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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.



estimated that 75-85% of infected persons will develop a chronic infection,
with 70% of chronically infected persons expected to develop chronic liver
5 disease including hepatocellular carcinoma. Chronic HCV related liver
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chronically infected persons.

There is a need for improved therapeutic agents effective in
20  patients suffering from HBV and/or HCV infection, especially chronic
infection, which together are estimated o account for 75% of all cases of
liver disease around the world. There is also an exireme need for
prophylactic methods and agents effective against HCV.
Nucleic acids (e.g., DNA, RNA, hybrid, heterodupiex, and modified
25  nucleic acids) have come to be recognized as extremely valuabie 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 mRNAs, thereby
30  modulating the activity of the mRNA. Another approach to the utilization of
nucleic acids as therapeutics is designed fo take advantage of triplex or
triple strand formation, in which a single-stranded oligomer (e.g., DNA or



another approach to the utilization of nucleic acids as therapeutics is
designed to take advantage of ribozymes, in which a structured RNA or a
5 modified oligomer is designed to bind to an RNA or a double-stranded
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20 the Function of Polynucleotide Sequences,” Pachuk and Satishchandran:
and U.S.85.N. 60/419,532, filed October 18, 2002). dsRNA-mediated gene
silencing, utilizing compositions providing an at least pariially 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.
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. nucleotide sequence from within SEQ ID NO 1; wherein U is substituted
for T and wherein said double-stranded RNA is homologous in sequence
to the target gene and a double-s#&nded 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, SEQ IDIMNARN QEFHEIMMENTIQNherein U is
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molecule comprising an at lsast 19 contiguous base pair nucleotide sequence
from within SEQ 1D NQ:1; wherein U is substituted for T and wherein said double-
stranded RNA is homologous in seguence fo the target gene.

According to a fourth aspect, there is provided a composition for inhibiting
the expression of both a target polynuciectide sequence of hepatitis B virus and a
target' polynucleotide sequence of hepatitis C virus in a single in vivo mammalian
cell comprising a double-stranded RNA effector moiecuie comprising a first at
least 19 contiguous base pair nucleotide éequence from within SEQ 1D NO:1;
wherein U is substituted for T and wherein said double-stranded RNA is
homologous in sequence fo the target gene; and a double-stranded RNA effector
molecule comprising a second at ieast 19 contiguous base pair nucieotide
seguence from within a sequence selected from the group consisting of SEQ ID
NO:T‘!, SEQ ID NO:12 and SEQ ID NO.27; wherein U is substituted for T and
wherein said double-stranded RNA is homologous in sequence to the {arget gene.



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 ID30O:8, SEQ ID NO:9, and SEQ ID
NO:10; wherein U is substituted for T. In a preferred embodiment of the 5
method, effector sequences from more than one SEQ ID sequence may

be administered to the same cell, and/or mare than one, effector sequence
from |{ nt cgossaer%ésjgégﬁ?gsei%rdébéénrﬁ?a?/xgéegﬁﬁnncfgtered to the same
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nucleotide sequence from within a sequence selected from the group
consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U is 15
substituted for T. In a preferred embodiment of this aspect of the method,
effector molecules from both SEQ ID NO:11 and SEQ ID NO:12 may be
administered to the same cell; and/or more than one effector molecule
from within the same SEQ ID NO may be administered to the same cell.
Also disclosed is a method for inhibiting 20 expression of both a
polynucleotide sequence of hepatitis B virus and a polynucleotide
sequence of hepatitis C virus 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 25 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 N0:9, 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 30
consisting of SEQ ID NO:11 and SEQ ID NO0:12; 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
WO 2005/014806 PCT/US2004/019229 5




may be administered to the same cell; and/or effector molecules from both
SEQ ID NO:11 and SEQ ID N0:12 may be administered to the same cell;
and/or more than one effector molecules from within the same SEQ ID NO
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inhibiting the expression of a polynucleotide sequence of hepatitis B virus
in an in vivo mammalian cell comprising a double-stranded RNA effector
molecule comprising an at least 19 contiguous base pair nucleotide
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from within the same SEQ 1D NO may be adminisiered fo the same cell.
Also disciosed is a method for inhibiting |
expression of both a polynucisotide sequence of hepatitis B virus and a
polynucleofide sequence of hepatitis C virus in the same in vivo
mammalian cell, comprising administering to said cell a double-stranded -
RNA effector molecuie comprising a first at isast 16 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 NO4,
SEQ ID NO:5, SEQ ID NO:8, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:g,
and SEQ ID NO:10; wherein U is substifuted for T, and a double-stranded
RNA effector molecule comprising a second at least 18 contiguous base
pair nucleoctide 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 1D NO:10



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 N0:9, and SEQ ID NO:10; wherein U is
substituted for T; and a double-stranded RNA effector molecule
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sequence 5 from within a sequence selected from the group consisting of
SEQ ID NO: 11 and SEQ ID NO: 12; wherein U is substituted for T.
Preferred embodiments of the composition include wherein effector
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Also disclosed is a composition for inhibiting the
expression of a polynucleotide sequence of hepatitis C virus in an in vivo
mammalian cell cémpr’:sing a double-stranded RNA effector molecuie
comprising an at ieast 19 contiguous base pair nuclectide sequence from
within a sequence selected from the group consisting of SEQ ID NO:11
and SEQ ID NO:12; wherein U is substituted for T. Preferred
embodiments of the composition include wherein effector molecules from
hoth SEQ ID NO:11 and SEQ 1D NC: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.

Disclosed is a composition for inhibiting the
expression of both a polynucieotide sequence of hepatiis B virus and a
polynucieotide 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 configuous base pair nucleotide sequence from within a

sequence selected from the group consisting of SEQ ID NO:1, SEQ ID



sequence comprising at least 19 contiguous base pair nucleotide
sequence from within a sequence selected from SEQ ID NO:27 through
SEQ ID NO:44. Also disclosed is a composition for inhibiting 5 the

wo S¥easiRn of a polynucleotide sequence of hepatitis C virggtng@2004/019229

10

15

20

25

30

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. 10 BRIEF
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NRRE B G FR DRI RO happing to the "X" region of the HCV 3'UTR.

In particularly preferred embodiments of the above methods and
compositions, the polynucieotide sequence is RNA, and
the mammalian cell is a human cell.

Further provided are compositions for inhibiting the expression of a
polynucieotide sequence of hepatifis B virus and/or a polynucieofide
sequence of hepatitis C virus in mammalian cells, wherein said
compositions comprise an at least 19 configuous nuclectide sequence
selected from within SEQ ID NO:1 through SEQ 1D NO:12, the
complement sequences of SEQ 1D NO:1 through SEQ 1D NO:12, and
mixtures of these sequences. In this embodiment |, the "an
at lsast 19 contiguous nuclecfide sequence” is preferably DNA, and the
mammalian cell is preferably human. Also provided are expression
constructs comprising any of the aforementioned compositions and a
marmmaiian cell comprising said expression constructs.

Also disclosed is a polynucleotide
seguence comprising a sequence selected from SEQ ID NO:14 through
SEQ ID NO:26; a
polynucieotide 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:28:; and a polynucleotide



SEQ ID NO:45 represents an siRNA mapping to the HCV core. SEQ ID
NO:46 represents an siRNA mapping to lamin. 5 SEQ ID NO:47
represents the T7 RNA polymerase gene. SEQ ID NO:48 represents a

w0 Jodshasmd eiRNA vector encoding a hairpin RNA. BRIEF PEBTREMIDRES

10

15

20

25

30

OF THE DRAWINGS 10 Figure 17depicts a vector illustrating placement of
the T7 RNA polymerase promoter and T7 RNA polymerase, showing
inclusion of hairpin eiIRNA sequences. Figure 2 is a graph showing

HBsAg inhibition corresponding to data 15 found.in T 2. Figure 3is a
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28dtience framangtianta gt Bsibgiénhitotio SEQE3 NOERdHUgta
f Eé-j ' d{@b 4. Figure 5 is a graph showing HBsAg inhibition

el,%j ifg-to data found in Table 5. 25 Figure 6 is a graph showing
HBsAg Ankitien eatrespoodingstioddta iMbiitinth Table 6. Figure 7 is a
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Northern Blot analysis. Figure 12 is a graph showing showing HBsAg
inhibition corrgapRding 8 At KT e GuENCES

SEQ ID NO:1 through SEQ 1D NO:10 represent conserved regions of the
hepatitis B genhome. '

SEQ ID NO:11 and SEQ 1D NC:12 represent conserved regions of the
hepatifis C genome.

SEQ ID NO:13 represents the nucleotide sequence of human US
promoter. '

SEQ ID NO:14 and SEQ {D NO:15 represent eiRNAs that have HBV
sequences mapping within SEQ 1D NQ:&. ‘

SEQ ID NO:16 and SEQ ID NO:17 represent eiRNAs that have HBY
sequences mapping within SEQ 1D NO:4.

SEQ ID NO:18 represents 2iRNA that has an HBV sequence mapping
within SEQ 1D NC:10.

SEQ 1D NO:18 through SEQ ID NO:22 represent eiRNAs that have HBV
seguences mapping within SEQ 1D NO:3.

SEQ ID NO:23 and SEQ 1D NO:24 represent eiRNAs that have HBV
seguences mapping within SEQ 1D NO:2.

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

SEQ 1D NO:27 represents the “X” region of the HCV 3'UTR.

SEQ ID NO:28 through SEQ 1D NO:36 represent siRNAs mapping to the
the HCV 3UTR.



15 Figure 13 is a Western Blot showing levels of HCV NS5A protein at (I
tor) 0, 9, and 20 pmole of the identified siRNAs, as described in more
detail in Experiment | of Example 2. Figure 14 is a Western Blot showing
wievveds efskicV NS5A protein at 20 (1tor) 0, 9, and 20 pmolegfiheoosiois220
identified siRNA, and 0, 3, and 9 pnsole of the "core" positive control
SiRNA, as described in more detail in Experiment 2 of Example 2.
DETAILED DESCRIPTION OF THE INVENTION 25 RNA interference
(RNAI) is the process of seguence-specific, post- tr@gcriptional gene

sil@fhtPoNHaHsERBHERP HEh P SHERCEPRTSI AT AAG FIRRINthiRARS

by“po wlgostedncle HBW A’ (WERNA) that is homologous in sequence to the

sil . Since RNA interf e acts in eq e specific
e A R e T e o T a8 o e
targEQ VD dl Getforapreass isaniaBIR MAaveppinmitak@niasistance to

5 chgré@fdmeﬁr}%gpéggﬁ%tt%hﬁ? e ﬂ%ﬁ\ég@eﬁgw desirable viral

targets 10 Al, the variability and mutabili e Viruses WO
2005018350 BE 1901860 G152 Psed aiFd\gﬁe!%w RACSHNE-FnRe¥ipilon
of taqairuses make HBV and HCV very challenging targets for any
therapeutic and/or prophylactic approach. In order to knock down viral
genome replication using RNAI there is a need to identify conserved and
unique regions INBRECATBIRBOBIFT. ANIGE FiSEMRMNANGS very
importantin order to avoid toxicity.that any sequence ec ene
10 Gloncing BE LB oHEREN TR R ER SR & hare
(HBYYyieratitisrBvires BuetbngstdAhmolfansilgss!, sbpatingiicisemnTdfe
HBY. cgﬁg?" |@§~F&% ircular, partially double stranded DNA of
apl)%ﬁ?ogﬁrﬂate y%%%% basegp'airs. There are 4 10 partially overlapping open
reading frames encoding the envelope (pre- S/S), core (precore/core),
polymerag ratal d i i NG
the large. (L %ﬁrﬁ%ﬁe@(ﬁﬁﬁgﬁgﬂﬁﬁg ?&%giglﬂéﬁsgo%grgteins. The Rlfate
prdPHRS & rkABI5efr reading frame is translated into a precore polypeptide,
which is modified into a soluble protein, the hepatitis 15 B e antigen

e B S B P SRR R ORR AR L AR ing to data

Mutations 14 the cbré Bromoter anogpreco region have bé
found in Table 3.

15

20 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.
25
Figure 6 is a graph showing HBsAg inhibition corresponding o data
found in Table 6.

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



shown to decrease or abolish HBeAg production. The polymerase protein
functions as a reverse transcriptase as well as a DNA polymerase. The X
protein is a potent transactivator and may play a role in 20
whepatagageinogenesis. The replication cycle of HBV begins wgthid#ecs/019229
attachment of the virion to the hepatocyte. Inside the hepatocyte nucleus,
synthesis of the plus strand HBV DNA is completed and the viral genome
is converted into a covalently closed circular DNA (cccDNA). Most
antiviral agents that haé?ﬁﬁS been examiped sq far have little or no eff c{
on ccoDNRLIR It ZcEANSTOHIRG HafTATd AR LR FEE B rReRdia B gete
DN#ualier Tesgation 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. 30 In
GenBankrigusidhig 32d0ating depichogeatieciiys 0BMBVY \Segud Néeaeids.
340 HBV complete genome sequences (317 Human isolates, 22 isolates
from other primates and one woodchuck HBV isolate). WO 2005/014806
PCT/USZGoure 16oisc grarnisheyyiagilitheonsitiRdion sereaRUKENEAge
for s89ugnse sPemic gpharmaceutical approaches such as RNAI. In order
to identify conserved sequences suitable for RNAI applications, a
comparison between all the complete genomes was carried out using a
modified pgygien ofiEiustalyvadhTsnovmdtigtevatigmaieivrs ob eiBeSRN &y
10 gegFﬂ%tled: e first%ncluded all 339 HBV complete genome sequences
e (5 IKiited to all Human HBV isolates. The multiple
alignment results were parsed and a table that included scores for

Seqwm%@ﬂéf‘é’ﬁ%‘%ﬁ%@é&?ﬁﬂ&&ﬁ Qﬂ&w%%%xagm%nﬁowas

generated. A sliding window search o identify the 10 longest region of
se§aErRepYHHina ol ¢t MRS Adin length was created. Three
major conserved regions were identified and mapped to GenBank
accession no.: AF090840, a Human HBV isojate, The ¢ ved HBV

15 sequencddIEre! SdRcR NEESIRYRIMP M LR Sl?eﬂggé?ﬁgéﬁﬁ REFIRIA at
geqiagio ang ebi20ipresieoftheridentificansiRibihe sadadabeardbid il hares

foun tﬂr?'% Ene identifi?q § gserve%\ﬂ'_ral sequences are unique from 21 nt

up.dlgoar 0raRT "gﬁanpeu IC pﬁ’bn ses, assuring that homologous

Figure 14 is a Western Blot showing levels of HCV NS5A protein at
20 (ttor) 0, 9, and 20 pmole of the identified sIRNA, and 0, 3, and 9 pmole of
the “core” positive controt siRNA, as described in more detail in
Experiment 2 of Example 2.

DETAILED DESCRIPTION OF THE INVENTION
25 RNA interference (RNAI) is the process of sequence-specific, post-

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



human sequences are not inadvertently silenced is as important as
selecting conserved viral sequences for RNAI. Human Hepatitis C Virus
HCV is a small (40 to 60 nanometers in 20 diameter), enveloped,

wéinglensisapded RNA virus of the family Flaviviridae and geruisus2004/019229
hepacivirus. The genome is approxifnately 10,000 nucleotides and
encodes a single polyprotein of about 3,000 amino acids, which is
post-transcriptionally cleaved into 10 polypeptides, including 3 major

S e R B S R TR PRV Sey
prcheﬁsmnmmség) ang Meahpepﬁmmvmpmmmmtj&rag@)o%mdqse
(e ME1So MRLAIES AR UV ARSI IRE-ABKAIRRS RRIRIARIIAK slady
evade'the 'immuné system? There are at least 6 major genotypes and
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in the United’ States ﬁabout 75 % of cases). Genotypes 2a

(agplesinshienoenssyianting @paRsanidier e B Eed s on. WO
2005/9141?%@;543@691@@&090#@839&813 TH%{%‘(&EELM_ ;@b@mﬁ Withthe
severlt of disease or outcome tients Infecte It ifferent ,
e TR R TSR K SR B BB RS S TR Ry
respandkietiaiedter @Nicat ssmiiinataly B 20p xate patra. Aigdreadesid the
li h k h ity ' f

10 e BB SRS E S g aee SRR T et e
theSif)odoieairkesatetectablpdigparitize Goifus MNtAINOMNsaE-SkorRBAENS
after COMPIRIRGLReRaRIL IS KNANR A5 ARSI MRY HRRPORSR (Sfudiesce

u(%gest at a sustained response is equated with a very favorable

:r YeRPsAiAIEhADR RIGFIE/ oG PRERTRAY IR Eane EresiRshE 8 Rer
m%%&@%!gcﬂﬂﬂ@m _' é’,ftﬁﬂfﬁ@mi@hMOaﬂmt&ﬁ(ﬂgwmgﬂi@%;@g@ﬂg&ﬁ@m;@éﬁﬁfr
scalrin [IDros) n 1ents, wno do not acnieve a sustaine esponse. In
15 oo A G P4 T S P S ain o b TR e o
93 diffiyecovipletvgeioihe sexm&sta@\m“mm r&@_cbehﬂeeriuaﬂrthe
complete F{ﬂg %é?eeass%% &86“&9' ﬁé&k@ggo?rﬁ} éﬂgﬁg‘é%%% gl GLSIB A,

Th& Muliple & ignment result was pa
functions as a reverse transcriptase as well as a DNA polymerase. The X

protein is a potent fransactivator and may play a role in
20 hepatocarcihogenesis.

The replication cycle of HBV begins with the attachment of the
virion to the hepatocyte. inside the hepatocyte nucleus, synthesis of the
plus strand HBV DNA is completed and the viral genome is converted into
a covalently closed circular DNA (cccDNA). Most antiviral agents that have

25  been examined so far have little or no effect on cccDNA, which accounts
for the rapid reappearance of serum HBV DNA after cessation of antiviral
therapy. The aims of treatment of chronic hepatitis B are to achieve
sustained suppression of HBV replication and/or expression of HBV
antigens and remission of liver disease.

30 in GenBank version 132.0 there are more then 4500 HBY
sequences and 340 HBV complete genome sequences (317 Human
isolates, 22 isolates from other primates and one woodchuck HBYV isolate).



that included scores for sequence conservation at each position in the
HCV genome was generated. A sliding window search to identify the
longest region of sequence conservation larger then 19 nt in length was

wal&reaiads Three major conserved regions were identified apgRapRedstas
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25

30

GenBank RefSeq (reference sequence) accession no.: NC_004102 this is
GenBank annotated HCV complete genome. The conserved sequences
were screened against Genbank sequences of both human genomic and
cDNA libraries (human chromosomes database), and those sequ,?nces
25T ARSI ZORE U e PoSIRHTE BN SRt PDh S
SefignerRSliticet applydoheersanhtascRBlAR tedclndendetiiyalonserved

sequences targeted for sjlepcing according to the invention. be
o AR SRR e AP AR SafRaeR X ien o the
fucotiopietg, gerdrssewdal chuiedoolping ik otoldfset verstes) o6 Ghaateld/.
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maIBY SN SefIeBriResEgIeRt aNAaR SRRRPM WS fiailsdds 8f this
inyentien, IFENRAkER! Y ResH IR HRGHARM MATIRAlaRReleuicigRtide
sequences include mammalian sequences that encode desired proteins,
astAldf Bk RRHAS APl AGH SES YRACE EORSRTBHRT P LER RATEOIE for
5 @ﬁéemf?d géjgum@fwss%ml s afsiinfashdiaighy bimmwmff alarlEﬁieriﬂi'@Hyfyt', tee
RNA molecule useful in this invention.must be sufficieptly distinct.in
N s R S i TS
functateds Thteededjw bersadistlirbgibadtacnn jdehtife thatkonspiatito

i”"é@ﬂ%’%;&(&#%&;%ﬁ%, GQImBHRIAIHIRMDS MY Reuse drindeliie s,

essen omology between the RNA molecule polynucleotide
sehidheequrnass WelRRIRRIAMRAGANNSHGaahaak sspanens Ifhthof a

C°Hﬂ%&%‘éM@M@W[MQHD@E%%&BW%%@OH
of RISC (RNA-induced silencing complex), is generall con&deredio be

LR asB bR (e FEHTRE PB R PRS TRRLIAES RS LaEHe B

were aoaRarethwitebatieipaaicgrnrposiesibsateagtichtpenhajgouen

maqre importantly, with human cDNA libraries, Since human

o R AT Ok PR A S Rpant &
selecting conserved viral sequences for RNAI.

Human Hepatitis C Virus  HCV is a small (40 to 60 nanometers in

diameter), enveloped, single-stranded RNA virus of the family Flaviviridae
and genus hepacivirus. The genome is approximately 10,000 nuciectides
and encodes a single polyprotein of about 3,000 amino acids, which is
post-transcriptionally cleaved into 10 polypeptides, including 3 major
structural (C, E1, and E2) and multiple non-structural proteins ({NS] NS2 to
NS5). The NS proieins 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.



in mMRNAs, such mRNA sequences would be especially vulnerable to
silencing by homologous dsRNA sequences provided to a cell. 20
Accordingly, the conserved HBV and HCV sequences were compared
wyyithoBunaga genomic and cDNA sequences. No human cDNATlibrmeM/e19229
matches to the HBV or HCV consetged sequences were identified.
(Although there were some matches that were ultimately identified as HBV
contamination in the cDNA library.) A comparison with human genomic 25
library seﬂ\uences revealed no match of ané/wse ence of 21 r£ts or more,

one matci'ei® fitta sitiaence g Bitskve fEcROHIGELCHRS,
maishagiafeddawitcaiffegregionstyped likelyslengiappeanithmRNA

since cognates were not turned up in the cDNA libtary, Ther
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%), 0 o)L _C(11 %)][C(90%)/T(10%)] 10 HBV Conserved Region
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Conservéd ﬁ@gﬁﬁﬂg ygrsion 134.0 there are more then 20,000 HCV
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GTGTTTGCTGACGCAACCCCCACTGG[C(48%)/T(38%)/A(14%)|TGGG

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

25  unigue 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-
30 homologous to any naturally occurring, normally funclioning, and essential
human polynucleotide sequence, so that the dsRNA molecule does not

adversely affect the function of any essential naturally occurring



CTTGG[C(84%)/T(16%)][C(84%)/T(12%)/G (4
%)]ATIA(47%)/T(23%)IG(17 %)/C(l 3%)]GGCCATCI[A(83%)/G(17
%)][G(92%)/C(8%)]CG CATGCGTGG

W%%?{gléﬁéi?;84%)/C(13%)/T(3%)][T(92%)/A(4%)/C(3%)/Gﬁ?cz"/ﬂszoezuong
% % 13
IT(22%)]CTCCTCTGCCGATCCATACTGCGGAACTCCT[A(88%)/T(9%)/
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[C(62%)/T(38° CTGTTCAAGCCTCAAG TGTGC
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%) ?é% é}%ﬁg considered fo be 19-27 base pairs, the identified conserved
8%)/ TCCTCTGCCGATCCATAC GCGGAACTCCT[A(SS%)/t(9%

15) /5E@\aNS(H10] SO PREERITRBRI (B0 ETTHO206R B9 (1
%)jibraries and, perha S even more im ortantiy with human cDNA libraries.
GTTT[T(88%) n_'%i;{ ] CTCGCAGC C(64% %&’%GGTCT E)87°/l)/
g(1295FAdH RIGR ARRIRGH PYOF YEERTICTBEP
%)lﬂ? Wﬂé\(é%ﬂﬁﬂm%ﬁﬂms@@m@%ﬁ]%m vulnerable to

0
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20 Accordingly, the conserved HBV and HCV sequences were
compared with human 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 ¢DNA library.) A comparison with human genomic
25 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 uniikely to be a safety risk, but couid be excluded if desired.

30



52%)/G(25%)/T(19%)/A(4%)] 25 HCV Conserved Region 1
[A(74%)/G(19%)/T(7%)][G(82%)/A(15%)/T(3%)]JATCACTCC
CCTGTGAGGAACTACTGTCTTCACGCAGAAAGCGTCTAGCCATGGC

WO 2005/014806 PCTIUS2004/019229
TTAGTATGAGTGT[C(92%)/T(7%)i&TGCAGC[C(89%)[T(10%%)] TCCAG

G[ 30 A(76%)/T(14%)/C(8%)/G(1
%)]CCCCCCCTCCCGGGAGAGCCATAGTGG TCTG
CGGAACCGGTGAGTACACCGGAATTGCC[A(90%)/G(9%)]GGA[C
NPEVES, 2 HBETEPETTGGATIG(78%)/T(11
%)/A(lO WO 2@%\(0@@&@@me@@014/019229 16
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T(22%)]CTCCTCTGCCGATCCATACTGCGGAACTCCTIA(BE %) T(9%)/G
25 (1%)C1%NGC[C(57%)AB5%)T(6%)C2%)IGCIT(92%)/C(7T%)G(1%)]T
GTTTIT(88%)/C(12%)]GCTCGCAGC[C(64%)/A(36%)|GGTCTGGIABT %)Y/
G(13%))GC
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Q.

HBV Conserved Region 4
30 [C(62%)T(38%)IACTGTTCAAGCCTCAAGCTGTGCCTTGG
GTGGCTTT[G(8B%YA(12%))GG[G(82%)/A(8%)ICATGGACATTGAC[C(Q
2%)/A(BY%)CIT(65%)/G(35%) TATAAAGAATTTGGAGCTIA(B5%)/T(35%)]




genome SEQ ID NO:11 and SEQ ID NO:12 are derived from the HCV
genome. SEQ ID NO:1 HBV 30
GAACATGGAGArCAyhdCATCAGGAYTCCTAGGACCCCT

wOBIIBBGT TACAGGCGGKGTKTTTCTYGTTGACAArAAT ECTGAG AT A
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WO 2005/014806 PCT/US2004/019229 17
CCdCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGd
A ny SEQ ID NO:2 HBV 5 TGGATGTGTCTrCGGCGTTTTATCAT SEQ

c TSR R G R RS Rt

10C(8%)IGACTTIC(92%)/T(8%)TTTCCTIC
CCCCACTGGhTGGGGCTTGGybATnGGCCATCrSCGCATGCGTGGAA
CCTTTbnGkCTCCTCTGCCGATCCATACTGCGGAACTCCTnGCnGCbT
GTTTyGCTCGRRECATEMEYGRRGNN SEQ ID NO:4 HBV 15

YACTGTTCAA F@M%%T@@@H/@é&@%ﬁ%@%@)mﬂ%)10(4

GrCATGGACA CkTAT AAGAATTTGG@Aé%éQFB CTG

CHACAEET vl
C%b&%@%@}@m(@mm@&%qmmmgmme]CGCGTCGC

A RS ERA R RR A RRTE

AEBAGETCCCCTAGAAGAAGAACTCCCTCGCCTCGCA
GACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAAT
CTyAATGTTAGTAT SEQ ID NO:7 HBV 30

CAbGCAGG TR ..,.u-.-mxu ARERINTE CCTCGCCTCGC
AGACGMGITCF 57 S AN e
TCTYyAATGTTAGTA g&s Bg‘% PCT/ gszg(/)gzl(/of}zzg

Yol (1 7%)/c(13%)] GGCCATC A(83% 1g(17 %) IG(82%)/c(8%)ICGCATGC

GTGGAACCTTT[G(84%)/c(13%)(3% ) T(92%)/a(4%)/c(3%)/a(1%)GIG(7
8%)/t(22%)]CTCCTCTGCCGATCCATACTGCGGAACTCCTIA(88%)/H(9%)
I5(1%)/c(1%)]GCIC(5T%)a(35%)/t(B8%)/g(2%)|GCT(92%)/c(7%)g(1%)]T
GTTT[T(88%)/c(12%)|GCTCGCAGCIC(84%)/a(36%) GG TCTGGIABT%)
g(13%)]GC

HBV Conserved Region 7

CTGCCAACTGGAT[C(88%)/T(10%)/A(4%)ICTIC(69%)/T(25
%)IA(B%)ICGCGGGACGTCCTTTGTT(75%)/C(25%)ITACGTCCCGTCG(
93%MWA(T%)GCBCTGAATCCIC(86%)T(7%)YAT%)IGCGGACGACCCIC(
52%)G{25%)T(19%)/A(4%)]

HCV‘ Conserved Redion 1

A(74%)G(18%)/T(7%)[G(82%)A(15%)/T(3%)|ATCACTCC
CCTGTGAGGAACTACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCG
TTAGTATGAGTGTIC(92%)T(7%)JGTGCAGCIC(88%)/T(10%)]TCCAGG]
A(T6%)T(14%)/C(8%)/G(1%)JCCCCCCCTCCCGEGAGAGCCATAGTGG
TCTGCGGAACCGGTGAGTACACCGGAATTGCCIA(90%)/G(9%)IGGA[C
(78%)/T(16%)/A(5%)IGACCGGGTCCTTICTTGGATIG(78%)/ T(11%)/A(10




18 SEQ ID NO:8 HBV
GAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGC
AGACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAA

wo T0IyAEGTTAGTAT SEQ ID NO:9 HBV PCT/US2004/019229

TTGGYbATNGGCCATCrsCGCATGEGTGGAACCTTTbnGk
CTCCTCTGCCGATCCATACTGCGGAACTCCTnGCnGCbTGTTTYGCTC
10 GCAGCMGGTCTGGrGC SEQ ID NO:10 HBV

e e SR

HCX)/ A BATTCCGCEEEGAGGRBCIHBTGIAL A% AEGARTA4%)/C(

e e

ZOAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGG

5 AR TR N EAREE S AT ITGEATUARCREARD
CwWATGCC GAVATTTGGGC TGC rAG GCTAGCC
S A A O BRI B AR 2 %@Xﬁm@@@é’w

GORABTERORIRAGHACRTICFERTARACOIIGAMDGATHAG
;gfﬂ%’%%9Hﬁﬁé‘ﬁ@éﬁf@@&%W/?ﬁ&%%ﬁé&%é%ﬁé%ﬁ&&%&
AGTAGEBAGTATOTEG COCGEREDBAG K TQ G% GG HEERATIING)|

O R e S

ATHEERTEBE UG AT ACEARINERT NS SHOBIGTISECCCCCAG
PC@&@@%&@?%%{%%Q&H%@ ﬁ@@ﬁ@({@%@@%@@@)@pﬁﬁw j1BY

'nucleic acid’ composition™ or "nucleotide” composition IS meant a

LA AT AT ERA arleTesiepetaleinteratcheiniitayclel Al
are 79w ASGRO Y ORI CH(RA)/ BN TE59% NEXISEI ORI a006))C

15%%%%?&3?5%%% Dases Senved Jrampuring (&9, adspinekand from,
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%)C(6%)ICO[T(82%)/C(9%)A(9%)]GGIA(B7 %)/T (B%)/G(3%)/C(2%)AG

HCV Conserved Region 2
ATGGCIT(76%)A(12%)C(10%YG(2%)[TGCGATATGATGA
TGAACTGG[T(81%)YC(19%)1C

Conserved Consensus Seqguences presented in SEQ 1D format

The following sequences are presenied in the format required per
the WIPO Standard ST.25 (1888), using the codes provided under 37 CFR
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:1T HBV
GAACATGGAGArCAyhdCATCAGGAYTCCTAGGACCCCT
GCTCGTGTTACAGGCGGKGTKTTTCTYyGTTGACAArAATCCTCACAATA



pyrimidine (e.g., thymine). Particular naturally occurring nucleic acid
molecules include genomic deoxyribonucleic acid (DNA) and host
ribonucleic acid (RNA), as well as the several different forms of the latter,

we.gopmesssnger RNA (mMRNA), transfer RNA (tRNA), and ribosersuabRiNgd2o
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10 (rRNA). Also included are differdit DNA molecules which are
complementary (cDNA) to the different RNA molecules. Synthesized DNA
or a hybrid thereof with naturally occurring DNA, as well as DNA/RNA

oA AP e G R TR ACaCR:

wingre the desired nucleic acid molecule is RNA, the T (thymine) in the
sequences provided herein is substituted with U (uracil). For example,
SEQ ID NO:1 through SEQ ID NO:44 are disclosed herein as DNA
sequences. It WiEBE!BBWSEsHBYne of ordinary skill in the art that an RNA

effector molecuiesenmprisinoREIEaRSS fromRP@ay of the
aforementioned SEQ ID NOs will have T substituted with U. Nucleic acids

typically have a sequence of two or more covalently bonded
naturally-occurggpoyymdifigdsieoxyribonucleotides or ribonucleotides.

Modified nuclei ids. A eic |ds
with unnatural éﬁ%&@%@fﬂ%ﬁ’?ﬁw@ C.ﬁélc aci m%%g%
redion GLym®EARE BRylEhidey Tt BEChAABUBIRISiIRRIeMACGCAAC
co

sesisicd ey a@gﬁ%ﬁ%@wd@mmm

invention may the many compositions known in the

arﬁ&%ﬁﬁbé%@ﬂ&%@@%@%&& &@ﬁ@%ﬁﬁ@%@@%@cm
ge@q»ﬁ?wmé@mgmmdn 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 exgaple, NWZ@BQ/OMS% PCT/US2004/019229 20 by

WO 00/63364, f|| % %8 T'S,"IIEIB e&% Wﬁ
1999. The dsRNA%f@%e%a single molecu e Wf@a region (;Crgse - é
co ﬁmemﬁwﬁﬂ@m%%m*ﬁﬁﬁ@ﬁﬁ ATaFEThigieddid TA
ba W@%ﬁ@f@ﬁhﬁfﬁwef the molecule. In various
5 e&rﬁl?o%(iiéments a dsRNA that consists of a single molecule consists

entirely
SEQ ID NO:5 HBY

CGAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCG
CAGACGmMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGA
ATCTYAATGTTAGTAT

SEQ ID NO:6 HBV

AbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCA
GACGMGITCTCAATCGmMCGCGTCGCAGAAGATCTCAATYTCGGGAAT
CTyAATGTTAGTAT

SEQ ID NO:7 HBV

CAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGE
AGACGMGFTCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAA
TCTYAATGTTAGTAT



of ribonucleotides or includes a region of ribonucleotides that is
complementary to a region of deoxyribonucleotides. Alternatively, the
dsRNA may include two different strands that have a region of

woanuplermmentarity to each other. In various embodiments, bathstreanegi @29
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consist entirely of ribonucleotides, &he strand consists entirely of
ribonucleotides and one strand consists entirely of deoxyribonucleotides,
or one or both strands contain a mixture of ribonucleotides and
deoxyribonucleotides. Desirably, the regions of complementarity are at
least 70, 80, 90, 95, 98, or 100% complementary. Desirably, the region of
15 the dsRNA tB&QdRrissAthBY double stranded conformation includes

at least 19, 20,24y, é%@é@%@@C%dM@ﬂA@&Aé%é@%@@@@@éc

5000 nucleotides or includes all of the nucleotides in a cDNA bei
R R AR R TA AAATre SR A HoBERAA

contaip ARy GiNgiesiianded regions, such as single stranded ends, or the
dsRNA is a 20 hairpin. In other embodiments, the dsRNA has one or more
single stranded regions or overhangs. Desirable RNA/DNA hybrids
include a DNA sEanfbadCegibiBthat is an antisense strand or region (e.g,

has aj[ Ieast 70%?%8 &R&?stra E‘%\W

tomplermeniar bnGk
nucleic acid) a or région that isa sense strand or region

(e @Tﬁ.‘@@%@%ﬁ@%@TA@TQEQ@@M@E@%TMQQSMQEEW@@EQ
ac@b A@dm@gs-eqq@%c;@@nts 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. 60/1382d pfiked:-Awrigat, 1999. In other embodiments, a DNA

ivo 01 11 wiro CETTE AT L Bt e RS AT A O G @
DNACSIGHEUCKBTBE TEAAT 9ShBNS@ADGAHDBOLS, the dSRNA is a single
circular WO 2005/014806 PCT/US2004/019229 21. nucleic acid

containing a sense and an antisense region, or the dsRNA includes a
circular nucleic %@dﬁd@ﬁérfﬁécond circular nucleic acid or a linear

nucleic acid (seg,q{gfr @@R@?@W@W&%&T&%@@AGA
U.S.S.N. 601130, 377 flled A r|I 21, 1999. ) Exem Tp ar C|rcular nucleic 5
peleiee STy v

acAGeBEE TAHEESA b HEHHEAGE faen
CCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA

CACCGGAATTGCCrGGARGACCGGGTCCTTTCTTGGATHAACCCGCT
CWATGCCYGGAVATTTGGGCGTGCCCCCGCrAGACYGCTAGCCGAGT
AGYGTTGGGTYGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTT
GCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCARCATGAGCACHMwW
TCChAAACChCAAAGAAAAACCAAAMGWAACACCAACCGYCGCCCAC
AGGACGThAAGTTCCCGGGYGGYGGhCAGATCGTTGGbGGAGThTAC
bTGTTGCCGCGCAGGGGCCCnmvd TTGGGTGTGCGCGCGACRAGGA
AGACTTCbGArCGGTCnCArCChCGhGGRAG

SEQ ID NO:12 HCV
ATGGCnTGGGATATGATGATGAACTGGYC



nucleotide becomes linked to the 2' hydroxyl group of another nucleotide

in a loop back fashion. In other embodiments, the dsRNA includes one or

more modified nucleotides in which the 2' position in the sugar contains a
whalagensssch 10 as fluorine group) or contains an alkoxy groupsgeaonass

a methoxy group) which increases the half-life of the dsRNA in vitro or in

vivo compared to the corresponding dsRNA in which the corresponding 2'

position contains a hydrogen or an hydroxyl group. In yet other

embodi nts h sRN A | or mor ka esb

o StTer-thiar-a % 3 /ﬁ 2 rk’}%%pl? E’Id‘:ester
hnkegmoEmnﬁbdwmfmﬂmm k@ge;sasmﬂude mleespRonaonder more
thioat 0 may

als%gﬁggﬁ%u?éﬁl éﬁé (? %‘iﬂ&g% Efrirt?(%lecules -g%)a;l? %%%InA%S
Pat@mm@%\fﬁﬂ’e%ﬁﬁrbwhwdﬂ@?@eﬁﬂﬁocnﬁféﬁﬁﬁ Qhé@gﬁﬂmﬂ&maﬁwaﬁ%r

5 twecanped sindssasdlisclosad o /§ 2UENNUO:00/G3RP4, filed
April 19, 2000, or U.S.S.N, 60/130, 377 filed April 21, 1999. In other

enfYGANABIRdStBe W&ﬁ%@@é&ﬁ%‘@é@{ﬁ%’é@g RYRRIGRRY
E?nﬁuﬂé’@ﬁe@?%m@é?éﬁ?és@égms%&quﬂmmhﬁ@n factor
o R A T Vil FE MRS B S S e s o e e

dsa@Amwum SBAEERNAME GG IINA, ﬁ@ﬂﬂ@pahﬁg;ba@@@qgaw\

10 o R e B e R e M T 5002,
andPTRYSIEoR(G2AYEB!cibe diferanbBOR sirlasslesonymhasized DNA

Ap&”(éeﬁgﬂ?i@(?@@o?%tﬂ|ﬁ§t@§t9ﬁﬁfoﬁﬁ’i BRANSRET SSBRAIKNRA66,
30 filed 20-Oct-2003, the teachmg}xofwhl is hereb incorpqrated b

refBYBHds: AN BFRHESIBRNEIG 3R (BNA) prelesuies (AT BRTH Hve Bﬁﬂ@*
th@@@ﬂ@ﬁt@@%@bﬁﬂ&@@@b@tﬁ@d@tﬂ@ﬂ@&@ds such as those WO

2005/014806 PCT/US2004/019 b d in WO 00/63364, filed
16 apri 19, JOBGROT RIPES T GG SESSS AUBKIA AR ecu
CoRstAydte Tdiytmioey entredaeg@ennas giendidkad heingin id sidAitatedmotie

ST ERBEESS bR, asse s

disciosed herein as DNA sequences. It will be obvious to one of ordinary

skill in the art that an RNA effector molecule comprising sequences from
20  any of the aforementioned SEQ ID NOs will have T substituted with U.
Nucleic acids typically have a sequence of two or more covalently
bonded naturally-occurring or modified deoxyribonucleotides or
ribonucieotides. Modified nucieic acids include, e.g., peptide nucleic acids
and nucleotides with unnatural bases.

25 By “dsRNA” is meant a nucieic acid containing a region of two or
more nucleotides that are in a double stranded conformation. ltis
envisioned that the conserved viral sequences of the invention may be
utilized in any of the many compositions known in the art or subsequently
developed which act through a dsRNA-mediated gene silencing or RNAI

30 mechanism. In various embodiments, the dsRNA consists entirely of
ribonucleotides or consists of a mixture of ribonucleotides and
deoxynucleotides, such as the RNA/DNA hybrids disciosed, for example,



with a sense region and a separate RNA molecule with an antisense
region) because the single-stranded RNA with inverted repeat sequences
more efficiently forms a dsRNA hairpin structure. This greater efficiency is

woueaopaxicto the occurrence of transcriptional interference eigingrinskor29
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vectors containing converging prombters that generate duplex dsRNA.
Transcriptional interference results in the incomplete synthesis of each
RNA strand thereby reducing the number of complete sense and

R e e S I8 200 e SR SR A AL,

15261 (ipadwdhedeiR Njstaay irevaBitgnmoecioeonbo dosgiensssdRNA
B B e e g R S

bup@sfobih Wit DideleAtikiasainfelbebRsYGIENH A BiRgneleaisotdh vadays
thalgrsadfshia, RANBINISIRB b drRis &NORA A W ikt 8RSe A8 Entirely

antisense 20 sequences are encoded within the same RNA molecule.
HAFSIRORYPRAESRY QeiEiRaREBIAR ARRRMGIROHdRT AYhe duplex
veetpripishemexaniple régvectd dothalibocodi:atidieplex RNAg tiehyRINA

str eed to find and base-pair with their complementary counterparts
o e s e R Ao 2 R AR SRR he
individprediedty draadb diffeselawaydrsnethzotnsctip fiothteirgidse

an ; gnﬁeﬂgr ' SEeASe,sir. i isense
Strg%%ﬁlspggi&% aseC .gﬁ’ns %%é%%%é%%igﬁ# gb\lﬁﬁ%ﬁﬁ%‘g@crib@d
intFlResTHARPidesApErena s iraNd ersissradiiplyiebdesahpRugariides,
leveis0d iamBkate Bt s elbMmr ek RSy idn i atriesaRgighbor

rules, resulting in RNA 30 molecules that are folded co-transcriptionall
(. Serghpadgisaiidgs: %@%&?ﬁ@ﬂ@%?&&%@?%ﬁﬁé@%m
trajasetipes BOhereiE cosnavallate-foniasee painngleasrsb6o el esssriary
N B e AR R el e 2aRRH DA kS ot
intracmolecalar seqpamn inthese moﬁecu &8 e perclen'?age of such
unkesitdiSie2folde g sddcifasis dithy it 8ToROWi g BhéR0taR8ea i 00

These MBARAISSBRUASURTHANE AUMINEYRErPHIDIRL B AlRad¥ g

stably folded structure. In a hairpin RNA, an RNA sequence is 5always in

closeiyhgsREprovisaa S edimseihdheary RINA deatcRokRrgNtain any

single stranded regions, such as single stranded ends, or the dsRNA is a
hairpin. In other embodiments, the dsRNA has one or more singie
stranded regions or overhangs. Desirable RNA/DNA hybrids include a
DNA strand or region that is an antisense strand or region (e.g, has at
least 70, 80, 90, 95, 98, or 100% complementarily to a {arget nucleic acid)
and an RNA strand or region that is a sense strand or region {e.g, has at
least 70, 80, 80, 95, 98, or 100% identity to a target nucleic acid). In
various embodiments, the RNA/DNA hybrid is made in vifro using
enzymatic or chemical synthetic methods such as those described herein
or those described in WO 00/63364, filed April 18, 2000, or LL.8.8.N.
80/130,377, filed April 21, 1999, In other embodiments, a DNA sirand
synthesized in vifro 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



structure is not static, as the RNA transiently unfolds, its complementary
sequence is immediately available and can participate in base-pairing
because it is so close. Once formed, the hairpin structure is predicted to

wbhenrrasiable than the original non-hairpin structure. Espedialiyscesioaiz
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10 are, e.g., "forced" hairpin constrkicts, partial hairpins capable of being
extended by RNA-dependent RNA polymerase to form dsRNA hairpins,
as taught in USSN 601399,998P, filed 31-Jul-2002; and
PCT/US200Q3/024028, "Double Strg.naded RNA Structures gﬁ,l%%%% ]rd.\]cts

altyRiEthBdE 7" ér}{gga?il’?gtg’r?d%sma ﬁ%‘%@rﬁ%f%'gg 31 ; as
walkhsitieea thcuiddatlyleitracklardi feiinging Sesipphsiwitianmisiiatec el or
D S S S B0 e e TR, 2008
StondhBeS N80 At TGtBled it o898 Gorsriiary saussingalsle

Sags flad@nRat4RR% 2 BywaRe s RAAS 5 HBeaRbIIds B cihat
has about 50, 45, 40, 35, 30, 27, 25, 23, 21, 20 or 19 contiguous

nURYsiRRise RaermEstrie dine AdhEIRRYATaER BbARRIRLBHCIeotide in
DesitahlyaibierabdrdsRNA is at least 19 basepairs in length. In desirable

bodiments, th le st d, region is.bet 19 t0 50, 19,t0 40,
910 30 G P BT RANE o 25 U ETS POt R
basegiatdaséngihichthest eobitisonie thensigdinentsjthe steorgdpReUsTs
b 0.t 50t t

B A s T S R e RS
inoHnishengigases thadisidieneiibe PsRYOAVEeOpdhvAEHCIgRAEA O

COMIILGSRRPERU L RIENHWIRHSN oA 4P SNER I BEUIRAL cIaHO T
dsRNA is completely double stranded. In some embodiments, the short
dsRRVETegRIEER MYCimyherateldBad SiheisTghedimantit BinfsRANA

is grndestasdeddneoihesgmhedivaentad)aka RANTRDABES other than a
s one or t}/vo sin

PCT/US2004/01.9229, 24 the,short NA |
AT aRSHE T BRI st S hde St S BiRaces,
or imchtte pprsishoiaraids RiNdsphedititedteress rsppiseqsiithinalz

o moviter i
ok 1S BRR AR AR B LAHESI AR REI R

eniholgiiaaasttrushbin dsRN2aBAING. BE73,661. in other embodiments,

the dsRNA contains one or two capped strands, as disclosed, for example,
by WO 00/63364, filed April 19, 2000, or U.8.8.N. 60/130,377, filed April
21, 1999. In other embodiments, the dsRNA contains coding sequence or
non-coding sequence, for example, a regulatory sequence (e.¢., a
transcription factor binding site, a promoter, or a 3' or 3' untransiated
region (UTR) of an mRNA). Additionally, the dsRNA can be any of the at
least partially dsRNA molecules disclosed in WO 00/63364, filed Aprif 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 60/418,532 filed Ociober 18, 2002, and PCT/US2003/033466,
filed 20-Oct-2003, the teaching of which is hereby incorporaied by
reference. Any of the dsRNAs may be expressed jn vitro or in vivo using
the methods described herein or standard methods, such as those



binding of a long dsRNA to PKR or another component of a dsRNA-
mediated stress response pathway by at least 20, 40, 60, 80, 90, or 100%.
See also the teaching of USSN 10/425,006, filed 28-Apr-2003, "Methods

wol Hikenawg Genes Without Inducing Toxicity", Pachuk, as tecutidizaiieni0t2o
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10 short dsRNAs in conjunction witt2other dsRNAs to avoid
dsRNA-mediated toxicity. By "at least 19 contiguous base pair nucleotide
sequence” is meant that a nucleotide sequence can start at any

leotid | th tart sit
s BERSURES VAL RS DBt e BN BRSSP fanoEDr
exagapy, an at least 19 contiguous base pair nucleotide sequence can
th
uclootdi IR e o R R TR A Tt o
a tenein dméiﬁaazemereci&sttahi@rﬁ@éaﬁamanahcat@mélibmm@mw
20 Ruslpolide féé&“ 20 BUclratidg 2nTyidegtige Rtiuahsuglpgtide

22, and so forth. Similar sequences above 20 contiguous nucleotides are

enwgkbaé@ns@ riBRa8bA @@%ﬁsat%%moaﬁ%m A SAHBRNBANA or

dophiRsirBecaRiNe @hﬂg*@m&b&m%mwﬁmﬁuﬁe@ BpebtoBglisittes
that contajns at Ieast one bgl erably Imkeﬂ_to a downstfa.m ene

or BEEEHGTE H"B?siﬁ"t BSNACB Gerldinid HRIR T yis
th&iuéﬁ@@@@&@ﬂh@tﬁmmmﬁwémﬁnﬁ&m inttrferaltgseagsing in

| linked
AR S S e T
oufBidesariptidin indgitarprtearesotis dn betineehpiaktismbasie @f(pﬁéﬁslon
VERlRy, é%b %%@8&}%@8ﬁeihs'tﬂ@’%ﬁa%‘é?'m&w%é%h%%{n%rote'n

enco y the expression vector. An expression vector may be a

genBtisansedigndetbat SRR brerhals %th@ﬁ!%]éﬁbﬁm%@rﬂbda’@?

fromiaiNHRcRRPRIRHEBERB CAALRPORIEINAZ 2P d35iRxamRlugh the use

BRI T ) S Lt SHARHB T P FAGK and

domsvmedmmsmmtamasssm RINA beigtrancovsttactrd

tha] KRS Al{RARH QR RIR AL Rl I AL IR AR R Th Sedh
the use of separate cistrons, or {iii) a single promoter vector that encodes
a hairpin dsRNA, i.e., an RNA in which the sense and anfisense
sequences are encoded within the same RNA molecule. Hairpin-
expressing vectors have some advantages relative io the duplex vectors.
For example, in vectors that encode a duplex RNA, the RNA strands need
to find and base-pair with their complementary counterparis soon after
transcription. If this hybridization does not happen, the individual RNA
strands diffuse away from the transcription template and the iocal
concentration of sense strands with respect to antisense strands is
decreased. This effect is greater for RNA that is transcribed intraceliularly
compared to RNA transcribed in vitro due to the lower levels of template
per cell. Moreover, RNA folds by nearest neighbor rules, resulting in RNA
molecules that are folded co-transcriptionaliy (i.e., folded as they are
transcribed). Some percentage of completed RNA franscripts is therefore
unavailable for base-pairing with a complementary second RNA because



or coding region of interest (e.g., a cDNA or genomic DNA fragment that
encodes a protein, or any RNA of interest). Transfection or transformation
of the expression construct into a recipient cell allows the cell to express

wBhAsar mtein encoded by the expression construct. An exaressigmngli 0220
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construct may be a genetically engkdeered plasmid, virus, or artificial
chromosome derived from, for example, a bacteriophage, adenovirus,
retrovirus, poxvirus, or herpesvirus. An expression construct does not

h b licable in a livi ], b b ically.
ORI TRRO AL BRI CaFS M e, SR eE &

msmmmaﬂqp@qmmsqmneammw@méoﬁémwaim such a
Wﬁyaﬂgéﬁ;ﬁ%ﬁmﬁgggﬁ(ﬁq i 1008 thg R0 %rﬂ?é’ﬂ'ﬁ;%&@éé%@ﬂ%?{are

secretion of the .e., a polypeptide) of the nucleic acid molecule

p .
witdreasly ippretghitéoldereetiaitre DB ERRIFPIREYAGURISINARIBIRES 8
BYo A9 QRS AR %J?Wﬁ arith semvsRRRAHERCIRNAD difee FA0A

transcription of a covalently linked nuclejc acid molﬁcu, e. Also included in

thiStEHstiadh ARk HiRsce Araiec b HUGHEOIL MHRIARS F8. 5o apRTIRIERLY
th@e@;ﬁ&” %?ﬁi@aﬁtﬁ@ld@t@!wa&mm@&mpan@ﬁi@ga&&uﬁumiimirmg
coptrollable.in a cell type-specific, tissue-specific, Qr temporal-spgcifi
B o B S P e N S MNE I Frareted to
eldraentse 2%alvisi¢thear thevelliginethmoto skiilted siinistns, nsycbialyuiesimble
5' ' regia .gene.or \Wwithi i icafl i
ooiie) SRR W R AR AR HERLPR L SR Ol Belfa

geRstanded vy R¥-dsps ngerhiRMRgrelsnshasatie irrm sleRlif Raimriapces

The,RIWiMalssNeGecr dingrtonlbis nvantimmmanhedativaseddsc3adbe,
mammalian_or extracellularrpathogen present in the mammalian cell in

the CBHRIR SHEAIRI NN HIEHERIBTSH BRI NEAREE IRNA
se@gimeiiog BNAUIINA thebSdmelTigledas-nad®os yiseovmsll eanentional
WQ 2005/014806 PCT/US2004/019229 .26 ti theti thod
usi r\"é,gt%ayefe%%%ﬁ%e[' PHSH c? &rg&sw%@ﬁ %@ggﬂ%g !8 %F;lcrﬁnérgasgs )
acooudtiapitopth earsivsttiendbogithiodd S§ds 6MKEtLHSRuble e kB Qi the02,
PromegrPioesehs A4 ARPUERANS. SR e d HIRSHIABIE GrdDOY e,

ISBN No. 1 57 Alternatively these molecules 5 may be made by chemical

syrRERE kS Melivd 1dee Gegereling aed Using the Same,"filed 20-
Oct-2003.

By “short dsRNA" is meant a dsRNA that has about 50, 45, 40, 35,
30, 27, 25, 23, 21, 20 or 19 contiguous nucleotides in length that are in a
double stranded conformation. Desirably, the short dsRNA is at least 19
basepairs in length. In desirable embodiments, the double stranded
region is between 19 to 50, 19 to 40, 18 to 30, 19 o 25, 20 to 25, 21 t0 23,
25 fo 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 1o 700, 700 to 1000, 1000 to 2000, or
2000 to 5000 nuclectides 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 nucieotides in
length, and the entire dsRNA is double stranded. In other embodiments,



at., Nucleic Acids Res., 24(18):3643-4 (Sept. 1996); N. Naryshkin et at.,
Bioorg. Khim., 22(9):691-8 (Sept. 1996); J. A. Grasby et at., Nucleic Acids
Res., 21(19):4444-50 (Sept 1993); C. Chaix et al., Nucleic Acids Res.

wbd381488 (1989); S.N. Chou et al., Biochem., 28(6):2422 &5 (l4as04€1 9229
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1989); 0. Odal el al., Nucleic Acids8ymp. Ser., 21:105-6 (1989); N.A.
Naryshkin et al., Bioorg. Khim, 22(9):691-8 (Sept. 1996); S. Sun et a!.,
RNA, 3(11):1352-1363 (Nov. 1997); X. Zhang et at., Nucleic Acids Res.,

25(20):3980- ct. 1997); S..M. Grvaznov el at., Nucleic Acids,Res., 2-6
B R S A s e o
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OSSR Caiulfl BRANESHAR Shof00KM ikt
indbatiimedzabemandeactivaiiessihBinBrivhatiershaRidh, 63y .8Ba8tema
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isolated from the cultures thereof by conventional tecé}niﬁue . See, e.g.,
AR

th&atingigliedop ST 1R BERSTGIICER CRIBRGEE NG, A
LARQRATOR s MARNIAL: Pathiney Bpid BasnptHad @ abpauosy Rews,

R AR BRI AL E R AR T ek LR eR

USPailentiNg eba2WEB8y LB T HOT axidity, 6 #80hik, insdmputiitetion of

herein b . . : I : ' '
PR LN S e VR et

-thdgx&#y. made in vitro. The references above provide one of skill in the art
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with the B tacRRigUes HSARATENY EaREQslicR RIS el eniaaispesiia

embodiments, given the teachings provided herein. Theretare, in one WO
20Hb2 4866 PRSP BRSBIGNER T9D ST AR BRIt g ie Of the
COIBaIBIS d8quebpiRX {odoriiasnBdetun sHaleocsisabrshr eitbeucing a
com Igte ?r rtia?y ﬁiOUthe t aréded !'?’N Ineanoth r eaera (z)érg n{gthe
2 BRIE e e R RS R Bk Th SR DI & S SREnt, the
ageonhtifthecbageqsaionusizotitg keduistemded RNpasR vesisetisteahd.
Prefecanly fgisigle 5 andaddRil SHPSEA lleRREe Y Altieotide 3
through nuclectide 21, and so forth to produce a 19mer. Thus, a 20mer
can comprise nucleotide 1 through nucleotide 20, nuclectide 2 through
nucleotide 21, nucleotide 3 through nucleotide 22, and so forth. Similar
seguences above 20 contiguous nucleotides are envisioned.

By “expression vector” is meant any double stranded DNA or
double stranded RNA designed fo franscribe 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 seguence lying outside a coding region, an antisense RNA
coding region, a dsRNA coding region, or RNA sequences lying outside a
coding region). Transfection or fransformation 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 ariificial chromosome derived from, for



forms a hairpin at one or both termini. Desirably, the single stranded RNA
sense or anti-sense strand forms a hairpin at some intermediate portion
between the termini. Such a single stranded RNA sense or anti-sense 10

weirardomaysalso be designed to fold back upon itself to becempipattiatys229
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double stranded in vitro or in vivo. ¥&t another embodiment of an extant
RNA molecule as the effective agent used in the compositions is a single
stranded RNA sequence comprising both a sense polynucleotide {
sequenc%alg5 an antisense pog/nucleotide se%uence, optionally

' |

se’f)ﬁ? 8 tgrﬁ?ﬂh%%@e% ?Qﬁ%{ﬁyﬁ}{ﬂ’é{ Haeps%a'i &fic8’ Preferably,

thiresisgieiraanded RNA sequence has the ability to become

double-stranded once it is in th 0. orin vitr ing its j il
an(l;ther e%n\{ sodimen %I?tﬁlw’?sé%i/s(ﬁn‘%%nﬁs@%%&\&%ﬁﬂgﬁ%ﬁ%ﬁg%ﬁgc&&éa
abovabosSahden RN Actabigiieddot bdtRerimaneBNRNAIH 6leomsingch
Cifﬁﬁﬁ%ﬁ{%m%&%n@%%méﬁx QFEHAFIL S Y LRSS S ¥gene

K-S. Wang at al., Nature 323:508-514 (19806)] or is partially
doBbROSWETEIL BALIHEFEHd Db pR it S eRIP T HENEFRrequR that
degpdbged roéancebal, RNuCkTih ekl Rean g3 26aAg6amation
19942' Y. Matsumoto et al., ngroc. Natl. Acaﬂ. ﬁCI, USA, 8%%9%:7628-32
(OB g SOPesHaRcRTUT duom seoiRisht £Rl gTIewE the KAUNBFATES1
(APRNEOS D dieif zagrisied @) iHdustpiedumsdeastikd. 7XA GG Rs(Apr.
1991): S. Braun at al., Nucleic, Acids.Res. 24(21):4152-7 (Noy. ); Z.
e T e LA e S e M A
NathioakBus deded3nas(kB)ssamiel dhactedoplene Beindviesal.,
NUGIBiS AGIOS BB s2 34 306 B Mg 1995 8l insaupaeriRskbipigin by

reference. Still WO 2005/014806 PCT/US2004/019229 28 another agent
is Aavriindstranirabia diclidreoriiriRetrorrRAeSNIPElEaknt on

separate girapgsrallynickeaeisereentiiesamagtisnibidisaiivelndtbre
RNA molecule may be formed in vivo and thus delivered by a "deliver
2RI RO EPH R e RIGURRLS S S M R IED e
in wey afido delivdlyraftbamgentiththmRiromakamit elkoreksikie and/or
el AR LD e D A
when the appropriate molecules are bound to the regulatory sequences.

By a “promoter” is meant a nucleic acid sequence sufficient to direct
transcription of a covalently linked nucleic acid molecule. Also included in
this definition are those transctiption control elements (e.g., enhancers)
that are sufficient to render promoter-dependent gene expression
controliable in a cell type-specific, fissue-specific, or iemporal-specific
manner, or that are inducible by exiernal sighais 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 {o 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 pastially double siranded RNA
sequence, or RNA/DNA hybrid, which was made in vitro by conventional



DNA molecule "encoding" one of the above-described RNA molecules.

The DNA agent provides the nucleotide sequence which is transcribed 10

within the cell to become a double stranded RNA. In another embodiment,
withBBNAssequence provides a deoxyribonucleotide sequeneenaltizfv4ithino

the cell is transcribed into the abov#-described single stranded RNA

sense or anti-sense strand, which optionally forms a hairpin at one or

both termini or folds back upon itself to become partially double stranded.

The DNA 15 mgqlecule is the d I|ve ft
pr%%@g ‘&ﬁ&" L ctran ?—?ﬁ,& seg]’uenc Torléﬁng ég“f?a'ﬁg
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Wher e stran NA sequence has the ability to become
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Sat?ib’rfm’k Qﬁltéé%)oﬁé-brﬁhah@ﬁbnﬁhgd‘eré’&é) Eﬁéa-aﬁdﬁ@m latter
10 defygey. apealaldng PieaaRiIAGRII IR enapRsela (ETIARRR In the

mamm Ilan ce any e above-described RNA 30 molecu és, can be

a DRASHIEebahRies6r 55[!’61ggfﬁé&%d%@@rhﬁd@g%@toﬁ%@%&on

VeRtRJfﬁ depigned i0Rrlnge RINAY X deseieast Beraincisiyilaid Reylyo
contain sequences under the control of any RNA WO 2%? ég} 48866

@@Mdﬁé@?@ 19§ Dot e g mNGERIG &%
po {yg)erase, RISAH01 ﬂ%SB)\lm Jhdbkaral dR I8 pMdieacBAdtderhzmp Ser.,

terioph lymera a8 T7
15 wg f@sgag}iﬁ%agﬁ\ég t%r%i:rf S (Eh]%e e?sllér% N7 moqgfuﬁecllﬁ%he
cell(@ct@diﬁ@ﬁ) thisl IAVM‘JWQ[@W&(&@ ebglh& tﬂl@SﬁdﬁWrﬂes’i@f@eﬁ@-
utl%e gggﬁnous mitochondrial RNA polymerase (e.g., human
mitoc ondrlal RNA polymerase, in which case such vectors may utilize
the corre SHdipaalakn tﬁﬁt&h%wigpute of this invention can be made

in a recombinant microorganism, e.g., bacteria and yeastorina

20 recombinant host cell, e.g., mammalian cells, and isolated from the
cultures thereof by conventional technigues. See, e.g., the techniques
described in Sambrook et al, MOLECULAR CLONING, A LABORATORY
MANUAL, 2nd Ed.; Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York, 1989, which is exemplary of laboratory manuals that

25 detail these techniques, and the techniques described in US Patent Nos.
5.824,538: 5,877,169; and 5,843,771, 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

30 techniques necessary to produce any of the foliowing specific
embodiments, given the teachings provided herein. Therefore, in one



promoter). Mitochondrial polymerases may be used to generate capped
(through expression of a capping enzyme) or uncapped messages in vivo.
10 RNA pot I, RNA pol Il, and RNA pol Il transcripts may also be

wegenetaiashsin vivo. Such RNAs may be capped or not, and f#cesigds/e19229
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cytoplasmic capping may be acconplished by various means including
use of a capping enzyme such as a vaccinia capping enzyme or an
alphavirus capping enzyme. However, all pol Il transcripts are capped.
The DNA 15 vector is designed to contajn one oféhe romoters or raultiBIe
o BRRRSHETRN iRt AERem SN SRHRPEH RN URIBR . of AT
virgd thacigsiad oy, ddetetdopipige proaadials ddedthatiiedGbate
polymerases). Preferably,. where the promoter.is RNA pol Il

Coquiench SRR NBHITR o SR i ra g i sense,
thatraaisbut 200thtes antbodistez0 ot @gehtailes chresigitian prewdigle

ggﬁﬁﬁgggﬂeﬁgggg@dﬁ%m the nucleus. Such plasmids or vectors

sequences from bacteria, viruses or phages. Such

vectors iferRigEabitsheoibeiR SEpsieh AN SoNR HerRlbgetasdiardy .,
vegiprs deriviedran Raciesighriashvd o Baripiprhadesy 2 BierRld RNA

episomes, yeast chromosomal elements, and viruses, vectc()f{;% derived
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into cells. The vectors, in the cas€ of phage and viral WO 2005/0148

PCIG2d RN sed9enee eaittEshaPalfPreERE Prbrsinptide
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techniques for infection and transduction. Viral vect?éjﬁ@ay E_e re Ikcatlon
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Still another embodiment of this invention is an RNA/DNA hybrid as
described above.

Still another embodiment of the synthetic RNA molecule is a circular
RNA molecule that optionally forms a rod structure {see, e.g., K-5. Wang
et al., Nature 323:508-514 (1986)] or is partially double-stranded, and can
be prepared according to the technigues 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 81(8):3117-21 (Apr. 1994); M. Tsagris et
al., Nucleic Acids Res., 18 7):1605-12 (Apr. 1891); S. Braun et al., Nucleic
Acids Res. 24(21):4152-7 (Nov. 1996); Z. Pasman et al.,, RNA, 2(6):603-10
(Jun. 1998); P. G. Zaphiropoulos, Proc. Natl. Acad. Sci., USA,
93(13):6536-41 (Jun. 1998), D. Beaudry et al., Nucleic Acids Res.,

23(15):3064-6 (Aug. 1995), all incorporated herein by reference. Still



plasmid can provide a single stranded RNA sense polynucleotide
sequence as described above, and a second DNA plasmid can provide a
10 single stranded RNA anti-sense polynucleotide sequence as described

wahoyeosigrein the sense and anti-sense RNA sequences pavyathesabiktge
to base-pair and become double-stedanded. Such plasmid(s) can comprise
other conventional plasmid sequences, e.g., bacterial sequences such as
the well-known sequences used to construct plasmids and vectors for 15
recombinant expressjon of a protein. However, it is desi alé @I%gt the
ScAUBEE SO PN AR ag FRLSBH SRR L BRI e
nopiackriech iscihmetcpiasimid stiiatareserbee vecliosssdasigiteshth produce
dsRNAs qf the inventign desirably be designed to generate fwo or
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coredtesnahiarg tolalivegyeageniliermich Thadsosuthis desiiaibieltuitiet a
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olecule f

than a single dsRNA m rom a singlée transcription unit and by
provREmpliamenipnty Bedmersnal B ABSEgEE S f9rsasitbelect for

°PHB}HBBJ§ET8§%H%§%V¥&EW%, 4R SReaiRtbarRaeRaOYSE Krashrve
this, including autocatalytic sequences as wel| as sequences for cleavage
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forpie\iiing:thentjasnadio thaaarssativdaeformatianhtdiihe transcribed
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Microorganisms useful in preparing these delivery agents include those
19 |istEWiRcHHE WML '3fee SevRREABEMTREIEA RO IRBRR TSR RERYIdE a
EseheyickizcaleBabilussubtiis cOSaipizivelladiiphisunienpolyrmiviaritits

SR R S R L DG E 680 A RIABNMO SRR Ry

separated by a nonbase paired polynucleotide sequence, and wherein the
single stranded RNA sequence has the ability {o become double-stranded.

20  Alternatively, the DNA molecule which is the delivery agent provides for
the transcription of the above-described circular RNA molecule that
optionally forms a rod structure or partial double strand in vivo. The DNA
molecule may also provide for the in vivo production of an RNA/DNA
hybrid as described above, or a dupliex containing one RNA strand and

25 one DNA strand. These various DNA molecules may be designed by
resort to conventional fechniques 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

30 molecules, can be a DNA single stranded or double stranded plasmid or
vector. Expression vectors designed o produce RNAs as described herein

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



Still other delivery agents for providing the information necessary for
formation of the desired, above-described RNA molecules in the 10
mammalian cell include live, attenuated or killed, inactivated viruses, and

wpariswiagysrecombinant viruses carrying the required RNA polymsmieatigdeo
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sequence discussed above. Such ruses may be designed similarly to
recombinant viruses presently used to deliver genes to cells for gene
therapy and the like, but preferably do not have the ability to express a 15

e LA A AR T e
malesudeRb Ahporh #inanaliahatelbipvarases, anithbatitmialiags alphavirus,

adenovins, adeng assqgiated wiusRacUIoVInRE A YILppOX
vn%%gg?%epaﬁtls virtsSes, Nerpés Viruses; papova viruses (such'as SV40),
20:ppoitcvivedhpstisied R bidvirakssedrdvires Scentlinn dedhizaevmmndion.
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virusolds, or portions thereof. These various viral delivery agents may be
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25 the teachings of thegpresent invention. The term in vivo" is intendeg to
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target nucleic acid. For example, the multiple sequitope dsRNA may have
Se GRS GEAYVEE FUAY @FRYACHRES FRESERAY M AR B a
SINEHS AIFEPEISNED HERLESCEH IR SRMNEBE M @ro CayedaMRSIIeM a
vgriety of different ortqanisms; and/o; iii 5{se l%ences repre en;tin ;
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prasetshatichanetochnatkiz el tidnpes! froohi bronpRNA, &esiedbbacterisl or
SRR O RSP S SIS G Y B RAE (A ERAE PreRe )
where the promoter is RNA pol II, the sequence encoding the RNA
molecule has an open reading frame greater than about 300 nts and must
follow the rules of design to prevent nonsensaumadiated degradation in the
nucleus. Such plasmids or vectors can include plasmid sequences from
bacteria, viruses or phages.

Such veciors 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 infroduced into cells as
polynucleotides, preferably DNA, by well known technigues for introducing
DNA and RNA into cells. The vectors, in the case of phage and viral



acid. In various desirable embodiments, a segment with substantial 10
sequence identity to the target nucleic acid is at least 19, 20, 21, 22, 23,
24, 30, 40, 50, 100, 200, 500, 750, or more basepairs in length. In
waesirsblesembodiments, the multiple epitope dsRNA inhibitetheus2oc4/019229
expression of at least 2, 4, 6, 8, 10345, 20, or more target genes by at
least 20, 40, 60, 80, 90, 95, or 100%a. In some embodiments, the 15
multiple epitope dsRNA has non-contiguous segments from the same

target gene that may or may not be in the naturally occurring 5' to 3' order
it S SR et e R
acid bycepsiaatEDyit0Oh P 0615000 wn 1@d0tGuesiothalectiasRNIA with
o the p ) :
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5 CORYAIMARFRAY GRS Qfiketween 19 and 27 basepairs, inclusive.

Sequences comprising at least one sequitope from within one or more of
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sequences from a single pathogen, or genes associated with multipl
eSS ST RTRIRR R B TEARIACEAN D USBES RS R FURD 25
INdiRLESIBRAGIG SameGtdsamad tisechistrrtphentids Mdicaitns foone

15 SR A sl Do Do Al TR
maolequiescestwsehueTaies fnaieimeiiplesgione ) gwittmaakinegking, gie., are
ds%%%ﬁ%’%:drﬁ%ggézﬂ%ﬂ%'¥t9§:’?ﬂ|%t%|.e' For 10 example, by using a
series of sequences, each, e.g., as short as 19-21

The vectors designed fo produce dsRNAs‘of the invention may
desirably be designed to generate two or more, including a number of

20  different dsRNAs homologous and complementary to a target sequence.

This approach is desirable in that a single vector may produce many,
independently operative dsRNAs rather than a single dsRNA molecule
from a single transcription unit and by producing a multiplicity of different
dsRNAs, it is possible to self select for optimum effectiveness. Various

25 means may be employed to achieve this, including autocatalytic

sequences as well as sequences for cleavage fo 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

30 mammalian cell include live, attenuated or kilied, inactivated recombinant

bacteria which are designed to contain the sequences necessary for the

required RNA molecules of this invention. S8uch recombinant bacterial



nucleotides, desirably 100 to 600 nucleotides, or easily up to 1, 2, 3, 4, 5,
or more kilobases such that the total length of such sequences is within
the maximum capacity of the selected plasmid (e.g., 20 kilobases in
wienggi)1asingle such pharmaceutical composition can proide/pretection2s
15 against a large number of pathofens and/or toxins at a relatively low
cost and low toxicity, e.g., HBV, HCV, HIV, etc. The use of multiple
epitopes derived from one or more genes from multiple strains and/or

opes derived from one or more genes r or
T e A e

dskemispesisschas desgivassiambriiaiert Maripidtraiss afd/or °9;
vagants §451PM aRdp IS FRBRR URLR RYhEEINRISALIEAAISAN LSS in

vaccine for the various strains/variants of HBV and/or HCV. The ability to
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5 preypithie pelagtiay) altiadhimesenBithadiala 2olHBXCRecapetilis,
mutants.” In contrast, typical small molecule treatment or vaccine therapy
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thatreptersystainaddniitgiiyhissovtue.target gene or protein and the
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targeting a number of genes’or sequences of the pat n 30 and or
exfen&verrdgnat bethesyathcyutyersiagatemh Rtvianprepes apfidach of

10 e pIgRRRIARVENPRIAE RESsaeAcaBlhIasGARE I TBEANRId8s, and
effectl\_/eIY precluded. WO 2005/014806 PCT/US2004/019229 34 For

exRRTIRIANNY EaSIRinag DARRERRI ARG JeBYEad RRnaenHricrRde
of seguencssitemamihbiuy. Sheh Brdiaslinanh s CesIghbiOskRiatig.tone
or more sequences from HCV!SE% IQ Niﬁ'.ll to%ethe{ wiél&o e Qr _more
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of the virus to generate viable escape mutants. Similarly, it would

be SEEVERER§eEIShARBPRERHRdaRIREMSR HodatBs RN dences,
N SRR IEISSHE AARRINALANCVItH YA U8 YiRrRLINeHREsANAEHA NS0
Se%%%?}%%isrt?sf,tggequgeagtsiggi'ated virus, baculoviruses, delia virus, pox
viruses, hepatitis viruées, herpes viruses, papova viruses (such as SV40),
20 poliovirus, pseudorabies viruses, retroviruses, lentiviruses, vaccinia
viruses, positive and negative stranded RNA viruses, viroids, and
virusoids, or portions thereof. These various viral delivery 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
25  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 fissue
culture systems, and within single cell or multicellular living organisms.

By “multiple sequitope dsRNA” or “multisequitope dsRNA” is

30 meant an RNA molecule that has segments derived from multiple

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



Similarly, it may be desirable to use sequences from two or more of HBV
SEQ ID NO:1, SEQ ID NO:2, AND SEQ ID NO:3, either in a single
dsRNA construct, an admixture of constructs, or through concomitant

wadiinistiadon of such constructs to a patient. SEQ ID NO: JpcS@ bk 45229
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NO:2, and SEQ ID NO:3 map to the2HBV surface antigen genes. Due to
the overlapping nature of the HBV mRNAs, the following mRNAs would be
targeted by one of more of these sequences: Surface Ag (SAg) mMRNAs,

precore, core and polymerase mRNAs. However, since sAg mRNAs are
SR AR LT B o TRE AT A FIA PR D 1

209Nl enaRGEReRINE Y is Ry Rele. (i) IsRpseiiesheprvesniag
all listed mRél\#As will be targeted. Reduction cgfi)surface Ag i?%gsirable for

sefiniegsnesaisindagraanisne dikbpaguenthp sepieeabtiag one
virpnFides YERBXRTTRIAN Akl BCaifgrEHI BAJRIREH sHaRdhho

contribute to immune anergy that occurs during chronic infection; and c)

253gEus RS SRProssntNng dilarantreginee el anaaiitidrr @oea (ede

b rus,J i t ] host
R Thite e e RO B8 B S ETORS BIRER o
deseepmmneial fiiterspovanidiAe iDesinadlyneasheseoteerddwagmsabsetantial
hepatitis. 30 HBV,SEQ ID NO; t ' ' d
coR R R B R SRR TR B SRR,
maicid fuirctranaludrdesiaieserdbudi regniatiarsofthisnh A ds pstthdisd
to WO 2005/014806 PCT/US2004/019229 35 .d iral titers, T
BRI DSOS E AIS! BHGIRE AR Al EAEES: Ay i dee
or X3\ As, HBV5SEDD N6 5500 7ED SGQrb-&l OB epairédnhength.

polymerase gene. Effector RNAs are predicted to target only precore/core
a Wﬁ’é

nASEsjANP-LRRAALRRHS: iR AR RERINBL SRS RS 428 or
X &BPAsidrobmagiaseienaeded fquthessyshesipexitargengetassang

therefore viral particle titer is ex%ected to decrease is polymerise is

dedidaseliZABtostd; AY NG Pmapis 18 My snenpaErgieRREinte 0

::?gle[%ﬁﬁi?%@k%@E%WNH%%%%‘?&EE%BHS&&@‘S%PQW&W{H@
same target gene that may or may not be in the naturally occurring 5'
to 3' order of the segments, and the dsRNA inhibits the expression of
the nucieic acid by at least 50, 100, 200, 500, or 1000% more than a
asRNA with only one of the segments.

By “sequitope” is meant a contiguous sequence of doubie-
stranded polyribonucieotides that can associate with and activate
RISC (RNA-induced silencing complex), usually a contiguous
sequence of between 19 and 27 basepairs, inciusive. Sequences
comprising at least one sequitope from within one or more of the
conserved HBV and/or HCV nucieotide sequences identified here may be
utilized for dsRNA mediated gene silencing as taught herein.

Multipie-epitope dsRNAs The advantages of a multiple-epitope or

multisequitope double-stranded RNA approach as taught in USSN
80/419,532, filed 18-0ct-2002 and PCT/US2003/033468, filed 20-Oct-
2003, are applicable to ufilization of the conserved HBV and/or HCV



all viral mRNAs. X protein has many ascribed (non proven) functions.
However, the X gene is often found in integrated HBV sequences in
individuals with active hepatitis and down-regulation of X gene expression
wis predicted to ameliorate disease. 15 In general, the more BEGUSp@B819229
from the different identified sequer@es that are used (e.g., from SEQ ID
NO: I, SEQ ID NO:2, and/or SEQ ID NO:3, plus sequences from SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID

N@e ARleERHR M%H}gan t@%&saaé"ée%@glngu ibe hisiRAcgate

viable escape mutants. Also, 20 the more rent MRNAs that can be
taRjeveitBAReURI S SRARTERY (MISE OPREG IS iroeRes oMY BRlease

amehinkalier. ReRnbIgsRY BN IIsINEPIEINACBRBIBIES, dNgenes

admixture of constructs, or the concomitant administration o fferent

dsﬁaﬁﬁme&%weretm@m&ﬁ@ﬁ%mﬁda%@éﬁjsﬂE@E%%ﬁ%é@arb%csSf
5 SE@ HRaRh MfsreranSicBhbI@: &@Iyarﬁ@wmﬁege&i@d [RuNEBYLf

o R PSRN O AR AL o SO R £ S 1
N@xmjemtSIEQr I@Jdﬂ@gﬁ)hﬂﬁhmﬁmaéﬂifydm%fgsﬁlm @sBBduences

o SERIDAND 1 AR IR NI BERIDNO i sepspTE o

equences from SE O:1, SEQ ID NO:2,
ID Wb BipinkokiaguibacEsRNGhs 5150 IS NDSE; iséeﬁjéhé%ifﬁhﬁ SE@ ID

10 N@m5Q B NRre YLt RNEARlEsSsrmuNseairann S 5L162 1
NO:9; Sequences WO 2005/014806 PCT/US2004/019229 36 from SEg

ID 'N@'Q_O*@E@g fssielly HP&eEIP NeePHrRS <8 GeRke YR SED D
NQHQicSE Rilsees: f5oh FRDH BRI SERIDMD: 2equSTtas| R Wiei3

SR DO IO T O RETA st Bt s
SEHEnih@:dingld SED PhaN0B:cBcalcmrepdsiinSED HHoKR RISEID
15 N%@a% §§Qré%ﬁ%&%%‘é%&l E'é%ﬁg%ﬁ&’)&?&%%\é%}a%o PRl st

equente 1, SEQ ID NO:2, or SEQ ID NO:3 plus
se@igriewd G EQ IHRO: kﬂ%Hd@E’@FD NO:8; Sequences from SEQ

ID NO:1, §RQ:Ha Nt 5 RIb:EE AVl SrepiBRBGASHIREgaRES b AD

NO:4 and SEQ ID NO:9; Sequences from SEQ ID NO:1, SEQ ID NO:2, or
multiple STF&?IHS and/or vangnts of a highly vagable or raptdE; muta't\llng

pathogen such as HBV and/or HCV can also be very advantageous. For

20 example, a singular dsRNA species that recognizes and targets muiiiple
strains and/or variants of HBV and/or HCV can be used as a universal
treatment or vaccing for the various strains/variants of HBV and/or HCV.

The ability to silence muliiple genes of a particular pathogen such

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

25 HCV “escape mutanis.” In contrasi, typical small molecule freatment or
vaccine therapy that only fargets 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 fo the therapy. By
simultaneously targeting a number of genes or sequences of the pathogen

30 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.



SEQ ID NO:3 plus sequences from SEQ ID NO:4 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:5 and SEQ ID NO:6; Sequences from SEQ
wib:0801485EQ ID NO:2, or SEQ ID NO:3 plus sequences fropa5&Qotlardk 5229
NO:5 and SEQ ID NO:7; Sequences4rom SEQ ID NO: 1, SEQ ID NO:2, or
SEQ ID NO:3 plus sequences from SEQ ID NO:5 and SEQ ID NO:8;
Sequences from SEQ ID NO: I, SEQ ID NO:2, or SEQ ID NO:3 plus

o Not. G B SRE Ry ey nraenesa bt o
NOcixiuTd SE@IIeNGEficdehotnbed/fRRGSBYID Nand SIEQ 1D NOA 2or
SEQ BN RS é@éH&H&%?fP&Qﬂ‘%@é@d\'@jwq %%tﬁem% one or

Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus
seteEn seguRsIReSEONTIGY S ERUIS I \jtBe s8R 8REiR #NAEQ
5 |IDRRstuSE @ BdNGsRur@s 53 EEh R NE 3P i SgsenaesieantSEQ 1D 25
NO:6 and SEQ ID NO:9; Sequences from SEQ ID %1 Sg%ID NQ:2, or
SEGHRERM Sl HERS RS No'8 SR IIBREm S
SestirpessiMrGEQ dBrifif BEl Bsbih2, muBRe. BIMiRidypltiwould be
seqguences from SEOQ ID NQO:7 and S ID NO:8: Se fr
DA R B R s B SRR
NG:Fraed:BSEQIMNOInSEqueitc enéonSEQAD IR eNSEGUTING-2, or

10 S%@degeh% Bﬂﬁés%ﬁ%ﬁjs 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 WO

2005/014308leGTiURROb2/0ag8iYe 49 4ER, SEALEBIRSH Ar &V IPNB9ES of

andiSEQHD MG Segrenre o SFRSEND NOSE QRN 2epigREQ
ID NO:3 plus sEﬂuenceS from SEQ ID NO:? andII%IEE%ID NO:10;

setRRNESorsiHEER ARSI E SRS RIS, B PRGOS
seguetiseafiyn SEQIDNED RS BQ4iENOSHR IIEEQuENSEQf DM

15 SEDID NI Saduois Mo aLs [N Gor avs SLeribonBs O o
SetnsevirtalipingSEQUD KN e HRY SRNAD, e BliswinsemitfowouE s
:\IDoégl S8 @Mé%f%?é&@@&%ﬁéﬁ%&%@fé@e’\ﬁ%fsﬁﬂﬁtﬁﬁ@/-\ép

; Sequences from SEQ ID NO:5 and SEQ ID NO:6; Sequences 10
froPfeSEt: | EPRCBCERRIVEIR RS NBNASSRIAYRS #BR? SEYHMRNAS 8%nd

the most abundant, it is more likely that these mRNAs will be targeted if

20 the gene-silencing machinery is saturable. It is possible, however, that all
listed mRNAs will be targeted. Reduction of surface Ag is desirable for
several reasons: a) surface Ag is needed for assembly of infectious
virions; b} overexpression of Surface Ag during infection is thought to
coniribute to immune anergy that occurs during chronic infection; and ¢}

25 the expression of sAg in the livers of infected individuals (even in the
absence of virus, 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.

30 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 mMRNA is predicied to



SEQ ID NO:8; Sequences from SEQ ID NO:5 and SEQ ID NO:9;
Sequences from SEQ ID NO:5 and SEQ ID NO:10; Sequences from SEQ
ID NO:6 and SEQ ID NO:7; Sequences from SEQ ID NO:6 and SEQ ID

wileBysageences from SEQ ID NO:6 and SEQ ID NO:9; Sequarseest oy
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15 SEQ ID NO:6 and SEQ ID NO:28; Sequences from SEQ ID NO:7 and
SEQ ID NO:8; Sequences from SEQ ID NO:7 and SEQ ID NO:9;
Sequences from SEQ ID NO:7 and SEQ ID NO:10; Sequences from SEQ

NEPTaE Al Hhete SEENECS) AR QL%
2RI BESITRONONSER® NOSIBNASEQ 1D NO:6; Sequences from

SEQ ID NRvASEEQIRNG B SEQIRNSH SepusnrepipmesES 1D
NO:4, SE%ID NO:5; and SEQ ID NO:B; Sequences from SEQ ID NO:4,

sEend RstonRhAEarerriedi dediyiainetenbRIXe I REM SEQ ID
G o i SEO 10 NG, SEG D NOLG, and
n :7; Sequences from NQ:4, :6; an
SE MR AT RSO SR TS P YIRS aRS S 1
N@i8ifeguartemftioln REQs| Bxiediéd3E QelbddEr6s antBEQRIDINO:10;
Seéueucerggggdfrom 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; 30
SequencdBY&RSHOND R OepSEGDNBIE. dAdESE e e,

SEAUERGSAITUR AERRIPAN Qrdes BRHLNRNG SRGvaESS IR MEHEI to target
Sgggences from SEQ ID NO:4, SEQ ID NO:8; and SEQ ID NO:10; WO
2

el SURNASTI ROt RAD DRIV RS SRR MRIR AONF IS4,
e it e iy ch et iRy
, 0, a [, equences rrom | . .
NPT B ST U B RS S P RS 7
ang PeQidiad\0 SmeiBesjeatisesstom SEQ ID NO:5, SEQ ID NO:6; and
SEQ ID NO:10; | : -7: and SEQ
ID Noﬁ%%%‘ﬁ%%?ﬁ?ﬁ%ﬁ%%%@ﬁ% 5%@85? tiﬁﬁ%éﬁ !a};r% Zéf% ID
NGEjuSreriine Sfrons SHE 3D K SSER I QO PEAMIPIHO4 DR an;

SegeeneNtem st Nkkes 75 SENMBvend SEQ 1B NO:8, 48q 1D

Seﬂuences from SEQ ID NO:5, SEQ ID NO:8; and SEQ ID NQ:10;
0:8, SEQ ID NO:7, SEQ ID NO:8; SEQ ID NO:8, and"SEQ ID'NG:10),

the less likely a virus will be able o generate viable esdape mutants. Also,
the more different mRNAs that can be fargeted, the more significant will be
the drops in viral titer and disease amelioration.

Desirable combinations for multiepitope constructs, an admixture of
constructs, or the concomitant administration of different dsRNA
constructs include the following: Sequences from SEQ 1D NO:1, SEQ ID
NO:2, or SEQ ID NO:3 plus seguences from SEQ ID NO:4; Sequences
from SEQ ID NO:1, SEQ 1D 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
NQ:3 plus sequences from SEQ ID NO:8; Sequences from SEQ |D 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 1D NO:©; Sequences



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

wBegraness from SEQ ID NO:6, SEQ ID NO:7; and SEQ 1D M®xpdHe19229
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Sequences from SEQ ID NO:6, SE® ID NO:8; and SEQ ID NO:9;
Sequences from SEQ ID NO:6, SEQ ID NO:8; and SEQ ID NO:10;
Sequences from SEQ ID NO:6, SEQ ID NO:9; and SEQ ID NO:10;

ST NG NBNOZE 8 0B it BER BRI T 5
saﬁfsnaeﬁmﬁm SEQDAOTTIS BEWNED1afESEDNO R 6EQ 1D
Sequen es ggﬁl %E% g H % %E%\l:g %%g %%%ﬁlggl\ldé%gga%ﬁ}%ggas
NEom SESL A NS frofrFSHD OO, %[W@@E@%"N@é frmdl
SER PN NS 4IPRUSEELAID: §%Bd@eh@éfr§%@ﬂ@aw@ r@o&E@E@ &
NO:6, and SEQ ID NO:9; Sequences from SE ID N SE N
sBiB w@gﬁa%%%é wb'wwrsc@ﬁme% éo\‘ébﬁ '7% Qé)EQ
IDNNSI75 Sahde ﬁ@e@@&n%@tﬁl@@@N@&%mme&mwﬂm nius

Eé?éé@w%%'f ST ROE S R SE RO T o

SeiﬁlJHﬁhesSEﬂl} BOISEQUICERQ: ) SECE IDus @%{L@E@i’om’m%@ﬁ@

UG is..
1D

s&‘i@@%mdﬂg SePida/FENRe 063 1BD6SEE TR Nouh 40d FEL9

NGk SRAIRGATERNISRO.D HQACIRQIDNSER SRR PR T: and
SEQ ID NO: 8 e uences from SEQ§IﬁD NO:4, SE%@% NO:6; SEQ ID

NGERUENG BN P Rea R NERITRS RE'S:
SHQ @Nogﬁmmt%mmmmamém@ RNGBRSEQ

N R O G R S DR et e
SE&;E[ID!(NQ SEQSI@N@W;:@@&DS@@M SE@IS&WL’[(MO 8
SeQUEERE 9B T ERUNINKD SHRIRN SFQRNONIHSE0 1D

equences from SEQ ID NO:5 SE%}ID NO:6, SEQ ID NO:7, and
10@9@@%@@%&6&@#@%@@ M%QS@WBFN@@%E%?%

ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus seguences from SEQ ID
NO:5 and SEQ ID NQ:10; Sequences from SEQ ID NOG:1, SEQ ID NC:2,
or SEQ ID NO:3 plus sequences from SEQ 1D NO:6 and SEQ 1D NO:7,
Sequences from SEQ ID NO:1, SEQ 1D NO:2, or SEQ ID NO:3 plus
sequences from SEQ 1D NO:6 and SEQ ID NO:8; Sequences from SEQ
ID NO:1, SEQ ID NO:2, or SEQ 1D 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 1D NO:6 and SEQ ID NO:10;
Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ 1D 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 pius sequences from SEQ 1D
NO:7 and SEQ ID NO:9; Sequences from SEQ 1D NO:1, SEQ ID NO:2, or
SEQ ID NO:3 pius sequences from SEQ ID NO:7 and SEQ D NG:10;
Sequences from SEQ ID NO:1, SEQ 1D NO:2, or SEQ 1D NQ:3 plus



NO:7, and SEQ ID NO:10; Sequences from SEQ ID NO:5, SEQ ID NO:6;
SEQ ID NO:8; and SEQ ID NO:9; Sequences from SEQ ID NO:5, SEQ ID
NO:6; SEQ ID NO:8; and SEQ ID NO:10; Sequences from SEQ ID NO:5,
wBEB6IDIN6;6; SEQ ID NO:9; and SEQ ID NO:10; SequencesdiamaaQ1d9
ID NO:5, SEQ ID NO:7; SEQ ID NG7; and SEQ ID NO:9; Sequences from
SEQ ID NO:5, SEQ ID NO:7; SEQ ID NO:8; and SEQ ID NO0:10;
Sequences from SEQ ID NO:5, SEQ ID NO:7; SEQ ID NO:9; and SEQ ID

SRR BB Wohh S A8 LN P50
NQEBNand, SEQ ID NO: 1&>®Baemmmus5@qtﬁent@§fﬁﬁqsmmz7,

B e S e e e

NESEEDINNO BuSEyuies S BEDHD NOND: 8mnéBBADINEE;10;
5 SegUENCRS LI BRI NIY4SHI &5%‘3@%2 é%ciﬂ@n@é FaHER

NO:7, and SE%ID NO:9; Sequences from SEQ ID NO:4, SEQ ID NO:5,
SEB oM SEB 1B NO &, 2rRUSEeITNOSES B2 )Rt@adRRtdRo

IDN@% QeHaéS\JQré NO:4, SEQ |D§ ﬁ%@%ﬂi@% 6, SEQ %@r@m
uences om
N CL RO A R Lt G SRahaH S ARSEQ
30155@@[\@5@“55@@ Brow0-SEANIDSERI R NGEQ; &Naeepsecﬁ[mncﬁEQ
| 5 1S IDN
10 Sequencc%s5 f%(:))rlilel @llgé qg%%éﬁ@@é I7D %%geg?:%%@ﬁ%’ﬁ%%#\ﬁ@
2065/017886 BCTHSA0BS 6082 BEQAMNYEES and SEQ ID NO:AD:
SeOUADSEE B PERAING: e SHO BB NSRRIINO L SFOH R

Sequences from S ID NO:6,

E
SEB ﬁﬂ‘@'@'?d SE8 1B NS5, %ﬁﬁ@E@W%é@@ﬁ@\&%@ﬁ@é@ ID
NCMJ SFEdRNS O SHANONOSLRIBEN D N o SELASRNO

15 NGNS 1N 20 S Reo S S (T 0 B Sy B0,

SESE[D)E@I(D 5 Benii: NS sBiramdSHE) TINKC. @nE8FEe Heeddrom SEQ ID

SedeeEE T SEBIIN S ot T ND e Ty SESIBle T s

NOEDN&XE s@;ﬁﬁﬁ\@ NO:Sctpewereehdrars BEQ ID NO:8 and SEQ ID
NO:10; Sequences from SEQ ID NO:S and SEQ ID NO:10; Sequences

20 from SEQ ID NC:4, SEQ ID NO:5; and SEQ 1D NO:6; Seguences from
SEQ ID NO:4, SEQ ID NO:5; and SEQ 1D NO.7; Sequences from SEQ ID
NO:4, SEQ ID NO:5; and SEQ ID NG:8; Sequences from SEQ 1D NO:4,
SEQ ID NO:5; and SEQ ID NO:9; Seguences from SEQ ID NO:4, SEQ ID
NO:5; and SEQ ID NO:10; Seguences from SEQ 1D NO4, SEQ 1D NO:6;

25 and SEQ ID NO:7; Sequences from SEQ ID NO:4, SEQ ID NO:g; and
SEQ ID NO:8; Sequences from SEQ ID NO:4, SEQ ID NO:6; and SEQ ID
NO:8; Sequences from SEQ 1D NO:4, SEQ ID NO:6; and SEQ ID NO:10Q;
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;

30  Seguences from SEQ ID NO:4, SEQ 1D NO:7; and SEQ ID NO:1¢;
Sequences from SEQ 1D NO:4, SEQ 1D NO:8; and SEQ [D NO:S;
Sequences from SEQ ID NO:4, SEQ ID NO:8; and SEQ 1D NO:10;



ID NO:5, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:10;
Sequences from 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:6, SEQ ID NO:7,
wBE@sInM@:8, SEQ ID NO:9, and SEQ ID NO:10; Sequencesiinsm&medz2e
15 ID NO:4, SEQ ID NO:5, SEQ ID3%0:6, 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:6, SEQ ID NO:7, SEQ ID NO:8, and SEQ ID NO:10; Sequences from

R BT SR bt SR B B dseq 20
| D3OG IBEQT DS, S QOCHNBESR AindNSER) #DANEE QOB Guénces

fr 4 . . 9
NS R AR S TSNS B N0
SE@IBeRey Ien@EONONOSESHS NONOHiRsESRS oNG:S;

5 Seguensesy ebns EQANINGQ RS TIPS &; 3RQIPABHNEER, ID 25
NO:8, SEQ ID NO:9 ID NO:10; and Sequences from SEQ ID

d SE

A EER9D NP R D RS SR PN PR T MR B0 1D

N%%g@@ﬂc%&@dlﬂ NQQ@DN@E&@&@QG[HQ_ Ibgdiaml &SE&QH@;N&HQ{IS _Of .

sequitopes and lon I es. Ir 10 an ntione

R o e I e S N I R DO e

eit%q@a@a@demm&ﬂlﬁkﬁu&ﬁ@w!ﬁdﬁ@x&umdfm&@;er through
10 R LR S N S SR ettt N0, o .

pafiRiHenges dfemceF Snib dtifeRtHe Myt RHERENRNA;

EXRESHARLONSIHSIS@IDVREBS Seadnave endagenoas dalesy of the
dsRNAs of the invention, es emallg the multlf)le different sequences

deSEEHRTETTHECE S ARAS AP Bl ABEFEY. DN RS same
Cisﬂémﬁn@@ﬁbmm E&N@t&@ﬁapmmahlmiSEQI\EDiﬂﬁEDem;cistrons
15 RS 6o TSl ML EeSt oo BB G,
incRetingnaesl WertGECSIEN Qi Gi&d Frdvent seng Gida b2 dl8o be
Proyided SXQpeRRUENAIARGIS SHEY RHINRRIIL Q'S RS RERGEISRNA
structures, duplexes and/or
Sequences from SEQ 1D NO;7, SEQ 1D NO:8; and SEQ ID NO:9;
Sequences from SEQ ID NO:7, SEQ ID NO:8; and SEQ ID NO:10;

20  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 1D NO:10;
Seguences from SEQ ID NO:4, SEQ ID NO:5; SEQ ID NO:8; and SEQ ID
NO:7; Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ tb NO:B, and -
SEQ ID NC:8; Sequences from SEQ 1D NO:4, SEQ ID NO:5, SEQ ID

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

30 SEQID NO4, SEQ ID NC:5; SEQ ID NO:8; and SEQ 1D NO:G;
Sequences from SEQ ID NO:4, SEQ ID NOC:5; SEQ ID NO:8; and SEQ ID
NQO:10; Sequences from SEQ 1D NO:4, SEQ ID NO:5; SEQ ID NO:9; and



harpins, and/or in combination with one or more endogenously expressed
dsRNA structures. Desirable methods of administration of nucleic acids
The DNA and/or RNA constructs of the invention may be administered to

wihepbrosidshb cell/tissue/organism as "naked” DNA, RNA, or BINAIRMNA(19229
formulated in a pharmaceutical vehitle without any transfection promoting
agent. More efficient delivery may be achieved as known to those of skill
in the art of DNA and RNA delivery, using e.g.,. such polynucleotide
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42 than a polynucleotide composition, e.g., a transfected donor cell or a
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SEQ ID NO:2; Sequences from SEQ 1D NO:6, SEQ ID NO.7, SEQ D
20 NO:8, and SEQ ID NO:10; Sequences from SEQ ID NO:8, SEQ ID NO'7,
SEQ 1D NO:9, and SEQ 1D NO:10; Sequences from SEQ [D NO:6, SEQ
1D NO:8, SEQ ID NO:9, and SEQ 1D NO:10; Sequences from SEQ ID
NO:4, SEQ ID NO:5, SEQ 1D NO:6, SEQ ID NO:7, and SEQ I1D NO:E;
Sequences from SEQ 1D NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
25 NO:7, and SEQ ID NQ:9; Sequences from SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:8, SEQ ID NO:7, and SEQ ID NC:10; Sequences from SEQ
D NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:8, and SEQ ID NO:9;
Sequences from SEQ 1D NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:8, and SEQ ID NO:10; Seguences from SEQ ID NO:4, SEQ 1D NO:5,
30  SEQID NO:6, SEQ ID NO:G, and SEQ ID NO:10; Seguences from SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:7, SEQ D NO:8, and SEQ D NO:§g;
Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ ID NC:7, SEQ ID



5,932,241). Particularly desirable methods and compositions for delivery
of the oligonucleotide compositions of the invention for pharmaceutical 15
applications, including for targeted delivery to hepatocytes, are described

wmnBEGH1s63/14288, filed May 6, 2003, the teaching of whielrTsuszo04/019229
incorporated herein by reference. Bfansformation/transfection of the cell
for research and other non- therapeutic purposes may occur through a
variety of means including, but 20 not limited to, lipofection,
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SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:8, SEQ ID NO:7, SEQ ID NO:9,
and SEQ 1D NO:10; Sequences from SEQ 1D NO:4, SEQ 1D NO:5, SEQ
20 1D NO:8, 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:7, SEQ 1D NO:8, SEQ ID
NQ:9, and SEQ ID NO:10; Sequences from SEQ 1D NO:4, SEQ ID NO:8,
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 NC:6, SEQ ID NO:7, SEQ ID
25 NO:8, SEQ ID NO:8, and SEQ ID NO:10; and Sequences from SEQ [D
NO:4, SEQ ID NO:5, SEQ ID NO:8, SEQ |D 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
3¢ 1D 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.



surface receptors may be attached to the modifier providing for targeted
delivery of DNA directly to target cells of interest. Since hepatocytes are
susceptible to HBV and HCYV infection, utilizing this method to target 15
wdeliveoyseddhe dSRNA expression constructs of the inventiorciodisenoeiiaze
is considered especially advantagedus. E.g., the asialoglycoprotein
receptor (ASGP-R) on mammalian hepatocytes may be targeted by use of
synthetic ligands with galactosylated or lactosylated residues, such as

galactosylated polymers. 20 In general, targeting for selective delivery of
the dsRAA BBAURTEIoBPIRIST ARG B PSSR R g Sforred.
Tagbbagrierepdtedytentitayutiizes ks bid lpxprgsiong congjamis or
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the inventign. may be provi . 0 0
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op
nucﬁeic acid molecule is contained within a non-replicating linear or
ciréffislenhdelbiennan bragiewdasdmaralp those of skillin the art of

DNA and RNA delivery, using e.g., such polynucleotide transfection

facilitating agents known to those of skill in the art of RNA and/or DNA

20 delivery. The following are exemplary agents: cationic amphiphiles
including local anesthetics such as bupivacaine, cationic lipids, liposomes
or lipidic particles, polycations such as polylysine, branched, three-
dimensional polycations such as dendrimers, carbohydrates, detergents,
or surfactants, including benzylammonium surfactants such as

25  benzalkonium chioride. Non-exclusive examples of such facilitating
agents or co-agents useful in this invention are described in U.S. Patent
numbers 5,503,972; 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
Na. PCT/US98/22841; the teaching of which is hereby incorporated by

30 reference. U.S. Patents numbers 5,824,538, 5,643,771; and 5,877,159
(incorporated herein by reference) teach defivery of a composiiion other



within an autonomously replicating plasmid or viral vector, or is integrated
into the host genome. Any vector that can transfect a hepatocyte may be
used in the methods of the invention. Preferred vectors are viral vectors,

wibrinshudang those derived from replication-defective hepatitigvitsses 019229
(e.g., HBV and HCV), retroviruses{see, e.g., W089/07136; Rosenberg et
at., N. Eng. J. Med. 323(9):570-578, 1990), adenovirus (see, e.g., Morsey
et al., J. Cell. Biochem., Supp. 17E, 1993; Graham et at., in Murray, ed.,
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N.6,63988)1 Promoters Promoters are inserted into the vectors so that
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9ehESHURARY MR Bl rdiddicAPPl. Gen. 1:273-288, 1982), HSV
thymidine_kinase (McKnight, Cell 31:355-365 1982), and SV40 early
(Benoist gtrggsfonnatlon/transfectxon of the celi for research and other non-

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

20 not limited to, lipofection, DEAE-dextran-mediated fransfection,
microinjection, calcium phosphate precipitation, viral or retrovirai defivery,
electroporation, 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. 6,217,800 and 6,383,512, “Vesicular

25 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
the self-assembling Cyclosert™ two-component nucleic acid delivery

30  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




Nature 290:304-310, 1981) promoters may be used. Non-tissue-specific
promoters may be used in the invention, as expression of HBV and/or
HCV dsRNA in non-liver cells directed by the non-tissue-specific 15

werosmstessishould be harmless to the non-liver cells, becausecofithmod/o19229
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specificity of the HBV and HCV dsRBIAs of the invention for viral
sequences. However, preferred promoters for use in the invention are
hepatocyte-specific promoters, the use of which ensures that the RNAs
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synthetic ligands with galactosylated or iactosylated residues, such as
galactosylated polymers.

In general, targeting for selective delivery of the dsRNA consirucis
of the invention to hepatocytes is.preferred. Targeting to hepaiocytes may
be achieved by coupling to ligands for hepatocyte-specific receptors. For
example, asialo-orosomucoid, (poly)L-lysine-asialo-orosomucoid, or any
other ligands of the hepatic asialoglycoprotein receptor (Spiess,
Biochemistry 28(43):10000-10018, 1980; Wu et ai., J. Biol. Chem.
267(18):12436-12438, 1992; Wu et al., Biotherapy 3:87-85, 1991).
Similarly, the cligonuclectides may be targeted {o hepatocytes by being
conjugatad to monocional antibodies that specifically bind to hepatocyte-
specific receptors. Oligonucieotides 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



dsRNA (e.g., a dsRNA that is less than 200, 150, 100, 75, 50, or 25
basepairs in length). In other embodiments, the promoter is a
mitochondrial promoter that allows cytoplasmic transcription of the nucleic
woBESidiusthe vector (see, for example, the mitochondrial prarnater®4/019229
described in WO 00/63364, filed Agfil 19, 2000, and in
WO/US2002/00543, filed 9-Jan-2001). Alternatively, the promoter is an
inducible promoter, such as a lac (Cronin et al. Genes & Development 15:
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promoters useful in dSRNA expression constructs of the invention include
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Methods in Molecutar Biology: Gene Transfer and Expression Profocols.
20  Vol. 7, Cliffon, N.J.: the Human Press 1291 108-128), adeno-associated
virus {Kotin et al., Proc. Natl. Acad. Sci. USA 87:2211-2215, 1980},
replication defective herpes simplex viruses (HSV, Lu et al., Abstract, page
86, Abstracts of the Meeting on Gene Therapy, Sep. 22-26, 1982, Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.), and any modifisd

25  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

30 of the invention using methods known fo 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



plasmid or on the same plasmid. Bacteriophage T7 RNA polymerase (T7
Pol) is the product of T7 gene 1, which can recognize its responsive
promoter sequence specifically and exhibit a high transcriptase activity. 15

wahecgempdete sequence of the T7 genome, with detailed infarmetininaioih
the different regions of the bacteriogghage, including promoter sequences,
is disclosed in Dunn & Studier, 1983, J. tool. Biol. 166(4), 477-535 (see
also NCBI 'Genome' database, Accession No. NC 00 1 604). The T7
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compositions of the_invention maK be used alone or in admixture, or in
chdiaraipeyiesiprgitn promoters, the use of which ensures that the RNAs

are expressed primarily in hepatocytes. Preferred hepatocyte-speciﬁc

20 promoters include, but are not limited to the albumin, alpha-fetoprotein,

alpha-1-antitrypsin, retinol-binding protein, and asialoglycoprotein receptor
promoters. Viral promoters and enhancers, such as those from
cytomegalovirus, herpes simplex viruses (types | and i), hepatitis viruses
(A, B, and C), and Rous sarcoma virus (RSV, Fang et al., Hepatology
25 10:781-787, 1989), may also be used in the invention.

dsRNA expression vectors may include promoters for RNA
polymerase |, RNA polymerase !l including but not limited to HCMV,
SCMV, MCMV, RSV, EF2a, TK and other HSV promoters such as ICP§,
ICP4 and ICP0 promoters, HBV pregenomic promoter, RNA pol il

30  promoter including but not limited fo UG and tRNA promoters,

mitochondrial light and heavy strand promoters. Desirably, the dsRNA

expression vector comprises at least one RNA polymerase [l promoter, for



with one or more materials, including other antiviral agents. Currently,
lamivudine, adefovir dipivoxil, and interferon alpha have been approved
for treatment of HBV, and it is anticipated that the compositions of the 15

wimyestiommay be used in combination with these and othermirngs tatvaye2e
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active against HBV, including emtrititabine (FTC) and entecavir. Since
dsRNAs against HBV and/or HCV act through a novel mechanism
(dsRNA-mediated gene silencing/RNAI), combination therapy of the

agents of the inventi nd other. antivirals._i ignifi Iy
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sodium chloridé; rose, mann SOor e. In'some cases,

isotiesicribel oM PEHEaS phdipaAterb e RAD G dimiare preferred.
StaRitFe LS HeH/ 6698 HB PEC AHRFFNM, "Aﬁ@fﬂ_ﬁtﬂ@}?,”i‘ﬁé’%il‘&%?s an

vasoconstriction agent is added to the formulation. The pharmaceutical

préparsiRinPERstams e RE BrasdhtRvBAiGH &Fgnes & Development 15:
1506-1517, 2001), ara (Khiebnikov et al., J Bacteriol. 2000

Dec;182(24):7029-34), ecdysone (Rheogene website), RU48
(mefepristone) {corticosteroid antagonist) (Wang XJ, Liefer KM, Tsai S,
O'Malley BW, Roop DR, Proc Natl Acad Sci U S A. 1989 Jul
20;96(15):8483-8), or fef promoter (Rendal et al., Hum Gene Ther.
2002;13(2):335-42 and Larnartina et al., Hum Gene Ther. 2002;13(2):19%-
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. 680/497,304, filed 22-Aug-2003, which are
considered particularly desirable in the methods and compositions of the

invention.



provided sterile and pyrogen free. Suitable pharmaceutical carriers, as
well as pharmaceutical necessities for use in pharmaceutical
formulations, are described in Remington: The Science and Practice of

wBhasgmagsséformerly 15 Remington's Pharmaceutical Scienggs)Masko19220
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Publishing Co., a standard referenee text in this field, and in the USP/NF.
Routes of administration include, but are not limited to, intramuscular,
intraperitoneal, intradermal, subcutaneous, intravenous, intraarterially,
intraoccularly and gral as well as transder or by 20.inhalation ar
supp05|tb'?§¢r|5t%‘?8ﬁ18cﬂ%'ﬁ‘t%t§r8f HRS5H ﬁeessiﬁf?aci%ﬁgrﬁgts of
intFRMuBRNtan @rﬁhdetthe@lhonaalpmnmrﬂ@dz mmfmupxlomnd promoter
su cuta injection. dsR NA, ex |0n ts.may..he
RS e e e T AR P SR e
n@drekeséarqeet@n teapatits B)pftrm@ﬁ@mqmmﬂm@amﬁf@rﬁ@rg@we

UDF &?r@h%ruce }ﬂ&.@%&é@é\ﬁ@&p RN LXPERSSIOprGRIpgtruct

may various means into ce Is that are removed from the

individua q PISI
e'%&ﬁ@@féﬁ% im@ma@ga%gwl@g@mw ﬁebgmbgp@fama éﬂﬁ@ﬂ@e

gene construct is tak b Ils, the to th
.ngmﬁmeé%ﬁ%‘@%%é%a%ﬁmﬁml&sm ACASRE RS s
hama/gﬂ@l@rsmﬂemtmts mconponatsiththeskd). CAhe® frapantaibintysterVO
014 CT/US 4/01922 d id he h I
L(a?%??g% bﬁ N %erq[oa% reésr"gltnc% SJ¥I ‘raﬁ@@ Lt}e%{is ﬁ?élsr?dL%aB
it igrinetichyaifes TTaR M mmweenwmsm@as betheokidedionensapdss
ﬁocﬁﬁf%%% Healpent brhérﬁfi‘ﬁl WQR&HHQ%GBGF?WK%WE@%QQW

esigned to boost immunity against the virus. It'is also
anﬁ@fb@cé‘@l&lﬁé@@ﬁétdgﬂm,@eéérﬁ PWSIGE e B RROHVERIS TFRRY S Biseful

fonpsariylasds i acesimancalpaip disatmninigraiiansdaptadiyisiipiswho
because of occupational or oth otentlal for Xposure are considered at
Pichnh QOB HUARE P 1BY hdrramtey Wiy Seirleg TieEAdsrake
heglghdtiseepersgion oSthﬂwbaﬂ@ftqu@p mﬂh;éﬁagtprmgmae seaydnchsje
ad{%é“it\{cgt'o Q5L GORRASHIEN KRLProidesHR HEK @97 e @SRNA
also NCBI 'Genome database, Accession No. NC 00 1 604). The T7
promoter cannot be utilised by any other RNA polymerase than the
polymerase of bacteriophage T7, which shows a stringent specificity for
the promoter (Chamberlin et al., 1970, Nature 228:227-231). When
utilizing the T7 expression system for expressing dsRNAs, for example, a
first ptasmid construct that expresses both a 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 usad. 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-ioop or hairpin structure with an at ieast partially
double stranded region. individual sense and antisense strands which self
assemble to form a dsRNA can be synthesized by a single plasmid



e.g., weekly, biweekly, monthly, bimonthly, every three months, every four
months, semi-yearly, or yearly, as can be determined through routine 15
experimentation by those of skill in the art of clinical medicine. The ability
wol8088RBKS expression vector such as a plasmid or viral vegtaie:exp§8539
the dsRNAs of the invention over atselatively prolonged period of time,
expected to be in the range of weeks to months, is considered to be
advantageous for this and other applications. 20 Dosage of dsRNAs For
admini?tra ion.of dsRNA (e & a short d RNAt inhibit ox10|t ort
or TBRE BSRREE S8n 2N LRS RIS IO B 25 BLRRLEHSL Dimg
to ftnaigrd plagdd i€spegtisdly Eigite 5 ang, Frdéntisgatibe @dagp dsihtiaiy

administe %dﬁ_ESe? %9&&%% it O;%%%%Péﬁ@&??ﬁé@” r%e%@él% 5‘9%‘89

re erence or a m|n|st vector enco
shm@ym\m WO AlSESdciwitbrrassestitor ToAgRNR wpf@@l@ﬁ@r%taj@ﬁe)
5 10 20 poimal xeiRadly/Se8\ G LR A 19,388 9ntUBe (PstiBIEs2,
to 10 mg, 500 lag to 1'mg, or 50 lag to 500 lag dsRNA expression
ve%l%‘# 3BuSRsARis administered to a 90-150 pound person/animal (in

order of iaErasGIRMEiHRRERI TG deSenaian Tadisrivadarse on

the weight of th N bodiments, about 1o 1
NS S R Ye o0 P AULEG (R J60I SR ces

P GEhtdS RO RZS, Bl nsayl aldbdrepsseid, amgeisiiinmetbtimeughting or
10 "OYILX uf %F‘(r)f\')“&ﬂ&%?ﬁév ;ﬁ?é’&‘f Bf il {R%%f%é‘iﬁﬁf "SIHBC ﬂ(}?g'%%em

admini nin an intact animal, typically be een
betoxeiBOMgyaipel 1T RipRe beivedm lJSBU&]@éﬁH%@@iQﬂW@W,

D%ﬁ%ﬁ%%‘?%r@ﬁ%%ﬂéié‘sﬁeﬂﬁiﬁﬁaéwl%rﬂﬂ?a‘?éldé S, Currentit%e

Frommately 10 pg of a DNA or 5 pg of dsRNA is admlnlstered to
Vyginer ‘f'fdjtwéff?ﬁlétﬁ%é‘%@ﬁ?é%\?éﬂ%r‘i‘ﬁ‘f%%"iﬁt‘éﬁ’f&’é@@iﬁ‘a‘i

Lhﬁ{éﬁﬂﬂgtﬁt@m\pfa?ﬁﬁ%d&ﬁﬂ%m&wmiﬂgedfdd&li%ém@@él%mh@nimalS

e |m|t to a thU ar moage adminis, n oS

15 2o BRI R R L B AN B AR AT CSt eyl JBR e
suticiieatagaie/idB\s dasedadeeumteitatimsilii D@herekpnéssavir, [Bawent a

g, QU ieit a dBcasRl A9 TPL PRGN ISR kR ore

during, or a
(dsRNA-mediated gene silencing/RNAI), combination therapy of the

agents of the invention and other antivirals is expected to significantly

20 increase the efficacy of therapy while substantially reducing the
development of drug resistance, e.g., the development of lamivudine
resistance, a problem of major concern with long term lamivudine therapy.
Currently, interferon and ribavirin are licensed for treatment of HCV, and
as for HBV, it is anticipated that the compositions of the inventién may be

25 used in combination with these and other drugs that are active against
HCV. Specific dosage regimens involving therapy with such multipie
agenis can be determined through routine experimentation by those of
ordinary skill in the art of clinical medicine.

Formuiations will desirably include materials that increase the

30  biological stability of the oligonucleotides or the recombinant vectors, or
materials that increase the ability of the therapeutic compositions {o
penefrate hepatocytes selectively. The therapeutic compositions of the



exogenous delivery of dsRNA (e.g., a longer dsRNA) that might otherwise
15 be expected to induce cytotoxicity. See the teaching of USSN
10/425,0086, filed 2S-Apr-2003, "Methods of Silencing Genes Without

windsgiaggdogxicity”, Pachuk. Applicants specifically incorpora¢e-#eaaii82e
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content of all cited references in this disclosure. Further, when an
amount, concentration, or 20 other value or parameter is given as either a
range, preferred range, or a list of upper preferable values and lower
preferable values, this is to be. understood as‘specificallyqé closing all
ralyestiBmieay R AAMY BABE By appareaHge AR Je PaERue
ane.anylowrisanee duiie)r wiiefeHeoseitatd egaiishassstf viltetheiode

ranges are separately disclosed, 25 Where a range of. nymerical values is
et e R e s e
thaarictp ointis dne skdf ia ek adlt icregessiin ibfractiia sawithimeneetdicge. It is

"L BB L e s s meien e et e

P GPIuSCaRE a0 Exgon foxanmicn s yeriidionaniel Exarnpisesaier
Proyideaas LLSIRINGCMIAY JRIRISHCESANSEEIGNSHWEN B R0l and

disclosure are specifically incorporated herein by reference in their

erlRERRSs EERMPLESESISAISAY SBVEIRIRIBUAD AR RA SR R Rt
reegﬁ?ﬂﬁew@mfr@@t (;ssalzb mﬁamﬁnﬁa@a{@@w&ﬁd@ﬁ@r@m@ﬁ;ﬁf nekllclw&u re
model: A.human liver-deriv ell 10 line su t uh? cell lineis
TSN &Y e AR S AR B nadaiee
tewhavatizcedicd antparatiges aoeothatg Sodhpabesefitiansstibingrall of the
vir A .or ing. infeetious.vi i i
inBSHES B R RSB bR ACd SRR, e wel
Acee Siannaogdberimsirsesitpiiernaraierarnases Hepduepueadiang, are
nugleariasaiiz alionideesscrintienahtedniechtie of Pharmacy (formerly
Remington's Pharmaceutical Sciences), Mack Publishing Co., a standard
reference text in this field, and in the USPINF.

Routes of administration include, but are not limited fo,

intramuscular, intraperitoneal, intradermal, subcutaneous, intravenous,
intraarterially, infracccularly and oral as well as transdermally or by
inhalation or suppository. Preferred routes of administration include
infravenous, intframuscular, oral, intraperitoneal, intradermal, intraarterial
and subcutaneous injection. dsRNAs or dsRNA expression constructs may
be administered by means inctuding, but not limited fo, traditional syringes,
needieless injection devices, or “microprojectile bombardment gene guns”.
Alternatively, the dsRNA and/or dsRNA expression construct may be
introduced by various means into celis that are removed from the
individual. Such means inciude, for example, ex vivo fransfection,
elecfroporation, 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



HBV plasmid from several viral promoters has been shown to initiate a
cascade of events that mirror HBV replication. These events include
translation of transcribed viral mMRNAS, packaging of transcribed
wregenamie RNA into core particles, reverse transcription op pegeaRIG 120
- 20 RNA, and assembly and secretien 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 at'ﬂd is therefore a goodﬁll culture, model with which to

ocRAY ChEl evendt 1B Dost SIS e RGN fa AN T DG IEE model,

cellsdweaheato-transfected with the infectious molecular clone of HBV and

various ejR onstructs. The cells,were ..then manit for. of HBV
expressic'i% E%grlgpﬁ%g |01HC}<'3;1\§8 eas?:r;itblgdr’l rg’ecf \?\/t.escgﬁgﬁﬁogn%g&/%ctor and
encothpdiioAs uSie inthidierpesyientseiimevided-treatmentinf this

5 &8 || cﬁ%%%?é%é@ﬁ@@é%%ﬁéﬁ%%@é!@%&@%%s%&%&?Ei%’s'%t L

The following is an example of an experiment that was performed using

ciFNRWEBt GeaitdBmyIssqbifcalsyanten e o iBrArRRM ession
nUH&ﬁﬁé@H@eﬁ@iM@Pﬁ%ﬁb@%@ﬂﬁﬁﬁ&h@%@ﬁ%éiﬁ ¥Q8tARSen of
es

were highly conserved sequences identified as cribed elsewhere

heRSHOMRRARSEAIMBR 8@&5‘0@@§ &ib&ﬁ@%&@, QERURatienal or
"MethedsaastiGidosusts foe Rualbmatideod Rty geksofiasticiéaeton
Mal les!" P S2004/005065, filed 25-Feb-2004). The particul

10 N R Vg i ey A A e AR B
10avefianivg aroshpletfiotsvinndrivelcikpiedsiedivinistaiiiwoded RNAS.

Each YRER6R R6A50 AR ARE-FRQTE AP NA EAR N heTHESRNA

coding” sequence was followed by an RNA pol Ill termination sequence.
Sefigenveskdy thvesbromnElYRNRYBNIY. RYRINHITEE Sightisativery four

enﬁ@&ﬁﬂsﬁ@%ﬁ#ﬁ?&%@?ﬁ@@ﬁ?, alstharend @éﬁk@;ﬁ%@éﬁﬁl@_@ﬂ”ﬁﬁ@ﬁ wectors
15 containing U6 promoters and RNA pol Il termjnation |qnals are .
EekinGE Qs <t abiity

15 cofREHNGIFHRmAY ISR PLE - BESTHE ST B
vecibs tioRNArenegssithcuevtadisosh M¥is. i erdiialwebitrtotbepaess

the dsRNAs of the invention over a relatively prolonged period of time,
expected to be in the range of weeks to months, is considered to be
advantageous for this and other applications.

20 Dosage of dsRNAs For administration of dsRNA (e.g., a short
dsRNA to inhibit toxicity or a short or long dsRNA to silence a gene) to an

animal, typically between 10 mg to 100 mg, 1 mg to 10 mg, 500 pg to 1
mg, or 5 pg to 500 ug dsRNA is administered to a 90-150 pound
person/animal (in order of increasing preference). For administration of a
25  vector encoding dsRNA (e.g., a short dsRNA to inhibit toxicity or a short or
long dsRNA to siience a gene) to an animal, typically between 100 mg to
300 mg, 10 mg to 100 mg, 1 mg to 10 mg, 500 pg to 1 mg, or 50 pg to 500
g dsRNA expression vector or construct is administered to a 80-150
pound person/animal (in order of increasing preference). The dose may
30 be adjusted based on the weight of the animal. In some embodiments,
about 110 10 mg/kg or about 2 {0 2.5 mg/kg is administered. Other doses



can also create them according to the information provided herein. It is
expected that similar results would also be obtained using other 20
expression and promoter systems especially those vectors with RNA pol

wil2@smamgters that are not U6, for example H1 promoters oretSs2004/019229
promoters. Experimental Procedur@: Transfection. Huh7 cells cultured in
RPMI-1640 media were seeded into six-well 25 plates at a density of
3x10' cells/well. All transfections were performed the day after cell

seeding using LipofectamineTM (InVitrogen, Carlshad, Cal.) accaording to
e TR e Ao e TR e e sl BRR B
witth56e aigsbilthethefactiolisiiniBa! pladivitkayw subtype ("pHBV2")

(GenBanke Acgassiad 4iVAAG antPORad: 300kds ESQ%(?Q 178d'8ne

100 ng, 50ng, or 10 ng of an eiIRNA construct. DNA wa
corbfiaiyhaReeentiah B8 2 PBy B dIRlVaRTINEY haantiigcl seRbA

5 BagieiRporeaindadisaenNis Jussam ey pisthadonpbiedeial DNA in
WO 2005/014806 PCT/US2004/019229 ggﬁ%& éransf ction to 2.5 pg. For

ex@npieXimaiahstdient 2dbKing 368 A FBRRGIREEH G an
eiRMMreONStitc el fepop ledmebanidsidhtoifveitansfiettiont Priaided that

t fection,. ' d th I t Il hed with
PR TG T SE g e S (e dog o
OptieMiikr) W@ﬂﬂé_i@lddde‘d)@ edield mnmmmwmmbyenemiw@n
100f t@&ﬂg}%ﬂ%cﬁ%%éﬂ%n%%{ﬁéﬁe&h@n{ﬂ%%%% oMy (?{8?&&@?%&?%{%
tio (n r san

the transtec mix and Opti-MEM(r) were removed from ce

repraBERianitip DraYide Rudesa cslanvale I BhiBit 4609 G BupSHaRPrevent a

trangéeatiancthamedigewasremoved from cells and 10 stored at -70 C.
The media was replaced with 2 mL of fresh culture media on da%/s 3 and

6. Al tranZraEHBRE REPE SHFDA S ERNRISARO S HydREs BF 2BRtbe
trans{egtionssvielvaipojdsRiNAgd: d1BMdoéy aldREASGA NI bthiise
plus 2 L3) and HBV DNA with a.control eiRNA ¢

15 AR T S e S e oo DEE SRk boe.
Mofilest 2 Aptie OB |084ti¢4B vk reoskigrizEatioWiihavitrdisciion [ ouitity”,

werg opitored for the loss or reduction in HBV expression and

replication by measuring HBSAg ) )
Applicants specifically incorporate the entire content of all cited

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

20  other vaiue or parameter is given as either a range, preferred range, or a
list of upper preferable values and lower preferable vaiues, this is fo 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. lt is not intended that the scope of
the invention be limited {o the specific values recited when defining a
range.

30



20 secretion. Cells were monitored by assaying the media of transfected
cells (and a media control) at days 3, 6, and 10 post-transfection. The
Auszyme(r) ELISA, commercially available from Abbott Labs (Abbott Park,
wit). Jowasseed to detect surface Ag (sAg) according to the maRyfastiifn §220
instructions. sAg was measured sirfee surface Ag is associated not only
25 with viral replication but also with RNA polymerase 11 initiated
transcription of the surface Ag cistron in the transfected infectious HBV
clone and from HBVcccDNA pr%@%}g infection in vivo. Since
surface Ag synthesis can contin terious effects in the absence
of HBV repdidalioniny iExamppléandto movidae gislditeshatioalyniyalAll

replication but 30 al ication-i nden thesis. pf SAQ. W
o e AR R
HB¥repebificcésransecioriseuiadittedtribed at the end of this example all

5 induced a decrease in sAg levels relative to the controls. The level

inhibition is shown in the accompanying FIG. 2-8 5 corresponding to data
found in Tables 2-8. Note that th%é&%ﬁ%és identified as 788-808 and

807-827 ongyjlgveiediBw fassidgdevels by ek antha0fedirsrefively at
500 ng doses. These are the onl% %WoieiRNAs thEt 0 not target the sAg
MRNA,; instead they targ . Hi and therefore reduce
SAg levelgiiadinestyipfitre FQ3 toLfdde tbreductinnriasAigepkeived swien
these ather H NAS are targeted. i S d ong. indication that
10 D5 th}{e UR? 351 hrg??s%gal‘?sfg%d/%éﬁ a% %‘i‘relzlsrﬁ)&s n%%%ul%ﬁis

these éi constructs are efficacious. -Specific e S used 1n
expenaeht-Bié eirsipting ofardamiodiytrrduBlasiodud gssotistdbidhiTable

1. ApdhIe SPAYRBESSI SR RPAR IRV ENASthRY ??BBL&%‘?H?@&%@VWS
GenBank accession number V01460. At the rightmost part of the table is

thEUS@Q Tire kel ﬂ?@%i%&m§wiﬁ§ﬁ§\ﬁﬁﬁiﬁ'ﬁdrﬁ@’§éaﬁé’ﬁé§ of the
_engqueg E?%dfrcfi@@l&lﬁ:%ﬁ«@ é@@@w@nﬁms‘t P@P@@ih@:ﬂt@ﬂﬁ%ﬂbtw
IS gerive rom e polviinker sequence o e partcular clQr us
15 fo B B PO Lo o e R B e
Iodﬁa‘éqﬂmmgi (mdedhmdl Mrﬁhbterﬂx);feﬁk)b?wiﬁmﬁa sievanddBitiate a
sequence. whidh 5. e AMRIEMSY TSR HRKSHSRERiRlE that

the Toop structure
translation of franscribed viral mRNAs, packaging of franscribed

pregenomic RNA into core particies, reverse transcription of pregenomic

20 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 modei with which to
fook at silencing of HBV expression and replication.

25 Using this model, cells were co-fransfected 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.

30



not need to be a fixed sequence or length, and we have used several loop
seqguences with no significant impact on the functioning of the eiRNA 25
construct. The second HBV sequence is followed by a string of T

wiesidkiens6sd., 1, 2, 3, or more Ts, that function as the termina}ioR.sidfad22o
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for RNA pol Ill. WO 20051014806 BCT/US2004/019229 56 0CCim Z o0 0
N nir. et'd" C) MM co CI) N Nrr q CO CD U IL CDdF-%C7U~C7°C ~C U
(DbCDU O QCJICDF-7U UCO.7CC 800QUUC C7
H%OF-UUOO yUr CC)000~C7C~~--Q0O QQC’JUUU UU" OU

JF-HOH NHUCDOF-F-C'3HC7C7HU ODUF-UOHOCDH
CD ~OHUfRHCIoRDE QR2E e & Bn efiFfiOSDiHatfwbls pBrformed

OB Sl LARBNRC R U Ggi0 LD oo

N@%@e@@mmmwmeﬂ; UM spguences in these described eiRNA
vectors were highly conserved sequences identified as described
elsewhere herein, which also exhibited activity as sikRNAs (See, Pachuk,
C., “Methods and Constructs for Evaluation of RNAI targets and Effector
Molecules,” PCT/US2004/005068, filed 25-Feb-2004). The particular
asiRNA backbone vector used for this experiment was a proprietary vecior
containing a U promoter to drive expression of the encoded RNAs. Each
vecior encoded only one short hairpin RNA (shRNA). The shRNA coding
sequence was followed by an RNA pol lll termination sequence.
Sequences of the U6 promoter, RNA pol Il termination signal, and
encoded shRNAs are all shown at the end of the example. Similar vectors
containing UB promoters and RNA pol Il termination signals are
commercially available such as the “siLentGene-2 Cloning Systems”
vector from Promega, Inc., Madison, Wis. One of ordinary skill in the art
can also create them according to the information provided herein. Itis
expected that similar results would aiso be obtained using other
expression and promoter systems especially those vectors with RNA pol lil
prom‘oters that are not U8, for example H1 promoters or 75K promoters.

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 subiype
(“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 pg by including an inert plasmid DNA, pGL3-
Basic (Promega, Madison Wis.} in amounts that brought the total DNA in
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tO'O M N N ON
P GATCEISD 1§ £y KRR S 0E R Eeoning S00hg
PGTHES2DOR Q82200 Big of an eiRNA construct, 1.5 ug pGL3 was added

fo the transfection. Prior to transfection, media was removed from the
cells and the cells washed with Opti-MEM® (InVitrogen Life Technologies,
Carlsbad, Cal.). 800 pl of Opti-MEM® was then added to each well of
celis followed by the addition of the transfection mix. Seventeen {o
nineteen hours posi-transfection, the transfection mix and Opti-MEM®
were removed from cells and replaced with 2 mL culiure media/well. At 3,
8, and 10 days after transfection, the media was removed from cells and
stored at —70 °C. The media was replaced with 2 mL of fresh culture
media on days 3 and 8. All transfections were carried out in duplicate.
Two sets of control transfections were also performed; HBV DNA alone
(500 ng HBV DNA plus 2 g pGL3) and HBV DNA with a confrol eiRNA

* construct (500 ng HBV DNA, 1 ug control eiRNA construct, and 1.0 ug
pGL3 DNA).

Monitoring celis for loss of HBV expression.

Following transfaction, cells were monitored for the foss or
reduction in HBV expression and replication by measuring HBsAg
secretion. Cells were monitored by assaying the media of transfecied
cells {(and a media control) at days 3, 6, and 10 post-transfection. The
Auszyme® ELISA, commercially available from Abboit Labs (Abbott Park,
HL.), was used io 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 | initiated transcription
of the surface Ag cistron in the transfected infectious HBV cione and from
HBVceecDNA 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-reguiate not only viral replication but
also replication-independent synthesis of sAg.



A diagram of the transcribed RNA structure is shown in FIG. 9. SEQ ID
NO:13 is the nucleotide sequence of U6 promoter. Nucleotide sequence
of RNA pol lll terminator: 5'- TTTTT - 3'. Tables and Graphs. HBsAg was

weasgieshas described above and plotted in FIG. 2-8 correspandungdo 29

10

15
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25

the data in Tables 2-8. The amoung®f eiRNA construct is shown in
parentheses following the name of the eiRNA construct and is in pg
amounts. For example, 2791(0.5) means that 0.5 pg or 500 ng of eiRNA
ngstrutct_2791-2811 (see Table 1) was used in the transfection. The

p Hhibition relative to the control is also shown in the tables below
and it is Spdisifrafsfdbied it tha&iBiepeciiic RIGtEANnBtUNs desasibed
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10¢®05idered a strong indication that these elRNA constructs are efficacious.

HBV-specific eiRNAs used in this experiment

The eiRNA vectors encode the HBV seguences listed in Table 1.
The sequences are shown as well as their map coordinates on GenBank
accession number V01460. At the rightmost part of the table is the SEQ
ID NO that these sequences map within. The sequence of the encoded
RNA is 5’GGTCGAC (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 icop
sequences with no significant impact on the functioning of the eiRNA
construct. The second HBV sequence is followed by astring of T
residues, e.q., 1, 2, 3, or more Ts, that function as the termination signal |
for RNA pol il



Table 4 % Inhibition Day 3 Day 6 Day 10 relative to control pHBV2 0.375
1.952 4,005 --- 2791mut(1) 0.421 1.847 4.753 ----- HCV(1) 0.445 1.805

3.933 ---- 788(0.5) 0.255 1.195 2.778 30.6 807(0.5) 0.254 1.326 2.015
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Day 3 Day 6 Day 10 relative to control pHBV2 0.741 2.53 5.383 ----
2791(0.3) 0.223 0.256 0.458 91.5 1737(0.1) 0.212 0.351 0.549 89.8
1907(0.1) 0.067 0,149 0.468 91.3 1991(0.1) 0.067 0.16 0.345 93.6 Table
w8 Woknhifaiion Day 3 Day 6 Day 10 relative to control pHBMZrQ:86d4/019229
4.414 8.344 1907(0.05) 0.17 0,53851.396 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 additive effects of
adding two eiRNA constructs. In this experiment 2791- 2811 and
2919-2939 were evaluated. They were evaluated separately at two
doses: 10 diggran2Si s adsorimsd Bbsiotraatate ng gbavndh F16192811

pus S o RIS E0R9) S 3 R0 BLSF BRIl ep 2570

2919-29 ditive effect is observed, tor example,, w alf the
intNbitlentiskessewivnzs af RMeIpeBiitEme LN the mAbkibh sden 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
gal@blgsriBifeiaRRr the use of a single eiRNA construct at the 25 ng

dose, thejgse\ghiae PERAIR SIENRSOIILRNEBEVS YAty iropetianFic. 2-8
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eiRNA construct 2791-2811 (see Table 1) was used in the fransfection.
The percent inhibition relative to the control is also shown in the tables
below and it is specific for the day 10 measurement. Note that the 4" set
of data in this example in which 1298 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 1907-1827.
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
pHBVZ 0.339 1.88 3.288
2791(0.5) 0.101 0.263 0.333 89.8




directions. In this experiment, cells were transfected with 500 ng of the
infectious HBV plasmid ayw subtype (GenBank Accession # V01460) and
25 ng or 10 ng of two separate eiRNA constructs or a combination of
wiheseoimeiRNA constructs at a total of 25 ng or 10 ng. DNNAMWaSdagkl 9229
constant/transfection at 2.5 pg by isgluding an inert plasmid DNA, pGL3,
in amounts that brought the total DNA in the transfection to 2.5 pg. For
example, in transfections receiving 500 ng of HBV DNA and 10 ng of an
ei—BQA construct, then 1.99 pg pLUC was added to the transfection. Prior
to ction, media was removed from the cells and the cells washed
with Opti-MEM(r) (InVitragen Life Technologie$). 80 pbitdrOpti-MEM(r)
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methawasremoved-from-cefts and-storedat=70C:-Themedia was
replaced with 2 mL of fresh culture media on days 4 and 8. All
trab@iféefions were carried out in duplicate. Two sets of control
trgrisfectionswere also performedTHBV DNAaieng {BRErNg HBV DNA
plus 2 pg pGL3)pand HBV DNA with &goritrol eiRfiévedmstruct (500 ng

HBY DNA, 500 ng control eiRNA cbnstruct a T DNA).
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1991(0.25) 0.075 0.152 0.291 92.7
2912(0.25) 0.096 0.183 0.331 91.7
Table b
% Inhibition
Day 3 Day 8 relative to
control
pHBV2 0.474 1.513 e
1299(0.5) 0,439 0.699 53.8
Table 6
% inhibition
Day 3 Day 8 Day 10 relative fo
control
pHBVZ 0.33 1.817 288 1 e
2781(0.3) 0.103 0.192 0.34¢ 87.8
1737(0.3) 0.061 0.094 0.232 91.8
1291(0.12) 0.238 0.587 1.195 58.5
1907(0.12) 0.043 0.086 0.356 87.6
2918(0.12) 0.218 0.585 1.09 82.2




2791 + 2919 @ 25 ng 2.73 10.91 Experiments 3 and 4 Silencing of HBV
in a mouse modes. Summary: Two of the eiRNA vectors described in
confirmatory experiment 1 were assessed for their ability to silence an
wBMdenliwen in a mouse model. These vectors were the 28128 hdsaddo
the 1907-1927 vectors. Both vectoss were found to silence HBV in the
mouse model to a similar extent as they silenced in the cell culture model.
The ability to silence this HBV replicon in mice by other therapeutics has
biiaq!%%onstrated to be a predictor of human efficacy [4]. Animal Model
B nd: Chimpanzees represent the only animal model in which to
stlidy humah HBV infectivity. A mouse modé! isatraitiisie, however, in
which HBV expgt@ssion an@V@p' atiGotturn Thf§"’i‘¥‘|‘®‘@l hds been
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INtFOgER{RTg) TEPTEgRoT [CompRTent HEYSEENAITIO TTEEse Tiver by
hydrodynamic defivery [I]. The airi of the TolloWIng experiment was to test

two of the vectors encoding HBV-specific sequences evaluated in
Ex@ﬂﬁ@nt 1 for efficacy in a mouse model even though there were not
expected to Ge HBV- séquence-refated efficiency. thffieneinces between the
cell culture and Fabése me@els, Thiskexpgérimentraklivet hydrodynamic
delivenras-a-method-to-co-deliverreplication-con Vayw plasmid
104458 pATAFSSA0 4404923052 codfirmatory
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Hydrodynamic Delivery Studies: Experiment 3. All animals were

hy@segriamiebRy injected with 7.5 pg infectious HBVayw plasmid
(describe jpicaBliHnatens EXABREI L RHOWEME! was used to evaluate the

additive effects of adding two eiRNA constructs. In this experiment 2791-

2811 and 2819-2939 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 2819-2838) and at 25 ng (12.5 ng 2791-2811 plus
12.5ng 2818-2030). An additive effect is ohserved, for example, when half
the inhibition seen with 25 ng 2781-2811 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 fwo 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°
celis/well. All transfections were performed the day after cell seeding

using Lipofectamine™ (InVitrogen) according to the manufacturer's



internalization into hepatocytes and nuclear localization, transcription of
HBVayw plasmid from several viral promoters has been shown to initiate a
cascade of events that mirror HBV replication [1]. These events include

whiaosiatipnef transcribed viral MRNAS, packaging of transcebeais2oes/619229
pregenomic RNA into core particles reverse transcription of pregenomic
RNA, and assembly and secretion of virions and HBsAg particles into the
sera of injected animals. Experimental animals were co-injected with 10
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sAgphadiag with 2 mL of fresh culture media on days 4 and 8. All
transfections were carried out in duplicate. Two sets of control
transfections were also performed: HBV DNA alone (500 ng HBY DNA
plus 2 pg pGL3), and HBV DNA with a control eiRNA construct (500 ng
HBV DNA, 500 ng control eiRNA construct and 1.5ug pGL3. DNA).

Results:

Results are shown in Table 9, and the corresponding graph found in
FIG. 10. Combining 2791-2811 and 2919-2839 showed at least equal
effects to administration of 2791-2811 or 2819-2939 alone. I is expected
that simitar advantages will be seen by combining ftwo or more dsRNAs
directed to different HBV sequences from the same and/or different HBV

genes.



sequences using standard techniques. RT-PCR is more quantitative than
Northern Blot analysis and has a larger dynamic window than does
Northern Blot analysis. Downregulation of both HBV RNA by Northern Blot
wanalksisqsgnd HBsAg were seen in mice injected with 2791-2814 s &80019229
FIG. 11. Also not shown, quantitatise 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. WO 2005/014806 PCT/US2004/019229 64 CD C.0 7 U)
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Experiments 3 and 4

Silencing of HBV in 2 mouse model.

Summary: Two of the eiRNA vectors described in confirmatory
experiment 1 were assessed for their ability to silence an HBV replicon in
a mouse model. These vectors were the 2781-2811 and the 1807-1827
vectors. Both vectors were found to silence HBV in the mouse model to a
similar extent as they silenced in the cell culture model. The ability to
silence this HBV replicon in mice by other therapeutics has been
demonstrated to be a predictor of human efficacy {4].

Animal Model Background:

Chimpanzees represent the only animal model in which to study
human HBYV 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 HBYV 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-
seaquence-related efficiency differences between the cell culture and
mouse models. This experiment ufilized hydrodynamic delivery as a
method to co-deliver replication competent HBVayw plasmid (Example 1,
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confgma ory expegrggr%’? 1?%«51 %%ZeSﬁector HBV-specific eiRNA

expression vector. Hydrodynamic delivery is ideal for these first studies

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

Experiments.

Hvdrodynamic Delivery Studies: Experiment 3,

All animals were hydrodynamically injected with 7.5 g infectious
HBVayw plasmid (described in confirmatory Example 1). Following
infernalization into hepatocytes and nuclear localization, transcription of
HBVayw plasmid from several viral promoters has been shown to initiate a
cascade of events that mirror HBV replication [1]. These svents include
transiation of transcribad viral mRNAs, packaging of transcribed
pregenomic RNA into core particles, reverse transcription of pregenomic
RNA, and assembly and secretion of virions and HBsAg particles into the
sera of injected animals. Experimental animals were co-injected with 10
ug 2791-2811. A second group of control animals were injected with 10
ug of an irrelevant eiRNA construct. All animals were also co-injecied with
2.5 ug of a GFP reporter plasmid (Clontech, Palo Alto, Cal.). Expression
of GFP mRNA in the livers of injécted mice served as a control {o
normalize results against the mouse model transfection efficiency. Total
DNA injected in animals was kept at a constant 20 g by including pGL3,
an inert filler DNA (Promega, Madison, Wis.). All DNA was formulated and
injected according to the methods described in Yang et al. [1]. There were
5 animals per group. The DNAs and amounts of DNA injected per animal
are shown in Table 10.
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551 Hydrodynamic Delivery Studies: Experiment 4. 5 This experiment

w ilar to the Experiment 3 of Example | except that two eiRNA
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Timepoints of analysis were selecied based on published results
from Dr. Chisari’s laboratory [1], which detail the kinetics of HBVayw
plasmid replication in mice following hydrodynamic delivery. Serum was
assayed for the presence of HBsAg on days 1, 2, 3, and 4 post-injection.
Assays were performed as described for the cell cuiture model of HBY
replication. The presence of HBV RNA in liver samples was ascertained
by Northern blot analysis on day 2 foliowing injection using procedures
developad in Dr. Chisari's laboratory [1] and normalized to endogenous
GAPDH RNA levels and GFP mRNA levels using conventional techniques,
or a quantitative RT-PCR assay for HBV RNAs containing sAg coding
seguences using standard techniques. RT-PCR is more guantitative than
Northern Blot analysis and has a larger dynamic window than does
Northern Blot analysis.

Downregulation of both HBV RNA by Northern Biot analysis and
HBsAg were seen in mice injected with 2791-2811. See FIG. 11. Also not
shown, quantifative 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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EXAMPLE 2 5 Hepatitis C- Sequenstes for RNAi Therapeutic
Development Experiment | 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
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1622974
3553997
3383020
4303895
4801612

11133526
10129129
14774068
8167397
7190858

GFP
4044344

9954889
15317275
16806285
18306755

2.1 kb
1440614
3161703

3114347
3909096
4439430
8720964
7958368

3.5 kb
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1464641
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5
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23
24

25

Group

10 pg
2791

HBV
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design and testing of several SIRNAs that can inhibit HCV protein
expression in the subgenomic replicon system. Exogenously synthesized
HCV-specific SIRNAs were transfected into the HCV replicon cell line as
wdesosbegdaelow. 15 Cell culture and media: The HCV repligefk2004/019229
hepatoma Huh7 cells was culturedéd Dulbecco’'s Modified Eagle Media
("DMEM") (Invitrogen) containing 10% fetal calf serum (Invitrogen), 1%
penicillin-streptomycin, 1% non-essential 20 amino acids and 0.5 mg/mL
G t'ci[? Cells were grown to 75% confluency prior to splitting. Western
blgrni-@;ﬁl%b‘%is: Total cell lysates from replicon cells were harvested from

replicon 23ertls iRBsalgDS Buffer (Invitrogen). The leaigg (rjedicated
at 90 C for 5 min in the presence[of igfa-mercggroethanghbefgre 4z
elec{rophoresis pra10% |ris-u|yC|g§1@0|yacgyg@'m%WW
The jprotein was! transfered to PYDEAhavitroggsysmemigags. Folgwing
the transfgp/the | membrane was tinsgggance Wit BS aaininggy o
Tween-20 (PBS{30 Tween) and bjockeggin PB&:Fween gggtainingg280
non-fat milk for 1 hr. Afteg washing witsd°BS-Byeen, the raegmbrapgpwag
incubated with the Wgh 2@=%148062B44T /US 238019228568 prigiay
a-NS5A antibody (a giff frege=Dr. Chea7gu) at 12590 dilytsas for | fa3at
room temperature. Prior to incubation with HRP conjugated a-mouse 1gG
secgndary antib¢pdy (Amersham) %inggsz;L:SOOQ@me blotagas waskegdgin

PBSHTvgieg 20. Following the secongiagy antib@gytincubages, the g8a85
was Wwashed agdin and tt@ated with EZR4(Amepii@m) ac®tdding ta 8@
manufacturer's grotocol.3Northern|bldt3@dtal cdliflar RNAARES extddd@d
by using the Rneasy@rpkitv&8QiagengAdortheri2blot an&P8is was/déie
according to the protitbDef=Guo ¢t abIriefly, Z0dq total F’NA was1765
electrophoresed through a 1.0% agarose gel containing 2.2 M

formpldehyde, transferretlito a nylon1g@$mbra@&anhd im2iotslized BYS0V
cross-linking (Stratagendg 1222 2549 2858 1583
2791 14 1056 1933 1143 782
15 1275 8320 1820 2068
27 778 4771 3782 1252
grp ave=> 1119 4078 2396 1557
Std Dev=> 209 2598 993 551

Hydrodynamic Delivery Studies: Experiment 4. :

5 This experiment was similar {o 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 aiready described herein.
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Hybridization was carried out using a-[32PICTP-labeled neomycin RNA in
a 15 solution containing 50% deionized formamide, 5x SSC (750 mM
sodium chloride, 750 mM sodium citrate), Denhardt's solution, 0.02 M
wsoniesm1 shosphate (pH 6.8), 0.2% sodium dodecyl sulfate (F8D88}owAQ9229
lag of sheared denatured salmon $perm DNA/mI, and 100 pg of yeast
RNA/ml, for 16 hr at 58 C. The membranes were washed once in 2x
SSCJ/0.1 % 20 SDS for 30 min at room temperature and twice in 0.1 x
C/0.1 % SDS for 30 min at 68 C. Membranes were exposed to X-ray
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D NO #82 28 GG
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ATBZBEAC(
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TCO8I 31

TCTTAGCCCTAGREAGBECT
CCTAGTCACGGSTABSFSTG
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ACEBEGTC

TC135832
TA2262 31

fection of siRNA into repiicon cells: For transfection of SIRNA
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llsin 0.5 mL of
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min before being
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thed in PBS and
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#32 30

;
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mprising the
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HCV séfuences

ACENBTC
ACRIAGSTC

B ACEBBE TG

idetftdied ¢
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TCEH38eva
ahévd Tn

grp ave=>
Std Dev=>
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D

6
ral sSiRNAs
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4954
2882
3436
2246

7203
6917
7568
5135

> > >

grp ave=>

3405

Std Dev=>

6706

1143

1081

EXAMPLE 2
Hapatitis 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 miliion

hepatitis cases worldwide. The HCV genome has a high degree of

seqguence variability. There are six major genotypes comprising more than



Table 14 targeting the 3'UTR; siRNA #12 targeting the HCV NS5B gene
(positive control); the identified HCV core siRNA (positive control); and the
10 identified lamin siRNA (negative control) were synthesized using the

wolenpensRNA construction kit, Catalog # 1620 (Ambion InggpAtsstisy/o19229
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Tex.). DNA oligonucleotides were synthesized by IDT (Coralville, lowa).
Control siRNAs: 15 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. Jami ti trol): SEQ ID NO:46 20 Three.siRN/
R LB B3 oA b ieg o DBl TA ey M Spetdes
negalivestofookl silkhiv fatigetingGreatqreogepsancenderstanding &pdsitive

|: SIRNA ' : it T
ORI R PG MR BV N SRR AR o e o e
rebaksovaibgsnamicsaniapntRYsitaSio BY LGRS R GRG0 SEIBYBIENB06
P%W%BQQM@%@%@& R élésﬁrai@ﬂ%hsﬁfagtw%t%@a%l@%igweéﬁ HCV

represent 0, 9, and 20 pmoles of the identified sSIRNAs. SIRNA #22, 32,
ADTORRYIEGHIB ABLBN A EERECAHIR DRI RREPINELA Pt
exphassieicresaaakinshiter RNGeleyehis alsecticergasati hrsedsinithe

e e RS R R b e
evaittatedathigitdoceiftietatiedsharpge mm#mwggﬁ’m NS3B),
H1EG e NN RANEYORLIRYLE SO RETINRATE WS ORIUBEH B2

descn%e%l N EXperimen epatitis’C-Sequences for RNAI -
ThizajgeusiciDestingpphsavesal ikt AR RIS eYRFrSiNg the
segusneesARktReilseaMIRReBINIceRt s[ikhn Eableha aglawninelized

used in transfections. The Western Blot assay performed here was as
deSéntepat EXSRPIEDWESH EARRIRIEA RIS 1B°CdYoiantarn6re dNene’
usgessiseRasdivg control is the siRNA described in the previous HCV
Experiment 1. All siRNAs were transfected at concentrations of 0, 9, and
20 pmole except the control "core” siRNA, which was transfected at
lev@HlafliidreanncdDipaniite. R1, R2, R3, R5, R7,

The HCV replicon in hepatoma Huh7 cells was cultured in
Dulbecco's Modified Eagle Media (“DMEM") (Invitrogen) containing 10%
fetal calf serum (Invitrogen), 1% penicillin-streptormyein, 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 20 °C for &
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. Foliowing 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.
Afier washing with PBS-Tween, the membrane was incubated with the



and R8 all exhibited significant inhibition of HCV as can be seen in the 20
Western Blot, FIG. 14, Table 15 siRNA SEQ ID NO HCV sequence RI 37
CTGGCCTCTCTGCAGATCAAG R2 38

wHedfARAGTGCTGATACTGG R3 39 PCT/US2004/019229

10

15

20

25

30

TGAGCCGCTTGACTGCAGAGA &4 40 GAAAGGTCCGTGAGCCGCTT
R5 41 TAGCTGTGAAAGGTCCGTGAG R6 42
TTAGCCCTAGTCACGGCTAGC R7 43 TCCATCTTAGCCCTAGTCACG

P ETASH SR 99537 4 RO el e WPl heS g i

H@&Vsgetomécanskratareorizdsy éol incabagshiiil Hetfbtyyrdsgateld a-mouse

ecies. SE 271 e t

s nked BOCRIIRN bg R e
smerﬁa@mﬁremcaﬁmmm & ressioddry anéphcitiorubstinre tbatizell

%Bﬁ%&%@%ﬁrﬁﬁﬁ&%&%@&wﬁﬁ'ﬁéﬁ WG BRIk A é-hmandives
derlv ine Such as the Huh7 cell line'is transfected with an
infeeBidhoRECUPAFBPle of HBV consisting of a terminally redundant
viral genome that is capable of transcribing all of the viral RNAs and
producing |nfect|ous virus [1-3]. The replicon used in these studies is
deMQEHEEIPRE virus sequence found in Gen Bank Accession 15 #s
V01460 andal @230 Rw&wmag emtexniliy atiasintotine Patesyyés kaind
nuglear locali tr, |nf ctious from
e e et I R st
théﬁummtaﬁs rBBMise@mattotﬁi RivAvesanestimpbaeesen vtoghos 1.0%

ragseRRes :g%é@%’é AR 2 RAGKAING LTRSS DRARFEGENGTAIFJRNA into

core 20 particles, reverSe transcription of pregenomic RNA, and assembly
an@embrane and immobilized by UV cross»imking (Stratagene).

Hybridization was carried out using a-[*2P]CTP-labeled neomycin RNA in a
solution containing 50% deionized formamide, 5x SSC (750 mM sodium
chloride, 750 mM sodium citrate}, Denhardt’s solution, 0.02 M sodium
phosphate (pH 8.8), 0.2% sodium dodecy! sulfate (“SDS”), 100 g of
sheared denatured salmon sperm DNA/mI, and 100 ug of yeast RNA/m,
for 16 hr at 58 °C. The membranes were washed once in 2x S8C/0.1%
SDS for 30 min at room temperature and twice in 0.1x 85C/0.1% SDS for

30 min at 68 °C. Membranes were exposed to X-ray fiim.

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 il in
50 pL of Optimem). The mixture was incubated at room temperature for
20 min before being applied onto the cell monolayer. 48-72 hr after



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

wgQoskeelkeulture model with which to look at silencing of HB¥expreasionze

10

15

20

25 and replication. In this model, célls 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. 30 The following is a

o R TPIEIP AN IR AR AAROR] IR SO0 GRe b o Ph s
dasivfest.from SEQ ID NO:1 and SEQ ID NO:5. The particular eiRNA
vectors for this experiment are T7 RNA polymerase WO 2005/014806
PCT/US2004/019229 72 based (See, e.g., the teaching of WO 0063364,
wiltebdsgdct to T7 dsRNA expression systems, as well as USSN
601399.298P, filed 31-Jul-2002 and USSN 60/419,532, filed
18-O¢T20102) angrenapdgdyairpin RNA structifed SRapEally desirable
are, €. g4 5 10rced m co S APRIE TR T IR RO T BT C
exendgehby RINA-depgnden aReET BTATCITNOATPERIDTC
as UGN USSN 68399, 0YeECHEe RE T RBBOTAG T CACCTGTCTC
PCT/UR£P03/024028, lled STz 08 Welk pe AlrceddtBCTGTCTC
stiuctUge@ hairpins (g0., MultERefRETIOAgG SSRIVARETI@s aAd oTrdtrsimnt
hairpinggFuCTUres), Medrpins Wil AtSroalcRICTRICTST 8ME MEEPLIRETC
canstrugrs 10 as taughf In USER POAESE3E TiRIAGTORREPZEIETCTC
PCT/UgZp03/033466Ggiled 206 ETER0AC i Gaogded eCaglacTCTC

resultsgipbe dbtaineyd using GEr EERETSTC AL HGADEASISIEGSCTC
e.g., as described above, and/or vectors encoding alternative dsRNA

structures (i.e. duplex). 15 Experimental Procedure: Transfection. Huh7
cells are seeded into six-well plates such that they are between 80-90%
confluen@eatthiestRidiaf ceamshisatp theAH Crd rsfeutionss aernjifddrabeste in

using finofectady DAY B EOHEA NasH R

dirlgc |*c_§dgr?§.4 I%rig iﬁ%‘egg%\%i%ent, f:%ﬁgg%?}%%%@éte wﬁ 50 e
(positive control); the identified HCV core siRNA (positive control); and the
identified lamin siRNA (negative control) were synthesized using the
Silencer siRNA construction kit, Catalog # 1620 (Ambion Inc., Austin,

Tex.). DNA oligonucieotides were synthesized by IDT (Coralville, iowa).

Contro! sikNAS:
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 controf; 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 fransfection of no siRNA.




ng of the infectious HBV plasmid, 1 pg of a T7 RNA polymerase
expression plasmid (description of plasmid below) 600 ng of an eiRNA
vector encoding a hairpin RNA comprised of sequences derived from SEQ

wib&slagdescribed below) and 600 ng of an eiRNA vector epeagdingsn2R29
hairpin RNA comprised of sequenc#s derived from SEQ ID NO:5

(described below). Control cells are transfected with 50 ng of the HBV
plasmid and 1 pg of the T7 RNA polymerase expression plasmid. An inert

filler DNA, pGL3-bgsic (P , isQn WI), i to gl
SRR T O B o PR S g SNACY RS of
200/ (i=tafied SRN/S20SRIGA. 822937 349 Bt osind) X2 Ieeter lossbdf atfive
ion, Follow fecti Il it t
o R e o S PR PR O evel
sety eliwndaneTnd asadinmieirasplistokadeeddenictslisvitb pasititsred
5 by @snayiommeAis asdia LU ERRA Cals PRaIRNIRY e dqyseost

dsRNA administration and every other daY thereafter for a period of three

werkceniRalians JoRtRdans ahebid AR rYaHAIRA AL BIg RS RORBBBHAtS
(Al etk B 19 UspddmeatisB e patts #sudagaantigen (HBsAQ).

HBsAg is measured since HBsAg is associated not only with viral
replication but also 10 with RNA polymerase !l initiated transcription of the
suiapednitgdr2cistron in the transfected infectious HBV clone, Since

10 HBSAG synibesis.qan cantiue. i ihe absencs alhiBY, eplication ifs
important own-regulate™ not only viral replication but also

reptientibisitaepengeresipnidds dhasmmmgc Ssvitpment exeephitiales
CoRiRNIY RAGEPIAAMBALIR e QeneRis INfyihalF _ sRaAsHIESs)-ess of

virion particles containing encapsidated DNA is indicative of a loss of

HEoTHe HlidaRin 1A Rals WeraisR S Sciianientes At Cfantaa Hat

el IRy Wi o o Briely. Ealtos vl parie s oo e e

infectiou virion riefly, pelleted viral particles fr e media
15 of G ool S o S R E810H5 6 PRRENAEET Rt e on T AP

coiie thetmiedobsldONNBxpadtivatioh &liRiEidiaeei€, tthefaniptess

if‘cé:‘c?ﬁé%ﬂd%‘ﬁﬁr@%?d?%' ﬁo‘ﬁ[ﬁéﬂ‘?&@e%@ﬂﬁﬂg’c 9 degradsng DNA
liberated from core particles.
which was transfected at levels of 0, 3, and 8 pmoie. R1, R2, R3, R5, R7,
and R8 all exhibited significant inhibition of HCV as can be seen in the

20  Western Blot, FIG. 14,

Table 15
siRNA  SEQ ID NO HCV sequence

R1 37 CTGGCCTCTCTGCAGATCAAG
R2 38 TGCAGAGAGTGCTGATACTGG
R3 38 TGAGCCGCTTGACTGCAGAGA
R4 40 GAAAGGTCCGTGAGCCGCTT

R5 41 TAGCTGTGAAAGGTCCGTGAG
R6 42 TTAGCCCTAGTCACGGCTAGC
R7 43 TCCATCTTAGCCCTAGTCACG
R8 44 TTGGTGGCTCCATCTTAGCCC




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 25
enveloped virion particle. DNA is then purified by phenol/chloroform

waxrasher@nd ethanol precipitated. HBV specific DNA is depeqteday:@8b229

electrophoresis followed by Southermn Blot analysis. Results will desirably
indicate a 70-95% decrease in both HBsAg and viral particle secretion in
the media of cells transfected with the HBV 30 plasmid, T7 RNA
polymerase expression plasmid and eiRNA constructs relative to ceIIs

transfectéd HN6RIFYRURIBY PRR MRS biymgereme and
eXQF@Sﬁﬁ@dﬂ@@ﬂm\‘\@t%@@ﬁ@é@%ﬁﬁﬁw&wﬂdﬂé&é@ S7@Q/E33t0r$

nir_? genme t %rﬁiof the T7 RNQ]%EIwe%{ ene S

BT th '?7 { PefiRRrasd oty ﬁ%o a

maefaredidoeaptbssiohregaior such as pCEP4 (Invitrogen, Carlsbad,CA).
Cloning can be easily done by one skilled in the art. One skilled in the art
would also be aware that a leader sequence with a Kozak sequence
needs to be cloned in directly upEﬁMﬁﬁtﬁ the T7 RNA polymerase
ASORAE SHNA HARIRARTNR G P BiRCadBAN O 1
The vector is T7-based as descrlbeove The InSert encodes a
unimolecular hairpin cofReEdSEHLE] £l

ettt es58BBRYg from coordinate
30@4@%&@5@@& @mmi@@ﬁaagsaccessmn #s V01460 and J02203.

15 One r§b n of trlle hajr es the ens m Lqe sequences
and the SWPeB%H % h%ﬁ ReREB4EE efige V& &on of
th|$ramﬂeﬂademﬂmrpm@cﬂm.eamtyém{designecbhﬁ&mmmj

i .
e B S S e e R
en@UaéB%lAamnﬂbw@dwimvﬁﬁpB@mm@d bfefheneaiovapsriyingmse
coqidinates (ROVRESanBanis 8B N6 g J0 2203 bR

hairpin is designed as described for hairpin encoding sequences from

5g WPARSA and J02203. Foliowing internalization info hepatocytes and

20

25

30

nuclear localization, transcription of the infectious HBV plasmid from
several viral promoters has been shown to initiate a cascade of events that
mirrors HBV replication. These events include translation of transcribed
viral mRNAs, packaging of franscribed pregenomic RNA info core |
parficles, 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 HBY replication within infected liver celis and is therefore a
good cell culiure model with which to look at silencing of HBV expression
and replication.

in this model, cells are co-fransfected with the infectious molecular
clone of HBV and the individual effector RNA constructs fo 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 [D NC:1 and SEQ iD NO:5. The
particular eiRNA vectors for this experiment are T7 RNA polymerase-



25 EXPERIMENT 1 Rationale for mouse models: Chimpanzees represent
the only animal model in which to study human HBV infectivity. Mouse
models are available, however, in which 30 human HBV expression and
wkepligatiaguoccur. These models have been invaluable for the-enaitaiiom ol
anti-HBV therapeutic agents and hd%e been shown to be a predictor for
the efficacy of these agents in humans WO 2005/014806
PCT/US2004/019229 75 [4]. The first of these models are transgenic
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animals, these mice are not immunotolerant to HBV antl%ens and
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casfrotivessiydisithinsheitie misdelichad vegiares LitimlateljiéntérpstedhistriGts
10 do‘évs”fa[x%%}jﬁtri'@s%ﬁﬁe&%ﬁ’a 8@2“@@&‘1‘3%\%}5‘0@“ fiese models would at

some pomt necessita e re-design an atibn of vectors and/or
RNASTEPERHe Ia3dgatarfiag 20 thaMtite 4résissperieciiathbnétdre
noise e 9enaiicMaHaRIRS WK dbe susism-HRes Bl rEiss siaHlike
human HBYV, there are no validated WHBV/DHBYV cell culture models that
20%8n B SRGIELh PR UFHRTNERPES FEERMNNERANRANADEAS e
expetigerisdgsckipeedRelow utilizes hydrodynamic delivery as a method
to co-deliver replication competent HBVayw plasmid with the various
effector dsSRNA (eiRNA) expression vectors. Hydrodynamic delivery is
idefkferithnéfemomhtrbetausefectiesults in efficient delivery of

Huh7 cells are seeded into six-well plates such that they are

15

between B0-90% confluency at the time of transfection. All transfections
are performed using Lipofectamine™ (Invitrogen) according to the

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

25  hairpin RNA comprised of sequences derived from SEQ ID NO:5
(described below). Control cells are transfected with 50 ng of the HBV
plasmid and 1 ug of the T7 RNA polymerase expression plasmid. An inert
filler DNA, pGL3-basic (Promega, Madison W), is added fo all
transfections to bring total DNA/transfection up to 2.5 pg DNA.

30



25 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.

wBeasausagexpressed effector dSRNA are present in the majaigty, 0é mels19229
bearing the replicating HBV plasmi@ observed results can be attributed to
30 the performance of the effector plasmid rather than to differences in
dellvery eff|C|enC|es ThIS experiment demonstrates only that a particular

[ ed I|ver Formulatlon and delivery are not
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25 animals are injected with the H re licon but not with an eiIRN
vediomature core particles and envetope infectious HBV virions [6]. Brieﬂy,

pelleted viral particles from the media of cuitured cells are subjecied to
20  Proteinase K digestion to degrade the core proteins. Following inactivation
of Proteinase K, the sample is incubated with RQ1 DNase (Promega,
Madison, WI) to degrade the DNA liberated from core particles. The
sample is digested again with Proteinase K in the presence of SDS to
inactivate the DNase as well as to disrupt and degrade the infectious
25  enveloped virion particle. DNA is then purified by phenol/chloroform
extraction and ethanol precipitated. HBV specific DNA is detecied by gel
electrophoresis followed by Scuthern Biot analysis.
Results will desirably indicate a 70-95% decrease in both HBsAg
and viral particle secretion in the media of cells transfected with the HBV
30 piasmid, T7 RNA polymerase expression plasmid and eiRNA constructs
relative to cells transfected with only the HBV plasmid and T7 RNA
polymerase expression plasmid.



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

woXNRaSIRsplasmids, e.g., Ambion, Inc., Austin, TX, USA. These4e6iai5229
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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 WO 2005/014806 PCT/US2004/019229 77 similar results
will be obtained using other expression and promoter systems as
degsried @é@@/ﬁh@;@,%ﬁtamd/or vectors encoding alternative
structures (e, cup X). Descnptlon of U6-based eiRNA vector encoding
el & RNA ROWAIBEARRTRNE. 101 encodes a hairpin
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RNA expression. In addition, serum will be collected from day 4 mice for
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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 1D NO:1.

EXPERIMENT 1

Rationale for mouse models:

Chimpanzees represent the only animal model in which {o study
human HBV infectivity. Mouse models are avaiiable, 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



are 5 animals is each set. Results: Mice that are injected with the HBV
replicon and the eiRNA 30 constructs will have decreased HBV-specific
RNA, and HBsAg and HBV viral particles as compared to the control

waniiglssasindividual animals, decreases will range from abegltyéeftu i@ oz2e
near 100%. WO 2005/014806 PCT780S2004/019229 78 EXPERIMENT 2

Transgenic mouse studies: Background. We will be using the HBV
transgenic mouse model developed in Dr. 5 Chisari's Iaboratory [8].
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a model not only for viral replication but also for RT 10 independe
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10 In heydrophaamipdellygas example. These are the U6-based eiRNA
vecto?ls&t:encodmg hairpins containing sequences derived from SEQ ID

NO:1 and’dbeyah Wepdchurk gnd dHakmerDiR AtstienitiectuhDNA is
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15 down-regulating expression of human HBV, use of these models would at
some point necessitate the re-design and evaluation of vectors and/or
RNAs specific for human HBV. 2} the mice are isogenic and therefore
noise due to genetic variables within the system does not arise. 3) Unlike
human HBV, there are no validated WHBV/DHBY cell culture modsls that

20 can be studied in paralle! with their respective animal models.

The experiment described below utilizes hydrodynamic delivery as
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 if results in efficient delivery of

25 nucleic acid to the fiver [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 resuits can be atftributed to

30 the performance of the effector plasmid rather than to differences in
delivery efiiciencies. This experiment demonstratas only that a particular
eiRNA is efficacious in an infected liver. Formulation and delivery are not



30 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 WO
woRb£a14806 PCT/US2004/019229 79 solutions are mixedpogetesdniszre
equal amounts such that each plasmid is at 2 mg/ml. This plasmid
mixture is used for the final formulating. Formulation is as described in
PCT/US03/14288 (above): Formulation A) 35% trilactosyl spermine, 65%
chqlester ermine, Formulation B 0% trilactosyl spermine, 50%
chcﬁggfe% rtr’ﬁirS}eéé% Irsrglorarréu n%llloﬁ g09%" qglt%qé o‘é%i}’% ermlnee%%l/a‘
ch@l@@myrsmabiaé.lﬁtﬂﬂ@suamuwmnu}mfohanﬁgmmm axschspthsmid
at 1 mg/ml. Mice are IV injected with 100 pl formulated DNA. One group of
mice recelves Formulatlon A, a second group receives Formulation B and
p J 9 ormulation C. Three groups of control mice are

s smiarly e #ith formatioas,carialnias R AV R RNAVBEL3BaSIC

(Promega, Madison WI), Formulations D, E and F. InJectlons are carried
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BsAg and virus containing DNA partlc es wi have ecreased relative to
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model Brief description of cell culture model:
core particies, reverse transcription of pregenomic RNA, and assembly

and secretion of virions and HBsAg particies into the sera of injected

15  animals. Animals are injected with four doses of the HBV replicon plasmid
(1 pg, 3 Mg, 5 pg, and 10 pg). These doses are chosen because they
represent non-saturating doses capabie of eliciting detectable expression
of a reporter plasmid foliowing hydrodynamic delivery. Animals are co-
injected with the effector dsRNA expression vector (eiRNA) such that

20 animals in each group receive a 10-12 ug dose of a particular effector
construct({s) such that the total DNA dose is 20 ug. For example in mice
receiving the 3 pg dose of the HBV replicon, 17 ug of the chosen eiRNA
vector(s) is injected for a total of 20 ug injected DNA. The amount of this
dose is therefore dependent upon the dose of HBV plasmid used. Controt

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, pGL.3-basic
(Promega, Madison, Wi} such that the fotal amount of DNA in the
formulation is 20 ug. eiRNA vectors in this study are the UB-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 NO4.
The exact sequences encoded by these vectors are described below. The
vectors are co-injected in equal amounts (by weight). It is expected that



30 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 WO
wo00bH14806 PCT/US2004/019229 80 viral RNAs and proghagimgzo04/019229
infectious virus [1-3]. The replicon d%ed in these studies is derived from
the virus sequence found in Gen Bank Accession AF090840. Following
internalization into hepatocytes and nuclear localization, transcription of
the infectious,HBV, plasmid.from several vir romoter S been
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occurs in the liver on day 1 following hydrodynamic delivery [1]. The
presence of HBV RNA in liver samples is ascartainéd by Northern blot

20  analysis. Liver fissue will be evaluated for the down-regulation of HBV
RNA expression. in addition, serum will be collected from day 4 mice for
measuremeant of HBVsAg and DNA-confaining viral particles. Assays will
be as described for the cell cuiture replicon experiment (Example 3) and
as in Yang et al. [1]. Each vector and control group will be comprised of 2

25 sefs of animals, each set corresponding o a collection time point. There

are 5 animals is each set.

Results:
Mice that are injected with the HBV replicon and the eiRNA
30 constructs will have decreased HBV-specific RNA, and HBsAg and HBV
viral pariicles as compared to the control animals. In individual animals,

decreases will range from about 70% to near 100%.



polymerase expression plasmid (description of plasmid in Example 3), and
1.5 pg of the HBV-specific eiRNA vector (described below); B) 50 ng of
the WO 2005/014806 PCT/US2004/019229 81 infectious HBV plasmid, 1

wpgoekthasty RNA polymerase expression plasmid and 1.5 pgrofsmno4/e19229
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irrelevant dsRNA expression vectof#C) 125 ng of the infectious HBV
plasmid, 1 pg of the T7 RNA polymerase expression plasmid and 1.4 pg
of the HBV-specific eiRNA vector; and D) 125 ng of the 5 infectious HBV
plasmid, 1 pg of the T7 RNA polymerase expression plasmid and 1.4 lag
of an irrelevant dsRNA expression vector. All transfections were carried
ouERRERIMENTIR this experiment transfections B and D served as

CONRS JeiE ARiaRPsttags arsianBupa was removed from

transtected cells and assayed for the presence of HBsAg 10 (see below).
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trafistatteting Retistl M SRt s el BRNG Y MPeS e HEg™Minue in
thesapssieenad I replication it is important to down-regulate not only

viral replication but also refoli ion-independ ntds nthesis ofHB sAg. 25
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model demonstrates efficient delivery of the effector piasmids fo mouse

hepatocyies.

Experiment.
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 UG-based eiRNA vectiors encoding hairpins
containing sequences derived from SEQ D NO:1 and SEQ ID NO:4.

Formulation of DNA to be iniected.

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/mi. The two plasmid stock



82 HBV-specific eiRNA used in this experiment The eiRNA vector
encodes a dsRNA mapping to coordinates 2027- 2674 of GenBank
Accession # AF090840. The sequence therefore includes sequences

wdenvgdiigomn both SEQ ID NO:1 and SEQ ID NO:2. 5 More speeifzmalip19229

10

20

25

30

the sequence includes all of SEQ IIPNO:2 and 134 bp derived from SEQ
ID NO:1. EXAMPLE #5 The down-regulation of HCV in a cell culture
replicon model 10 Brief description In this experiment, a cell line is
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HCV specific eiRNA vector. The presence of HCV-specifi NA is
as%@ﬁwawmﬂﬁeﬁé%a@hﬁmm é@%@ﬁﬁbgawut%méir’é%{w [10]
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from S NO:11 (vector described at end of example). Control cells
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described in Exam fé)f 3. Untransfecte reprLlcon essm}gﬂ#ﬂ%g 7 cells
ar@H Q0B @ 48% S5 OHFRBRER A oY R @faé%ff BFH that

tercifizasfegtonswarehamed oomest/efficaeguttingean witbtalfol 282y Biection
2005 %91421306 PCT/US2004/019229 83 transfections (10 per mix). At days

§”and 7, two wells of cells/each
Following administration, HBV RNA and serum leveis of HBsAg and

DNA containing viral particles will be quantitated on days 5 and 9 post first
injection. All analyses will be as described for the hydrodynamic delivery

studies.

Resuits:
HBV-specific RNA levels, HBsAg and virus containing DNA
particles will have decreased relative to controis in the Formuiation A, B

and C groups.

EXAMPLE #4
Silencing HBV replication and expression

in a replication competent cell culture model

Brief description of cell cuyliure 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 capabie of franscribing al! of the



transfection are lysed and RNA is extracted using standard techniques.
Samples are analyzed simultaneously by Northern blot analysis for the
presence of HCV-specific RNA as described in Lohmann et al. [10]. 5
wRestdis 4@ells transfected with the HCV-specific eiRNA vecrarivwili2etangz29
decreased HCV-specific RNA levelrelative to the control cells at every
time-point analyzed. 10 HCV-specific eiRNA vector. The eiRNA vector is
T7-based and encodes a hairpin RNA. One side of the hairpin comprises

SERADRN é‘.‘gnJ %&@@H %%é%c}?.'éo\y}’r%% f:y-?é.'%% ?g#%%eug%g ihndl8
second side of the haifpin contains a Sequence that Is complementary
to aﬁecﬁwgti%i_mdrf@ﬁatmmméw@wﬁm@m damnclant desapsiand
CP@%*B@?JBE@.‘WMHi‘HﬁSH@&ANQ&%‘& R NSRALRGHIAL NG AgReS Of
eiRNA vectors driven by other promoters and encoding other types of

RNeCatirplioredranscraliRsahiRg Bfrcisus dBY MiAemid A TragyRiahyise!
5 andiBMantGdrer- ndetiibvirief darsdniiendeutiisoexqamlciegliaihatapy

licating both HBV and HCV 25 replicon: fected with ap eiRNA
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protackkcCreafiommdgilblingsdeabadotiiNHatto ldBY¥ aaditiely raplicens.
30 HuH 7. cells first enginegared to ress,functional V licons.
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10 200401480 REILY RRP4RLA28r BiékiA %#E@&’H&H%R!ﬁﬁm&éd liver

described in Example 3 and below in the ansfection of cells" section.

In #RYSRBAISIEIFREGERERP IS R RigR FRofode! with which fo look at

silencing of HEV expression and replication.
in this model, cells were co-transfected with the infectious
molecular clone of HBV and an eiRNA construct. The cells were then
15 monitored for loss of HBV expression and replication as described below.
The following is an example of an experiment that was performed
using an eiRNA vector encoding sequences derived from both SEQ iD
NO:1 and SEQ 1D NO:2. The pariicular eiRNA vector used for this
experiment is T7 RNA polymerase-based and encodes a duplex RNA of
20  about 650 bp (See e.g., WO 00/63364, filed April 19, 2000). If is expected
that similar results would be obtained using other expression and promoter
systems as described elsewhere herein and/or vectors encoding
alternative structures (i.e. duplex).

25  Experimental Procedurs: Transfection,

Huh? 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 fo the
manufacturer's directions. In this experiment, cells were transfected with

30 A) 50 ng of the infectious HBV plasmid adw subtype, 1 pg of a 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



the virus sequence found in Gen Bank 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 that
walgmeapisssses HCV replicons. It is also possible to transfe@ChiEscedsn19229
simultaneously with both the HBV &hd HCV replicons and select and
expand cells that are replicating both HBV and HCV replicons. 10
Transfection of cells. In this example, the HBV and HCV eiRNAs are
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produce these RNAS and 20 one could also use other promoters, e.g., as
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Gggf?x\é&é%lg%ﬁ ctor encodes sequences derived from SEQ ID NO:1

A vector encodes sequences derived from SEQ ID NO:
11. Description of vector inserts is located at the end of this example.

Hu@%%gﬁ@gg%e%gg%ﬁw%@@@&pch that they are 30 between
80 o contluency at the tifme of transfection. All transfections are
performed AGHEEi H@@W@’FWWIW@W@H}@@H@M@QWOF

15 magdiRsiureRs-iie ?ésd@mgxeer&asaﬁ SpinIs AR Sieds Wlth 50
WO 2005/0 ;836 PCT/US2 9229 85 n of the infectious

plaFIE 2 h G 6% W RNIR 8r §8S%¥3B9e JRSSRATi H@(ﬁ%@%@.&ﬁ'tﬁ
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RN RORRURGASELRRY URARESISSHOE Bbbott Labs (Abbot Park, IL), was
used fo detect hepatitis B surface antigen (HBsAg). HBsAg was measured
20  since it is associated not only with viral replication but also with RNA
polymerase |l 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.
25

Resulis:

Celis transfected with the HBV-specific eiRNA construct exhibited
an 82-83% decrease in HBsAg at the four-day timepoint relative to the
control fransfections.

30



from SEQ ID NO:1 (described below and in Example 3), and 600 ng of an
5 eiRNA vector encoding a hairpin RNA comprised of sequences derived
from SEQ ID NO:11 (described below). Control cells are transfected with
wbCmgokthe HBV plasmid and | pg of the T7 RNA polymeraseras§nasoimn29
plasmid. An inert filler DNA, pGL3-Basic (Promega, Madison WI), is added
to all transfections where needed to bring total DNA/transfection up to 2.5
10 pig DNA. Each transfection mix is made such that ten transfections can

b%ggﬁg%% ,@gHgg&gimlehg%Q(fi,%glggansfections (10 per mix).
Analyses. Followng transfection, cells are monitored for the loss or
reductionf EsaIRMBVesipresseras JePRATBANNNS &2 seRNatasep27-
Ee%@rtm %@ﬁﬁ&@%ﬁﬂ%ﬂﬁ@g@ﬁ?%@@%@@uﬁwmnitored
y assaying the media of transfected c inning a S
dsRRIAISRPRHARSRS T SPEVER GRE %ﬁﬁﬁ@r@%ﬁﬂﬁ §df§éri§ﬁ¢tﬁree
5 wagkts spaeificiilynhe sbdSdncomoiediea iy af SEDIef M Abhdtt Balhe

(A§b0tt2§ Par il ed to detect hepatitis B surface antigen (HBsSAQ).
H S?Réei Offﬁ@a%ér@c] @iﬁéé ?t is associated not only with viral replication
but also with RNA polymerase 11 initiated transcription of the surface Ag
cistron in the transfected infectioys fAB\V:clane. Since HBsAg synthesis
can continue in the ab?er) e oon it is important to

10 Zyg/h @ﬂg@éﬂ%: e|ri d. Loss, of virion particl taini
genoml(; IS alsO measured. LOSS Ot vIrion par ICIes caontainin
encaps I DRASE ARl I8 5 &L pr YT D B ARIERS A DGR
viriga'gespiondn\Oleation dechmicpiblittaisdiscdatiiiate mletiveanrmakald,

immature core particles enveloped infectious HBV, virio |
), DR i O Bie esiiarel R abie S but in
subjectychtty Protein ssp i atigiestionvied delylndectie o usplotbmscells are

15 Followingd. ipnactivaiion of Preteinase . Q200 Gﬂ]l%SN sence of

PCT/US2004/019229 86 sample is incubated with RQ1 DNase , .
(PRIMégREMBRIRIN inprestafrdiby BRI iet aralysinee grscribed in

paftisigsarihe: sAe 48 gige e paainamihediicieinagenain the presence
of SDS to inactivate the DNase as well as to disrupt and degrade the
infectious enveloped virion particle. DNA is then

Experimental protocol: Transfection.

on of virion particles containing encapsidated

20 Huh? cells expressing HCV replicons are seeded into sbewell
plates such that they are between 80-80% confluency at the time of
fransfection. All fransfections are performed using Lipofectamine™
(InVitrogen) according fo the manufacturer's directions. In this experiment,
cells are transfected with 1 pg of a T7 RNA polymerase expression

25  plasmid (plasmid described in Example 3) and 1.5 yg of a TT-bésed
eiRNA vector encoding a hairpin RNA comprised of sequences derived
from SEQ ID NO:11 (vector described at end of example). Controf cells
are transfected with 1 g T7 RNA polymerase expression plasmid and 1.5
ug of the HBV-specific (SEQ 1D NO:1 specific) T7-based eiRNA vector

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



5 purified by phenol/chloroform extraction and precipitated. HBV specific

DNA is detected by gel electrophoresis followed by Southern Blot

analysis. Atdays 3, 4, 5, 6 and 7, two wells of cells/each transfection
wexpstimgiital and control) are lysed and RNA is extracted BSTHEStEAdaeRy

techniques. Samples are also anal§Zed by Northern blot analysis for the

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

Results. Cells transfected with the HBV-HCV-specific eiRNA vector will

Shouh AehiBRsdd eY uﬂ%%?d%b&%‘el ek ée'QHMert%ﬂametB?'c%%?e%h

every 15 time-point analyzed. In addition, the levels of HBsAg and HBV
viriEnsieadin arm WeRARRG A ierpiiRdsdHiskshtardardisshainies.

H@4rmpeEfiGel f@mgm@ar‘é&mmwémaﬂm?g@m the
encodes a hairpin RNA. One 20 S|d9e of the@alr comprlse

NGRS RO RN A D S TBE L LADETENS S econe
5 side of the hairpin contains a sequence that is complementary to the first
Sldﬁ of pe hairpin. One skilled in the art can easily design and construct
nstructs. Note: it is anticipated that other types of eiRNA vectors
25 driverdejlothengieotedtaithdnd Bldodimrriit eithpesaft@Nulisthastures,
'”Cé*é%}b'%%é’?c! 'W%&H’ﬁé@%@&‘f&%ﬂ"ﬂé@%%@% %ﬁﬁ%ﬁcé@&?@
desirable are, e.g., “forced” hairpin constructs, partial hairpins capableof
beﬁi’Q@eRWWﬁi\lA -dependent RNA polymerase to form dsRNA
10 hairpins, as taught in USSN 601399,998P, filed 31-Jul- 2002 and 30

stribufrSReREeRHENA yedlony; halrpln Iong dsRNA vectors and multi-short
halrpln SWH@WMRBMN@Mﬂ%WWbM&Med&W haigimBERapitne

cons ruc 2005/014806 P 9229 87 as taught in USSN

eoﬁi‘i ;E ried 18- BERG6Z 3 éﬁj ﬁcg%%oo:sms%e, filed

20-Oct- 201]7@ asqelhes ia Telidetgbythmor SRNALsE wEtares kihewetond
15 thosise%ﬁ%ﬂ& NLENS R o iRV SRR IR S ESHRNR P B YRS RS

7-based as described above The insert encodes a unimolecular hairpin

coﬁiéﬁé@df@f agpien Qnermkifiprhy flsnedssramasdly design and construct

hairpin constructs. Note: it is anticipated that other fypes of elRNA vectors
driven by other promoters and encoding other types of RNA structures will
have similar effects. |
20
EXAMPLE #6
Treatment of an HBV/HCV co-infection
Brief description

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

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

30 HuM 7 celis are first engineered to express functional HCV
replicons. Creation of the cell line is as detailed in Lohmann et al. {101
After cell line establishment, the cells are transfected with an infectious



3004-2950 (About 55 bp) of GenBank accession #s V01460 and J02203.
One region of the hairpin encodes the sense version of the sequences
and 10 the second region of the hairpin encodes the antisense version of
wihiosemdgence. Hairpins can easily be designed and made PYTHi52604/019229
skilled in the art. References 15 1%%vang, P.L., et al., Hydrodynamic
injection of viral DNA: a mouse model of acute hepatitis B virus infection.
Proc Nall Acad Sci U S A, 2002. 99(21): p. 13825-30. 2. Guidotti, L.G., et
atyMULIRURNES MDA fleshietan emgﬁ&eé RipEBiNg arute HBY
infection. ‘Science, 1999. 284( 5415% 825-9. 20 3. Thimme, R., et al.,
CB@sfesing wicenlite srelicledid @eeéﬁa*aigeﬁs%rsaim@@éﬁé%%@@rfﬁ@ﬂ

aCtH@ hw&@a@w&mnﬁamed Mk 065566 Y068600artd Miorres,

AT s 4 D g it

5 Smmadsm&héﬂ&hcbﬁﬁmnmd—th@: uBmﬂme_atmiHEnm&dmabRerm that
cjj kaPensdon W&/l re §9 suﬁislggg 2 Iﬁff{)& tb¥fa%8%‘e%’t d % é"u
den%ml ased frandtection in anim systemic a minie ratlon
of gmmaemﬂy @éh@aﬂhehhem@v %(Wﬁ@vlwc@@we Pitaheyd

WELARLENCtHS0M e GRS B DUHSER IS0 luyman,depG2 cells
mediated by hepatitis B virus recombinant baculovirus. Hepatology, 1998.
28(4): p. 1134-46. WO 2005/014806 PCT/US2004/019229 88 7. Chisari,
10 F. w{aﬁg%gtﬁﬂrm@ic mouse model of the chronic hepatitis B surface
antigen carrier state. 1157- 60, 8, Guidotti,
ot o PR e R ST e RS A A RGRE B mice.
szwé,ph@@cﬁ E&{bax w:tﬁ&%@@a&&mﬁrﬁt&—@m@ym&s'ﬁmm& ke H.
Li, M Jebt%%ﬁ{ke Fiﬂm\éaé%r&ﬁc?ci!?%%%%%e sgﬁg\%r%?sﬁ 120 8f %?c])eided by

int&ffe ring argeted agains
separate vectors. In this example, transcription from each cistron is driven

15 by the T7 RNA polymerase promoter and T7 RNA polymerase. Each
promoter is followed by a hairpin eiRNA which in turn is followed by a T7
terminator (FIG. 1). The cistrons in this example are converging but one
could also use diverging cistrons. It should also be noted that one could
usé other expression systems (including viral) to produce these RNAs and

20 one could also use other promoters, e.g., as described elsewhere herein,
to drive expression of these RNAs without significantly affecting efficacy.
Selection of the appropriate expression systems and promoters is within
the skiil in this art. Also one could express other eiRNA structures, e.g., as
described elsewhere herein, as well as others, described in the literature in

25  this area. In this example, the HBV eiRNA vector encodes sequences
derived from SEQ ID NC:1 and the HCV eiRNA vector encodes
seguences derived from SEQ 1D 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

30 between 80-80% confluency at the time of transfection. All fransfections
are performed using Lipofectamine™ (Invitrogen) according to the
manufacturer's directions. in this experiment, cells are transfecied with 50



transcripts in human cells. Nature Biotechnology, 2002, p.500-505. 10 10.
Lohmann, V., Korner, F., Koch, J.-O., Herian, U., Theilmann, L. and
Bartenschlager. R. Replication of Subgenomic Hepatits C Virus RNAS in
we piepateita Cell Line. Science. 1999. 285: 110-113. 89 CIPAMS 2019229
CLAIM: 1. Use of a double-strandefRNA effector molecule comprising an
at least 19 contiguous base pair nucleotide sequence from within SEQ ID
NO:1; wherein U is substituted for T, and wherein said double-stranded

e b e | ¢ : fact
of%mgé g%;gﬂgm (R IRESPARR (9 15 JRLOPY SRR 58{¥mgrg@g acture

‘ I inhibiting  expression of a target polynucleotide
sealSiéfﬁi?élgﬂmé%ﬁﬂt%(B&ﬁﬁ!i@‘ih‘?‘&ﬁﬁﬁ‘@%ldﬂ%ﬂﬁrﬁgéﬁ@w&ﬁ)aﬁ%é%%%
claiirafEber epruising MgRiRRHestphirRIar dios fURBES IASrRB At

least 19 contiguous base pair nucleotide sequence from Withinogmre han

onBUPSES 1B NB:1 ArsaHRSERS 'Y Ribs 10 EXaSRigible 3¢ 600 ng of an
5 adgiRusA tieniethediage hellph meme@imﬂswa@r&mmiofd f

mare e (0] eclors comprising al ression construct capable.
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SEQ 3 RGECHED YHNO BTN s EVEROsESrOUDINS D,
10 andPERAD- MR O MbRISHhissswagituiath faal i eraHERRISHY can be

administration. 4. The use of claim 3, wherein said one or more
exPRABIFHROFEFHITRE NGB RIS 4P HES RIS HASE A ked from

an RNA polymerase | promoter, an RNA polymerase Il promoter, a T7
polymerase promoter, an SP6 polymerase promoter, an RNA polymerase
1] é%%&%?“ a U6 promoter, a tRNA promoter, and a mitochondrial
promoter Fediiyingriretefepiambie kel mopiinred foadia @asopiigabigtion

15 D35€ RAY Qﬁéﬁﬁgg%% 3RAYBRABaith ﬁy%%%%&%ﬁg%@l%‘%%@@% BAA

effector molecule comprising a first at least 19 contiguous base pair
nu@éﬁr@@@éw%a‘gafmﬁe%@m Feldsiarqumsiaiaredd ¥ @ssaiinsd
forghapfarherainssisbaorbinsHandamhG B i8ays post dsRNA
administration and every other day thereafier for a period of three weeks.
The Auszyme ELISA, commercially avaiiable from Abbott Labs (Abbott
20  Park, IL), is used to detect hepatitis B surface antigen (HBsAg). HBsAg is
measured since it is associated not only with viral replication but also with
RNA polymerase Il 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
25  viral replication but also repiication-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 repiication. Analysis of virion secretion invoives
a technigue that discriminates between naked, immature core particles
30 and enveloped infectious HBV virions [6]. Briefly, pelleted viral particles
from the media of cultured cells are subjected to Profeinase K digestion to
degrade the core proteins. Following inactivation of Proteinase K, the



homologous in sequence to the target gene; 91 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
woasistingef SEQ ID NO:11, SEQ ID NO:12; and SEQ ID NOT275200ketelep
U is substituted for T and wherein $4id double-stranded RNA is
homologous in sequence to the target gene, for the manufacture of a
medicament for inhibiting expression of both a target polynucleotide

Se%ﬁﬁ}ﬂé R Repssik RitdRe) Q%E@@PF&R%%P W!Q@é%ﬂ%%??ade

atitis C virus in the same in vivo mammalian cell. 6. The uSe of claim

5 RHeNAJIRpIRRTLTOREFERT SRElidssHbscafiEP o pissaigaaeaieuith
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NO'5, SEQ ID NO'6, SEQ 1D NO:7, SEQ ID NO'8, SEQ 1D NO:9

an&es HESNSPTPISHRIRASG ANalFas e AlRsiera BiPhanshsHs Sarihged
10 RNA&@fispiobipaiecuie sepRNgingaisesansuahlearikhacatiguous 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 Kean#ssuitable for administration. 8. The use of claim 7, wherein said

ored oA %Peé(%‘tﬂ%%‘%@\/ SEDRIRE] @u‘lir{%@% VBT wili show

selected from an RNA polymerase [ promoter, an merase

prodesteased TipolapesiisaPibnimiels widps f@diyﬁmagél m@iﬁ@@eevw
15 RNAROPENRIASSHR QM atefisia ) herRmatess aiRNA Ararpeieryiaid a

mitochondrial promoter, said first promoter operably Tinked to said first at

leaBP1it! %‘6Hﬁg%@s‘iﬁ&é%aﬁﬁlF%%@Yé‘oﬁ‘?’o*@%éaﬁgﬁl:gaﬁﬁ@%‘%éond

promoter selected from an RNA polymerase | promoter, an RNA

poI ‘ -f ase II pro n, r, a T7 polymerase promoter, an SP6 polymerase
PR PR ASEHEER promoter, a U6 promoter, a tRNA

promoter 'Eha:leaﬁﬁl@ommnd rial proasete grehehsedend aimotétNA. One

20  side of the hairpin comprises SEQ 1D NO:48.
This sequence is followed by a loop structure of 8 Ts. The 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

25  driven by other promoters and encoding other types of RNA structures,
inciuding various hairpin structures will have similar effects. Especially
desirabie are, e.g., “forced” hairpin constructs, partial hairpins capable of
being extended by RNA-dependent RNA polymerase fo form dsRNA
hairpins, as taught in USSN 60/389,998P, filed 31-Jul-2002 and

30 PCT/US2003/024028, filed 31-Jul-2003, as well as the "udderly” structured
hairpins (e.g., multi-hairpin jong dsRNA vectors and multi-short hairpin
structures), hairpins with mismatched regions, and muliiepitope constructs



operably linked to said second at least 19 contiguous base pair nucleotide
sequence. 92 9. The use of any of preceding claims 1 or 5 wherein the
mammalian cell is a human cell. 10. A composition for inhibiting the

Wextpesduspeof a target polynucleotide sequence of hepatitidP BIARRSU#EH229

in vivo mammalian cell comprising &t least one double-stranded RNA
effector molecule comprising an at least 19 contiguous base pair
nucleotide sequence from within SEQ ID NO:1; wherein U is substituted

for T heyein,sai ; | | i
o R A S e RN e compriing
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LY RRjouRUShASeARA S e, RagHRNgRTER Within more than one
of SEQ ID NO:1 through SEQ ID NO:10 are present in the composition.

12. A composition for inhibiting the expression of both a target
palpnycisatide csrauercaOfREAttis B virus and a target polynucleotide
sequence of hepatitis_C virus jn a single in vivo mammalian cell
comprisiﬁﬁeavt?é’ﬁfbrlésl;&éﬂa%%d@ﬁi%ﬁ%%%? %Sl\é%u%%?ﬁ%ﬁs‘?ﬂaogﬁ?s? at
leasihSicombg hairpihaserpaisaBohsetpaidesemeriog from edthitirBEQ |D
NQ:1. [ [ titut. ' i le-sir

RN R ats B e A e
doDbiersganded RN cororsk s eopspyRitigaddberitayfsass Fnd

C%%BQ@%%BR'&M@%%E@%Wﬁ@%%%@@v@@%ﬁﬂﬁ%a
selected from the group consisting of SEQ ID NO:11, SEQ ID NQ;12 and
SEeawsNe: FaiwAs e el irtisassrandmirrRdeinesgpkiled in
doghlerstranded RNA is homologous in sequence to the target gene. 13.
The composition of claim 12, further comprising wherein effector
molecules comprising an at least 19 contiguous base pair nucleotide
sequence from within more thanRefeh8&) ID NO: 1 through SEQ ID
NQ:12 and SEQ ID NQ;2 i skign
compgoh o yPt SRR T ALl SN Mol oo
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Nucleonics sequence listing v5.txt SEQUENCE LISTING <110>
Nucleonics, Inc. Pachuk, Catherine satishchandran, C. zurawski, Vincent
Mintz, Liat <120> Conserved HBV and HCV sequences useful for Gene
Weilsngingsr6130> 26788-002 <150> 60/478,076 <151> 20080832 0415029
48 <170> Patentln version 3.2 <2$8> 1 <211> 138 <212> DNA <213>
Hepatitis B Virus <220> <221> misc_feature <222> (137)..(137) <223>
nisa, c, g, ort <400> 1 gaacatggag arcayhdcat caggaytcct aggacccctg

o9 RIRCANI-YOKatGE DA B REARIASIC LRI AR CIiRpROIRBatits
gactcgtggt ggactictct 120 caattticta ?gg%d_an 138 <210> 2 <211> 26

n . y
<212> DR AWTERE-antgamramsraiale 209 8Rfg 28UMYRM PartdP -
<210> 35211> 206 <212> DNA <213> Hepatitis B Virus

8. Guidotti, L.G., et al., High-level hepalitis B virus replication in transgenic
5 mice. J Virol, 1995, 88(10): p. 6158-69.
9, Lee, NS, Dohjima, T., Bauer G., Li, H. Li, M.J., Ehsani, A., Salvaterra, P.
and Rossi, J.
Expression of small interfering RNAs targeted against HIV-1 rev
transecripts in human cells. Nature Bictechnology, 2002, p.500-505.
10  10. Lohmann, V., Komer, F., Koch, J.-Q., Herian, U., Theilmann, L. and
Bartenschlager. R. Replication of Subgenomic Hepatits C Virus
RNAs in a Hepatoma Celf Line. Science. 1899. 285: 110-113.



<220> <221> misc_feature <222> (63)..(63) <223>nisa, c, g, ort
<220> <221> misc_feature <222>(111)..(111) <223>nisa,c, g, ort
Page 1 WO 2005/014806 PCT/US2004/019229 Nucleonics sequence
listing vS.txt <220> <221> misc_feature <222> (140)..(140) <223>n s
al_mpgsort <220> <221> misc_feature <222> (174)..(174) <223>nis a,
(F <220> <221> misc_feature <222> (177)..(177) <223>nis a, C,
< 0> 3 aaggcectttc tvhgtmaaca rtaynitgmmc ctttaccccg ttgcymggca

écggyéﬂmwwd@uh@c@aW@@t@%aﬁ@@&m@éw&cmmd@e@ttg@mﬁt 19
PSIRRRIGED 3D p@gcmmma%m WW@%@Q@FQ@%@I%@%QU is

cctngengeb 180 tgttt gc;2 cagcmgg c 206 <210>4 <211>1
SIS ACE L5 S HIrIE B R Lok SToREEsh B den BRGRpdoUS In
spguetigg dadetttgg romiyy doatthgacmekiatiot: of a medicament for inhibiting
expression of a target polynucleotide sequence of hepatitis B virus in an in vivo

mammalian cell.

2. The use of claim 1, further comprising wherein effector molecules
comprising an at least 19 contiguous base pair nucleotide sequence from within
more than one of SEQ ID NO:1 through SEQ 1D NO:10 are suitable for

administration to the same cell.

3. The use of claim 1, wherein one or more expression vectors comprising an
expression construct capable of enabling production in said mammalian cell 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
NQO: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, are suitable for administration.

4, The use of claim 3, wherein said one or more expression vectors further
comprise at least one promoter selected from an RNA polymerase | promoter, an
RNA polymerase 1l promoter, a T7 polymerase promoter, an SP6 polymerase
promoter, an RNA polymerase il promoter, a U6 promoter, a tRNA promoter, and
a mitochondrial promoter, said promoter operably linked to said at least 19

contiguous base pair nucleotide sequence.



aaagaatttg gagctwctgt ggagttactc tcdtttttgc cttcygactt ytttccttc 119 <210>
5<211> 101 <212> DNA <213> Hepatitis B virus <400> 5 cgabgcaggt
cccctagaag aagaactccc tcgectcgea ggggmgrtct caatcgmcgc 60 tc9ca9as9
atctcaatYtcgg' gaatctYy gasgaw9tot 101 9 <210>6 <211>99 <212>
NA <213> Hepatitis B Virus <400> 6 ahgcaggtcc cctagaagaa . _
iRy AR GG tte ey EAER S0 Bt RS ey =
lggahitdysentiguaymtbase aioxTleptide seQuUerER NNt SEQepatNe:1;
Br¥ieis Rage ZV4ekiRRaD/@34806:RE WHS3POAHRHO29nNURIBARIGS RNA is

gsquence 4i§%ig \{/J%.t)été gf Oe>tgrcgtb caeggtc ccctagaaga agaactccct
cgcctcgcag acgr%gr{]ctc aa cgm(,ggc ‘tcgcagaaga tctcaatytc gggaatctya

atgttagtat 100 <210> 8 <211> 100 <212> DNA <213> Hepatitis B Virus
<400> 8 gabgcaggtc ccctagaaga agaactccct cgectcgcag acgmgrtctc
aatcgmcgcg 60 tcgcagaaga tctcaatytc gggaatctya atgttagtat 100 <210> 9



<211> 104 <212> DNA <213> Hepatitis B Virus <220> <221>
misc_feature <222> (9)..(9) <223>n ii a, c,g,ort <220><221>
misc_feature <222> (38)..(38) <223 nhis a, ¢, g, ort <220> <221>
misc_feature <222> (72)..(72) <223>nis a, c, g, ort <220> <221>
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" tg'~qgtgga'atctttbn etccrctgec gate-cat-ae , - ..
CO e e e ko e TR I P B8 facsyd om

can uou[s b?s Cp
gcggaactcc tng

the group> NSk 3¢ BEputifls MOVIMusSERQR D #212;misd FEQUIB NO:27;
7R&AI(1d) 17 LisAR3Rd RAF. QF@r\tt\m%ﬁQ%z éégoctasge%%@%eeﬂﬁm is

t ttgtytacgt cccgtcrgeg ctgaatcc age

gg%%?ggtggs irg Qéqugnce tog thegta%]'ge gene, fgr the ma%ufacture of a medicament
for inhibiting expression of both a target polynucleotide sequence of hepatitis B
virus and a target polynuclectide sequence of hepatitis C virus in the same in vivo

mammalian cell.

6. The use of claim 5, further comprising wherein effector molecules
comprising an at least 19 contiguous base pair nucleotide sequence from within
more than two of SEQ 1D NO:1 through SEQ 1D NO:12; and SEQ ID NO:27: are

suitable for administration to the same cell.

7. The use of claim 5, wherein one or more expression vectors comprising an
expression construct capable of enabling production in said mammalian cell of 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 1D 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 1D 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, are suitable for
administration.

8. The use of claim 7, wherein said one or more expression vectors further
comprise: a first promoter selected from an RNA polymerase | promoter, an RNA
polymerase || promoter, a T7 polymerase promoter, an SP8 polymerase promoter,
an RNA polymerase Il promoter, a U6 promoter, a tRNA promoter, and a
mitochondrial promoter, said first promoter operably linked to said first at least 19
contiguous base pair nucleotide sequence; and a second promoter selected from
an RNA polymerase | promoter, an RNA polymerase | promoter, a T7 polymerase
promoter, an SP6 polymerase promoter, an RNA polymerase |l promoter, a U6
promoter, a tRNA promoter, and a mitochondrial promoter, said second promoter
operably linked to said second at least 19 contiguous base pair nucleotide

sequence.



WO 2005/014806 PCT/US2004/019229 Nucleonics sequence listing
v5.txt cggacgaccc n 71 <210> 11 <2911> 490 <212> DNA <213>
Hepatitis C Virus <220> <221> misc_?eature <222> (86)..(86) <223>n is
a, C, g, ort <220><221> misc_feature <222> (434)..(434) <223>ns a,

C, g, ort <220> <221> misc_feature <222> (455)..(455) <223>nis a, C,
,ort £220> <221> misc feature <222> (476),.(476) <223>nis a, c, g,
00 <0t Bo 2w Sl HesRBocmns (xghp WSy Les BB A Gobis 2

huagOselil ddatcactce cetgtgagga actactgtct tcacgcagaa agcgtctage
catggcgtta 60 gtatgagtgt ygtgcagcyt ccaggncccc ccctcccggg agagecatag
tagtctgegg 120 aaccggtgag tacaccggaa ttgcerggah gaccgggtec tttcttggat
acclycte TR Hintgtty Wﬁg%ﬁt&f@&%%%@ﬁcf%@a&?&%d’omuc eotide
sogagiegyd gty BovR40 imaaggedityriggtacides tgdtegoptigiaggndegitone
555R09RAESHA0AFA0T FEIGADG %%aog%cgn\g{ RARA8% iguous base

aaagaaaaac caaamgwaac accaaccgyc _
pair nucleotide sequence from within SEQ 1D NO:1; wherein U is substituted for T

and wherein said double-stranded RNA is homologous in sequence to the target

gene.

11. The composition of claim 10, further comprising wherein double-stranded
RNA effector molecules comprising an at least 19 contiguous base pair nucleotide
sequence from within more than one of SEQ ID NO:1 through SEQ 1D NO:10 are

present in the composition.

12. A composition for inhibiting the expression of both a target polynucleotide
sequence of hepatitis B virus and a target polynuclectide 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



gcccacagga cgthaagttc ccgggyggyg ghcagatcgt tggbggagth tacbtgttge 420
cgcgcagggg cccnmvdttg ggtgtgcgeg cgacnaggaa gacttcbgar cggtcncarc
480 chcghggnag 490 <210> 12 <211> 29 <212> DNA <213> Hepaititis
C Virus <220> <221> misc_feature <222> (6)..(6) Page 4 WO

RSO URIE RE TS IRRIEETD N@Gie%&fefr‘?gt%:kgﬁggﬁw&(‘:’%gﬁ and
nis a, c or a ata ga a
Whisih SA oIS S ed FINA ROBISSON PP EARnES B forget gene:
andagdtadpiseteaygial RiNfy efitatticcoalsgaltc dboqidditgra ta&aogatac Bast 19
r‘?z@%ﬁ%gﬁés‘é ?@&é&%ﬁ@%‘é@i EHE@%@W?@S &%?ggle%z\%m

tacgtgac gtagaa ta ataafttc fttg cagttttaaa attatgt
then gEE RIS B AL o At 10, NRc10 aBth SEC24B NO:2T:

whaigitgtD0asa088688aHR §6CCD 20k WHEKRIA4 s3id 1acablesddamiBINARNA is
<213> Artificial <220> %%@{RNA encoding sequence mapping to

ho %FW cogr(? ina es |% rE;eénebank accession # v01460 <400>

13.  The composition of claim 12, further 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 NC:12 and SEQ ID NO:27 are
present in the composition.

14,  The composition of any of claims 10 or 12 wherein the mammalian cell is a
hurnan cell,



cgtctgcgag gcgagggagt tagagaactt aactccctcg cctcgcagac g 51 <210> 15
<211> 51 <212> DNA <213> Artificial <220> <223> eiRNA encoding
sequence mapping to HBV-AYW coordinates 807-827 in Genebank

waCeessiar V01460 <400> 15 ticttcttct aggggaccty cagagagetius2004/019229
gcaggtcccc tagaagaaga a Si <210> 16 <211> 51 <212> DNA <213>
Artificial <220> <223> eiRNA encoding sequence mapping to HBV-AYW
coordinates 1291-1311 in Genebank accession # V01460 <400> 16
aagccaccca aggcacagct tagagaactt aagctgtgcc t_tgggtégct t51 <210> 17

Page 5 WO 2005/014?@%153@!9%2?@7@‘1 3581 Mutfeditics sequence
listing v5.txt <211> 51 <212> DNA <213> Artificial <220> <223> eiRNA

110 e L . _ - _ .
< >en§!§%§@’égg%éﬁk§e mapping to HBV-AYW coordinates 1299-1319 in
Gerepainiy

gﬁ@éigj%_# V01460 <400> 17 caaggcacag cttggaggct

ta%%ﬁ???fgﬁa??ma gctgtgectt g 51 <210> 18 <211> 51 <212> DNA

<120> Conserved HBV and HCV Sequences Useful for Gene Sitencing
<130> 26788-002

<150> 60/478,076
<i51> 2003-06-12

<160> 48
<170> PatentIn version 3.2

<Z210>= 1

<211> 138

<212> DNA

<213> Hepatitis B virus

<220>

<221> misc_feature

<222  (337)..(137)

<223> n is a, ¢, g, or t

<400> 1
gaacatggag arcavhdcat caggayfcct aggaccoctg ctcgrgttac aggeggkgti G0

trrctygttg acaaraatce tcacaatacce deagagtcia gactcgtogt ggacttotet 120

caattttcra ggagdany i38

<210> 2

<211> 26

<212> DNA

<213> Hepatitis B Virus

Lx400> 2
EGGAEGTOTE EFEYaTOTTY  tateat 26,

<210> 3

<211> 206

<212> DNA

<213> Hepatitis B Virus

<220>

<221> misc_Tfeature
<222>  (83)..{(63)

<223> nisa, ¢, g, or t

<220>

<221> smrisc_feature

<222> (111)..(111)

<223> n is a, ¢, g, or t

page 1



<213> Artificial <220> <223> eiRNA encoding sequence mapping to
HBV-AYW coordinates 1737-1757 in Genebank accession # v01460
<400> 18 ggattcagcg ccgacgggac gagagaactt cgtcccgtcg gegcetgaatc ¢ 51

wo2inilRes211> 51 <212> DNA <213> Artificial <220> <223 eifRbiéoz20

encoding sequence mapping to HBV-AYW coordinates 1907-1927 in
Genebank accession # V01460 <400> 19 ttccgcagta tggatcggca
gagagaactt ctgccgates ltactgegerueesle JAE0NPOVR2TIS 51 <212> DNA

:%g(l)i ﬁggg%@ﬁﬂgal <220> <223> e’ikNZ' encoding s6quence-"mapptng

<222> t@HBV-E40)-coor-din aces 1-912--.1-432 in Genebank accession #

<223> 01360 400> 26 dagtatggat cggcagagga gagagaactt ctcctetgec

<220> (Qatccatact g 51 <210> 21 <211> 51 <212> DNA <213> Artificial <220>

%g? ‘mg é@g encoding sequence mapping to HBV-AYW coordinates

22232 f\ 43-1963 ' Genebank accession # V01460 <400> 21 tccacgcatg
220 cgctgatggc cagagaactt ggccatcagc gcatgcgtgg a 51 Page 6

< >

<221> wisc_feature

«222> {(1773..(3773

<223> nis a, ¢, g, or t

<400> 3

aaggccrttic tvhgtmaaca rtaymtgmme ctttaccccg ttgcymggea acggychgay 60

ctntgccaag tgtttgetga cgcaaccece actgghtody gecttggybat nggccaters 120

cgcatgogts gaacctttbn gkctoctotg cegatccata ctgoggaact cctngengeb 180

£grttygCic gragomggic tggrge 206

<210>
<21l>
<212>
<213>

<400>

4

118

DNA .
Hepatitis B virus

4

yactgftcaa gcotcaaget gtgocttyggg tggetitrgg rcatggacat tgacmcktat 60

aaagaatttg gagetwergt ggagttacte tedtrtttge cttoygactt ytttocttc 119

<210>
<211>
<212>
<213>

<400

5

101

DNA .
Hepatitis B virus

5

cgabgcaggt cccctagaag aagaactccc tegoctegea gacgmgrtct caatcgmoge 60

s R s g =

<210>
<211>
<Z212%
<213>

<400

" GtcatanaRs AECtcARVY Coigaatety mEtgrTagrRTT C v oo oo o 30k

6

39

DNA _
Hepatitis B virus

6

abgcaggtce cctagaagaa gaactccctc goctcgceaga cgmgrtctea atcgmegegt 60

cgcagaagat ctcaatytcg ggaatctyaa tgttagtat 99

<210>
<211>
<212>
<213>

7

100

DNA . - -
Hepatitis B virus

Page 2



WO 2005/014806 PCT/US2004/019229 Nucleonics sequence listing
VS.txt <210> 22 <211>51 <212> DNA <213> Artificial <220> <223>
eiRNA encoding sequence mapping to HBV-AYW coordinates 1991-2011
winBsnelrank accession # V01460 <400> 22 tgcgtcagca aa®astigyo04/019229
aagagaactt tgccaagtgt ttgctgacgc a 51 <210> 23 <211> 51 <212> DNA
<213> Artificial <220> <223> eiRNA encqding sequence mapping to
400 HBV-AYW coordinaté PR 8137R"EerldshMEateeSstion # V01460

cabgcaggt@Oc 2t gaaRCYoag cragacanaicecgagngagatiriggat glatcdgogacgttt tal

<210> 24 <211>51 <212> [g{]%g& %93%; Artificial <220> <223> eiRNA

tcgcaga&ﬁéoéfr%éagga%% ar‘ﬁﬁé?iﬁg t ﬁé -AYW coordinates 2791-2811mut in
10 enebank accession # V01460 <400> 24 aaaacaccac acacgcatcc

22112 aggagaactt tggatgcgtg tgtggtgttt t 51 <210> 25 <211> 51 <212> DNA sfl

<212> BNAArtificial <220>
<213> HEpatitis B Virus

<400> B
gabgcaggic ccctagaaga agaactccct cgoctcgoag acgmgrictc aatcgmegeg 60

tcgcagaaga tctcaatytc gggaatctya atgttagtat 100

<210> 9

<211> 104

<212> DNA _
<233> Hepatitis B virus

220>

<221> wisc_Teature

222> (9)..(%

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (38)..(38

<223> nis a, ¢, g, or t

<220

<221> misc_feature

<222> (72)..(72)

<223%> nis a, ¢, g, or t

<220

<221> misc_feature

<222> (75)..(75)

«Z223> nis a, ¢, g, or t

SA400> 9
' ttggybatng gecHTEFSEy EaTYCoty0a arerrtbngk croctctgee gatesatast - —60- -

geggaactcc tngongcbtg tttygctcgce agamgdtctg grge 104

<210> 10

<211> 71

<212> DNA _
<213> Hepatitis B virus

<220>

<221> misc_feature

222> (71)..(7L)

<223> n is a, ¢, g, or ¢

<400> 10
ctgccaactg gathcthege gggacgtcet ttgtvtacgt cccgtergeg ctgaatcchg 60

page 3



wo2basnRMe <213> Artificial <220> <223> eiRNA encoding-eeqisemnani 19229

<210
<211>
<212>
<213>

<220>
<221>
<222>
<223

<220>
<221>
<222>
<223>

<2 20>
<223
<222
<223>

<2 20>
<221>
<222
<223>

<220>
<221>
<222>
<223

<400>

<223> eiRNA encoding sequence mapping to HBV-AYW coordinates
2912-2932 in Genebank accession # V01460 <400> 25 ttgagagaag
tccaccacga gagagaactt ctcgtggtgg acttctctca a 51 <210> 26 <211> 51

mapping to HBV-AYW coordinates 2919-2939 in Genebank accession #

V01460 <400> 26 Page 7 WO 2005/01480‘6 P_CT/USZOO4/019229
Nucleonics sequence!tisaery ¢5. sactantecateti sgaytetada cagagaac
c99ac9ifrtagacte gtggtggact t 51 <210> 27 <211> 101 <212> DNA <213>

1

Hepatitis C Virus <400> 27 tttggtggct ccatcttagc cctagtcacg gctagcetgtg
%@ggtccgt gagccgcttg 60 actgcagaga gtgctgatac tggcectctct gcagatcaag t
BBd <210> 28 <211> 29 <212> DNA <213> Artificial <220> <223>

$IPORA BitcSdifig Wequence mapping to x region of Hepatitis C virus <400>

28 gctaaacact ccaggccaat acctgtctc 29 <210> 29 <211> 29 <212> DNA

misc_feature
(86)..(86)
nisa, ¢, g, or t

misc_feature
(434)..(434)
nisa, c, g, or t

misc_feature
(455) .. (455)
nis a, ¢, g, or t

misc_Teature
(476),.(476)
nisa, ¢, g, or t

misc_feature
(488)..(488)
nisa, ¢, g, or t

11

ddatcactcc ccrgtgagga actactgtct tcacgcagaa agcgictage catggegtta

gtatgagtgt ygtgcageyt ccaggnecco ccctoccggg agagccatag tggtctgogg

aaccggtgag tacaccggaa ttgeecrggah gaccgggiec trtcttogat daacccgetc

watgccygga vatttgggeg tgcccccgor agacygctag ccgagtagyg ttgggtydeg

__aaaggccttg tggractgec tgatagggtg cttgocgagtg coccgggagg tetcgtagac

LI T T T, T L L R KR AR O e i

cgtgecahcat gagcacrmwt cchaaacchc asagaaaaac caaamgwaac accaaccgyc

gcccacagga cgthaagttc ccgggygayg ghcagatcgt tggbggagth tacbtgttge

cgcgeagggg cccnmvdttg gotgtgogog cgacnaggaa gacttcbgar cggtoncarc

chcghggnag

<210>
<211>
<212
<213

<220>
<221
<222

12

29

DNA .
Hepatitis C virus

misc_feature
(6)..(6)
Page 4

60

120

180
240
300

T e eapmaE

360
420
480
450



<213> Artificial <220> <223> siRNA encoding sequence mapping to x
region of Hepatitis C Virus <400> 29 tcctttggtg gctccatctt acctgtctc 29
<210> 30 <211> 29 <212> DNA <213> Artificial <220> "235 "StRNA
wernsedsimysequence mapping to-* region-o# Hepatitis C-WhaI/$52040019229
30 gctccatctt agccctagtc acctgtctc 29 <210> 31 <211> 29 <212> DNA
<213> Artificial <220> <223> siRNA encaoding, sequence mapping to x
<223 @Gion,Of Hepatitis @9&1@”2&60'5&%‘165{5%&&& Hhteadddct acctgtete 29
400 <210> 32 Page 8 WO 2005/014806 PCT/US2004/019229 <211> 29
N leoni listing vb.txt <212> DNA <213> Artificial <220
: a0AIGa ppauehge g . _ <2207,
2 ggcnl‘.§§ 3> %&Ngaengo%iﬁl 8%Jequence mapping to x region of Hepatitis C Virus

210> 5 00> 32 cctagtcacg gctagctgtg acctgtctc 29 <210> 33 <211> 29 <212>
<211>
<212> DNA

<213> Homo sapiens

<400> 13
aaggrcgoge aggaagaggy cctattiece atgattcctt catatttgea tatacgatac 60

aaggergtta gagagataat tagaattaat ttgactgtaa acacaaagat attagracaa 120
aatacgtgac gtagaaagia ataatitctt gggtagtttg cagttttaaa attatgiitt 180
aasatggact atcatatget taccgtaact tgaaagtatt tegattictt ggotttatat 240

atcttgtygga aaggacgaaa caceg 265

<210> 14

<Z2il> 51

<212> DNA

<213> artificial

<220
<223> eiRNA encoding seguence mapping to HBY-AYW coordinates 788-808 in
Genebank accession # V01460

<400> 14
cgtctgcgag gcgagggagt tagagaactt aactcectcg cotcgcagac g 51

<210> 15

<211> 51

<212> DNA

<213 Artificial

<220>

<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 807-827 1in
. ... .Senebank accession # V01460

<400> 15
TTcttcttot aggggacctg cagagaactt geaggtcccc tagaagaaga a 51

<210> 16
211> 51
<212> DNA
<213> Artificial

<220>
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 1291-1311
in Genebank accession # v01460

<400> 16
aagccaccca aggcacaget tagagaactt aagcotgtgec tigggtgget t 51

<210> 17
Page 5



<213> Artificial <220> <223> siRNA encoding sequence mapping to x

region of Hepatitis C Virus <400> 33 ctagtcacgg ctagctgtga acctgtctc 29

<210> 34 <211> 29 <212> DNA <213> Artificial <220> <223> siRNA

wengeslingseequence mapping to x region of Hepatitis C VirugcsARQs0 819229

cgtgagccgc ttgactgcag acctgtctc 29 <210> 35 <211> 29 <212> DNA

<213> Artificial <220> <223> siRNA encoding sequence mapping to x
1L reﬁgn of Hepatitis CNAFUEOREAG05298g ErghtatittctclyE acctgtcte -2-9-
<212% <gl> 36 <211> 29 <212> DNA <213> Artificial <220> <223> siRNA
<213> eptbiiiitgiséquence mapping to x region of Hepatitis C virus <400> 36
<220- actggcctct ctgcagatca acctgtctc 29 <210> 37 <211> 21 <212> DNA

<223> <218 AnifiglahPageu@nce mapping to HBV~AYW coordinates 1299-1319
in Genebank acceSsion # v01460

<400> 17
caaggcacag cttggaggct tagagaactt aagcctccaa gotgtgectt g 51

<210> 18

<211> 51

<212> DNA

<213> Artificial

<220>
<2Z23> eiRNA encoding seguence mapping to HBV-AYW coordinates 1737-1757
in Genebank accession # v01460

<400> 13
ggatticageyg ccgadgggac gagagaactt cgtcccgtog gogcetgaatce 5%

<210> 19

<211l> 51

<212> DNA

<213> Artificiail

<220>
<223> eiRNA encoding sequence mapping toc HBV-~AYW coordinates 1907-1327
in Genebank accession # v0i460

<400> 19
tTiccgeagta tggatcggea gagagaactt ctgocgatcc atactygcgga a 51

<210> 20

<Z211> 51

<212> DNA

<213 Arvificial

<220
<2Z3> TETRNATBACOUTRY SeqaTeE mappng To- HEV=-AYW- eeordinates - 18d2-1932
in Genebank accession # v01460

<400> 20
cagtatggat ©ggCaygagga gagagaactt cLcctctgec gatccatact g 51

<2310> 21
<211> 51
<212> DNaA
<213> aArtificial

<220>
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 18943-1963
in Genebank accession # v0l1460

<400> 21
tecacgeatg cgctgatgge cagagaactt ggocatcage geatgegige a 51

Page 6



WO 2005/014806 PCT/US2004/019229 Nucleonics sequence listing
vS.txt <220> <223> siRNA encoding sequence mapping to x region of
Hepatitis C Virus <400> 37 ctggcctctc tgcagatcaa g 21 <210> 38 <211>

wehorsZhdsndNA <213> Artificial <220> <223> siRNA encopinguseguantes

mapping to x region of Hepatitis C Virus <400> 38 tgcagagagt gctgatactg
g 21 <210> 39 <211> 21 <212> DNA <213> Atrtificial <220> <223>
SIRNA encoding sediisn e iS85 rdbTensF Mdifitis C Virus

<210> <400> 39 tgagccgctt gactgcagag a 21 <210> 40 <211> 20 <212> DNA

211> 413> Artificial <220> <223> SIRNA encoding sequence mapping to x

<213> reEtenief kepatitis C Virus <400> 40 gaaaggtccg tgagccgctt 20 <2°10>

<3205 _4.1<211> 21 <212> DNA <213> Atrtificial

<223> e1RNA encoding sequence mapping to HBV-AYW coordinates 1991-2011
in Genebank accession # V014860

<400> 22

tgcgtcagea aacacttgyc aagagaactt tgccaagtgt tigetgacge a 51

«<210> 23

<Z211> 51

<212> DNA

<213> Artificial

<220> ‘ ]

<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 2791-2811
in Genebank accession # V01460

<400> 23

aaaacgccge agacacatce aagagaactt tggatgtgtc tgcggogrtt t 51

<210> 24

<211> 51

<212> DNA

<213> Artificial

<220 . .

<223> eiRNA encoding sequence mapping to HBV-AYW coordinates
2791-281Imut in Genebank accession # v01460

<400> 24

aaaacaccac acacgeatcc aagagaactt tggatgegtg tgtggtgttt t 51

<210> 25

<Z23il> 51

<Z1Z2> DNA

<213> Artificial

<220> _ ]

<223> eiRNA encoding seguence mapping to HBV-AYW coordinates 2912-2932
in Genebank accession # v01460

<400> 25

ttgagagaag tcecaccacga gagagaactt ctcgtggtgg acttctetca a 51

<210> 26

<211> 51

<212> DNA

<213> Artificial

<220 . '

<223> eiRNA encoding seguence mapping to HBV-AYW coordinates 2919-2939
in Genebank accession # V01460

<400> 26 '

Page 7



<220> <223> siRNA encoding sequence mapping to x region of Hepatitis

C Virus <400> 41 tagctgtgaa aggtccgtga g 21 <210> 42 <211> 21

<212> DNA <213> Artificial <220> <223> SiRNA encoding sequence

wonagpingdes X region of Hepatitis C virus Page 10 WO 20056Q1480604/019229

PCT/US2004/019229 Nucleonics sequence listing vS.txt <400> 42

ttagccctag tcacggctag c 21 <210> 43 <211> 21 <212> DNA <213>
sestccAcit 52208, <23 S EeRaAHEl SoblEdpd abpiing o x region

Hepatltls C virus <400> 43 tccatcttag ccctagtcac g 21 <210> 44 <211>
<10» 237<212> DNA <213> Atrtificial <220> <223> SiRNA encoding sequence
<211> miapping to x region of Hepatitis C virus <400> 44 ttggtggctc catcttagcc ¢

212 NA-
5155 Zhepid3:48 $RME 21 <212> RNA

<400> 27
Tttgotggcet ccatcttage cctagicacg geragetgtg aaaggtccgt gageegottg 60

actgcagaga grtgctgatac tggoctctct geagatcaag t 101

<210> 28

<211> 29

<212> DNA

<213> Artificial

<220>
<223> STRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 28
gctaaacact ccaggecaat acctgtctc 29

<210> 29
<211> 29
<212> DNA
<213> Artificial

<220>
<223> siRNA encoding seguence mapping to X region of Hepatitis € virus

<400> 29
tcotttggtg gotccatcott acctgtote 29

<210> 30

<211> 29

<212> DNA

<213> Artificial

<2 20>
2223y sTRNATencoding seguence mapping to—¥ region of Hepatitis- C-Virus

<400> 30
gcteccatctt ageccctagte acctgtctc 29

<210> 31

<211> 28

<212> DNA

<213> Artificial

<220>
<223> siRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 31
tcttagecocct agtcacggct acctgtctc 29

<210> 32
rage 8



<213> Hepatitis C Virus <400> 45 aaccucaaag aaaaaccaaa c 21 <210>
46 <211> 21 <212> RNA <213> Artificial <220> -<-2z3>
lami=rr-s*RNK.:.. <400> 46 aacuggacuu ccagaagaac a 21 <210> 47
we2ikdsn2Bb2 <212> DNA <213> Bacteriophage T7 <400> A7 1atgascacgzy
ttaacatcgc taagaacgac ttctctgaca tcgaactggce tgctatcceg 60 ttcaacactc
tggctgacca ttacggtgag cotttagete sgéggr?é:eagtjt Sgcqgécy ag, %20 catgagtctt
<211> asgagatggg tgaagcacgc ttccgCaagd tgtttgagcg tcaacttaaa 180 gctggtgagg
<§3ng> t ataa_cgctgccgec aagectctca tcactaccct actccctaag 240 Page 11
Rats J627014806 PCT/US2004/019229 Nucleonics sequence listing
<220> v5,txt atgattgcac gcatcaacga ctggtttgag gaagtgaaag ctaagcgcgg .
<223 c%{'zi‘é“égégﬁ‘é& 308 FOUGRERCIPRBHI IR & At H A £dg tarGgahbt g Virys
<400> td@cgtacat caccattaag 360 accactctgg cttgcctaac cagtgctgac aatacaaccg
ceragtieih §EtGPabthGegtat4de atcggtcggyg ceattgagga cgaggcetege tteggtéyta
tccgtgacct tgaagctaag 480 cacttcaaga aaaacgttga ggaacaactc
jgﬂ; a%aagcgcg tagggcacgt ctacaagaaa 540 gcatttatgc aagttgtcga
<212> ggelgacatg ctctctaagg gtctactcgg tggcgaggeg 600 tggtcttcgt ggcataagga
<213> Ayadrctatedatgtaggag tacgetgeat cgagatgcetc 660 attgagtcaa ccggaatggt
<220> tagcttacac cgccaaaatg ctggcgtagt aggtcaagac 720 tctgagacta tcgaactcgc
<223> FEEasRregtrgaspttanteycractog tgeagotytg780 Hetgyttygsoa wWitotecgat
<400> Qitccaacct tgcgtagttc ctcctaagcec gtggactgge 840
ctagtcacgy ctageigtga acctgictc 29

<210> 34
<Z21i> 29
<Z212> DNA
<213> Artificial

<220>
<223> siRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 34
cgtgagccoc ttgactgeag accigtcoto ' 29

<210> 35

«211> 29

<212> DNA

<213> Artificial

<220>
<223> siRNA encoding seguence mapping to X region of Hepatitis ¢ virus

<400> 35
Cgltgatavty grorererge arotrgrete ’ - : e e -

<210> 36

<2ils> 2%

<212> DNA

<213> Artificial

<220>
<Z23> siRNA encoding sequence mapping to X region of Mepatitis € Virus

<400> 36
actggcctet ctgcagatca acctgtcete 29

<210> 37
<211> 231
<212> DNA
<213> Artificial
Page 9



attactggtg gtggctattg ggctaacggt cgtcgtcctc tggcgetggt gegtactcac 900
agtaagaaag cactgatgcg ctacgaagac gtttacatgc ctgaggtgta caaagcgatt 960
aacattgcgc aaaacaccgc atggaaaatc aacaagaaag tcctagcggt cgccaacgta
woQakatsaccaagt ggaagcattg tccggtcgag gacatccctg cgattgagegisz004/019229
tgaagaactc 1080 ccgatgaaac cggaagacat cgacatgaat cctgaggctc
tcaccgcgtg gaaacgtgct 1140. gccgcetgcetg tgtaccgcaa ggacagggct
cgcaagtctc geegtatcay %cet?gé‘gftcs Wgﬁtgaﬁééﬁ% é{gq(?i’&%ataa gtttgctaac
<220> cataaggcca tctggttccc ttacaacatg 1260 gactggcgceg gtcgtgttta cgetgtgtca
223> a%éﬁ%’gaea%%aaﬁé{%@a@@dee 1828 E800aklgE tRacaEIGgE Virus
<400> g¥aggtaaa ccaatcggta aggaaggtta ctactggctg 1380 aaaatccacg
ctggechifta@Ritgégostgte gataaggttc cgttccctga gegeatcaag 1440 ttcattgibg
aaaaccacga gaacatcatg gcttgcgcta agtctccact ggagaacact 1500
:gﬁ; t étgggctg agcaagattc tccgttctgce ttccttgegt tetgetttga gtacgetggg 1560
<212> O#R€agcacc acggcctgag ctataactgc tcccttccgce tggegtttga cgggtettge 1620
<213> téjéafde hgceacttctc cgegatgete cgagatgagg taggtggtcg cgeggttaac 1680
<220> ltgcttccta gtgaaaccgt tcaggacatc tacgggattg ttgctaagaa agtcaacgag 1740
<223> atidticaagetgacgeasncaatggybcr gatiacgsag tafjttacegt gaccyatyag
<4p0> 1500 aacactggtg aaatctctga gaaagtcaag ctgggcacta aggcactggce
tgcagagggtcaatggtk869 «tggcttacg gtgttactcg cagtgtgact aagcgttcag tcatgacget
ggcttacggg 1920 tccaaagagt tcggcttccg tcaacaagtg ctggaagata ttattcagcc
<210> tattgat 1980 tccggcaagg gtctgatgtt cactcagccg aatcaggctg ctggatacat
j%%%i %aagctg 2040 atttgggaat ctgtgagcgt gacggtggta gctgcggttg aagcaatgaa
<213> ctggeftadagi2100 Page 12 WO 2005/014806 PCT/US2004/019229
<220> Nucleonics sequence listing v5.txt tctgctgcta agctgcetggce tgetgaggte
<223> adagatangsiagRciegagegatisiiogs 2460 -agasgttacdigtgeatta ggiaactcct
<4005 gsagtggtttcc ctgtgtggca ggaatacaag 2220 aagcctattc agacgcgctt gaacctgatg
tgagcedtGGicggieagtiegactt acagectacc 2280 attaacacca acaaagatag cgagattgat
gcacacaaac aggagtctgg tatcgctcct 2340 aactttgtac acagccaaga
<210> Cggtagccac cttcgtaaga ctgtagtgtg ggcacacgag 2400 aagtacggaa tcgaatcttt
zgilt%; tg@actgatt cacgactcct tcggtaccat tccggctgac 2460 gctgcgaacc tgttcaaagc
<273 ¢gaq actatggttg acacatatga gtcttgtgat 2520 gtactggctg atttctacga
ccagttcgct gaccagttgc acgagtctca attggacaaa 2580 atgccagcac ttccggctaa

5535 aglaReHg, AR5 ISeHIN ASAIGIAGA OIGHGARES: 2640F QrGocaL 3s 2652

<d(0> 40
gaaaggtecy tgagecgetrt 20

Z22E0s 4t
<211> 21
<212> DNA
<213> Artificial

<220>
<Z223> s1RNA encoding sequence mapping to X region of Hepatitis ¢ virus

<400> 41
tagctgtgaa aggtocgtga g 21

<210> 42

<231> 21

<212> DNA

<213> Artificial

<220>
<223> siRNA encoding sequence mapping to X region of Hepatitis C virus
Page 10



<210> 48 <211> 323 <212> DNA <213> Artificial <220> <223> T7
polymerase-based eiRNA <400> 48 atcactcccc tgtgaggaac tactgtcttc
acgcagaaag cgtctagcca tggcgttagt 60 atgagtgtcg tgcagcctcc aggacccccc

woleas0egae agccatagtg gtctgcggaa 120 ccggtgagta caccggp@iyus2004/019229

<400>

gccaggacga ccgggtcctt tcttggatga acccgctcaa 180 tgcctggaga tttgggegtg
cceeegegag actgctagee gagtagtgtt gg%ggclgias% 240 agqccttgtg gtactgectg
atagggtgct tgcgagtgee cegggaggic tegtagacey 300 tycaccatga

acaaatcc taa 323 Page 13

ttagccltag tcacggetag ¢ 21

<210>
<211>
<212>
<213>

<220
<223>

<400

43

23

DNA
Artificial

siRNA encoding sequence mapping to X region of Hepatitis C virus

43

tecatettag coctagicac g 21

<210>
<211
<212>
<213>

<2Z20>
<223

<400

44

21

DNA .
Artificial

siRNA encoding sequence mapping to X region of Hepatitis € virus

44

ttggtggete catcttagee ¢ 21

<210>
<211>
<212>
<213>

<400>

45

21

RNA

Hepatitis C virus

45

aaccucasag aaaaaccaaa ¢ 21

<210
<211>
<212>
<213>

<220>

T

<400

45

21

RNA
Artificial

~Fanin-saahi - -

46

aacuggacuu ccagaagaac a 21

<210>
<211>
<212>
<Z213>

<400>

47

2652

DNA
Bacteriophage T7

47

atgaacacga ttaacatcge taagaacgac ttetctgaca tcgaactgge tgetatcccg
ttcaacactc tggctgacca ttacggtgag cgttiagotc gcgaacagtt ggccctigag
catgagtctt acgagatggg tgaagcacgc ttccgcaaga tgtttgagcg tcaacttaaa

gctggrtgada ttgcggataa cgctgecgec aagectctca tcactaccct actcecctaag
rPage 11

60
120
180
240



WO 2005/014806

atgattgcac
acagccttec
accactctgg
atcggrcggg
cacttcaaga
gcatttatgc
togtcttegt
attgagtcaa
Totgagacta
ctggetggea
attactggty
agtaagaaag
aacattgcgc
atcaccaagt
ccgatgaaac
gcegetgotg
atgctigage
gactggcgeg
aaaggactge
aaéatccacg

ticattgagg
_tggtgggctg

gcatcaacga
agtrtcctgea
cttgecctaac
ccattgagga
aaaacgttga
aagttatcga
ggcataagga
ccggaatggt
tegaactecge
tctectecgat
gtagctattg
cactgatocg
aaaacaccgc
ggaagcattg
cggaagacat
tgtacegeaa
aagccaataa
gtegtgttta
ttacgetyge
gtgcaaactg
aaaaccacga

agcaagatt

B T PR

gtacagcacc
tetggeatrae
ttgcttceta
attctacaag
aacactggty
ctggcettacy
tccaaagagt
tcecggcaagy
atttgggaat

acggcctgag
agcacttote
gtgaaaccgt
cagacgcaat
aaatctctga
gtgttactcg
Teggetteey
gtctgatgtt

ctgtgagegt

PCT/US2004/019229

Nucleonics sequence Tisting v5.txt

ctagtttgag
agaaatcaag
cagtgctgac
cgaggetcge
ggaacaactc
ggctgacaty
agactctatt
tagcttacac
acctgaatac
g%tccaacct
ggctaacggt
ctracgaagac
atggaaaatc
tccggtegag
cgacatgaat
ggacagggct
grrrgctaac
cgetgtgtca
gaaaggtaaa
togcgggtgte
gaacatcatg

tcegttetge

e g

ctataactgce
cgegatgete
tcaggacatc
caatgggacc
gaaagtcaag
cagtgtgact
tcaacaagtg
cactcagcecg

gacggtggta

gaagtgaaag
ccggaageceg
aatacaaccg
tteggtegta
aacaagcgceg
ctctctaagyg
catgtaggag
cgccaaaaty
getgaggeta
tgegtagttc
cgtcgtecte
gtttacatgc
aacaagaaag
gacatcectyg
cctgaggotc
cgraagtete
cataaggeca
atgttcaacce
ccaatcggta
gataaggttc

gcrrgegeta

ttecttgegt

ctaagegogg
tagcegtacat
Ttcagyctyt
tcecgtrgacct
tagggcacgt
gtctactegg
tacgcetgeat
ctggcgtagt
tcgcaaceey
ctectaagec
tggcgctggt
ctgaggtgta
tcctageggt
cgattgageg
tcaccgegty
gcecgtatcag
tetggttece
cgrcaaggtaa
aggaaggtta
cgttccctga

agtcteocact

tetgotttga

g e

tcectteege
cgagatgagg
tacgggattg
gataacgaag
ctyggcacta
aagcgttcag
ctggaagata
aatcaggctg
gctgeggttg

tggcgtttga

taggtggtcg
ttgctaagaa
tagttaccgt
aggcactgge
tcatgacget
ttattcagece
ctggatacat

aagcaatgaa

Page 12

caagcgeecyg
caccattaag
agcaagcgea
tgaagctaag
ctacaagaaa
tggcgaggeyg
cgagatgetc
aggtcaagac
tgcaggtgeg
gtggactgge
gcgtacteac
caaagcgatt
cgccaacgta
tgaagaactc
gaaacgtgcet
ccttgagtic
ttacaacatg
cgatatgace
ctactggetg
gcgcatcaag

ggagaacact

gtacgetagg

cgggtettye
cgcggttaac
agtcaacgag
gaccgatgag
tggtcaatgg
ggcttacggg
agctattoat
ggctaagcty
ctggcttaag

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

T T

1620
1680
1740
1800
1860
1920
1980
2040
2100



WO 2005/614806

tctgctgeta
aagegttgcg
aagcctatte
attaacacca
aactttgtac
aagtacggaa
gctgcgaace
gtactagcty
atgccageac
gcgttcgegt
<210>
<211>
<212>
<213>

<220>
<223>

<400> 48
atcactceec

48
323
DNA

atgagtgtcg
ccggtgagta
tgcctggaga
aggccttgtg

tgcaccatga

agctgetgge
ctgtgeattg
agacgcgetrt
acaaagatag
acagccaaga
tcgaatcoott
tgttcaaagc
atttctacga
ttcoggcotaa

dd

Artificial

tgtgaggaac
tgcagcctee
caccggaatt
tttgggcygty
gtactgectg

gcacaaatcc

PCT/US2004/019229

Nucleonics sequence Tisting v5.txt
aaagataaga agactggaga gattcttcge

tgctgaggtc
ggtaactcct
gaacctgatg
cgagattgat
cggtageeac
tgcactgatt
agtgcgcgaa
ccagricgct
aggtaactty

T7 polymerase-based eiRNA

tactgtettc
aggaccccee
gccaggacga
ceceegegag
atagggrgcet

Taa

gatggtttce
trceteggtc
gcacacaaac
cttcgtaaga
cacgactcct
actatggttg
gaccagttgc

aaccteegtg

acgcagaaag
ctcecgdgag
cegggtectt
actgetagee

tgcgagtgec

ctgtgtggca
agttcegott
aggagtctyg
ctgtagtgtg
tecggtaccat
acacatatga
acgagtctea

acatcttaga

cytctageca
agccatagtg
tcttggatga
gagtagtgtt
ccgggaagtc

Page 13

ggaatacaag
acagcctace
tatcgeteet
ggcacacgag
tccgagctgac
gtcttgtgat
attggacaaa

gtcggactte

tggcgttagt
gtctgcggaa
acccgctcaa
gggtcgegaa
tcgtagaccy

2160
2220
2280
2340
2400
2460
2520
2580
2640
2652

60
120
180
240
300
323



