lﬁ q ﬁﬁk g P[ LICIN P]u gggiﬁrn 8 FE-B eU ?NI]!.P] E%

Following inactivation o ro einase K le 1s’in  DNase
(Promega, MHdiRdI ‘WI‘}%fﬂ%ﬁFQ@@‘%WAQH?@P&%‘W&W&#@‘MR%@We sample
is digesfed #gainvbthaRdotenaserlisvihe ipresanceiot BiSdpdnagtbsiadhe DNase as

well as to digiuatApd-degiae e piasligHn e YERRRdioNRANIGe, PNA is then
Spurified by phenol/chloroform extraction and precipitated. HBV specific DNA is

detected by G&t @leURONRBIZEIS FERQRAEY W%Eﬁﬁ’@?ﬁ%%ﬁﬁ?&@%@ eveniajfplys 3, 4, 5,
6 and 7, twonells [df ¢etislieatisn triresfe etions mgpatinrentddtand toatroljae lysed and

RNA is extragiechusing starsang Eﬁﬁﬁﬂ&ﬁ@&a mweexér@x\mﬁt@eémzed by Northern
blot anzadyssf r }he 10eore enceo HC eC|f|c R 2S d scri "figN hmann et al.

[10]. ResultB™ "~ el transta SCFE 8%‘%?}' -Spec fice ctor will show
‘decreased FREHGHER HE'WF\IA“%V@%&Wétt%stﬁegéﬁmﬁ)ﬁﬁw%ﬂépev@i?slmne-point
analyzed. InhaddiitmnotharevelsdofstBIAg mﬁawmh@arétm@@wu alse decrease

relative (0 e CONIBHANRIBRUIRRA & WF{F&X.&BS%E?\%&E@ s8N0 q ThE EIRTIA

vector is 17- based and encodes a hairpin R airpin comprises
SEQ ID No%28d cell g %’%Q&lﬁj@h\‘i’éh?Wfb%é%ob}?tasl@ﬁﬁ"ﬁrﬁdﬂﬁe HfYSFEIOThe second
side of2the haitpépleatitains a sequence that is complementary to the first side of the

hairpin. One skillag indhe,ag, cLasildrsignand W%@J&%@f&@%&@%ﬂs Note:

ills anticipated thy% othe%éﬁ)e) s of eiRNA vectors 25 drlven?% other promoters and
encoding of &1ty PdL-dr BRAEHIRTFER SHRARGRNGarRIGE ¥ P RYGHHAR will have
- similar effedthe E@tﬁe@lﬁatﬁ}eugmtﬂeﬁf@ lesg.of fdiBdeekphaispin sodhstplictdiopartial hairpins
capable of gescribed below.
30 The following is an example of an experiment using eiRNA vectors
encoding sequences derived from SEQ ID NO:1 and SEQ ID NO:5. The

particular €iRNA vectors for this experiment are T7 RNA polymerasée-




being extended by RNA-dependent RNA polymerase to form dsRNA hairpins, as taught
in USSN 60/399,998P, filed 31-Jul-2002 and 30PC17U82003/024028, filed
31-Jul-2003, as well as the "udderly” structured hairpins (e.g., multi-hairpin long dsRNA
vectors and multi-short hairpin structures); hairpins with mismatched regions, and
multiepitope constructs 87 as taught in USSN 60/419,532, filed 18-Oct-2002, and
PCT/US2003/033466, filed 20-Oct-2003, as well as a variety of other dsRNA structures

known to thase Okl thecta g HE¥rRedlis SIBNAREQIRNOH asrke vector is
17-based as described bove The |nse%§i\éé %es a unirnolecular halg comprised of
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sequences(afbdhasaconiegion ofoﬂaedwagﬁm@we%&éhsaam%eﬁgeé/ersiOn of
this segueng gqa%%?”%ge%%% "X E’ef&? ! ”pee%é‘er% mag og¥ those %,{?ed in the art
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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



10 10. Lohmann, V., Korner, F., Koch, J.-0., Herian, U., Theilmann, L. and
Bartenschlager. R. Replication of Sub genomic Hepatits C Virus RNAs in a Hepatoma
Cell Line. Science. 1999. 285: 110-113. 89 CLAIMS 1. An isolated polynucleotide
sequence comprising a sequence selectet from SEQ ID NO:14 through SEQ ID 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 ID NO:14 through SEQ ID NO:24. 90
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Abstract COHSGfV%EW&&H&é&%HeﬂQ@%f&%Kﬁ%@fbﬂﬂ@%%Mé&@cﬁHﬁ'ns and

known hepatltﬁBQ/kus strains Whl seful i in lnhl the exgressﬁlon of the .
ress”on and re ﬁl_ meas nn ? er{
viruses in mammalian ceils, are pr ese seq ence afe usefdi 1o silence the

genes of H@wawqweﬁéwfﬁ?&ﬁaﬁﬁ@ﬂﬂﬁe%’ém{e e e SR aNnd HCV viral
infectiorsin hksmaada NiSuitabledkigidnesdiitleen s seopenaeristing v5, txt

SEQUENCE him TNt D angicey InerAghu- %%mmh?eaé@ bgpandran, C.

Zurawski, Vincent Mintz, t|at< > Conserved uences Useful for

Gene SllencTﬂﬁ %ﬂ%@%5%%“‘06@@1%6@Eé@ﬂ@f%b@i%oaéﬁgoﬁéﬁésdébf?’fk160> 48
<170> PateRtdrkyiision@@ia2bBethe2iifisH 18 fald 2tiPMAHEREZy Hpatitis B Virus

<220> <2213 dRisfrete SN HZed h3dRialek31at SARSRIR 15 A&l 5AUR 1
10 with RNA polymerase Il initiated transcription of the surface antigen cistron
in the transfected infectious HBV clone. Since HBsAg synihesis can
continue in the absence of HBV replication it is important to down-regulate
not only viral replication but also replication-independent synthesis of
HBsAg. Secretion of virion particles containing encapsidated HBV
16 genomic DNA is also measured. Lass of virion particles containing
encapsidated DNA is indicative of a loss of HBV replication. Analysis of
virion secretion involves a technique that discriminates between naked,
immature core particles and enveloped infectious HBV virions [6]. Briefly,
pelleted viral particles from the media of cultured celis are subjected to
20 Proteinase K digestion to degrade the core proteins. Following inactivation
of Proteinase K, the sample is incubated with RQ1 DNase (Promega,
Madison, WhH to degrade the DNA fiberated from core parﬁcles. 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
eiectrophoresis 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[esmid, T7 RNA polymerase exprassion plasmid and eiRNA constructs
" telative to cells transfected with only.the HBY plasmid and T7 RNA

polymerase expression plasmid.



gaacatggag arcayhdcat caggaytcct aggacccctg ctcgtgttac aggcggkgtk60 tttctygttg
acaaraatcc tcacaatacc dcagagtcta gactcgtggt ggacttctct120 caattttcta ggggdany138
<210> 2 <211> 26 <212> DNA <213> Hepatitis B Virus <400> 2 fggatgtgtc
Tft-ggrgttflatcat’ <210> 3 <211> 206 <2123 DNA <213> Hepatitis B \_/irus <220> <221>
misc_featu e <222> (63)-(63) <223>nis a, c, g, or t <220> <221> misc_feature <222>
(111)_..(111) <223>nisa,c, g, ortPage 1 <220> <221> misc_feature <222>
(140)..(140) <223>nis a, c, g, or t <220> <221> misc_feature <222> (174)..(174)

ort
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- 30

<223> N iSgp G t%e%?r@%?ﬁer?:%g%f misc_feature <222> (177)..(177) <223>nis a, c, g,

sequence of the T7 RNA polymerase gene
SEQ ID NO:47 represents the T7 RNA polymerase gene which is

cloned into a mammalian expression vector such as pCEP4 (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 saequence with a Kozak
sequence needs to be cloned in directly upstream from the T7 RNA

polymerase gene.

eiRNA vector encoding RNA hairpin derived from SEQ D NO-1
The vector is T7-based as described above. The insert encodes a

unimolecular hairpin comprised of sequences mapping from coordinate
3004-29850 (about 55 bp) of GenBank accession #s V01460 and J02203.
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
fhe art.

eiRNA vector encoding RNA hairpin detived from SEQ ID NO:5

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

unimolecular hairpin comprised of sequences mapping from coerdinate
730-786 of GenBank accession #s V01460 and J02203. The hairpin is
designed as described for hairpin encoding sequences from SEQ ID NO:1.

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
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.



Nucleonics sequence listing vS.txt <400> 3 aaggcctttc tvhgtmaaca rtaymtgmmc
ctttaccccg ttgcymggca acggychggy60 ctntgccaag tgtttgctga cgcaaccccc actgghtggg
gcttggybat nggccatcrs120 cgcatgegtg gaacctttbn gkctcctctg ccgatccata ctgcggaact
cctngengeb180 tgtttygetc gcagemggte tgg?chOG <210> 4 <211> 119 <212> DNA
<213> Hepatitis B Virus <400> 4 yactgttcaa gcctcaagct gtgccttggg tggctttrgg rcatggacat
tgacmcktat60 aaagaatttg gagctwcetgt ggagttactc tedtttttge cttcygactt ytttecttc119 <210>
S <211> 10#4k2 ek Loasspelsaiel VirasniDosss Bgdbliciigdtiekdetagaag

aagaactccc W@@gﬂa@ﬁ(@mgﬁmwt@@mﬁgﬁﬁmr@@gﬁaﬁwmgggdatety
aatgttrata-t <2402 8.2 142 P8 S6d@s BN S A8 HERAIIS R VIS nﬁéggﬁm?t

abgcaggtcc cctagaagaa gaactcccte gectcgecaga cgmgrictca atcgmegegib cgcagaagat
~ ctcaatytcg giRE{A AR eGP LA R for B 10depsnien D9 R I PINggBpatitis B

Virus 5 A similar model exists in which replication competent HBV is expressed
transtently from epiéoma! HBV DNA. This model is created by infroducing
replication competent HBV DNA into mouse liver by hydradynamic deIiVery
[ 1. Unlike the transgenic animals, these mice are not immunotolerant to
HBV antigens and immune-mediated clearance of HBV transfected

10  hepatocyles can be studied.

Although woodchuck and duck models exist for the study of
woodchuck hepatitis (WHBV) anrd duck hepatitis (DHBV) respectively, we
have opted not to use these models for several reasons. 1) Human HBY
cannot be studied in these modeis, As we are ullimately interested in

15 down-regulating expression of human HBV, use of these models would at
some point necessitate the re-design and evaluation of vectors and/or
RNAs specific for human HBV. 2) the mice are isogenic and therefore
noise due fo genetic variables within the system does not arise. 3} Unlike
human HBV, there are no validated WHBV/DHBV celi culture models that

20  can 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



Page 2 Nucleonics sequence listing vS.txt <400> 7 cabgcaggtc ccctagaaga agaactccct
cgcctcgecag acgmgrtctc aatcgmegeg60 tcgcagaaga tctcaatytc gggaatctya atgttagtat100
<210> 8 <211> 100 <212> DNA <213> Hepatitis B Virus <400> 8 gabgcaggtc
ccctagaaga agaactccct cgectcgcag acgmgrtctc aatcgmegegGO tcgcagaaga tctcaatytc
gggaatctya atgttagtat100 <210> 9 <211> 104 <212> DNA <213> Hepatitis B virus
<220> <221> misc_feature <222> (9)..(9) <223>nis a, ¢, g, or t <220> <221>

misc_featuerigdéeen (RBhiB8) A8 F Brififat®ord dO5ih§ 4RI AT oY L MR Gifg@iure
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vector are enabled in the example in which transgenic mice are used.

Experimental procedure:

Control 810.D2 mice are hydrodynarmically injected with an
infectious molecular clone of HBV (ayw subtype) consisting of a terminally
redundant viral genome that is capable of transcribing all of the viral RNAs
and producing infectious virus [1,2,3]. Following internalization into
hepatocytes and nuclear localization, transcription of HBVayw plasmid
from several viral promoters has been shown o initiate a cascade of
events that mirror HBV replication [1]. These events include transiation of
transcribed viral MRNAs, packaging of transcribed pregenomic RNA info
core particles, reverse transcription of pregenomic RNA, and assembly
and secretion of virions and HBsAg particles into the sera of injected
animals. Animals are injected with four doses of the HBV replicon plasmid
(1 Hg, 3 4g, 5 yg, and 10 pg). These doses are chosen because they
represent non-saturating doses capable of eliciting detectable expression
of a reporter plasmid following hydrodynamic delivery. Animals are co-
injected with the effector dsRNA expression vector (€iRNA) such that
animals in each group receive a 10-19 pg dose of a particular effector
construct(s) such that the total DNA dose is 20 pg. For example in mice
receiving the 3 pg dose of the HBV replicon, 17 g of the chosen eiRNA
vector(s) is injected for a total of 20 g injected DNA. The amount of this
dose is therefore dependent upon the dose of HBV plasmid used. Control
animals are injected with the HBV replicon but not with an eiRNA vector.
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 UG-based )
expression plasmids, e.g., Ambion, Inc., Aﬁstin, TX, UBA. These vectors
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



<222> (72)-(72) <223>nis a, C, g, or t <220> <221> misc_feature <222> (75).,(7S)
<223>nis a, ¢, g, or t <400> ttggyEatng gCeitZl-scg catgtgtgga attrrtbngk'ctculLctgc
gatc-eataut---- -607 - gcggaactcc tngengcbtg tttygetcge agemggtcetg grge104 <210> 10
<211> 71 <212> DNA <213> Hepatitis B Virus <220> <221> misc_feature <222>
(71)..(71) <223>nis a, ¢, g, or t <400> 10 ctgccaactg gathcthcgc gggacgtcct ttgtytacgt
cccgtergeg ctgaatcchg60 Page 3 Nucleonics sequence listing v5.txt cggacgaccc n71
<210> 11 <giniisr4es)iis yoibbp amed Hsipspaifits spREPR 2P0 PR2REEF misc_feature

<222> (86).s(86Ims as described elsewhere herein and/or vectors encoding
afternative structures (i.e. duplex).
Description of UG-based eiRNA vector encoding sequences derived
5  from SEQ ID NO:1: vector encodes a hairpin containing sequences

mapping to coordinates 2905-2929 of accession #s V01460 and J02203
(i.e. the hairpin contains the sense and antisense version of this sequence,
separated by a loop structure of TTCAAAAGA). Description of US-based
vector sequences cain be fouind in Lee of al. [9]. The second eiRNA vector

10 used in this experiment encodes a hairpin derived from SEQ 1D NO:4 and
encodes sequences mapping o coordinales 1215-1239 of Accession #
V01460 and J02203.

Liver samples are taken from injected animals on day 1 following

injection and analyzed for the presence of HBV RNA. This time point has

16 been selected based on published results from Dr. Chisari's laboratory
which detail the kinetics of HBVayw plasmid replication in mice following
hydrodynamic delivery and demonstrates that peak RNA éxpression
occurs in the liver on day 1 following hydrodynamic delivery [1]. The
presence of HBV RNA in liver samples is asceriained by Northern biot

20  analysis. Liver tissue will be evaluated for the down-regulation of HBY
RNA expression. In addition, serum will be co!ie_cted from day 4 mice for
measurement of HBVsAg and DNA-containing viral particles. Assays will
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%.



<223>nis a, c, g, or t <220> <221> misc_feature <222> (434)..(434) <223>nis a, c, g,
or t <221> misc_feature <222> (455)..(455) <223>nis a, ¢, g, or t <220> <221>
misc_feature <222> (476)..(476) <223>nis a, ¢c, g, or t <220> <221> misc feature
<222> (4881..(488) <223> n is a, ¢, g, or<400> 11 ddatcactcc cctgtgagga actactgtct
gtatgagtgt ygtgcagcyt ccaggncccc aaccggtgag tacaccggaa ttgccrggah watgccygga
vatttgggcg tgccececger a_aaggccttvtggtactgcec tgatagggtg cgtgcahcat gagcacrmwit
cchaaacche geccacagga cgthaagttc ccgggyggyg cgegecagggg ccenmvdttg ggtgtgegeg
chcghggnag 0 11> 29 <212> DNA <213> Hepatitis C Virus <220> <221>
misc featur‘eg%]%@%%) tcacgcagaa agcgtctagc catggcgtta ccctcccggg agagcecatag
tggtctgegg GEEYGGHECTHRERGGANE Edbacygetag ccgagtagyg ttgggtygeg
cttgcgagtg cccol@@it&g@gﬂ%&%@@&mmmmlm& ghcagatcgt
tggbgg@gthd%gﬁgt&%&gwﬁgﬁfﬂegéﬁ% SQ%sS%t%BB%r&a%%ggmod\‘ HCle PGS

sequence listing v5.1xt <223>nis a, ¢
9 8 gand have demonstrated thelr ut[!:ty as an anti\nrai screen that is a

predictor of human efficacy {4]. These animals are also ideal in that they
are a model for HBV»integ{anf—mediated expression of antigen and thus
can serve as a model not only for viral replication but aiso for RT-

10 independent expression of antigen. This is important as we are interested
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

15 using clinically relevant nucleic acid delivery methods. Effectiveness in this
model demonstrates efficient delivery of the effector plasmids to mouse
hepatocytes.

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 NO4,

25 Formulation 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 -



atggcntggg atatgatgat gaactggyc29 <210> 13 <211> 265 <212> DNA <213> Homo
sapiens <400> 13 aaggtcgggc aggaagaggg cctatttccc atgattcctt catatttgca tatacgatac60
aaggctgtta gagagataat tagaattaat ttgactgtaa acacaaagat attagtacaal20 aatacgtgac
gtagaaagta ataatttctt gggtagtttg cagttttaaa*attatgtttt180 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 geatdinaies rﬁs&&&@dm@eneﬁm kra6QaSSIBHANAD L4600 TAHDGR id 4t

cgtctgcgag Qﬁ%?g%ﬁ?éﬁ E&&@%%ﬁﬁ%?%%%%ﬁ@&n%ﬁﬂaun%lgon%@iaﬁ%%b o1

<212>DNA< <22 > <223> eiRNA encod m&sequence mapping to

NBV-AYW &%%‘%a’ﬁ%ﬁ%%eéof? %%V%%’éﬁ%%ﬁ?%&@%?ﬁ R YR60°2400> 15 ticttcttct
aggggacctgriagagaaptirgéaggibticctdgiaybagarabt, $210m4BxB1 56961 <212> DNA

<213> /ért'f'ﬂak@%ﬁé%%@@ Q@Mo@él@&?l%éﬁqu%g waf%M&V@AYW

coordinates 1291-1311 in Genebank accessjon # V01 0> 16 aat?ccaccc

aggcacagct IRy IRTAEIPEARER LR %ﬂﬁ?&&ﬁ%ﬁr%é\ﬁ?ﬁ%@ progifiions
51NucleonicsvseguieiceslibtirigsuBdst 1 mg/ml.
Mice are IV injected with 100 ul formulated DNA. One group of mice

receives Formuiation A, a second group receives Formulation B and a
10 third group receives Formulation C. Three groups of control mice are
similarly injected with formulations containing a control DNA, pGL3Basic
(Promega, Madison Wi}, Formulations ), E and F. Injections are carried
ouf once a day for four consecutive days. Injecting for only 1-3 days is
efficacious, however, more robust efficacy is seen with a four day injection
15 protocol.
Following administration, HBV RNA and serum levels of HBsAg and
DNA 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



<212> DNA <213> Artificial <220> <223> eiRNA encoding sequence mapping to
HBV-AYW coordinates 1299-1319 in Genebank accession # V01460 <400> 17
caaggcacag cttggaggct tagagaactt aagcctccaa gctgtgectt g51 <210> 18 <211> 51
<212> DNA <213> Artificial <220> <223%0eiRNA encoding sequence mapping to
HBV-AYW coordinates 1737-1757 in Genebank accession # v01460 <400> 18
ggattcagcg ccgacgggac gagagaactt cgtccecgtcg gegetgaate ¢51 <210> 19 <211> 51

212> DN ng to
N BV-AY WY e e s Lo 10

ttecgcagta tggHEJYE HEAgaaite &é@%&?‘ﬁ?%’t&b‘ﬁf&ﬁﬁ@?‘lﬁ@?ﬁ@ﬁlb 51
<212> DNAKZAEH A\ Rificiaing20@=nZiR28ar bR Acpatbigitd-«BdMif¥enapriatng to

IRV-AYW-aaiiddiatesr@dsianas m&%m&wsggm #5@%%@336@;11051
z;%tZat N C'%%‘f% q%?ma‘?" %éttétg‘%% %Qcﬁ’?agn?o ‘é%@c}ﬁ%ﬂﬂ@?ﬁ% Ing to
HBV-AYW f@@é?amﬁté@“@me\@%@M{@%ﬁ@ﬁﬁ@ﬂ@a@é@@@wfﬁwmsmwm> 21
tccacgcatgreghigaig gt Lagaghasitegesantagtiacalgeatggabdes, reverse
franscription of pregenomic RNA, and assembly and secretion of virions
and HBsAg pairticles into the media of transfecied cells. This transfection
10 model reproduces most aspects of HBV replication within infected liver
cells and is therefore a good cell culiure modet with which to look at
silencing of HBV expression and replication.
In this model, cells were co-transfected with the infectious
molecular clone of HBV and an eiRNA construct. The cells were then
15 monitored for loss of HBV expression and replication as described below.
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



Page 6 Nucleonics sequence listing vS.txt <210> 22 <211> 51 <212> DNA <213>
Artificial <220> <223> eiRNA encoding sequence mapping to HBV-AYW coordinates
991-2011 in Genebank accession # v01460 <400> 22 tgcgtcagca aacacttggc
aagagaactt tgccaagtgt ttgctgacge a51 <21b> 23 <211> 51 212> DNA <213> Artificial
220> <223> eiRNA encoding sequence mapping to HBV-AYW coordinates 2791-2811
in Genebank accession If V01460 <400> 23 aaaacgccgc agacacatcc aagagaactt
tggatgtgtc t§EGetE H5Y 22emidpA K hhe T 7BMNAPEHRaa SxPasHielal <220> <223>
eiRNA encqdirg:sesuenoqignaizping:tovaB dsRMNespardinates:2¢ 93 285 haut in

Genebank 0> C ® actt
tggatgcgtg ?}ﬁ%%ﬁéﬁ%%}i@@%@sﬁ <21ii§>%§t]?l %ﬁgﬁm pﬁﬁ%@&%@)& %§%§%§223> eiRNA

encoding sé EMlapb iy Ao B PR RECES ST NARESY1979 437 77 a2phank
accession #nNe1i460 K200 abidtJagaghig ICCRbFRpgagagagaacttsicgtggtgg acttctctca
a51 <210> 2R st Pl £2d P ANAIsS3 a MG R b ression vector. All
transfections were carried out in duplicate. In this experiment transfections
B and [} served as conirols. Four days post-transfection, media was
removed from transfected cells and assayed for the presence of HBsAg
10 (see below). Media from untransfected cells was also assayed as a

background control.

Monitoring cells for loss of HBY expression.

i-ollowing transfection, cells were monitored for the loss or

15  reduction in HBV expression and replication by measuring HBsAg
secretion. Cells were monitored by assaying the media of transfected cells
{and a media control) at 4 days posi-dsRNA administration. The Auszyme
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 HBY 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



<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 cgagtctaga cagagaactt gtctagactc gtggtggact t51 <210> 27 <211> 101
<212> DNA <213> Hepuaititis ¢ virus <4008z 27 tttggtggct ccatcttagc cctagtcacg
gctagctgtg aaaggtccgt gagccgcettg60 actgcagaga gtgctgatac tggcctctct gcagatcaag t101
<210> 28 <211> 29 <212> DNA <213> Atrtificial <220> <223> siRNA encoding
sequence mMappRipadatiregianed Hepatitis SiMings <400> 28 gctaaacact ccaggccaat

ancoting sequen e ERE e Eadsr B EERAUTE B s SHOGE b Wettoatg
gctccatctt &G RiEFY Tt grdon HADGUS10T asrauR1gs thgfHferal <220> 2223,
StRNA- encofliigssequenss dppiag o Jeg, BraatHep itasd 8% 30 gotecatctt
agecctagteGRIiCteA a2 W Blustbd e i L o RNA PR AR 4,

derived from SEQ ID NO:1.

EXAMPLE #5

The down-requiation of HCV in a cell cu!tm“e replicon modet

160 Brief description

In this experiment, a cell line is created which expresses functional
H.C\/ replicons. Creation of the cell line is as detailed in Lohmann et al.
[10]. In this experiment Huh7 cells are used as the parental cell line but in
theory any human hepatocyte derived cell fine can be used. The cells are
15 then transfected with an HCV specific eiRNA vector. The presence of
HCV-specific RNA is ascertained by Northern blat analysis as described in
Lohmann et al. [10] at days 3-7 post-transfection of eiRNA.

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



<220> <223> siRNA encoding sequence mapping to X region of Hepatitis C Virus
<400> 31 tcttagccct agtcacggct acctgtctc29 <210> 32 Page 8 Nucleonics sequence
listing v5.txt <211> 29 <212> DNA <213> Artificial <220> <223> siRNA encoding
sequence mapping to x region of Hepatit & virus <400> 32 cctagtcacg gctagctg g
acctgtc ¢29 <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 aeotghatn@®: <Rl Per 3 24 2R B <2128 DNAK 2dSwAdificialis2aa> <223>
SIRNA encoggagfga%%eﬁgq}m%m& SA0S] FLGRALIS S 15,7400 34

cgtgagccgce ttgactgcag acctgtctc29
Samples are ana!yzed simulfaneously by Northern blot analysis for the

presence of HCV-specific RNA as described in Lohmann et al. {10].

5
Results
Celis transfected with the HCV-specific eiRNA vector will show
decreased HCV-specific RNA levels relative 1o the control cells at every
fime-point analyzed.
10

HCV-specific eiRNA vector.
The elRNA vector is T7-based and encodes a hairpin RNA. One
side of the halrpin comprises SEQ D NG:48. '
This sequence is followed by a loop structure of 8'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 can easily design and construct
hairpin constructs. Note: it is anlicipated that other types of eiRNA vectors
driven by other promoters and encoding other types of RNA structures will
have similar effects.

20

EXAMPLE #6
Treatment of an HBV/HCV co-infection

Brief description

in this example, cells that are replicating both HBV and HCV
- 25 replicons are transfected with an eiRNA vector that encodes both HBV and
HCV-specific eiRNA.

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



<210> 35 <211> 29 <212> DNA <213> Atrtificial <220> <223> siRNA encoding
sequence mapping to X region of Hepatitis ¢ Virus <400> 35 ittgatarrTgcctcrcrgc
acctgtctc-2-9 <210> 36 <211> 29 <212> DNA <213> Artificial <220> <223> siRNA
encoding sequence mapping to X regionsf Hepatitis C virus <400> 36 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 ofi idepatifis & Mggﬁﬁégfaés%?b%@mmé@@gam% mafo> 38 <211> 21
<212> DNA <213> ecfArtlfl ial <220> <2%3> SlRNA d|n equence 3p |ng to X

region of Hepat“cfls C kus%ﬁ)Ogﬁ%%m c}aﬂdgg%(g{n gDc?g hc é’fﬁ"e D11> 21
<212> DNAN& 2 T8s sRetifsies MQWB%PM%W%&M&WW to X
region of HepalitisaiYiiUS also possible to first create a cell line that stably

5 expresses the HBV replicon and then use this cell line fo create one that
also expresses HCV replicons. It is also possible to transfect the celis
simultaneously with both the HBY and HCV replicons and select and
expand cells that are replicating both HBV and HCV replicons.

10 Transfection of cells.
In this example, the HBV and HCV eiRNAs are encoded by

separate cistrons within the same vector. However, similar results are

expected if the eiRNAs are encoded within the same cistron or provided by
separate vectors. In this example, transcription from each cistron is driven

15 by the T7 RNA polymerase promoter and T7 RNA polymerase. Each

| promofer is followed by a hairpin eiRNA which in turn is followed by a T7

terminator (F1G. 1). The cistrons in this example are converging but one
could also use divérging 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 art. 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 ejcperiment, cells are transfected with 50



<400> 39 tgagccgctt gactgcagag a2l <210> 40 <211> 20 <212> DNA <213> Atrtificial
<220> <223> siRNA encoding sequence mapping to x region of Hepatitis ¢ virus <400>
40 gaaaggtccg tgagccgcett20 <211> 21 <212> DNA <213> Artificial <220> <223> siRNA
encoding sequence mapping to X region Bf Hepatitis C virus <400> 41 tagctgtgaa
aggtccgtga g21 <210> 42 <211> 21 <212> DNA <213> Atrtificial <220> <223> siRNA
encoding sequence mapping to X region of Hepatitis C Virus Page 10 Nucleonics
sequence ligfingiivd ibtbsttDO+HBY tagotttagidodcydctali2tly@aesed3 <211> 21 <212>
DNA <213% Agtificial, %%%Qﬁdﬁagg&aﬁ&% SRGARINYISEHHRREEIMBNPINY O region of

Hepatitis C Virus <400> 43
<253> Artifﬁffg]‘m vector encotdcigga tzg tggp?ncﬁﬁgtggn%%%sé jéggeéﬁeﬁgé'sl 5@%\1/‘@5212> DNA

from SEQ ID NO:1 (described below and in Example 3}, and 600 ng of an
5  eiRNA vector encoding a hairpin RNA comprised of sequences detived
from SEQ 1D NO:11 (described below). Control cells are transfected 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 Wi), is added
1o all fransfections where needed to bring total DNA/transfection up to 2.5
10 pg DNA. Each transfection mix is made such that ten transfections can be

performed/mix resulting in a fotal of 20 transfections (10 per mix).

Analyses.

Following transfection, cells are monitored for the loss or reduction
15 in HBV expression and replication by measuring HBsAg secretion and
DNA-containing viral particle sécretlbn‘ 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
indfcative 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



<220> <223> siRNA encoding sequence mapping to x region of Hepatitis ¢ Virus <400>
44 ttggtggctc catcttagee 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 acgagatggg tgaagcacgc gctggtgagg ttgcggataa
cgctgccgecsHieintacadlegiactggcriontainess @gmﬁggéc r@&&@ﬁ?&% 99&&%%@9
ttccgcaaga jgit tcaacttaaa accac c geticaa catttatgc
tggt%ttcgt atﬁtgea%‘i%‘gggt%%?aaca%’% 19 gtgrécggat actgg”ﬁ Agaaey 1K g&%ﬁ’&@ c

atcaccaagt %@fﬁ’&ﬁéﬁ‘@é‘&@@f@%@%@%@%@ WE@&H&W@E&&&&@CC&Q

ttcattgagg disrupt and degrade the infectious enveloped virion particle. DNA is then
5  purified by phenol/chloroform extraction and precipitated. HBV specific
DNAis detected by gel electrophoresis followed by Southern Blot analysis.
Atdays 3, 4, 5, 6 and 7, two wells of éelts/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



'tggtgggctg gtacagcacc tctggcatcc ttgcttccta attctacaag aacactggtg ctggcttacg
tccaaagagt tccggcaagg atttgggaat gcatcaacga agttcctgca cttgcctaac ccattgagga
aaaacgttga aagttgtcga ggcataagga ccggaatggt tcgaactcgc tctctccgat gtggctattg
cactgatgcg aaaacaccgc ggaagcattg cggaagacat tgtaccgcaa aagccaataa gtcgtgttta
ttacgctggc gtgcaaactg aaaaccacga agcaagattc acggcctgag agcacttctc gtgaaaccgt
cagacgcaat aaatctctga gtgttactcg tcggcttccg gtctgatgtt ctgtgagcgt Page 12 Nucleonics
sequence listiagard ixt'RIGLigitd abetybletyddqrebageficaagataaga agactggaga
9attcttt09tt02ﬁ@@/@@@@?tﬁmgzs@?,t%@tm}mmgpag@tggm@\@@w@g@ﬂh@gaatacaagﬂm
aagcctattc a cgctt gaacctgatg, ttectcggic agttcegctt acagcctacc2280 attaacacca
acaaagataéi%%g%ﬁ?fﬁ%? fg%%c“&%“é”%ﬁc%%#ﬁgﬁ%%%”tgt%gacr%bctz340 aactttgtac acagccaaga
cggtagccac cttcgtaaga ctgtagtgtg ggcacacgag2400 aagtacggaa tcgaatcttt tgcactgatt
cacgacicct igggtaceatlsrggetgacdol@atgcgaacc tgttcaaage agtgcgcgaa actatggttg
acacatatga glctigigatg 2 alaclgdely aliclacaa ceaalicopt IRcEAdiasAcagictca

attggacaaa2580 atgccagcac ttccggctaa aggtaacttg aacctccgtg acatcttaga
gtcggacttc 28RO RGIRJRIPEnIPBD 85q 6555819995 MEPPIng 150 SREK ‘Qgﬁb Artificial
<220> <223p0i7 golyrerass: has el CaRBHk 2408148 i oatétengiiggaac

atgagigtcy KeaderinG EHANIIRGIASRCHE0 ARILIGREIV0AGM Bidag selgaagseliaty

tactgcctg tactgtCttC aggaccccc
g 910 g the s%cond mg%n of the%airpin encodes the antisense version of this

sequence. Hairpins can easily be designed and made by those skilled in
the art.
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CLAIMS

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.



