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application clains the benefit of U S. Provisiona
Application Serial No. 60/478,076 filed on June 12,
2003, which is hereby incorporated by reference in
its entirety. 10 FIELD OF THE | NVENTI ON Thi s invention
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2 BACKGROUND OF THE INVENTION

Human hepatitis C (HCV) is a major public health problem with an

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. Nevertheless, an
estimated 3.9 million (1.8%) Americans have been infected with HCV, of
whom 2.7 million are chronically infected. Hepatitis C shows significant
genetic variation in 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 regions of
the world. Each of these major genotypes may differ significantly in their
biological effects - in terms of replication, mutation rates, type and severity
of liver damage, and detection and treatment options - however, these

differences are not yet clearly understood.



There is currently no vacci ne agai nst HCV and
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estimated that 75-85% of infected persons will devel op
a chronic infection, wth 70% of chronically infected
persons expected to devel op chronic liver 5 disease

i ncl udi ng hepatocel | ul ar carci noma. Chroni c HCV

r el at edfHery & curtérityasevaccine bgaitistblO\hdnd alvaitablé arug

liver transpl ant. Al thoygh human hepat acc
hakelap¥ning 'ﬂgaﬂb%v"én ﬁea%tfg’szon,.'% on @'t'?liya?‘g%dtvﬁa t IS
?%%gmété& ﬂ{bt%r Iﬂé?s@ﬁ wihgSIGEkL! oh fronlc infection,

cted wth er of new i nfections
pevithy 28%% ofmhrbmcall)j |Ufedtedi pSIM"Bsa)dp&stenﬂetol develbrf clinonimliver

2 S B eptads o noms. ARG MG saeted Bas
C%*ééa%resls ad@éumgdnaéaw &Qﬂﬁepﬁéhéplaﬁt for hepatitis B
surface anti or nore than 6 nonths. Such

carri er@twuggwwendtemhtﬁs Ba\mwmer hakbeen avalanle gincg

o1 i PR ol R0 MOEP TP GO MRS B cpticBly

hqﬁﬁzfcte“d WRIBIB\LaWhi she hudibee bf ﬁéWan@@ﬁ@tﬁs persyé’ar nl%
to 40% wi || devel op serious sequel ae

| | Yritedptates ha% éﬁ?'ﬁ‘qdr Bonan evﬁragﬁqf@ﬁodm@elagae 68@9& $o
9 |
neebg?%F 3% in 20O M8 4 P'gs? ﬁjiaqg ?ﬁﬂﬁ?n Eéfﬁlé % 0

or'l rove erapeuti c ag en
paiamems$ deﬂlﬁédaas pgrs‘dnsrpdSBMea‘od hepaﬂﬂ@vB isafface |aongen

o S 1 05 st Mcsitiorsohciy alripraoddBV Ge ofinfupased
d' ﬁ%?dé{/&%ﬂﬁt&ﬁhwé |kbp aTi'&Qfe%ohﬁaeﬂs%ﬁoﬁrhlﬁi(ﬁéﬁé’fsceuular

need l'actic neth agents effective
gzammomacso\lthmgln mqst@errcﬁrs(d@ npt, demlmp repaticroompligations

ianctrae hepdlith Boib 8P eGP s U kg dR¥Ee duing
V\ﬂthblrf’rlfémhé IMea’tﬁ(ﬂrdn@bhmhl@h\férQﬂa‘,éaﬁe GSBury i 18:25% of
i ncl udi ngy]t 'heir use as therapeutic noieties in the

prefvenicatininiepd Pefs®: nent of di sease states in man

and anifpl 8. Eq{ee%%ﬁovgh "HHEYA Hﬁ@ %g%@% %getclﬂog in

through anti sense ani Ss ar
hy;tutledrtsz sufferingpirgat HBRl/ort HEWahiecBOn nespdciliyrahrotie

atinfecsa; hichlooRier are-amaledle doRaiaHen7 o of ¢l cases of

T B B A e R o e

( eprgphylasiic mew@!@magemoaﬁfemre ag206IHEM 229

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

nucleic acids) have come to be recognized as extremely valuable agents
with significant and varied biological activities, including their use as
therapeutic moieties in the prevention and/or treatment of disease states in
man and animals. For example, oligonucleotides acting through antisense
mechanisms are designed to hybridize to target mMRNAs, thereby
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
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silencing, utilizing compositions providing an at least partially double-

stranded dsRNA, is expected to provide extremely valuable therapeutic
and/or prophylactic agents against viral infection, including HBV and/or

25 HCV, including in the extremely difficult problem of chronic HBV and/or
HCV infection.

SUMMARY OF THE INVENTION

Applicants' invention provides a method for inhibiting expression of

30 apolynucleotide sequence of hepatitis B virus in an in vivo mammalian cell
comprising administering to said cell a double-stranded RNA effector

molecule comprising an at least 19 contiguous base pair nucleotide
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NO 7, SEQID NO 8, SEQID NG9, and SEQ ID NO 10;
wherein Uis substituted for T. In a preferred

enbodi ment of the 5 nmethod, effector sequences from
nore than one SEQ I D sequence may be adninistered to
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RNA effector molecule comprising a first at least 19 contiguous base pair

nucleotide sequence from within a sequence selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ 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-stranded
RNA effector molecule comprising a second at least 19 contiguous base
pair nucleotide sequence from within a sequence selected from the group
consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U is substituted
for T. In preferred embodiments of this aspect of the invention, effector
molecules from more than one of SEQ ID NO:1 through SEQ ID NO:10
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be adm nistered to the sanescell; and/or nore than
one effector nolecules fromwi thin the sane SEQ I D NO
may be admi nistered to the sanme cell. 5 Applicants’

i nvention further provides a conposition for
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embodiments of the composition include wherein effector molecules from
both SEQ ID NO:11 and SEQ ID NO:12 are present in the composition;
and/or wherein more than one effector molecule from within the same
SEQ ID NO may be present in the composition.

Applicants' invention 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
cell comprising a double-stranded RNA effector molecule comprising a first
at least 19 contiguous base pair nucleotide sequence from within a
sequence selected from the group consisting of SEQ ID NO:1, SEQ ID
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SEQID NO7, SEQID NGO 8, 6&EQ ID NO9, and SEQ ID

NO 10; wherein Uis substituted for T; and a

doubl e- stranded RNA effector nolecule conprising a
second at | east 19 contiguous base pair nucl eotide
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mixtures of these sequences. In this embodiment of the invention, the “an
at least 19 contiguous nucleotide sequence” is preferably DNA, and the
mammalian cell is preferably human. Also provided are expression
constructs comprising any of the aforementioned compositions and a
mammalian cell comprising said expression constructs.

Another aspect of the invention provides for a polynucleotide
sequence comprising a sequence selected from SEQ ID NO:14 through
SEQ ID NO:26. Another aspect of the invention provides for
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:26. Another aspect of the invention provides for a polynucleotide
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21, or 3-21 of a sequence selected from SEQ I D NO 14
through SEQ ID NO 26. Anot her aspect of the invention

PCT/ US2004/ 019229 7 sequente conprising an at | east
19 conti guous base pair nucl eotide sequence from
within a sequence selected from SEQ | D NO 27 t hrough
SEQ I D NG 44. Anot her aspect of the invention provides
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NG 4. SEQ | DBRHER DESBRIEHAN Off Bk SEQUENGES, HBv
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t IBEQAD Mégl B)mpmésen’te thiCrugietlide sEQUSER ohiar 8J6
thprrgu%h SEQ I D NO 36 represent si RNAs mapping to the
SEQ ID NO:14 and SEQ ID NO:15 represent eiRNAs that have HBV
sequences mapping within SEQ ID NO:5.
SEQ ID NO:16 and SEQ ID NO:17 represent eiRNAs that have HBV

sequences mapping within SEQ 1D NO:4.

SEQ ID NO:18 represents eiRNA that has an HBV sequence mapping
within SEQ 1D NO:10.

SEQ ID NO:19 through SEQ ID NO:22 represent eiRNAs that have HBV
sequences mapping within SEQ ID NO:3.

SEQ ID NO:23 and SEQ ID NO:24 represent eiRNAs that have HBV
sequences mapping within SEQ ID NO:2.

SEQ ID NO:25 and SEQ ID NO:26 represent eiRNAs that have HBV
sequences mapping within SEQ ID NO:1.

SEQ ID NO:27 represents the “X” region of the HCV 3'UTR.

SEQ ID NO:28 through SEQ ID NO:36 represent siRNAs mapping to the
the HCV 3'UTR.
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I D NO 37 through SEQ I D NO 44 represent si RNAs mappi ng
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represents an si RNA mappingto the HCV core. SEQ ID
NO 46 represents an si RNA mapping to lamn. 5 SEQID
NG 47 represents the T7 RNA pol ynerase gene. SEQ ID
NO 48 represents a T7-based ei RNA vector encoding a
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FI“ ure 1 de |cts a vector illustrating placenent of
"IeJQ‘CF(P\IV-\ dR.pronoter and T7 RNA pol ymer ase,
S 0 I [H3e] j i gure
2'3’=°é’. 2 a@g“?d;%é“%h%eﬁ’és AR T 0 R Y Bore . P < 0
d8EQ IED&N(T)@&SnépreseTﬁbba siRNRirgapging to amingr aph show ng
H ' bi_tion corr data found in Table
585 1IN Tebreselits b A7 SRR rigteng 9P bi 1 on
C@Eg%ﬁ%@me feslaiid a TRBASd BIRNRNBCtr chcBHing a5hé|$p|ﬁ
graph showi ng HBSAg inhibition corresponding t0 data
foMA. in Table 5. 25 Figure 6 is a graph show ng HBsAg
i nhibition corresponding to data found in Table 6.
Figure 7-is a graph showi ng HBsAg inhibition
cor r espondi nQBRFEFdBEQCQI@ﬂON\QFITHE@RRWWNG@
2005/ 014806 PCT7USZ0047019229 9 Figure 8 is a 9raph
showi nd igBeAydepintson veeler dbstrating nl:ﬁCﬁ@etrtﬁ ofi iea T7 RN
P e
@Tﬁ%{% %Fg\éhx%g%rgarrfd T$ nglﬁé pWrSadEPLESWIRY ifdIh&IEh of
hairpin eiRNA sequences.

Figure 2 is a graph showing HBsAg inhibition corresponding to data
found in Table 2.

Figure 3 is a graph showing HBsAg inhibition corresponding to data
found in Table 3.

Figure 4 is a graph showing HBsAg inhibition corresponding to data
found in Table 4.

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

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

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



Figure 10 is a graph show ng HBsSAg i nhibition
corresponding to data found in Table 9. Figure 11 is

w@2@anigoraph showi ng downr egul ati on of HBV RNAPGIT/USZ04/019229
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Northern Blot analysis. Figure 12 is a graph show ng
showi ng HBsAg i nhibition corresponding to data found
in Table 12. 15 Figure 13 is a Western Bl ot show ng

| evel s of HCV NSHA protein at (I tor) 0, 9, and 20
pnol e @Figdre8 isdegiaphi shbwinRNBSAgInhibdnT cdreesponding t data
detail in Experinment 1 of Exanple 2. Figure 14 is a
wéaund i Bade 8showi ng | evel s of HCV NS5A protein at 20
(I tor) 0, 9, and 20 pnole of the identified si RNA
and 0, 3, and 9 pnole of the "core" positive control

si RNA, Figurdesisra beving depictind efffective hiBVEAYSY istieNA hsefts.
Exanpl e 2. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25

RNA interference (RNAi) is the process of

S?que”ﬁ%&e% ifs'epgr Pdhowih g MESAPIhdn 86&sponding to
silencing or transcriptional gene silencing in aninals
amktpfamdsin Table Pat ed by doubl e- st randed RNA (dsRNA)
that is honol ogous 1in sequence to the silenced gene.
Since RNA interference acts in a sequence specific
manner Fighie ANSia Bal G@phesHewseg dswarsiulationist HBY RRA by
specific to its target. Viral genones are variable to
adbwthasadlet analysist ance to changes in the environnent.
Wil e HBV and HCV are very desirable viral targets

for RNAI, the variability and nutability of the

Vi r useFiy\ire2(0f/ ) GrephosHwing/ SAOGHPOHB2AE inAiitmmd t he

hi gh rates, of transcription of the viruses make HBV
arf@riaenonding tomﬁ?%gﬁﬁg 3blg déts for any therapeutic
and/ or prophylactic approach. In order to knock down
viral genonme replication using RNAI there is a need

t o i derffigfine tdisszWWesiesmiBiotiahowingrieyels vd HGV INGDA pratein at

.~ At t o) K .t ' 1 L
b 00 8060 QDS By e Rty STaifRey e SBSEUR ipgfore
f HetSif MFERPSRASAIDoPEXaMBRNE. from the human genore.
Human Hepatitis B Virus (HBV) Hepatitis B virus

bel ongs to the fam |y of hepadnaviruses. The HBV

genone 4. LI C r .

ot r anad ORI 4 ekl bnobfa el br HEY RSSA protein at

ar(etadr) 0, 9, and 20 pmole of the identified siRNA, and 0, 3, and 9 pmole of
the “core” positive control siRNA, as described in more detail in

Experiment 2 of Example 2.

DETAILED DESCRIPTION OF THE INVENTION

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

transcriptional gene silencing or transcriptional gene silencing in animals
and plants, initiated by double-stranded RNA (dsRNA) that is homologous
in sequence to the silenced gene. Since RNA interference acts in a
sequence specific manner, the RNAi molecule used as a drug must be
specific to its target. Viral genomes are variable to accommodate
resistance to changes in the environment. While HBV and HCV are very
desirable viral targets for RNAI, the variability and mutability of the viruses



10 partially overl appi ng open readi ng frames encodi ng
the envel ope (pre- S/'S), core (precore/core),

woelogiessace, and X proteins. The pre-S/'S open PCHES2004019229

10

15

20

25

30

frames encode the large (L9 mddle (M, and small (S)
surface glycoproteins. The precore/core open reading
frame is translated into a precore pol ypeptide, which
is nodified into a soluble protein, the hepatitis 15 B
e apatthedig Hied\of transcriptionrofthe eirapss thakeddBYrand HCV very
hﬁgatitis B core, anti tations in the core

%@minawgst%@a@eyﬂﬁégeﬁ UHG, 2RA/E prophyiaGic arproach. In
r)?fck%%d vita g%%aq@régmesﬂémusmym&pmé@@ﬁeed

pro{jer n functions a reverse transcriptase as we
ago ddeitify porhs,emedraed URiguexregiores igi theivirahgenoraet At that
t t t | le .in_ 20.

B

begidiieddrydreesiRinig W Bbsétit fidte the! huih déhdmié

hepatocyte Insrde t he hepatocyte nucl eus, synt hesi s
of the ) anaditid BIK tepptitis Bovituscbalorgs torthe

ATk T SEROLE W o S

eWﬁb'I@QtrérﬁldécﬁDNﬁaMEa;bprbkinﬁatély 3120efbeetpais. TheldNfe 4
whi ch accounts, for the rapid reappearance of serum

ernm Qe IaPPiNg;eBen EFRXNG EAIeRiS Qo Ingﬂér%&w/e ORtx(pre-
Oéore éﬁ?e{c%?é‘/&gf@éﬁ&&%’r&s& ea‘?r?it E\ﬁ‘t affelfle-S/S open

al ned. essi on |cat I on
arréédmgéramesehood@thd-ﬁrge dr)t nmicdie (M)damdamrﬂr(sm sofface

SRt o oobeS e s Rl i o o

9edRBEreSSSISEIRRIE, Which BURBaified 3o SSlub rbfé?r‘r athéfhepatr’us

from ot her” primat es and one woodchuck '%\Zfr sol at e)
2(B)e/arrtrgenarr%ﬂg)rmdhemﬂ:@apam protein vaenadits 1B cqre

B e 0 b

I d@rmwﬁ 16 d6ureasey of absisiVEBeAy srodueture mpcﬁwﬁerase protein
appl i cations, a conparison between all_the

gdpatieNsas adaversedranscripEsa @savelbas fi @lewg%\sef The X
wer e
ne?%‘{‘z%a%ﬁe firs S%bﬁ‘ﬁag?'a% W@gé%ﬁ conpl ete
ehmpaioeaqmgeaesrand the second was Irmted to all
Human VrsJa es | e al resul t
her o pal e Bkt oyalaiol i bBoReHEEAladErahs ot the
S EGHER &S tHPRSSA Y &)t Ofhsie BRUEPRASH: ?r'ﬂrc!e‘ihs, synthesis of the

plus strand HBV DNA is completed and the viral genome is converted into

a covalently closed circular DNA (cccDNA). Most antiviral agents that have
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.

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 HBYV isolate).



t he HBV genone was generated. A sliding w ndow search
to identify the 10 | ongest regi on of sequence
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Three maj or conserved regi dhs were identified and
mapped to GenBank accession no.: AF090840, a Human
HBV i sol ate. The conserved HBV sequences were
screened agai nst Genbank sequences of both human

OFAR N riabildy ebhEtitliderasétsus thaenge o oseqpmnee-specific
dat abase). It 15 was found that the identifi

ed
c Bhaenaeiitical approaghes such as KRNA: Joerdenia Idzﬂﬂfbftcol'}ﬁefved

[t
S UGN S AES e 259 Sk tycen l e
sicbripletd gehoates wpschaied aut usieg achodified 0emrveﬁ§3{u'staiW.
S Fa mupie Sligmmah srAeTITSWERE D0tededeiter st includBa i 330
ew BBRH té'dé%'oﬁweséé 3G thbisézoRd v@a{zﬁ.rﬁﬁéa {/all

FIaV|V|r| genus hepacivirus. The genone is

arlrmmacm hii\elsplates.0lite mudtipie alighmsentiesulis wede passed angd 8
t f ,abo 000 d

D aaBhatodiee RaRtHs B Sraudite e niion A astion i

| figd P\ geRomiRl was ?éﬁér‘ét‘édJ malidify wihdovd Bearch)toddhtify the

mJItlpIe non-structural proteins ([NS] NS2 to 25 NS5)

Tﬂmngest re@oRoh Sequencieonseryaton laegardban y 9fmiin tmaﬂaawas

%ﬁéﬁ aﬂ@see(rﬁé@;%gﬁgépvga r}ggl\éhg"{'rver[ﬁ@%@tﬁ%tg' &H& r(n%léed to
Clﬁmmkl acddssiotnve! APE90840,ei HantayHBY! |po||ate mmd@ortslewed
i mmune system There are at % j or genotgipb
antBYrseauences were §QTS?9§@§98F‘SH§@" RAE SEAHFRYE
g?{“u%é(rpgénéjﬁ\’@ar‘?dl E?ﬁ@elmraﬂiéﬁgq%ahcch:?&n%é%b%éﬁé&) It

Genot yp a and ar e most common i n
UrwamﬁbunSttbaEme(ldGMﬂed?@Jrfﬁeofecbmed$)equéhmﬂ greegnigue fnom

2 ( r Qxi teI 159 and 3 proxi.mat.el.y 79, ar

2R R st bR eSSBS yEahomiofbls
Thﬁfnﬁ‘ar'l §e&quéﬁde% &bfﬁ&rr%n%rﬂently BiferfRdEs idsyinPor@ns agse
or outcone of patients infected with different

g@edﬂqtpwonagmﬂe\rlralﬁgqu@m@ far RNAigenot ypes 2 and 3

are nor S d r I
The i 2 L (’e =y g I—L(ﬁ/!]sn He |(%6ttég%ﬁé\@%eter in
hafiarfmatdsy erivedb e Slr@Idﬁetramdm R&IA ylrusbeethEa‘amllg Fadvidfidae

treatment of chronic hepatitis Cis to
dear@l:g%wehwacawrmhﬁrgﬂﬂomfélsm%axmaé%hy is}nwoa hucleotides
ORI RER by o B ROO e uncn

post-transcrlptlonally cleaved into 10 polypeptides, including 3 major
structural (C, E1, and E2) and multiple non-structural proteins ([NS] NS2 to
NS5). The NS proteins include enzymés 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
distributions. Genotypes 1a and 1b 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.



sust ai ned response. Studi es suggest that a sustained
response is equated wth a very favorabl e prognosis

wa@pasohsoe it may be equivalent to a cure. 10 TPET/ES1084019229
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be other nore subtle benefilgs of treatnment, such as
slowing the progression of liver scarring (fibrosis)
in patients who do not achieve a sustained response.
In GenBank version 134.0 there are nore then 20, 000

HCV S qhieas Relftl@ difedSnddOv therselvetity gfafissaseseoutoos. of A
arison 15 between all the conpl ete genones .was
czma ipels iplactark Wil difereat 9enQiYRRS. STOMES %PU%Q BN The

MehbRIoRsY AAITERE MaRUIKenBTeBRERE th il térohtRidAmehbathe

scores Or Sequerce cohservation at each
pafrus ireplicated aiea higb\vrage nn’tlte lives agd ﬂmsanad(edﬁee;iueﬂcag

S RO B SEVREITR S YATTRBHO T e e TRRRBIG i s

2 lifdi et%tec-:li Bﬁ‘eevu‘Ei‘JRNA %ﬁf'ﬁfevlﬂgoﬂelgé&@éf dte&table hepatitis
ent| mapped to GenBank RefSeq (reference

sefqumm: RNPafroarslslpod shomontieoaiteraonopleting herapy isalnown as a

R e N R G

9N YR FAvofddN proddHorid 88d (HEtBAag esARiIeAt to a cure.
dat abase)’, and those sequences 25 un| gque from 21 nt  up

wekhere dedit be oEher Mplie | kanefite ohtreptmant s%ltmhe@ﬁc%@vwng the
 fdisSeloh QrIREE bERPYTAEBN T AnE T aY PPy e le

| uetdined réspongbst antial |y non 30 horml ogous to any
casent | BICONEARE NG RO 44 G 9racS dupieben 200 0hHEY he

o sECE SO BIHICT, Aithplp By e BBl L TR "

PCEHtWSéﬁ@JI/tb& epaplete Pemanmes was cpoleghout| using aenodlﬁed

SRR ROV e PR T O S S48 B e
p%amehm@&www 6 GEHce BENSEICatiBHEBEACH pSAIBIE IS
t hat encode desired proteins, as well as mammual.ian

séqevmmmmswaﬁ@tﬁdc&ﬁhdgrg windowrraargh & idgatifydines

E0Bder TrolohteBbikliod GRG0 Buden PR {1t IR TN was

i rbreatedo Thresinaier consbhadaeylonsdierta identified ard) nmpped to
from any nmanmal | an pol ynucl eot i de seguence f8r Mq
h@enaﬁ@lf RsiSeq (referencé sequence) accesslon no.: NC_004102 this is

GenBank annotated HCV complete genome. The conserved sequences
were screened against Genbank sequences of both human genomic and
cDNA libraries (human chromosomes database), and those sequences

unique from 21 nt up were identified.

Non-Homology with Human Seguences

It is equally important to ensure that conserved viral sequences
targeted for silencing according to the invention be substantially non-
homologous to any naturally occurring, normally functioning, and essential
human polynucleotide sequence, so that the dsRNA molecule does not

adversely affect the function of any essential naturally occurring



i ntended to be undi sturbed after any of the nethods of
this invention are perforned. Conputer algorithns may
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bet ween the RNA nol ecul e paBynucl eoti de sequence and
the normal mammal i an sequences. Since the length of a
contiguous dsRNA sequence capable of association wth
and activation of RISC (RNA-induced silencing

Cadth@alian pofyrdeeRtiak lseqaensés, dehed used ethbSmethoarf this
pairs, the | entified conserved 15 HBV and HCV

smﬂa@hogsSu@h satisalyseeairing mmpnahmﬁmmgla;bmlynucleotlde

nananeaE e PRRRE EhyeRE s BB st bboteins,
I @BNRSIESS nRmaliars degeensosctat aifeﬁmompoélag, bunthaRpiside for
such nRNA sequences woul d be especially vul nelat@tillye to

siesapriial geaylalsnsragencesisrNAC ]Iy BARERal Fsseriatly; the.RNA
C%elec&g JCRA' Hl'tmgli%en‘ilgﬁ n‘?ﬁ?ﬁj rrtgﬁmgemé@ﬂng% uence

seqUENCEs wer e m C
S emme ansz maﬁhdhanmlyrﬁ)l&kotlhletsemuyennmfmlslch dhe ftmdt-IBw is

? {h@?@d g%ﬁjﬁiﬁ%gﬁé}g i I%%Eﬁ H)({II%S ANty
q%ﬁfdn’%'e@d mF‘?t;]ér a@bﬁﬁm 'i‘ﬁ‘éy pé u's@d k) ﬁeﬁ%é b8l dack

A'conpari son man genom c 25 library sequences
r ef dehealogy bettesn the RNA reelgguledeolpiuchaotisessasiuemseand the

one nucleotldes and one nmatch of 19
@é%@maﬁ% JUeHeehes were in non-codi ng

r egi ongingd¢hd lelgthy oft® cﬁﬁﬂiglmU%G@éRNA S@Bh!éncé capable of

cognates were not turned

Trassetiatien withegndhaetivationf (?éISETd(Wﬂ'R@J%ﬁdt%bﬂé'n@ complex),

>0 EptelAl Eoprdlitts J947644 Fie, (ERUIRGY cotetled

f rl9BV P ECY eané/\A@ws:e mpatiedRedthdsotih human genomic

%%%%@g%/&? C@ %gmﬁ%/lﬁg r%aal\[cgl\m libraries.
C&@@@&%&é&r d: nt%xgressed se ueggl_?s_,l_ Ehsaé 09?0 ear

( il mRNAs, such mRNA sequences would be espema y vulnerable

) R S S RO AR T A6 0 T CTCAC

% ] CAGASZ el €Hel 6briseriéd HBV and HCV seﬂuences were
CTCAATTTTCTA G(92%/A(5%/TI\SB%]A[A
o) sapppasd/ with Bygnan genomic and cDNA sequences. No human cDNA

library matches to the HBV or 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
library sequences revealed no match of any sequence of 21 nts or more,
one match of 20 nucleotides, and one match of 19 nucleotides. These
matches were in non-coding regions, and likely do not appear in mRNA
since cognates were not turned up in the cDNA library. Therefore, they are
considered unlikely to be a safety risk, but could be excluded if desired.
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TGGATGIGICT[ (99% / A(1 9% ] CGCCGITTTATCAT HBV
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AAGGCCTTTCT[ A(43% / G(43% / @4 14% ] [ T(56% / A(37% / C

(7% ] GT[ A(87% / C( 13%) ] AACA] A(57% / G(43% ] TA[ T(59% / C( 4
1 9%9][C(59 9%/A(41

%] TG A(92% / C(8% ] [ A(93% / C( 7% ] CCTTTACCCCGTTG T( 5
APonSEARY) ddduchees frbaBMBNVGERANGYE C(74% / T(249%9 ]  A(50

%7 T(43 i
% / c( 7% | GAHESZansevedoureqien d 709 / C(19% ! T(7% / A( 4%

TGCCAA 20 ’ 0
ErorTr o ca SO GATEGAGAIABRAIGL AICATT B %) C 4078
Y200 BT [PEVBY:)/C(82%)/ T UG ATCAGGALT(65%)/c(35%)]TC

e E G e TS P e CoR
A@ﬁ%,}]_ITTTCTL{%M‘V IGEPICTIGACAS %64%)//%36% JJAATCCTCACA

| A(4Y
/@NM@[P{{@@%)/G(43%)/T (1 %)]CAGAGTCTAGACT G%G/'?'GGAC'ITCT

B TG BB AT S AT RTALAGRAA TS Ay
%(Wﬂ[@?g@%ﬁ(f@m!ﬂ( 6%/ G(299]1 G T(92% / (7% / G( 1

GTTT[ T(88% / C( 1299 ] GCTOGCAGC] C( 64% / A(36% | GGTCTGS A(8

7%/ G 13%, ] 43
[ O(629% / T( 3898

g GCCTTT[ S@GMGHM ¢H@(999®%(/1%)$@$W6mm C
299 1 A(8% ] O T(65% / G 35% ] TATAAAGAATTTGGAGCT] A( 65% /

T(35%] WO / 094/ 019229 15
C(T s &]A o0 448y ?éﬁ%@e&’cﬁééjég 8

(629% / T( 35%AABERG TG TIBALITNGESN C(14%)][T(56%)/A(37%)/C

Sl a1 A AINS (T AR B E e 10n1C (59
%%é[éﬁ(ﬁ%@q foboiy G&&H C%z%zlcg%)%%%}&ACCCCGTTGC[Tw
ORI DR TN B DS AR AT Ao A I BB PR3
A R GH  HT |G GRS Gy AITRCROA

TG TETAGBUTGACGCAACCCCCACTGGIC(48%)/T(38%)/A(14%)TGGGG
CTTGG[C(84%)/T(16%)][C(84%)/T(12%)/G(4%)IATIA(47%)/T(23%)/G(17
%)/C(13%)]GGCCATCIA(83%)/G(17%)][G(92%)/C(8%)|CGCATGCGTGG
AACCTTT[G(84%)/C(13%)/T(3%)I[T(92%)/A(4%)/C(3%)/G(1%)IGIG(78%)
IT(22%)]CTCCTCTGCCGATCCATACTGCGGAACTCCTIA(88%)/T(9%)/G
(1%)/C(1%)]GCIC(57%)/A(35%)/T(6%)/G(2%)|GCIT(92%)/C(7%)IG(1%)]T
GTTT[T(88%)/C(12%)]GCTCGCAGC[C(64%)/A(36%)]GGTCTGGIA(B7%)/
G(13%)]GC

HBV_ Conserved Region 4

[C(62%)/T(38%)JACTGTTCAAGCCTCAAGCTGTGCCTTGG
GTGGCTTT[G(88%)/A(12%)]|GG[G(92%)/A(8%)]CATGGACATTGACIC(9
2%)/A(8%)]C[T(65%)/G(35%)ITATAAAGAATTTGGAGCT[A(65%)/T(35%)]




HBV Conserved Region 6
TTGH C(84% /t (169 ]1[C(84N /t (12% / g(4N ] AT[ A(47% /t (23

WOR008/014899 / c( 13% ] GGCCATC A(83% / g(17% ]| [ A 92W¢T(82p}/@ 9229
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fT%G]Aacg(T;T[lg(sm/c(ls%/t(s%] [T(92% / a(4% / c(3% / g(
89 / t (22% ] CTCCTCTGOCGATCCATACTGOGGAACTCCT] A( 88%) / t (9%
) CV@TGG’AG'DTACTCTC[G(62%)/T(35%)/A(3%)]TTTTTGCCTTC[T(QZ%)/

O ENCACTTICOI I BT ERTHE A T(92%0 1 e(70 T 91

GITT[ T(88% /c(12% ] GCTCGCAGC] C(64% / a(36% ] GGTCTGH A( 8
7%/ g(13% ] GC 20 HBV Conserved Region 7
CTGCCAACT GGAIB\C(Goiidernied (Redist 489 | CT[ C(69% / T( 25

O A S SN EBTTA
93}’5?]69%3@@@@@5 TAGKAG AABHAC TCCOTAEE

25 %/ T(19%/A(49%9 ] 25 HCV Conserved
R@@)/A(BQ%)]G[A(62%)/G(38%)]TCTCAA CG[C(88%)/A(12%)]CGCGTCGC

CARARAIGIMH R BB TR UG Fnante

TTAGIATSRGTGT] C( 92% [ T( 7% ] GTGCAGT] C(89% / T( 10% ] TCCAG
g 30 A(76%/T(14%/C(8% /G 1
%9 ] CCOCOCCT COCGGGAGAGCCATAGTGG

TGW@W%@@ A(90% / G( 9% ] GGA[ C
(78% / T( 169 CTTGGAT[ G 78% / T( 11
%/ A(10 VO 205G PIBYL) G682 {R2R TG (486)JATIA(47 %)/t(23

%f%,ygm 7%)/c(C5 )? TA$15C{?AJ(8A§ o AN AT Echrac
%é%@ﬁAﬁﬁﬁé@@Wﬁﬁ%é%@1&@@&;;&%@(@;&%@1@0
5 %%WAWW@WC(GM ACTCEEEPEQUCETTABEP)EO %)

e e R B R AN e o

gjﬁ%&g@%{é@@ % G(cﬁr’@d;bA(@@f@(el%%(sﬁ% |GGTCTGGI[A(87%)/
Al

C(3% ] AA
/C(14%/A(2°/<)] CAAAGAAAAACCAAA] C( 849%) / A( 16%) ]
4% / A( 169 | AACACCAACCG C( 77% / T( 23% | CGCCCACAGGACGT] ¢
8@ | (13;/%/( gg (}/@ r/swlz ggms%’bmzﬂ@@cm C(89% / T(11
O 5055 1 G AAGT AT e a1 % YA RIGHIFI68%) (25
N FR6%)|CGCGGGACGTCCTTTGT[T(75%)/C(25%)TACGTCCCGTC[G(
93%)/A(7%)|GCGCTGAATCCIC(86%)/T(7%)/A(7%)]GCGGACGACCCIC(

52%)IG(25%)/T(19%)/A(4%)]

HCV' Conserved Region 1

[A(74%)IG(19%)/T(7%)][G(82%)/A(15%)/T(3%)]JATCACTCC
CCTGTGAGGAACTACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCG
TTAGTATGAGTGT[C(92%)/T(7%)]GTGCAGCIC(89%)/T(10%)ITCCAGG]
A(76%)/T(14%)/C(8%)/G(1%)]CCCCCCCTCCCGGGAGAGCCATAGTGG
TCTGCGGAACCGGTGAGTACACCGGAATTGCCIA(90%)/G(9%)IGGA[C
(78%)/T(16%)/A(5%)IGACCGGGTCCTTTCTTGGAT[G(78%)/T(11%)/A(10




TIT(87%/A(1 |
%W/C(29% ] TAC[ C(74% / T(20% / G( 6% ] TGTTGCCGCGCAG
WOEBBSCAS® 879 / T(8% / A(4% / (1 PCT/US2004/019229
WITA92% /(8N ][ G 92% / AleY / [
2%][6(87%/A(12%[T(1
] TTGGGTGTGCGCCCGAC] T(78% / G(13% / A
(7%/C(2%]ACIEAAGACTTCIC(%%/G(S%[T(S%]GA[G(90%/A(

% 4% Tﬁ’* ng@WQG%NC(Q%)]GGA[G(m%)/0(4
e %’ é @&@@%@&@@?%ﬁﬂ%w%ﬂ%@yq
fﬂé%ﬁ%ﬁ%%%wﬂ?%wg@m&@ﬂ<52@1GCGA

TENGCEGEE TTCGTIGCH TAL TSBG TSATASHE @8 GECIIMSEBABGTGCCCCGGG

5 Aol aCarACAEEREk AR R TR Rl AT aAR AcAG0

t hy 0
YL s B P OIA | T SR A
ST CLT (BUY-MT (44 %) RRPAICAAAGAAARA BRAAR]CE B YA 6%)]G[T(8

W%?%%BWMQﬁ%Mﬂ% fesstradkéeacaTios
T RO P IARCTASCOLT T19)CCIT(80%)C(20%)]

10 2c@@ﬁ@@8’0&3@@%)@5(%@&6@@@@(3“@@“(91 %)IC(8%)IG(1%)]GGAG

%ﬁﬁ@s@%ﬁ@%ﬁ@%ﬁ%ﬂ FRRTTeLgecAs

NGECEYC[GB 99%)?@(8%)][@%9‘2%}%(5%)/0(

%@@Mﬁ %W%ﬁ@m%w
?’{}WWTWW%WO%HC

15 y ABBECIGAAGIICCR2YEU AT LOT T THCKES(EE7)/ G (1466 ICAO[ T(B8%)/A(6

A BB T AT BT I T SN 7T &Y s E6 EByac

HCV Conserved Region 2
ATGGCI[T(76%)/A(12%)/C(10%)/G(2%)]TGGGATATGATGA
20 TGAACTGG[T(81%)/C(19%)]1C

Conserved Consensus Sequences presented in SEQ ID format

The following sequences are presented in the format required per
the WIPO Standard ST.25 (1998), using the codes provided under 37 CFR
25 1.821. SEQ ID NO:1 through SEQ ID NO:10 are derived from the HBV
genome SEQ ID NO:11 and SEQ ID NO:12 are derived from the HCV

genome.

SEQ ID NO:1 HBV
30 GAACATGGAGArCAyhdCATCAGGAYTCCTAGGACCCCT
GCTCGTGTTACAGGCGGKGTKTTTCTYGTTGACAArAATCCTCACAATA



CTCTCATTTTTGCCTTCYyGACTTYTTTCCTTC SEQ I D NO 5 HBV 20
CGAb GCAGGT CCCCTAGAAGAAGAACT CCCTCGCCTCG

WOABA0EsH TCTCAATCGTCGCCGT CGCAGAAGATCTCAATY TCGIAT/US2004/019229
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ATCTyAATGTTAGTAT SEQ | D NO16 HBV 25

Ab GCAGGTCCCCTAGAAGAAGAACT CCCTCGCCTCGCA

GACGTGr TCTCAATCGTOGCGT CGCAGAAGATCTCAATY TCGGGAAT

CTyAATGTTAGTAT SEQ I D NO 7 HBV 30

CAoAOXEA CTCTRCASHEREGITEGACIIUTINC AATATE CTAGGGGdA

Gr TCTCAATCGTOGCGT CGCAGAAGATCTCAATY TCGGGAA

TOYy AATGTTAGTAT WD 2005/ 014806 PCT/ US2004/ 019229 18

SEQ I D NO 8 HBV

GAb GCAGGT CCCCTAGAAGAAGAACTCCCTCGCCTCGC

¢§CGTGAAT GTTCTSEQTHIEMCIEZ(EIBJ@CAGAAGATCTCAAWTCCIEAA 5
y T T

TT@bATnG%%@%%%@%WW@I

CTCCTCTGCCGATCCATACTGCGGAACTCCTNGCNGChTGTTTYGCTC - 10

GCAGCNGGTCTGE GC SEQ |1 D NO 10 HBV

CTGCCAACT GGRESTHD NEE8AHAYGT CCTTTGTY TACG

DAATCACT OGP RGN CHEA AT AT AL i PR S HTABE o

A@ﬁ@gﬁ@@ﬁm SRGGFOFhECCHAASHYTTIBCEGACGCAAC

CCCGCGGAGA! TAGT GGTICTGECEGAA
R SOAAT Rt GOy oAT P CAXFIRAG A CBTGGAA
M R A E RO E LB A FEE AT AT O BB ARET T nGCnGChT

GTTTyGCTCGCAGCMGGTCTGGrGC

SEQ ID NO:4 HBV

YACTGTTCAAGCCTCAAGCTGTGCCTTGGGTGGCTTTrG
GrCATGGACATTGACMCKTATAAAGAATTTGGAGCTWCTGTGGAGTTA
CTCTCATTTTTGCCTTCYGACTTYTTTCCTTC

SEQ ID NO:5 HBV

CGAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCG
CAGACGMGIrTCTCAATCGmMCGCGTCGCAGAAGATCTCAATYTCGGGA
ATCTyAATGTTAGTAT

SEQ ID NO:6 HBV

AbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCA
GACGmMGIrTCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAAT
CTyAATGTTAGTAT

SEQ ID NO:7 HBV

CAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGC
AGACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAA
TCTyAATGTTAGTAT



AGy GTTGEGTY GCGAAAGGCCT TGTGGTACTGCCTGATAGEGTIGCTT
GCGAGT GCCCCGGGAGGT CTCGTAGACCGT GCAhCATGAGCACT mw

W{J BOSANRRCH CAAAGAAAAACCAAANGBNVAACACCAACCGY CGCCOACT/RS2004/019229
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AGGACGThAAGT TCCCGGGy GGy GGhTAGATCGT TGGhGGAGThTAC

b TGTTGCCGCGCAGGEGEECCCNmy d TTGGEGET GTGCGCGCGACNAGEA
AGACTTCbGAr CGGTCnCAr CChCGhGGnAG SEQ I D NO 12 HCV 30
ATGGECNTGGGATATGATGATGAACTGGyC WO 2005/ 014806

PCT/ US2004/ 019229 19 *Doubl e Stranded RNA Gene

Si | enci ng/ RNAI "nucleic acid conposition" or
"nucl eot?d.e's%%d%&g %%K/I S neant ag one or nore .
conpounds | %M@@%@@?ﬁ@fc@@gﬁ%ﬁ?ﬁeﬁgoéﬁm@w&o

acid are conbined with a car , pentose
oAGRL GreEGr TET CAATIGGIMC GQGT GBS CARAABATAUTGAARSESGGGAA

deri.ved e (e.g., adenine) and from
pﬁﬁ%‘%ﬁé‘??éegﬁ&?t hym ne). Particular naturally
occurring nucleic acid nolecul es include genomc

deoxyri bonucl eic acid (DNA) and host ribonucleic acid
(RNA), as wSEQIP NQ® HBYeral different forms of the

(TrA) | and TTGBTBAIAERACI) PR AT kAR R TTpack
did TeCcTFTTGDEGATGCATAS TECGGAXECTCOTNG CRBDATGTTTYGCTC
D&ﬁ) to the different RNA nol ecul es. Synthesized DNA

(c
orG W%TQEG@TQQ\A th naturally occurring DNA as
wel | as DNA/RNA hybrids, and peptide nucleic acid

(PNA) nol ecul es (Ganmbari, Curr Pharm Des 2001 Nov;
7(17):1839- &BQdB NG HOHBY used. 15 It is contenpl at ed

the T (1 nymEpCRAAG et FaE B R B el TAce

SURSECEtGEEEOTGAATECHECEGATGASSTR! € SEQ | D NO 1
through SEQ I D NO 44 are disclosed herein as DNA

sequences. It will be obvious to one of ordinary

skill in th t ~t AL qﬁ}\lAeffector nol ecul e

conpri si ng g%%@éﬁ’c@@}f@ 20 any of the aforenentioned

SEQ | D NG5 VIATOAGTOCSETETCAGBAACTACTGTONTCAOGCAGA

acids t _FI cally have a sequence of two or nore

c B QTA@d%_ HCRE @ MG A RABTHIY B CREd¢Y EACAGGN

I O R ERCRBC EAPRB B EPE TR G M BT GAGTA

nucl éic aci ds 1nclude, e.g., peptide nucléic acids
CACCGGAATTGCCrGGAhGACCGGGTCCTTTCTTGGATIAACCCGCT
CWATGCCyGGAVATTTGGGCGTGCCCCCGCrAGACYGCTAGCCGAGT
AGYyGTTGGGTyGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTT
GCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCAhRCATGAGCACrmw
TCChAAACChCAAAGAAAAACCAAAMGWAACACCAACCGYCGCCCAC
AGGACGThAAGTTCCCGGGYGGYGGhCAGATCGTTGGbGGAGThTAC
bTGTTGCCGCGCAGGGGCCCNmvdTTGGGTGTGCGCGCGACNAGGA

AGACTTCbGArCGGTCnCArCChCGhGGnAG

SEQ ID NO:12 HCV
ATGGCnTGGGATATGATGATGAACTGGYC



and nucl eotides with unnatural bases. 25 By "dsRNA" is
meant a nucleic acid containing a region of two or

wWo00s/0mseé eot i des that are in a doubl e strandePlCT/US2004/019229
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conformation. It is envisil®ned that the conserved
viral sequences of the invention may be utilized in
any of the many conpositions known in the art or
subsequently devel oped which act through a

dsRNA- rpguBlecSirafdisd RNACGehe SihciARNAD Bethiaidis atidl n
variou$ enbodi nents, the dsRNA consists entirely of

r icoBR@sition jod eaudeotiden siogiRpsHionds meanfranyopne or more

R WhTcHfPEe of R MisERes Y phosifiotidBaiBfe o
PGHMUHRED With DeaBohyfraly (8§, Pehebdr, héxdse) wiieh arelifl turn
2000, or U, S.S. N 60/130,377, filed 999.

il 21,
withbases eeivag MomBHERS (@ Owi 0[?'%%51 a3t

TK®
<P TR AHSRS a) SOLIES lBciRia,
amotlbeules dctede gehomiedemtyeibohuacleinacsid (DO ahd host

di ts,. RNA t hat i St . ' I
e RBEL B3NSR el RS ltehd P8 e e
| Reh UdRSssRnhBORNA GhRNAYOfaiedfEPRNICRRNG! ahd ribosomal RNA
conpl enmentalry to a regi on of deoxyri bonucl eoti des.

Al(tRINAxt Alssl included are siffererb) NAnmplasslasyyhighfarer ent

othRIBie iy (BB 10,8 fliefint FISMINGREORS, SbridhiRtDna
ergrid ﬁ*bﬁopmerééfqmuc hgt@trélgmccum? BN b welhas INA/RNA
entirely of ribonucl eotides and one strand consists

erfvbridpyard paplids nueisiergie drNAe Solegiles (eaptbapp Cyrr Pharm
t j i ' tid d

G 2on TR 7P B30 6 Ealagc B0 L Gre of

conpl erteist@ntémplated diat whems the Gesig€d n@lleicdacid d8lecule is

é SI%NO W,"ﬁ?ﬁ{%%?{'@%ﬁéﬁ,gﬁﬁg?ﬁagg 2 trg(\e/g{e'% | ogi:poifs s%%sﬁtﬁ?ed with
Canf QR | P&y dhpdeSES ID NeR§ thbligh2EQAD N844 3R

24, 30, 50, 75,100, 200, 500, 1000, 2000 or 5000 _
nudiselosediberain as ANA$eguantesof It wilkba gbviowsita@nei of agdinary

e A oA et e BN FRRaclie MG EaER PRy PBayenges from
staneftierAgicpisntiored SEQ 1D NOE avils hags desuisstitited witht e
dsRNA is a 20 hairpin. In other enbodinents, the dsRNA

has oneNégleieraids yipigally have arrauensgidiwos nevrerdexalpstly
Dad e ﬁatp%‘hg%%umﬂ bpﬁohﬁﬁh%ﬁrib%l%ﬁ@é}%@r
a | an n

region th antd sense strand’or region (e.g, has
atribonucleotides. Modified nucleic acids include, e.g., peptide nucleic acids

and nucleotides with unnatural bases.

By “dsRNA” is meant a nucleic acid containing a region of two or
more nucleotides that are in a double stranded conformation. It is
envisioned that the conserved viral 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
mechanism. In various embodiments, the dsRNA consists entirely of
ribonucleotides or consists of a mixture of ribonucleotides and

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



| east 70, 80, 90, 95, 98, or 100% conpl enentarity to a
target nucleic acid) and an RNA strand or region that

WO 2008/088n6e strand or region (e.g, has at 25 |PeBUS204/019229
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80, 90, 95, 98, or 100% idemtity to a target nucleic
acid). In wvarious enbodi nents, the RNA/DNA hybrid is
made in vitro using enzymatic or chem cal synthetic
nmet hods such as those described herein or those

d by dNICHeo/6BB64\dile0//3iB69, 2000 ,ext lA[Sr.SJN.m)HmeGW filed April

u. 0/ | ed il 21, I t he
520 70R0nT5E dsHENA hday ﬁae%@eﬁ@%?lﬁsgkez\@ Y Piregionigs b
%PA éﬁ.epwrwsaéh Rmr@brewaemsné @,egm\%t 6f tHe'moldcule?

before ter or concurrent with the“transfornation
ofbaslaepam\wtisnuabatldesnmamcbtheteegmenhofytbe rooleeule. In various

G simans. S8 b ohebss of I die ridtellie Gonsists entiely

CQ)‘Fh@bHU&@oﬁdé@Bﬁﬁlcma@s@re@%h §ﬁﬂ§&wdcﬂ9éthés tRat ishe
dsRNA includes a circular nucleic acid and either a

s goomlemientary 4 arregiosi of dagxyribenucieotidasarAligipaiivaly,4bed

orSENA BiaREERb oot B e oy bisgiptyor 2°°°
BExomplemegntdiritg td sactutie?] ¢n Yadcusiembodirdets| Boihastrands
structures in which the free 5 phosp horé&%ou of a

nFONeist eatirabeebiiRanydlentisies; gne girand cppgie IrghRfp of
:Wﬁﬁlé&ﬂ%§ %hb %eﬁ@\a i nCc??‘%%t@%ﬁhrél?ﬁhﬂ@é‘xeyrfb%gﬁngéﬁgdes

di'ment's es one or nor
nuarloet ordesth istrants contdire azhixposidfiriboniicledtides agdr

t hal h Al
C RS RBotSe RERy 54y, 3e ASuibns O Lomp Ry iR are at
whésdt 70“80696395@@ dﬁaﬂob% tb@ @méﬁ@rﬁsﬁ%réﬁlyVﬂhbrr@gi@)h of

in vivo conpared to the correspondl ng dsRNA i n

t Hbe dsRNA i ds pepsent pi‘o%dDUblﬁ sitﬂnd@dr@nf@rmgtmmg@lndgs at

SRR o0 9300 1) U8! RS98I R0 oot B 5 Fafe

nufilcksttidee orabdliadesd mof meh@dh@étlde@ ihyr EONAsEiINg represented
phosphaodi est er |inkage. l es of _such |inkages

ges .
" e RS BRds pmosom @B piRo 129 AN Acioas bt contain any
T MRy .
c%ﬁ@%%ﬁ@%%é? Ped nuc: el %iﬁglcel %}Fa rma ecul és 5@ ta%gﬁtls a
[ rhaurpﬁh I?acbtélet ehibodéménts, feldsRNAdtasconeabodiresimgts
contai ns gne or fwq ds.  as
ol S eSRBs G BeRns®. A0 SrthoR o ENERYBias Bylude a
AHNA s}el%nd?@r% |c><i’1|r tth 13- ah %tléﬁ?(sé@re%mer r%bloﬁd& efPMids at
21, 1999. her enbodi ments, the cont al ns
cddaﬁg7 ()seﬁ@u@ﬁc%5098 or 100% complementarlty to a target nucleic acid)
and an RNA strand or region that is a sense strand or region (e.g, has at
least 70, 80, 90, 95, 98, or 100% identity to a target nucleic acid). In
various embodiments, the RNA/DNA hybrid is made in 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.
60/130,377, filed April 21, 1999. In other embodiments, a DNA strand
synthesized in vitro is complexed with an RNA strand made in vivo or in
vitro before, after, or concurrent with the transformation of the DNA strand

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



non- codi ng sequence, for exanple, a regulatory
sequence (e.g., a transcription factor binding site,

wa2@somsder, or a 5° or 3' untranslated regi oPCT/USHP4/019229

10

15

20

25

30

of an nmMRNA). Additionally, 2the dsRNA can be any of the
at 25 least partially dsRNA nol ecul es disclosed in WO
00/ 63364, filed April 19, 2000 (see, for exanple,
pages 8-22), as well as any of the dsRNA nol ecul es

dasekidgélidicontdiRy evseriseraid Appintisaeiseoredidh, WIS USRNA
filed July, 31, 2002, and PCT/US2003/ 024028 fil

ed
3inclufesdoisculahpueisicracl pef Giher agssPnd Sircuiar nuclelc acid or

o inEds BRG el gl (5,38 Exctpc W3 007864, fled April 19, 2000,
oEr \thLI.;th S0MS0eRY , ififexbApor 2, émgﬁ?/) Emehmlawmcul@my\uofem
t he. ds resse Vitro_or in. vi
{ AR Auge Fare SFruEkRes BT Bnicninedtes a ahesaapnl Gt Ae

/ Y /
a@g%f}i&%ég‘é?ﬁ%%d@}%é%@ E‘f’é:ff | I}\’@Ig@% d?é@;?%f’an&%er ngglgotlde in

f arloep bapk dashiages 16-22). dsRNA Halrpln

i 7 pi 1 abiaueTRed g i, TS ARER ReliegBnE et fre macied

t higleofines inehich theen 9@§i’u6ﬁ it sugdtsddifaihs achalogieriR{¥dich

conposed of one RNA npblecule with a sense region and a
s@afmr@emumr&qntalnwawal&wsawuge(ﬁy@h ap &yinef)oxy group)

S P SRR 1 i
stthelebrresporiding dgR&E mrwlelf:h |the eon'yzspmdldgl Q' p@sltuam tontains
| TUGToen &F andBHEanA IR Jhvet GG STRBTENS. tHeskNA
g?ﬁ‘cﬂfné‘é@oﬂé‘% Ford5iRk4yes Eé ébé’rﬂa}{udléatﬂ(eg‘ﬂtﬁé}ctﬁan a

results I n t e I nconplrete synt IS of each
stnamrmly-imecenmgrpdruhsphnglestm Imha@erExﬁmplem;df sueh $inkages

d t h h

oThRIA0E RSPOorR T esPromaiRe e e ieaP AP IR e nc e
camkage@vmé@mNAsfm@l,eélsb% cﬁél’ﬁ@dﬁl}h nidifieebRucldie #id
a two vector systen1|n whi one vector encodes

t molgeulgs FaiaughtdntUhs. E@&Qjﬂd\l@&ﬁm 661 c daetharnbodiments,

e SRR Eobtpi e B Bl oS S iodosell K ol

t Fyorugh 00163364 fledfAm#R 18) 2080,00rl &SS\I 6/1 :B(D BVY, filed April
single pronoter vector that encod a .hairpin dsRNA,

23, 1598, hpiherethogiments, heraskiA@ostaIns ediad spduence or

iberﬁ);fg%cﬁﬁg EGUENE 46 rhPieNa rBguIsfiiF sBife i &2Y! &
transcription factor binding site, a promoter, or a 5' or 3' untranslated
region (UTR) of an mRNA). Additionally, the dsRNA can be any of the at
least partially dsRNA molecules disclosed in WO 00/63364, filed April 19,
2000 (see, for example, pages 8-22), as well as any of the dsRNA
molecules described in US Provisional Application 60/399,998 filed July
31, 2002, and PCT/US2003/024028, filed 31-Jul-2003; and US Provisional
Application 60/419,532 filed October 18, 2002, and PCT/US2003/033466,
filed 20-Oct-2003, the teaching of which is hereby incorporated by
reference. Any of the dsRNAs may be expressed in vitro or in vivo using
the methods described herein or standard methods, such as those



expressing vectors have sone advantages relative to
the dupl ex vectors. For exanple, in vectors that

werewsdetses dupl ex RNA, the RNA strands need toP€T/ns20a41019229

10

15

20

25

30

base-pair with their conpl @entary counterparts soon
after transcription. If this hybridization does not
happen, the individual RNA 25 strands diffuse away
fromthe transcription tenplate and the | ocal

C geseritheschin WO 00/63664 efilet Al 9nR2000 (s dort example, pages
anti sense strands is decreased. This effect is

gr@a@@r for RNA that is transcribed intracellularly

conpar ed eﬁ%@ al%lﬁ a@ﬁﬁéfr@&% ' SHUER ng& %%@B%Dbr

| evel s 70 er ce reover,
néairpit dsRNSremorel cmlrabﬁidrtsbrrga appl@ﬁﬁoﬁ@thaﬂ eandirsts

 1poding dileir eRRBhS damiAseaeenedes e RUAelestie

R'W\tﬁ 5 @BREL} §n laﬁd n%ér&feeRN%WEéu?é)\lNﬁh BArantisense

base-pairi ng a conpl enentary second RNA because
vmegloasbeaamm@rmglsmmuedm Wlﬂ‘Blnuerted repeat sequences

odheiB e Ry Fras R SR hin SUEEE, TR kel affdnoy s

Wid ihipget fodthb OtclehES of traﬁécﬁfﬁﬁ@hbphtérféreﬂdf@éﬁsmg in
nol ecul’es may never form a duplex because they are

alvestaly containisg mnyengmgj@@r@,@tecﬁ:that generate dypiexsisRNA.

R SHRAONa ARl ed FestiB N GBS SRR B each
StﬁNﬁgﬂwamd{tﬁemﬁy rledatmtg thaauh’mer [Ileohpieteisensé yand

unt o S ITS CO enentary uence i S

a\ATaRS® SHARIS Hivt ﬁaf‘t'qa@?rﬂﬁ"éw ith eggl othgrian %m%rmbcgt&ﬁ@?é
:Oﬁ'lér‘gﬁc(?@)&ﬁ)ltn%?ﬁterg}@ﬁcé RLABR ool # BkSir&d, rtHleL}érhechb%se

be nmore stable than the orig
naf{Da twa vector s),csctemen whigleonelvegtod wcodﬁs ’ehelslermeeRNA and

e..g., "forced" hairpin contruct artial_.hair.pins, .

o 4PaisreoB VBgioR R e G AN sy TR RNE U A B vBZtor in
pqhweﬁ&ﬁéﬁwon\ﬁd&émaaﬂaswe 'éﬂbb@édﬂ%y RS sa BémidbWShtdugh
601399 998P, filed 31-Jul-2002; and PCT/ US2003/ 024028,

" Dbahise ctsepatale crtians: pudi)a sivgleneropist veaﬂpl:c,ﬂ*@ﬁ gncodes

31 Ao BRNEIE A PR Fukdfe sfar B anisbhes, .
haserqﬁuen&es agé entodedwvithinithe sahehRNA eglevute. Hailpin-
mul t1 epi.tope constructs as, taught in USSN 60/419, 53

f i Piessiogyectapphave spRemdvenslansgiyads he duplex VEctors.
R R T S 8,581 R Bl S e

Oct’o ffal0end base-pair with their complementary counterparts soon after
transcription. If this hybridization does not happen, the individual RNA
strands diffuse away from the transcription template and the local
concentration of sense strands with respect to antisense strands is
decreased. This effect is greater for RNA that is transcribed intracellularly
compared to RNA transcribed in vitro due to the lower levels of template
per cell. Moreover, RNA folds by nearest neighbor rules, resuiting in RNA
molecules that are folded co-transcriptionally (i.e., folded as they are
transcribed). Some percentage of completed RNA transcripts is therefore

unavailable for base-pairing with a complementary second RNA because



20 By "short dsRNA" is nmeant a dsRNA that has about
50, 45, 40, 35, 30, 27, 25, 23, 21, 20 or 19

wa@omsiogisous nucl eotides in length that are in BCT/US2004/€19229
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stranded conformation. Desi26ably, the short dsRNA is
at least 19 basepairs in length. In desirable

enbodi nents, the double stranded region is between 19
to 50, 19 to 40, 19 to 30, 19 to 25, 20 to 25, 21 to
29f mt%mb!iadl.ﬁar&ﬁse@palﬂﬂg imth&eonolbbglesu§ Heapapantagei of

e 'ﬂnngiatﬁé g Tsgeasss W § olaNnadhes00, 200
ﬁ&é%m ORISR o W] Rt & LA bekdle ey are

to 5000 nucl es I n | engt
i mdrbady waatably\&zldad dgbubtuee. strr amaégin Rb@‘ an RINAtseqyence is

AN perlodPhys el ranitii akrErRRementy iR inge RNA
C%mabﬁir@ iy n6iosthtie o tharrijA. trdri%IerﬁF?rCﬁ'lfélﬁ'bO% BEMpsmémary

short dsRNA is between 11 and 30 nucl eotides in
| seguanceisdmmedigialy avaitpbievand cagnasticipaterin hase-paiting

o PERUSERI bOT SR, (e Ritesy S B sifielpé i fshfcted to
I @@ 9BFe stableivahiths loriginat Mbadiaimin strudthee. Hupetiallg d8irable
bi nds PKR or another protein in a dsRNA- nedi ated

star@s% Ir efpeRe éwagsrmﬁaystrttségﬂ Rafbiahhaiais caprakle g RRiRg

| S o) BRA SRR R0 DR sKT 16 LR IR, as
ertbughtrrgMFislAN:G@&&Q;Q@?P,dﬁ?{ﬂﬁ;;ﬂh?mgﬁaﬂ?@CHU&?O@@/@4028,
e beuBleS EananE RNECS BefRs AR cPaYoaR ndbet e
6QGeftat] narUshgé)%ﬁe SafR, ole 34 hﬁllimghbﬁgvéﬂfaﬁﬁgN

10/ 425, 000, 28- Apr-2003, "Methods of Silencing

Génddeny” tshrolcptureddnaupn@ mexp@swth miggaatgked segipps, and

utili.zation of .10,.sh

orhulietomheststikisis gt (B sBARE 5 (kY feightagoa,
| efrt PCY/I0S2003088468) DR UBRY- Stran@édamNﬁdsweﬂme@eﬁa is
meant that a nucl eoti de sequence can start_ at

n@%mc&e apo: Methods far @ﬁnsrﬁ@ngeﬁr&vg@edh@ é@r@%é’: é,d 2

4 he start site is capable of producing a 15
po ynuc eotl de of at |east 19 base pairs. For exanpl e,
an at |Ba%hottdsRMAY isgueanst ddskBNgaihat has bbotit 5@ 45, 40, 35,

S B0C0 P b B R Tt W il
t m%&%‘sﬁﬁﬁtﬁ&%br‘ff@nﬁéﬂo@ngeféﬁalﬁl?rl‘h'é dHOrPASRINASS 8t least 19
basepairs in Iength In desirable embodiments, the double stranded
region is between 19 to 50, 19 to 40, 19 to 30, 19 to 25, 20 to 25, 21 to 23,
25 to 30, or 30 to 40 contiguous basepairs in length, inclusive. In some
embodiments, the short dsRNA is between 30 to 50, 50 to 100, 100 to
200, 200 to 300, 400 to 500, 500 to 700, 700 to 1000, 1000 to 2000, or
2000 to 5000 nucleotides in length, inclusive and has a double stranded
region that is between 38 and 60 contiguous basepairs in length, inclusive.
In one embodiment, the short dsRNA is completely 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,



can conprise nucleotide 1 through nucl eotide 20,
nucl eotide 2 through 20 nucl eotide 21, nucleotide 3

wo boosiogisociucl eoti de 22, and so forth. Simlar PCT/US2004/019229
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sequences above 20 contigu@#s nucl eotides are
envi si oned. By "expression vector" is meant any double
stranded DNA or double stranded RNA designed to
transcribe an RNA, e.g., a construct that contains at

| méhmggamgmsbnemmb |s%hd_lé t@kadd?d)regidmmm pgﬁi&ular
ene or coding region of interes .g., a.c 0

geﬁmﬁdémm, ih%@’?@ﬁfngNé’t bindg Kt & ané%? erefeinin %%NA-

R%Q%te'drgtleerss%sp&%é Bﬁiﬁg\}ag C[gedﬁ'ﬁblypmé gho EERNA PSS

to sequence yrng out'si g region,
ative dinmsrizaRbiA andoaktivgtioe gf KR by dé ligat 2004 0,060, 8§, 80, or

T8RRI Fu5h G st lm Epoimaste re ReH BRANA s the

V%‘Hcﬁﬁ% %gﬁg&f)q)dé‘RNﬁ%ﬁfl’QRtor%o‘th&' dopiSoridi of &l dsRIA-

expres protein encoded by the expression
v ecediated/strasspesgansmpaibuayrbynalyieast 20, 4dn60i 88l 99, or 100%.

engi neered pl asm d ' i .0 Gi S
aoke a0 e fratdio oS RE o8 gt 06 2E Ba2 S hods
XA WeRecing GerdLWibBhaERIuC tifySPacIRiK, @l tbuftilization of
poxvi rus, or herpesvirus. By an _"“expression _

c shortrdsRNAs in eeninpction wilb eiies-dsRNAw ijaysig dsRNA-mediated
dqgﬁkﬁ%stranded RNA designed to transcri be an RNA,

e. ., construct 5 that contains at |east one

pr 8_rmt By ‘mwasblgﬂ dantigadus bage gainmsicleadide gmg@ence” is meant
coding regign of interest (e.g., a c . or genomni c

f tagh® AHCieAtide seaeRRfEscan ﬁ\%& %i any WC%W%RN&“'BP"G of the

i Ng; Ny egdt | f j ;
BRI sodIHEES 060 1R &1 e AR SRE TR bhBbIeR prifucing 2

c godlyriurlentideasfsat l6adéh 18rbaseqpaiisn feoredsapleyan lag least 19
ex r?ssi on, const ruct Ag ex%r ession 10 constr u?t By

b ORTGURALE PESF PYiIr SWGISRUEP SFIHPISH AN COMPIISS rpieteotide
arthidghl RiclegtieT® SRR dlitlel 8o figlP Aucibefide 28MRLEleotide 3
bact er'i ophage, adenovirus, retrovirus, pOXVLrus,

or

hehpaighi nunleotide 2k mnsks Mithdiornyedues ad@saen othus ak0rper

be ren| | : i :

oy AT ENEAR Guctpfic, 1 dbfiof Hlciociidh A hUBRPBER through

nulciectidac2 1 nikeledtidees thicughnruclébtide 22pard se dortiat Siryilar

sequences (e.g.,_.a pnonnter& are connected in, such a

weSEakenees gheve 20GoatigerusRigRotdes 3re MBI per ni t

expr essd BL i f d DRA oP

ol yporty G2 1o LEREE T ek W RIS iEhéd DNA o
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
coding region of interest (e.g., a cDNA or genomic DNA fragment that
encodes a protein, or any RNA of interest, optionally, e.g., operatively
linked to sequence lying outside a coding region, an antisense RNA
coding region, a dsRNA coding region, or RNA sequences lying outside a
coding region). Transfection or transformation of the expression vector
into a recipient cell allows the cell 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



when the appropriate nol ecules are bound to the
regul atory sequences. By a "pronoter" is neant a

woe@beilaoaci d sequence sufficient to direct 2BCT/US2004/019229
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transcription of a coval ent2by |inked nucleic acid

nol ecule. Also included in this definition are those

transcription control elenents (e.g., enhancers) that

are sufficient to render pronoter-dependent gene

eXxRaffié, anbacteribphadeaddenoniras, aetroviryg eoeizas forc,

tissue-specific, or tenporal-specific manner, or that
F@TPW@%I e by external signals or agents; such

el ement r ”

ey be l%i/o )YHFéQQgﬁ‘cSng‘@uét ﬁ%@@nf é’rg?&buﬂélﬁgtgntd\%ﬁa%ﬁﬁ or

arddmtaf-SrWandm RNsbtgsigned wmaascntxe mp&Nahl g.gl, iandmtstiuct

c dhat Santaite Al Isamp i PoBo eI ARATRb B loked 3p G Ayatisam gene
Nl BlathPidoford SEIMEIESE (e ea%NN/mBk@@Hbﬁ.@gm#a@@lehpthat

this i nventlion may be delivered to he mamal | an
orereotiea@eprioteiny onamhidbiénofintesest). Transiee:thnmnaformatlon
cell,in the.c on_as_an. ecul.e ar

o e, PRSIt BT o ik BRRAPid Gl ALERE e BRkjappress
hyfAGr prbicih eHBSdSTRB thelexpres SioRYconeiiMent AR BRbreé€lon
2005/ 014806 PCT/ US2004/ 019229 26 enzynmatic synthetlc
rrmqm@ﬁyctmam@e a genetically anginapsed plassiid opifigy O prtificia

s Rae SR BE R R RO RIE S beetbflEo Bl 8RS,

P[jr@trovmf pamhr&@ dri ltape&ﬁms(ﬂékln@cpreés'iom constri@ ks not
eds. Doyl e,

1.S t th
mlaveodRse @Pr‘iﬁ?blﬁé“ ﬁéUH‘%?eA{z &% V%eMMS’@h‘?MY)ds
t iy
Ros. | T B RRPeq 3 midaffthaPa nyoPi a8l nAeLAR and one
Bi cnrcmgre mgulatorﬂﬁ(cﬂpenees(eg( Septomdieddre cbnngcte@rlaﬂ:lyh a

3y a5 6 Dot fradsoition [ 1bp ATRNA S RCTRILSbrbsSBh ancioy
( %é%?éﬂorﬁoﬁhe@?@élu& édél a pcﬁy;ﬂﬁﬂ of & Susldit2idBmolecule
(Mar. 10 198 Nucl ei ¢ Aci ds

Synp.
Sewhen the a_msroen(auagmg eculware heungsieitha regulatory senuenees.

g ?Ilrlr; Zéég)gg%é %Mg‘%’éﬂg%g R@}kelc%n |d8§5%§énaﬁig_ suff\ﬁ:J et to direct

Actrsissdnption of axoz@)end§$ifked hCDcTexc éﬂ&?r)ole&.lleMMs@rinemded in

el at., Nucleic Acids Res. %4160- 7 (S@eq :

1958 defm“%a@«mpgeé&angprlpthm@r&r@ BRiSIG e, Signcers)

1 ' t.

LSRR e 8RBl B s

Mucbritathablesina e¢ll type;spiiciior tissudisperific, OF (énpedd-specific
manner, or that are inducible by external signals or agents; such elements,

{

which are well-known to skilled artisans, may be found in a §' or 3' region
of a gene or within an intron. Desirably a promoter is operably linked to a
nucleic acid sequence, for example, a cDNA or a gene in such a way as to
permit expression of the nucleic acid sequence.

The RNA molecule according to this invention may be delivered to
the mammalian or extracellular pathogen present in the mammalian cell in
the composition as an RNA molecule or partially double stranded RNA
sequence, or RNA/DNA hybrid, which was made in vitro by conventional
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22 (Jun. 1991)]. Still alternatively, the RNA nol ecul e
of this invention can be nade in a reconbi nant
bacteria and yeast or i nPEI/BB82004/019229
reconbi nant host cell, e.g2¢ nmanmalian cells, and
isolated fromthe cultures thereof by conventional
techni ques. See, e.g., the techniques described in
Sanbrook et al, MOLECULAR CLONI NG, A LABCRATORY

Neh&%h i@ Bgnthitic nisthedSnsinggforasaet lé,atheaicariophagesi7, T3
Srllngn Ha{Gr;bor New IYg?k 1982? ichis phes

esaé ﬁﬁ%ﬁiwwolvr@ms&s@qﬁo@ng 0 the ﬁemvezsloaat rethqdsese

NGEREHILERy <0510 o 9 PSERg PE5EIHA RoblRclith Buide,
| (Bralrguh oSy, duy. @oylebySBM‘ Noeh&2. AlteBnativeihNthesel reoldcakes
a1 Bapdary ABOIGHSYIRUS EIFHNORS FoViRLTR A ChdtU o
YNPRS00, . LRSI, R .
n&mgaKhlmo Zﬁ(ﬁbcﬁﬂﬂe8 éﬁepbﬂ 906k J & IGrasby e’splec\ltﬂqzlelc Acids

Rerarao kel ot oo b bt iheb Al SR feds Reso

eﬂb@ﬂss"ﬂegﬁ (19&9 5a9e0hou ef al RiceREMOIS(6PP423.38 (M| ex

of two strands) el ther conplete

(i
C1953):10. £0da) cl BLENGCIsio AGite YR ot 24T B (1989) N.A

STYRVAITE ot g oS pBRE Kt 2R O £ (BRPETEEE) S ruireca.,
o O oo et ated BNA Sanos o "
B DI40-3 P T 097y Mo CRATSN 1 A DNESIS AGgBIRes., 26
ag 8:M 60- '?e(s'ep?bl g\égz)tmer(éaﬁgirs et ARERRiIENAds SRS, Sbr.,

-sense ‘st rns a In at some I nternediate
pdi“?t?bﬁ (19@?)A/99erDa\k|sDrt etrat, rBlornSdc Rept. frotgins. Nuckeidéids,

rA 3G Ut SRR M MR dko MeR A oy Kot IPES o

stz”za@gﬁdwgn)\fltro or in vivo. Yet another enbodi nent
ah extant”™ RNA nolecule as the effective agent used

. n t he delrﬁjtﬁnam\cﬂhs the RNA mc@ewleafrcraamnhm ceaduecinede

- TRRORBRH b BrobdaTaRs e adBhia SfiaRANFRFR £ AN

S &é@émbmént hbsboell e@ﬂnﬁ&ﬂﬁam celts, padyisolatedidrordehe
sequence Preferabl , this single stranded RNA

s el FRsctheseof tweccawentlwalttecmgm RS- the techpigues
Onfechibed 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
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 the mammalian cell or to the mammal as they are
made in vitro. The references above provide one of skill in the art with the
techniques necessary to produce any of the following specific
embodiments, given the teachings provided herein. Therefore, in one



isinthe cell, or in vitro during its synthesis.
Still another enbodi nent of this invention is an

WORRIMSONR6ybri d as described above. 20 Still BODURE4/019229
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enbodi nent of the syntheti @7 RNA nol ecule is a circul ar
RNA nol ecul e that optionally fornms a rod structure
[see, e.g., K-S Wang et al., Nature 323:508-514
(1986)] or is partially doubl e-stranded, and can be

PERTHIIRHAL @R thgemtt 6f thE eohgdsitionies dmslex i(iteedit isnm@de up
Wang et al. Nucl eic Acids Res., 22(12) ZSZG@A(June

19Hhwo stvanqax sitihgsteorepleta or partjalty eeublﬁzﬁtiandﬁé Sci

L%, Sy, o e

Mstrdnddini anather enboditheritethe aseind of Rescompesitipn 1658 Single
(AEJr. 1991); S,  Braun et al., Nucleic Acids Res.
2&(ranged anfigsPse 8Y8BH: 7 Pasmmn et al., RNA,

2(6):6 A QP
Nl %za%qa%ﬁws'"é%g%%mge&@) 6536 41 (SgﬁnseDé%d

DforBesaa thajrpit atadne orNuMhetermlAmE@mnR@Q the sglsstr BNA
(Aug. 1995 al | r.por her ej ref erence
Soefise Eraisees Atad s SRR bTbIES BN ERGRREportion
a%%ﬂheéﬁ?trﬁe @emiHiesaén andiegle srbAGEH RNAREBNES 6 anfi-sBNe
and DNA present on separate strands, or interspersed

oistrahd reayralsethexdesigned tefoldbrole Lpon sl tainesme partially

"B Il K1 OB P BB o p o
d RNA enolecaleraantiekffdsfiveragentilised im thewmmﬁdsmorﬁe‘s iavaingle
of the agent to the nanmmalian cell or t

Tistrandes RN SRAURRFE. FOMBHSBIRRIN S At
'D%Eﬁ%h@é‘ alna an éhtogﬁsé'&gwu@%"ﬂd cpERtE dcgis Toﬁﬁﬁgegeparated

ecu enc of t above- cri bed

nijyex nbaé.)ase'ﬁmfeﬁwagmlﬁqtmiecsaqﬁmcehEreferabdaotthle @lngle
s S8R0 AR b RS R O 5o one

t he irPNe @éfﬂ@?nﬁﬂtr@rdﬂl\‘l'ngﬁ% F/niessiyr i bonucl eot i de
sequence whi ch hin "the'cell is transcribed into

t he abdtilanather @@boéim@t@f &his dmvaxdiorng\andRNA/DNA hybrid as
an and, which optionally forns a hairpin at
rf}ee f‘%@?ﬁgy Tmni or folds back upon itself to

becone $tirdndthéyemboblinterittof #nsl egnthétie RBMANidecui écallcircular
which is the delivery agent of the co S|t|on
priaNAGEolgCuls gt eptaiademnRRACY SUERER (385G s Krig Wang

bodiy NGRS PLb Y8854 ]9686) or is partially double-stranded, and can
be prepared according to the techniques described in S. Wang et al.,
Nucleic Acids Res., 22(12):2326-33 (June 1994); Y. Matsumoto et al.,
Proc. Natl. Acad. Sci, USA, 87(19):7628-32 (Oct. 1990); E. Ford & M.
Ares, Proc. Natl. Acad. Sci. USA 91(8):3117-21 (Apr. 1994); M. Tsagris et
al., Nucleic Acids Res., 19 7):1605-12 (Apr. 199I); S. Braun et al., Nucleic
Acids Res. 24(21):4152-7 (Nov. 1996); Z. Pasman et al., RNA, 2(6):603-10
(Jun. 1996); P. G. Zaphiropoulos, Proc. Natl. Acad. Sci., USA,
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




sequence and an anti-sense poiynucl eoti de sequence,
optionally separated by a nonbase paired

w@ologousbeot i de sequence, and wherein the si nBCBEUS2004/019229
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stranded RNA sequence has ©2Be ability to becone
doubl e-stranded. 20 Alternatively, the DNA nol ecul e
which is the delivery agent provides for the
transcription of the above-described circular RNA

M2nethére is a dplblergtrandddanbiecalg esmptised bLRBA0and DNA
partial double strand in vivo. The DNA nol ECW e rra
alPSeSPHAN erPATle SiFNdsy Oy inferspetddcen Bie sAmasiRy

hybri d
R o1 AR, 368 AR Kolodlile ﬁ%z@ﬁ;maw
wmieﬁvgﬂeelsbwaydéiwedpaﬁgmwmx;h gqal?;sgté_.s $uSBhr:rg padi;aﬂlymiwble&
te ni as, t.hose SCl1.be | a r Clte
o TR e Biig B o e daivery of hSpoapbiiien
ﬁﬁnaﬁ%h OERroF t@@ﬁé‘?na‘?ﬁmtaherrﬁfse&%“é SritEHIER B8maMhieC h

ena les t formation in t errarrmallan cell of any of
t roomaphasitiordektbis ingentiis3m mﬂ emhiodgne@taa deaibie siknded

e s ded or. doubl e nded
B A SopEHiRLERapingEtRy RLid ot b RRAmYRELR:
demfd Dhﬂdaé’@rﬁt%rﬁwdé@ thye hu@le@fdé @eé{ué’rﬁbeﬁﬁbﬂcﬁ%hﬁh@cnbed
sequences under the control of any RNA WO 2005/ 014806

Pavthis e aelh obeemea griibjersiragded RNA.- aiangther embodiment,
hg‘mﬂ% a{a?% %g”?ggaggfdyﬂn@g@ggé seggléngé’ WwhidH within
b&hé eell dptragscribed mtmlmemvebdﬁscmlbea Birgiel sﬁaﬁde& RN sense
vectors can be used.to trarfscrl e the desjre %
nnCPreﬁ!ISl'@fiS@ strand; é‘fh'%@%‘? nallydokras @maérparh@femee ghPow termini
n ogenoﬁl%‘k L%nq ??Jg)é oﬁ%ﬁ%&ﬂﬁﬁ%ﬁg?g{%g t @eénTﬂ% r?amA
m moleicaledwhigh IRNue delivpn}s agent ofi the\mmosﬁmwrsnrd\Me a
vec rs.mu t ze the corres ondi human .
gk At Rk 5RghBRoS BHBRRRE A 2 SRR prlynugleotide

NMBdeRRNEE Shdidh S6M8EALE peiyANERotidd BEqUEHte vptieaallyon of
a cappi ng enzyne) or uncapped nessages in vivo. 10 RNA

posenaratrewbyp@ nonbaseypairgghpolyslcleptide saadenee @ndiulierein the
3R SATRELIRA sstleid Bos 6 BoYID e g600Rh o

aCAKﬁmbtlﬂéI?,dhby)NArmoleeuI@aﬂmeh igitheudiliveryuagentfpravides for

DR heee o e et hetben o EDR TSl °"

OB Gt  FORRIETbE BN ABERAaR A 2 TR A

i nmolecule may also provide for the in vivo production of an RNA/DNA
hybrid as described above, or a duplex containing one RNA strand and
one DNA strand. These various DNA molecules may be designed by
resort to conventional techniques such as those described 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
molecules, can be a DNA single stranded or double stranded plasmid or
vector. Expression vectors designed to produce RNAs as described herein

in vitro or in vivo may contain sequences under the control of any RNA



conbi nation (mtochondrial, RNA pol |, pol Il, or pol
I1l1, or viral, bacterial or bacteriophage pronoters

w@bk@sgi4sné h t he cognate pol ynerases). PreferabP@T/US2004/019229
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where the pronoter is RNA g8l |1, the sequence
encodi ng the RNA nol ecul e has an open reading frane
greater than about 300 nts and nust 20 follow the
rul es of design to prevent nonsense-nedi at ed

dealyatsrase ﬁnbﬂdtﬁ@ﬁnltﬁdﬁéw&l ROV bolyhasras €l SRNA pestdf RNA pol

can i nclude plasm d sequences from bacteri a Vi ruses
ofl, BRAGNA paddH, are visalPalyiBpasesc ARG RESIRNRPN agi sonl

PDRpeaseS L B0 TSR 808, Fhdke vaABHOG Beliskato" O

plrasm ri ophages,

e piapeorise theededirethRNBORoBELecinghe el acaonﬂmg tcumlnvention.

vectors derjved from copbi nati ons thereof, such ﬁgh .
pgdnal

t HGsoradnay, ba deskiablyidesianed iandilieg anen RRQHS H
eluR :f%fymér‘é%QKQ% arﬂﬁngrg didridi gﬂagA mswirﬁmch

vector I's a singlée or stran vect or
Acasésuck yeoira mayvdiize rthe soerespmrgimg tiwman mitochondrial

o RSt oAb e R ik RSk b Beneraoapped
PRthrOUGH BRbriedsdN dFrLéRIRY én%e) Bb’uﬁ\ﬁgpd@ﬂﬂé@saqes in vivo.

techniques for introducing into cel

THiRNA@o! brRNAipe! tlhen@&f% apl |Haﬁyl$0élﬁt§ Wiy dlsage generated

Ve PEPR P M o el ol AT ool Xy BpREE

Ofcapphipniag @teeatmmplushéa bWalrlolﬂﬁ onenrissinbluidingessd of a
infection and transduction. Viral vectors ma

r SPPPHSL SHRY M AR ghe \Giccindgy CARRING SNZYRNEr AN %'@?'a}“ﬁus
oo €1 Hodoldh o pPRE3ILATLEERE Lapb ) PRIDRA
endectbriedesighed de contairy ong efi thecpropnaote ssommitittiplen aroraoters in
S!q%%'et%@ffi% ritaconteah v pok 52! 8 o 1B afistbadiaral o

rﬁgir%ﬁAcdrsmolt&@ alSRFWRAGRe @égﬁ@t&%mﬁéra%@@y Prefetdbly,
a secon

asm d can provide a 10 | e stranded
RN\heretthe m@etqm Mpew,utb@ sggqamen Iag dee RDAY

A0S s pER rESRG B e BRR B aB6 WS BRE us

daohdve tisé riesiefidesiys ito praemt doagems medimed slegraddiien in the
conventional plasm d sequences, bact eri al

S HRHiSe SUSH EHASIBIOS (Gre/eRiaTs SRR dFIUde BlAsAYE segdeRces from
C Otk ie ik aS Bl PRagdd vectors for

Such vectors include chromosomal, episomal and virus-derived
vectors e.g., vectors derived from bacterial plasmids, bacteriophages,
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.

Thus, one exemplary vector is a single or double-stranded phage
vector. Another exemplary vector is a single or double-stranded RNA or
DNA 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 vectors, in the case of phage and viral



15 reconbi nant expression of a protein. However, it is
desirable that the sequences which enable protein

wezpspssion, e.g., Kozak regions, etc., are nPCT/US2004/019229
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included in these plasm d s$fructures. The vectors
desi gned to produce dsRNAs of the invention may
desirably be designed to generate two or nore,

i ncluding a nunber of 20 different dsRNAs honol ogous

?Végwmag'[@% aexahrtdq)r@fér_abtyledresiﬂmomm inﬂawcsudsmmpaacdged
is desirable in that a single vector roduce  many,
i RHEpEARRIAateq Wﬁrbytweléﬁae\%mgcfﬂaﬂ%%ﬁ P@%ﬁ’%@%?ﬂ@ e d
S e L T e

i slefextiveblnethedatéer daseeizal propagaiinn gemerafly ecclinseordy in

Vari oys 25.neans be enpl oyed to achi eve this,
i GOMR¥MENHTY ge%tt‘gﬁﬁ%ti c sequences as wel | as

sequengganbfier Enfisbdaent thecdarvefy AGERIAUBNANEed more than a
predeterm ned splice sites. Oher delivery agents for

prsinglelDINA oh BNAplasmid ios iveatos o8 ang example,qr fiest DNA of

e e R R e
| RRgUEMES af desenthdd aBtve, dica eeendDNAplasmidean predde a

to contain the sequences necessary for the required
Reinglestanded RNA anfisenge delyrwslectideseauena A slescribed

]?aa‘bto%i ‘%F% ey é%r?s"ed'?r(?zg aﬁﬁ-_geHgg GOdA QL3 a%r?%esgﬂ-a\f‘@{h'esability
ungal” cel'l's ‘and the T'ike can be prepare y usl ng
cao\bastipziadnd becdme goeblessitdnded. Grbrplbsdid(s) ¢4 comprise
Pat ent Nos. .5,824,6538: 5,877, 159; 5,643,771

PR LN ST, S RrER e 0 STyl SEHIGGEs such as

USRE Well khowH §8GdM@siUdRy%0 IR EEYDIASRRsSand GeHBRs for

t hose ?"I sted In the above cited 5 reference,

i rretomibingnt ekpilessionl éfra peteionHomevae it isidesirable that the
Bacillus subtilis Sal.monel | a t.yphi nmurj u

v aecsites B dabin B R GrrBs R Y Bk kg B0fogs ot are
Sty Ieeaf FhesSpladmidisheictiiesi very agents for

provi di ng the information necessar for faormatjon of

t he desthevectaslesignrediq predurrdsiiAsel tbe inyention may
. o ) N X
T Ab B 85110h 84 18 B8ngtate il S, HELBind s rkiber of
vidifieenit deRNAsgprhblegoas and adnipiémpeatarn te heatged sequence.
seﬂillJ_ence daj(%c_ussed bov:%h‘ Such viruses may be desi gned
si ip appipadh is destapieda thata siglesvastersmay] jORHEITREY,
dehy¥SEn SIS DpePatie] dSRNAS rdfBe than a single dsRNA molecule
from a single transcription unit and by producing a multiplicity of different
dsRNAs, it is possible to self select for optimum effectiveness. Various
means may be employed to achieve this, including autocatalytic
sequences as well as sequences for cleavage to create random and/or
predetermined splice sites.

Other delivery agents for providing the information necessary for
formation of the above-described desired RNA molecules in the
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



therapy and the like, but preferably do not have the
ability to express a 15 protein or functional fragnent
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whi ch may be mani pul ated télprovide the required RNA
nol ecule to the mammalian cell in vivo are, w thout
limtation, alphavirus, adenovirus, adeno associ ated
virus, bacul oviruses, delta virus, pox Viruses,
hepls i fuhgalcells sasl, thedikpeanbe prepsire by aismgvéonveational

| SETeien e APROeLBOS PadiNas SRefBak 5E7 T rse,

p%mts 8397, W\%B%dr&?eoeﬁér@ﬁﬂl?)ﬂ ré?%n\ster NE&Dorgarishs Biseful in

Virusoi ds, or portions thereof. These various

vupreparmg thesedeligernt ageniy ingludetdosg rhetecblyn tbp pbpve gited

K&g ?grt\c:éc-f rﬁgclfluélﬁégﬂ@agt?@gﬂlgaﬁ%2§sgﬁs %’ig B %a%%%ljbtms
arwmﬁbh@t@mmuhbm%na heribagepeoigs of Pseldomiopdst
i nvention he term"in vivo" Is intended to include

a@{@@ﬂﬁﬁ%@%ﬂﬁ%@coééw -ular DNA or RNA
i e R

mfbi foemlahuh of the desiged wwemcrltﬁaad RNA maéculse quih‘eope
dsRNA" or "multisequi nmeant an

mona@Emaliancall iRglude é‘@j%ﬂe%feé‘%q %E'ﬁf—‘ﬁidﬁﬁﬁh att%wuses and

A R Bt IR BB Y sy

s aveg|ueacg discusstdabowe. SuctPdrusesanpy be ddsmnad similady to

t
< daeBEEnt UErve RsegTY Rare ROREN e enegto gelf fyidghe
ortaéfapyanc( fhle) ik BUEPefSrabRd & AT AVROtheNdbilit) to @Rb%ss a
enes froma variety of different organisns; and

( i proteis os Bnedinbakiragpeakeia prjeioi Amnﬁmsef@b\nws(ﬂr vial

P SsBHP 2 AR e % manifardh (OBERGE B RO
Dasblegble/to the phamatiiiantcelids viomrtantthalt limsieatiom) atphawrus,

identity to the correspondi ng regi on of tar
nRJeAOYITugAdeNq ?ﬁ%ﬁtgﬂly'rﬁ%& @rUgRBo ? » PRX

) ;
50 B o B Ry 50
24polmlru$mse5ﬂpr31ﬂés Vi20gEs, 5eboviises, lentiviousesh xaeginiar s

GRS o oAb 30N EARES R i B LEAS

4, vifusoftls, P portonsdHercdf. TRESe VaFieEs vigsRSivEl agents may be
designed by applying conventional techniques such as described in M. Di
Nocola et al., Cancer Gene Ther., 5(6):350-6 (1998), among others, with
the teachings of the present invention.

The term “in vivo” is intended to include any system wherein the
cellular DNA or RNA replication machinery is intact, including tissue
culture systems, and within single cell or multicellular living organisms.

By “multiple sequitope dsRNA” or “multisequitope dsRNA” is
meant an RNA molecule that has segments derived from multiple

target nucleic acids or that has non-contiguous segments from the
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enbodi nents, the 15 nultiple epitope dsRNA has

WOWs5004806 guous segnents fromthe same target PQEOE2004/019229

10

15

20

25

30

that may or may not be in Bhe naturally occurring 5'
to 3' order of the segnents, and the dsRNA inhibits
the expression of the nucleic acid by at |east 50,
100, 200, 500, or 1000% nore than a dsRNA with only

oganw tdriget seeiaiotzid 2FoBexaseple), tiopeiultiplerseqtiitape
conti guous sequence of doubl e- stranded .
peisRNAdnay heve srgmenis desivedSEvni (B sequences sepresenting

e R 55850 7SR Gblesprpa one
021 Tl SenbaTta o GariRfAUEdfRTent BHRINEHD shiuor i
Cergekeyeds Hﬁ‘ﬁréééﬁmﬁ% tifiérent regibhdofee paeisigar gene C$e.g.,

identified here may be wutilized for dsSRNA nedrate

gene e noTeisegjuencesijom agremater Bndiome er épdtepe
T
perroBissIHe iR e FalrBSRoRa eiidh s3¥ arget nucleic

a@@id.cmk@ri;:aslaééiiﬁé IePAbAIni&ftsS aNsedvient Wik sasétantial
HCV V0 2005/ 014806 PCT/US2004/ 019229 33 sequences of
t reguencet identityBr thestarget nugldieacikpiscakleast 18 RRA2daR2,
si mul t aneousl y_ sil ence man tar(get genes (e.g., .genes

;r?&nzmﬁq,pﬂl(b 50 kb i 50R. 1aGhicr rhere HasepaiigBregth.
iR eEaBBRIES, 1% SR, BR3RE BRUAdbhys the

“%&)réséi% Mgeg‘sf benept gi pgi ?5? 2ONSr hﬁbr‘eh%rgéf'genes by
subject or use or a subsét © I ndi cations T'n one

sutjleast 200406080, 80088} o0l 00%li rasonresembadinidnts, the
subj ect. For such_applications, the ability to express

| anyltipbrmpitopsl dsfiNéshas nen-cenfiguous segmasysiiram the

S I PR Y5 S npt i Pl 3K Bgelfng 5
| i i - .

S4B Shqebbr i SRomartc, i the MANATARIIENR ofpfEssion o

nuheanidligiesacidbyeatidast 80, 1001208, 580, 6r 1900%mork than a
ki | obases such that the total |ength of such sequences

i IstRNFN withtanly me ofthecsggoenys.of the sel ect ed

o o S RERRT 8 i SO o P Bl
stranded polyribonucleotides that can associate with and activate
RISC (RNA-induced silencing complex), usually a contiguous
sequence of between 19 and 27 basepairs, inclusive. Sequences
comprising at least one sequitope from within one or more of the
conserved HBV and/or HCV nucleotide sequences identified here may be
utilized for dsRNA mediated gene silencing as taught herein.

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-
2003, are applicable to utilization of the conserved HBV and/or HCV
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15 agai nst a | arge nunber of pathogens and/or toxins
at arelatively lowcost and lowtoxicity, e.g., HBY,
The use of multiple epitopes deCT/UEW04/019229
fromone or nore genes frod nultiple strains and/or
variants of a highly variable or rapidly nutating

pat hogen such as HBV and/or HCV can al so be very
advant ageous. For 20 exanple, a singular dsRNA species
t lsetjuerceyof thesnwantionaBgeayseralsingular spsiaies obdsRiNA@an

2R st e TSy e e ea Ge S Ao AeRE
of aﬁ%\éﬁﬁ%ﬁntim;@\jepaa%r aBiliéhoed fPorpid ShgR B@ig%g,@:g,?or genes

genes a particul ar pathogen such as
prassecinted with salléleidiseases).ismmulipde epitepe HBRNAnerpbe used

25 HCV " J , ' I

- Jorinany SFfBn BHicaBbRs indrd Rt KBt oY Reee fprrd Blbset of
t MdIeAtfor A dRSUbEctRInet aidthéesuddet of hdidiiopelie ahbiher
o;lugat hogens t hat "have sustained nutations in the

t

iact.gEpeseeh applinations dhe abiity faexpigss leng dsBMéones

. t _ e :
[ TROREIR (b Y, IRNAT Bt S| drRBE e I8 Yl
orinmmf irsioking e dsﬂiN@fstrbEs r?sqidﬁrsgeisl highlyndesiteble. For
mul ti e e ILO e a r oac (0] t he resent |1 nventilo ,
t r%aefpéw@ﬁe%ngfa %qn%% Ofe%eaasecemagam §9g.ias é'ﬁ%@ﬁﬂ@é%

: R
P ffcldiifes, dRiRy! 66 6800 RirbiadtdRs i ¥atiy o 8%, 208, 4, 5
i rrlmoie kilobases sueh Hiat $leg) tadaldengihr ofrsueht dequencSER within

i B eolschito BT Rl Ao ) ABRASEE R
3 gﬁmﬁg%smgmmbrﬁﬁadc@uﬂ&lwﬁﬁm cailpoviddplotection

- construct, an adm xture of cqnstructs“ or
t ragaingt aclergsonumbat of patiiraers aad/osioxins atiaticlasvely low cost

ta j ' (=11 regse the ability of the
vit 3'8?’205@147%?@%. blfng/eg@gp§E:Mt ants. Simlarly, it
woul d BEhe asty sfiadtipiel epitepay dativirl fom otieioremofe ybres from

conserved HBV sequences, in sope ca tfs in ¢onbi nat.i on
wi PHltiglestiringBand/asvarigats f r?s'é'gbb’d’arf@i? &er ¥ hagating

| DShBNETS} el as BV SRAIEHCY (TRUE RSB ARhiAclE? o

N@x@mpisla SEQuIdD dYBNA speciesthatrreaognings and dargiifs multiple

ggsgﬁatarﬁﬁugtaqi{p?gaﬁgn sxotf HBv %ﬁ)dfo?rﬁé\r/uc%% e Ssrec} Qé gu&ri]versal
treatment or vaccine for the various strains/variants of HBV and/or HCV.

The ability to silence multiple genes of a particular pathogen such

as HBV and/or HCV prevents the selection of, in this case, HBV and/or
HCV “escape mutants.” In contrast, typical small molecule treatment or
vaccine therapy that 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 thus becomes resistant to the therapy. By
simultaneously targeting a number of genes or sequences of the pathogen
and or extensive regions of the pathogen using the multiple epitope
approach of the present invention, the emergence of such “escape

mutants” is effectively precluded.



adm ni stration of such constructs to a patient. SEQ ID
NO 1, SEQID 15 NO 2, and SEQ ID NO 3 map to the HBV

wagarosacso@nt i gen genes. Due to the overl appi nBCTEB2004019229

10

15

20

25

30

of the HBV nRNAs, the foll &M ng nRNAs woul d be

targeted by one of nore of these sequences: Surface Ag
(sAg) nRNAs, precore, core and pol ynerase nRNAs.
However, since sAg nRNAs are the npost abundant, it is
mor e | Floekyamipi, |1t|he>sasm§|%ispm'rtilcmdvlg adwagtageduisfto dclude a

oBuiis of Seatier ramaptnricv BEG BNdladng $EGIR NOt2,

t ?‘ég%tn%cbr rﬁ@@%dﬁhc@g fl%‘r‘r'i FWS& D N@S Hriagbthet With one or

several reasons: surface %IS needed for assenbly
ofnadrefsegquienass fromr HGNSSE@) IDoNEY. &2 mlﬁmuroa siglsdsRatte

" alieidnanyTikufe of ol U lorofonBBncBiti@ot  on

anRdnfinis#atibh of SueH essdtauttofo apatient, iherderte décn@‘ase the
infected individuals (even in the absence of vir

i ability of the Vinisdgroanemie Adphie gseare cutants. Sirailabs it Wduld be
O SA0RR B 1 Bk e PR LORCenE Ay Lo gos

ARGy cadEh ideuntsinatq @itkwhe drapatd ¢f the cdBseREdIHRV/I D
NGO 4 maps to the un:éjg’ue regi on of precore and core
aﬁ’GQHPWe?( at hedinyentiod. nRNAs specifical ly. Core protein

nee '
egul a%ﬁ"iwﬁﬁqf TElifey B St lo ok Lol Sinaahr more of

PG‘:’HB‘J[J&-HD@M@ZIZ@E@HD (NQIZeééN?D BEQID NQ@:8; eithamipreesingle

2E3Py SorB Bl Rlad A e BB
t Haphia R trakieh loPsDEh BoABRUGS td aq;am@hv m@sl Na;em SEQ ID
Effector RNAs are predicted to tar%et onl

pNQ &, @ndPEQARNS: %maﬂf@rfhgéﬂﬁ‘/ §HEae® gﬂagerra@n@s Due to

20 a0 Pa SRR e ERSAS, B eloimvas woui e

geayersd b?d)netdfeh@fe%fﬂhészé aéqtmeﬂdesc Berface &g (sé\g) mRNAs
expected to decrease is pal se is (ecrease

SHUPEOIENCPS ARghROVAErARe R0 fe. Hpveven since Sad 3 ilbe

r l:

SHUpoaat o S AR HERETIRAENY e

mathg gmelcmbedm@nnacmnewea)saturablei. tiris possibleehewevehdhat all

?ed mlﬁ\l}\s WIJ claJ rt]grgepecf Hee %ﬁ %f §E¥a§e6 ﬂﬁefg %ggiraj\tﬂe for
several reasons: a) surface Ag is needed for assembly of infectious
virions; b) overexpression of Surface Ag during infection is thought to
contribute to immune anergy that occurs during chronic infection; and c)
the expression of sAg in the livers of infected individuals (even in the
absence of virus, i.e., from integrated sAg sequences into the host
genome) induces hepatitis. Therefore, reduction of sAg is likely to
decrease viral titers, overcome immune anergy and decrease/prevent
hepatitis.

HBV SEQ ID NO:4 maps to the unique region of precore and core
and will target these mRNAs specifically. Core protein is needed to make
functional virions and so down regulation of this mRNA is predicted to



i ndividuals with active hepatitis and down-regul ati on
of X gene expression is predicted to aneliorate
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different identified sequefces that are used (e.g.,
fromSEQ ID NGO 1, SEQID NG 2, and/or SEQ ID NO 3,

pl us sequences from SEQ ID NO 4, SEQID NO 5, SEQ ID
NGO 6, SEQID NO7, SEQID NO 8, SEQ ID NO 9, and SEQ

| Bebi@atB)viral titees.| Heselshbaldybeanwiconpetitivh db¢hests! effeator

g aie vi abl e escape nutgant Al so, 20 the nore

di '%? §uﬁéﬁﬁ\sp‘?elM%1??%§fn°r n?él'\lé@t ed, the nore

si gni f HEAPEEG (D NB 5 thRRIgH SPQ IDND):8 Mag 10 AE M merase
di sease anelioration. Desirable combinations for

mgene ebffecipe RiNAs areupredictethtatangiset anly pegcorelsai andt s,

h . e : £ dif
c BRbrRIaRS nEPate: ThE e U ifPra QbR AR SRS

| hRKAS, PSlFRIdrBs@ s MSedbd o tidE&/nthedlO of vithlgersares ands
fromSEQ ID NGO 4; Sequences fromSEQ ID NGO 1, SEQID

Ntherefase visabpatticladiter jsi eipestas iordeareass s Palrnerasele: s:
Eg&g 8] fromSEQ ID NO1, SEQID NO 2, or SEQID

'3 PIus” sequences from SEQ I D NO 6; Sequences from
SEQ | DHEY SEQ SEQIOD MapL to tite Xig@neDDNE!8 thé terminal

i Ry e U 5 s
e H . . 2’
SERyirg) s R GRAAac FRAY SSPbEL Mibrt provef) fiAcubht:
Sdftpmm stheX 2eas/ i® mitemﬁo@(dTmUﬂmed ]HB‘SZ@GGIBGH(ﬂQS)m
SEQ..I. r 1. S | 2, ] ]
STRINALES Wit BeNe e Rt e @Rl pP Heae sxppession

NG Breciiicl 10 aNIdratedisE@el D NG 3 plus sequences from
SEQ ID NGO 4 and SEQ I D NO 5; Sequences from SEQ ID

NO 1, $EQenpraldhe mere ssrmenpesifionn heudifferani derndiietr om
PRt SR b2} SE GNP IINGSE by
SEEQIDNMDB, phes SEfaidrides ManT SEGR (D NG =s SE® (D SKR5| BEQ ID
SNDie S DN 7656 1D A0S, SERIRRKES, prd St Noy 18!
N30 55 SR Yt ye SFR g g o
N@hé mSBEQiff@eNONRNAs thaBEani ke aysted] the morpisigoificant withbe
Sl%% Idlrjopla\pmd'vif:j}e\rl1 %tesr%%dl dtl)sé\a%elglinelioration.

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
NO:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:4; Sequences
from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences from
SEQ ID NO:5; Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID
NO:3 plus sequences from SEQ ID NO:6; Sequences from SEQ ID NO:1,
SEQ ID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:7;
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 ID
NO:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:9; Sequences



Sequences fromSEQ ID NO 1, SEQID NGO 2, or SEQID
NGO 3 plus sequences from SEQ ID NO 5 and SEQ | D NO 6;

weegsonses from SEQ 1D NO'1, SEQ ID NO 2, or BEQUSI04/019229
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NO 3 plus sequences from SBQ ID 15 NO5 and SEQ ID
NO 7; Sequences from SEQ ID NO 1, SEQ ID NG 2, or SEQ
I D NO 3 plus sequences fromSEQ ID NO5 and SEQ ID
NO 8; Sequences from SEQ ID NO 1, SEQ ID NO 2, or SEQ

| EONKBEQOIDJNO $ cSEONICENC:2 0on SIEQ IDINGCS plusnskdbtieQee®Hfrom

| BE0I5 R0 Seqencmesranonk 20 Nes b@iB K. sEgepid
NGOG ROURGRE S ASHRDILRAN dyg SEQ [ONIE26eqginces

us sequences from I'D NO 6 EQ ID
NéPoih SESEtDJNﬁI:esSEOoHB NER) & SEQ1ID 8O3 pisNagiences e

B o anc SELGRY B! Fheates Tt SEARBIND T, SEQup

| Rcb\{@ ér BE@ﬂ[ﬁwswsSsécwéﬁcéé@dn@s@ N@l\fofﬂﬁheﬁg@d )
Sequences from S D NO 1, SEQ or (?us

| m«éb SeqliencesshoBrzEe la rda sag@mompsz amcssszdpumﬁ 3

seefiensas BIRNIE0 100 SR AT o ek fofsra

| IDNDF;, s%tmmme bf SRCEHERNG:B g éeqLﬁEQelsBrd\@%Q(DD
SE I D NO. 3 plus sequences from S%l%l NQ 7 and

yand %E@J@wbl@s f PemyenesIiiom@ l@éﬂp: DSERID N;p 2 or

ﬁ%%%“’o”@a?u@agésa??@%“séﬁ%ﬂ PRUPTOLAPFSHEN NGit0: 2
SERdunbiEs fopi SEQAD RAD3/ s&msmmeczmssﬂeammme)zaglusw
¢ Roinsicss Fomed DI BBl TN SRalkerss FRTLSEQ
SQBW@%?@Q ANEER, bPSEIIS NEBS pHESSE &héﬁ%elsqfrom c§EQ ID

equenceé rom SEQ' D NO'1, SEQ'ID NO 2 or
N(NG EmrutSEéqmehl@az Seqm@ﬁ@fr@m&E@ IBNO$£(§E®IIN®J@@ or

s HE0E6R B Sedenesa it SEA IO L A SER R R o

%ﬁoﬁ@eé RoMSECIDINGED SBQ IFONO: 2Saqsem0|esNtr @mL&EQ
4 and SEOEI D NO. 8; Sef%uences from SEQ

amqsewzﬁmm SEQIBNEKE asd Féﬁw'@é@l%&@@l@ﬂﬁﬂ%i fFSEQ'SEQ

538 Dgr? sSE?gqur om%@%ﬁ%’ ﬂgﬂoé @JQ%E&&Y%]%Q&&IP @]‘_%QD

SO Sars SE®ID SER1 0Pséuéncesdrom SEQ ID NO:1, SEQ ID NO:2,
or SEQ ID NO:3 plus sequences from SEQ ID NO:6 and SEQ ID NO:7;
Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus
sequences from SEQ ID NO:6 and SEQ ID NO:8; Sequences from SEQ
ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID
NO:6 and SEQ ID NO:9; Sequences from SEQ ID NO:1, SEQ ID NO:2, or
SEQ ID NO:3 plus sequences from SEQ ID NO:6 and SEQ ID NO:10;
Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus
sequences from SEQ ID NO:7 and SEQ ID NO:8; Sequences from SEQ
ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID
NO:7 and SEQ ID NO:9; Sequences from SEQ ID NO:1, SEQ ID NO:2, or
SEQ ID NO:3 plus sequences from SEQ ID NO:7 and SEQ ID NO:10;
Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus



SEQ I D NG 8; Sequences fromSEQ ID NO5 and SEQ I D
NG 9; Sequences from SEQ ID NO 5 and SEQ I D NG 10;

weegaenses from SEQ |ID NO 6 and SEQ I D NO 7; BeTjusIw0€619229

10

15

20

25

30

fromSEQ ID NGO 6 and SEQ I B7 NO 8; Sequences from SEQ
ID NO6 and SEQ I D NGO 9; Sequences from 15 SEQ I D NG 6
and SEQ | D NO 10; Sequences from SEQ ID NO 7 and SEQ
I D NO 8; Sequences from SEQ ID NO 7 and SEQ I D NO 9;

Seayeae&Rss ﬁd&rﬁ@@@' NIONQarid SEQ SEQOR; SeglienceeffoanSES

f SE d
| PO SR SN0 B. ORBELSID Ridalis soquahestrom SRS

" Nodld SEIG B erbet tah SRQTENG L EER IREG:2

SEQ?EQSEEDT\KD :33pids Sefuénzasdram SEQUBMNOD 2?}«3?35;[%:23) 10

Stiserocs bt SkB D S50 G o Milieseat 1% S50
HY NG Nhd SEBFD N©):6NSequeddss 75R SEQND N@ 4 566@@%

from?EQlD NO 4, SEQ ID' NG 6; 25 and SEQ |
SNDFH SeguEnces EEQ $IBQND MO: $IQdI$E®Idi)6“IO.’:81 dSeos@chs_)from

| SEUPIOL T RECED Nefossehipiogs TomakB N endisR 0
SEQ NG 14 uen&ﬂﬂ@ﬁﬁSEQ‘ ![PNUSEQnUESE‘@IE) N@F@ Sefé]uences
NO 7; and Sequences from SEQ

| HROSEQ HANGBENISRE ) NCsg: Seauanissdram SF Qa0 Ne and

o P A N ey o
L ) 108 S s i
AU e oA

fS[equeﬁces r om @Eﬁaq\@ E@ ggn@r@li%@* and S(]Euences from

NG BQ IDSvé@tﬁeande§EfQ HBnI\EEQ)Ol BeqnbﬁcesSE@nlf‘hEmDGNOaﬁand

NFEQ TR0 d: GhasRera fom SERLITNR 7R adi AR s,
S%édd%nla&.?ronasEcSﬁQN@ﬂ\é@cﬁsEQS@JN@wsséqlmﬁo‘éE@drwSEQ
D NO 7; and SEQ | D NO 9; eEuences from

sEQ N@ ENgn@ SESED NOROSeaugneessirom SENADINO:8 gag Q4D

f d\(e} %@eq@eh@eé froi’?ﬁE@qu d\QOSQ a%dSEQECRDl r@o%;%equences
from SEQ ID NO:4, SEQ ID NO:5; and SEQ ID NO:6; Sequences from
SEQ ID NO:4, SEQ ID NO:5; and SEQ ID NO:7; Sequences from SEQ ID
NO:4, SEQ ID NO:5; and SEQ ID NO:8; Sequences from SEQ ID NO:4,
SEQ ID NO:5; and SEQ ID NO:9; Sequences from SEQ ID NO:4, SEQ ID
NO:5; and SEQ ID NO:10; Sequences from SEQ ID NO:4, SEQ ID NO:6;
and SEQ ID NO:7; Sequences from SEQ ID NO:4, SEQ ID NO:6; and
SEQ ID NO:8; Sequences from SEQ ID NO:4, SEQ ID NO:6; and SEQ ID
NO:9; Sequences from SEQ ID NO:4, SEQ ID NO:6; and SEQ ID NO:10;
Sequences from SEQ ID NO:4, SEQ ID NO:7; and SEQ ID NO:8;
Sequences from SEQ ID NO:4, SEQ ID NO:7; and SEQ ID NO:9;
Sequences from SEQ ID NO:4, SEQ ID NO:7; and SEQ ID NO:10;
Sequences from SEQ ID NO:4, SEQ ID NO:8; and SEQ ID NO:9;
Sequences from SEQ ID NO:4, SEQ ID NO:8; and SEQ ID NO:10;




10 Sequences from SEQ ID NO 5, SEQ ID NO 8; and SEQ ID
NG 10; Sequences from SEQ ID NO5, SEQ ID NO 9; and

WEEQsDISNO 10; Sequences from SEQ | D NO 6, SBEETT/DS2004/019229
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NO 7; and SEQ I D NO 8; Sed8ences from SEQ I D NO 6,
SEQ ID NGO 7; and SEQ ID NGO 9; Sequences from SEQ ID
NG 6, SEQID NO 7; and SEQ I D NGO 10; 15 Sequences from
SEQ ID NGO 6, SEQID NG 8; and SEQ ID NO 9; Seguences

g@@@uﬁﬁé PONKBES FEFEPOI\g %Q%ED NIIJ)E)Q;%@ SECNgD ND:10;
equences rom A L Y. an I D
NGofyanCes HoBNSEC T Bt B AIRNOTS: SR NG 7an

et e SR ETREES] SE0 RO Afd SEOPRRNS LS P
I [Sdgﬂegtéeaﬁgnﬁﬁaq m:ﬁgSE%Hiqma?gnd 5&0 H;E@@:fg; om
SBgenes omeast 15 NG 5; ekl Hig and SRR b

%eéiueﬁ%@é‘%ﬁ?SEU NSRS SPAND fo: PR gg@glgg N@@g I D

and SEQ ID NO 8; Sequences from L 4,
SKRequenkiss fronseBQ D NO:HBEQ HhGBEGENDOSHQ ) NO:9;

~Ptery el SEe SRR EE G TENEZ BRI IPNGAY §
NG fchERS HBNIBED B0 SESECDINGS: SRIETAS NOO SEQ

SEQ ID NO 7;: and SEQ | D NO. 9;
sGiamiancss Fopn S0 NORGSEQ BT B A SEGHONGS U0 7.
" SR SR EBISEQ P NG, gidesga Moo 82
SNgéldO@nksﬂgs %é)rzrfBEC% IJ%N%B;QSEEQD O\msﬁEmd lﬁE(Q EE@CDE oD
Nestiesves o b6 b3 Nsde. PER b7 a7 58A 1a3iags” b
@e}fheanggg@glsgwgéé%t@z ¥ONB: 7 SRR SEAD NoFBR | D

Sequences from SEQ I'D NGO 4, SEQ
| Bedhehices HEG SEQUD NO:8nSESED NO:Ricand SE£ Il NQ@9; f r om

N Rdyenges Hiont S I NCEBSEOND BSad SR RN 1B
| Bd¥dchcedtdnPSRA ID NO:3; SBEUIBNES: Hh@ SEEMD IND: 190 4,
SEQ I D NO 7; SE%D NOQ 8; and SEQ I D NO _10; Seguences

f repAuesEes MMSER IBMY7DSRA 1D NEk8; and §EQ 1D A 9SEQ

| Do ces sRRLRREE NAHTSERRD RO'B: Bna SER 1B NEH®;
Sequences from SEQ ID NO:7, SEQ ID NO:9; and SEQ ID NO:10;
Sequences from SEQ ID NO:8, SEQ ID NO:9; and SEQ ID NO:10;
Sequences from SEQ ID NO:4, SEQ ID NO:5; SEQ ID NO:6; and SEQ ID
NO:7; Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and
SEQ ID NO:8; Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, and SEQ ID NO:9; Sequences from SEQ ID NO:4, SEQ ID NO:5;
SEQ ID NO:6; and SEQ ID NO:10; Sequences from SEQ ID NO:4, SEQ
ID NO:5; SEQ ID NO:7; and SEQ ID NO:8; Sequences from SEQ ID NO:4,
SEQ ID NO:5; SEQ ID NO:7; and SEQ ID NO:9; Sequences from SEQ ID
NO:4, SEQ ID NO:5; SEQ ID NO:7; and SEQ ID NO:10; Sequences from
SEQ ID NO:4, SEQ ID NO:5; SEQ ID NO:8; and SEQ ID NO:9;
Sequences from SEQ ID NO:4, SEQ ID NO:5; SEQ ID NO:8; and SEQ ID
NO:10; Sequences from SEQ ID NO:4, SEQ ID NO:5; SEQ ID NO:9; and




NO 8; Sequences from SEQ ID NO.5, SEQID NGO 6, SEQID
NG 7, and 10 SEQ I D NO 9; Sequences from SEQ I D NG 5,

WGREQshDISNO 6, SEQ ID NO 7, and SEQ I D NO 10; BeTjusIv0€619229
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fromSEQ ID NGO 5, SEQID N&6; SEQ ID NO 8; and SEQ
ID NO9; Sequences fromSEQ ID NO 5, SEQ ID NO 6; SEQ
ID NGO 8; and SEQ I D NO 10; Sequences from SEQ | D NO 5,
SEQ ID NGO 6; SEQ ID NG 9; and SEQ I D NO 10; Seguences

f sEQ f-EEQClﬁOl BetjihcesIréinl SEQUIDNOSEGEQ IBNG;6;B8EQIBQ

| B2 eﬁd - “%EC 618 ReruencsaONE CLID) Wow el 15 NOW?
S IRO 7ot g i N3, el PR (EMSEQ I NG S50 1D

alND:656RQA D . I\[@ 9; ane G B NOr1OnSsE@hEENDOB, SBQQD IN)O 4,

R0 S0 5B St o SR SeclBBHEL B SERTo
Cﬁ% Sﬁ?ﬂ@ﬂ@? fSE@m[ﬁﬁ@ BDaPSEQ iFROMP; §@q§en&%qrom

and SEQ I'D NO 10; Sequences from 5
N(SEQ ||3£E{9)14DS|E@E) NSEG; SBEQUD GJO Seand SBID, N@rﬂ@ SEQ

| Segees i SEEEMNGS, SRR LR 'SEFbiD Moyt sBen

f rr\mmsS uaae& fomEEQ ID NO:5, SEQHQ ND:ABEQ IBEI‘IDHD and
SSEQIPRDD: %@Beﬁ&i%omse%‘ééﬁ N, §?O§mQN% $Ea'iD
7. B SEATRNG A Sliehfbd o SEERD RAE SEQTEND,

SSdE% gamt);e aSEOQSEg IBONG); 9; fﬂbcﬁ@@cggfﬁd@l SECSHDNMSNSER ID
an 4
NaB; S IDNGR: andts G ione Y Seavspess onessd 1D NO:s,

|
s%@ 393%0 o%gf@ 8%? %@T/ﬂ US%OQRI rgtl)g? 2 gSeq%Qﬁ%ngaﬁEQ
SHED NO:5\GEQ:IDNQUE ISER [PNIESEQd I SERIDANOSESaquerces from

5%423@3@0?5@%94%@8 SO G STAID NGHF 5

uchids fsr BEAD NO: 5Ssmermm<o f7r sEcSEQNcDgl\deLSEQ ID
DNOG6, SEQIDNO7, SEQID5 NOS8, and SE

NORIAD Sequenees roNbHFCHD NOREEQ 680D Rield %\@E@ and

L0615 IR SRR EsPER ROR S0 RN BB

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



Sequences from SEQ ID NO5, SEQ ID NGO 6, SEQ ID NO 7,
SEQID NO 8, and SEQ ID NG 10; Sequences from SEQ I D
WOERN05/014886Q | D NO 6, 10 SEQ I D NO 7, SEQ | D NO BCT/aRZ)04/019229

SEQ I D NO 10; Sequences fram SEQ ID NO5, SEQID

NO 6, SEQ ID NO 8, SEQ ID NGO 9, and SEQ I D NG 10;
Sequences from SEQ ID NO5, SEQ ID NO 7, SEQ I D NO 8,
SEQID NO9, and SEQ I D NO 10; Sequences from SEQ I D

NN ®:3, SRED SEQ N NO:1058quBnded fonSSRA I NO:2, SEQIICBNQ:5,

XN S e teon i o

I TN e e

g@ﬁmiuguees frooSESEID NO:MOSEQ EEQO:B), SBEChID N@?] BERADB,
5 ¢ Mesee S RAPNOZ Jesapbes ramess! toNesSELE (G

|
'\@LB(IQ EI) @fé\@&% NOD, %ﬁ@ 3‘?[‘%'&% 17(36@&8%%&3 fidhPBEQ
0

SEEQ NO:5, I‘&E@ IDWQ: GSBEQ Il:DI‘M@ SEQR udNds ahdcﬁE@EQ N©:9;

NS Suemies £86 U R osSrttI NOPrReklteNGsTreRe 1

Sﬁ@b@aﬂ@%()%@dbﬂ O\l@e7queﬁE& fiom 8EQND 8IO: SEQEICDID NO:6,
NQ 9, and SE and Secluences from SEQ

10 NGEQ IBROID ElD @@ IﬂDd@E@ DIHO: 1%$®uPncs§@mDSEQ
2?9339%5%'%@”3%96 S 1O Sfu\":f?g]rﬁ NOD %’ﬂpaé%’g:]BfNo.m;

conbrndtion opes an
s Spiehess froomSEQ HD NGBy SEQ t[hNGaVoSEI@rD NO&JSEQ ID

BG4l ue e SRS e R AR

sedbiers SEQAPNSOFY End SBO IDNELHH %&% SEQ

adm nistrati'on of such 'constructs to a .
15 2005140144%9%0@(&&@0@9‘2@@ SHEHQ AN MKD%M(HD NO:8, and

o SR, o benBeR i SN AT SEL BANGROSFATEL

OrNOVE BEQ IDINOET BEY ¢D€N|‘©QI}1 %ﬂ@@EQQDl N©F10; Beduefices from

dsRNAs of the invention, ecially the nultiple

d|$E@r|&1NOs,4eq‘é!5@d5’sN@e‘%<§E®é NO& SEGHRNOY, NO:9,
t

e ESERL Y NEE oS lyeriios i SEG I ND# S22 18G5, SEQ

20 cilptNOB, SEQID Neps,eSBEQdD 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, SEQ ID
NO:9, and SEQ ID NO:10; Sequences from SEQ ID NO:4, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:10;
Sequences from SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID

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

In an another embodiment, combinations of sequitopes and longer
sequences from within any of the aforementioned sequences (e.g., SEQ

30 ID NO:1 through SEQ ID NO:12) may be utilized either in a single dsRNA
construct, an admixture of constructs, or through concomitant

administration of such constructs to a patient.



construct, or on different expression constructs or
plasm ds, e.g., one or nore plasm ds and/or one or

WORe0s/0v4806 or s, i ncluding viral vectors. Such PCI/UB0€019229
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di fferent sequences may al 9b be provi ded exogenously,
in any 10 different m xture of one or nore dsRNA
structures, duplexes and/or harpins, and/or in

combi nation with one or nore endogenously expressed

dsSRNA plrdisdusgsed elméremeeeuﬁghmmérlwdmf@nred ration
of nucleic acids The and/ or RNA constructs of the

i ﬁvmlraanh@vheenwﬁomtgthé%dstlA PPIRBSIPN cppstructs or
FShhiohS REASHUSBRGR AR KR ofhe g RYne B 1R

t egpsdtialy tr@mpl‘tmllmdlﬁegaragﬁmencés desca’fb‘eldcatmwne dEiaseer y
rmy be achi eved aaeénown to, those of  skil

NAS Ry benproy Ry ! on fhe Feme 5|strog ol ﬁn.expreSSIon [t
: gbkﬂﬁﬂg@g@gffchg% '.15 P%ﬁ{l& Cérh eﬁferér?‘-‘dléﬂdﬁktn %1}"&!8} é%%glghnom

he art
debnslewt oifbe diftdremh/expgemlen erbsafplicis pr @mﬁmids e.gt,i0hnei &

SRR b s LT orEloBRR JaHAED K Dedpes Sucr
p%&ltlﬁlb‘?ﬁffer@ﬁlt ¥§@l§érﬂi‘é§ iS¢ BlsdShPptotidet Brogehorslidany
hree- di nensi onal polycations such as dendriners

cainffm’hptjmt@@ ofenecorymare dsSRMA stiugtassaduplexes, @ndlﬂrng

RS bR RS EBAT W o R P cRAOGAIIR dfressed
ARRMNA efruciarégent s useful in this invention are
described in U S. Patent nunbers 5,593,972;

5,703, Qﬁ&lraﬁlgﬁ%tﬁdc& ofadiRinishidlionof MedledB3cids The DNA
6,127, 170; 379, 965; and 6,482, 804; and Jnterna&h
DT AN qaeihe OTiBe TETIOBsRADBE 2t BU s i1 o

{
S TR RGN SR BN o
ety i K
conpasi ti an ot her
IS RDEME b RCEYRbES S kg ?Tffgose fesiipard
dclﬁ'lQA &Rl RN déliveRpGisfHg &), Gé%i&h%id”rﬂﬂ:lédlﬁie transfectlon

dsRNA- encodi ng conposi t10ons of invention. In sone
erfacititatingtagenthinawmicthose rskw I@ib@ agsfiiNA@ndéor DNA

nﬁllvg%(yedgge {‘oglgx\ﬂ%e afe %?%rﬁgl%@éh@%ﬁ ts; %%t%n(f%las g)éht, gnl c
USndlu8ihg 1I86&! dricRErsdties sueh agl bupivadaite, @bnbeipld&hposomes

1987) US 5, 264, 618 %Fel gner et al., filed Ap J
1gy1plq1¢ particles, polycations such as polylysine, branche three-

dimensional polycations such as dendrimers, carbohydrates, detergents,

or surfactants, including benzylammonium surfactants such as
benzalkonium chloride. Non-exclusive examples of such facilitating
agents or co-agents useful in this invention are described in U.S. Patent
numbers 5,593,972; 5,703,055; 5,739,118; 5,837,533; 5,962,482;
6,127,170; 6,379,965; and 6,482,804; and International Patent Application
No. PCT/US98/22841; the teaching of which is hereby incorporated by
reference. U.S. Patents numbers 5,824,538; 5,643,771; and 5,877,159
(incorporated herein by reference) teach delivery of a composition other



US 5,459,127 (Feigner et al., filed Septenber 16,
1993). In other enbodinents, the dsRNA or dsRNA

wepsession vector is conplexed with a PCT/US2004/019229
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| i posone/ | i posom ¢ conposi #2on that includes a
cationic lipid and 10 optionally includes another
conponent such as a neutral |ipid (see, for exanple,
US 5, 279, 833 (Rose), US 5,283,185 (Epand), and US

5 9&2 aZsblynudRestideccdrapdsitictg s8.¢ ahl tearmfédted goanrcell or a

ositions for deliv of t ol i gonucl eqt,i de .
StRIIUM GABtang ee ARG SarPdIag CoMEBRAIESE L8 Mygntion.
I
app | c3hisRhRe el'n%gHﬁéﬁ’tg tfh%rd - %g)ﬁ'r / Uggl% lieid@'é%snbﬁ vector is

hepat ocytes, are describe filed
prnmlemmwjthtmre ¢reaote cqlcm‘ic lipids Imrucatiomm@mmndupfaﬂesd such

R SRR A R B AR gEA L,

ptm&eséﬁzgavgmcus 8, bsmgb (Feltier & ¥/. oﬂewme 1991) or
i ncl udi ng, but O not limted to, |ipofection,

DELAE-50Q, ﬂaﬁ(lﬁ%lgnat elalt, ﬁ%ﬁdsS@ﬁ’(eind?er ,d993); beethen

ST E R RER 6 BN B bipplor LA ehBh v

t faﬁl’ﬁdé@fn@!@&bmf&%n%nﬁdn llﬁléiﬁlr@hmeésé tationiy #ipidaind
may be naked RNA or DNA or | ocal anesthetic

cd?ﬁil%‘%gﬂ inclugesAngihg( ¢asaronert suphiasHa ngekal I@@isréeg&r

f
Na'%aﬁqgﬁ ahgéﬁﬁ%g\é? ﬁéﬁéggé@a%jl&?@m supra >0
Ar6393224c1913| rabl e delivery technol ogy for the dsRNAs
s o B SRS E e RSN ot e
Q’cﬂig%ﬁﬁbfe?i%é %n%@ﬁi%% Y tHe! fFvBhEoR farbHifhiat8hticat 0

syst'em based on cycl odextrin-contai ning polycations,
\A/rapﬂhcahmswmwdubgéor targeted dedverythdiepatenyitess are descnbed

f’ FPEIRsi e (R0 BoS HRER g tonlotl & o

5ot &tba2peiRGl refelefdée 019229 43

car bohydrat e- cont ai ni ng pol ycati ons on gene delivery
3. qu@@ﬁfqrmtlp%@ns jop @fi the 6ﬂléfqria$¢afﬁh anésotmén non-

ggggwﬂﬁ@ iTst g:égéneng&p%ﬁé "F‘Q'QJ drthearts ﬁ'\'&ﬂ.ldmg, but

¢ ymdtditteiteid fon ipofeotien, @E@Em&xyraatmedlad:ed)trhnsfectlon hat
vvhe nm xe Wlt DNA, . bi to th phosphat e
HR@X%'BH‘@ 0B+ Cq ﬁ'é'”he'& %BF‘%F'P' W&‘eM%?'r‘Fb’ refevirsideluary,

Seélfectropora’uon, or biolistic transformation. The RNA or RNA expression
vector (DNA) may be naked RNA or DNA or local anesthetic complexed
RNA or DNA (See U.S. Patent Nos. 6,217,900 and 6,383,512, “Vesicular
Complexes and Methods of Making and Using the Same, Pachuk ef al.,
supra).

Another desirable delivery technology for the dsRNAs or dsRNA
expression constructs of the invention for pharmaceutical applications is

rtTM

the self-assembling Cyclose two-component nucleic acid delivery

system, based on cyclodextrin-containing polycations, which are available

from Insert Therapeutics, Pasadena, CA. (See Bioconjug Chem 2003
May-Jun; 14 (3): 672-8; Popielarski et al.; “Structural effects of



assenbling into uniform coll oidal nanoparticles that
protect the DNA from nucl ease degradation in serum A

wa@e@snoiseonponent is a surface nodifying agenPCTB1v0&019229
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term nal adamanti ne- PEG nol4écul e, that when conbi ned
with the cyclodextrin polynmer fornms an inclusion
complex with 10 , surface cyclodextrins and prevents
aggregation, enhances stability and enables systemc

adﬁibﬁih’yﬂfa’iéld@htalhlhgqﬁﬂvdaltlons ohajeges detiyety. gadiglddextrid type
surface receptors nmay be attached to nodi f
paadmncﬁ@naazatm s wel aa&aa@mgm&sm%&w@@r*?b,ﬂ&

| .
& D788 08 25T ThE et ArEngRAS b MEEF. oy BlcRlenrin:

mebhiathing pobrcgtionit potigher dat vatiert imixets Wit DiNAvr leinds tmthe
co Hstructs of the |%1ent n to.liver, cell

efRatedbagRane; o ﬁp@é:éq)lf@ndgnalngstpﬁﬁNA and self
a%beémﬁh %ﬁﬁb%ﬁbﬁn ESIRRR %nbﬁé%re@thaﬂpmmhé BNA from

hepatocytes may be targeted by use of synthetic
I mgaleasewlegmdﬂlomn seyumt éﬂsmoﬂ@mmpymmteal arsgiagees,

h L at ed
¢ Srojubne AR Sl FrGhafiaEn g iesPE e Bt that when
C @BRIDINEd With Ahe thElotBMAR P méPfoRPBArOREIUERN complex with
is.preferred. Targeting to hepatocytes

may be
,a§nrf@o@@ygpd@z§tu|ps|amg Rreventg Aegsegaiion, enhances stability and

C tQr

"SREPARA BB, et nEeAE Epnes el
olsubfae retdptors maqmesattdchetddo Ihlwatodxﬁer providing for targeted
aS| al ogl%c g r ot ei gy{é‘%gg‘tsor Igéﬁlnge;’ss?estJ I%eglﬁehg st rgare
2 ,
3%%%%%‘?&%3‘8%‘7‘1 VAT G isotdh St sw%tﬁn’%%?f“"*@é‘afﬁs‘;
beldigeryetfebe mIethbOpaxmeys.les dmylstrucbsg)f the invegion do fiver cells
nmonocl anal ntlbo esth ecifically bind to .
napaousgeied Snstialy aaBBisedh: '%31’ B deplebfrcrBrotin,
alrggepter IRSGPLRY oA %é}ﬂﬁ\%ﬂlaﬁ essma? ?%été@ by use of
vectors, as described bel ow. rt| cularly preferred

c sypthsiticiligasds withqealactesylatsd Qrslmmm fed fpsigdyes, such as
AR RSB 508/ 014306 PCT/ US2004/ 016228 44
conposilhigeneralstatigstig foe deleatiRCdLIES/of #286sRNA aohslibigts
i faiortesigpe g oS b ol
CBEREHIETty TR RN BRI ccaplor. For
i rexeamplenasialp-drespmeipaide (o alydL-lysiad-asialo- orosomuco:d or any
other ligands of the hepatic asialoglycoprotein receptor (Spiess,
Biochemistry 29(43):10009-10018, 1990; Wu et al., J. Biol. Chem.
267(18):12436-12439, 1992; Wu et al., Biotherapy 3:87-95, 1991).
Similarly, the oligonucleotides may be targeted to hepatocytes by being
conjugated to monoclonal antibodies that specifically bind to hepatocyte-
specific receptors. Oligonucleotides may also be targeted to hepatocytes
using specific vectors, as described below.
Particularly preferred compositions for delivery of dsRNAs or

dsRNA expression constructs of the invention are the multifunctional



5 described to transfect hepatocytes in vivo. The
dsRNA ol i gonucl eoti des of the invention nay be

w@e@siotksde exogenously to a target hepatocyte. PCT/US2004/019229
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Al ternatively, a dsRNA nmay4be produced within the
target cell by transcription of a nucleic acid

nol ecul e conprising a pronoter sequence operably
linked to a sequence encoding 10 the dsRNA. In this
rm:;bhqﬁ)sntidme asuddseribed dn (CTHUSOSY 11288, Gilet Miap & 2608 hivhich

| | )
ML Chide 'rﬂ%c?és?y sbaiign 257 A T taGRBRG 1o g HSG
T‘F&‘Ede@ﬁér‘ é% %Ié’dté%l cHSRJS ryl SPerhfiné BHRDhHISkks

into ctor t i tcan 17 anstect a
heyitht ﬂme)allgonugleb’edemefeﬂna mvel’ltmrrmawmsprepatedeand used as

t. P f | t 15
| HEChiP to e H ERRP VT G| cat i on. de ect i ve

hepat | l“nr% asRNA%mgéﬁuaeondé@M ABdn¥EAdon rhﬁkllb@\fprbviﬂéa
(see, 7136; Rosenberg et al

wmogsaevgsjy teAdarEs hepaoyte. Adtenmtivelys a(%%NAén@y be

8B by BBy g

Bi d@inﬁmlsln rﬁbﬁa’r%‘eQUenoéi obsrHbs khiad o @tequdisce erdédbding
t he Human, Pr ess 1991: 109-128

adbﬁ @s&%dn ﬁgéﬂnethpﬁu@e(m@ﬁ agid mpleculs §corigined within a
re%‘ﬁba%@é%? o%%?r uiaf BNA 393@% Q{L‘l& abl IQ '&ontalned

es si np eX viruse
Abfsltl‘ﬂaah aqbammoﬁﬁy réplmatlagtmasmldtdm/mwuecmg ams (Eiegrated

Th . Sep. 22-2 199 Co S b
{olor b ot Bendie by oKL iRk cemirRsect 4 feBapovte may be
Midd iRdhe metRbdd 8Nthedhvémiste P\féf“eh‘éﬂsvec't@*s@éinrép\f/ectors

constructi ng expr ession vectors are wel known in the
arincluding, theseyderived o weplichtion- dgfecnve;b@paﬁtmwwses (e.g.,

e T N R g s e e R

1985y.-J. M. B213(9): 570-698)| mgﬂ)ya@@Wmeé{SeéaélghNorsey etal.,
|nserted into the vectors: of the invention using

eRls Bl ¢ SUPROLEE S99, &ueham il Murgay. ed.,
e
SO BB R P
rre‘t/d)ioEsC(ﬂk@i .Ul dine BuomamBress 18912009/ 128) 38deno- assomated
PC‘I_'/ 229 ragor
TR 2P N AR5, PRy I o
ED@é‘uon%chtﬁ@ h eE‘%’irﬁPFex vtuges (H8¥9Lu &f Ifa‘P ”Ab@fréct page
fers are Inserted into the vectors so that (_),/
ar@G Abstracts of the Meeting on Gene Therapy, Sep. 22-26, 1992 old
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.), and any modified
versions of these vectors. Methods for constructing expression vectors are
well known in the art (see, e.g., Molecular Cloning: A Laboratory Manual,
Sambrook et al., eds., Cold Spring Harbor Laboratory, 2nd Edition, Cold
Spring Harbor, N.Y., 1989).
Appropriate regulatory sequences can be inserted into the vectors
of the invention using methods known to those skilled in the art, for
example, by homologous recombination (Graham et al., J. Gen. Virol.

36:59-72, 1977), or other appropriate methods (Molecular Cloning: A



operably linked, typically but not invariably, 5 to
the nucleic acid sequence 5 encoding the dsRNA

w@bkiogomses eot i de. Any pronoter that i s capabl epOf/US2004/019229
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directing initiation of tradmscription in a eukaryotic
cell may be used in the invention. For exanple,

non-ti ssue-specific pronoters, such as the

cytomegal ovirus (DeBernardi et al., Proc. Natl. Acad.
SdiabotiR4n8Bladnal; Savatbok B9 al, edsdCokf Bprng elarbdrelabaratory,

oA Gl S RS IpBSET o

ki nase I_Z(E gﬁ@%&hpmrﬁ@{érs 3fe ﬁ'@%rt%@":int_lagcﬁ@)\/ecﬁﬂg s§\fHQt they are

early ture :
prcmmtdyd:nhw tpeicalielut matnnvarmlm fsmsme‘ nuclepram@seq@ence

na f H

ARieBRInG 0 A5 SO o AT Bl B s e
NQfirelctifg iftisRA o transkripHoR Wb%&ﬁ(aﬁﬁmd'céll beayBE Mse85n tife
the non-liver cells, because of the specificity of

t Heverkigna Far eampleRRas-tissuerapeciicaiemetesosuch agtthe

> S aoy eé"ﬁ%@éem%rrcﬁf . eﬁr&# NERE Ncdd! 86, ‘EP§'A '8§uésé%9

epat oc 1B specific prom)ter
ofg2@i, 409 ¢ nand @‘etdméstth@reﬁl\#mouseen@tabomaﬁﬂnb | gene

P %@ﬁgbgifﬁﬁﬁ%?f@% 27 528, 1980), HEY turiding
| 'I{fﬁéseéjgll\ﬁa(ﬁ@ﬁt @éﬂ%ﬁ §% g téHU QVQO%ngyQB%halst étal,

-antitrypsin oen
asfﬂamogwaﬁﬁﬂe’ﬂé) r1966¢pmmoter$3maydleaused Woratissue-specific
pronot ers and, enha as_those

P RS0y hE VRS iR ivaRflal o CHuEebPRIL HBY agdpr

| e VIRalA in ﬁoMlllﬂléﬁéélls du‘bct&sl by Ron-tiR8deBpusific
sarcoma wrusgéRSV Fang et al., Hepatol ogy 25

1oor¢amiers7shoy bg harmirss&ltg ghesondiver eells; hecauseaf then.
CTERIET AR AR Picy BERNA G IRAB Sorvid
| Ismofl@dcég HiWdver, ﬁfEWrreN@tho@yforﬁi%%am tﬁ&lmmht@hfwe
pronot ers such as | CP6, [1CP4 and | CPO pro te{as,
Hd\?ﬂﬁt%@é%ﬁﬁﬁ'f'ﬁr%%'f)@rs hRAISERT which 90%9%%@5& NAs
mtocL:{%g r|aI |grr|1|§’ angsﬁea gleggtrand%pro E 5 -Specific

Dgwonatiéns, inclnde distNke rmtﬂin’fﬂsslitorhhevettnmmpalpbmfetmralem
e.l |l pronoter

| egs ne RNA S
o GRBI B AHEBE cE B 4a8 SEPtSIs aB ATV GoRFotgin recsptor
C'\Momm@@l #iral SRIMOteR &ﬁ@bﬁhanﬁé@Wsdc@a@fho%eﬁffdm an
pronoter, at |east one )(rrerase I
pr@ﬁ@m ga ourrua,therpes simplex viruses (types I and 1), hepatitis viruses
(A, B, and C), and Rous sarcoma virus (RSV; Fang et al., Hepatology
10:781-787, 1989), may also be used in the invention.
dsRNA expression vectors may include promoters for RNA
polymerase |, RNA polymerase Il including but not limited to HCMV,
SCMV, MCMV, RSV, EF2a, TK and other HSV promoters such as ICP8,
ICP4 and ICPO promoters, HBV pregenomic promoter, RNA pol llI
promoter including but not limited to U6 and tRNA promoters,
mitochondrial light and heavy strand promoters. Desirably, the dsRNA

expression vector comprises at least one RNA polymerase Il promoter, for



| east one RNA polynerase | | | pronoter. The pronoter
may al so be a T7 pronoter, in which case, the cell

wo eoosloersoconpri ses T7 RNA pol ynerase. 5 Al t er netT/v81094/019229
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the pronmoter may be an SP64pronoter, in which case,

the <cell further conprises SP6 RNA pol ynerase. The
pronoter nmay al so be one convergent T7 pronoter and
one convergent SP6 RNA pronmoter. A cell may be made

t @Xamﬁ_l@,ia’lhﬂ_ﬂlaﬁrCM%mﬂﬁédiﬁm‘ aeardy prorhotengiH CMV-E) dha simian

oIS prashotal. Sl das pecRNadIy RS omoter, or at
t

oSS G RAA polheRAse I oo R pRAEE hESFalb b a T7

enmomheiaeralrs\hblch cadeRie ¢all fyrthencamphiges ZRNA dobgeerase.

| &S gVl 16 RESMBtaG iR B£8R Brofgtes: Brhich gase, the

M deR SRAREN dthp <8P8 RNAPoIyhé248. qy{e%*oﬁ%’tbﬁma also be
transcription of the nucleic 15 acid in the vec

(e, cdrmer@em:ﬂ promater and coR®eHNEEgENd &BﬁaRélPspromoter A

WEReBb B sRedslo SotaR b7 skRFEcRsifinelasechy BRRTEr i e

Proamedit a Ty @cﬂymlemh@d)rbélesmmérasfé@tpr%s@m mld
(Cronin et al. Genes & Devel opnent 15: 1506-1

2 oeshectiyely. (IRHosem eRRdimeats, 817 prgEater of %ﬁ@omerase
Rl prSelsrds ppfp e iy @QQ‘?&%‘@%@C@??st Sl

X:USlRNRf(ﬁlg JeMsRBA that is |&Mdr\@0®\ﬂf5mdﬁﬁ YR 5(PTC(D(25

tl Acad, Sci S A 1999 1 8483- 8 or

t RasSPBITS b enGRUndAIotRT SIbOUFIFRARS PRIPIST 15805

13hitde I'ﬁ%é&hﬂ\? ﬂﬂﬁotb?iﬂé’%ratllbﬂé fo;ﬁ'ésmlc"ﬂk’éﬁs@ﬁﬁﬂoﬂ_ B?fhe nucleic

2002;13(2):199 25 210) or acgrormter di scl osed
0GB B6the Vedterd(seer for exempize)cme nAtcmbondsalmrpmq’ﬁenShe

Caentedm v TR ad A Aefiofo, 2DBoaRRMh 1° Lsen
60AHESTS2862/00548d ilkd- g%oén-aom) Aﬁ@ﬁaﬁb@lgcﬂ’i@eplbhﬂm@ﬁ i8ran

systerrs taught in Pachuk , and Sati shchandran
Nndwbledoremqsgrn ﬁ#@h@S@hﬁdpmln et ek frenas & Wr@n@nt 15:

1%’&)6393%?6%0 Kﬁﬁ&ﬂdlmét | rg?aégflélgipégd' filed

consi articul arl
deBea: aBQ&m)ﬂwaametwner(Rheo nemtelbens G{U481e

PP EetaPe nsOBI B Eﬁgé@éﬁ»%?%{g%%izé f5 K, T3S,

CO@%él}é?thRoop DR, Proc Natl 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 Larnartina 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.



the invention include the al bum n pronoter, the
al pha-fetoprotein pronoter (especially in liver
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hepatitis B pronoters, e.dg7, hepatitis B pronoters

i ncluding pronoters for the 5 antigen genes, including
core, e antigen, polynerase and X protein. T7
Pronmoter/ T7 Pol ymerase Expression Systens A desirable
met hodLivkr specifiopeorbiens uséful medsRNAEXiseddiore rpnsiasito of

systemto achi eve cytopl asm c ression of dsRNA

( éieglnyemfdﬂ{gln&'lud\éﬁﬁpyalw@wrﬁmééﬁ it ?‘P?\%ﬁf%\fz%?fegé? Rrqmoter
c . e e -,
<§ispRcletyth liydhHfe eI tiediphd hearlin DI BRMARY, hopatits
dBgiroamteisRblY., MepatitisB praneierssingiuding pramotess for tReia

ol ynerase, which. can be provided,on a seco smd
banigRn s oG, LRERT diRebss R protei
pol yne"l’?‘slﬁroﬁaerf??"@ol*rﬁeﬁa@é BiREssibn Fystemgemdedirable
whi ch Tan recogni ze 1ts responsive pronbter sequence,
s pethéd ofithejinsantie uiilizes aaT‘E idgRNA axearespionsystem to achieve
activity.. 15 . CO S e
eFriblasfie e e FRAFSASREE T 8 el ¢S AE R les)
ofn Véreettrats esliso@hggmanimaliardceils) pITheoT £ exprgsipincsstem

is disclosed in Dunn & Studier, 1983, J. l\/gj . Biol. .
166lizes the 77 Bresnetseto expregs MgsresitachdaidNAY draisesiption is

A ' . - wh f
EREER g T SNA RS, T oo bEFRTRUBH TSk
p plasmid as eonothelseme plaspiidg 8atiriophiagk ThBINE\ polymerase (T7
' I fici f , : mber | i
2Pl 18350 pradiic ot 7228t with oBORRROSTes I S 7
e’b?c?rﬁ%?ér%q%éﬁ&@ BhEQficAKRARPEXHIBIt @i\ trankBriptax¥a Bptity.
a Tirst plasmd construct that expresses both a sense
arfthecampletessequenaedf the dérganemeomith detajed dfataaiipmabout

o0 BB R i BAPErBP I UnGleR ohifibr stisnces.
iy tiekiofiyateed o

f redsn NG pROMECHIAPERE.C\FIeSIA o NFA0 E&%ﬁ? fhe 7
PSP Ut B Y el BRR gk

s gJdlymerseaftzcteriaphayedi7, eviadi showe aFrisgerdrspecificity for

R o B L D Rl A2 A ey

e Seon AT BRI s I erbng, o

2 (st pag@dbcoBudstei £xpneEses baliga sense and antisense strand
under the control of converging T7 promoters and a second plasmid
construct that expresses the T7 RNA polymerase under the control of an
RSV promoter can be used. Both the dsRNA and the T7 RNA polymerase
could advantageously be expressed from a single bicistronic plasmid
construct, particularly when the dsRNA is formed from a single RNA strand
with inverted repeats or regions of self-complementarity that enable the
strand to assume a stem-loop or hairpin structure with an at least partially
double stranded region. Individual sense and antisense strands which self

assemble to form a dsRNA can be synthesized by a single plasmid



construct using, e.g., converging pronoters such as
bact eri ophage T7 pronoters placed respectively at the

w®200ai004886 ends of the conplenentary strands PBET/ES2004/019229
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sel ected sequence to be traBscri bed. See also, e.g.,
the teaching of WD 0063364, with respect to T7 dsRNA
expression systens, 5 as well as USSN 601399, 998P,
filed 31-Jul -2002 and USSN 60/419, 532, filed
1&%obstrucQfEing, Ehey, apawbﬁgmngmnmtbtsi such ad bablxenbphagm iT@n

The dsRNAs  of d t.h
 ERBPETE RGN PN s aiEed The Roaimlergentary
t RGN R abséuéagaltsrbguén@é &Osytﬂaﬁswggé? %!é%c &gy, the

preventing or ating HCV and tion.
Theachieg apWDi0O6836#H owith respeabto THalsRNA enpiassionesystrms,

e aoneh B8 TSN R AR fng 21 DBE AR sy opag 532

otfined 181hdtvige@. agents. Currently, |am vudi ne,

adefovir dipivoxil, and interferon al pha have been
appr ovékherapeutio- Gampesttions ofifhe Invention The daRNésitee

R g e R R S e e

a@ncaalr@memstmaﬁwe USBdhrllld‘ldTgpélmﬁd’ c@hpa!;xtmﬁs fd?‘f@vanmg or
entecavir. Sing agai_nst HBV and/ or

t HFQﬁI'@B ACN Ao EN Afestion Hasdoer del i GmBeREons of the
SiihedH %leﬁ'e)us %ﬁhé‘%?ﬁrpgdrtnﬁ}& l%olﬁrﬂ'fcﬁé]ﬁlcaﬁeﬁrﬂbﬁia%n

the |nve er ant|V|ra I'sS expected t
siwgth bne @nmqremahenatse axdudihg oﬁfe‘rlamlwakﬁgarﬂerawyently,

¢ derbuali eyt biveih e Bisrion ¥P 1 ARYR Ao approved for

I Qfd StFrRINE Bf HB\AO %E'l?l@éﬁtlc@téﬂ tIﬁQﬂ?@meWohiﬁth%ﬁtHé?r m
| ami vudi ne thefapy. Currently, interferon and

r iipeentionnmay del useshinapnikjnatiorewithdiheseandgiother iidgs that are

f ¢ FotVE vgarss s hBUBE Glule ahine IR TRIARCHGR ioge
aru:*smtmeegdmsgsla\haﬁd/@r eI beMBragft asbveHa¥chismi fic
dosa&gl regi mens involving therapy with such multiple

adérbRi/ caiedinted geap filRpaingrNOYHCoBhiNAHEN therapy of the
I
CrARHEBEUR iR SA0RS ey Ky it bty

At ons” w
i rintredserthe efficalcy of tedrapy while seibstamtially edicing thel
onucl eoti des or, the re

stability of t nbi nant
v elisiapriet of ditia fesiPnches o5 deleioprier Bf ey ae
t hRslsheicP aYirbBleh? BPRZIAH Mt ekrPwitR SO fél‘ﬁﬂahﬁ\ﬂﬁilﬁéﬂk%py
sel ectively. The therapeutl c conpositions of the
2008vrenths ste Femrusxd ahavitio 229 licensed for treatment of HCV and
as for HBV, it is anticipated that the compositions of the mventlon may be
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
biological stability of the oligonucleotides or the recombinant vectors, or
materials that increase the ability of the therapeutic compositions to

penetrate hepatocytes selectively. The therapeutic compositions of the



49 invention may be adm nistered in pharmaceutically
acceptable carriers (e.g., physiological saline),

wokiosliare sel ected on the basis of the nbde PEOURSZINE/@19229
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of admi nistration, and stad®lard pharnaceutica
practice. One having ordinary skill in the art can
readily formul ate a pharmaceutical 5 conposition that
conpri ses an oligonucl eotide or a gene construct. In

Sée ﬁW@nﬂlallf‘r f¥ay g@a a%iﬁmﬁlglaa:cr@d fmpmﬂmiécemtlcaﬂy ama]htaklile carriers
neral Iy, "additives sot qni Ci t

SCRIB phy Hiok G Salias) MBih aReIRIPEISH OnBRthass Otifg mode
oA e R R GRS A Sand SEhARIE pAgMACCHEAMIERISE One

i ha{/ing&)rgmiaay skill arntheedmb can meadily f9una|a1e)am’rmmaneu’uqal a

TaamPRRReRBEL FBATS Y e QIR SHROBIaLGh & PGS COTTREE In

p 56/ CaddaY Sﬁtléd?tanl@ FErmmGAYH feGsed. Cdreram) Gdaitives EfBr

free. Suitab harmaceutical carriers, as well
pimtumcéwcam mclmmw chioride, des¢rose, rpaaanﬁ@lcémhlt@hand

| PRA e B, RERETL BBfihfe 5 20h8enie aferes®
PB@Fﬁ@ﬁ?é*bfé?éﬂre@%tﬁbmébs inbfaells Jaikktir élﬁtﬂ albuﬁﬂn lnasome
standard reference text inthis field

usmbqrdlmaata; gsvasocapsiigian aaenids added de éhe Eﬂﬁm%t@m dhe
F@Frﬁgcﬁ%@cal E%ﬁ?ﬁ%g%(g{mdlhgﬁé@ggg%s’@ﬁ? fHvention are

I rptro\aged eteltrlﬂé and pyrdganfwsﬁl?mtablapuannad:emmal/\mmeeas as well
transdernal |y 20 i phal at.i on or suppository...
prerrERCPUleR fegbssiing Fif SopdD PORTMAGRUE forulations, are
! '&‘e%éger rmHFRehf‘x’i t@H”ﬁI?éJB% enc@rafHd’ PidetitaRe PhhANSSY (formerly

Intra subcut aneous
i Reznington's %Rmnaceutnoasarslenegs)r dMadkdruldishing Get, @ stapdard

dm nistered.b ncl but t limted
éefa qeRcH f@% 'Ssii‘?l @'é i ng{p@?réssui njngcti Ionm °
dew CeRoRES DR BERMSPARS |hbl%|db° phea@stlingRiaeoguns” .
25 Alternatively, the dsRNA and/ or dsRNA expr essi on
c dntsamugeulanynireperitoneal dotraderyaly sUb@iianagif dntrauemous,
'
mafertol By alrapSERAAY ahf SR el 38 erkBlmall. 6oy

eligledlation babuppositore IRTefErEHH foutesaofiadv rmstm‘tmnentlude
bonmbardnent . After i ne construct is takep Lﬂ; r¥
intraarterial

t Hetravanays, intemuysaylarcp [ I5freReitoRes, inEdegmal,

| e dvd fit@tanddus! lﬁjeﬁﬁé‘ﬁ Qﬁgﬂmﬁ dr HERNACENPIBY4ISR constructs may
non-1 mmunogeni ¢ cel ave gene constructs

i rospagmirdstered by meansdaciudiagi bpt poitlisitadqtoo tratitiomal syringes,

Zonoe%d?éllégg ﬁ'uep CET dsézv?c%dé/ 8} ‘Qr%%roprqectlle bombardment gene guns”.

Alternatively, the dsRNA and/or dsRNA expression construct may be
introduced by various means into cells that are removed from the
individual. Such means include, for example, ex vivo fransfection,
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



50 individual even if the host cells were originally
taken fromanother individual. In HBV infected

WO paseige@l s it is anticipated that the dsRNA PCT/US2004/019229
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conpositions of the inventiSdn may be useful as a
pre-treatnent in 5 conjunction with therapeutic
vacci nati on protocols designed to boost immunity
against the virus. It is also anticipated that the
dmﬂﬂduakﬁmﬂf theonsst e&ll$ heré wviginallp takenyfrom arsdhed f or
qphyl axis in a reginmen of periodic admnistrations
IWEH3k dual s who because of occupational or ot her
pot ent i | of
exposur'@“t%“)%&?ﬁég B e ot M LN ey,
acdnipesitionscdtiee puestion ehay Iy cbefuhas @fpredreatment in

CmpbeDob iy REraRRlF daeSBntemoRds HeiyeRdabeodt

th "tﬁrﬂdﬁ‘ﬁ?r&ga%t th€vidus. Weekisy arlicifdd that RO HERNA
bi mont h every three nonths, every four nonths,

smmpq%dmﬂSyof toe inveatioy maysbe sseti farqrephylasa in Arregigren of

;,%%tﬂlgalc %&H%xsgfartwgg !?é ﬁﬁé\ﬂaqﬁé vstll{;b ﬁ&t:aﬂjse é‘f‘ Adcggm&q or

expharsatential 6t SXposued afs cangitiasd at High visk of exsaswe té o
ex ress the dsRNAs of the invention over a rel atll\a/l%(jéh

RGP HEY o otlire; eaergangyeand deakin gare perspane
|vlag> dgmgcctlc r'eg h& %Wﬁ%ﬁ@foéqﬁﬁlst%qlﬁf\rgé%geous

for er a |cat|ons
Fwonmhsltmrsmaaprmmdes‘ anl $1BNPa(d/og HC\A dsRNA of theRherttion,

o) weskii biaine MG Dimhtnie EleBies ipriths. BT four
Mmorth8Ysérfi-yEar{l or 988rP%Ad Canlbe %terﬁ’fméd Hﬁ@u@ﬁ’ r&@fhe

tag dsRNA 1s’ adm ni Stered to a 90- 150 pound
pmennmmtaMn by thased¥skidifinithe raétag‘uqhglcgl eredicing dhhe #yjlity

AR PeRinfuctol S ERe S HFREREN ety §y pxbress

d&Ré'@sR‘Nﬁ% bﬁh@qn@erﬁb‘ﬂlﬁﬂve&@ @at%lwpﬂolortgﬁﬂl mldoyof time,
between 100 ng to 300 to 1Q0 Iﬂra% to 10

mExPssted t@dDQ ) tberfang% pf w’@el%o fontiog is Pa@&a@ o be

dm nistered to a
9@*’5‘%3%9?}’ {J@‘ﬁ%%ﬁ an| ntrﬁrplb??%ﬁog‘rsger of increasing
pr ef er ddosyge diusRNAe rﬁzqr Rininistatpn sf ddRbES xlg.oa shoet

Lot sinIBEHCTY o s 13T REjoRg SR Alendraend) tan
QA dHimatl agsicalldieehOlt8GoPel Mg29 g 98 4%y, 500 g to 1
mg, or 5 ug to 500 ug dsRNA is administered to a 90-150 pound

person/animal (in order of increasing preference). For administration of a
vector encoding dsRNA (e.g., a short dsRNA to inhibit toxicity or a short or
long 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 ug to 500
Mg dsRNA expression vector or construct is administered to a 90-150
pound person/animal (in order of increasing preference). The dose may
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



51 may al so be used, as determ ned through routine

experinentation by those of skill in the art of
wa@lkdiosiocssbe nedi ci ne. For adm nistration in an i PCEUB2004/019229

animal, typically between %0 ng and 50 pg, between 50

ng and 100 ng, or between 100 ng and 5 pg of dsRNA 5

or DNA encoding a dsRNA is used. In desirable

enbodi ments, approximately 10 pg of a DNA or 5 pg of

d SRk also Iaelm'sed,sasedetérmmaerowgﬁ raitine \Wipk rimestatidn by

th i nt not i ntended that
t HBoRR o SKE the B o B HRRBHICISA encodi ng- doRlA Lo
cell's OForaéurﬁm.s%rat#a% ihidl |h(%¥<t;c gghr@ﬂgypgaﬂg g@g\gﬁgqu%nd

adm ni stration, dosage, t
pred ggt between 5Gng eont Hihhgit @dedweend@@ngand 5 pg of dsRNA

5 208 AR piE ot SERNA b ed. it Spboafaditsl,™ ©
t r eprofinfhtefaieug lof aOIBNNcﬁQB u§ B@H&RW%dnﬁmf&éﬁeﬂ%Qﬁe

before, during, or after the exogenous delivery

dsﬂNma(i e Wjth respeshigdhedsetiapis o the mvgntlormtlhvz@rnms@tendgd that

o B BB AR ARG TN AR Al

S| belimited tGansativiiahmddel sfcidmhintrbtish cddsdge, oPfrefuincy of
li,cants specifically incorporate the entire content

10 Af e8ing; &h@@agsefrgf'@v%ﬁ@@scqrﬁemﬁ|a§e%al&mqs’wr@‘ admipistyation
m@urﬁlélﬁnf"f@b%brdecé)%@éﬁaﬂ@ﬁh% toPhhibit GeRE '%%gré/s%l d;H‘? é)‘i’évent a

paranmeter 1's given as elt range, preferre
or digebsetordfeal ppdisegsesf er abl e val ues and | ower

P hec 1 LaesyE ot agRRALR et SR, BuRg i atiey the
paefogﬁnougruenw@edf dsRNIR (&g at Io‘hbe%@RﬁW) Qts?atvrﬁlg%@ oftitfwise
| ower range imt or pre erred val ue, regar | ess

15 of euexpaeied ta fnghiceptotonisiy a Serythaiteathing of USSNWBME5:006,

R LRI et e BES IS SRR RO b G Ty
t hRaeimgioi nt s thereof and all integers and fractions
V\Athlntherane is not intended that the scope of

the i nveRP .Icamt%p¢¢lﬂ¢al%n@cefppr?ée dhr entireccordeniaf all cited
A ﬁfﬁ%S%%ﬁégelﬁgr@ FUARGE wa APanB0Rt, CbAB8htration, or

20 other value or parameter is given as either a range, preferred range, or a

list of upper preferable values and lower preferable 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 disclosed.

25 Where a range of numerical values is recited herein, unless otherwise
stated, the range is intended to include the endpoints thereof, and all
integers and fractions within the range. It is not intended that the scope of
the invention be limited to the specific values recited when defining a
range.
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EXAMPLES The foll ow ng Exanpl es are provi ded as
illustrative only. All references nentioned within

wo bios/odiss€l osure are specifically incorporat edPCTER04019229
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by reference in their entisety. 5 EXAMPLE | Sil enci ng
HBV replication and expression in a replication
conpetent cell culture nodel Brief description of cell
culture nodel: A human liver-derived cell 10 |ine
such as the Huh7 cell |i iEXAMPLES\sfected with an

|nfect| s Iec r clone of HBY c sis.in f
Lo o oM S Ameies 3PS g e ok SLRSEBpRE A o1
! hi¢l di8¢lo&i¥ess Al iftdrporated
n?%iﬁ%%sfﬂérﬁﬁie@fvﬁ Gnis diselogie c'%n@’ue%‘ef% e ayate
sthedéindyi refetence idthieireentiréty. vi rus  sequence found in
Gen Bank Accession V01460. Following internalization
15 into hepatocytes and nucl ear |ocalization,

transcription of the infexAmPsE HBV plasmd from
several viral prormters has Been shown to |n|t| ate a

cascade &ilenging 19 ANdIRPression iha ir se
events incl ude ed vi raI
MRNAs, packagi ng of% C tr"ﬁlé]?ncc{&ak?m c RNA into

core pEBﬁef‘deeﬁrlpticﬂV@ﬂ call dutians enddedli Arhurhap liegredenved &l
RNA, and assenbly and secretiagn of virions an

( Hapauchias the Hl7 eelbling s trnsfegad with & Inf ﬁ?ﬂ?LlSHBOfA%maf
i Of Hhvze.g{s?&hgdof%%e#,@ rﬁgy/ réduﬁdaﬂ%spgéy%}nmﬁ&' is

reproduces replication
i rdapabledof frarescribizig all afittieiviral R(Nrﬁes‘ ame peodyminy) inéddtious virus

| t d ith ich t k at | HBV
bl Froenlieon iad Buafsh Studedis e EehEMMs o s
Weée%u%ﬁcé kRS RAGER BAnkndde8sioR \ATT4aD Sk ollBi)\lnﬁg théfnallzatlon

cl one of HBV and vari ous ei RNA constructs.
wdnte hepatocytes and megleaslogadizatian, tmcwml@gf;twnmous

" HBUEAER RSB0 T RS, b RaWRIE R,
atcdseade ol evéntsthat RKESITHBY réﬁlldé@oﬂoq?dééélb‘i%ts include
PCT/ US2004/ 019229 53 Experi nent 1:

translation of transcribed viral mMRNAs, packaglng of transcribed

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

Using this model, cells 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. Details on the vector and encoded RNAs used in this experiment

are provided at the end of this example.



The follow ng is an exanple of an experinment that was
performed wusing ei RNA vectors encodi hg sequences

waleoosweod r om GenBank accessi on nunber V01460PCHBY2004/019229
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sequences in these describéd ei RNA 5 vectors were

hi ghl y conserved sequences identified as descri bed

el sewhere herein, which also exhibited activity as

S|RNAs (See, Pachuk, C., "Methods and Constructs for
Exipesiment tf RNA targets and Effector Mol ecul es,

PCT/ us 05065, filed b- 2004 t |
o RuA_DBHBIRMENGAS abreeaulS o N epe st At hejiorde
PUSR SRNASSEHOEndR RS AISNCE dorRlF I Bk

drive expression of the encoded . Each vector
eacoe@ionmnwnhanél(ﬁ%ﬂt HRY quuemes whmﬁesmkﬁm

di f d b I
© SEiRTs i N ofServ S Rkt BPnie BRugrdlnschr
R efHert IHeréifil Whivht 4196 eshibied acaviey a§ BiIRNIRS! (Sé@Wﬁchuk,
are all shown at the end of the exa;r%NA Simlar

v &5t dlethods co Gomstrpts kor § wantionsof Rirgefs|ang| Effector

|
| SAqTRERbE P ARO0ARi (008 IE 24 Pebio ey, T8 rerulfich
F’Eeﬂﬁﬂ&?aadkb@nelvb’awrme? fM;’ trt;us &}ﬂam’f\%mm?arajﬁpﬂrétbfy vector
t he ar can _al SO creat e em acgor 0
i FPBkHRING ShUBIRSoMatsy tnelrivepxpressian otm% cogediRNAS. Each
Sl fle nrcﬁaéﬁgﬁ Qhélt ﬁﬁw?ﬁ\ RRIAY HR‘FLI SiTHe SHRRA cBing

expression and pronoter systens especla Iy t hose
vaegoescavwas fBilewed by lanl RNArpohdll éersination sequence. UG,

Eraticnags of e DbauBiater Ry PO ERinglRy sianal and
C Wricetied shRNZRVArelifoh svasl bBtHeesfd aﬁﬁﬁe&(am@ %l%nlaﬂ/éctors

25 plates at a density of 3x105 cell s/ wel
t mnﬁl@mgu Uk protepterpand i gpol Hbtermawt@ntwn@% are

R N e L e
t hﬁe%tcﬂﬁrtﬁhlﬁmmegac ild. S\/Ia&lsen WiginOhecdfetdinahhskiDth thg art
of the infectious HBV plasmid ayw subty

(@aa@lﬁqz create ke cgorging thihelptpraimiion rogdéﬂgier%o#ds

xbeicfinaf R rectito il alch BF Pty By biner
pgaﬂpyessmnh add rpgomnterrs@rstenps asmdalm\thpspﬁeetorsmﬂ‘ld?NA pol 1l

{ Grameis Vat o 08, sl BR i LRstass 529K arphigters.

transfectl on to 2.5 pg. For exanple, in transfections
recei ving 500 ng
Experimental Procedure: Transfection.

Huh7 cells cultured in RPMI-1640 media were seeded into six-well
plates at a density of 3x10° cells/well. All transfections were performed the
day after cell seeding using Lipofectamine™ (InVitrogen, Carlsbad, 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,

120 ng, 100 ng, 50ng, or 10 ng of an eiRNA construct. DNA was held
constant/transfection at 2.5 ug by including an inert plasmid DNA, pGL3-
Basic (Promega, Madison Wis.) in amounts that brought the total DNA in



of HBV DNA and 500 ng of an ei RNA construct, 1.5 pg
pGA.3 was added to the transfection. Prior to

WO eas®igaes i on, nedia was renoved fromthe cel PEGT/HRAZNN4/019229
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the cells washed with Opti SWEMr) (InVitrogen Life
Technol ogies, 5 Carlsbad, Cal.). 800 pl of Opti-NMEMT)
was then added to each well of «cells followed by the
addition of the transfection m x. Seventeen to
niheetrasstebiior  2.691g.t Fanstauplepin tramsfectianssiesevingn500 rg

Wbt HBY RivAcad 0@ Nacetin FBIA cppstiict b5 TuhaCLS s added
afd ﬁ{fot‘rér?éféé Ll Pﬁgrotbg?aﬁ&é’ét%n‘!\%cﬁﬁm‘éer@nfdv@@f&ﬁh lise

and store The nmedia was replaced with 2
mcelts and #shcelld wasled withiQptbMEM®JIr8/itindew Lifa Technologies,

o BRERcha: A Bt on R e yoiErd 80 Breactielih
akeefolloRed BiothERdditéh 6 e trarkEdiichhixaSevdRtedmbd
with a control ei RNA construct (500 ng HBV DNA, 1I\F£

c oinategn bpRepastitansirationathe trarsfeetiommipand OptiAy1E

e Fenie bt pb onf Bnigied Bin 2 AL EUTHES moe A2

r edual 10 days AfRY texpfesidhotheanddizaphs eerhboed frym cells and
measuring_HBsAg 20 secretion. Cells were ngpl tored by
astorpd my —7Ae Grelihamsdia wasdeplaced Withe? - phireshCWEdea

¢ Wéc{/ig lohcféygﬁ?éﬁ\d 5. Al trdidte r%%ér‘elt %%rﬁé&%‘iﬁ i""ﬁ%@,‘?&?ﬁ’e-

AUsSZyre commercilally aval e from
L Jlyeo §dtslftcontPal tkansfédtions, wenesalss parfoomddt ¢RV HINA atome

a0 ol SRENA RIS AL ptE T BRVORNith asonydl RNA

\ : : o Sriee Bt t
%ﬁ%ﬁefﬁa@ﬁggp%nsmﬁﬁ, Wi fcomtftleiRIRAl dongirLet ahd Jf-@‘PﬁS

rase Il initiated transcription
spGlaxBPNAY. ci stron in the transfected infectious HBV
clone and from HBVcccDNA produced during infection in
vivo. Since surface Ag synthesis can continue wth

dehshitgrineuselieffberks of MB\nexmessioae of HBV
replication, 1t Is inportant to down-regul ate not only

viral rreiipwing rapsfegtionseelis were appnitosed &MI-thadesse®dent

Sy, [,-S:,~Qf . / 55

e e N S SR T o

eidaifetiomn sCellcweralewaitolzechy assayireg thedmetliat ofi tearestestpd e

al clellls Qgr%: gdmgdigec%rn?rgﬁ%t Idgyg %g 6', SP{S l1% proeslt-?rtaln\émeecttign. The
Auszyme® ELISA, commercially available from Abbott Labs (Abbott Park,

11l.), was used to detect surface Ag (sAg) according to the manufacturer’s

instructions. sAg was measured since surface Ag is associated not only
with viral replication but also with RNA polymerase Il initiated transcription
of the surface Ag cistron in the transfected infectious HBV clone and from
HBVcccDNA produced during infection in vivo. Since surface Ag
synthesis can continue with deleterious effects in the absence of HBV
replication, it is important to down-regulate not only viral replication but

also replication-independent synthesis of sAg.



the controls. The level inhibition is shown in the
acconpanying FIG 2-8 5 corresponding to data found in

waaismesisle 8. Note that the sequences identi fiPdI/aS2004/019229
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788-808 and 807-827 only | é%ered surface Ag | evel s by
30% and 50%  respectively at 500 ng doses. These are
the only two ei RNAs that do not target the sAg nRNA,
instead they target the 3.1 Kb HBY nRNAs and
tR@saﬁgre reduce sAg levels indirectly. The 30%to 50%

10 redu; wh th h
Lot ateus Sanslodndhi6e LS\ SaeRss SiRNARCREiyRR geseribed
t% Sﬁd?Bﬁh?sOQ?%mE%téll Rdfcsd b d‘e%%éé@m sA‘éBTévéFé.Q%'létlv@ to

used experi ment The el RNA vectors
em@dmtrcbis MBE lee] irhibiion|is shewniim tieadteonmpanyisg Fie. 2-8

o Roreneaing fo BBRUBYR 18 Tablcp b ditte T2, Nt RRRES
p@déntrﬁédtd%ergaagd)@ aha smesﬁ@ﬂyll&vé@d SafaddRg fevels by 30%

sequences nmap W thi The sequence of the encoded NA

i ang' wmqtuew@jm deses.i Ehere argethgrintpbve giRNAs

odhat el g SRTRRAE et by GRS ;%sfkgé*ﬂ@ef

OmRNRsHitstectéirerues A d levbievindirantlyt Mithd @@% to 50%

sequence _ (underlined in Table 1) foll a sec
e aclipnan ¢ Gseved whendhows ftes ity RS e Brosied

H%Xa?.@%ﬁ‘%déﬁ estr]plhlg é@dl&&%n {H th IRNA' fiéﬁgtﬁ.lc?\g %Eeasfgi%écmus.

nee sequence or
used several | oop sequences Mﬁth no signi ficant

| t on,t ncti ng of the ei RNA 25 construct.
T8 Cespfc ANga disean s DpEMGBh Dy 2 siring of T

resi duhe SRMA vécto?s ercod? th@anvEequbhéés fi$t8 & tih FADRS1.
the termnation signal for RNA pol

20!0@ SHNBDEEPATe 63200 As0Nelbas thessn@pcces)qn@nzte_s on GepBank
Add 595'&@%@” Ui50PORRE rightrh&at fd oPtr® tabieYs e EQ
ID 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 particular vector used) followed by a
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 eiRNA
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
for RNA pol IIl. |
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di agram of the transcribed RNA structure is shown in

FIG 9. SEQIDNO 13 is_ t cl eoti de sequenc f U6
oot A diONE PE T HansBines RUAGURE B RPN i FIG. 9!

termn iNnXA~2k F ARt I HBs A
wns moSEG 13 N34S e pugiéopie Zaud e o ChraRSlerg 0
2 Ndiclentidessspordce @f RNA el ldemminatarald’ esT PTET —Tdie

anount of ei RNA construct is shown in parentheses
followi ng the name of the ei RNA construct and is in

| 8% &radid. exanple, 2791(0.5) neans that 0.5 fag
OW& RNA construct 2791-2811 (see Table 1)
was ;JgdrtBSAg WES m$me?@§idﬂ$crlb6%§bpw esdtplotigd ivi ki R-8
relative t.0 cqni rol— | ' : I

o eanpine 6 S ate i T > 2 P e Ay bEE R cfptruct

N@d shéatin parriidsestiolloRingdab danie bhile eiRNFPEendtruct and is
whi ch 1299 was eval uated at 500

h
t iBgEmewits dayps ezampde,eﬂ%&-éhm;%tnﬁgﬁ@s&lﬁm& %ﬁo‘mg of
ot _ bl
A oo ledd e ias ol MY Bl
s ihepersentinhBRictatatativel todhé edntrel idedso shawin liry thehtables

TR andits saseia fof the day 18 easurmatt. “Note et e " set
of data in this example in which 1299 was evaluated at 500 ng has only
two timepoints, days 3 and 6, because the evaluation was not carried out
at day 10. The percent inhibition for this experiment was shown for day 6
data. Data is shown as raw OD data collected as described by the
manufacturer of the Auszyme ELISA assay kit used to measure sAg. Not
shown are the 50 ng data for 2791-2811 and the 10ng data for 1907-1927.
Each of these doses inhibited HBsAg expression by about 50% relative to

the control.
Table 2
% Inhibition
Day 3 Day 6 Day 10 relative to
control
pHBV2 0.339 1.88 3268 | @ e
2791(0.5) 0.101 0.263 0.333 89.8




shown are the 50 ng data for 2791-2811 and the 1 Ong
data for 1907-1927. Each of these doses inhibited
woBRAg148a@r essi on by about 50% rel ative to theCT/US2004/019229

control. Table 2 % Inhibitisén Day 3 Day 6 Day 10
relative to control pHBV2 0.339 1.88 3.268 ------
2791(0.5) 0.101 0.263 0.333 89.8 WO 2005/014806

PCT/ US2004/ 019229 58 Table 3 % Inhibition Day 3 Day
6TEBK 40 relative to control pHBV2 1.169 4.445 10.18

------ 2791(0.5) 0.442 Q. 743 1.3 87 2 2791 Myt (0. 5)
1] 136 4. 305 18.5§5 --2--= Table %)@Elnﬁﬂ %8n | Day 3
Dhy 6 Day 10 P& 3tilvePP6® clonPPol® pHBVZ S5 1| 952
4 LN 0 4 41 Q47 _'l

NIV AL P

VEL O S AL Y [ 1ol 5y o851 195
o[ 72E0100)G | aB4D oy B74%4 b 2338 o b1 482 1_907'(0 25)
oL2EAMatQ4) 01486 dn 430391 Lﬂl0§9@ 1381208 0. 517
87.1 1943(0.25) 0.099 0. 233 0. 506 87.4 1991(0. 25)

O E? g 152 0.291 92.7 2912(0.25) 0.095 0.183 0.331
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able 5
% Inhibition
Day 3 Day 6 Day 10 relative to
control
pHBV2 0.375 1.952 4005 | = -
2791mut(1) 0.421 1.847 4753 | @ e
HCV(1) 0.445 1.805 3933 | -
788(0.5) 0.255 1.195 2.778 30.6
807(0.5) 0.254 1.326 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 0.233 0.506 87.4
1991(0.25) 0.075 0.152 0.291 92.7
2912(0.25) 0.095 0.183 0.331 91.7
Table 5
% Inhibition
Day 3 Day 6 relative to
control
pHBV2 0.474 1613 | = ——
1299(0.5) 0.439 0.699 53.8
Table 6
% Inhibition
Day 3 Day 6 Day 10 relative to

control

pHBV2 0.33 1.617 288 | 0 -
2791(0.3) 0.103 0.192 0.349 87.9
1737(0.3) 0.051 0.094 0.232 91.9
1291(0.12) 0.239 0.587 1.195 58.5
1907(0.12) 0.043 0.086 0.356 87.6
2919(0.12) 0.218 0.565 1.09 62.2




% lInhibition Day 3 Day 6 relative to control pHBV2

0

.474 1.513 ------ 1299(0.5) 0.439 0.699 53.8 Table 6

waQoRdsli4s06 i on Day 3 Day 6 Day 10 rel ative to PCDOB2004/019229
pHBV2 0.33 1.617 2.88 ----59 2791(0.3) 0.103 0.192

0

.349 87.9 1737(0.3) 0.051 0.094 0.232 91.9

1291(0.12) 0.239 0.587 1.195 58.5 1907(0.12) 0.043

0

.086 0.356 87.6 2919(0.12) 0.218 0.565 1.09 62.2 WO

2074806 PCT/ US2004/ 019229 59 Table 7 % I nhibition

OO H4OFrN

Ay —3—Bay—6—DPay—10—rel-atiye—+e—eghrt-tol—oHBV2- 0. 741
53 5.383 oo 27940, 3) 9,353 0 FeEhiglionsg 01 5
737(0. 1)| 07843 0| 35176, 549 #8107 4T 0067
R T Bk W KA e
A3 0723 gl 4 0,20p, 4 1o U498 S &zcalo5) 0.17
8681305 02422 Toch3fly 4y B54%8 h 04898 908177, 1
1907(0.1) |  0.067 0.149 0.468 913
1991(0.1) 0.067 0.16 0.345 93.6
Table 8
% Inhibition
Day 3 Day 6 Day 10 relative to
control
pHBV2 0.864 4.414 8344 | e
1907(0.05) 0.17 0.538 1.396 83.3
2919(0.1) 0.368 1.044 1.908 77.1
1291(0.2) 0.573 1.654 1.896 77.3

Experiment 2: _

Background: The same cell culture model was used to 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 of 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°
cells/well. All transfections were performed the day after cell seeding

using Lipofectamine™ (InVitrogen) according to the manufacturer's
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Background: The sane cell culture nodel was used to
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Results:

Results 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 2919-2939 alone. It is expected
that similar advantages will be seen by combining two or more dsRNAs
directed to different HBV sequences from the same and/or different HBV

genes.
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transfections were carried out in duplicate. Two sets
of control transfections were also perfornmed: HBV DNA
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ng—control eiRNA construct—and1-5pg-p&-3, DNA).
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Day 4 Day 8 pHBV2 3.74 15.03 2791 @25 ng 2.49 9.63

2 5 10.07 2791 + 2919 @25 ng 2.73 10.91
4 Silencing of HBV in a nouse nodel .
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or$|l|9na¢1th1&HB%fmllCDh inmiesby etharihgrapeu
demonstrated to be a predictor of human efficacy [4].

ics has been

Animal Model Background:

Chimpanzees represent the only animal model 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
competent 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 model 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,
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inthe livers of injected mce served as a control to
injected according to the methods described in Yang et al. [1]. There were
5 animals per group. The DNAs and amounts of DNA injected per animal

are shown in Table 10.
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Northern Blot analysis and has a larger dynamic window than does
Northern Blot analysis.
Downregulation of both HBV RNA by Northern Blot analysis and
HBsAg were seen in mice injected with 2791-2811. See FIG. 11. Also not
shown, quantitative RT-PCR demonstrated the presence of 867 HBV RNA
molecules in the livers of control mice and 57 molecules of HBV RNA in

2791-2811 treated mice, a 15-fold downregulation.
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WORKI5/0HB8Ag HBsAg (ng/ nl)

(0 (7

N O

d2 d3 d4 2 2810rGI9S82004/019229

8422 8517 3 2344 8332 808958743 HBV 4 1684 8788 9064
8876 5 2318 9378 8597 8480 29 1066 5038 5153 5925
grp ave=> 2044 7666 7865 8108 Std Dev=> 678 1754 1556
1231 6 2554 8048 9233 8870 ei HCV 9 2267 8420 9535
83aBle 1® 1704 8258 8761 7840 30 1362 4171 5406 4920

grp ave=> 1972 7224 8234 |

7492 Std Dev=> 53820411012
1765 1 NUCER#IBsRa3 2276|2080 12 1222 AdBgAggag/mijo3
3391 14 1056 1933 1143 792 &3 1775 &320]193 2068 dL7
AT77TI 378 1252 0rp ave= 619 239 of
De => 209 25p8 993%%51 Wd%aunam%g?’ﬁl [ v%rg\%%Stu g?;g
Experi ngt 4 4 1684 8788 9064 8876
5 2318 9378 8597 8480
29 1066 5038 5153 5925
grp ave=> 2044 7666 7865 8108
Std Dev=> 678 1754 1556 1231
6 2554 8048 9233 8870
eiHCV 9 2267 8420 9535 8338
10 1704 8258 8761 7840
30 1362 4171 5406 4920
grp ave=> 1972 7224 8234 7492
Std Dev=> 538 2041 1912 1765
11 1262 2823 2276 2080
12 1222 2549 2858 1593
2791 14 1056 1933 1143 792
15 1275 8320 1920 2068
27 779 4771 3782 1252
grp ave=> 1119 4079 2396 1557
Std Dev=> 209 2508 993 551

Hydrodynamic Delivery Studies: Experiment 4.

This experiment was similar to the Experiment 3 of Example 1

except that two eiRNA constructs were evaluated: 2791-2811 and 1907-
1927. In this experiment, HBsAg was measured on days 1 and 4 using

the assay already described herein.



5 This experinment was simlar to the Experinment 3 of

Exanple 1 except that two ei RNA constructs were
weraboases: 2791-2811 and 1907- 1927. In this PCT/US2004/019229

experinment, HBsAg was neas@sed on days 1 and 4 using

t he assay al ready descri bed herein. WO 2005/014806

PCT/ US2004/ 019229 66 Table 13 NUC6_HBsAg HBsAg

(ng/m) dl d4 2 6147 A 36,953 3 6234 "N 42,542 A

HBYbiE #1558 33,061 A 5 5077 A 29,389 A grp ave=> 5529

35486 Std Dev=> 784 562461901 11 236 ei HCV 7 6286

A 29, 63NUL6_HB9RG 6, 345 gk&Bmﬁgls@?o 15739 Std
Dev=> 2820 12282 11 3966 13 4405 347 A 2791 14
2p89 4538 [ 15 2447 4217 gq@7a1ve=% ggg 7/~ p278 Std
Dev=> 1182|1417 4954 190£,4381 982 6917 A
1P 34 7568 A 2246 N%%%A gr&,’:ag?:,? 3405 6706
Sd => 1143 1031 EXA 29389 A
grp ave=> 5529 35486
Std Dev=> 784 5627
6 1901 11,236
eiHCV 7 6286 ~ {29,637 A
8 1023 6,345
grp ave=> 3070 15739
Std Dev=> 2820 12282
11 3966 5009
13 4705 7347 A
2791 14 2289 4538
15 2427 4217
grp ave=> 3347 5278
Std Dev=> 1182 1417
16 4954 7203 A
1907 18 2982 6917 A
19 3436 7568 A
20 2246 5135 A
grp ave=> 3405 6706
Std Dev=> 1143 1081
EXAMPLE 2
5 Hepatitis C- Sequences for RNAi Therapeutic Development

Experiment 1

Brief Introduction:

The hepatitis C virus (HCV) is the primary cause of non-A, non-B
transfusion-associated hepatitis and 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
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replicon syste ogenou y synt hesi ze speC|f|c
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I db d

T VEperi ebAS werR fRstadetin B falRRnET By =
| jesPHbEEGERW Mdified Eagle Media ("DVEM)
(I'nvitrogen) containing 10% fetal calf serum

(I'nvitrogen), 1% penicillin-streptonycin, 1%
IFR5 n‘_j'. 8 mno acids and 0.5 nmg/nlL Geneti cin.
“75% confl uency prior to spllttlng

Wést er ImHy HC \erepligen i hJ;ﬁétéinaClﬂhh? cplisvas cuttored in
licon cells were harveste Erl\ﬁ-ﬁé{qv lico 25 cel |

Bbgosslaias Eogledaqaom tgeg) cpEiaining 10%
hel"@fa?@aﬁ"éeﬂﬁn GnivRtfogen), 1% penicillin-streptomycin, 1% non-essential
amino acids and 0.5 mg/mL Geneticin. Cells were grown to 75%

confluency prior to splitting.

Western blot analysis:

Total cell lysates from replicon cells were harvested from replicon
cells in 1x LDS Buffer (Invitrogen). The lysates were heated at 90 °C for 5
min in the presence of beta-mercaptoethanol before electrophoresis 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-
Tween) and blocked in PBS-Tween containing 5% non-fat milk for 1 hr.
After washing with PBS-Tween, the membrane was incubated with the
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(I'nvitrogen) nenbrane. Fol I68wi ng the transfer, the
menbrane was rinsed once with PBS containing 0.5%
Tween- 20 (PBS- 30 Tween) and bl ocked i n PBS- Tween
containing 5% non-fat mlk for 1 hr. After washing
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protocol. Northern blot: Total cellular RNA was
extracted by using the Rneasy(r) kit 10 (Q agen).
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p ~@uo et al. Briefly, 5 lag total RNA was
e' ect r apiiarcstiakhr ANAvg extract8d bpusingsteedFaieasy®@ kit ni ng
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repllcon cells: "For transfection of siRNA into
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ated amount of siRNA was diluted in
30 min at 68 °C. Membranes were exposed to X-ray fllm

Transfection of siRNA into replicon cells:

For transfection of siRNA into replicon cells the Lipofectamine®
2000 reagent (Invitrogen) was used according to the user manual. Briefly,
2x10* cells in 0.5 mL of DMEM was seeded in 24 well plates one day
before the transfection. The indicated amount of siRNA was diluted in 50
uL OptiMEM and mixed with diluted Lipofectamine® 2000 reagent (1 pL in
50 uL of Optimem). The mixture was incubated at room temperature for
20 min before being applied onto the cell monolayer. 48-72 hr after
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bei ng applied onto the cell69nonol ayer. 48-72 hr after
WO 2005/ 014806 PCT/ US2004/ 019229 69 transfection,
cells were washed in PBS and |ysed in 100 pL SDS
sanple buffer. Table 14 si RNA HCV sequence nunber
Sk&hsfactibh fdels AerewWashed AR RE3\@adGAE0AGCINET (I SD#8amps
TCCTTTGGTGGECTCCATCTTACCTGTCTC  #32 30
GRYteIATCTTAGCCCTAGTCACCTGTCTC  #42 31
TCTTAGCCCTAGTCACGCCTACCTGICTC  #52 32
CCTAGTCACGGCTACCTGTGACCTGICTC  #62 33
CTABIECM_GCCTAGCTGTGAACCTGICTC  #72 34
CGTGA TGACTGCAGACCTGICTC #82 35
GCT GGCCTCTCTGOACCTGTCTC #10dC¥6sequence

A EARA NOCCTGTCTC 5 Several si RNAs
bpr#t2 ng | he OV _seduehdAAAGAGT CGALGCRAATAGCTGTCTC
bl eff22 t af geti28y t hé BCOMRTGCRSGSEHICCAIGEIAGGTGRCTC
CV NgsB gepe  (3mosi ti|veOT@TADPCTITAGECCIAGTECAECTERCTC
DT e gaFNA (posigf Ve qopETTAGCECFACGTRCACGGETACOTSTCTC

738 RNA( e T ve | CORT B ICAC G CTABETG TEACETGICTC

1A £ LN o Wal

o B2 nel amd o CIA GCTAGETGTEAACT FGTCTC
Ly e #‘C%f hebizedhy | OE® GITGAGTGCAGALCTESTCTC
RNAE82 15 | 1P cord BhIGA] R TRGRCILTCE SACETGTCTC
NO 43192 #1b, sHfwn i i ARBIGGEATGTG HEAGATGAAGETGTCTC
NS5B gene, also a positive control 3. lam n sequence
(negative control): SEQ ID NO 46 20 Three si RNAs were
used as controls: siRNA targeting the cellular gene

Lam n fSHvefﬁ%"ﬁ‘lNA% CPRBrsihg thd ROV $aidficks dériRieBive in

sequence o0
Table 14 targeting the 3'UTR; siRNA #12 targeting the HCV NS5B gene

(positive control); the identified HCV core siRNA (positive control); and the

VE 0T HO >

identified lamin siRNA (negative control) were synthesized using the
Silencer siRNA construction kit, Catalog # 1620 (Ambion Inc., Austin,
Tex.). DNA oligonucleotides were synthesized by IDT (Coralville, lowa).

Control siRNAs:
1. HCV core (positive control): SEQ ID NO:45
2. #12, shown in Table 14, targeting the HCV NS5B gene, also a positive

control

3. lamin sequence (negative control): SEQ ID NO:46

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

were used and the results were compared with transfection of no siRNA.
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Western Blots in FIG 13 represent 0, 9, and 20 pnol es
of the identified si RNAs. siRNA #22, 32, 42, 62, and
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15 control HCV core si RNA used as a positive control
i s the BYRRUNeEL WA PETOIRed @8 dasstibed i Fxrernsst il @nt
1.
o Pt CORREREs I TINAPFhGRpShiic ERUGRRMGH AERpthat
\MBlRNAsGm-R&am:sfmIrlsmg ’dtte senueinses{arty thejr cm‘rdpl@rrmnbsk)eset
, , { L1 hi_.bi t
Thrthh TaRle15 belows welB 6 18 sansiartions. 3 iestern Bitt

Bl é§say greﬁon%éd heT%g}A%A éé&%%&%dﬁﬁ@%a%ﬂi@z@péﬁﬁi&ﬁqe The

RNPGmsedkas agporithvecaai ol GabeciRNAFesarbed

reln 58 Pl S ERathenl R AslgiyRe Were trinsletisd A

T%%E@ﬁﬁémmm 20 pmole except the control “core” siRNA,
which was transfected at levels of 0, 3, and 9 pmole. R1, R2, R3, R5, R7,
and R8 all exhibited significant inhibition of HCV as can be seen in the

Western Blot, FIG. 14.
Table 15
siRNA  SEQ ID NO HCV sequence

R1 37 CTGGCCTCTCTGCAGATCAAG
R2 38 TGCAGAGAGTGCTGATACTGG
R3 39 TGAGCCGCTTGACTGCAGAGA
R4 40 GAAAGGTCCGTGAGCCGCTT
R5 41 TAGCTGTGAAAGGTCCGTGAG
R6 42 TTAGCCCTAGTCACGGCTAGC
R7 43 TCCATCTTAGCCCTAGTCACG
R8 44 TTGGTGGCTCCATCTTAGCCC




R8 44 TTGGTGGCTCCATCTTAGCCC WO 2005/ 014806
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genotypes and quasi-speciedl SEQ ID NO 27 represents
this 101 nt sequence of the HCV 3' UTR, sonetines
referred to as the "X" region. 5 EXAMPLE 3 Sil encing
HBV replication and expression in a replication

conpet itsiRNAs evdltiated nasltd ther 3'BfTRlefthe mv(yermine:ahdi
cul ture nodel: 10 A hunan |iver derived cel|l |ne ﬂgch
adre FensfINgd @anengst FICY genplyprs pagiqupshepacigs. S

[ i

 NG2TuPp =SB B 301 Ph o0 %’f‘ecnéﬁnéh%ﬁi?"féu‘@%%Ef“‘%’""}es
trraiwedltblaﬂhel"b(”oéglbhe viral RNAs and produci ng
infectious virus [1-3]. The replicon used in these
studies is derived fromthe virus sequence found in

Gen Bank Accession 15 #s pyodMippamnd J02203. Fol | owi ng
i nternal i zati on | nt 0 hepa‘t—t—“ocy €s and nucl ear

plasm d from severcl v'r I F ORI S0hd been shown
toinitiateacas<:9e?e:9‘13#@3-v‘2&rg rors HBV

I BHdfeRLMBtion GRS canmrﬁé fnddeg ude transl ation of
transcribed viral ackagi ng of transcri bed

pr egenoqrrh@"ﬁNANﬁhfi@”\tQﬁ eelbing gueh af de Hubyqgeldine is

t

SRR A R RS Bl ot
ArtErrgma)ly rafllndeinemralrgenomm thatisicapalile of aaaeribieg all of the
S ROk b BT P LS ETEphuocd i e
a"éi*&ldléﬁ‘@&éﬁ'\f% ffo th@ s&eGlieRts foUr |HQ§§|‘\ B‘élhkt)\d@,’@bﬁﬁn

at silencing HBV ‘expr essi on
r éfsl Vatd6and UG2203 sFoﬂnme indefnadizatian mtn helaat@t:ystesmd

with, th f d th
! A dasaleaRb i sRRRiet e IRy P LD g
ThyverdlviraRpmoers RRSbeen eHolvato liifistedd ca¥béde of events that
expression and replication as _described below. 30 The

f anireais hBY seplisatiornihesestvants ighidg iamslatien agtransaired
V%ﬁrta?ﬁﬁRNAs, packaging of transcribed pregenomic RNA into core

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

In this model, cells are co-transfected with the infectious molecular
clone of HBV and the individual effector RNA constructs to be evaluated.
The cells are then monitored for loss of HBV expression and replication as
described below.

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 eéiRNA vectors for this experiment are T7 RNA polymerase-



encodi ng sequences derived from SEQ ID NO 1 and SEQ I D
NO 5. The particular ei RNA vectors for this
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PCT/ US2004/ 019229 72 based2(See, e.g., the teaching
of WD 0063364, with respect to T7 dsRNA expression

systens, as well as USSN 601399, 998P, fil ed

31-Jul -2002 and USSN 60/419, 532, filed 18-Cct-2002)

abdsed (96, d1gi, the teddNmgof WO 0083364 agitteresplelcyto T7 dsRNA
desirable are, e.g. LLpi tructs

pEXPIasSIoNSYSiFAS, &5 w&ﬂ%%[@ggN %@%5,'9@% of {5yul-2002 and

SN BRI PATE- AR e HicDagt i SRS Bl lGures
P(E¢pda2y 3 crabBard, el g d“f8ibedlihapibzonstruets, padi@l hbipins

“udderly" structured, hairpins (e. | ti-hairpin

| GAGabeiER=Ag pelEB0gH & R et RN phymerasd d form
SigsRNAIhSRpins Nas RIghS iINUSSNTEE/mBoodub kel 9MJul-2002 and
mul t1 eplitope constructs 10 as taught in USSN

6 (ICM/AYS2993/024028, iedckt-Jie2003, asdvelPay thesagteriy3seetured

filed. 20-Cct - 2003). It | h i -

r Selipine e o B end oS bilels ey Hullpfit paiein
IOfsﬂ'tﬁ@itﬁ‘és)?Y\étrﬁﬁﬁ%,witrﬁnﬁsmat%ﬁed¢§%bhb,eéhcﬂhﬁm%pit®pé_/d@ihstructs
vectors encoding alternative dsRNA structures (i.e.

d@s taught indJSKNLGUAERE3R, fird d8QFE2062.81%f ecti on. Huh7
' i | at .
SIS PN RIOIAR 518 2 ocBbbof RieBupdibaRtinley

t rraﬁlgslfsanuli nobtained using bwriexpsessioreapé promotad sysiengs,
Li pof ect am neTM (I nvitrggen) according to the 2

g5 26 CHRENbS BPPEATIY ve?CﬁOﬁSrﬁ@O@i{&e@*?%ﬁﬁYe dsRNa
ar, fiect pnth 50 ng of the infectious HBV
plsgrsutr%{'"g,8§ 'e%g&@’#&;l T7 RNA pol ynerase expression

pl asm d (description of plasm d below 600 ng of an

ei RNA . ve%t encodi. a hati.r in RNA conprised of
se&%é@é%“—@@&?&@—@‘ ragedu gﬂ@—'ﬁé@iﬂ% NO 1 (described bel ow)

and 60QHur @éllsaé?eeé.é@%d\m@Qk-\/\_ﬁéﬁl‘-‘mdﬁd@%@h&ﬁahmiekgré
RNA conpri sed of sequences derived from SEQ ID 5

(heswerb 8O- Haanfiueney atbihedime of ipastertion Al traasfarions
o eloch (s LREASBALAN (ol Heeoin Mg,
pGhantfastutef Sdiveetims. Mathis expstiment, selisldesitransfatied with 50
b1 St heyipectious HEV phsinia, Y ug'of a 17 RRA BolyMrbrbe  ©
expression plasmid (description of plasmid below) 600 ng of an eiRNA
vector encoding a hairpin RNA comprised of sequences derived from SEQ
ID NO:1 (described below) and 600 ng of an eiRNA vector encoding a
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 ug of the T7 RNA polymerase expression plasmid. An inert
filler DNA, pGL3-basic (Promega, Madison WI), is added to all
transfections to bring total DNA/transfection up to 2.5 ug DNA.
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reduction in HBV expressi dgd and replication by
measuri ng HBsAg secretion and DNA-containing viral
particle secretion. Cells are nonitored by assaying 5
the nedia of transfected cells beginning at 2 days
pddonitriRig/cellsdor tdsstofdrlB‘éaxamﬂ;smrery ot her day

th f f i th k Al
e Lo Rl AN BB Lo Gl e Fomtost S iho dpes Patbagetion
Pan BV kX és%ldhsﬁ‘ih Fr%l@ﬁﬁ&?b y hsdRdriny %@sﬁ%‘s&é&@' on and

antlgen (HBsAQ) . neasured Since
adaly néainingt VIrailpyartw & Begietian. Cells arsamonitoiask bsaawylrw

subPaifiaRE SRR bl o BhE 2t BRI RN | ous

HEArfinfsttioR dheieeVdpg Hthet iy tRs safted for a:pahb@ @€ tHrBe tteks.
ahsence of HBV replication it is inportant

dolire Augairae ELIS6 C@nmerolaﬂhavauﬁhle &ram Ahbgtﬁtl-aas 4Qbbott
L}?F%r’lkf |ﬂ'3l ‘%rhéeﬁ%%%@é*&rﬂelp i @eﬁjrﬁac%fantggmqﬁ%ﬁlﬁéhﬂﬂ is

h™parti cl es contal ni Ng  encapsi
geneasured¥indsHBIsAQ isassociated naismiypwithivirabreplisatiorcbeisalso

conta n encapsi dated DNA is nd| ive of a |oss
fW'ﬁBb"L%gPW&ﬁr? I l@ﬁgt%qrgns(gnptlgp S 3?? swiaca %ﬁ'ﬂe“ C'Stm“
| U B2indfdcisd) é’di%u%*}?év o, 'S?né@ic-j pé%é/fflﬁgé&s HBV

i mature core particles and envel ope
vicandinge[isthe B8bserideyof HR¥Ireplicadioniit isl lrrm@rlanttoee‘,ommagulate

th [ f | t d | | bj ect to 2 .
st e eefikatniti s Falpdia kEPea e thahesis of
FaliBemg nSetredieh Io\ratriowparﬁéleé’b@h@lmﬁg%nﬁapéﬁate%amave i's
i ncubated with RQL DNase Promeg di son, W) t

d@erm@thNAmIaq eagyred. Eesmoi\yrien parttqkas @@ntammg

S35Rolyth BRB ORI 1 o ARSI, M o

didriop seamrtiod davaivks & hechniduecthat discliminates lbepedery naked)
particle. DNA is then urlfledb phenol [ ch| or of or m
ex'mrﬁﬁiulr%ﬁo%ﬂa'é'ﬁi‘?ﬁr?& ‘@é‘?ﬁﬁq 'é‘i{%fé'ouﬁlﬂdﬁ\éwlﬂ“ﬁu [B] Briefly,

| %/\gl%
si%‘?%gr n i@?d&m é‘%g% ;rg ﬁi P% W ﬁﬁlré%)éél I rably Q}bjected to
i ndicteinase K7<mg9§t<i<ardtecd@ade itime bortehprieBzing, F@lm\/wg irelctivation

par cIe sec ion in t.he di a, of m rans{ ect ed
g Bl 5 Inchpatgd B S NS PR eSRon
IOI Iﬁ%&s@ns’iWi) & &{é\@rageﬂﬁé IDNA fiberated from core particles. The
sample is digested again with Proteinase K in the presence of SDS to

inactivate the DNase as well as to disrupt and degrade the infectious
enveloped virion particle. DNA is then purified by phenol/chloroform
extraction and ethanol precipitated. HBV specific DNA is detected by gel
electrophoresis followed by Southern Blot analysis.

Results will desirably indicate a 70-95% decrease in both HBsAg
and viral particle secretion in the media of cells transfected with the HBV
plasmid, T7 RNA polymerase expression plasmid and eiRNA constructs
relative to cells transfected with only the HBV plasmid and T7 RNA

polymerase expression plasmid.
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experinment Sequence of the7#7 RNA pol ynerase gene SEQ
ID NO 47 represents the T7 RNA pol ynerase gene which
is 5 cloned into a mammal i an expressi on vector such
as pCEP4 (Invitrogen, Carlsbad, CA). doning can be
easily done by one skilled in the art. One skilled in
the art woul d also be aware that a |eader sequence
wivetais Keed in expeyimert needs to be cloned in directly
( 2 [ LARLase gene. 10 ei RNA
--------- ™0 ved from SEQ I D NO 1
The VeSEOJI IID fNO' 717 b@pﬁﬁe&ﬂs thesTT R pelymerasd gene mech is

encodes a uninol ecul ar hajrpin conprised uences
nﬁmeﬁlgntq@mawaauam]emresstmw%@fosmfﬁ%’%ﬁj%l t5pgen,

e
%Bgﬂgg)pﬁé@ﬁ%%ges% ense@é&@?gwﬁg? {.ﬂﬂﬁ]erg,gl Ofte
sekRilled ¢ thenad wduit alsedsmawaegtha adéadéresduuienpe nith a Kozak
encodes t he sen e version, of this _sequen
FPAERRS Basiissh (opeddn o BRLG VTP ABTRY R RNA
?oll))rﬁ&a Bgehe art. 20 ei RNA vector encodi ng RNA

i rpin er|ved fromSEQ ID NO5 The vector is
T7-based as descrlbed above The i nsert encodes a

uni. 'J'% ecul arc' | in 920y FofyE ﬁ:) 1:@0 ng

5- el

V01460 TaHedyet®Z483.7- Hé@dﬂas blé‘sdfnb@l atﬁbw Qﬂhednsa‘t encodes a
descri bed for hairpin _encodi ng sequences from SEQ | D

N@n1molezglemamm@mpr13%9ﬂ SRFEACED maﬁm&% frepyeeardinate

QDR aboBR SE G br PR actBL 1B SISt 4d0 k162203

a\whe ﬁédl@n ohtheetvairpin iencodesthe ﬁ‘nsietmmohl@f’tlee(peeamm and

and replication These ave been. .

" A0acaRend aaion o ibedvairmia engnies teartsABes LRBiap el e

agRRLRNBA HARYRs can easily be designed and made by those skilled in
the art.

eiRNA vector encoding RNA hairpin derived from SEQ ID NO:5
The vector is T7-based as described above. The insert encodes a

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

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
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nodel s, in which the HBV gé&none or sel ected HBV genes
are expressed [7,8]. Because HBV is integrated into
the nouse genome, these animals serve as a nodel not

only for viral replication but also for RT-independent
eXgl.e$be dirstaf thesa medelssara teinsigeaic modss mededs, sniwhich the

(4R e B RO e BT tIgH Begause Hav

crigahtegrdi¥d iftb tRE widUd@ gdriRithé GRESE BnfRATE SbAR aéla\(néw not
into nouse liver by hg rodynam c delivery [1]. Unlik
a

t Hn vef@rn\é@éfﬁmwahorwbu Ispﬁ@sBdeep@n®M@<preSS|on of antlgen

RIS St A A PR BB TP e

stMSiehtlyMrémmébmalddBW@NAamﬁ|sdm©Belf’i§ @%ﬁe@byﬁhtré@ucmg
the woodchuck hepatitis (VWHBV) and duck

Wt@ ?%PBQF?“F B&YePNA/Btg mayse Tiyg( kY bydedynamie delivery
t
us[m] U t@?ﬂ@—in%géﬁk a?‘ﬁr\‘\t eggs‘?h%éﬁaﬁe S%Z%reﬁeotgﬁgﬂfholfﬁgrant to
uI HBVear&Iggensralﬂrlaanmb medldted mlearange bhHBMtrangfeeiesli on
hu n  HBV g}se of. these nodels would at sone point

PeVIES CRRLEIUYEY gn and eval uation of vectors
and/ or A%N@édﬂéh&k‘céﬂd &w&r@moa@ré exist fBlhﬁ'le'@tG&Y of e

[ sogenl C therefore nolse due to genetic var

wi Weedchuek hapatitisn(\ddH3V)nand ducls bepaijtisliBIHER) espentively, we

/ L] I
oty O i 5o e s B ¥ B weas ol bk e ey
I ecarent besstadiedth tHezdahsdelShAs v afd @mmtat@lyméré&é*d in
bel ow utilizes hydrodynam c delivery a nethod to

cod%'l"m%"a?%ﬁm@ﬁﬁ'@ﬁ c&&w@wwﬂmamtm%mode{m weuld at
v eom¥ PorficEL RS o RS EPNIoh Hrd\ Vi B Uers and/or
ex@NAsmwlfbdoahsmantHBVsﬁ) the mmeérélrﬁ)ngmﬁc ded Itl?lere%Oref
25 | d.to t tion . .
2 S o S B & Qb i il oo i, e
P! AsihA HBW thr@amvémmw WHBW/DHBV u?é1 Enodels that

| i kel i hood that both plasmds are taken up sane
cetansbe sRistied bepayafielovitethedt respedivesamnial queﬂs esent

ol asm ol T S e Ped BRI MR sk By plc HoIlEY as

25

30

a method to co-deliver replication competent HBVayw plasmid with the
various effector dsRNA (eiRNA) expression vectors. Hydrodynamic
delivery is ideal for this experiment because it results in efficient delivery of
nucleic acid to the liver [5]. Combination of the dsRNA effector plasmid
and replication competent HBV plasmid into the same formulation
increases the likelihood that both plasmids are taken up by the same cells.
Because expressed effector dsRNA are present in the majority of cells
bearing the replicating HBV plasmid, observed results can be attributed to
the performance of the effector plasmid rather than to differences in
delivery efficiencies. This experiment demonstrates only that a particular
eiRNA is efficacious in an infected liver. Formulation and delivery are not
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to differences in delivery efficiencies. This
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is efficacious in an infectied |iver. Fornul ati on and
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addressed by this exanple. Formulation, dosing and

delivery of the ei RNA vector are enabled in the

emméssédwbwms bxampies @mnimllaﬁome dasieg wmlddelivery of the eiRNA
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m)l ecul ar clone of HBV (ayw subtype) consisting of a
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r t
/ epf@ﬂ@ 114t Fnitrok FFE\?F’erc"é\h%ﬁ gg T@Q%&é?v%itg lri%uc?'%g).elpslatlon of

con plasm ,
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the effector dsRNA exgres& on vector gel RNA) such t hat
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exanple Tn mcée receiving t
3 epreses noh- stémraIHBy drosat; Icapableldf ahigiting dd‘hectabrese)(pressmn

© oL [RRPHERIASHIE Taliine Ryl %@nﬁe@%hvw PrEPaRgre co-
ggmgéﬁfvy 08 BB RSN oK sBbAYHotbr{BRNATORLH flt

are Injected wt repllcon ut not
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this study are the U6-based expression plasm ds,

e. »gectov(\sﬂolsdmecuadd‘or adotel ph20 1g injesied BNAs & heerneunt of this

dose is therefore dependent upon the dose of HBV plasmid used. Control

25 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 pg. eiRNA vectors in this study are the U6-based
expression plasmids, e.g., Ambion, Inc., Austin, TX, USA. These vectors

30 encode short hairpin RNAs derived from SEQ ID NO:1 and SEQ ID NO:4.
The exact sequences encoded by these vectors are described below. The

vectors are co-injected in equal amounts (by weight). It is expected that
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co-injected in equal amount’d (by weight). It is
expected that WO 2005/014806 PCT/ US2004/019229 77
simlar results will be obtained using other
expression and pronoter systens as descri bed
elsimildreesuliewill Ine abtiined usingmtkersexuessign aadtpromatern e

structures (i.e. duplex). scriptjon of U6-based

o SR8t o scrfbesti ReWbbin Bed 2Rukr Yedors Snealiteo 1
NG@itbnatRetstruchites¢es. duglgyr Pin contai ning sequences
mappi ng to coordi nates 2905- 2929 of accession #s

V01460 Restription o8 Ubchased eiRdNAseetpr ancedingiseguenees derived

sense Lsense version of this seguence

S SRR SR8 B NQ T BEStol Bt 8 hplrBlrsed AN Sequences
D&ﬁé;ﬁﬂ)iﬁg it® BoOfdingied QS@G-ZQMMQC&QQUI& HROB0 £4680 Ad UO_E'MB
in Lee et al. [9]. The second ei RNA vector 10 used in

t Hi-e. tergwinpireeentainsdhesensa andamisgase veesion efthiseequence,

oot e
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o : 'S .
o5 S28en S0 polf0D oy RSors o1 581 AbSksion
r ey 1456 archJ02208.ce fol | owi ng hydrodynani c delivery

and demonstrates tha e RNA expressi on _occurs,in.
the |1 VYGRS 215 ARG o e Gl EARoB Gy sy oWing

[ Jhjectibf an@rmaR2ed fof tHdfeBblicd Bf HBVERNRATHiS SimeSpoint has
ascertai ned by 'Northern bl ot 20 anal ysis. Liver tissue

wi heeneelestad based ongpuhlisbed sepulisdemdn. Shisgri's-Rboraizy

exXpL.e8 Sy . it i l.ect.
SR bl TR AT Bl B il
edyreinmicRiglivetyaanddemonsiestes AatgysaviRNIA eXqgression

described for the cell _culture replicon experinment

( E9GEHPY B e IypEon ayi hiotawinghyarpdynamic desyefy Veclbe

aﬂ&esgﬂéé of H%WRA%'ubeP@arﬂgl&fié %@ger‘?éin%i %gf N6itFerhblot

ani mal's, each set corresponding to a collection tine

paanelysigHaver tissue véll beievaluated ferdbe dommn-reesatiansof HBV

2/} %&Atgx%tregsrign.l INae dtxt%%, VsVIeFuhm t\/\nl?ble_| Ecgz\cgllégtgldIfFo%1 d%?/% rtnpc% 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
sets of animals, each set corresponding to a collection time point. There

are 5 animals is each set.

Results:

Mice that are injected with the HBV replicon and the eiRNA
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%.



30 constructs will have decreased HBV-specific RNA,
and HBsAg and HBV viral particles as conpared to the
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will range from about 70% t7® near 100% WO 2005/014806
PCT/ US2004/ 019229 78 EXPERI MENT 2 Transgeni ¢ nouse
studi es: Background. W will be using the HBV
transgeni ¢ nouse nodel developed in Dr. 5 Chisari's

| aboratory [8]. These mice replicate appreciable

ana | DNA and have denonstrated their

Ut : antiviral screen that is a predictor of
huraRs éﬁi&ﬁ@%mﬁé&%&grmoﬁ are also ideal in

t ha € are a node or -1 nt egrant - medi at ed

expr esSVewibbedisingjthe HBY transgenicamoyae vieods deveteged in Dr.

RSN daifralsh B, ThRs it Py Bte ShpieolaBie plofits of HBv
aDNA aicehave @smehsitiatedthéinughtyiastarmantivirl ¥crdenathat is a

replication but integrant-nedi ated antigen  expression
adredicor of hesrangiieacitdls Ehess arimals grg alse ideal'in that they

AP0 IR MRE el EXREABY e i) i ang s
c|dani seabé psreemedehhoterdy érviat replidation buy alsetfooRI -
GG SeniRek A RRT L THRLR ThpoAbRces e di Tbreste
hﬂﬁ@é@%ﬁhﬁﬁot BN I ln‘a'F?éHlic_ati&Q blt regl8athicpstel "éulnti en

referénce”[8] w be injected IVWth a tornulalion
canpaesdionasiwellei RNA vectors described in the
hydr odypani c_del i ver

oY s el i B e AUGRBYRRFid AR oo s
desxipefithdntoin HaPindefibetdr prémidsalidadiirstersd to animals

Forrmul ation of DNAto be iniected. DNAis formulated, .
wi 4sing eliniealiyolavaad Braleireacid deliveiy saetbegs. Effpetivenges isthis

NIRPR bRt St oy o tho PRRORE Pl rclse

Brhegfdtycytédir ee fornul ati ons are nmade, all using a
charge ratio of 1.2 (positive to negative 30 charge).
However, it should noted that fornulations with charge

r gt dRsimdgt ween 0.8 and 1.2 are all expected to
ex‘m'%t_er‘fi cacy. The DNA starting
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 vectors encoding hairpins

containing sequences derived from SEQ ID NO:1 and SEQ ID NO:4.

Formulation of DNA to be injected.

DNA is formulated with trilactosyl spermine and cholesteryl
spermine 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
charge). However, it should noted that formulations with charge ratios
between 0.8 and 1.2 are all expected to exhibit efficacy. The DNA starting
stock solution for each plasmid is 4 mg/ml. The two plasmid stock



stock solution for each plasmd is 4 ng/m. The two
pl asm d stock WO 2005/ 014806 PCT/ US2004/019229 79

wa@elshi4sne are m xed together in equal anmount SPETIUK2004/019229
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that each plasmd is at 27ag/m . This plasm d m xture
is used for the final formulating. Fornmulation is as
described in PCT/US03/ 14288 (above): Fornul ation A)
35%trilactosyl sperm ne, 65% chol esteryl sperm ne,
Feoltibas iaos nBXedSﬂﬂ@%émhIemutabaryioustseswrimm,at Baeh plasmid is at

¢ Bnghe %Q oISt mie Speg@&%éﬁglpEﬁ{egﬁrﬁ?)fgﬁﬁ’mi% Fogmulation
r ?ss%i. Héﬁfnﬁébr wwmm RoRE W@ﬂF@ma@é@A ighopt 1

ce are IVinjected with 100 pl fornmul ated
DMaciﬁagl gpresoine f65% cholestaryl spesmiue, ioraulationaB) 40%

oA os gL iR b REIR St ARG FRurijeRhic) a9%

MR8 cREPs| spetinin, 120% Bhéléh lvs nrfirees. Al @sURaYst formulations
containing a cont'r ol asic (Pronmega, Madi son

Wrpw Ggrtain eachoplesimid at éﬁw/m I nj ections are carried

out °”ﬁ\{ﬁc§‘_a§8§\g )@éﬁg%@ Ffb?h%?ﬂ%&bNA' Bhé @%lﬂ@of mice

for on |ca | ous wever

r gbesiveeFbiraakioh R, sesatondtdroap fretgiveaFormilatibh ®and &
prot ocol. Fol|ow ng adm ni stration, HBV_RNA and serum

I ék}'éql groyp %Nﬁsaﬁﬂimwnc%ﬂﬁr% 9rgups o coplpkmicece
: nJ ec%?y gﬁrrﬁﬁ‘laﬂ én@ﬂﬁné’ g%?lttrofl eé\ﬁ% PGl 3Basic

ses WI be as”describ
hXBrcmigga,rMadBethér ?ormmlaﬂomasD FoamkEulntjactions are carried

S b R A TS OH L08R
C‘?—:’Fﬁééﬂl&é MolWeeeF thod Rbushefficady isatbrCwlii aUBSr ddpinjection

MPLE #4 Silencing HBV replication and expression
[ rpratqcelol i cation corrpet ent cell culture nodel Brief

descri un ,ma_ﬂ? | i

deri veg‘-t OA@W"%? ?ﬁ@ riatgﬁlio I_fPh 4&1?“@ ﬁ% ggg'.ss? fY-%SAg and
DNA containing viral particles will be quantitated on days 5 and 9 post first
injection. All analyses will be as described for the hydrodynamic delivery

studies.

Results:
HBV-specific RNA levels, HBsAg and virus containing DNA
particles will have decreased relative to controls in the Formulation A, B

and C groups.

EXAMPLE #4
Silencing HBV replication and expression

in a replication competent cell culture model

Brief description of cell culture model:

A 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



transfected with an infectious nol ecul ar cl one of HBV
consisting of a termnally redundant viral genone
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2005/ 014806 PCT/ US2004/ 019329 80 viral RNAs and
produci ng infectious virus [1-3]. The replicon used in
these studies is derived fromthe virus sequence

found in Gen Bank Accession AF090840. Foll ow ng

I niral RAJAsZantd produtﬂng |h&tﬁ|bosy/ires [#43]l Thectegricon used in these

pISkesies 3 fomeskhamane viis SegbpneR UKL Baek ASvgRROn
t n\E B ddaRs ?oﬁoﬁﬁﬁ@(iﬁfé?néﬂza%ﬁ nﬁt%d‘f : r%ér?t%é 9hd 'F@’flear

replication e events Inclu ation of
t rlamlrzatlbe,otranmptlmRNAﬁ]e infeeatioagiHigV plasmidrfeam iseeeral viral

P GRS bt Bl B b oRSag 2 BUaSisynatpinor Hev

S%bﬁ—‘ééﬂb‘i‘\ Thelié @ven@ mémae kRRmAmtBA T it@ingsribéd QirdIBRNAS,
medi a of transfected cells. This transfection 10

mykskagingpefdtansesbed preganemic KA iMB\core particies, severse

oclatBripRbT Bt Fikdentffic FNA e Bibarinl SRSt udh ffgps
HPéthHB%AQSpaWcIé@ ¢ht6 ¢ hilia enNtrahsfetiidscamdThis tefisféction
were co-transfected with the infectious nmolecular

cladelgeprplucerdnest aspreis QidHBY raplicatipRavitin infegleddiver
| s IR o 50Ol EGRIETTLE, 6ok o
exah;pbmgcdf %V@xpaﬂssmand hepilicatisn. perfor;red usi Rg an
RNA th SE
"D No B thkqnedeh PeluStE Catansiaciod it he THRRcSo or
Uslﬁglé‘cﬁfartdibn% oﬁ’%BVrdrﬁeéﬁ elFNA coRfbufo THEEARSwERSIBEN
and encodes a duplex RNA of 20 about 650 bp (See e.g.

W]mOOft@@Ee‘a[ lofsi o dHBAD expressiony@bieplications ag dpechikat below.

Lhat St b Ry A A A FSRS A formeo

el @éiM@ @h%lRNMéthdUdlh@@é@!ého‘é@Qiﬁiv@d frovh befMSEQV D
structures L ex). 25 Experinental Procedure:

Trla@s? apdi 'Ilaihlﬁ > dhedarieuan BB/ Vesios Uses fidhis
Rl ST RNl e B3 S0 00 o

pealﬁmu‘tr%tﬂ) by (See é]gp,dN@:OG/ﬁBGGZI-'MIléd Aril 16g2000)ac ttds dkpercted
nuf act ur rections gp this ex

Ce’qhtgg siilaE resyiswe gé)@ %!?tgwegdjsmg SIS, SXBress ¥ Icﬂ%romoter
| nd\Rgdhe s JdR¥riBEQ eBeviRYY herdlh HrR/orveReoreferodingRNA

alternative structures (i.e. duplex).

Experimental 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
A) 50 ng of the infectious HBV plasmid adw subtype, 1 ug of a T7 RNA
polymerase expression plasmid (description of plasmid in Example 3), and
1.5 ug of the HBV-specific eiRNA vector (described below); B) 50 ng of the



pol ymer ase expression plasm d (description of plasmd
in Exanple 3), and 1.5 pg of the HBV-specific ei RNA

wQ ewsor480elescri bed bel ow); B) 50 ng of the WO PCT/US2004/019229
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2005/ 014806 PCT/ US2004/ 019329 81 infectious HBV
plasmd, 1 pg of the T7 RNA pol ynerase expression
plasmd and 1.5 pg of an irrelevant dsRNA expression
vector; C 125 ng of the infectious HBV plasmd, 1

f dfestious &IBV, pmmlw HeEr dke TERINAgymerasempression

R e Y BT ST S5 Bien 0PRSS ng o
RNAeqinfegtisusiBiB\eplasetd, g opkies TV RINA %ollynélelﬁge @xpesion
irrel evant 3sRNA Xpressi on vector transfections

weRlBsit AR d-4ug of feyipMV-ergafic eiRNA vgcf@k@d RS ng of the
trigfstiegs | Ia@nﬁad1 gpstﬁrtP@Q'?"ﬁN 353dy|ﬂéﬁase': %2% ¥ e

post-transfe |on a was reno romt
c gplasmithancd sdayg of B rirrelegapt MﬂAeemfeMgedter (Aee
a from.untr nsfe F&iells was .al so

g:&%‘%%""&fg‘s Werl?a"c"l{ﬂ?% & '%QHR REHP @6P?H@eeétrﬁ§3fﬁ690ns
|
wer D SE Y SRS O dey¥ iy RSfecth, MBdieffies ©
exrp!n@@dd‘mraﬁwnsaﬂt% aEIISJanGb;ismeexmar the pmﬁe of HBsAg
{ t he
P8 Histih, M 8 EnfiereSleftaly VB3 An Asarsu T 2y o

pdséck@scﬁhw esitigli stration. The Auszyme ELI SA,
commercially available from Abbott Labs (Abbott Park,

IL), was wused to det ect hepatitis B surface antigen

( : r ce it is associated
n'ﬁ% rin Fo enfs nnt al so with RNA

poI ynerfalowing transieatien, dalldvearei monitoredffort the Iesg bace
| stron transf cted infectious HBV cl one.

LB BY peet S5 and SemiGalge B mee s EBRa8. of
H@édré*ﬂiﬂd ‘Eﬁillb%r‘etmbﬁltdrgﬁ ty‘é‘%%taxh% HEWRadia B 1S d cells

viral replication bu
r e(ﬁnﬂ canedia ¢contedeaidt days pastrdsRNA@dAEnsiatioas The Auszyme

RS SRuTPRl Rl e o AnE s AP E AL

atugduetof dutéctdmipatitieBralirfice #tRjenV(eiBsAd) NaBsA§WaLmeasured

! rsallggé I? (I:St égsnosmatgd not only with viral replication but also with RNA
polymerase Il initiated transcription of the surface Ag cistron in the
transfected infectious HBV clone. Since HBsAg synthesis can continue in
the absence of HBV replication it is important to down-regulate not only

viral replication but also replication-independent synthesis ofHB sAg.

Results:

Cells transfected with the HBV-specific eiRNA construct exhibited
an 82-93% decrease in HBsAg at the four-day timepoint relative to the
control transfections.
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ei RNA used in this experinent The ei RNA vector encodes
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Accessi on # AF090840. The $2quence therefore includes
sequences derived fromboth SEQID NO 1 and SEQ I D

NG 2. 5 More specifically, the sequence includes all

of SEQID NO 2 and 134 bp derived from SEQ I D NO 1.
EXBYRIsBedific EiftNAawedrip dlioiks abiperinet HCV in a cel |

Cper] TR SRR B S0k SHRENAITREDER o %Bchdoblls oz
f weehi HdnBAHRVA EQRsIgHOR AF 00083 Phe SbqlidifcsBicreforde
is as detailed in Lohmann et al. h

S . Hg] . In this
expudersequances cerived fiom botuSES NG A et SEQJIR NO:2.

liype but in_.theor e deH. |l
| MiGrecshoctialiy 48 aBSier |HERMs HESCTER TP RLY By br
Widehivad fidayY SHEID N@:1ei RNA vector. The presence of
HCV-specific RNA is ascertai ned by Northern bl ot

anal ysis as described in Lohmann et al. [10] at days
3-7 post-transfection of =¢i WLE%peri nment al protocol :
Transfection. 20 Huh7 ceggé-erp'r'essi ng HCV replicons
are sdiredowntregsilatiore bf HGV in axceducliturteateplivon moelel

bet ween 80-90% confl uency at the tine of
t&!&f@ﬁm IRIOMN | transfections are performed using

Li pof e%@ﬁ'ik%%é&gm%hﬂ\é ESIPEIRDS cﬁ%&féﬁ%mah _te:STk'gFé“s%es flimctional
manuf act ur er Irections. In this experinent, cells
arCVraplidanst dereation of thgycelf line FasRietajed imkokimann et al.

SIORIR s eragBpRthr GBLERR feedal Vi Parentalcsdimy byt
hahésiyaryurianPepaity e dSRtESIEnelSdn bedisell! PR 86 are
I D NO 11 (vector described at end of exanple). Control

cdnen tagstectadih e Ugnesi FBYATTORRIA |6t BivspagR of
TR AT, 508 aifed by e R AN 5 delsEribed in

ddsshmémtlei al. POdaptayS 3-Upbstatrarisiettion of eiRNA.

replicon-expressing HUH 7 cells are included as a
second control. Each transfection mx is made such

t @Peﬁ'ﬁ@fﬂu'@%!& ;g@%g?gﬁ performed/ m x resulting
i PCT/ US2004/ 019229

Huh7 cells expressing HCV replicons are seeded into six-well

plates such that they are between 80-90% confluency at the time of
transfection. All transfections are performed using Lipofectamine™
(InVitrogen) according to the manufacturer’s directions. In this experiment,
cells are transfected with 1 ug of a T7 RNA polymerase expression
plasmid (plasmid described in Example 3) and 1.5 pug of a T7-bésed
eiRNA vector encoding a hairpin RNA comprised of sequences derived
from SEQ ID NO:11 (vector described at end of example). Control cells
are transfected with 1 ug T7 RNA polymerase expression plasmid and 1.5
Mg of the HBV-specific (SEQ ID NO:1 specific) T7-based eiRNA vector
described in Example 3. Untransfected replicon-expressing HuH 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



83 transfections (10 per mx). At days 3, 4, 5, 6, and
7, two wells of cells/each transfection are |ysed and

wWRRIAS/0s8ext ract ed usi ng standard techni ques. BaNpPEm®84/019229
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are anal yzed si nmul t aneousl! $3by Northern bl ot anal ysis
for the presence of HCV-specific RNA as described in
Lohmann et al. [10]. 5 Results Cells transfected with
the HCV-specific ei RNA vector will show decreased
H@xarsfetiohs ¢ 1 RNAr hex)elAd dags 8t 4y 8, 6,cancé, manwvells ot edlisdeach
at, every tinme-pojnt analyzed. 10, HCV-specifi i RNA
o deansiechionargiivaad gt AR [l bt e iardedhnibties.
Nt i N e o _

NG BB o S ey D NPt BT B s
ofpresdnce aHdC¥espaific RBIPeasidesﬁribeméan&hrmnn ebalt Hi0}s a
sequence that is conplenentary to the first side of
the hairpin. One skilled in the art can easily design
argkdim@struct hairpin constructs. Note: it is

anticipated that other types of ei RNA vectors driven
by ot heGellsrisarafeeted with tedd@VrepasificeeiRNAuecter withghow

ST oy R BT SR ey

detaes-ppirtamalyzedhi s exanple, cells that are
replicating both HBV and HCV 25 replicons are
transfected with an ei RNA vector that encodes both HBV

a HEV;, o1y i . Experinmental protocol:

Cr iz el A:V&:’&\'IAt hat contain both HBV and HCV

repl i coftse eiRMNA Mettor i €V ibmsedand erstodesd haigrie (RNA. One

express,functi.onal HCV | S., Creation of the -

ceTie Pl fie HRIrRi camptisre SEQ IDAVI® er al . [10].

After cphib sbhién&siselibwEdByta lobpaterilré A%eTs. The second

transfected with an infectiOus 2005/ 014806

PGideIsh ieuhaingne zontains 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 anticipated that other types of eiIRNA vectors
driven by other promoters and encoding other types of RNA structures will

have similar effects.

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

In this example, cells that are replicating both HBV and HCV
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.

HuH 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 infectious



84 HBV replicon plasm d as described in Exanple 3 and
below in the "Transfection of cells" section. In this

wex@splssps t he replicon is derived from the viPOUBUS2004/019229
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sequence found in Gen Bank8#Accession #s V01460 and
J02203. Theoretically, it is also possible to first
create a cell line that stably 5 expresses the HBV
replicon and then use this cell line to create one
t BV replonglasmiksas de@r‘lbeeldhiﬁxamsple [& amd beloswin the
pessi blLe to traﬂsf ec t aneousl,

| ! i.t h
bl FRTRetaRPT ool 5 Xarmiles His EPiana 1S edbitkfrom

Cehé §irli93kq@eifed f%;@uhHCiﬂ"GéiQBQﬁR AcEBYSiaR fhs N 468PAAE J0E203.
10 Transfection of cells. In this exanple, the HBV and

Hﬁﬁhe@resmadiyat is @Jae @@édiblﬁy’to fyehercateca @el linerbatstablyn
o SO R HAY Rl Hp Pl Bnisiiatig Bideagape that

Cigidd 8Xprebsds PIO\LRspliegns. SERaIed osﬁﬁteotbstrarisﬁeéthhé cells
exanpl e, transcription fromeach cistron is driven 15

by mHarErouRWb bt es B A HEN Eapicans R select and
oG el A e P RERR G el R R PN Yo dicRReL o

(FIG 1). The cistrons in this exanple are converging
bqé one ,couid Elso use diverging cistrons. It should
al-dBNYEC I8at one could use ot her expressi on

systeny Shu@“éx%\ﬂiﬁ@ REHBY ahd HPCV%%RRJA%“&%%&H?%

one cou al so use other pronoters, e. bed
el ssparaie eidgironsi withinttbe sameev@tqm klwreyler <ﬁmllaemuﬂ&|@se

th t t ffi . . Sel ect
oroxpRted i SIRAPAS aie SRl s S5 R BF bitiieg bv

Wi depiafate vtk Inl thlsneid?hﬁleafrénseNﬁl@n Ftien €@ih &istdpl i HFiven
ot her ei RNA structures, e.g., as__described el sewhere

hérryethﬁ THRNAepolymerase @fqmot@égaﬁ i THedNApel@merases Eachr e

e RiE eSS IR bY SR DT ERIA et Pl o B 17
HEgrmrinBivk (FEG! D). Teeaistasns metnnsmaﬂolé are corvénging KHEQne
CaR A sgravaralna. Aairne € shmd @lg be BLkiad oae caLl
Si d%eV\S’chEr QJ(&%%&oﬁLé?Qtéiﬂé‘gmélnﬁm AfiXo nﬂ?@gpﬁ@ﬂ\&% RO and

confluency at the tine o tranfectlo
t raes¢add edmsuseaothep@rcbmotmsi eigi, ag dasgdbed telgewheTaherein,

o8B 57 B 38 ik Wi PS8 BRSHIT Hirtne sy

W Slesifbon/\6F R HIHRAE dRprdddiAP kOR824 promoters is within
the skill in this art. Also one could express other eiRNA structures, e.g., as
described elsewhere herein, as well as others, described in the literature in
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 ID NO:11. Description of vector inserts is
located at the end of this example.

Huh7 cells are seeded into six-well plates such that they are

between 80-90% confluency at the time of transfection. All transfections
are performed using Lipofectamine™ (Invitrogen) according to the

manufacturer’s directions. In this experiment, cells are transfected with 50
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pol ynerase expression plasm d (description of plasmd

w0 g00501488@npl e 3), 600 ng of an ei RNA vector POT/US:004019229
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a hairpin RNA conprised of 88equences derived from SEQ
ID NO 1 (described bel ow and in Exanple 3), and 600 ng
of an 5 ei RNA vector encoding a hairpin RNA conprised
of sequences derived from SEQ ID NO 11 (descri bed
belgasfithe Gifetiimis HBM slasmél, tir jgg of adt7eBNA pdlymBeasey of

it 3 e Ao Erod o bS8 sor an
( %ﬁﬁﬂ%c&&@&%@brﬂhwrgﬁl Rﬂsi\e&om@ @4 bf éécflléﬁfc%fd'eﬁvéd

where nee ng t ection up to
10rona $HRUD NLdh desentsfcbelionrand in Examplge3)s aod aO|6)a19 of an

| STRNAIS R Pelin RS CumRE) & Siled el
F(?rlan‘SF_@ |Dmaf1e(@bsarbeopsélbm acentienidierpé tiapsfddisd with
| oss or reduction 15 HBV expressi on and

r &9 ng af thenHBY plasiig am@1 m&szfgthge'wr BNAopolymgrase expression

o A A s PR BSR AP TPl o0, Nplspl YT aucec

begiannidigfedtiods daisie preeded IRBfing actal mNsﬂt/trahsf@atlam dpto 2.5
everé ot her day thereafter for a period of

A. BrachAransfertion mixAs r@aﬁ!ﬁ[ﬁv@? mat;f/eraVanﬁfsstl%ns gInpe
c}rmle?ilﬂ'é Surp gn?rg B ot %g@aRS;g%t.gggg\é & Pgﬁﬁhﬁ‘?t

hepatitis ant1 gen

nmeasured since it is associated not only with viral
replication but also with RNA polynerase Il initiated
tr&l@ﬁs—%tion of the surface Ag cistron in the

t ransf gediRindraRsfeetion, HéYs dre tfonitired %r"l’ﬁé'?@ss or reduction
synthesis can continue in the absence of

r plHBMexpresisioni and raplication by seRsmiIngddfBsAg @eﬂr@ttloarﬂnﬁ

SNhe@inusid iR e Ry, GBI AR BRRa AT e g

CaReahadiaDf Q@ﬁéfébtétﬂb@llé Hr@\mmag@mzcd@%ost dsRINFO
measured. Loss of virion C%é{rtl cl es containing

erRdpisisication anmdeevesy ofheadi ttheeeatter fon 3 peried of.@\,ee weeks.
" S ROl SN B il RS e ARG Bt Ao
cd?arkaLr)t isalsesl 18@atect repattie Beslirfadecarttigeny HESAQ) | HBeAg is

[6]. Briefl elleted vira rticle fromthe di a.
oeapurgtcice R inesaacai et o8 Wit v replcaionbut 3o ith

d | IRA! ﬂ)&i{”\anasedI‘P iHitkted ttr'&%s&n%tﬁ)rpéﬂhé' JigfacEA @i‘é’:rBﬂ in the

i nactivation of Protelnase 2005/ 0148

PdTAnsSecied infeotiags HBV clone. Since HBsAg synthesis can contlnue 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 genomic DNA is
also measured. Loss of virion particles containing encapsidated DNA is
indicative of a loss of HBV replication. Analysis of virion secretion involves
a technique that discriminates between naked, immature core particles
and enveloped infectious HBV virions [6]. Briefly, pelleted viral particles
from the media of cultured cells are subjected to Proteinase K digestion to

degrade the core proteins. Following inactivation of Proteinase K, the



86 sanple is incubated with RQL DNase (Pronega,
Madi son, W) to degrade the DNA |iberated fromcore

w@arsiotises. The sanple is digested again w th PCT/US2004/019229
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Proteinase Kin the presengde of SDS to inactivate the
DNase as well as to disrupt and degrade the

i nfectious envel oped virion particle. DNAis then 5
purified by phenol/chl orof ormextracti on and
prmrnpleﬂaﬂMbaHBkMﬁbeRﬁi iDNaseNfFromegeat Madisbrh WWhdbd degrade

foll d S h I ot .an
PG DERIBEERCE o ci sartbies, The Rempe &qBentehcadsin with
t rapstdingbe KR PesddRBt &SP % m.wsiathermbyé ad v@éndas to
RNA i s extracted usi n% standard techniques. Sanples

ar@isalps @ndrasigyadel theyinkeatiobe emvelopedatiriony paricieo DNAds then

L R Buholl pir R cifaction 4 A BpltARE HE spesifi
t thHB&’-dé@(:téemq dl eleRitrohAoMadd Rllowel| bysSouthefle BI 3Rl sis.

HCV- specific R evels relative to the control cells

at everft days 3.b-5& and antyg/welis of eellsdench tsansfestion
oS FEG of AR it Bt

I-I(?fécbhplqgeéj Sampl@l‘dﬁad reetlse® analyzé'dm byENcRNHbm Etrtcbtcanaéyésls Ior the
T7-based an ncode hai rpi N RNA 20 side o

t HERENEDPh P%ﬁ%ﬁéﬂf? geResites 'W%ﬂﬁwaeéﬁbé1els
followed by a | oop structure of 9 Ts. The second side

of the hairpin contains a sequence that is
coitpsdlient ary to the first side of the hairpin. One

hai r ot nCElranefBpled il B HBY- B8 Bhedtic e BAR ket b show
t y@&sreBbed I-Wsﬁééifl@ RNA ﬁw@lsl NfAtivRMtoRhE %bnﬁbpéatseét%very
and encodi ng other types of RNA structures, including

vaiilm@rmnhfaarradyzedsin addluo@sthﬁ leveln £f &BsAg ard HRV vieals .

l.] S e n
SR8 B o4t P e Bl gL
ext ended by RNA-dependent RNA pol ynerase to form dsRNA
hal'l_| _ ta ht | n USSN 60/ 399, 998P, filed
31 2 2 352003/ 024028, fil ed

31- Jul - ?RgéiRﬁA \)é%*dr 1@5’7%&%&%%@!@53@ Héﬁ';tBiheFQNA. One

hai r pi ns ti-hairpin vectors an
nmuside -of e hain;amrqmmprlseSrSE@dDdﬂtj) 4&airpins with

r2n Ogg}agiﬂggéreg Ons%@ﬂpw% lﬁ;&lg':\e o'gtpos%uc%?rgsc;f r9u'i:s SThe second
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 anticipated that other types of eiRNA vectors
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
PCT/US2003/024028, 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



as taught in USSN 60/419,532, filed 18-Cct-2002, and
PCT/ US2003/ 033466, filed 20-Cct-2003, as well as a

wWo 2005014800f ot her dsRNA structures known to tPOBESHN/019229

skill in the art. 5 HBV-spéZific ei RNA-SEQ ID NO. 1 The
vector is T7-based as described above. The insert
encodes a uninol ecul ar hairpin conprised of sequences
mappi ng from coordi nate 3004-2950 (About 55 bp) of

Cag BaRYht #F OSSN 60/4%:9 560 466 48OP3 andOne regi on of

. the hal TEI n encodes the sense version of the se%ﬁ%@ces
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CLAIMS WE f nhi bi ti ng
expr es $i6H: WQ%@#%@%@% g@@é@%ence of hepatitis
B gv i EHSNISN D¥hjita, Wi, BalBHGRILE, 341 1GeM.J. CBRBAAISANGBalvaterra, P.

admnistefing'to 5 said cell a doubl'e-stranded RNA
ef f ect @ndriddssiwl.e conprising an at |east 19 contiguous

base p ot f n

ol oct ekAPSTRT R el T ERg, Kool el aORRHE M yrov
| D NO ZranSEkipts!iP h¥diah cSENaRu®Bidtech@dgy, Bm)i,,p 5&@505
IDNO6, SEQIDNO7, SEQ IDNQX8, SEQID NG9, and

SHE. ILohR@NIo: V witareen . RecBudsO: + edans by, Theilmanm L. and
The et [

ef f ect oér]é}fjerm cgf(;al Eghg oﬁ‘%#{éd?’%h SP@'{HQI% ggg}’w}géﬁ afits C Virus
cont i gURNAs lraadHgrafomauCél/ebined8cienequtd@® 285010+ 118. n
nore than one of SEQ ID NO 1 through SEQ 1D NO 10 are
adm nistered to the sane cell. 15 3. The nethod of
claim1, wherein said admnistering is acconplished

by providing one or nore expression vectors conprising

an expression construct capable of enabling

production in said manmalian cell of a

doubl e-stranded RNA effector nol ecule conprising an at

| east 19 20 contiguous base pair nucl eoti de sequence
fromw thin a sequence



selected fromthe group consisting of SEQ ID NGO 1, SEQ
IDNO2, SEQ IDNO3, SEQID NO 4, SEQ ID NO 5, SEQ

WO Dosin4896 SEQ | D NO 7, SEQ |D NO 8, SEQ | D NOrGT/U82904/019229
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SEQ I D NG 10; wherein U is88ubstituted for T. 25 4.

The nmethod of claim3, wherein said one or nore

expression vectors further conprise a pronoter

selected from T7 pol ynerase pronoter, SP6 pol ynerase

P . and RNA pol ynerase Il pronoter, said

pronoter operably linked to said at |east 19

cOMEI QIS base pair nucl eotide sequence. 30 5. A
thod | b '

sdauence s PROSER RIS P4 £BpRELIESHAE Sl Pfiee of

C ¢ldpatitsBrvitisig andniviveimanmglidrocslec@phsig 48tinistering to
PCT/ US2004/ 019229 90 said cell a doubl e-stranded RNA

efspit ealt a sipublegsteandad RNS effiecier molecula compgsing an at least
t

SO cotBiDuS SR RAinUMLCER!Sdduen B #UAF B0 A sehlghe 3

N@Ieléctetmtfoﬁﬁael @ob@cbﬂslstlmg@f SEQ (D NO:duBEQ tiNGt2f SEQ

w5 SR IBO 4 e D, ARG o B S FaRh 7, s

COPLNOUP %@4@%@@ ranG@E'QQD' e: 1@%@8%1‘! Qﬁbé!’!ith@drfor T.
more than one of SEQ I'D NG I1 and 'SEQ | are

adm ni stered to the sarre cell. 10 7. The rret hod of

o7 pr oul 8 Lo Rl A St RSB R RIRRT: g

aﬂn@l?él@[:l%%sddhﬁbnméh faltl féas@ &Qaﬂnﬁ Qéu@ba@é bal nucleotide
production in said ian cel

dassluense fframwdhmoa ﬂ@f\t Qe %SEQJIE%N&%WW%&%Q 1Bt
I %@tml?relé:’drﬁﬂfgtél%wsthggﬁ @?%f nucl eoti de sequence

fromw a sequence d fromthe group
consi sting of SEQ ID NGO 11 and SEQ I D NG 12; V\,herel n

U titut d f
\M‘;I%?EI n @’al %Eﬁig {)ﬁ%a%r eWQQ}Eﬁ"é§§ICL E@Stg{glﬁ 5 gcdomphshed
pg:f;ﬁ ﬁlgfwd?r%‘”ehé $F nfor8" Qéﬁ‘ or?%&BFsegorﬁbﬁﬁhg &n expressnon

rase  pronoter, pol ynerase prono
pottqnstmatswpahle pf ermblmg productlon in said mammahan ceII of a

double-stranded RNA effector molecule comprising an at least 19

contiguous base pair nucleotide sequence from within a sequence
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ
ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ 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.

4, The method of claim 3, wherein said one or more expression
vectors further comprise a promoter selected from T7 polymerase
promoter, SP6 polymerase promoter, and RNA polymerase Il promoter,
said promoter operably linked to said at least 19 contiguous base pair

nucleotide sequence.

5. A method for inhibiting expression of a polynucleotide sequence of

hepatitis C virus in an in vivo mammalian cell comprising administering to



said pronoter operably linked to said at |east 19
conti guous base pair nucleotide sequence. 25 9. A

woretosooisbor i nhi biting expression of both a  PCT/US2004/019229

10

15

20

25

30

pol ynucl eoti de sequence ofOhepatitis B virus and a
pol ynucl eoti de sequence of hepatitis C virus in the
sane in vivo mammal i an cell, conprising adm nistering
to said cell a double-stranded RNA effector nolecule

CeaRrdedl doablbisteindetl RI4ASffettbr moletulglsumptisisg apatieast
nucl eoti de sequence fromwithin a s uence 30 sel ected

f A Braontigueubpse Bak insiclastdesegEeNtd rms withigryseaeRse

St vty et BoRebfho ERERHRAG 11 S S P02

N@hEBeinWh & substithited feubstituted for T, WO 2005/ 014806
PCT/ US2004/ 019229 91 and a doubl e-stranded RNA
effector nolecule conprising a second at |east 19
cgnt | 94PEmftRa di3 .nﬁyoﬁu Akt é@mﬁﬁgmgmrferrp@fa&tbhl h a
sequence ecte romt e group consisting of SEQ ID
Néndlécues cSE@ris[ng\ﬁm ableastvih@ contigupussbasehpair nucleatider

nERLeRce FPELIERI ToRLtgnBia g sk PP KO:f P ERG k@b yp:12

C Qb gHAMStaS fo Bt Sarfig@egtot i de  sequence from within
nore than two of SEQ ID NO 1 through SEQID NGO 12 are

adrri nistered to the same cell. 10 11. The nethod of

b "or o gt Eorhfh, SoAhElsH et NGRS AP hiched

yg??bf/ﬂﬁfg otie of ﬁﬁﬁé relxptess&nﬁ%c&owsfcmnpmémgl @n expressmn
production in said mammal i an cel |

of
dsepstuek Gapabiaiokepakingrpauctan BEaId %ﬂﬁ@i'@ﬁ‘ cgll of

f d

s Sbigbrafidad RNA, otefBE HIORKUS BBk dp frieaselo e
groontigaous base pgir miucksEfde BeNTedce BBM Within® 2eqBHQe | D

NGkt SEon i gitke Bos T AR Il Galary RERE Ror2

wWhgn&ieh Vis supstigiddifet gd for T, and a doubl e-stranded

RNA effector nolecule conprising a second at 20 | east
19 conti guous base pair nucl eoti de sequence from

4 101 o R LI 0 B e s

vectors further comprise a promoter selected from T7 polymerase

promoter, SP6 polymerase promoter, and RNA polymerase Il promoter,
said promoter operably linked to said at least 19 contiguous base pair

nucleotide sequence.

9. A method for inhibiting expression of both a polynucleotide
sequence of hepatitis B virus and a polynucleotide sequence of hepatitis C
virljs in the same in vivo mammalian cell, comprising administering to said
cell a double-stranded RNA effector molecule comprising a first at least 19
' contiguous base pair nucleotide sequence from within a sequence
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ
ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ 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;



wherein Uis substituted for T. 12. The nethod of
claim1l, wherein said one or nore expression 25

WQ e@so14806 urt her conprise: a first pronoter sePErUSIN04/019229
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fromT7 polynmerase pronoté@t, SP6 pol ynmerase pronoter,
and RNA polynerase IIl pronoter, said first pronoter
operably linked to said first at |east 19 contiguous

base pair nucl eotide sequence; and a second pronoter
salnelcd ddulblecstrahdedRNAraffersa rolecnlieecom Siéing @l g&mend@

rompter, and RNA pol rrera e J]Il 30 pronoter
D USRS gosTtioHS B3 ar Micientids SesiLeRPs T Yiiliap Sequence

T g e R S B Tag Y Sy R SO e SR TP,
arwhereinpd és edbstijutelddfond. 1, 5, or 9 wherein the

mamal i an cell is a human cell. 14. A conposition for
inhi biting the expression of a polynucleotide 5

S ef{eNCEeDekifipbe élain B, firfhies compiii IgRNMéhéih BHewRl i an
cel I conprising a double-stranded RNA effector

nmoheleglies comprisinggn at legst 18pontiggous base gatsusicleptide

C el BHfe FRDh FRE TR E R MRS EY By RCREMBIE SFQ

| INOO ZareSidtninistéfad3to thEQahie 8€D.4, SEQ ID NO5, SEQ ID
NO 6, SEQ IDNO7, SEQ 10 ID NO8, SEQID NO9, and

SEQ ID NG 10; wherein Uis substituted for T. 15. The

COPROS HHOMeRlod bRl §, whirdiSaic A bfifg e Sfpished

ctor Shecur es conprisin
c chyt progwinlirsg bas ©r paore expedssidn decto&eqmmprisjng rannexgression

A EoSHTLEbeAANNS o SrebligLRie s En oS RAmBGUAT B of

| AU I sTrand & RN effestoP dlécifie ROMPHHLL titd @t least 19
sequence of hepatitis Cvirus in an in vivo mammalian

c etdntigopps bese gail nugleadiide-ssquende frorRNwithinf 2 seguence

oA AT SR e e IR S giotz e
B TR Bl om0 e

cdngQ i %‘ﬁde Npaﬁ’ @%SEQJIIQ NEX:1@0Mpered Hgs\ﬁHbﬁf@PF?d for T;
é%f b%ﬁsﬁ%fé&‘hﬂ% éﬁéﬁi{af SRt A céth h@i??ta &@corﬁl at

con | guous base pal r nucl eoti de sequen om W t
noeast thoomtigrions 256 pdir Nelddtidense@iE@ceDradwithin a sequence
selected from the group consisting of SEQ ID NO:11 and SEQ ID NO:12;

wherein U is substituted for T.

12.  The method of claim 11, wherein said one or more expression
vectors further comprise: a first promoter selected from T7 polymerase
promoter, SP6 polymerase promoter, and RNA polymerase lll promoter,
said first promoter operably linked to said first at least 19 contiguous base
pair nucleotide sequence; and a second promoter selected from T7
polymerase promoter, SP6 polymerase promoter, and RNA polymerase |l
promoter, said second promoter operably linked to said second at least 19

contiguous base pair nucleotide sequence.



are present in the conposition. 18. A conposition for
inhibiting the expression of both a polynucleotide 30

waegaenses of hepatitis B virus and a pol ynucl eptT/tig2004/019229
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sequence of hepatitis C vi92us in a single in vivo
manmal i an cell conprising a doubl e-stranded RNA

ef fector nolecule conprising a first at |east 19

conti guous base pair W 2005/ 014806 PCT/ US2004/ 019229
931 hucl Hu imwuxéqﬁwnycef pregedingt ¢dlaimsal sk qrehwherssh dud ed
fromt@%% conS|st|B)g of SEQIDNOl SEQ I D
NCAN3MIngHg 'r\'E)ashU@E@gP SEQID NO5, SEQID
NO 6, SEQID NGO 7, SEQID NQ8 SEQ ID NGO 9, and SEQ
I D NO 10; wherein Uis substituted for T; and a

dolbl e-Acoapdsitiop faninhisiting ther expreesian of aqrlynudlecfide
second at l.east. .19 _conti.guous hase

S cxiroBe o BRpwils B LS8 A0 A B BraEReler sl Fofiing 2
grquible-eGaAdEd RNA effeSioRmdictiie cb (Fl\i%ﬂ\gSﬁQat leal¥Pn82;
wherein Uis substituted for T. 1

c ostigupLd hase pairdiugledidersaquesee ferpwithima sarEeRe

eféeteiéét% iR YLD RIS ASEA IBINGFESEG D NO-2. SEQ

con aous b pal sequence

rTDI[ENU’I:&rSE@dDONOSE@EQ IBANOI5 tSE@UDfNGW SEQ IDMOZ, SEQ
are ﬁresent in the conpgsitjon. he composi tion

of DN 8¢ SERIANO:9, a SE@'Q%‘%%‘@W@%’ is phRRHufechfor T.

cell is a human cell. 21. A conposition for inhibiting
the expression of a pol ynucleotide sequence of
hepat i tTise Bomipoa'd;iohrofanlahlifulalrremmprisjogpvhesein@fwmtor

t | 20 19 . t | 1l

2 eiles CampusiSanh 4 1688 R Bhpis PaSe FRly fftieetide
9r SagueHRBSrorh WithirPfnore Mardbhe bF-)SE@ b NO:; 1$ﬁfaddﬁ $@2ID
f)NQE%IDNos 25 d) SEQID NGO 4; e) SEQID

R NEsSeNt inghespQpasitem. 7;  h) SEQ | D NO 8:

16. A composition for inhibiting the expression of a polynucleotide
sequence of hepatitis C virus in an in vivo mammalian cell comprising a
double-stranded RNA effector molecule 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 NO:12;
wherein U is substituted for T.

17.  The composition of claim 16, further comprising wherein effector
molecules comprising an at least 19 contiguous base pair nucleotide
sequence from within more than one of SEQ ID NO:11 and SEQ ID NO:12
are present in the composition.

18. 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 cell comprising a double-stranded RNA

effector molecule comprising a first at least 19 contiguous base pair



30i) SEQID NGO 9; ) SEQID NO 10; k) the conpl enent
of (a) through Q; and WO 2005/ 014806
wWEIDSOBR0O4/ 019229 94 |) a m xture of (a) threCmisiok)/019229
22. A conposition for inhilting the expression of a
pol ynucl eoti de sequence of hepatitis Cvirus in a
manmal i an cell, conprising an at least 5 19
conti guous base pair nucl eotide sequence fromwithin a
s afodastiztiessdgeined ffone withirea gequenc® selestadforafthe gigup

SEQ I D NO 11: I D NO 12; th I t of
CBTSItPg)o! S DR, SERRNRE. SIEG 45 N S S N4,
23§Eé IWN@?&'éEQWDfIQb:G,@E(g'IP' N@:f,rﬁégﬁrr%% %ngnomo;g,
pol ynucl eotide 'sequence 0 epatitis virus and a
panch8ECeH Nk 18ghersire Uot subpttfiuted forT; andraudoulrletstimnded

S lian cell, conprising a t | t 19
5 o JRRARIRohBOIEEle sorfiBrsing uthond Sderslitkoqiiigpus base
Wi At RudleSHARISE8GErtR Gt atltHin ‘é"@’\%’g‘u%ncg rs@léé:té‘&ﬁéhﬁﬂwbgﬁoup
of: a) SEQ ID r 1; b? SEQ ID 12; c¢) SEQ ID NG 3;
20cansisting of SRR, NO&)1T sROSEHQ NONS: 12f wheredn Lbisnobstituted
g)fg IDNG7; h) SEQIDNOS8; 25 i) SEQ ID NO9;
iY9SEQ ID N0 10; k) SEQID NO'11; 1) SEQ ID NO 12 m
the conpl enent of a sequence of (a) through (1); and

30.n) a_mxture of (a) t,hrou%h(rr); . .
10 19. The composition of claim 18, turther comprising wherein effector

molecules comprising an at least 19 contiguous base pair nucleotide
sequence from within more than two of SEQ ID NO: 1 through SEQ ID
NO:12 are present in the composition.

156 20. The composition of any of claims 14, 16, or 18 wherein the

mammalian cell is a human cell.

21. A composition for inhibiting the expression of a polynucleotide
sequence of hepatitis B virus in a mammalian cell, comprising an at least
20 19 contiguous base pair nucleotide sequence from within a sequence
selected from the group consisting of:
a) SEQ ID NO:1;
b) SEQ ID NO:2;
c) SEQID NO:3;
25 d) SEQ ID NO:4;
e) SEQ ID NO:5;
f) SEQ ID NO:6;
g) SEQ ID NO:7;
h) SEQ ID NO:8;
30 i) SEQID NO:9;
i) SEQID NO:10;
k) the complement of (a) through (j); and



wherein said conposition conprises at |east one from
the group (a) through (j) and one fromthe group (k)
w@ras014806 WO 2005/ 014806 PCT/ US2004/ 019229 95PQHUSIN€019229
conposition of any of claifg 21, 22, or 23 wherein
said at |least 19 contiguous nucl eoti de sequence
conprises DNA and the mammalian cell is a human cell
5 25. The conposition of any of clains 21, 22, or 23
wher ei n sai dl) ata medre of(8) twauglyfgus nucl eot i de
sequence conprises RNA and the mammalian cell is a
human cel|l; and further wherein U is substituted for
T.240 2R.cofmptiitiotfer aiHibitleg SRsle sioAMB¥d ShlPGudeotide
sequence selected from SEQ ID NO 14 through” SEQ I D

Noepienge of hepatitis Goviats indemestnalirrecelb mompylsing an at least

5 o Bk d flpbtde et e Sl

| Dsaleriaa. froth thé\grpy coidisting sfe sequence conprising an
at |l east 19 contiguous base pair nucl eotide sequence
fromwithin @ dANOZd ected from SEQ ID NO 27

t hrough SEQ @Dé@ﬁﬂNéqzm A conposition for

i nhibiting the expression’of a polynucleotide
sequence of ¢leple complednentrafya) or éb)ranaal i an cel |,
conprising a,double- strapnded RNA effector nolecule
conprising a® &ml')@érﬁogl(gs]gﬂﬂw {Qus base pair

nucl eoti de sequence fromwi thin SEQ ID NG 27; wherein
Uis 25 substituted for T. 30. An expression

coddt r ubtcopmgsitian fog inhikiting the expressionaifa pelynugleadtide

o osrsflencR Pt fRPagft BXlus End pefinlEEHRdE R3nfighte of hepatits C

virus in the same mammalian cell, comprising an at least 19 contiguous

10

15  base pair nucleotide sequence from within a sequence selected from the
group consisting of:
a) SEQ ID NO:1;
b) SEQ ID NO:2;
c) SEQ ID NO:3;
20 d) SEQ ID NO:4;
e) SEQ ID NO:5;
f) SEQ ID NO:6;
g) SEQ ID NO:7;
h) SEQ ID NO:8;
25 i) SEQ ID NO:9;
j) SEQ ID NO:10;
k) SEQ ID NO:11;
) SEQID NO:12
m) the complement of a sequence of (a) through (l); and
30 n) a mixture of (a) through (m);
wherein said composition comprises at least one from the group (a)

through (j) and one from the group (k) and (I).
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24.  The composition of any of claims 21, 22, or 23 wherein said at least
19 contiguous nucleotide sequence comprises DNA and the mammalian
cell is a human cell.

25.  The composition of any of claims 21, 22, or 23 wherein said at least
19 contiguous nucleotide sequence comprises RNA and the mammalian
cell is a human cell; and further wherein U is substituted for T.

26. A polynucleotide sequence comprising a sequence selected from
SEQ ID NO:14 through SEQ ID NO:26.

27. A 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:26.

28. A polynucleotide sequence comprising an at least 19 contiguous base
pair nucleotide sequence from within a sequence selected from SEQ ID
NO:27 through SEQ ID NO:44.

29. A composition for inhibiting the expression of a polynucleotide
sequence of hepatitis C virus in a mammalian cell, comprising a double-
stranded RNA effector molecule comprising an at least 19 contiguous
base pair nucleotide sequence from within SEQ ID NO:27; wherein U is
substituted for T.

30. An expression construct comprising a composition of claims 14, 16,
18, 21, 22, 23, or 29.

31. A mammalian cell comprising an expression construct of claim 30.



