1 TITLE = CONSERVED HBV AND HCV SEQUENCES USEFUL FOR GENE SI LENCI NG 10

FI ELD OF THE I NVENTION This invention relates to nethods and conpositions
utilizing conserved genetic sequences of known hepatitis B viral (HBV)
strains and known hepatitis C viral (HCV) strains to nodul ate the
expression of HBV and/or- HCV in manmmal i an cells, via doubl e-stranded

RNA- nedi at ed gene 15 silencing, including post-transcriptional gene
silencing (PTGS) and transcriptional 9ene silencing (TGS). BACKGROUND COF
THE | NVENTI ON Human hepatitis C (HCV)'is a najor public health problemw th
an 20 estimated 200 m | lion persons worldw de infected. The nunber of new
infections per year in the United States is estimated to be about 25,000 in
2001. This nunber has declined froman estimted 240, 000. new cases per
year in the 1980's due to bl ood donorl&lddeeni ng. Neverthel ess, an

estimated 3.9 ml| i@@NéEﬁ%EDAﬁEW ¥ | ith HCV, of 25
whom 2.7 mllion are chronically |ﬁ$§:ﬁg§ygﬁg§¥§{:§s§e@égﬁ% significant
genetic variation in worldw deFPFpGENE BIEENEINdence of its frequent rates
of nutation and rapid evolution. There are six basic genotypes of HCV,

with 15 recorded subtypes, which vary in preval ence across different
regions of the world. Each of these major genotypes may differ

 signifi %ntly in their 30 bio:EgicEI _(F[fects - in terms of replication,
mutation rates, type and sev J v , and detection and

treat ment opti onsthis (HMRYBH refaheS® matHdLr MS&m%g{iBM@}M&' early

understood. 2 There is currently no vaccine aga avai |l abl e drug
therapy, i n@oigeRgdraganalicrsequandes nf endwndrepatitis Bnlinai {1aBV) alrhinsefddect i ve.

It | ti 75850 of i nf ect i1 devel hr oni
nfecti on, R BRIBAE G RPRHPIGYSRF b Pt e sbsxesepsiancsr HBVdevel op
chroni ¢ | i vemdfordiGwas enamelaidhReib 0pa R Bld-tdhd FJAUH{&iatQB@%%C HV

rel at ed Jii ver, disease is a leading indication for liver transplant.
o silencing, including post-transcriptional gene silencing (PTGS) and

transcriptional gene silencing (TGS).

| BACKGRQUND OF THE INVENTION
7 Human hepatitis C (HCV) is a major public health problem with an
20 estimated 200 million persons worldwide infected. The number of new
o infec_tiéns 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
25 whom 2.7 million are chronically infected. Hepétitis C shows significant
genetic variation in worldwide populations, evidence of its frequent raies of
mutation and rapid evcﬂution.jhere are six bas:ic genotypes of HCV, with
15 recorded subtypes, which vary in prevalence acroés different regions of
the world. Each of these major genotypes may differ significantly in their
30'— .'biological effects - in terms of replication, mutation rates, type aﬁd sevérity
of liver damage, ahd detection 'and treatment options - however, these
. -differences are not yet clea'riy u'nd'erst'oo_d.' - ‘ |



Al t hough a human hepatitis B vacci ne has been avail able since 1982, it is
estimated that 350 mllion persons worldwi de are chronically infected with
HBV. Wil e the nunber of new infections per year in the 10 United States
has declined froman average of 260,200 in the 1980s to about 78,000 in
2001, there are an estimated 1.25 nillion hepatitis B carriers, defined as
persons positive for hepatitis B surface antigen (HBsAg) for nore than 6
nont hs. Such carriers of HBV are at increased risk for devel oping.

cirrhosis, hepal ThefeisamentaoWaoctthdR@igeq! drd aibBicdne nom,

Al t hough nost carriers do not devel op hepatic conplications rom chronic
hepatitis Btheiapy,tiaclyding wibavirimeand ttedenonpisony garially effecting It shei r

lifetime, apg: - ic Li di in 15- 25% of

Shr oni ol 1 5 BetHER L PEREA SPicfocttd PordorR SR GelRoR R htisir ifaotPeut | o

agent s ef f ewith 7@% of cR@nizally ﬁﬁb@teatﬁhér%hglaxﬁéa@a HB&!e@élﬁét%W ik &y ection,
e (0]

especi ag_y ‘g_hroni ¢ . infection, which together are esti account for
75% of A1 a8 Hcluding Bepaipselidar earsinatna. Hehraoid HCVietated iiseal so an.

extreme ne ; ; | Gt nd agents effective agai nst HCV.
Nucl ei c acie[ggé%ée? ﬁ%ﬁﬁﬁkﬂ&%ﬁﬁﬁf@faﬁ@gp%&gm ex, and nodified 25

nucl ei ¢ aci ds) hakieourgne humapeheetite B a@@tiﬁéhgébééﬁ%dvéna@b%m agent s

Wi th signi q%ﬂ' and_varied biologjcal activities, including their use as

t her apeut i ¢! 15 &F gstimgted ihab 260 snlliosrparrans worldwitenare clubnigaigase st at es
in man an ' ' ’ ﬂm | YOI acting .t hrough anti sense
mechani smqgﬁyﬁwgr@'t@h_ybr?gl"lfzﬂeﬂ-e?%?ﬁé{@@{@ﬂ%g?r ﬁl r'EBbeSO nmodul ating
the acflfvi tinitdd StadesrRapdeslinedromepacaaletal 260000t inlthéabigog t9f  nucl ei ¢

i d th ti.cs. .i desi d to tak d te f t | .
Criple otr HRPUE §EAAT o, 2001, arddre angsigaied (i anmdion hegaliis B( . g . DNA or
3 RNA) is cheséranadiiiey B persops | 8¢ AbpAG sihaoL aRgeL, | O produce a

desired result, e.g., 1nhi bItIOﬂDO transcri pﬁ’%n»from. 'bNAtarget. Yet

-anot her apdHE&AE) for mpee thanl6 nerithm Sifchreartieisof AV arasat iesapeuti cs is
in which a structured RNA or a 5

modi 11ed ol S5aaEAeTEORbE Ak SHHAE EsompeRRalich Anietriecsianded DA
target 160 paptuomarAtRSugHEmMOsEEHIrers Bothot dbAEBBIHRPalE LB AHRaRinSNA OF
T ‘ from chronic hepatitis B, 15% to 40% will develop serious sequelae during
_ their lifetime, and .death' from chronic liver disease occurs in 15-25% of
chronically infected persons.
_ There is a need fdr improved therapeutic agents effective in
20 patients suffering from HBV and/or HCV infection, especially chronic
infection, which together are estimated to account for 75% of all cases of
* - liver disease around the world. There is aiso an extreme need for
pr’ophylacti_c methods and agents effective against HCV. ‘
| Nucleic acids (e.g., DNA, RNA, hybrid, heteroduplex, and modified -
25 nucleic acids) have come to be recognized as extremely valuable agents |
with significant and varied biotogical activities, including their use as
therapeutic moieties in the p‘reyention and/or treatment of disease states in
“man and animals. For example, o!iéonucleotides acting 'thrdu’gh anfisense
mechanisms are designed to hybridize to target mRNAs, thereby
30 modulating the activity of the mRNA. Another approach to.the uﬁiiZaﬁon of -
nucleic acids as therapeutics is designed to take édvantage of triblex'or. |
triple strand formation, in which a'éing!e-Stranded oligomer (e.g., DNA or



the DNA target and.thus inhibiting its expression. Nucleic acids may al so
be used as i mmuni zi ng agents, e.g., by introducing DNA nol ecules into the
ti ssues or cells of an organi sm t hat express proteins capable of 10
eliciting an i mune response. Nucleic acids may al so be engineered to
encode an RNA with antisense, ri bozy"ne, or triplex activities, or to
produce RNA that is translated to produce protein(s) that have bi ol ogi cal
function. More recently, t he phenonmenon of RNAI or doubl e-stranded RNA 15
(ds-RNA)-rred ? ene silepcing has been recaogni zed, whereby dsRNA

conpl enent a &At & desienpd e B'f“dafotaa Qihlegimaded DMAdatget & p i&m i nhibits

expressi on g@dsitdeckak g;% Wgtléggﬁgggs‘g‘.{%\pﬂﬁﬁ/ ﬁéWAtt.B'?%' L 2d 1 July

1999, Fire et al.:; and netlc nhi Di ubl e-
St randed RNAQOTh#CAQDHSE!E 6al the' Miizaticrs o&ndci@mwaa@dms@naab@unwm biting 20 the

Function of  Pol Ie ti de Seque " Pachuk, apd Satishchandran; and
"us. s N 607 %‘¥Q§g§’ ¢ A apladg Péymféow”h'&gmﬁr%ﬁ BNAjehe

silenci |y, mblifiedigigofRTRe I+l & |y doubl e-
stranded dsRNA, is g?(pec eéé%t%ﬁ%?(t)d\zf)@g tgxdt??%ﬂ %%g fg&?ﬁsier apeutic

and/or propBiiAdarget tagraducesdesised mEsul] eignftargeted cldavalgedif RNARY and%or 25

HCV, - inclu dj. fchuIt r obl f.chr. n|c HBV and/ or
HCV i nf ect %ﬁ%%ﬁ}ﬁgﬁétﬁ'@% ﬂo@aﬁ{néaeﬁcrﬂfé $Ovi des a
met hod for- herbsdd s BMEMBIRS 8HEAsS.g. Q@mtmhﬁn@qbﬂntmeﬁecawﬁwe of

hepatitis B virus in an in viva mamal i'an cel | ~conprising. adm nisteri ng
to said cel heé'sﬁmPléc%llsr%frﬂib@mnéfhaé@txoresﬁmoé@meapahiprof5| ng an at

| east c npﬂﬁ cl fromw thin a sequence
- sel ect é? f?é(lfr%h?l %‘Lglr oupﬁ%g‘%{ g{éfgnghﬁg%'é’ggﬁgﬁ %%ﬂlﬁ? P %I?@gfrlﬁef@? SEQ I D
NO 3, SEQ |dhch@edn BEA with H@tn§ense$ﬁﬁbt@nélcbﬁmp%¢tmtlé@ Br toEQ I D NG 8, SEQ
| D NG 9, and wherein Uis substituted for T. In a preferred

“embodi ment RSP ‘Fof%hgﬁmﬁdﬁa’é‘f@f@éttﬁrpr@,‘é‘éﬁ%ﬁ@%'n{&)dh@frm\@ bigipgieale SEQ ID

sequence NBYncif, adm ni stered to the same cell, and/or nore than one
ef fector sequence fromw thin the same SEQ I D sequence may be adm ni stered
to the same More recently, the phenomencn of RNAI or double-stranded RNA

15 (dsRNA)-mediated gene silencing has been recognized, Whereby dsRNA
complementary to a region of a target gene in a cell or organism inhibits
expression of the target gene (see, e.g., WO 99/32619, published 1 July
1999, Fire etal.; and U.S. 6,506,559: “Genetic Inhibition by Double- _
Stranded RNA WO 00/63364: “Methods and Compositions for Inhlblting

20  the Function of Poiynucleotide Sequences,” Pachuk and Satishchandran;
and U.S.S.N. 60/419, 532, filed October 18, 2002). dsRNA-mediated gene
s:lencmg, utilizing compositions prowding an at least part;ally double-
stranded dsRNA, is expected to prowde extremely valuable therapeutic

| and/or prophylact:c agents against viral infection, tnc!udmg HBV and/or
25 HCV, including in the extremely difficult problem of chronic HBV and/or
' 7 HCV mfectlon

SUMMARY OF THE INVENTION

Appl:cants |nvent10n prov:des a method for inhibiting expression of

' SQ ~ apolynucleotide sequence of hepatitls B \nrus |n an in vivo mammahan cell
compnsmg administering fo said cell a double-stranded RNA effector
.molecule comprising an atrleast 19 contlguous base pair nucleotide = -



cell. Applicants' nethod further provides a nethod for inhibiting 10
expression of a polynucl eoti de sequence of hepatitis Cvirus in an in vivo
manmal i an. cell conprising adm nistering to said cell a doubl e-stranded

RNA ef fector nol ecul e conprising congrising an at |east 19 contiguous base
pair nucl eotide sequence fromw thin a sequence selected fromthe group
-consisting of SEQ ID NO 11 and SEQ I D NO 12; wherein Uis 15 substituted
for T. In a preferred enbodi nent of this aspect of the nethod, effector

mol ecul'es from bot SE%LD NO. 11 and éEE@I E}Nor{éZ may be .adm an stered to
the same c&PHMCRfE/GFTEPE 2 PRAMEHeSEPFiEd itom F QMR CORSIIAA: hi n  he
sane SEQ | BEINQ ImenObE SENIIDINOEY SEQIDINGS: S asreQael No:mmaﬂ]@i& met hod

further provides A nmethod for inhibiting 20 expression of both a

pol ynucl eotSk@ IDNOh REQIDHYEAE. ISEQ 1B NO:&isSERdDaNOhianeBFEQdbi de sequence

of hepatitiyg~GVir i i bV i an ! onmpr i sing

adri ot er i3 105 vEiFeinLs SuR Tk Iot Ty In adbieraed BriBktr iRt i o
conpri séng methbll! stfedtor LEQISNCES fEAMImeiePHanARESED ID sdutrdmRBhale sequence
fromw thin a sequence selected fromthe group 25 consisting of° SEQ ID

‘NO 1, SEQ e agministsrad tofhreagre sl ang/aiongre themeneefiestar semence NO 6, SEQ

Subst 1 ut od FONIT the S SEND SenuBRls ey b sPIdBier 8T Bt o 1 ng

-~ a second afcelleast 19 contiguous base pair nucl eotide sequence fromwthin
a sequence selected fromthe group 30 consisting of SEQ ID NO 11 and SEQ I D
NO 12; wherei n ARRlicapissiethactyrthes provides, agpethed,feg inkyied nents of this

aspect 4af ' ' ; ' s et . of SEQ ID
Nor Tt 190, APRIRRE, §BolRUERRHAE scRRLAEY bPAobAR CRidis IR ifPRod [P0
ef f ect or nwhammaimnfoedrocbgirfsindSEQidisiSOng toad! &HR Idoubla-ditanded be

adm ni st erﬁfhéoféeh sane cell: and/or nore than, one fec{.or nol ecul es
£rom wi t hi RN Sfiegiar TaglBeyiB comprRgo Samiising 2 8t ast 09 CARIGUAMS col | .

Appl i cant s'haisBYRIM hiitledtitid SefuaMcBSHA ithi AT hi:e%eié&ieci fbithki ng the

- expression of a polynucleotide sequence o epatitis Bvirus in an in vivo
- manmal i an @&oUp congisting abSEQIBLNICs 13 andrSke@ IPNAO:12;axteneimUli®cul e

- compri $5n9 ABsAlitd ST L h SPIIA SmBATAER df the HsPBH SanS BHMRRGE from
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.
7 ' Applicants' method further provides A method for inhibiting ‘
20 éxpression ofboth a poiynucleotide-s.equence of hepétitis B virus and a
polynucleotide sequénce of hepatitis C virus in the same in vivo
* mammalian celi, comprising administering to said cell ;:i double-stranded _
‘- ‘RNA effector molecule comprising a first at least 19 contiguous ba'se paif -
| nucleotide .se-_quence 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,
" SEQID NO:5, SEQ.ID NO6, SEQ ID NO:7, SEQ ID NO:8, SEQ (D NO-9,
and SEQ ID NO:10; wherein U is substituted for T; and a double-stranded
RNA ‘efféctor molecule bompﬁs‘ing a second at least 19 contiguous base |
| pair nucleot_idésequenc_e from within a sequence selected from the gioup
30 consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U is substituted
" for T. In preferred embodiments of this aspect of the invention, effector
“molecules from more than one of SEQ ID NO:1 through SEQ ID NO:10



Wi thin.a sequence selected fromthe group consisting of SEQ ID NGO 1, 10 SEQ
IDNO 2, SEQIDNO3, SEQIDNO4, SEQIDNOS5, SEQID NO6, SEQID NO7,
SEQID NO 8, SEQID NO 9, and SEQ ID NO 10; wherein U is substituted for

T. Preferred enbodi nents of the conposition include 'wherein effector

nol ecul es from nore than one of SEQ #D NOA through SEQ ID NO 10 are
present in the conposition; and/or wherein nore than 15 one effector
nolecule fromwithin the sane SEQID NOis present in the conposition.
Applicants' invention further provides a conposition for inhibiting the

expr essi on mdy hepdministdred o the seneeaticand/ohefiattot hldsuwkdy fitsmi othn i n Vi vo -

Compr st ng S AP WBHE aRE B Bt 2 ik bS samnistrurd it oc agaeioe. 1 om
wihin a SeRRGRoRAINAIGHS SMQRIMBIBRITGAWHIR s She BEQIBNG 1 | and

SEQ I D NO 12; wherein Uis substitut Tor ments of the
conposi ti omambe@dmtmmreumoﬂfermemeﬂm ecul es from both SEQ ID NO 11 and

SEQ ID 12 th tl 25 th :
one ef t3ctor moRBRIFANR BYPUARER TR  SARrPB D EpRNG Bsont 1 n ¢ he
conposi t i omgmmm@m @olyh[]&léﬁﬁdé’@eﬁtk’éﬁ(ﬂﬁbf lﬁ&ﬁﬁfﬁlgﬁwﬂisﬁﬁ pieed \h#{@” f or

. inhibiting t expressi on of both pol ynucl eotide sequence of hepatitis B
virus and E"arﬁm%hﬁﬁ(ﬂegwmsmdﬁ@@eoﬁﬁmmRNAgaffeCtmrmeleculea single in

. ff | |
conpr 1 o1 ng s ot FRER] é%aﬁ&tﬁqq"aﬁmp%éé@& 80 SRR BN couence
2&%”1 e ‘1@%‘&;%%*’?%%@‘%@@3%:“ %MWE%EW?E NoCh, SEQ D
2rSEMDIRANG3, SFQ KE %&8@@!\:@1@%&@ D NO®6sub d
for T agds@c@'%%&ﬁgeﬁ‘ﬂﬁﬂlcﬁ%ﬁ ﬁﬁ?ﬁigna.l.&@écfgambmﬁbﬁ%{;gei%ugte

| east 19 contiguous base pair nuc de 'skquence a sequence

sel ected fthmstubetityxtmmrd'oneresferretgemm%@eh@ offthe: tdmpoditidhGheIdAIO 12;
or, T. Preferred embodinents of the conposition

“wh Ui bst
helude whePEFSR S eEtraRolaHES foBh T i ore of S BABSH thRyaD RO 1
- through SEQHMINRAQ0ae pressM tHencéthosltion, and/or wherein more than

15 one effector molecule from within the same SEQ ID NO is present in the
composmon
' Apphcants invention further prov:des a composition for inhibiting the
: expression of a polynucleotide sequence of hepatitis C virus in an in vivo
mammalian cell comprising a double-stranded RNA éffectof molecuie
20 - comprising an at least 19 contiguous base pair nucleotide sequence from
within a sequence selected from the group consisting of SEQ ID NO:11
and SEQ ID NO:12; wherein U i is substituted for T. Preferred
| embodiments of the: composutlon include wherein effector molecules from
both SEQ ID NO:11 and SEQ ID NO:12 are present in the composition;
' 25 - -and/or wherein more than one effector molecule from within the same
' SEQ ID NO may be present in the composition. -
Appllcants invention further prowdes a composition for inhibiting the
A' expressxon of both a polynucleotide sequence of hepatitis B virus and a
g polynucieotlde sequence of hepatitis C vifus ina s;ngle in vivo mammalian
30  cell compnsmg a double-stranded RNA effector molecule comprlsmg a first | _
" atleast 19 contlguous base pair nucleotide sequence from within a |
| ‘j__s‘equence selc_acted from the group consisting of SEQ ID NO:1, SEQ D



conposi tion; and/or- wherein effector nolecules fromboth SEQ 1D NO 11 10
and SEQ ID NO 12 are present in the conposition; and/or wherein nore than
one effector sequence fromwithin the sanme SEQ ID NO may be present in the
conposition. In particularly preferred enbodi nents of the above net hods and
conpositions of the invention, the polynucl eotide sequence is RNA, and 15
the mammalian cell is a human cell. Further provided are conpositions for
inhibiting the expression of a polynucleotide sequence of hepatitis B

Cel1's, “wneR02 SR RERSSER RSCESEAdD HERE SEbIn e Srbilglons

nucl eot i demqusmﬂ@ﬂ:@sl SELAD th@n éMd QE FFRa: %N%%retlﬁ‘[})fégh SEQ 1D
NO 12, the cohplenent sequences of 1 t'hrough SEQ I'D NO 12, and
m xtures oSubﬁéB@dé“quﬁeam;a ddub!a-hirantéed)RNAsreﬁectof mdhecdlaventi on, the "an
at | east 19 conti uous nu. uence r.ef era DINA, and t he
el s an CRPPIROSH Seeent St SN i iaSdids Saesteos

const r gt Sfrsﬁfmﬁhwélgemmhc@fseué&e@mhew@ dwb%n%mg%f@mmand a
manmral i an cell conpri si n%@al d expression constructs.” Another aspect of the

i nvention PV @ed Sk 1B r%u&eé@muldes suhsfildieddoc dmftrefarragl a sequence

sel ected:f 4 Q Angt her, aspect of the

i nventi on %ﬁl{)@&?&%ﬁ@&f%&ow&;%ﬁﬁﬁ F%%&E%Iy*@éﬁ'ﬂe‘?{%@g‘?{miﬁcg‘eﬁgp

nucl eot i demmoke #9an &nd0f SECRID NO:2qhroligh2SEQAD RO2M0 afe preseftRee sel ect ed
- from SEQ I D NO 14 through SEQ.ID_NO 26. Another aspect of the invention

provi des f6pmMaopPPnard/eowhaeein effscion amlecsmfions bath SRCAID News1 19
t | | ect ed
P om A0 TR e NS A8 e T RS RR0S AR dddibbuReRARARIES B2 BC F

provi des athapngesefiéctor $equenekiflirh iwithin the semeX3EQIBING rmby bepol ynucl eot i de

sequence of hegat iIs Cvirus in a mammlian cell, conprising a
. doubl e- st r Bi$&A ﬁ\]‘;%i SRASHOT ol ecul e . conprising an at | east 19 conti guous

' Sﬁiit Pf‘h[ eg“?' e%b%cﬁl%ﬂ%?&f@rr&&%b&ﬂu&@n‘?s SHRe! BN rAdinodfaslfi N U 1S

compositions of the invention, the polynucleotide sequence is RNA, and '

15 . the mammailian cellis a human cell.
Further provided are compositions for inhibiting the expression of a
. polynucleotide sequence of hepatitis B viriis and/or a polynucleotide
sequence of hepatitis C virus in mammalian Celis wherein said'
~ compositions compnse an at least 19 contlguous nucleotide sequence

20 selected from WIthm SEQ ID NO: 1 through SEQ 1D NO 12, the

complement sequences of SEQ ID NO:1 through SEQ ID NO:12, and

mixtures of these ée@uencés. in this embodiment of the invention, the “an

at least 19 co'ntiguous nucleotide seqUence” is preféxfab!y DNA, and the

| mémmalian cell is preferably human. Also provided are expression
25 Cbrisfructs comprising any of the aforementioned compositions and a
| , mamrh_alian cell com'prising _said expression constructs.
| Another aspect of the invention provides for a polynucleotide
_sequence comiprising a sequence selécted from SEQ 1D.NO:14 through

SEQ ID NO:26. Another aspect of the invention provides for
30 polynucleotide sequence comprising nucledtides 119, 1-20, 121, 2-20, 2-
21, 0r3-21 of a sequence selected from SEQ 1D NO:14 through SEQID .

NO:26. Another aspect of the lnventlon prov:des fora polynucleoﬁde



10 BRI EF DESCRI PTI ON OF THE SEQUENCES SEQ I D NO 1 through SEQ I D NO 10
represent conserved regions of the hepatitis B genone. SEQ ID NGO 11 and
SEQ I'D NO 12 represent conserved regions of the hepatitis C genone. 15 SEQ .
D NO. 13 represents the nucl eotide sequence of human U6 pronoter. SEQ ID
NO 14 and SEQ I D NO 15 represent ei RNAs that have HBV sequences mappi ng
within SEQID NO 5. SEQ ID NO 16 and. SEQ I D NO 17 represent ei RNAs t hat
have HBV 20 sequences mapping within SEQ ID NO 4. SEQ ID NO: 18 represents
ei RNA that has an HBV sequence mapping wthin SEQ ID NO 10. SEQ ID NO 19

t hrough SE&eduiznda chitnpriging S0t 16ASINABcoit oha\b%séﬂﬁ‘élrrﬁﬁﬂbtﬂfdﬁes nmappi ng
wthin SEQID NO 3., 25 SEQ ID NG 23 and | D NO 24 regb(tasent ei RNAs t hat

have HBV §%ﬂfﬂ%?ﬁ?ef§0fﬁﬂﬂﬁl"h@ wquﬁnﬁewqt@i pSECHD NO:Ribtreughd SEQ I D
NG 26 rep that have HBV sequences napping within SEQ I D NO: 1.

r
- SEQID Ng%g Drepr'es‘ents the "X' region of the HCV 3'UTR 30 SEQ | D NO 28
t hrough ‘SEQ | D' RfoB@r mepeeisafithe smid¥tionmppidey d cormpesitibhforithib@ingTR. s SEQ

"I'D NO. 37 through SEQ | D NO,44 represent si RNAs ping to the "X' region
of theﬁﬁ/{}? 838@ Pﬁﬂ@%’@ Mee%%cme@cgrp é\emﬁv%pﬁmsgmao the HCV core.
SEQ I D NO R y 47 :
represents t ngrﬁ;%f%é‘ﬁRﬁ%\i 330 rrera e gene. gggga?%ﬁﬁgﬁgéﬁtepresen S a T7-based
ei RNA vect cemprisindiangatdeasi 19 contigRidlis [BRlcEbaiDESTRiRIE SbyuencBHOMRAW NGS 10

*- E'r?,‘ééferl T SRS e A B RERRR  or  ° TT TV polyTerase

10 BRIEF DESCRIPTION OF THE SEQUENCES
' SEQ ID NO:1 through SEQ ID NO:10 represent conserved reglons of the
hepatitis B genome. ‘
| - SEQ ID NO:11 and SEQ ID NO:12 represent cohserved regions of the
hepatltzs C genome.

15 SEQID NO:13 represents the nucleotide sequence of human Us
promoter,
SEQ ID NO:14 and SEQ ID NO:15 represent eiRNAs that have HBV
“sequences mahpin_g within SEQ ID NO:5. | |
- SEQID NO:16 and SEQ ID NO:17 represent eiRNAs that have HBV
20 sequences mapping within SEQ 1D NO:4.
SEQ lD NO:18 represents eiRNA that has an HBV sequence mapping
~ within SEQ ID-NO:10.
' SEQ D NO:19 through SEQ ID NO:22 represent eiRNAS that have HBV
sequernices mapping within 'SEQ 1D NO:3. ‘
25 SEQ ID NO:23 and SEQ ID NO:24 represent e:RNAs that have HBV
: ,sequences mappmg within SEQ ID NO: 2
- SEQ ID. NO:25 and SE_Q ID NO:26 represent eiRNAs that.have HBV
~ sequences mapping within SEQ 1D NO:1.
o SEQ ID NO:27 represents the “X” region of the HCV 3'UTR.
© .30 ) SEQ ID NO:28 through SEQ D NO:36 represent snRNAs mapping to the
T the HCV 3UTR.



hai r pi n ei RNA sequences. Figure 2 is a graph show ng HBsAg inhibition
corresponding to data 15 found in Table 2. Figure 3 is a graph show ng
“HBsAg inhibition corresponding to data found in Table 3. 20 Figure 4 is a
graph showi ng HBsAg i nhibition corrqﬁponding to data found in Table 4.
Figure 5 is a graph show ng HBsAg i nhibition corresponding to data found
in Table 5. 25 Figure 6 is a graph showi ng HBsAg i nhi bition correspondi ng
to data found in Table 6. Figure 7 is a graph showi ng HBsAg i nhi bition

cor r espondi \ 30 f0 DA QATaple 7. Elgqure 8 is a _graph show ng
HBsAg i nhi SR I @bﬁ’é?%#‘g&@ @%‘E‘P f%%?&f‘%i%‘fﬂr@ﬁ@a@?'"ﬂif@ﬂ?% 9is a
draw ng depxTidgish ef freaiCvey' bipR: AYW shRNA inserts. 5 Figure 10 is a graph
‘showi ng° HBsAg i nhibition corresponding to data found in Table 9. Figure 11
is a bar g 113 IR g e spentyan siRNA nedpimytaie HEV ddreNor t hern Bl ot

anal ysis. - K Al raph,_ show show HBsAg i nhibition
'corréspon-’d?r%y!lg hﬁg‘ft’g%?gﬁ%gﬁfsnaiﬁw PPi%g E”?'@m'@j 13 is aWstern Bl ot
showi ng5 | e GEG IDNGIAY rdbfAeptothel T7 RNAﬁélgﬁférésl)eQen@., and 20 pnole of the

identified_si.RNAs. as described_in nore detail Tn Exr)_eri%er]t.'l of Exanpl e
INGBAGPIt ein at 20

2. Figure - SFQ D NQd8repiesants a I dwased aiRNA vector e |
(I tor) ORI\Q\ and 20 pnole of the identified siRNA, and 0, 3, and 9 pnole
of _ the "core™ positive control siRNA as described in nore detail in
Experiment 2 of Exanple 2. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

BRIEF DESCRIPTION OF THE DRAWINGS ,
10 Figure 1 depicts a vector iliustrating placement of the T7 RNA

polymerase promoter and T7 RNA polymerase, showing inclusion of
hairpin eiRNA sequences. |

_ Figure 2 is a graph showing HBsAg ‘in‘hibit'ion corresponding to data
- 15 found in Table 2. ‘ '

‘ Figurer 3 is a graph showing HBsAg inhibition correspondfng'to data
- found in Table 3.

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

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



25 RNA interference (RNAi) is.the process of sequence-specific, post-
transcriptional gene silencing or transcriptional gene silencing in aninmals
~and plants, initiated by doubl e-stranded RNA (dsRNA) that is honol ogous in
sequence to the silenced gene. Since RNA interference acts in a sequence
-specific mariner, the RNAI nol ecul e Uised as a drug nust be 30 specific to
its target. Viral genones are variable to acconmmpdate resistance to
changes in the environment. Wile HBV and HCV are very desirable viral
~targets for RNAI, the variability and nutability of the viruses 10 and the
hi gh rates of t Fgwerd ipta gnapbfshomdng HBsfesinhithidonByfraspbridivg @ dsta
chal | engi ng%lirz’%{%et@aﬂ Qr any therapeutic and/or prophylactic approach. In
order to k Tot@P'G r al genomne replication using RNAI there is a need to
identify conserved and unique regions in the viral genone. At that 5 sane
tinme, it is very inmportant in order to avoid toxicity that any sequences
sel ected for gelédWeI%AE dgwiag depisting feffestive HBEMAYW ghifdie indantsan
Hepatit'ss B Virus (HBV) Hepatitis B virus belongs to the famly of
hepadnavi ruses. The HBV genone is a relaxed circular, partially double
stranded DNA of Figureddiisalgraph3hdtindBBsARpinhibitiol8bResichding i partially
over | appi ng open readi- frames encodi ng the envel ope (pre- %/ S), core
(pr'ecore/c%ﬁg’)fo%gl'?ﬁé@%s%, and X proteins. The pre-S/'S open reading
frames encode the large (L), mddle (M, and small (S) surface.
gl ycoproteins. The precore/core open reading frame is translated into a
precore pol ypepFiglee Mt abargraphlishowthg downmegidation ef IHBYTRNA byt he
hepat i L(#'s . B e 3?“ %gln.(HBeAg) and the nucl eocapsid protein, hepatitis B
core ti é@ﬁﬁh%ﬁ y S the core prompter and precore regi on have been
shown to decrease or abolish HBeAg production. The pol ynerase protein
functions as a reverse transcriptase as. well as a DNA pol'ynerase. The X
protein is. a pof&nretlZdsegraph showirgnshowingdtiByAg imtwbitionn 20 -
hepat ocar ci.p nesi-s... The replicati cle of HBV begins with the '
at t achnent CS’%?%@'% 19 ‘g%tatfggi"ﬁg]_ﬁgg%ﬁ%yte. I nsi de the hepatocyte nucl eus,
synthesi's of the plus strand HBV DNA is conpl eted and the vi.ral genone is

converted.into _a covalently closed circular DNA (cccDNA)..Mst antiviral
agent s1%hat h avgzgure 13 is & Western Blot showing levels of HCV NS5A protein at

(1to r} 0, 9, and 20 pmole of the identified siRNAs, as described in more
detail in Experiment 1 of Example 2. ' '

_ F‘igure. 14 is a Western Blot showing levels of HCV NS5A protein at ‘-
20 (iton) 0, 9, and 20 pmole of the identified éiRNA, and 0, 3, and 9 pmole of
the “core” positive cbntr_ol siRNA, as described in more detail in
- Experiment 2 of Example 2. |

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

'transcﬁptional gene silencing or franscriptional gene silencing in animals
- and plants, initiated by dbuble—stranded RNA (dsRNA) that is homologous
in sequence to the silenced géne. Since RNA interference actsina -
‘sequence specific manner, the RNAi _moleéule used as a drug must be
30 - specific fo its target. Viral genomes are variable to accommodate
resistance to changes in the éhvironmeht. While HBV and HCV Iare very
.desirabie'viral térgets for RNAJ, the v_ariability ang;i n"iutability 6f the Viruées |



25 been exanined so far have little or no effect on cccDNA, which accounts

for the rapid reappearance of serum HBV DNA after cessation of antiviral

t herapy. The ains of treatnent of chronic hepatitis B are to achieve

sust ai ned suppression of HBV repricqbion and/ or expression of HBV antigens

~and rem ssion of |iver disease. 30 I'n GenBank version 132.0 there are nore
t hen 4500 HBV sequences and 340. HBV conpl ete genone sequences (317. Human

i sol ates, 22 isolates fromother primtes and one woodchuck HBV i sol ate).

11 Thi i,abi | 1.t [ tut ' hal | - i fi
ohar mceut ERHNE Y AR Bt baBhCTdE T the Vi Sr e e TRl A e o ved |
sequences gHallatifg taigeRNOr aARIhé@pbuURS AndAGREP léél%“aﬂﬂ%‘é?ﬁrlna” the

conpl ete genonmes was carried out using a nodified version of ClustalW 5
Two mul ti plogden ipdmeskdovehéral genems mplicatior dsinglRNA] there is aokeded al | 339

HBV conpl et.e. se nd the.second was,limted t |l Human HBV
i sol ates. g%mﬁsequ%?éﬁﬁéﬁfqee%m&s Wer}?'g\ﬁ'?ll ggﬂo'aﬁq /ﬁ%%abl e that :
i ncl udesl seanrstirhe! it $WIFNIGHOLRAE B §idel BNatbdidapsiity Gt bn9Seglenddse -HBV
genone was generated. A sliding window search to identify the 10. | ongest
regi on of SElpciattiorasneaiieacingipa absrit fiometha bumanigenosm@t h was  created.

-Three nmaj-or congg e ingent ified. . dto nBank
accessi on no.: AR 0, o Huns E ﬁg@%ﬂt.ﬁﬁ&@%ﬁ%@ '3/%%“” \/ sequences
were scr eefadilagbhasadrizeiiosss. Bes HBgenarhelds Wveldxedaircariropardand cDNA

~libraries %‘Hugan chrorméiorres database). It 15 was found that the identified
conserved ¥PHale siendadldNApfanpreymnately 200 bage pairp. These atgfan t her apeut i c

" pur poses, ' L ; t.lnadvertently

G| Enoty ; BaRiel el iBbnbpersatg KBS EBIEAGR SMedE BhEos For "R

Human Hepa/$), so@ {firecerefi@re), palymerdse, Aa X pradinsalhepiesSiopen20

di aneter), envel gped, sing)e-strand virus of the famly Flaviviridae

and genus ﬁ%ﬁfﬁ'&g %mﬁé_el\q@e&@ﬁdﬂrg% @%BRH%&%M&@%S@@!' EBbs#TR%Ceot i des  and

encodes a §iy@8{)ﬁ)t@iﬂbypﬁé’P?édbr@fco?@@ﬂ%% %e%%’iﬁg%@rﬂé’é@ﬁéﬁﬁatem' oS

post-transcriptionally c [ ypepti des, including 3 ngj or

eaved into :
‘struct ur al pegorEpolypegtide,) whish isnadifisdeinto a-siuble protein, ihe hepaistis( [ NS]  NS2

to 15 B e antigen (HBeAg) and the nucleocapsid protein, hepatitis B core
' antigen. Mutations in the core promoter and precore region have been
- shown to decrease or abolish HBeAg production. The -polymeras‘e 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 'hepat'ocarcinogenesi_s. |
‘ N | The_replication cycle of HBV begins with the attachment of the
. - virion to the hepatocyte. 'lnside-the_ hepatocyté nucleus, synthesis of the
plus strand HBV DNA is completed ahd the viral genome is converted into
a éovalently closed circutar DNA (cccDNA). Most anﬁvirai agents that have
25 beenexamined 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 éc;hieve
sustained suppression of HBV repiication andlor:expression of HBV
S antigéns and remission of liver disease. - | _ |
30 'InGenBank version 132.0 there are-more then 4500 HBV
| séquences and 340_HBV complefe’_gencir’ne séquences (317 Human
 isolates, 22 isolates from other prima’_tesand one 'woddc;hUCK HBV; isolate):




25 NS5). The NS proteins include enzynmes necessary for protein processing

~ (proteases) and viral replication (RNA polynmerase). Because the virus
nmut at es rapidly, changes in the envel ope proteins nmay help it evade the

I mmune system There are at | east 6 major genotypes and nore than 90

subtypes of HCV. The different genoiypes have different geographic 30

di stributions. CGenotypes la and 1 b are the nost common in the United

States (about 75 % of cases). Cenotypes 2a and 2b (approximately 15% and

3. (apprOX|nater 7% are |less common. 12 There is little difference in the

severity dfllNQéabéhbmmumﬂﬂeﬁaSEMOpaKﬂEMBBgeﬁﬂemnednma%bedftferent

' t t t 2 l i kel t
Pespond t PIEERLGR e Edachen et RRIADES it e ket fﬁsﬁgﬁv hTare in
the |iver smfichess ankise féﬁRN@ﬂ@E ﬁcét%rﬁ% atn‘éonyeé?w@@ﬁ of

treatment of chronic hepatitis C |s to elim ate cta e V|ral RNA
from t he BIUBRieta geromes wasceartsd euhupingia mdlfedwarsnsnmﬂﬂmtamlbl ood si x

Chggoet 1 rovo RLELRA LGRS W8 Reblerba, TS B JEAISERERSE > ' ©°

- prognosi s lABY ddmaﬁletdgmm@%eqqémwmtﬁ@s@cmr\ﬁas fiitthes amay be ot her
nor e subtl ben%uji;ts of treatnent, such as slow ng the progression of

liver scarifimgnHBYisdptes. {he pulinalighmend sesvdis W@M@e@and@t ai ned

Seanonces BBISHBAPRAGALE Sofet fof SelubRES oRtevRitat B PPElAN T Ty perween
all the cdhﬁllﬁ\éggﬁnmmsasvgenemted el siidihg weihdgw aearsh o idgntigriReon of

‘Cl ust gjtW ', The It| aI| nnent resu{lt was parsed and a table that
et By JenFesYodioR.d saoudact Borssrva %laraert@aeﬂ%gnﬂmfhmq he  HOV

genome was:rs@t@ararhﬁéénéo?ldo%aﬁ;ewrag rsgﬁaﬁgﬁqggﬁtﬂrédﬁﬁﬁ@ aé %qu | ongest

regi on of sequence conservatli o was 20 creat ed.
Three maj &¢ i&ﬁl%amswwhé%ﬁ&ﬁ)mhmmamHBMidoIMp'ﬁtb tanseGesBank Ref Seq

" (referenc ession L Eth\f 004102 this is ank annot at ed
" HCV conpl g-tlgé\?g’%ﬁg%ﬁéesrﬁ%c%q§8p9‘g@g§ Q‘?ééé“%\ﬁgﬂée%‘?se‘é agai nst Genbank
. sequences hupfiardgéhomioaid a@mmaﬁé@l (HGRMA drirbmBsbfes (2B i omos ones
. dat ab?ge) and t hose sequenc
: was found that the ldent:f ed conserved viral sequences are unigue from
- 21 nt up. For human therapeutic purposes, assuring that homologous
human sequences are not inadvertently silenced is as important as

selecting conserved viral sequences for RNAI

Human Hepatitis C Viris HCV is-a small (40 to 60 nanometers in
- . 20 diamet'er), enveloped, single-stranded RNA virus of the family Flaviviridae
and genus hepacivirus. The genome is approximately 10,000 nucléotides
and encodes a single polyprotein of about 3,000 amino acids, which is
- pdst-transcriptioné!ly cleaved info 10 polyp‘eptid'es, including 3 major
) Stri;ctural (G, E1; and E2) and multiple non-Siructural proteins ((NS] NS2 fo
- 25 NS5). The NS proteins include en_zymés necessary for protein processing
‘ | (proteases) and viral replication (RNA' polymerase). Because the virus
mutates rapidly, bhanges in the envelope proteins may help it evade the
- immune system. There are at least 6 major genotypes and more than 90'.'
_ 3 subtypes of HCV. The different genotypes have different geographlc
o 3Q 1 .distﬂbutlons Genotypes 1a and 1b are the most common in the United
' States (about 75 % of cases). Genotypes 2aand 2b (approxnmately 15%) .
SR and 3 (apprommately 7%) are less common. |



thi's i nveng¢RPYRES € 3ar¢ mare

25 unique from21 nt up were identified. Non-Honmology with Human Sequences -
It is equally inportant to ensure that conserved viral sequences targeted
for silencing according to the invention be substantially non 30 honol ogous
to any naturally occurring, normally,functioning,. and essential human
pol ynucl eoti de sequence, so that the dsRNA nol ecul e does not adversely
affect the function of any essential naturally occurring 13 i manmalian
pol ynucl eoti de sequence, when used in the nethods of this invention. Such

el | an scquenio Fise HRRRCRIRG A0S R o e T T o

-sequences phﬂéntenﬁe&@d wittd dif@eremtuderiotgiesp Howielerf patienteastnt i al regul atory

sequences in a heal_thy panmal . ﬁﬁsent lally, the RNA nol ecul e useful in
ely fg |f§$nqm tq iptestafoeieatmentothany 5
manmal i an | ke tl i ntended to be
undi st urbégﬂé%/f%ﬁ'hg% é(:)l]“:a ?ﬁ %ngéfﬁ tfa@ hv%\&%ﬁ@hhgméeﬂﬁ ﬁggag?g& per f or med. '
Cornput &  ahgierogémaityniiie eaingpehl bbirdatiiert of bhresic epiatitis Casto 10 of honol ogy

cequences. SEPRELE BREAAIEMeURNE Eomheniel dorke eleine Neaputt o of
associ ati o R m.b:lﬁ npl ex),

i s general ?ywé{gﬁ?ggfﬁﬁtﬂw&{) %Qéﬂ? ﬁ?géeggjﬁést %ga@)e%ﬁﬁﬁm%%%nserved 15
HBV and HGWsiaipedresgonsgs:. (Studtepsuggestthat dnsubtdlmmarespenems:equatbd ari es and,

h ib Si h DNA
e D il A SR Blinos b R A B BEHIVAIAN, RS, such nRuA
sequerges TH&tednag beSHRe! fﬁdré! sMBlle BEALHIS of @rea%héﬁ{l sues a@%ld}ﬁﬁ%‘tﬁ@ous dsRNA

sequences provided to a cel 20 Accordingly, the conserve V and HCV
sequences mgéessé@hpﬁll\@faﬁﬁfﬁnmﬁffbml@en@menwmlmmmwhmees No. hunman

cDNA "bﬁﬁ?ﬁﬁﬁ’f{%ﬁ%}ﬁ% the HBV or HCV conserved sequences were

identifie ere were sone natches that were ultinmately
i dentified as HAMGenBahiavbaiin 034 0rthéfearelNore iHanapo,0bo Aeerpar | son with

human genom ¢
. sequences and 93 HCV complete genome sequences. A comparison
15 between all the complete genomes was carried out using a modified
: version of ClustaiW. The multiple alignment result was parsed and a table
that included scores for sequence conservation at each position in the
HCV genome was generated. A sliding window search fo identify the
longest region of sequence conservation larger then 19 nt in length was
- 20 created. Three major conserved régions were identified and mapped to
GenBank RefSeq (reference sequence).accession no.: NC_004102 this is
‘V,GenBa_\‘n__k annotatéd HCV complete genome. The coriserved sequences
were screened against Genbank sequences.of both human genomic.and
cDNA libraries (human chromosomes databa'se), and those sequences -

25 unique from 21 nt up were identified.

Non-Homology with Human Sequences

It is equally important to ensure that conserved viral sequences
- tér‘geted for silencing according to the invention be substantially non~
30  homologous to any naturally occurring, norma?ly_ functioning, and essential
"hur‘nan polynucleotide sequence, so that the dsRNA molecule does not
. édveréely‘affject'_the function of any essential naturally occurring



25 library sequences reveal ed no match of any sequence of 21 nts or nore,
one match of 20 nucl eotides, and one match of 19 nucl eotides. These

‘mat ches were in non-coding regions, and |ikely do not appear in nRNA since
cognates were not turned up in the cDNA library. Therefore, they are .
~considered unlikely to be a safety H sk, but could be excluded if desired.
30 14 Conserved sequences from HBV and HCV HBV Conserved Region 1
GAACATGGAGA] A(89% / (11 I CAIT(76%/C(24% ][ C(78
%/A(ZO%/T(Z%][A(?B%/G(Zl %[T(l %]CATCAGGA[f(GS%/c(BS%]TC 5
CTAGGACCCOTat aia| hP¥h]useH Th Bdnethddslof this

 AAGIA E(eg“é%é%%ﬁén ¥W%i&%‘é;{ At braBAET Oy nucleotde

(9609 1 (1 & mgﬁﬁf%ﬁéaﬁ‘s?ﬁ‘é%ﬁé%%@fﬁ%%&é@aﬁ%ﬁé%@%% Ra C

% ] CGGCGTI mm: mamhaansequedcEetiadars nibﬁ—codlng, but that provide for

| 39 14 69

Ton O Ao el SarpaoR1 e RSPt fseptiaty kb o9  a( a1
%1 TG A 929bicufdbisdial B3P /iftetMoh GraStRCSAREERBFbikiRct in sequence

4% | C(46% ][ C(92% / A(8% | GG CAACGT C( 74% rr (24% | A(509% [ T(43

% | c( 7% | GpIT(BBoATIMEEN ol echkey ecpence fgowhish48¢ faredicnss 20

Crrd o oM IS GR A it o el o i maspig o7

SR s S
0 o/ a 0 0 0 0 0 0
1 T( 2298 c@@@@m@@ﬁmﬁ &@% qt(d@)@e;qge@se(and%mq 1

A r sastdreH Bk B et z?% / X?g,?/(; [GOTCTO ACBT%  G(13% ] o
. Since the length of a contiguous dsRNA sequence capable of
association with and activation of RISC {RNA-induced silencing complex),
is generally consideréd fo be 19-27 base pairs, the identified conserved

15 HBV and HCV sequences were compared with both human genomic
libraries and, perhaps even more importantly, with human ¢cDNA libraries.
Since human cDNA libraries represent expreséed sequences that appear
in mRNAs; such mRNA sequences would be especially vulnerable to
sfilencihg by,hbm.ologous dsRNA sequences provided to a cell.

20 Accbrdingly, 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 Identn“ ed.
{Aithough there were some matches that were ultimately identified as HBV
contaminaiion in the cDNA library.) A comparison with human genomic

25 library sequences revealed no match of any sequence of 21 nts or more,
o oné' rriatéh c_)f 20 nucleotides, and one match of 19 nucleotides. These“
~ matches were in -vn.on-‘coding' regions, and likely do not appear in .mRNA B |
-since cognates were not turned up in the cDNA library. Therefore, they are
considered unlikely tobe a saféty risk, but could be excluded if desired.
- 30



HBV Conserved Region 4 30 [C(62% Tr (38% ] ACTGT TCAAGCCTCAAGCTGTGCCTTGG
GTGGCTTT[ (88% / A(12% ] GF ((92% / A( 8% ] CATGGACATTGAC] C( 9 '
291 A8 ] C T(65% / ( 35% ] TATAAAGAATTTGGAGCT[ A(65%/ T(35%] is

~ CTGTGGAGITACTCTC ((62% / T(35% / A(3%,, I | 1 1 | GCCTTC T(92%/
"C(8W]GACTT[ C(92% / T(8 W] TTTCCTTC HBV Conser ved Region 5 5 [C(69%/del (31
W[ 69%/dei (31 W]A Q85N /T(1 I %N/C(4
%]GCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACG{C(Gl :

%0/ A(39% ] & A(62%./ 8%/A(12%]CGCGTCGC

AGAAGAT CTCERIERIVET EIARNTERE 508809 / T(129% ] AATG TTAGTAT 10 HBV

Conserved Region 6 {BELEHSSREHT M C(84% /t (1299 /g (4N]AT[A(479/t(23

%Ig(l?%/c(lS%]GB@WW%‘[G(QZ%/C@%]CGCATGC :
GT GGAACCT/o TIT[ (849 /| cCRERATCOAGATR(B2%)/@(1%)|CABRY B%OIIX%@P/B[I[GUB 1-;31

8% / t (229 . c :
e e ’@WW%W .
HBV Conser ved Redt on CTGCCAACTGGAT 8694 1 (1@%/A ZJ%};T(I'&?‘(% 99 | T( 25
%/ A(6% ] cﬁd@@bﬁ%ﬁﬁ&ﬁﬁ#@{@(ﬁm e oﬁ/mTCCTCACA

52041 G ;ﬁ}%&ﬁéﬁ%ﬁ%ﬁ%@@%ﬁ&éﬁ%%eAcmT

A(74% | G(C Peir) 9 A 9 o
E:C(TGT& <l WMWFGTCTQF’EAW[@( VA %ﬁ&g{@@/ NG(30%)T(18%)/
TTAGTATGAGFOT YIS AP Ve HIDYedirccAGT C(89%9 | T(10% ] TCCAGH 30
A(T6%gT( 14% / O( 8% / & 1% ] COCCOCCT COCGRGAGAGCCATAGT GG

- HBV Conserved Region 2 -
’ TGGATGTGTCT[G‘(QQ%)/AG%)]CGGCGI FTTATCAT

. - HBVY Conserved Reqlon 3
15 AAGGCCTF!’CT[A(43%)IG(43%)/C(14%)]["T(56%)IA(37%)IC
(7%)]GT[A(87%)/C(13%)]AACA[A(57%)]G(43%)]TA[T(59%)/C(41%)][0(59
%)A(41%)]TGIA(92%)/C(B%)IA(93%)/C(7%)|CCTTTACCCCGTTGC[T(S
4%)IC(46%)J[C(92%)/A(8%)|GGCAACGGIC(74%)T(24%)ICIA(50%)/T(43
| W7 %)GOIT(87%)IC(13%)|CTIG(7TO%YC(19%)T(7%)IA(4%)TGCCAA
20 GTGTTTGCTGACGCAACCCCCACTGGIC(48%)T(38%)/A(14%)]TGGGG
CTTGG[C(84%)/'I"(16%)][0(84%)”(12%){6(4%)]AT[A(47%)IT(23%)/G(17
%)IC(13%)]GGCCATC[A(83%)IG(17%)][G(QZ%)IC(B%)]CGCATGCGTGG
- AACCTTT[G(84%)/C(13%)/T(3%)I[T(92%)AAM)IC(3%)G(1%)IGIG(78%) -
iT(22%)]CTCCTCTGCCGATCCATACTGCGGAACTCCT[A(SB%)I’I'(Q%)IG .
25 (1%)/C(1%)]GC[C(ST%)/A(S5%)IT(6%)IG(2%)]GC[T(92%)IC(7%)IG(1%)]T
: GTTT[T(88%)/C(1 2%)]GCTCGCAGC[C(64%)IA(36%)]GGTCTGG[A(B?%)/ :
G(13%)IGC

o -'HBV_Conserved Region 4. |
30 ' [0(62%)11'(38_%j]ACTGTTCAAGCCTCAAGCTGTGCC’ITGG |
. GTGGCTW[_G(B&%)/AU2%)]@@{@(92%)/A(8%)]CATGGACATTGAC[C(Q
- 2%)A(8%)ICIT(65%)/G(35%) TATAAAGAATTTGGAGCTIA(65%)/T(35%)]




TCTGOGGAACCGGT GAGTACACCGGAAT TGO A( 90% / G 9% | GGA[ C

(789 1 T(16% / A(5% | GACC. GGGTOSTTTCTTGGAT] ( 78%/ T(11 %/ A(10 16

99 ] AACCOGCTC] A 949% f r (5% ] ATGCC T(90% / C( 9% ] GGA] (91 %) / C( 4

99 / A(4% ] ATTTGGGCGTGOCCCCGT] G 85%) / A 14% | AGAT] T(94% / [

599 ] GCTAGCCGAGTAG T(92% / C( 7% ] GTTGSGT[ C( 94%) / T( 5% ] GCGA
AAGGCCTTGTGGTACT GCCT GATAGGGT GCTTGCGAGT GCCCOGRG 5

AGGTCTCGTAGACCGTGCA[ C( 629 / T(30% / A( 8%) ] CATGAGCAC] A( 50

9% / G(50% ] [A(92% / C(8% ] [A(89% rr (11 %] TCC T(92% / A(5% / C(3% ] AA

ACC] T( 84%0 TETEGAGT THETOVIGEANATIABK) &3] O T PLGEBT R T(%)

4% | A(16% %70 rr( CAGGACGT[ C(8 1 %/ T(18%/A(1
9% ] AAGTT. f‘fg 20%] 10
-GG[r(80%/C(17%/A(3%] CAGATCGTTGH F(91 %/ C(8% /&1 %] GGAG T[r(87%/A(11
9% / C(2% | TAQ C( 749% r f (209 / G( 6% | TGTTGOCGOGCAG

GGGCCC] C( 87% / T( 8% /HBMComsdrvedi] Ragonyd/ C(8% | [ G 92% / A(5% / C(

R g&ﬁ@&%@g&wﬂmﬁ&f&a@ﬁ%ﬁy :
61
e o M bbi %}%&%&aﬂyzz

R Féﬁ‘%]&%@ﬁ@‘éféﬁﬁ@?m@%ﬂ%@w#ﬁ%% JRATE "W
- Standard §TTAETAT998), using the codes provided under 37 CFR 25 1.821.

SEQ ID NGO 1 through SEQID NO 10 are derived fromthe HBV genone SEQ ID
NO 1118nd SEQ I D NO 12 ar e derlved fromthe HCV genome. . SEQ I D NOA HBV

CCdCAGAGTCTAGACTCGTWMWWW}XQ(4%)]AT[A(47%)!t(23

%) a(17%)/c(13%)|GGCCATCIA(B3%)/g(17%)[G(92%)/c(8%)ICGCATGC

GTGGAACGﬂTiG(Ba@%)/eU3%)lt(s%j][r(gz%)/a(4%)/c(3%)/g(1%)]G[G(7

15 8%)H(22%)]CTCCTCTGCCGATCCATACTGCGGAACTCCTIA(B8%)/(9%)

: lg(1%)/c(1%)]GC[C(ﬁ?%)/a(35%)/t(6%)/g(2%)1Gcrr(92%)/¢(7%)/g(1 %)T

G'ITI'[T(88%)lc(12%)]GCTCGCAGC[C(64%)Ia(36%)]GGTCTGG[A(S?%)I
9(13%)IGC ‘

20 | HBY Conserved Region 7
CTGCCAACTGGATIC(88%)T(10%)/AU%)ICT[C(69%)/T(25
%)fA(ﬁ%)]CGCGGGACGTCCﬂTGTrr(75%)IC(25%)]TACGTCCCGTC[G(- '
93%)/A(T%)]GCGCTGAATCCIC(86%)T(7% A7 %)IGCGGACGACCCIC(
-'52%)16(25%)rr(19%)/A(4%)] | ~

- 25
HCV Conserved Recuon 1 _
‘ [A(74%)IG(1 9%)/T(7%)}[G(82%)/A(15%)/T (3%)]ATCACTCC
'CCTGTGAGGAACTACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCG
o TTAGTATGAGTGT[C(QZ%)/T (7%)JGTGCAGCIC(89%)/T (10%)]TCCAGG[

- 80 A(T8%)T (14%)/0(8%)IG(1%)]CCCCCCCTCCCGGGAGAGCCATAGTGG ,
| TCTGCGGAACCGGTGAGTACACCGGAA‘ITGCC[A(QO%)!G(Q%)]GGA[C
(78%)/T (_1_6%)IA(5%)]GACC_GGGTCC'[‘ITCTTGGAT[G(YS%)[T (11%)/A(10




ny SEQID NO 2 HBV 5 TGGATGIGICTrCGECG | | | | ATCAT SEQ DNO 3HBV
AAGGCCTTTCTvhGTmAACAr TAymiTGmiCCTTTACCCC

GT TGCy mBECAACGGy ChGGy CTNTGCCAAGTGTTTGCTGACGCAAC 10
CCCCACTEEhTGEEGECT TGy b ATNGGECCATCr s TGCGTGGAA

CCTTTbnG& CTCCTCTGCCGATCCATACTGCGGAACTCCTNGCnGCh T GﬁTTyGETCECACEhEENCTGE?GC
'SEQ I D NO 4 HBV 15 yACTGTTCAAGCCTCAAGCTGTGCCTTGGGTGGCTTTrG
G CATGGACATTGACTCK TATAAAGAATTTGGAGCTWCTGT GGAGT

| %&%@%@@ﬁeﬁﬁéﬁ@%@@ﬁéﬁ%? )fé%’ IECAIGE1%)CA
. CAGACGWGTTQﬁ ‘ A CéEAg%%%%g%ﬁ%ﬁﬁn&&ﬂﬁﬁiﬁ%ﬁﬁI SEQ ID

NO. 6 HBV 25 AbG Ae“ - CCCCTGAAGAAGAACT -
NS YGIAGH $WWTWWGTWWUEEQ 1D NO 7

HBV 30

noacanG TORBRBCETIE e ZZlon FEAREFEFHEPRCIs SEQ 1D -
-NO B HB/ GABEACHET
g TU@@TWM&%%W Shoarteion

SEOT DN 9 A U GHE T A RN EL S TRSOET(SRIRIS TV CBB)AA.

CTCCTCT CCCRA LRI AL B H IR ARACRARNAE ERRAC (84%)/A(16%)1GIT(B

4%)/A(16%)JAACACCAACCGIC(77%)/T(23%)ICGCCCACAGGACGTIC(S

19%)T(18%)/A(1%)IAAGTTCCCGGGIC(89%)/T(11%)|GGIT(B0%)/C(20%)]

10 GG[T(B0%)/C(17%)/A(3%)|CAGATCGTTGGIT(91%)/C(8%)/G(1%)]GGAG
TIT(B7%)A(T1 %)/CQR%)TACIC(T4% ) T(20%)/G(6%)TGTTGCCGCGCAG
 GGGCCCIC(87%)/T(8%)A(4%)/G(1%)fA(92%)/CB%)[GO2%YAG%)C( -

 2%)[GB7%YA(12%)T(1%)[TTGGGTGTGCGCGCGACIT(78%)/G(13%)/A
(T)IC(2%)AGGAAGACTTCIC(90%)/G(5%)/T(5%)IGAIG(90%)A(10%)IC.

15 GGTC{G(79%)/C(12%)/AB%)/ T(1%)ICAIABE%)/G(14%)ICCIT(88% /A6

%)C{6%)ICGIT(82%)/C(9%)A(S%)GGIA(BT %)/ T(8%)/G(3%)/C(2%)IAG

HCV_Conserved Region 2
| ATGGCH'(TS%)IA(‘I 2%)/C(1 0%)/G(2%)]TGGGATATGATGA
20 TGAACTGG[T(81%)IC(19%)]C

Conserved Consensus Sequences presented in SEQ ID format

The fol[owmg sequences are presented in the format required per
the WIPO Standard ST.25 (1 998), using the codes provided under 37 CFR -
25 1. 821. SEQ ID NO:1 through SEQ 1D NO:10 are derived from the HBV
genome SEQ iD NO 11 and SEQ ID NO:12 are derived from the HCV
genome:

o | SEQ ID NO:1 HBV |
30 GAACATGGAGArCAyhdCATCAGGAyTCCTAGGACCCCT
GCTCGTGTTACAGGCGGkGTkTITCTyGTTGACAArAATCCTCACAATA



10 GCAGCNGGICTGE GC SEQ | D NO 10 HBV
CTGCCAACTGGAThCThCGCGCIEACGTCCTTTGTyTACG TCCCGTCr GCGCTGAATCChGCGGACGACCEN
15 SEQ I D NO. -11 HCV DdATCACTCCCCTGIGAGGAACTACTGICTTCACGCAGA

AAGCGT CTAGCCATGGCGT TAGTATGAGT GTy GTGCAGCY TCCAGEGN
CCCCCCCTCCCCCGAGAGCCATAGT GGT CTGCCGARCCGGTGAGTA 20

CACCGGAATTGCCr GGANGACCGGGTCCTTTCTTGGATAAACCCGCT

- OWATGCCy GRAVAT TTGEECGET GCCCCCGCr AGACY GCTAGCCGAGT

AGy GTTGGEGTY GCGAAAGGCCT TGTGGTACTGCCTGATAGEGTGCTT

GCGAGT CCCQTHBCAGAET CMMGWGEGM(}T@VCAAWCTAGGGGdA
TCChAAACCh CAAAGAAAAACCAAANMGBIWVAACACCAACCGYy CGCCCAC 25

. AGGACGThAA@TTCCCGGG]GG]GGhCAGATCGFTGGbGGAGFhTAC

b TGTTGCCGCGCAGGEECCCN My d TTGGEGT GTGCGCGCGACNAGGA

AGACTTChGAr CGGTCnCAr CChCGhGGnAG SEQ I D NO 12 HCV 30
ATGCI:nTGGGATATGATGA'BE(AG!DCN@CZ HBY *Doubl e Stranded RNA Gene Sil enci ng/ RNAi

| eic acid-co itiont..ar ! ide’ osition is meant any one
or rmré conpounds fﬁ@@r‘%ﬁ&ﬁﬂé?{@[f&%‘#@mﬁwof phosphoric acid are
combined with a carbohydrate (e.g., pentose or hexose) which are in turn 5

conbi ned wi th bases derived frompurine (e.g., adenine) and from
pyrimdine (e.g., tiSRQUIIB)NOEBHBEMEUl ar nat ural | y occurring nucleic acid

S L RS P Mo e
- messenger CR@GOV%BCM@M&Wh@N@GIMCWT GWUWUBGAB‘GCMC( rRNA) -

Al so included are different cul es which a | enent ary (cDNA)

o thebdi (G EAC FRNTE GO EbI GOy SEEATGroGRCATRIBET M sof w t h
naturally QEPHTBRCTYETRTASE ééﬁ\ﬁ?;@%%c@w&?cc%@;(ﬂ?@bme nucl ei ¢

acid (PNA) nol ecu
GTTTyGCTCGCAGCmGGTCTGGrGC

| ~ SEQIDNO:4 HBV -
15 yACTGTICAAGCCTCAAGCTGTGCCTTGGGTGGCTTTIG
GrCATGGACATTGACMCKTATAAAGAATTTGGAGCTWCTGTGGAGTTA
CTCTCATTTITGCCTTCYGACTTYTTTCCTTC |

R SEQIDNO:5 HBY
20 CGAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCG
- CAGACGMGITCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGA
ATCTYAATGTTAGTAT ' |

| SEQ ID NO6 HBV
25 ABGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCA
- GACGMGFTCTCAATCGMCGCGTCGCAGAAGATCTCAATYTCGGGAAT /
CTYAATGTTAGTAT | |

 sea IDNO:7 HBV
B0 CAbGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGC
L AGACGmGrTCTCAATCGmCGCGTCGCAGAAGATCTCAATyTCGGGAA
| 'TCTyAATGTTAGTAT |



Des 2001 Nov; 7(17):1839-62) can also be used. 15 It is contenplated that
where the desired nucleic acid nolecule is RNA the T (thynine) in the
sequences provided herein is substituted with U (uracil). For exanple, SEQ
ID NO 1 through SEQ ID NGO 44 are digclosed herei n as DNA sequences. It

wi || be obvious to one of ordinary kill in the art that an RNA effector:
nol ecul e conpri sing sequences from 20 any of the aforenentioned SEQ | D NOs
will have T substituted with U Nucleic acids typically have a sequence of
two or nore covalently bonded naturally-occurring or nodified
deoxyrlbonucleotldes or ribonucleotides. Mdified nucleic acids include,

e.g. peptide nucl ei gp_qgllgsNO@Jqucl eotides with unnatural bases. 25 By
"dSRNA" | s meant a nucleic acid containing a region of two or nore

nucl eoti des that areGAbPGCAGHBTECOC BAMGAAGWMEHAGTECOETAGCCICEaVI si oned

of i hfe“ﬁaﬁ%@c@%&d@ﬁ%ﬁé@ﬁ@aﬁmﬁﬁfﬁi@%@%ﬁﬁﬂﬁ%mEiﬁ whi cn

act t hrpughrcrypaéTTRdTAlIed gene silencing or RNAI 30 nechanism
vari ous enbodinments, the dsRNA consists entirely of ribonucleoti des or
consi sts. of ‘a m xture of ribonucl eotides and de, oxynucl eoti des, such as

t he RNA/ DNA hybri ds , exanple, 20 by WO 00/63364, filed April
19, 2000, or U.S.S. N@EE%)@W%Q{#. led April 21, 1999. The dsRNA may be a

single nol ecul e WlthT&G@ﬂhNﬂnGG@@ATCrﬂD@iﬂ'@GWGGM@WTB k
nucl eot i des | n one seg of the nolecule base pair wth nucleotides in

anot her sefy MC%T@TGQ%AA&E@TBGM%KWG@W t hat

consi s{$ Ob@éb%% ﬁ consists entirely of ribonucleotides or
i ncludes a regron of ri bonuc eotides that is conplenentary to a region of

deoxyri bonucl eotides. Alternatively, the dsRNA may include two different
strands that have a r%%on of conplenentarity to each other. In various
“enbodi nents, both st® @W&Qﬂ'ﬁ’\ét entirely of ri bonucl eotl des, one

strand consi sts e”t'fﬁ@(ﬁf afd p% sts .
entirely of deoxyribonuc eot| é@m@r oneégr%‘%g strands contain a m xture
of ri bonucT@&Q@E@r@@@CB@Wﬂ@m@G@@ACGMCCﬁeS| rably, the regions of

conpl e,lrgent arity are at
SEQ ID NO:11 HoV |
DAATCACTCCCCTGTGAGGAACTAGTGTCTTCACGCAGA
AAGCGTCTAGCCATGGCGTI‘AGTATGAGTGTyGTGCAGCyTCCAGGn
CCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
20 CACCGGAATTGCCrGGARGACCGGGTCCTTTCTTGGATIAACCCGCT
CWATGCCYGGAVATTTGGGCGTGCCCCCGCrAGACYGCTAGCCGAGT
. AGYGTTGGGTYGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTT
GCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCARCATGAGCACTmW |
- TCChAAACChCAAAGAAAAACCAAAMGWAACACCAACCGYCGCCCAC
25 © AGGACGThAAGTTCCCGGGYGGYGGhCAGATCGTTGGbGGAGThTAC
. bTGTTGCCGCGCAGGGGCCCNmvdTTGGGTGTGCGCGCGACNAGGA
AGACTTCbGArCGGTCnCAICChCGhGGNAG

| - SEQ ID NO:12 HCV
30 . ATGGCNnTGGGATATGATGATGAACTGGYC




~least 70, 80, 90, 95, 98, or 100% conpl enentary. Desirably, the region of
15 the dsRNA that is present in a-double stranded-conformation includes at
| east 19, 20, 21, 22,' 23, 24, 30, 50, 75,100, 200, 500, 1000, 2000 or 5000
nucl eotides or includes all of the nucleotides in a cDNA being represented
in the dsRNA. I'n sone enbodi nents, the dsRNA does not contain any single
stranded regi ons, such as single stranded ends, or the dsRNA is a 20

hai rpin. In other enbodi nents, the dsRNA has one or nore single stranded
regi ons or overhangs. Desirable RNAIDNA hybrids include a DNA strand or
region that is *Doubld Seanded RNAGE® Sileging/RNAIQBytaAacieic adi¢ast 70, 80,
90, 95, 9.8, or 100% conplenentarity to a target nucleic acid) and an RNA

strand or.COMERRsHPR P4t Nnycleglide mReSHeR IsgMeRBERBY OPE.Q MBS at 25 | east
70, 80, 9Q,. iy : 9% i dent ity AN jd). i .
var i ous. enoiburin fhicP By il foletufbs SEABpRfbE 88 [ L0, i e

or chem calorshinediatithca cathobgdraia db.gaganiose odhexosdjedhiblrraee in fuom t hose
descrihed in WD 00/.63364;, file ril 19, 2000, or U S.S. N 60/130, 377,
filed Rpr iqo%pegg\ggquqﬁzs -Q{B’ﬁ%ﬁﬂtﬂ%ﬁt(@;g-aéwngl ?%‘?\g'oﬁb_ synt hesized in
vitro is qhpliginedey.! thyRinE\raficaps ngﬁﬂsu%aggmqf@g didlc a¥idt r o before,

"after, or concurrent - with the transfornmati o strand into the

- cel | .. | n melecuiesdncludd genomic deoxyribaieiRielc asida(DiAgard bosicul ar 21 nucl eic
acid containing a se d_an ti sense regi.pn . the dsR i ncl udes a
circutar dinrbbite 360 AN AR S B S Bkt fory of BEMYer. o s *
linear nucd.gi neiBlefigésRNA frﬁRh%fiffﬁhﬁerm@ 54nd il RGmAIRNA 19, 2000,
or US. S N80/ 130,377, fi e

] ed %ri | 21, 1999.) mplary circular nuclei c5
aci ds 1Pnc|((RNA).aAlssx insludgdiaie glifferanhRNdnmolecules whishpes phor yl  group of a

2 Toop badetIeRERLr ESRA, W lterol REX oReRl Dy BRI oS 7 rore
- nodi fied orechynid eseofrwitthnaturéiheodurmes DNA S well e BNOANAONt ai ns a.
ot oy gRUGR v EReRE BUdele 0L (M) mhoipeiigs (ARG ARG r o or i n-
b Con B0 NOIF SFSSIONLAR M SpaIT OF L1 SOl espandino 2
“enboditéent s, t HeisdoRi¢nplated that where 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 will be obvicus 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 Sequ'ence of two or more covalently
_bonded naturally-occurring or modified déoxyribonucleotides or
~ ribonucleotides. Modified nucleic acids include, e.g., peptide nucleic acids
and nucleotides with unriatural bases.
25 By “dsRNA” is meant a'nubleic acid containing a region of two or
,moré nucleotides that are in a double stranded con_formatidn. Itis
envisioned that the conserved viral sequenc'es of the invention may be
- _utiiiged_ in any of the many compositions known in the art or subsequently
' ‘déve!oped which act through a dsRNA-mediated géne silencing or RNAJ
| .30  mechanism. in various embodiments, the dsRNA. consists entirely of
- ribonuclectides or consists of a mixturé of ribonucleotides a_n,d',
dequhucleotides, such as the RNA/DNA hybrids disclosed, for example, |



I ncl udes one or nore |inkages between adjacent nucl eotides other than a 15
natural | y-occurring phosphodi ester |inkage. Exanples of such |inkages

i ncl ude phosphorani de, phosphorot hi oate, and phosphorodithioate |inkages.
- The dsRNAs nmay al so be chenmically nogi fied nucleic acid nolecules as
taught in U S Patent No. 6,673,661, In other enbodi nents, the dsRNA
contains one or two capped strands, as disclosed, for exanple 20 by WO
00/ 63364, filed April 19, 2000, or U.S.S. N 60/130 377, filed April 21,

non- codi ng L URRIES SRS ARAF 16 DU, Gtk 857 . BOR AR HEdRBaL
transcri pt oM dget Phc BsRNA T BeEa sthdié Wﬂﬂé@tﬁle vithh & ré&gioR'of 3elf.unt ransl at ed

region (UTR) of an nmRNA). Additionally, e dsRNA can be any of the at 25
| east part?@ppgﬁn@emntyrﬁﬂ@btbaésu@laeﬁaieemnmsmeotefsteemolecmled April 19,

2000 (see, of ,th RNA nol ecul es

described I'n &{gﬁfé@@ﬂﬂl m%%g‘ﬁia}og %@Q?&?QE\% @gﬁ?@%‘g%’q@% ﬁm@mtﬁ 2002, '
and PCH USZ00340MA4M25a dsRNA i3 odnbisBIOBa s Moldtuly condsielentifslpl i cation
60/ 419; 532 f| | ed October 18,2002, and PCT/ US2003/ 033466, 30 fil ed

20- Oct - 2008f "QW@%&@W@ ipgludes aHegion@iribopurieoidesthatdsl by ref erence.

- Any of the E@ﬁ% n t he net hods

. descri bed b n or tandgé@‘sﬁ%f ﬁgajgt}'b\g&é’ﬁ%gga?%oAYteé%tﬁglé{sgﬁ bed in WO -

~ 00/ 63364, disFRNA rApy inclide t@®afifefertestrdrals thatihalea regioges  16- 22) . dsRNA
"Hat rpi n" Constructs nstructs encodjng a uninolecular hairpin dsRNA are

more desi r S¥Nelemgntadiydo aach other. JRwvaross enabrdimests both sti@eds ng dupl ex
dsRNA {g . ecens‘?sﬁ@%r#]g@?%%ﬂuateoﬁ@@s %é‘f@rﬁﬁ’:ﬂﬁé’t%%h?eliﬁfse region and a

- separate RNA nol ecu W th an antisense Tegio ecaus
si ngl e- st r dbaretidtidesizarit omy straed corgpistst erdirglyeri depxyrimoriciddiidesent | y forns

a dsRNA halr In_s cture, This qgreater efficie ue in part to the
~occurrence’ o ‘%?'éﬁ% rﬁtfﬁq%n%ﬂm@ﬁt%e??’gt’%‘e *%ﬂ‘@]%%'dﬁﬁ vectors contai ni ng

conver gi Ngdds@BbRGSeblidds IDREHALY %ﬁb@?&r&%?%mpl ﬁméﬂﬁﬁrty Rid gnal

interference results in the inconpl ete Synthesis ac RNA strand

thereby rdaash &%@Onﬁﬁb% @TimommeSEnMamtswahm thentegiant ofinds  t hat
- can bal%e |Ot‘i’1'erds‘ﬂl\tlfiI tﬁaat(ig' p?eg'e Q.;?Q\%Ju i 'S ar%ect( conformation includes at

least 19 20, 21, 22 23,24, 30, 50, 75,100, 200, 500, 1000, 2000 or 5000
nucleotides or mcludes all of the nucleotldes in a cDNA bezng represented
' in the dsRNA. In some embodiments, the dsRNA does not contain any
single stranded regidns, such as single stranded ends, or the dsRNA is a
20 hairpin. In other embodiments, the dsRNA has one or more single
etranded_ regions or overhangs. Desirable RNA/DNA hybrids include a
DNA strand or regibn that is an antisense strand or region (e.g, has at
least 70, 80, 90, 95, 98, or 100% complementarity to a target nucleic acid)
- and an RNA strand or region that is a sense strand or region (e.g, has at
25 least70, 80, 90, 95, 98, or 100% identity to a target nucleic ecid). in
various. embodiments, the RNA/DNA hybrid is made in vifro using
enzymatlc or chemical synthetic methods such as those descrlbed herein
or those described in WO 00/63364, filed April 19 2000, or US.S. N
- 60M 30,377, filed Agpril 21, 1999. In other embodiments, a DNA strand
30 synthesized in w’tre'is 'complexed with an RNA strand made in vivo or in
vitro before after, er concurrent w1th the transformatlon of the DNA strand
into the cell. ln yet other embodiments, the dsRNA is a single carcu!ar



Transcriptional interference can be overcone, if desired, through the use

15 of (i) a two vector systemin which one vector encodes the sense RNA and

the second vector encodes the antisense RNA, (ii)-a bicistronic vector in
whi ch the individual strands are encoded by the sanme plasm d but through
the use of separate cistrons, or (i2i) a single pronoter vector that
encodes a hairpin dsRNA, i.e., an RNA in. which the sense and anti sense 20
sequences are encoded within the same RNA nol ecul e. Hairpin- expressing
vectors have sone advantages relative to the duplex vectors. For exanple,

i n vect or swidiié agiiresiftainir @ kensEBAd dnlintisdNdesbimnder fikedsRAUA find and

- base-pair with their conplenmentary counterparts soon after transcription.

If this hyBeltdes atgienlalswslaipacidgiskeitharfeseernd cisedar migeizmcidor ands

Oy Luse SN AR LRl TICToB Rt o' Ao, SEBG" ot "
effect is cgrw&sn\l feny1 RNB7T hled iApril zanwgg Pe&ixempraweintmuaanbMe;ccormar ed to
RNA transcribed in V|tro due to the |l ower |evels of | ate per cell.

r,

Nor eov inglugie Ipfiattricidresiawitigh he liee ' ph@%mnqwmjouﬁ RA. 30

nol ecul es i{&é ged t GF. ( hey are
transcri berI eoé(,ng cenlt'rgééd té?ﬂ%g h?&ﬂos%gwptdrffﬁgr%ﬁlg&%@hér ef ore
unavai | abIaelobprbdnﬁs‘aslplanrl ng with a conplenentary second RNA because 23 of

i ntra-nol ecular, b n | ecul es. The percen such
unavai | abl e rml'@(,q?ﬁ%rs 'E%%% t&\Ft‘%ﬁ%ﬁW?ﬁ)W%Qr gmo 'g%‘iscrl ption.
These nol §GH&5tAERYA %\I&{ thfeOZ fﬁo%n%ﬁh%ﬁe QE@QP&%&H&V&\ fale eﬁ'(éﬁéﬁjy in a

stably folded structure. In a halrpin sequen e i's . 5 always in
cl oseT1@hy giscilorimeqyionp) gr centains amaikbmyrgmm (suRN/AS smaihowoups)t ructure is

not stati ds ts conpl enent ar sequence. is
I mredi at eﬁ'{h g@mﬁ%ﬁ%ﬁd‘%ﬁﬁgﬁiﬁ? 5?"5&& rﬁgé"ﬂ{ rqoﬁ‘a:’arﬁééause It Is so
cl ose. OﬂQﬁeE@ﬁ@Eﬂondlhﬁ RIN/-'D!rfWﬁfchltﬁé%ﬁelsﬁoﬁﬂi@: i 2 editioR copai®r e stable

than t he or|g| nal non-hairpin structure. Especially desirable 10 are, e.g.,

"forced" I wpgee@ﬁ@nrwf@wl geaun-dn yehpthsir eaniediaisings, dhe BeRAA  ext ended by

G01200, ood e BB ¥R Rabes bAATAERIEIRLARRRAonRe . Snaea

RNA Sti6 uctnatmllmcﬁmr@tﬁhmhodmwv&hkege. Examples of such linkages

include phosphoramide, phosphorothioate, and phosphorodithioate
Iinkages. The dsRNAs may also be chemically modified nucleic acid
molecules as taught in U.S. Patent No. 6 673 661 In other embodiments,
the dsRNA contains one or two capped strands as disclosed, for example,

20 by WO 00/63364, filed April 19, 2000, or U. S.5.N. 60/1 30,377, filed April
21, 1999. In other embodiments, the dsRNA contains coding sequence or
non-coding sequence, for example, a regulatory sequence (e.g.,a
{ranscription facfor binding site, a promoter, or a 5' or 3' untranslated
region (UTR) of an mRNA). Additionally, the dsRNA can be any of the at

25 least partially dsRNA mo!ecu'ies_disclosed in WO 00/63364, filed April 19,
2000 (see, for example, pages 8-22)' as wéll as any of the dsRNA
molecules described in US Provisional Application 60/399, 998 filed July
31, 2002 and PCT/US2003/024028, filed 31-Jul-2003; and US Provisional
Application 60/419,532 filed October 18, 2002, and PCT/U820031033466, o

30 i led 20-Oct-2003, the teaching of which is hereby incorporated by
B reference Any of the dsRNAs may be expressed in vitro or in vivo usmg '

the methods descrlbed herem or standard methods such as those -



Generating and Using the Sane," filed 31-Jul-2003; as well as the 15
"udderly" structured hairpins, hairpins with m smatched regi ons, and

mul ti epi tope constructs as taught in USSN 60/419,532, filed 18-Cct-2002,
and PCT/ US2003/ 033466, "Double-Straqged RNA Structures and Constructs, and
Met hods for Cenerating and Using the"Same," filed 20- O -t-2003. 20 By
"short dsRNA" is neant 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 confor.mation iL.rably, .the shor SRNA is at | east 19 basepairs
h Pongs h. PG bl DaRaRA kg Abri - aD0R NS0 (PRRRATPIS BOBR | o ber aeen
- 19 to 50, 1S]312;340, 19 to 30, 19 to 25, 20 to 25, 21 to 23, 25 25 to 30, or

30 to 40 contiduous basepairs in length, inclusive. In some enbodinents,
‘the short dsRNAdsBNFethaiepin'3Constnids: BonstruciOencdldiy aaniBé@cul®0 t o 300,

400 to 500, 500 700, 700 to 1000,. 1000 t 00 2000 .t o, 5000
nucl eg_t i dedafTRin éﬁ%@%ér? r‘i@?r@ﬁe{f’g ag%pmﬁﬁgn-? %Bétﬁagbe%imsf@& on that is
bet weens 38 eABEHIRE dipIki SSRNA (hé.wﬁlmﬁ dopdsiiBbibnd RNASIok IS0 | N one

enbodi nent, the Short dsRNA is conpletely ‘doubl e stranded. In -sone
enbodi nent ithtaheersw regiors RNA a sepasatedfdiNAIolaiies@ith @l andisedes in | engt h,

Shor dsruedides B RS sTnaed B i el W ARt gnped 1

embodi ment sorkheficibaty: foRSBNAIERNAH AR Sfrusid®s hThisgrebRirffidiedcydsRNA-
medi ated stress response pathway. Desirably, the short dsRNA inhibits the

di neri zat | gHednpaddoitbaorewrensge eikranserigtionakipterfznenemarigog i80, 90, or 5

S5 I S R R B
response pIvdrwayiptignalinicefeséndtresdls irbthe i&@og?fhtg %gnﬂd&%) of &b al so the

t eachi ng of, USSN 10/ 425, 006, filed 28-Apr-2003, thods of Silencing
Genes W t hENA pland ithrrelry xedyaing therawmbrr obsomplete sens@andn of 10 short

g; RNQtS . : gagﬁ ﬁﬁ%{%ﬁﬁh gdt?c}hgt %@Eé%%ﬁrgmﬁﬁﬁ %%@?{Q{et%s{ %égen;:e' ‘ gé’%g‘ant OXIt f\iﬁt:yé
nucl eot i de Tswmoeiptienaldntesiesericeatareiny onexdonas, i ifldesirddyitmoagh thé usbe '
15 of (i) a two vector system in which one vector encodes the sense RNA and
| ~ the second vector encodes the antisense RNA, (i) a bicistronic vector in |
which the individual strands are encoded by the same piaémfd but through
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 antisense
20 sequences are encoded within the same RNA molecu{e; Hairpin- .
expressing vectors have some advantages relative to the duplex vectors.
For example, in vectors fhat encode a duplex RNA, the RNA strands need
o find and base-pair with their complementary counterparts soon after
 transcription. If this hybridization does nof happen, the.individual RNA
25 - strands diffuse away from the transcription template and'the local
concentration df sense strands with respect to antisense strands is
' decréase_d. This effect is g_‘reate‘r.for RNA that is transcribed fntracellularly -
compared to RNA transcribed in vitro due to the lower levels of template )
| per cell. Moreover, RNA folds by nearest nei’ghbor rules, resulting in RNA
.30 molecules that are folded'co—transcriptionally (i.e., folded as théy are -
| fcranscribed). Some percentage of completed RNA trénscribts is therefore
| una\k‘ailable for baée_—péiring with a cqmblementar_y-secdnd RNA because



di scl osed sequences, so long as the start site is capable of producing a 15
pol ynucl eoti de of at least 19 base pairs. For exanple, an at |east 19 '
contiguous base pair nucl eotide sequence can conprise nucleotide 1 through
nucl eoti de 19, nucleotide 2 through nucl eotide 20, nucleotide 3 through
nucl eotide 21, and so forth to prodidce a 19nmer. Thus, a 20nmer can conprise
nucl eotide 1 through nucl eotide 20, nucleotide 2 through 20 nucl eoti de 21,
nucl eotide 3 through nucl eotide 22, and so forth Simlar sequences above
20 contiguous nucl eotides are enV|S|oned By "expression vector" is neant
any doubl e:fsmtramdﬂ@btmwbaﬁe—painngIuetlﬁsrealndmd:ula‘% Tres pgroetitdge of anscri be an
RNA,; ‘g., a,construyct t contai ns at Ieas%ﬂone pronDter operably |inked
to a domsstlﬁcgémadé Igm %Cléﬁﬁl"?fﬁe?‘%%ﬁ wih&ime iligwing thell ., a cDNA or

-genoni ¢ DR, {dcABHBDE THEH md m%e.m JFE\%?%rﬂw aYu ?%Wb%s%fthiagta‘?éeﬁ

optionally, e.g., operative to sequenc ying outside a coding
regi on, amlmadyseaﬁatﬂwmdedcﬁmgtureg ira,hairpite RNA, codrRNé saxgicmee isr  RNA
Tr ansf sformati on

e bt B,fialn N
of 't neSex ANals i Aot pYeiSy i h3 bRy IR AcSithe HERT ' 0o
express R%t@turerghst étaﬁé‘cé?%@ A traﬁé’@tthSﬁi%‘ RS cYRPIEHhentiy ©XPr essi on

vector -may be a genetically I neered pllasm d, virus, or ‘artificial
chr onosomsegeienoe & rmrrmqilataby aQ@ am«ianﬂlcan mrbfapa@m(hﬂwgwlrlagenow rus,

et any WRsBRE Y Ba Bl SRS prelalin TUBERE BlflRROO °

transcri behemorN&tab®s than the SRl h@h—!’élwtstr@&[lfeillﬁi)e%iall QR&lraBle pronot er
operably linked to a dowstream gene or coding region of interest (e.g., a

cDNA 40" gaient 8- Dmcw"at@mm cemfuct%mﬂewaarqm%mable@f bgiflg RNA of

interest) n f opstruct into
a recinpi entgéﬂgd@ﬁ{g%sdgét ﬁi\%% 6‘?%3%8 tﬁmaéﬂ ﬁé? e%c%%ed by the
expr essi ortangahrtsnlllﬁf.tN aem%;mmsﬁlem 31Q.|ul4§3®9t2ramﬂ mmommma;m |y

o, Aoy i o4 aneeRe Vel 17 or " "

- herpesvi rt@eneﬁ«at.ﬁgah&tﬁgwt . éﬁubucme@'%qw%oshawem%merep"Cab'e In a

living cell, but Tmy be rma synthetlca y.
- 15 udderiy structured halrpins hairpins with mismatched regions, and

muitiepitope constfructs as taught in USSN 60/419,532, filed 18-Oct-2002,
and PCT/US2003/033466, “Double-Stranded RNA Structures and
Constructs, and Methods for Generatlng and Using the Same,” filed 20-
Oct-2003. | . )
20 By “short dsRNA' is meant a dsRNA that has about 50, 45, 40, 35,
30, 27, 25, 23,21, 20 0r 19 contigubus nucleotides in Iéngth thatare ina
double stranded conformation. Desirably, the short dsRNA is at least 19
basepairs iﬁ !ength. In desirable embodiments, the double stranded
region is between 19 to 50, 19 to 40, 19 to 30, 19 to 25, 20 to 25, 21 o0 23,
25 251030, 0r 30 fo 40 contiguous basepairs in Iéngth; inclusive. In some _
| embodiments, the short dsRNA is-between 30 fo 50, 50 to 100, 100 to
200, 200 fo 300, 400 to 500, 500 to 700, 700 to 1000, 1000 to0 2000, or
- 2000 to 5000 nucieotide_s in Ien'gth, inclusive and has a dOuble stranded .
| region that is between 38 an:d 60 contiguous basepairs in.length, inclusive.
30 Inone embodiment, the short dsRNA is cqmptletely double stfanded; In
some embodiments, the short dsRNA is between 11 and 30 nucleotides in
length, and the ehtir_é dsRNAis double stranded. In other embodiments,



. RNA, 3%1)': 1352-1363 (Nov. 199

By "operably linked" is nmeant that a nucleic acid nolecule and one 15 or
nore regul atory sequences (e.g., a pronoter) are connected in such a way
as to permt transcription of the nRNA or permt expression and/or

secretion of the product (i.e., a pqlypeptide) of the nucleic acid nolecule .
when the appropriate nol ecul es are Bdund. to the regul atory sequences. By a

~“"pronoter” is nmeant a nucleic acid sequence sufficient to direct 20

transcription of a covalently |inked nucleic acid nolecule. Al so included
in ‘this definition are those transcription control elenents (e.g.,

~ enhancer s) tha#hart dsRNANES enepf twe singiusiransieshisgionsd elrepritatlagene
B T e T e e

t enpor al - spec are I nduci ghal s or :
agent s; sunfedeltedsbitss restonshipdihwag. Bekirakipothe $isors §sRN#dinhigiissans, may be

found in a,5 .or 3" regiqon of a gen rr wwthin an intron. Desirably a
pronot er i Hegigesigptjon gﬁaéﬁat’%ﬁ%{‘oﬁégﬁem{:auéﬁg 250 80; 8P, ekanpl e, a
cDNA orz a [ : . W S Yo' : nucl ei c acid
sequencse. ?ﬁg%Rl\lﬁs%’D e%%‘ﬁ%%m%ﬁggﬁ%ﬂ% S | n\algﬁ [ o[r?(hﬁr%{y 8 delivered to
30: t he nubimdirigeef 2olong)dsRidAltd KR opanbihge copipesent of a dskdiAmmual i an cel |

o " th Si t] RNA ol I r rtia - doubl e stranded RNA
‘Isgquencefa ﬁ}%% Ogﬁ%%g?emtg‘ﬁa\?\ég 3 t&ﬁ thﬁ% YSQ))B%@IH\?@H%OHGJ 26

tic ' i A 01 tAe. ek 4 e T7, T3
enzynati c S¥BLRGS fhe t@ﬁérﬁlﬁ&%fg%@lg 101495 606 TS 28 %m,hgﬁﬁﬁ@@%

or SP6 RNA pol ynerases according to the conventio met scri bed by

- such t ext sobSilantingPGenes ¥Vithantdodiicing Toxiay|, Reahiunas @utiizationdfd ed.

1996) ., £ds. | | SBN No. 57 .Alternatively th | es .5 b
e B rshoredrRNaRTREePRincloR dul el dRiRe o Vol g SRNE Meffatga "5y °°
Nucl ei ¢ Acioitiitizes. , 24(18):3643-4 (Sept. 1996); N. Naryshkin et al.,

Bi oorg. Khim, 22(9):691-8 (Sept. 1996); J. A Gasby et al., Nucleic Acids
Res.,; 21(19): 44By-&deadiclft cagapipushasemginnutlectide seguensied inuiaast Res.

om0y o, LR Tibieghob s bafivne 8 A Rapof B Rt 8B Bufay 1%

¢ ; X. Zhang et at., Nucleic Acids Res.,
9gpelynyeipetide ofoatyleass 19.bazy payholoeexample, miicaldeastdl ds Res., 2-6

contiguous base pair nucleotide sequence can comprise nucleotide 1

Nar yshki n disclabed sBijoariaps, Kbil@:@_aa(ﬂ%-s@%i& i6 SePphiblel8PFoduding@un et al .,
25( 20)

' 'through nucleotide 19, nucleotide 2 through nuclectide 20, nucleotide 3
. through nucleotide 21, and so forth to produce a 19mer. Thus, a 20mer
_ can comprise nucleotide 1 through nucleotide 20, nucleotide 2 thrdugh |
20 | nucleotide 21 , hucleotide 3 through nucleotide 22, 'and' so forth. Similar
sequences above 20 contiguous nucleotides are envisioned.
By “expression vector” is meant any double stranded DNA or
‘ double stranded RNA designed to franscribe an RNA, e.g., a construct that
A contains at least one promoter operably linked to a downstream gene or
. 25 coding region of interest _(e.g., a cDNA or genomic DNA fragment that
encodes a protein, or any RNA of interest, opﬁonaily, e.g., operatively
| linked to sequénce lying outside a coding region, an antisense RNA
| - coding region, a dsRNA coding region, or RNA sequénces lying outside a
| coding regidn). Transfection or fransformation of the expression vector
30 info a‘recibient cell allows tﬁe cell to express RNA or protein encoded by .
 the expression vector. An expression vector may be a genetically - |
._e.n.g'ineered_ blasr_nid, Viru_s, or artificial chrorhosome dé{ivéd from, for |



(18):4160-7 (Sept. 1998); . M Kadokura et al., Nucleic Acids Synp_ Ser., 15
37:77-8 (1.997); A Davison et al., Biorned. Pept. Proteins. Nucleic Acids,
2(1):1-6 (1996); and A . V. Midrakovskaia et al., Bioorg. Khirn., 17(6):819-

22 (Jun. 1991)]. Still alternatively, the RNA nol ecule of this invention
can be made in a reconbinant m crom ganism e.g., bacteria and yeast or in
a 20 reconbi nant host cell, e.g., mammalian cells, and isolated fromthe

cultures thereof by conventional techniques. See, e.g., the techniques -
described in Sanbrook et al, MOLECULAR CLONI NG, A LABORATORY MANUAL, 2nd

Ed.; Cold Spirpe, Hajdetsridphageahéovitiuesfatrdvtlig, SHkiRg, ofar bor, New York,
1989, which is exenplary of | aboratory manuals that 25 detail these

t echni queshemegvirts t echni ques described in'US Patent Nos. 5.824,538;
- 5,877,159; and 3 el ACOT d _herein by reference u RNA

nol ecul es prepagggﬁop%ééﬁﬂ? Sqog%ﬁﬁ?ﬁ?gmeﬁg?ﬁﬁydég[)&-gt@gﬁ%p 9@% (?/Qred to the
mamael i an- delible@trahdet! RNARSER|nedSottRRgcAbS anFRIMA, &1y VA bbastrudie ref erences
above provide one of.skill in the art with the .30 techniques necessary to =

pr oduc® anthaéroniaing & ieast onp Bisseeter eperabbdinkediis, a dewasireaia ge8&chi ngs
provi ded herein. f | e i : ! "_+0f the
conposi ti oﬁ'r I&ﬁscﬂgg g’%@f’@)?? |'?rég.s?(€5"iag&%ge@%%ngﬁgép&ﬁﬁﬁp%gy}aei t her

conpl et e oengmddsi mptoteidpubhry RNADLmteBSA. Tiansfowioner temxfsiiation, t he agent
s a single_stranded RNA sense_ strand. In ﬁ;ﬁt her errbﬁdi ment, the agent of
t he corrpospﬂi%@r?’q%e%s‘@? efsiruat infp aAegiRie pwsdha el 4o EXPESSPr ef erabl y

the single gfnﬂ% ; \ b danf airpin at one
or both teﬁﬁﬁn : D‘&gﬁ'ﬂ@&éé@&?%gﬁ%I@ggfieeﬁig)?lﬁgorﬁgﬁeghﬁn eggf]@éses?oorp anti - sense
st r andl# or eensiruchimayi e atgepetieallynengimesztcd tpdagroid;, vivas, dretrtificgial t he term ni .

Such a si nglj‘e strandad.\fl}gﬁsen e or. .apgti-ﬁé e 18 strapd rraB_\g al so be

desi gned t BMPEIFOREERNTSHTPS BB HBAR S%HPP 398 PIGHYBHR st randed in
vitro or ifetihvitls, piviraBobNeerpESRA. MRNdxRbsan @vhafitict SO idtl ecul e as the
effective agent used in the conpositions is a single stranded RNA sequence

conpri si ngh#a o ke seplicablsonymiving eell, dwit sumylles owademeyrihetigallysense
pol ynucl eoti de éﬁ qu’]:?é}%Bl'y IR&EHQ@%E%PTEB% filltlj%%ic acid rhoiecule and one
15  or more regulatory seqguences (e.g., a promoter) are ‘connected in sdch a
- way as to permit transcription of the mRNA or permit expression and/or
secretion of the product (i.e., a polypeptide) of the nucleic acid moleéule
when the appropriate molecules are bound to the regulatory sequences.
- By a “promoter” is meant a nucleic acid 'sequerice sufficient to direct
20 transcription of a covalently linked nucleic acid molecule. Also included in
this definition are those transcription control elements (e.g., enhancers) -
‘that are sufficient to render promoter—dependeht gene expres.sion. |
controllable in a cell type-specific, tissue-specific, or femporal-specific
manner, of‘that ére‘ inducible by external signals or agents; such elements,
25  which are we[l-knb\}\(n to skilled artisans, may be found in a 5' or 3' region -
“of a gene or within an intron. Desirably a promoter is operably linked to a
nucleic acid sequence, for example, a cDNA ora gene in such a way as to
| pérmit expression of the nucleic acid sequence.
~ The RNA molecule according 1o this invention may be 'deli\fjered fo
30. the mammalian or extracellular péthogen present in the_nﬁamma!ian cellin :
thé composition as an RNA molecule or _partial!y- double- stranded-RNA
_sgqijed_ce, or RNA/DNA hybrid, which was made in yitrd bycénventional |



15 by a non-base paired pol ynucl eoti de sequence. Preferably, this single
stranded RNA sequence has the ability to become double-stranded once it is
in the cell, or in vitro during its synthesis.. Still another enbodi nent of
‘this invention is an RNAI DNA hybrid as described above. 20 Still another
embodi ment of the synthetic RNA nolétule is a circular RNA nol ecul e that
.optionally forns a rod structure [see, e.g., K-S. Wang et al., Nature
323:508-514 (1986)] or is partially doubl e- stranded, and can be prepared
accordlng to the techniques described in S. Wang et at. Nucl ei ¢ Aci ds

Res., 22( 1a)zy2&ik Sfitistinemellosw)ysinvg, fonexample the batteriopbage dd, Tati . Acad. .

S ', USA, 87 28-32 (Cct 199 & ..M Al P Nat | .- Acad.
i USA 9‘1‘"(%‘%8)3"1@%% 5 poaiting o thel omertiphal pEFRSET of ¢ Aot ds Rog.
19 7) : 1605¢dey yéﬁ%li)axtsgas ﬁfeapfbrﬁé%@Pr@toNHRﬁL\aﬁiocAp@@aﬂénB&ude

24(21):4152-7 96); Z. Pasnman 603-10 (Jun. 1996)
P. G Zaphﬁsmpdunasﬁ) IadeoDoyHaiSBNM@,d! 58dlteralively these analeyules3e6- 41 (Jun.

al ) ndor dBed e trge DR ar S I AEnRRs byl e e’y T

doubl e- st r gng@stiae! R4 Re@ormr(1s)esb43~4mpanw9@yw NaKBRKIh ciralsepar at e

strands, or |nterspersed on the sane strand. Alternatlvelcie,g t he RNA
¢

'V\nzl eﬁul e nRipors Khiﬂheaz(l%ﬁmrﬁ)(%ﬂi 199); Jad&t Crashyeetnl. Mucrie ARISy agent
Mfter dolGery 207 AR 60 0BG Cro S ASNIRIGENSIEREEN® 1" TLve.

t he agent W?VBB‘NQQY @l@B’QhGS m@?msettalquBl@éhérhl S8(GWVBIB2-8 (sr. i n one
enbodi nent, a doubl e stranded . DNA npl ecul e encodlé}ggg one. of the

-above-tbsc1980d0RNAaks) Ao MNudeic Anids BYRPa GSH GHeNdcl eoti de
‘sequence Wil LEADIBARERYH m@%w%ﬁsm “beapa doubl ¢

st randed n anot i nent equ hce provi dés a
deoxyri bonRNIPeG‘(1‘b)e1$‘.imm3m¢l\IW|‘(997w XhZhang IeéabdﬂhclemAmdsl&aSL bed into the

- above e 5 aBkB fo3t AO00T S BRERR R el bR, Bangy Uit P
Tl o ol e Wbz 1
16  37.77-8 (1997); A. Davison et al., Biorned. Pept. Proteins. Nucleic Acids,
2(1):1-6 {(1996); and A. V. Mudrakovskaia et al., Bioorg. Khimn., 17(6).819-
22 (Jun. 1991)). | |
Still aiternatively, the RNA molecule of this invention can be made
in a recombinant microorganism, e.g., bacteria and yeastorin a
20 -recombinant hoét cell, e.g., mémmalian cells, and isolated from the -
cultures thereof by conventional techniques. See, e.g., the techniques |
described in -S_ambrook‘et éi, MOLECULAR CLO‘NING,'ALABORATORY'
‘ MANUAL,'Z_nd_ Ed.; Cold Spring Hérbor Laboratory Pres's, Cold Spring
_ Harbor, New York, 1989, which is exemplary of laboratory manuals that
25  detail these techniques, and the techniques described in US Patent Nos.
. 5.824,538; 5,877,159; and 5,643,771, incorporated herein by reference.
Such RNA molecules prepared or synthesized in vitro may be
direbt]y delivered fo the mammalian cell or to the mammal as they are
- inade.in vitro. The references above provide one of skill in the art with the
-30 te'chhjique’ks necessary to produce any of_'the following specific
| embodimenfs, given the teachings provid'ed heréin. Therefore, in one



singl e stranded RNA sequence conprising both a sense pol ynucl eoti de
sequence and an anti-sense poiynucl eotide sequence., optionally separated
by a nonbase paired polynucl eoti de sequence, and wherein the single
stranded RNA sequence has the ability to becone doubl e-stranded. 20
Alternatively, the DNA nolecule whizwth is the delivery agent provides for
the transcription of the above-described circul'ar RNA nol ecul e that
.optionally forns a rod structure or partial double strand in vivo. The DNA
nol ecul e may al so provide for the in vivo production of an RNA/DNA hybrid

as descri keshaiiment, tAe %\ﬁ\tﬂbﬂhe@ﬂﬁﬁéﬁh&%s%@uﬁ@ﬁ(ﬁé AR gp one DNA

strand. These: various mol ecul es’ may be desi by “resort to
convent i ofhitwe sRRgL @itheueompiste ﬁbﬁéﬁtﬂﬁdpub@csﬂandsddﬂﬂﬁok cited above

or inthe Pro r above. Alatt ent of the

- present |nvenﬁﬁ%noﬁ?ﬁgﬁ?@%ﬁ%&%ﬁﬁ@gep %?'Pgt?ﬁ Q%@%@Sn cel |l of

_-any of thetrabdykr desther beBoBeR tHDAG o $he @@Mpbgman@é\smgml e stranded
or douple stranded plasnid or vector. Expression vectors designed to

~ produce. RNAsd é@ anftienspata@nd- in vitro or in vivo may contain

sequences unde gg#\lﬁ 9 I ng

. m tochondri al @%‘%gisg% Eﬁaﬁd P%ﬁ%%%%tﬁ& n%%’ﬁﬁ pot 111, and
viral -pol mmsaaém;rp&ndt dnae:bebomrileagms [pedinainly, alseangw:ﬁraadeWRmd Sp6. These
vectors can be use transcrl be the deS| red RNA nolecule in the cell

accor di ng SFB*‘?IW@"E&%‘ﬁ?l Rnddoiras adialrphgt $pme dderaelisteRetisRed to utilize
an endogengugedh ipe il Slich BNh 8'3¥r§ﬁ8§t§?{l\(ﬁsﬁn3e8fﬁﬁtﬂcorreChond” al RNA

pol ymerase, in whic case such ctors spondi ng human
m t och@ndisirand rpay atsodrg desined tofuld batk ppbly ieelikeksecmye particdlgd t o generate -

capped (thr Xpressi.on of ac I n nz ssages in

vi vo. Bgaggrq de viGe of V’Kﬂ?&l@-&ﬁ %&f‘*ﬂﬁfgefﬁﬁﬁgﬂg al so be

gener at ed RNA nydl48ule Sscthe RGBS HIFE Y% gBAt GRRAAGHE cofffositRnd id & s‘iﬁt?%r ed,

cytoplasm c cap plwg may be accorrpl i shed by var| ous neans i ncludi ng use of
&

a cappi n§irandgdiNA sRauence cerapriaing hodlp pisensemojyneicisotida al phavi rus
VeEPor SR oSSR AR ot e B 2
15 by a non-base paired polynucleotide sequence. Preferably, this single
~ stranded RNA sequehce has the abiiity to become double-stranded once it
- isin the cell, or in vifro during its synthesis.
Still another embodiment of this invention is an RNA/DNA hybrid as
described above | _ '
20 Still another embodiment of the synthetic- RNA molecule is a cwcular
. RNA molecule that optionally forms a rod structure [see, e.g., K-S. Wang
~etal., Nature 323:508-514 (1986)] or is partially double-sfranded, and cah
be prepared according to the techniques described in S. Wang et al.,
. : Nucleic Ac_id_s Res., 22(12):2326-33 (June 1994); Y. Matsumoto et al.,
25 Proc. Natl. Acad. Sci, USA, 87(19):7628-32 (Oct. 1990); E. Ford & M.
Ares Proc. Natl. Acad. Sci. USA 91(8):3117-21 (Apr. 1994); M. Tsagns et
‘ ai Nucleic Acids Res., 19 7) 1605-12 (Apr. 199I); S. Braun et al., Nucleic
Acids Res. 24(21 ),4152—7 (Nov. 1996); Z. Pasman et al., RNA-, 2(6).603-10
_ ) _(Jun'. 1996); P. G. Zaphiropoulos, Proc. Natl, Acad. Sci., USA,
30 93(13):6536-41 (Jun, 1996); D. Beaudry et al., Nucleic Acids Res.,
23(15):3064-6 (Aug. 1995), all incorporated herein by refererice. Still



conmbi nation (mtochondrial, RNA pol 1, pol Il, or. pol IIl, or viral,
bacterial or. Dbacteriophage pronoters along with the cognate pol ynerases).
Preferably, "where the pronbter is RNA pol II, the sequence encoding the
RNA nol ecul e has an open reading frame greater than about 300 nts and nust
20 follow the rules of. design to p?%vent nonsense- nedi at ed degradation in
the nucleus. Such plasm ds or vectors can include plasm d sequences from

- bacteria, viruses or phages Such vectors include chronosonal, episonal and
virus-derived vectors ., vectors derived fron1bacter|al Iasnlds

bact er i oph&gether agsnt @@@@U@&S%‘ﬂ% melgey! edmﬂ@ﬁftﬁﬁ@n%ﬁ Ri YA and
viruses, \é]ﬁdéé%rn? ﬁsﬁe s'ilﬁﬂhgoémh{%ﬁgbé’r@fi g%famégfrg n@s those derived

- frompl as er| ophage’ g I'c e cosm ds and phagem ds.

. Thus,h one exerrplA&emametypthe RNA Buolngju&a ngayd:::)eluﬁdrmesitmg«mgnednqbﬂage vect or.
“Anot her exempl ary vector is a single or doubl e-strande
viral vect &elivesgd hyae dedvaryagent eWhigh gangsalgsisye B%@ﬁ@"wuble-

ol ynuch eotiiifded RAPY fichblute PYivo bt Bbliydi et sGER AURS for | ntr oduci ng

DNA and R o ce e vectors, I'n case age and viral 30

. vectors. rraynamnhapatebell abtqﬂmrmaimmlo@hus’,cthéraga:ntejhﬁc:h fmsmpsdbkaged al so be

or encapsi dat ed yiru wel |. known technj ques for ctlon d
t ransduct i GH’“W?&'&P C&é‘?ﬂ%é‘?‘é@rﬁ‘ﬁﬂ 1%y Q85 ?Té?#m?rﬁrﬁrﬂgl‘ stggn lication
def ective. O hitfledé Hioddiie” .ond mherab% Hﬂe@W%élécuﬂ%ur s only-in

-5 conpl ementing host cel I n anot her enbodi nent the delivery agent
conpri ses rinedNAzgeat pmwﬂpsethemdﬂotﬁmmmnedvmm !aatramcrlbad one exanpl e,

2 equent® TautnLBRGs 15 Bpabire s A BB iR IAD reendies BRTERIBRME s 16|
'single str oAy RNce F8WE8s aqié@wﬁbsﬁwésu&@ge@%eaahi@aw"bed above,

wherein the sense and anti-sense RNA'sequences have the ability to

base- pai r #hicgibisdransgabed ite theabieve-desawibes sivgleagtegndashRiM¥ngrNsge ot her

S heenL AR RSV oo A R R

or folds back upon itself to become partially double stranded. The DNA

15  molecule which is the delivery agent of the composition can provide a
o single stranded RNA sequence comprising both a sense polynucleotide
sequence and an anti-sense poiynucleotide sequence, optionally
separated by a nonbase'-paired polynuclectide sequence, and wherein the
single stranded RNA sequence hés the ability to become double-stranded.
20 Aliernatively, the DNA molecule which is the delivery agent provides for
the transcription of the above-described circular RNA molecuie that
optionally forms a rod structure or partial double strand in vivo. The DNA
.moiecute may also provide' for the in vivo production of an RNA/DNA -
_ hybrid as described above, or a duplex containing one RNA strand and
25 one DNA strand. These various DNA molecuieé may be designed by
resort to conVentionéi techniques such as those described in Sambrook,
~ cited above or in the Promega reference, cited above.
| A latter delivery agent of the present invention, which enables the
- formation in the mammalian cell of any of the above-desbribed RNA
30 -molec_:'ules, can be a DNA single stranded or double stranded plasmid or -
- vector. Expréssion vectors _désignéd._t‘o produce. RNAs as described herein.
i vitro or m vivo may contain sequences under the control of any RNA" A



15 reconbi nant expression of a protein. However, it is desirable that the
sequences whi ch enabl e protein expression, e.g., Kozak regions, etc., are
not included-in these plasm d structures. The vect.ors designed to produce
dsRNAs of the invention. may desirably be designed to generate two or

nore, including a nunber of 20 difterent dsRNAs honol ogous and
conplenentary to a target sequence. This approach is desirable in that a
single vector nmay produce many, independently operative dsRNAs rather than
a single dsRNA nolecule froma single transcription unit and by producing

“a mul tipligolynepdsedindigdi itothdNAgal RAAI ' t for
- opti mum 'efl?egt i_vesneés. \}29?%'35 25 ?rle%ﬁé% %ids?ﬁrﬁl%@ggﬂffg!\g%higgve this,

“includi ng BastBNA pe1 81, sequdnat polymeraets, ansl banierioegef or cl eavage to
. Create ran r r rm lice sites. & her, delivery agents for
provi di ng ?ﬁg}nf%%%n%ﬁﬂo Sdﬁt%@@sérﬁg ﬁ%?e VP&%P?BI‘?%‘F%@’ above- descri bed
desi red RNfamstribelthe lesited RNA tholSBITE® t\cdlPAdcordifg Y8 ehikiiv@ntdht enuat ed or
killed, i-nactivated reconbinant bacteria which are designed to contain the

sequences Yeeleesaay bepdesirpbly desjgnedtp wilzeran eadogenoss miipehdndvieht i on. Such

reconbi nang ' C : | be prepared
by using %ﬁgﬁlﬁgﬁa Ses(tjee%hﬁjl"@%8@@@%“&@%%@&?@%@%#%@? E&'ﬁht Nos.

5, 824, 538; casediithhetorsandy bifikt3thé thorrdspoadipgtaintsh hitoehbndialr ef er ence.

M cr oor gani sns _u e&ﬂI I n repg{ri ng these delivery agents.include those
listed in PREOLEE Mtpeherire pehserdses maycdeuserhto generaia cannad at i on,

Escheri chi ' | bila ' | and vari ous
speci es of@hPrgggggr);Eﬁ%ssfddjésﬁégﬁé%ngc%gg azgpgﬁg%%r@%%gyuééy@‘ﬂ% ot her

deli véily aigAtpo! i oRNSrpalilidiand RMA pohfibtramsdripts mayadsa by gdneratedr mat i on of
the desired, .abqve; ri bed, RNA nol ecul es i,n.the 10 myal i.an cell include
[ ve, at t HUARESBh RNRRRY bR sePPOAOEHOk FHdEASS iy CYRRIATRE ar | y

. reconbi nandapping ey HesactnislishBE HySriiguS tnEhVs elusiELisObide  sequence
~.discussed above. Such viruses may be designed simlarly to reconbinant

-vi ruses pré3nping §ngeel stieh aela vancinia sepping ergyine dran glphavirehier apy and t he

ke, but prehdy BYnd HOREVAUR pbl'f 13RS 48 EEPEE SThEDNA
| 15 vectoris designed to contain one of the promoters or muitiple promotérs in
gombination (mitochondrial, RNA pol |, pol I, or pol Ill, or viral, bacterial or
bacteriophage promoters along with the cognate polymerases). Preferably,
where the promoter is RNA pol Ii, the sequence encoding the RNA
. molebule has an open reading frame greater than about 300 nts and must
20 . follow the rules of design to prevent nonsenéefmediated degradation in the
nucleus. Such plasmids or vectors can include plésm_id sequences from
. bacteria, viruses or phéges. |
Such vectors include chromosomal, episomal and virus-derived
| ~vectors e.g:, vectors derived from bacterial plasmids, babteriophages,
- 25  yeast ebisomes, yeast chromosomal elements, and viruses, véctors
- derived from combinations thereof, such as those derived from plasmid |
“and bacteriophage genetic elements, cosmids and phagemids.
- Thus, one exemplary‘v:ector is a single or double-stranded phage
v'ect‘o,r. Another exemplary vector is a single or double-stranded RNA or
o 30 DNA viral vector. Such ve'ctoré may be introduced into célls as.
‘ - polynucleotides, preferably' DNA, by well known fecﬁhniques_ for introdilcing '
-DNA_ahd RNA info cells. The vectors, in the ca'ser of phage and \}iral



_r'epresenti

15 protein or functional fragment of a protein. Anong useful viruses or
viral =~ sequences whi ch may be mani pul ated to provide the required RNA

nol ecule to-the mammalian cell in vivo are, without limtation, alphaV|rus
adenovi rus, adeno associ ated virus, bacul oviruses, delta virus, pox
viruses, hepatitis viruses, herpes ¥ ruses, papova viruses (such as SV40),
20 polrovirus, pseudor abi es viruses, retroviruses, lentiviruses, vaccinia
viruses,  positive and negative stranded RNA viruses, viroids, and
vrrusords or portions thereof. These various viral deliver nts may be .
desi gned byeciprs| manglsodre and pnefarablyéarmrrtttceblcedmtoa;eﬂeeem ggeg nM D
Nocol a et al

h , Wth ,
t he teachl?fg%ﬁciﬁ)sfc%geq)w&sehgw%mm%# %?'ﬁaé" r}rg%?e)ctio [H\g{(‘;tp ?; ?Fus en\(ljmetj t(2)5

i ncl ude anya$aRicEBh WipAIRjcttdrb enay Bk IrupRsatioNViscaripdbift arapblicatidron
machinery:1s intact, including tissue culture systens, and within single

cel | or mudefiective. dn dhe latter ﬁgser\graﬂhpgmag%@ngﬁnetaitﬂ@cuéaantvdae dsRNA" or
“mul ti qU| to ) 0 nmeant an RNA nol ecul e that has segnents

derive fr%‘?ﬂ‘ﬁ@m‘?ﬁ\l@m{sﬁ?s@% nucl eic acids or that has non-contiguous
segnents from t fhearbthSoembbdingRit the detheryaient cﬁnpneaarrmre thama nul tiple

sequi tope dsRNA may have segnents derived fromé ) _se es representing
mul tipl e gengle BNAePFﬁN@IF%aSSPGaW \gRtor. s) O BXAN '@sarsf@%ﬂi@ ting one or

; 2 -
o edent TIBSAM Pa Biavidd a¥indle SirahBBY FVABRESPOIAIEIRLAE! 1) S Seduences

sequences ée@m@emmmeearam@eeam ammmndslhlttﬂqulnmmdfoamwmudm
Desirably, each segnment has substanti al

d h
corr es%nﬁ'ﬁ@lerﬁ@r&@dd?h'é %rﬁ'reetsermrev@%ﬁ ugétche%lc@%nﬁt %‘1% f@’&éf r Sbl e

enbodi nent t t eggtﬁ@ﬁ he target
nucl e: (o actz§ gghr?‘s%gsé%ga %*liﬁ-eéﬂselﬂlz\% 24, g%sﬁgoéltﬁyabm 200, g. '

500, 750, tmrbarmr pa:baedﬂnercomerdDUlﬂegtrlandeﬁnSdelsplaamidz(séﬁﬁﬂmoﬁmﬂ@ the
rrultlple e |tope dsRNA

T5. . 20. obtriBranvareal BERE Boausrodss g ocengsdliengBEsugh o °or *L000
ngﬁggf:??%ﬂ}h@ﬁ-ﬁhéwn %Béuéﬁcé%ée@tcﬁc@ﬁtim9Iaeﬁt?ﬁh°~aha$reﬂm”rs ¢omt i guous
15 recombinant expression of a protein. However, if is desirable that the
sequences.which enable protem expression, e.g., Kozak_ regions, efc., are
not included in these plasmid structures. R
The vectors designed to produce dsRNAs of the invention may
' | desrrab!y be designed to generate fwo 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 operatwe dsRNAs rather than a srngle dsRNA molecule
from a single transcription unit and by producing a multiplicity of different
o dsRNAs,. it is possible to self select for optimum effectiveness. Various
25 means may be employed to achieve this, int:luding autocataiytic
sequences as well as sequences for cleavage to create random and/or
predetermmed splice sites. _
Other delivery agents for providing the mfonnatron necessary for '
~ formation of the above-descnbed desrred RNA molecules in the '
'30.- -mammal_ran cell-include live, attenuated or killed, inactivated recombinant
o bacteria which are designed to contain the sequences necessary for the
required RNA melecules of this tnvention. Such reeornbinant b'acteriat ‘



sanme target gene that may - or may not be in the naturally occurring 5 to
3" order of the segnents, and the dsRNA inhibits tthe expression of the
nucleic acid by at |east 50, 100, 200, 500, or 1000% nore than a dsRNA.
-with only one of the segnents.. 20 By "sequitope" is neant a conti guous
sequence of doubl e- stranded pol yri®onucl eoti des that can, associate with
and activate RISC (RNA-induced silencing. conplex), usually a contiguous
sequence of between 19 and 27 basepairs, inclusive. Sequences conprising
at | east one sequitope fromw thin one or nore of the 25 conserved HBV
and/ or HC\callacfupgsl dellssanditne ke car beiprepareddneusing coaventioral zed for dsRNA

aavant agesCBEBUT PHFLPS el id "ol Ernt b BB Bt &7 6bEnaea ra
approach agnd 9@@@7‘1‘1”1 raﬁ@é‘ﬁe?eiﬁ refdrbffe. MréSiadRPs asdtul in
PCT/ US2003/ 033466, 0- Cct - 03, are applicable to utilization of

the conse rW@QaHB!/tW dﬁlma@vagentssequéﬁcthese)hsted én thevabevesitedBecause a

Cel o 8ol o ARY e 0w AR SR E! 40 BRIl o om

single patwmwllawmﬁmaunawv@icﬁe edbyyﬂpsejcmrdewseS) a nultiple
.epi tope dsRNA can be used 5 faor nany d| fferent indications in the sane

subj ect ors fteiatewe%aae%@whmchwm cations in one subject and anot her

subset of indi cgt s, the
ability to express rHB&%ﬁ%”nteﬂf r@&wgﬁ&ézﬁféﬁa@%e %Eﬂg wth
Seqﬁe”cfi "322".“?‘%’?2"‘“"*“8 “*’B"’Eiaa‘”““d*‘”%w’l?“?“““‘;‘g‘;‘é'??g‘?miaLZSieéesESEﬁe
is hi , .

90, ahgmdlanaeibinciig e, Paasatat ol kIR Jarbvaies Goson ehbor  des. o
cas Y UP defttidutardy r@norﬂbtnén’t v&sé@é&rﬁhén Caﬁxﬂ%ﬁ%lﬂhﬁ&lyﬁ&ﬁeé tRfal !ength

of such sequences Is wthin the nmaxinmu ty of t cted plasmd
(e.g., 20 Saqt.lebaeehsqumeuabgwm Sueh yirnggemaydie gésignad similartyl toconposi ti on

can, BT OV e BERYER Lo Sa S useh b AL o RPRES 2 or,
etc. The l,fcﬁéraﬁy dnd thenlike, eit bf&f@ﬁaﬁl&?db\ﬁ%@héﬁ@ RO BBl toBipfegenes from
. 15  protein or functional fragment of a protein. Among useful viruses or viral
| s_‘equencés which may be manipulated to provide the required RNA
molecule to the mammalian cell in vivo are, without limitation, alphavirus,
adenovirus, adeno associafed virus, baeuloviruses, delta virus, pox
viruses, hepatitis viruses, herpes viruses, papova viruses (s_ueh as SV40),
20 poliovirus, pseudorabies viruses, retroviruees, lentiviruses, vaccinia
viruses positive and negative stranded RNA viruses, viroids, and
wrusouds or portions thereof. These vanous viral delivery agents may be
' deS|gned by applymg conventional techniques such as described in M. Di
_ Nocola et al., Cancer Gene Ther. , 5(B): 350 6 (1998), among others, with -
25. the teachings of the present invention.
' The term “in vivo™ is intended to mCIL_lde'any system wherein the
cellular DNA or RNA replication machinery is intact, inc;lu’_ding tissue
culture'systems, and within singte cell or multicellular living orgariisnis;
By “multiple sequitope dsRNA” or “multieequitope-dsRNA" is
.30 ‘.meant an RNA molecule that has Segments defived from multiple

target nucleicecids or that has Ahonfco'ntiguous eegmeh_t_s_ from the |



multiple strains and/or variants of a highly variable or rapidly nutating
pat hogen such as HBV and/or HCV can al so be very advantageous. For 20
exanpl e, a singular dsRNA species that recognizes and targets nultiple
strains and/or variants of HBV and/or HCV can be used as a uni versal
treatnment or vaccine for the various?strains/variants of HBV and/ or HCV.
The ability to silence nultiple genes of a particul ar pathogen such as HBV
and/ or HCV prevents the selection of, in this case, HBV and/or 25 HCV
"escape nutants." In contrast, typical small nolecule treatnment or. vaccine
t her apy t haamshigrgehnyetaic aeid.qbms exarpples éha mukiple senuitepe  sel ecti on. of

pat hogens th ave sustained nutati.ongdn the target gene or _protein and
Phe bat hogBRRNA TMew Bave S @ BeBts Rerivaa diam WEsedyeress revesentBicousty
targeting g ‘ ‘ ‘ or _
extensive ﬁlelgﬁgfr‘?s)&%?é)% f?g%g%iﬁ H%gfﬁﬁgﬁg?ﬁ %ggﬁhgﬁ Fg?igé%bo@@]ga Q’g%roach of
the presenprimiy@ngenss fildie LURNSENGRJIFeréNtBrgATSARS andéRfi)s” 1S

effectively precluded.. 34 For éxanple, it i's considered particularly

- advant dgeoasquencesregeesenting difterent regionsadsa padiowiat geriEeSEQ | D NO 11

and SEQ ID NO 12, i.e., -one or nore sequences from HCV SEQ | D NO 11
t oget her wWPDR YTBOH Seﬁlﬁﬁé?cé?@cfﬁ@ﬁb%?rwgﬂeﬂéﬂdgﬁ@ POMEIEL2, either. in a

i T T T L N
decr ease 1 Hgquai iRy i elbatespondRatien b LfgBehaBpV TS

HBV sequenaekl. Iimvadous destablé entsodim@itson segrheabheiibr substantil t he
conserved HCV 10 sequences of the invention. Simlarly, it my be desirable

to usel&eqaeadesce identitydodhentargebnuclpvasidds i Imast 192G 2D, B2y 2, AND SEQ -
or thr ough2BontonPt 4R; S0adAPaDDs 20D 5B S ubaE BasEPaLR S dhalfar i ent .  SEQ
10N L, SRR Ao TS R Te B AR HAHISHS, 070
V\HDRK]!AS, be erpERIsHGh bY atlEasti2 Wre, 810,520 cavfitiesargat dasss By (SAQ) |
: at least 20, 40, 60, 80, 90, 95, or 100%. In some embodiments, the
15 muliiple epitope dsRNA has non-COntIQUGGS‘ segments from the
same target gene that may or may not be in the naturally occurring &'
- to 3' order of the segments, and the dsRNA inhibits the expression of
,_ the nuclé’ic acid by at least 50, 100, 200, 500, of 1000% more than a
dsRNA with only one of the segments.. |
- 20 - By “sequifope” is-meant a contiguous sequence of double- o
stranded polyribonucleoﬁdes that can _aésociate with and activate
'RISC (RNA-induced silencing complex), usuélly a contiguous
- ~ sequence of between 19 and 27 basepéirs, inclusive. Sequences
~_comprising at least one sequitope from within one or more of the
25  conserved HBV and/or HCV 'nuc!éotide sequences identified here may be
' utilized for dsRNA mediated géhe jsilénc_:ing as taught herein.
Multjple—gpitone'dsR-NAs The advanfages of_a mul_tipie.—epitbpe or.

- multisequitope double-stranded RNA approach as taught in USSN -
- 60/419,532, filed 18-Oct-2002 and PCT/US2003/033466, filed 20-Oct-
30 2003, are applicab_le'to utilizatioh of the conserved HBV and/or HCV



precore, core and pol ynmerase nRNAs. However, since sAg.RNAs are the nost
abundant, it is nore likely that these nRNAs will be targeted if 20 the
gene-silencing machinery is saturable. It is possible, however, that al
listed nRNAs will be targeted. Reduction of surface Ag is desirable for
several reasons: a) surface Ag is nggeded for assenbly of infectious
virions; b) overexpression of Surface Ag during infection is thought to
contribute to i mune anergy that occurs during chronic infection; and c) 25
t he expression of sAg in the livers.of infected individuals (even in the
absence of sequetrtesioféhe ifveditiohNBEEH R é;esﬂjé%’ggeéf : tdag, host
genone) indd% s hepatitis. Therefore, ?gﬁﬁgﬁio og sAdﬁggqﬁi gly to

decr ease vPifHltanepsly silgher vty lararigeresdeqy, gadesiFomemsitiiote event

hepatitis. .4 Q. 1 uni gue, reqj on of precore and
core and aﬂé@og?ﬁ%{g@ﬁ @P Légg%ﬁ?ﬁ%ﬂﬂgg peté%e Fﬁ%{mé&ﬁ n@i?r‘@%?%‘?%iq{g%’eﬁeeded to
meke  f uncassouadtedivwithomsitiphs deagdes)) armaaitiprs o d4MRNA CHR . h?ecﬂ’r edi cted
to 35 0E(Fjec ease viral titers, There should be no conpetition of these-

ef f ect Modiffetant dadicatipns ifdha sams subjechenused fopd sibget of NO. 5

th h S P L the ( . Ef.f ect ' -
bredi ot ed ocpupbs i B sl Bicel 8nd AhEH 31 boeP B FuicailE T Padiber i pie. There
shoul d be subjecidarristichrapplicaticny the abiliyfdNdpreBd loredsFiAl s needed for the

synt hesi's of ,viral, gen and therefore viral 'particle titer is expected
to decreas@ofefuiﬁﬁ Crir agéﬁ&molw?%%ﬂghéequ monNitipde gepesk o the X

~gene. Due ihdGnyEHiMG B déﬁnﬂgﬁ%gﬁggpo%ﬂig%imbﬁ?SﬁoFffeCt or RNAs

have the potential to target térn"has many ascri bed
(non pilfoveampiachby valng a Feries of sequericksgeaeh,isggisahofaamdioiat i nt egr at ed

X gene oxpiiyiles. BESYTT0P oD diaciEien B spsbiusto 15515 héneral . 1 he
125, > e HBRes G QPR o TGRS A e
from SEQ |'FPIRSAMUSECAPESINGG ghe seloctenl plasmid (e.g., 20 kilobases in
' | length), a single such pharmaceutical compositibn can provide protection
15  against a large number of pathogens and/or toxins at a relatively low cost
and low toxicity, e.g., HBV, HEV, HIV, etc.

The use of muitiple epitopes derived from one or more genes from -
multiple stréinls and/or variants of a highly variable or rapidly mutating
pathoge_n, such as HBV and/or HCV can also be very advantageous. For

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

The ability to silence multiple genes of a particular pafhogen such
as HBV and/or HCV prevents the selection of, in this case, HBV and/or

| 25 HCV “escape m‘ut'ants.” In contrast, typical small i‘hdl_ecule treatment or
vaccine therapy lthat only targets one gene or protein' results in the |
selection of pathogens that have sustained mutations in the targét géne-or
protein and the.pathogen thl_]s beqomes resistant to the fherapy. By

| simuitaneausly fargeting .a-_'humber of genes or sequences of the pathogen

30 and or extensive regions of the pathogen using the muttiple épitcipé
approach of the present invention, the émergenbe of such “escape
mutants” is effeétivély preélﬁded.. S '



NGO 6, SEQID. NO7, SEQID NO8, SEQID NO9,. and SEQ ID NGO 10), the less
likely a virus will be able to generate viable escape nutants. Al so, 20 the
nore different NnRNAs that can be targeted, the nore significant will be
the drops in viral titer and di sease anelioration. Desirable conbinations
for multiepitope constructs, an adnPkt ure of constructs, or the

concom tant adm nistration of different dsRNA constructs include the

foll owi ng: Sequences from SEQ ID NO 1, SEQ ID 25 NG 2, or SEQ ID NGO 3 plus
sequences from SEQ I D NO 4; Sequences from SEQ ID NO 1, SEQ I D NG 2, or
SEQ | D NO 3 pl uEoEexpianlect is considerad pastisgasly advantageeysfe MalwiA D NO. 1,

From s | Ve SRR Tdbbu AEY BREFRNSTY B8 S B RO P
NO: 7; 30 Sasluensees ridrenseguéhtéy fﬂaTiLHCSEQECDl[NNOon Sher mhl‘dfaeeoapl us

sequencesfromSEQIDNO8 Se nces fr mSEQIDNO ID NO 2, or
SEQ | D NO POGE $EULURRCRS R H@Hﬂ%é@ .ot f@éq’héﬁe’@e 48 %ﬁom SEQ I D

Sequenchs hﬁ%&ffé‘jﬁ@@%ﬁ%ﬁh@ﬁ SEAZNROAETS) Lo Sequonces

L) Sl ot m i oo wpiade e F 0o o

| from SEQ |¥R@‘§Hfﬁ‘3w’gﬁ? dRperste b’labi% %?EN@ anfs, '%‘EdEﬁ Nq‘f'?’&m SEQ ID
NO: 4 and Sg&é@aﬂ%?ﬁ Er%qgﬁnai:ﬁﬁxthi‘é’ﬂf ﬁ%@élﬁé}@bleBﬁE& Uendds2in or SEQ ID

NO: 3 plus sequenhces rom I'D NO: 4 and SEQ I D NO: 8; Sequences from SEQ
| D NO: 1, Smmemasesm combm@onm’mﬂoae plrmwremfdhaceaséwedlfm ID 10 NGO 4 and

SEQ | -~ Seque fro BySEQID MO L SEQUID NO:2, or SEQID NO3 ol us
Sequem U r%l‘:a@q(%%%wvﬁ ?% SEQ 1D NO: 10;  Sequences from SEQ 1D NO. 1,

SEQ I D NO: 2, OrSﬁﬁﬂ%rlpith"ﬁéﬁbé|dé§|ra§l%q!éeli§é9§eddewﬁe§ﬁ@nﬁ Bvdler nci8bfSEQ | D
NO: 6; Sequences from$ I D NO: 2, or SEQ I D NO: 3 plus

"sequences HBYSEEJDN NQL‘I) %QS%N@ DSRG D Ngb&u%lﬂ@éé" aredngleEQ 1 D NO: 1,

500 N2 Bl o TR RIS TSGR ISR e S50 ' ©
administration of such constructs to a patient. SEQ 1D NO:1, SEQID |

16 NO:2, and SEQ ID NO:3 map to the HBV surface anti'gen genes. Due to

the overlapping nature of the HBV_mRNAs, the following mRNAs would be
targeted by one of mofe of these sequences: Suiface Ag (sAg) mRNAs,
pfecore, core and poIYmerase mRNAs. However, since sAg mRNAs are
the most abundant, it is more liksly that these mRNAs will be targeted if

| '20 the gene-silencing machinery is saturable. it is pessible, however, that all
listed mRNAs Will be targeted. Reduction of suiface Ag is desirable for
several reasons: a) surface Ag is needed for aseembiy of in'fec‘:tious _
virions; b) overexpression of Surface Ag dUring infection is thoughf fo
contribute to immune anergy that occurs during chronic infection; and c) -

.25 the expression of sAg in the livers ?of infected individuals {even in the
absence of virus, i.e., from integrated sAg sequences inte the Eost
genome) induces hepatitis. Therefore, reduction of sAg is likely to
decrease vir‘ai tiférs, overcome immune anergy and decrease/prevent

o | hepatitls , .

30 HBY SEQ ID NO 4 maps to the umque region of precore and core

rand will target these mRNASs specn" cally Core protein is needed to make
. functlonal virions and s_o down regulation of this mRNA is predicted to



. from SEQ ID NO 7 and € .
NO 10: secfagw@g\ls yifhastiee hepatitis and down-regulation of X gene expression

sequences -from SEQ ID NO:5 and SEQ I D NO 9; Sequences from SEQ 1D NO:1,
SEQ ID NO: 2, or SEQ ID NO: 3 plus sequences fromSEQ ID 20 NO:5 and SEQ ID

" NO:10; Sequences from-SEQ ID NO1, SEQID NO:2, or SEQ ID NO 3 plus

sequences from SEQ ID NO: 6 and SEQ ID NO: 7; Sequences from SEQ | D NO: 1,
SEQ ID NO: 2, or SEQ ID NO:3 plus seguences from SEQ ID NO: 6 and SEQ I D
NO: 8; Sequences from SEQ ID NO:1, SEQID NO:2, or SEQ ID NO: 3. plus
sequences from SEQ ID 25 NO: 6 and SEQ I D NO: 9; Sequences from SEQ | D NO: 1,
SEQ ID NO: 2, or SEQ ID NO:3 plus sequences from SEQ ID NO 6 and SEQ I D

NO: 10;  Sedusraass viraie@EPhER Skdudid bab(d EBiNRtifon 6f thesQ difechi: 3 pl us
sequences from SEQ ID NO: 7 and SEQ I D NO 8; Sequences from SEQ 1D NO: 1,

 SEQ .| D. N0: BNAgrfopsafacs, notanglages asequndtidAs. from SEQ I D 30 NO: 7 and SEQ I D

Sequences 1rom HEY TEND N O:pHirdue R QED IO’ il teiceobibiatel 1D o 1

- SEQ 1 D NO: GeneaEffEictd RINAG ae pradicted tola@ied tpBspriecora/&i@ af NO. 8 and SEQ ID

NO 9; Sequences from SEQ ID NO 1 SE%I D NO'2, or SEQ ID NG 3 plus
sequences PPlymesss Fansolpts Rese shouldbeian rommidigos MithssAg 6mXSEQ 1 D NO. 1,

R0 5 RNAL FRRMEREH B A UPESLBAR hd " TG0 1o

- NO 4 and SH@refbreNdr# paSie tter és eipecteSEQdebrdd@eads potynta@sels NO 7;

Sequences from SEQ 1D NQ 4 and SEQ ID NO 8; Sequences.from SEQ ID NO 4 and

'SEQ I D NO 9207@@%kfnces from SEQ ID NQ-4 and SEQ |D NO 10: Sequences from

SEQ 1D NG 5 and 5@ INK6/0 RERUIATRS X048 TMSERNANAand SEO 10 Mo 7

Sequences from SEQ I D NGO 5 an SE Sequences Trom SEQ I D NGO 5 and '
SEQ | DONO. edundanciecoialbmiRiNhs, e Bffeiins R BE@ tHa pittential t8dgrgetces from

.SE | D NO. 6 .and I 7:. S f SEO I D I 6 d SEQID NO 8;
- Sooences 2Py GRNGS Ragtel hAS AT aan Rehve) TR S20 1D NG 6

and SEQ | D4biwedér, trf@ﬁsw%m@a:@ ofteATo SRR RtdtalePABY Stefdarecin 8; Sequences
Q1D NO 9; Sequences fromSEQ ID NG 7 and SEQ ID
is predicted to ameliorate disease. g
| 15. in general, the more sequences from the different identified |
~ sequences that are used (e.g., from SEQ iD NO:1, SEQ ID NO:2, and/or
- 8EQ ID NO:3, plus sequences from SEQ ID NO4, SEQ ID NO:5, SEQ ID
N0, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:10), -
the less likely a virus will be able to generate viable escape mutants. Also,
20 the more different mRNAs that can be targeted, the more signiﬁcani will be
the drops in viral fiter and disease am'el.iqra_tion.
| Desirable cﬁombinatiqns for multiepitope constructs, an admixture of
constructs, or the concomitant administration of different dsRNA
| constructs include the following: Sequences from SEQ ID NO:1, SEQ ID
25 NO:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:4; Sequences
~ from SEQID NO: 1 , SEQ 1D NO:2, or SEQ 1D NO:3 plus sequences from
SEQ ID NO:5; Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ ID
NO:3 plus sequences from SEQ ID NO:6; Sequences from SEQ ID NO:1,
. SEQID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:7;
30 . S_equenc,e’s ﬂjom SEQ IDNO:‘!,‘ SEQ 1D.NQ:2, or SEQ‘I-D NO:3 plus
‘s".eqUences from SEQ ID NO:8;'Sequen.ces fror'h“SEQ 1D NO:1, SEQ D
_NO:2, or SEQ ID NO:3 plus sequences from SEQ ID NO:9; Sequences




I D NO 8 and SEQ I D NGO 9; Sequences from SEQ ID NO 8 and SEQ ID NO 1:0;
Sequences from SEQ ID. NGO 9 and SEQ I D NO 10; Sequences 20 from SEQ I D NG 4,
SEQ ID NO 5; and SEQ ID NG 6; Sequences from SEQ ID NG 4, SEQ ID NG 5; and
SEQ I D NO 7; Sequences fromSEQ ID NO 4, SEQ ID NO5; and SEQ 1D NO 8;

- Sequences from SEQ 1D NO 4, SEQ ID3NG 5; and SEQ I D NO 9; Sequences from
SEQID NGO 4, SEQID NOS5; and.SEQ I D NO 10; Sequences from SEQ I D NOA, SEQ
I D NO 6; 25 and SEQ I D: NGO 7;. Sequences from SEQ ID NO 4, SEQ ID NO 6; and
SEQ I D NO 8; Sequences from SEQ ID NO 4, SEQ ID NO 6; and SEQ ID NG 9;
Sequences froonSEEQD BONG IEQIBNOR ND. SEQAPINOEDRIE $¢quedres Sequences from

D NOL7: - aHECSEINCD P eaudts Tt tradl Hogh Sad IDNNE A TEEIPD No. 7. and
- SEQ I'D NG {193 pﬁ%@%@%e&'f% SEQ D NW44andPERA P NO-§; sagdente’ | D N 9;
Sequences from SE NO 4, SEQ ID NO 8; and SEQ 1D NG 10;" 38 Sequences

from SEQ | fpomGEHEQ -t $leadp ﬁb&s&@E@ Imd@cﬁ plt&e&gmmess froom SEQ | D

o 3a SE TR dha e BREE so iR BT iR B and se0 10

NO 9 S SeNGﬁBC@SSEqu e blasusa n@E@fﬂoﬁ] SQC!SID NO43Hd SEQND  10;
Sequences from SEQ ID NO 5, SEQ and SEQ I D NO 8; Sequences from

" SEQ I D No: HO E@mwn@mrﬁﬁﬁ@lﬂ@fﬂ@m@&fimw o SEQ {3NGBPpIuD NO 5, SEQ

SEQ 1D o B eE 1 MO LR BECHIENCER SRk FaM 8y | b ho Lo
Sequences fDNtDﬁSE@ECDD\NCEZ @Esmmmma p&@b@ﬁ@rﬂc@sm@rﬂ@EQ g@quences from
SEQ ID NGO 6, SEQ ID NO.7; and SEQ . Sequences from SEQ | D NO 6, SEQ

- ID N aN@ é@@dlﬁﬁﬂl@d‘lo %&ﬁ%&%@@ﬁf@%ﬁé@b@ b, BEGHONGZINGS 7; and SEQ
: _ISSqDISnggs rom S@?%@%&% Iﬁ%rﬁ%@ R@é&gﬁ%ﬁ&ﬂf{&l@ ' :ql?e.wcoég; from
SEQ | D NO: BeqEiigdsDrat IEQABNCSHQ IEBR N NO;2, or SEQ ID NO:3 plus
o seq‘uences from SEQ iD NO:5 and SEQ ID NO:6; Sequences from SEQ
ID NO:1, SEQ 1D NO:2, or SEQ ID NO:3 plus sequences from SEQ ID
15 NO:5 and SEQ ID NO:_?;'Sequences from SEQ 1D NO:1, SEQ ID NO:2, or
SEQ ID NO:3 plus sequences from SEQ ID NO:5 and SEQ 1D NO:8;
- - Sequences from SEQ ID-NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus
sequences from SEQ ID NO:5 and SEQ 1D NO:9; Sequences'fr-om SEQ
. 1D NO:, SEQ D NO2, or SEQ ID NO:3 plus sequences fr_bm SEQID
20 | 'NO:5 and SEQ 1D NO:10; Sequences from SEQ 1D '_NO:'I, SEQ ID 'NO:Z,
.or SEQ ID NO:3 plus sequences from SEQ ID NO:6 and SEQ ID NO:7;
Sequences from SEQ ID NO:1, SEQ ID NO:2, or SEQ IDNO:3 plus
- sequences from SEQ ID'NO:6 and SEQ ID NO:8; Sequences from SEQ
N i"D NO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID
25 NO 6 and SEQ ID NO:9; Sequences from SEQ ID NO:1, SEQ ID NO:2, or
~ SEQIDNO: 3 plus sequences from SEQ.ID NO:6 and SEQ ID NO:10;
Sequences from SEQ 1D NO:1, SEQID NO:2, or SEQ ID NO:3 plus
sequences from SEQ ID NO:7 and SEQ ID NO:8; Sequences from SEQ
~© 7 IDNO:1, SEQ ID NO:2, or SEQ ID NO:3 plus sequences from SEQ ID -
- 30 NO;? aﬁd ASEQ‘ lD-NO:Q;_Sequences fr_bm SEQ ID -N0:1,;SEQ IDNO:2, or
© SEQID NO:3 plus sequences from SEQ ID NO:7 and SEQ ID NO:10;
: _Sequences"ffomeEQ ID NO:1, SEQ "ID"NQ:Z, or SEQ ID NO:3 plus



- NO 10; S%ences from SE%)I D NO:5, SEQ ID NO: 6

ZZZZZEEE

Sequences from SEQ ID NO 7, SEQ ID NG 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 I D NO: 7,

" SEQ ID NO9; and.SEQ ID NO 10; Sequences from SEQ ID NGO 8, SEQ I D NO 9;

and SEQ I D NO 10;: Sequences from SEQ ID NO 4, SEQ ID NO:5; SEQ I D NO 6;

and SEQ ID NO 7; Sequences fromSE®R ID NO 4, SEQID NGO 5, SEQ ID NG 6, and
SEQ I D NO 8; . Sequences from SEQ ID NO. 4, SEQID NO5, SEQ ID 25 NO: 6, and
SEQ I D NO 9; Sequences fromSEQ ID NGO 4, SEQID NO5; SEQ ID NO:6; and SEQ
I D NO 10; Sequences fromSEQ ID NO 4, SEQ ID NO5; SEQID NO 7; and SEQ I D
NQ: 8; Seq%aﬁféﬁ @oheE . SHEn! ) i d SEQID

NO: O Sequencesc%ér'om SE%q ® N@oé?f‘ ) 1B Nr\g'%;.sss@c%n:cgs @@S%d SEQ I D

‘NO: 10; SedDeNEet, SEQD MO:S5EQ SEQ NO:NO:335Qs Isequiiicas freBGEQ INO 8; and SEQ

o o; - sHEERAE e AR Seeesrin SRR B2, 70 6 g

I'D NO: 10; cpegR@npasofs piilks SequbRedPirdm SEQ IPNN0 Ging BB NOPIF: and SEQ | D
NO: 8; Sequences from S ID NO-4, SEQID NO:6; SEQID NO:7; and SEQ ID

NO: 9;  Sequegrences fransS8Q D N4, a 20D NO:§; Ser@ena@sNom:SEQd SEQ | D

NG: 9, SeqUEIeer PPN Nt eedery T BER IMEFa s 1D " Seg D

NO: 10;  SedNOITSeducntes foR BBAND HO:5a@d SENADMNOIESedudded fromnd SEQ | D
NO: 7, and SEQ I D

5 SequaHadD NoUhABEOEDIRANGS: Sequemapiion SEQ INAX ANSE010 S20 I b
3, “MCE ARG st BN 8 4P S BALRy el 522 10
. 9; 18eqUpMEE@ IDNGHERADSHD B NSER S8quélicss; frdh@EQ INING:S and SEQ | D
10 SectendBNiE RegEdnoss fiEmEES TEMGNGSEA IBID Nos 8. and SEQ | D
3, SRR g SEQ. N eia3 0 Ty SER Vg g 20 10
ID NO:6 and SEQ ID NO:7; Sequences from SEQ ID NO:6 and SEQID
‘ NO:8; Sequences from SEQ ID NO:6 and SEQ {D NO:9; Seduences from
15 SEQ ID NO:6 and SEQ ID NO:10; Sequences from SEQ ID NO:7 and
SEQ ID NO:8; Sequences from SEQ ID NO:7 and SEQ 1D NO:9;
Sequences from SEQ ID NO:7 and SEQ ID NO:10; Sequences from SEQ
" ID NO:8 and SEQ ID NO:Q; Sequences fi'o_m SEQ ID NO:8 and SEQ ID
,' NO:10; Sequences from SEQ lDNO:Q and SEQ ID NO:10; Sequences
20 .from SEQ ID NO:4, SEQ 1D NO:5; and SEQ ID NO:6; Sequences from
SEQ ID NO:4, SEQ 1D NO:5; and SEQ 1D NO:7; Sequences from SEQ ID
NO:4, SEQ ID NO:5; and SEQ.ID NO:8; Seduences from SEQ ID NO:4,
SEQ ID NO:5; and SEQ ID NO:9; Sequences from SEQ 1D NO:4, SEQ ID
NO:5; and SEQ ID NO:10; Sequences from SEQID NO:4, SEQ ID NO:6:
25 and SEQ ID'NO:7; Sequences from SEQ ID NO:4, SEQ ID NO:6; and
R SEQ ID NO:8: Sequehces from SEQ ID NO:4, SEQ D NO:6; and SEQ ID
NO:9; Sequences from SEQ ID NO4, SEQ ID NO:6; and SEQ ID NO:10;

Sequences from SEQ ID NO:4, SEQ ID NO:7; and SEQ 1D NO:8; '
~ Sequences from SEQ ID NO:4, SEQ ID NO:7; and SEQ ID NO:9;
30 Sequences from SEQ ID NO:4, SEQ ID NO:7; and SEQ ID.NO:10;

'_ Sequen-ces from SEQ ID NO:4, SEQ ID NQO:8; and SEQ lD'NO:Q; -
o Sequences from-_SEQ I_D NO:4, SEQ ID NO:8: and SEQ ID NO:10;



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

. NO: 9; Sequences from SEQ ID NO:6, SEQ ID NO:7, SEQ ID 20 NO 8, and SEQ ID
NO 10; Sequences from SEQ ID NO:6, SEQID NO:7, SEQID N O9, and. SEQ ID
NO: 10; Sequences from SEQ ID NO: 6, SEQ ID NO:8, SEQ ID NO:9, and SEQ I D
'NO: 10; Sequences from SEQ ID NO:4,35EQ ID NO5, SEQ ID N0: 6, SEQ ID NO: 7,
and SEQ I D NO: 8; Sequences from SEQ I D NO: 4, SEQ I D NO: SEQ I D NO: 6, SEQ
ID 25 NO:7, and SEQ I D NO:9; Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ

5,
»'IDN06 SEQ I D NO: 7, and SE%IDNOlO Sequences from SEQ 1D NO:4, SEQ ID
NO: 5, SEQ Peawngness frpm FEQND: MO 4noEQHD NO:Ncare] SEC:HUMEEEE; from SEQ I D

Trom se0 1 BoRETACe R SROBH oS B I e 2 tEBE B NS and se0 1D
NO: 10; Seq8equescds HomBED IDINKE JSEGHQ MO:NGarkd SEEQD ROB: 7, SEQ I D NO 8,

and SEQ I D_NO:9; Sequences fromSEQ ID NO: 4, SEQ ID NO:5 SEQIDNO 7, SEQ
ID 40 NO SeauprcessrnS g IRINOS GleRd BNO:G A QjD\NQig SEQ I D NO 5,

S50 1 b o SeoRBeT B SFaIRN ORI B G- R PR NGDETS, 62 from seo
lSD NG 4, 55@]‘11@"S¢E‘ﬁ BomSBED D WO, SEEQDI NDE?’EMBICBSENgIlg) Bg‘gﬁ PDNﬁllolg; .
|,([a)ql|<18nig;s, r@é%’?&f’gs r?m?a‘%%é@%ﬁ% n’iﬁg' éﬁ@?% PEQ Igt@qg NO 7, SiEQaInD ©
NG 8. and SERAIn SEABAO% JEATHSFO1OIREG BEIGANG 6, SEQ 1D
NO 6 10 ssaquz@xmﬁomﬂmn NOR), SE@GDSEQB RAYSEQ, [CENQuences from SEQ | D
From JE03 BeREsAcss o R OSSR QTG S: oty SR IS Dang sto 1D -

NQ: 10; Seqsgl%@@mésrmmhﬁm@sﬁ sﬁ&%wb%?a?»ds D ROM®S., SEQ ID NO 9,
and SEQ I D 10; Sequences.from'SEQ 15 ID NO 4, SEQ ID NO'5, SEQ ID NG 6,

SEQ I D NO. SEQQE@aajrm%Qéﬁd\!O&@E@lM@ 7; wqiﬁlaaela N8y SEQ | D NO 4, SEQ
‘_ -ggqyeongessg%%&ce@qrgh S%%QH{)RI&K% %E&%B NB TNOnd’SE&dID%B éD NG 10;
Sequences from SEQ ID NO:6, SEQ ID NO:7; and SEQ 1D NO:10;

15 . Sequences from SEQ ID NO:6, SEQ ID NO:8; and SEQ ID NO:9;
Sequences from SEQ ID NO:6, SEQ [D NO:8; and SEQ ID NO:10:
Sequences from SEQ ID NO:6, SEQ ID NO:9; and SEQ ID NO:10;

~ Sequences from SEQ 1D NO:7, SEQ ID 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 1D NO:8, SEQ ID NO:9; and SEQ ID NO:10;

- Sequences from SEQ ID NO:4, SEQ ID NO:5; SEQ ID NO:6; and SEQ ID
NO:7; Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and
. SEQ 1D NO:B; Sequences from SEQ ID NO:4, SEQ ID NO:5, SEQ ID
25 NO:B, and SEQ ID NO:9; Sequences from SEQ ID NO:4, SEQ ID NO:5;
-~ SEQ D NO:6; and SEQ ID NO:10; Sequences from SEQ ID NO4, SEQ
ID NO'S‘ SEQ ID NO:7; and SEQ ID 'N0'8' Sequencés from SEQ iD NO:4,
'SEQ ID NO: 5; SEQ ID NO:7; and SEQ ID-NO:9; Sequences from SEQ ID
© NO4,8EQ D NO: 5; SEQ ID'NO:7; and SEQ ID NO:10; Sequences from
30 SEQ ID NO4, SEQ ID.NO:5; SEQ ID NO:8; and SEQ [D NO:9; -
* Sequences from SEQ ID NO:4, SEQ ID NO:5; SEQ ID NO:8; ahd SEQ ID
- NO:10; Sequences from SEQ ID NOw, SEQ 1D NO:5; SEQ ID NO:9; and



SEQID NO 4, SEQID NO'S, SEQID NO.6, SEQID NGO 7, SEQID NG9, and SEQ
I D NO 10; Sequences from SEQ ID NO 4, SEQID NGO S, SEQ20 ID NO 6, SEQ ID
NO 8, SEQ ID NGO 9, and SEQ I D NO 10; Sequences. fromSEQ ID NQ 4, SEQID
NO 5 SEQIDNO7, SEQIDNOS8, SEQID NO9, and SEQ ID NO 10; Sequences
fromSEQ ID NGO 4, SEQID NO 6, SEQ@ID NO7, SEQID NO8, SEQID NG9, and

"SEQ I D NG 10; Sequences from SEQ ID NO5, SEQID NO 6, SEQID NO 7, SEQID

25 NOB, SEQ ID NO 9, and SEQ I D NG 10; and Sequences from SEQ ID NO 4,
SEQID NO5, SEQIDNO6, SEQIDNO7, SEQIDNOS8; SEQID NO9, and SEQ

I D NO 10. $BQAD ROtH Seqieheds R SECOMDNGUI 8BS B Neegustepes and | onger
sequences fraomw thin ané of t'he aforenentioned sequences (e.g., SEQ 30 ID
1 .

NO 1 t hr olR- SE0d S-RADIIP:FieSenuances iftosy SEQ NG A, SE6 HYNO:B5RNA

ggrr:]stmrgﬂa I?gnl 0 su%@%@ﬁ?ﬂ@@é{%&%%e%mﬁ%%m%%gts(%ga él sewher e

herein, a iparg;iSHQ4DINOT: ehdrSEQ IBIYO 0TEStquehcéd folNSEW IPROL] | | zes dSRNA

vectors to_achi eve endogenous delive of the

GoPasByf B PG BE D0 A SEQHD NOMa: Scaiambes Gosm BEE I ences

Gpsorl hed RONSETISNOT: SHOME NBY: BRa iR 16 N5 o SeplBnbder R 1 St O

of an expressi'on construct such as’'a plasnmi ere ns of - an

- expr essi orSEQJIBNOUL ISEQIDAMOH; ISEM ¢DN@ X medsSEQ [DaSI1oict s or pl asni ds,
I 1 d / . i'ncludi iral
Vetiore Shameties bt ool b BRER Se2h R Rl SER B A eand SHIR°
_ _exogenouslm);gf; 'Se@;ﬂ)énéé’s ftbhd SrEenip N@gg’ugngmb ﬂ@fe’ogqubeNésﬁ %cﬁt ructur e’s,

e.g., one Qr nore

dupl exes and/ or arpins, and/or I n conbination w th one or nore
endogdRouERIRINGS: S&equesrpfreom SEQUIRNO:DeSEQRIN Nhet BEASIDof

Fhvent - on N@y 580 s 1BIFQ7E SestieResh fort ST MRt SRR RE Y s m ac
"naked” DEQROINO®S; abBENAD floransarfirehcks fRdnP BEIAS R scgkqvahi cl e
achi eved- OISt o NGHds Ba SEQIIBINGHG: ecenoes fom SEQ ID NOS, * 0 ¢
- SEQ ID NO:6; SEQ ID NO:9; and SEQ ID NO:10; Sequences from SEQ
15 1D NO:5, SEQ ID NO:7; SEQ ID NO:8; and SEQ ID NO:9; Sequences from
SEQ ID NO:5, SEQ ID NO:7; SEQ ID NO:8; and SEQ 1D NO:10;
Sequences from SEQ ID NO:5, SEQ ID NO:7: SEQ ID NO:9; and SEQ ID
.NO:10; Sequences from SEQ 1D NO:6, SEQ ID NO:7, SEQ ID 'NO:8, and
~ SEQ ID NO:9; Sequences from SEQ ID NO:6, SEQ ID NO:7, SEQ ID
20  NO:8, and SEQ ID NO:10; Sequences from SEQ ID NO:6, SEQ ID NO:7,
SE_Q 1D NO:9, and .SEQ_ ID NO:10; Sequences from SEQ ID NO:G, SEQ
ID NO:8, SEQ ID NQ:9, and SEQ 1D NO:10; Sequence's from SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:G, SEQ ID NO:7, and SEQ iD NO:8;
_ Sequences from SEQ 1D NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
25 NO:T,*land SEQ IDNO:Q;, Sequences from SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO6, SEQ ID NO:7, and SEQ 1D NO:10; Sequences from SEQ
‘_I'D NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:8, and SEQ ID NO:g:;
Sequences from SEQ ID'NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:8, and SEQ ID NO:10; Sequences from SEQ ID NO:4, SEQ ID NO:5,
30 SEQID NO:, S_EQ ID NO:9, and SEQ 1D NO:10; Sequences from SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:8, and SEQ ID NO:9; -
 Sequences from SEQ ID NO:4, SEQ ID'NO:5, SEQ ID NO:7, SEQ ID



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 follow ng are exenplary agents: cationic anphiphiles
i ncludi ng | ocal anesthetics such as bupivacaine, cationic lipids, |iposones

or lipidic particles, polycations s#th as polylysine, branched, three-

di mensi onal pol ycations such as dendriners, carbohydrates; detergents, or
surfactants, including benzylammoni um surfactants such as 25 benzal koni um
chl oride. Non-exclusive exanples of such facilitating agents or co-agents
useful in NE:8, amySHQ HhNO:d0pBequeneas fromBED) [PalEd, SantbeN©:3, 593, 972;

~ 5,703, 055; 27, 17 379,-.965; and
6, 482, 804 S%Qﬁ?h@?nﬁéaoﬁi{“%ggt%‘? %%%%%5‘? 1@ %e %Sr? %’F 841; the

teachi ng_ofp Wo-ahSER) ITPKERS, saeprmm@?egEm/;[md 8f SRETERY IHIND:oPat ent s

nunbers 5,824,538; 5,643,771, and 5 159 ~ (i ncor por at ed her ei n by

refer ence) Sﬁﬂa@meﬁeﬂwmﬁmdﬁ) lﬂoc‘brﬁaﬁ@llal NQ:Gt$HR NG RBER IPol ynucl eot i de

dsra cheollOf St eBd [FERLT6: SealoRRoitinattP NERE SROR 60 "he '™
dsRNA or . dSE'EIP\IIFW FSSEMID/NO: Qram@SE@lIDh\EXﬂd BehhefBss AHMNSEE cationic
| i pids or cationic _anphiphiles, such as the conpositions disclosed in US

4,897,355 |EPEBePRG Hp6f$E&leﬂfibBe$E§le NEBS) andSEQ MBN@B3 (Fei gner
et at, fil v/ | ed
gepf1 enbelr‘ %gqﬁg@%f}&rn ﬂ@rﬁbeSrbeéc;%@%éﬁ?g%t%éégb%ﬂggggb%l e>e<pr ession

vector is PO andSEQ mnNcmo; Peguamdds fran@GEQ [DANDCS, SEQNDIMN@LE, ncl udes a

t li pi d d 10 | | ud th t :h
et ral1 1 SRE iEBO77oRE I RRsp tand S ﬁiy""c@%g %&aééﬁe"eﬁ‘ﬁ% $69 185
(Epand), “ajisingps, SERD KRbks . SER i ﬂ!d 8 S 5
conmposi tions for'delivery of the gonuc ot | de conposi ti1ons of t he

I nvention Sequqa:hmmsﬂumm&&@dD NG: &rﬁﬁﬁ)d@tmﬁrﬁ SEQIDUHOR) 3B€ IDar get ed
Cob "o ACLEEHESE T NE oL SSh AN o SECIDRRIG BBttt ™™ ©
Tr ansf or magEen{rs Nensf SE PNOT:0t ivd SEId 15 ROA @?Séﬁﬁ@né’ébdfr_ehr@EQnon'
| 15 ID NO:4, SEQ ID NO:5, SEQ 1D NO:6, SEQ ID NO:7, SEQ ID NO:8, and
SEQ ID NO:9; _Sequencés 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
SEQ ID NO:4, SEQ ID NO:5, SEQ 1D NO:6, SEQ ID NO:7, SEQ ID NO:8,
- and SEQ ID NO:10; Sequences from SEQ ID NO 4, SEQ ID NO 5, SEQ |
20 ID NO:6, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO.10, Sequences.
from SEQ 1D NO:4, SEQ ID NO:5, SEQ ID NO;?,_ SEQ ID NO:8, SEQ ID
NO:9, and SEQ ID NO:10; Sequences from SEQ ID NO:4, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:10;
~ Sequences from SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
25 NO:8, SEQ.ID NO:8, and SEQ ID NO:10; and Sequences from SEQ iD
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:9, and SEQ ID NO:10. | |
In an another embodiment, combinations of sequitopes and Ionger
'sequences from within any of the aforementioned sequences (e.g., SEQ
30 IDNO:1 through SEQ 1D NO:12) may be utilized either in a single dsRNA
| construct, an admixture of constructs or through concomltant

' admmlstratlon of such constructs toa patient




t herapeuti c purposes may occur through a variety of neans including, but
20 not limted to, lipofection, DEAE-dextran-nedi ated transfection,
~mcroinjection, calciumphosphate precipitation, viral or retroviral
delivery, electroporation, or biolistic transformation. The RNA or RNA
expression vector (DNA) may be nakéd RNA or DNA or |ocal anesthetic
conpl exed RNA or DNA (See U. S. Patent Nos. 6;217,900 and 6, 383, 512,
"Vesicul ar 25 Conpl exes and Met hods of Making and Using the Sanme, Pachuk et
at, supra). Another desirable delivery technology for the dsRNAs or dsRNA
expr essi on consAs discasséd elsewhewehticim 4 partiRORiiaRetdicerl applications is

t wQ- conponent nucleic acid delivery 30

the self-assenhlin cl oser
© system ba%'@ggawedﬁ&%ww i YHlizes AsNp erpreasiameonsimicéncar e avai'l abl e
fromlnser r ' +C j ' 2003 "May- Jun;
1a7(3) a7 A R S dogR AOaY Bty o M ISR AR e WERuGR>> MY
.car bohydr s@spesiaily dhaimmdtiple ldifeaentssyiencgs iesddbad abyve 3Théye! odextrin type
and fu ctz&gﬂg}\zat ion": as v&el | as Bi oconjug Chem 2003 Jan- Feb; 14
(1):247-5 5@%@6{1‘? mﬁ’féer PO ﬁtc'ﬁt@nanIQQ@ﬁ?r?S%%I odextrin-
cont ai ni ngcdmdtyepshas a PRASHRI on difdrel &8t Bh& B8 aiekBr ISNRi ndz tol ]E he 5
€ and se

phosphate "backbone"” of the nucleic acid, condensing t
 assenbl i nFanstiycl o pordifferest expréasionanensticisargdagrhigls, proptast of he DNA from

| ' i i A - ] t i f di fyi
Roent or ¢ RGIEERLIA, AlyBPbHor B RMArS RO wital NRERTS.C SHEPned wi Lh Che
- cycl odext riultipld different seqBerses rﬂﬁi{@ﬁ@ﬁbﬁ%ﬂ?«ﬁ&%eﬁfégﬁéﬁ , !yt, fHahgCe '
i1ty

cycl oﬂsxt %R@S and prevents aggregation, enhances stab and enabl es
syst effc et nbdresf onehobgre dsRNA strdeiutesg duplgxegandiorcel | surf ace

receptorsH’g;n%;- e h&sdn . mdi f roviding for targete delivery
. of DNA direc \"5' ?@&/Pgrget %@FP@W%&%&%@BE@&%@&%. 8%%%r e
_suscept i bldsRNA BB\cfamel. HCV i nfection, utilizing this method to target 15
delivery of the dsRNA expression constructs of the invention to liver cells

i's consi dered esiebid netratiscoftapeinltratibn®f nublf: a6Hal PIgd DRFPT ot €i n
-receptor (ASGP- on mal i.an hepatocytes nmay be targeted by use of
synt het i c(ﬁﬁﬁg‘:{r@%%ﬁ rﬂﬁtﬁégttg%m‘)?ﬁpgﬁn Ghay B@ﬁéﬁymléteéﬁg tethaes!, such as
' 15 cellftissue/organism as “naked” DNA, RNA, or DNA/RNA, formulated in a '
phammaceutical vehicle without any transfection promoting agent. More |

efficient delivery may be achieved as known to those of skill in the art of
'DNA and RNA delivery, using e.g., such polynucleotide transfection
' 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 Iipidif_: particles, polycations such as polylyéiﬁe, branched, three-
“dimensional polycations such as dendrimers, carbohydratés,‘ detergents,
or surfactants, including beniylammonium surfactants such as
25  benzalkonium chloi‘ide. Non-exclusive examples of such facilitating
~agents or co-agents useful ih this invention are described in U.S. Patent
numbers 5,593,972; 5,703,055; 5,739,118; 5,837,533; 5,962,482;
6,127,17(_)'; 6,379,965; and 6,482,804; and Internaﬁonal Patent Application
L No. PCTIU898/2'2841;‘the teac‘;hfing' of which is liereby incbrporafed by
30 reference. U.S. Patents numbers 5,824,538; 5,643,771; and 5,877,159

'(in(_:orporated herein by reference) teach delivery of a composition other



gal actosyl ated polymers. 20 In general, targeting for selective delivery of
- the dsRNA constructs of the invention to hepatocytes is.preferred.

" Targeting to hepatocytes may be, achi eved by coupling to |ligands for

hepat ocyt e-specific receptors. For exanple, asialo-orosonucoid,

(pol y) L-1ysi ne-asi al o- orosonucoi d, 8t any other ligands of the hepatic
asialoglycoprotein receptor (Spiess, 25 Biochem stry 29(43):10009-10018,
-1990; Wi et al., J. Biol. Chem 267(18):12436-42439,1992; Wi et al.

Bi ot her apy 3: 87- ? 1991) Simlarl y, t he ol i gonucl eot i des may be tar get ed
to hepat oc{iaampelyy ‘d&ﬁﬂm - ndlcnskacied daneieli @sa t hat

" specificall oti des may
al so be tarb gg@é@‘ﬂg geﬂ%grgtﬂ%wg%ggpﬁgofgi@E‘Z@Wé@!&ﬁ/ﬁegﬁyﬁ gﬂ{)&% escrl bed

bel ow. Parti cul dmBpnmembodmbmrtbesﬁsRlNﬁIarﬁeRNﬂeéXpressslom/edmRMs or dsRNA'V
expression con ’Erfgg & of the |nvent|ori are the myl ti néltl onal 44

-conposi ti off8 VR Q08 oringse gatien'sy lipidggr C@ﬂqrﬁ‘aawﬁ lleso#aeh which  nmay -
i ncl udestrhlsetﬁé%m ROSRRINdIisty dﬁn'ugaﬁﬁbf@.f.ssk@wﬁéinr&éwrféae ASG - Recept or

- of hepatocytes. Tri I act osyl ol esteryl sperm'ne co-conp fexes with the
ol i gonucl e8idteless 28, 1987)i HSMG%‘I&’@elgaelpeeﬂarfmﬂ Apdl ﬁdd)ga$ ob descri bed

| ﬁv‘ern?{‘ifne%?%%%pf%ﬁ% st oisierienber dg, 1M aR T o
- Al ternati velbodimesR\haBYRRA orrersmmﬁ%sé mgsmrr\,éd%@r .s% le] WithY

transcri pthﬂ of a nucl ei ¢ acid nol ecul e onprising a pronbter sequence

operabl y | prlipegome/lipasegiie sempesitiodithaf undudaeamc lipid ahds net hod, the

-nucl ei gy ac t dwthin.a non- t|n | i near or
ci'rcul 19 SRRTGTRRH-figk8 Rl spingMeblelorhan ™ Wi b PR eteihomous
replicati ngxampalius 6270, 838 (RER) 0US RP8B Y 85MEPAAAY, hd ugt o the host

genone. An% vector that can transfect a hepat ocyte may be wused in the

net hods of 2. 4hlention. Preferred vectors are viral vectors, 15 incl udi ng

o+ et ovi r ubama gl g8 GERER 5 BSRRbLHR 35”4@'§§6‘§ftﬂeEngHBY e

Med. 323( 9b[|gi7rmc5§(ﬂlde1@;9ﬁp)oammhewdrﬁ©ﬁ foeplgarmddyuﬁ&u’l et al. J. Cell.
B| ocC he{g '

Bchations mc?udmg I'Gr targeted dellvery to hepatocytes a(ljre described
in PCT/US03/14288, filed May 6, 2003, the teaching of which is
incorporated herein by reference.

Transformatlonltransfectlon of the cell for research and other non-
_ therapeutic purposes may occur through a variety of means including, but
20 notlimited to, lipofection, DEAE-dextr}an -mediated transfection,
| microinjection, caicium phosphate precipitation, viral or retroviral delivery,
| lél.ectroporation, or biolistic transformation. Thé RNA or RNA expression
vector (DNA) may be naked RNA or DNA or local anesthetic cdmp[exéd
- RNA or DNA (See U.S. Patent Nos. 6,217,900 and 6,383,512, “Vesicular
- 25 R Complexes and Methods of Making and Using the Same, Pachuk ef af.,
" supra). |
~ Another desirable delivery technology for the dsRNAs or dsRNA
expression constructs of the invention for pharmaceutical applications is
| the self-assembling Cyclos.ertTM fwo-component n-ucleic acid .delivery A
- 30 -system based on cyc!odextnn—contammg polycatlons which are available
from Insert Therapeutics, Pasadena CA. (See Bioconjug Chem 2003
'May—Jun 14 (3): 672-8; Poplelarskrefal “Structural effects of




Met hods in Ml ecul ar Biology: Gene Transfer and Expression Protocols. 20
Vol .. 7, difton, N J.:"the Human Press 1991: 109-128), adeno-associ ated

Vi rus (Kotln et al., Proc. Natl. Acad. Sci. USA 87:2211-2215, 1990),
replication defective herpes sinplex viruses (HSV; Lu et al., Abstract,
page 66, Abstracts of the Meeting déh Gene Therapy, Sep. 22-26, 1992, Cold
Spring Harbor Laboratory, Cold Spring Harbor, N Y.), and any nodified 25
versi ons of these vectors. Methods for constructing expression vectors are
well known in the art (see, e.g., Mlecular Cdoning: A Laboratory Mnual,
Sanbr ook - etarabhydrafis-contiting Sphicationéohgenkalmivaty By Cyddekidint typa, Col d

Thser ted | TRbHIRISDAEEED asVe) OF Eideoniun el SndomaeRcts known. to
those skil 019@4'7054 Bﬁd eﬂsemf PThe f frﬁ%mﬂdgren%s?% ﬁHQéPaggﬁdéﬁﬁﬂ”b' nati on

(Graham et al . Vi rol 36: 59 er appropriate
" net hods (Wtﬁ@tﬂmpommm polyner, MMWweN@mﬂBDNASWmHhet aI eds. ,

To89) . Spr QP HHER aREB0RE “GPtoe il ol Aohorute B DRA 5 pAki they are

oper abl y | agBentblinig)i ﬂtcﬁa!hufdmb'ebllcbiébl ﬂléhﬁﬁdrﬁéiey that Rrét%cf e ONG! rﬁ aci d

sequence 5 encodl ng the dsRNA ol |Ronucl eotid ny pronoter t S
capabl e ofNYfiease degradafien in seyunbf t&eé;ﬁsdmmpczmnttsmswtﬁa@a yot i c cell may

b d NONsd - i t h

oS the oymodfyinbBuEht WRfs X BN RS PG IRERIR ke ST “Le °°

elag ?257 2ebinddSdith mm&fmmmegﬁmimﬂgag sms molgrggémbleaés\@/ﬁ?ﬂl nedl gene -
n m dl ne

Ki na?gwmwﬁaf%ﬁtcyc@]qmﬁ %9@6@”@9@7 egatien, sphanees Bgﬂb(f@ aoidst yet al .

Nat ur e 29%%&%&5@&@@&%&{&@?0% @H&HiﬂSn“&a ngqgghdgﬁgag@pec'f'c

pronnters be used 1 n the 1 nven as’' e and/ or
dsRNA in cevereplors mayilreeaitacheuliotthe nmthlen provietirgpfee itaigetdd pr OfTDt er S

Do P AL SR B el or S 5 Bhanes oo e’
D oot s Seagpfidido iy Uag HOV TSchdl AR ik nefiBab gt opect 11 ¢
15 'delivery of the dsRNA expression constructs of the invention to fiver cells
is considered especially advantageous_. E.g., the asialoglycoprotein
.. receptor (ASGP-R) on mammalian hepatocytes may be targeted by use of
synthetlc ligands with galactosylated or lactosylated residues, such as
' galactosylated polymers.
20 : In general, targeting for selective delivery of the dsRNA constructs
of the mventlon to hepatocytes is.preferred. Targeting to hepatocytes may
'be achieved by.coupling to ligands for hepatocyte~specuf ic receptors For
example, asialo-orosomucoid, (poly)L-lysine-asialo-orosomucoid, or any
, ether ligands of the hepatic asialoglycoprotein receptor (Spiess,
25  Biochemistry 29(43):10009-10018, 1990; Wu et al., J. Biol. Chem.
' | 267(18):12436-12439, 1992; Wu et al., Biotherapy 3:87-95, 1991).
" Similarly, the oligonucleotides may be targeted to hepatocytes by being
: ‘cb'njugated to monoclonal antibodies that specifically bind to hepatocyte-
- specific receptors Ohgonuc!eotldes may also be. targeted fo hepatocytes
, 30 ’usmg ‘specific vectors, as described. below.
_ Particularly preferred compositions for dellvery of dsRNAs or
. dsRNA expressmn constructs of the mventlon are the multsfunctlonal



. one R yrrer ase |

are expressed primarily in hepatocytes. Preferred hepatocyte-specific 20
pronoters include, but are not limted to the al bum n, - al pha-fetoprotein,

- al pha-1-antitrypsin, retinol-binding protein, and asial ogl ycoprotein
receptor pronoters. Viral pronoters and enhancers, such as those from

cyt onmegal ovi rus, herpes sinplex virtses (types | and I1), hepatitis viruses
(A, B, and C), and Rous sarcoma virus (RSV, Fang et al., Hepatol ogy 25

10: 781-787, 1989), may al so be used in the invention. dsRNA expression
vectors may include pronoters for RNA I nerase 1, RNA pol ase 11

i ncludi ng &mpagitions as descrikpdHoNRCT/ legitay & w\wﬁhd ot her

pronot ers eggroni c prom)ter
RNA pol | |‘i?‘%§3"%§%é?mﬁﬁ§?t°sﬂ$%ﬁge %ggq?rq Irf?%t%ti?}"{aqu@éand t RNA pronoters,
~ m t ochondr Rateptogbf hepatobgtayyTrHlactsgl ¢hiclestea speﬁamaercabd:qnplehes dsRNA
expressi on vector conprises at | east onenﬁRg{,%B rrerase | f prormter for

46 exarrpl\‘-!" h shen gligen Wdﬁﬁéﬁlﬂé?é!“’@&?'?? I‘-I?)‘a & a siman
CW (S ] Hefoﬁréﬁsf @qﬁﬁpﬁg&?%ﬁppﬁbymrase I pronoter, or at |east

_ ronoter may al so be a T7 pronoter,
i n whi ch case, TﬂmdsBNAtbltgdrimtmttd&prdfﬁ&sinﬁénmnw yerprovided 5

Al ternati v-eI t he ma be a n whi.ch case, the
cell fu'rth%’F hé)t q!\f’%?y‘h@faéﬁvé SﬁRBlI ey Bfay al so be one
conver gent rBZquéH’%ﬁ{ tmrﬁ%&%@%‘;ﬁp&%f RMhcRie BRkRolefulece! | may_be

made to contaln T7 or -SP6 pol ymer ransformng t 'l with a T7 -
pol yner as ecmrnpamn@laa)mmqtmmrmemmablymped@a@equencﬁgpe@dm@eI y. In

oper atity | RN tn s8R e hyfeid S SRS B contangd R E | °
dsRNA t hat nda@ré;ﬁ@auﬁ@ﬁﬁem cireetar BAA or FNA THoleBlie26r ishasigainbds i n I engt h) .

I n other enbodinents, the promoter is a nitochondri al pronoter that allows
cyt opl asni Withinasautppemenstyirephieatingcplaswidier el yeriort aeisvelegeted see, for

S, Wi PR PO ot PGSR hBRAABET e, o, 0
pronot er i gséhin thedethbls op timniiventiors. lm’@fet&cavécﬁors(@eonrah vetioad, Genes &
Devel 01%% nltnciludlng those derived from replication-defective hepatitls viruses (e.g.,
- HBV and HCV), retroviruses (see, e.g., WO89/07136; Rosenberg et al, N.
Eng. J. Med. 323(9):570-578, 1990), adenovirus (see, e.g., Morsey etal.,
- J. Cell. Bidchem., Supp. 17E, 1993; Graham e’; al., in Murray, ed.,
. Methods in Molecular Biology: Gene Transfer and Expression Protocols.
20 Vol. 7, _C!ifton, N.J.: the Human Press 1991: 109-128), adenoc-associated
- virus (Kotin'et al., Proc. Natl. Acad. Sci. USA 87:2211-22153, 1990},
replication defective herpés simplex viruses (HSV, Lu et al., Abstract, page
66, Abstracts of the Meeting on Gene Therapy, Sep. 22-26, 1992, Cold
: Sbring Harbor Laboratory, Cold Spring Harbor, N.Y.), and any modified
25  versions of these vectors. Methods for constructing expression vectors are
- .weil known in the art (see, e.g., Molecular Cloning: A“‘Laborato'ry Manuaj,
Sambrobk et al., eds., Cold Spring Harbor Laboratory, 2nd Editién, Cold
Spring Harbor, N.Y., 1989)."
'Appropriéte regulatdry sequences can be inserted into the vectors
30 of the invention tjsing methods known to those skilled in the art, for .
example by homologous recombmatlon (Graham etal., J. Gen. Virol.
36:59-72, 1977) or other appropriate methods (Moiecular Clomng A



1506- 1517, 2001), ara (Khlebnikov et at., J Bacteriol. 2000 20 Dec;
182(24):7029-34), ecdysone (Rheogene website), RU48 (nefepristone)
(corticosteroid antagonist) (Wang XJ, Liefer KM Tsai S, O Malley BW Roop
OR, "Proc Natl Acad Sci US A 1999 Jul 20;96(15):8483-8), or tet pronoter
(Rendal et al., Hum Gene Ther. 2002513(2):335-42 and Larnartina et al.,

“ Hum Gene Ther. 2002; 13(2):199 25 210) or a pronoter disclosed in WO

00/ 63364, filed April 19, 2000. Also wuseful in the nethods and
conpositions of the invention are the structural and chineric pronoters
taught in LeoNagyldanudsSanibireck 8Ralpeds2008ld Spigy Hhsril®opseRpt er

b
SK/ﬁf firrps)l tea%ﬁﬁf,?ggtib,{ﬁﬁf&%m'ﬁgﬂ%ﬂgrﬁﬁﬁZ@@é‘@ﬂd[c,f,‘gt emc;:; " U.S. 30 Provisional
Applicati on No. PRSIFs PrbmdtelLateigs i il e VOLER: 85 harfadphfer od

particularly desirable in the nethods and conpositions Invention.

47 Liver Shebh inkedlo hitrically bug eobinvaniablyRENodhe mestsioacidasesjuence s of t he
invention | um [ ter, the al pha-fetoprotei ronot er
(es peci%l I snﬁl&ﬁg5%%18%%#&@@@??%%(’%%“&PEHHQ'%! z}Pﬂti*? peblg giy grmt er,

~hepatitis difegingnnttiation of transciRat intd éulE’ar?éﬂH@élPﬁx%yiHEchéEHFﬂgBromt ers for
the 5 an'ti!?]en tgisjem?:s, i ncluding core, e antigen, polynerase and X protein.
T7 Pronot e V§HI®h KA ampieqentissusnsisyeifie pomotess isugblas theet hod of t he

expr ossi on o sgRyuy [DEBSMA BT S TP, LA SL BB (ot ot

cel I's (e.g926hu®9d| aad referérsdes thbeeifly, reowreastlotaysheMgkReut i | i zes the T7
promoter toe. ex resstaihg ﬁleozle&eq %SRNA. Transcri Etion is” driven by the T7
RNA pol yrreﬁ!fé%, it @ da PRIoPEHe d:-2d9-468 d888H HPY dBymitling on the sane
pl asm d. Bdgiass | | ' .product of T7

gene 1, which cgﬁasggggyﬁﬁ?ggrgggﬁ@véﬁSP’?@ID Egbﬁgé’eegﬁ)éggc?gagpe(:i fically

~and. exhi bi Nalre288:304=0160 rig8dapeoraotdry imay bd GisdheNowtipbes-epaeifivence of the
the different regions of the

Lo o oS bR s R R et Tl o
RN W DA
‘specificity of the HBV and HCV dsRNAs of the inventiori for viral
sequences. However, preferred promoters for use in thé invention are
hepatocyte-specific promoters, the use of which'énsures fhat the RNAs
are e)‘:pressed primarily in hepatocytes. Preferred hepatocyte-specific
20 promoters include, but are not limited to the albumin, alphé-fetoprotein,

: alpha_—_‘l -antitrypsin, retinol-binding protein, and asialoglycoprotein rebeptor
promoters. \ﬁral'prqmoters and enhancers, such as those from '
cytomegalovirus, herpes simplex viruses (types | and II), hepatitis viruses
(A, B, and C), and Rous sarcoma virus (RSV; Fang et al., Hepatolon‘

.25 10:781-787, 1989); may also be used in the invention.
dsRNA expression vectors may‘inciud'e promoters for RNA
polymerase .-I-,‘ RNA polymerase Il including but not limited to HCMV,

- SCMV, MCMV, RSV, EF2a, TK and other HSV promoters such as ICP8§,
l'CP4,and lCPO_promoters, HBV pregenomic promoter,- RNA pol flf

30 | promo_te_af including_but not limited to U6 and tRNA promoters, |
~ mitochondrial fight and heavy strand promoters. Desirably, the dsRNA
: eJ_C_PF?SS.iO“ vécto_r compriées at leaét_one. RNA pQIYme'rasé, i promdtér, for |



- pronoter cannot be utilised by any other RNA pol ynerase than the 20

- polynerase of bacteriophage T7, which shows a stringent specificity for

-the promoter (Chanberlin et al., 1970,. Nature 228:227-231). Wen
utilizing the T7 expression system for expressing dsRNAs, for exanple, a
first plasmd construct that expres§€s both a sense and anti sense strand
under the control of converging T7 pronoters and a second plasmd 25
construct that expresses the T7 RNA pol ynerase under the control of an RSV
pronoter can be use Both the dsRNA and the T7 RNA oI nmerase could

advant ageoGXRIRIR 2humandeM\rinynedials aaheprinaster (e BeiTA gimiganst r uct ,

Phver ted r SIAYISCIVERRRr o 18 BRE RINABAALRRE] dFRoten B0RL the 20,
strand to lesstoseRNAgolyoemserlipaomoter. S‘IftfeJ?rfdntcﬁethd? @80 Bk d FASt

partially _double str ed region. |ndividu sense and anti sense strands
whi ch sel f PT %Qiﬁ{b ﬁ-@ﬁf"@ﬁﬁt ecfsﬂﬂl‘ﬁ!& E@@%PEWF@B%@OW%FE% ngl e

plasni & 3RltehiRchd the Fdrﬁ@ter?n pe GROHH BldHoRE HONALE cAYE IS

bact eri ophage T7 pronoters respect y at
t he corrpl eﬁ%ﬁhﬁﬁﬂ}er comperists Sﬁ’ﬁ 8I\#epelynm1‘asaqﬂ"he¢ﬁomtétﬁnhy akadd bed. See

‘al-so, g eacttt 0 00 3364, with r ect to T7 dsRNA
| expre55| on Eé PoNEde ﬁq%@ 8@'7"(3@9‘3&9%5@ RNAgyometery|A 2002 and
USSN 60 418eibRay b iz tb&:o@@éma@ﬂ& SPE® éaragsrgq@gs%ﬁmﬁg $hef the

| nvention The dsRNAs of the invention, the nant~vectors
cont ai ni ngcﬂhwtél%maowfﬂ@f@émw SBﬁpoUnnnmjaBemprem)orbplaasmﬂ in

it et on, FAREe Rl BBrie Rt R i S promeleri ARRARMERE used al one

or in adm Kiproemoter ig cﬁpérhbm Ihked @6 BRI @Bid that ERcRS é’%hH@r e materials,
Currently, Iamvudine ef ovir-

I ncl udi n er antiviral
di pi yoxtlg gﬂﬁHPﬁ (S-@y fié#S&N%%?ﬂtas t@&\‘iéhmgﬂoaﬂ)@@ A 76060, or2ft nent of HBV,
and. it is %éﬁ\}m&? §, %tﬂzt éﬁef% é nsmprg e 15 i nvention may be used

in conbinatio CL8t3 ve agai nst HBV,

i ncl udi ng mwtbchcmd!milpmembt%@tataaﬂm)mmasmzc Fansdiptidaldiise AdakRrst HBY

~and/ or, HC,\/ t hro noyel nechani sm _(dsRNA-nedi at ed gene
sil endiPng/ ‘?r%Pﬁgﬁqem @ERRlg. Be reechondrial promoters

d_escnbed in WO 00/63364, filed April 19, 2000, and in
- WO/US2002/00543, filed 8-Jan-2001). Alternatively, the promoter is an
inducible promoter, such as a fac (Cronin et al. Genes & Development 15;
. 1506-1517, 2001), ara (Khlebnikov etal., J Bacteriol. 2000 '
20" Dec;182(24):7029-34), ecdysone (Rheogene website), RU48
| {mefepristone) (cortieostetotd antagonist) (Wang XJ, Liefer KM, Tsai S,
O'Malley BW, Roop DR, Proc Natl Acad Sci U S A. 1999 Jul
20;96(1 ):8483-8), or fet promoter {Rendal et al., Hum Gene Ther.
2002;13(2):335-42 and Larnartina et al., Hum Gene Ther. 2002;13(2):199-
25 210) or a promoter disclosed in WO 00/63364, filed April 19, 2000‘. Also
 useful in the methodé and cdmpositions 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. “Multtple~Compartment Eurkaryotlc Expressmn Systems,” U.S.
- 30 Provisional Application No. 60/497,304, filed 22-Aug-2003, which are
. cons:dered partlcutarly deswable in the methods and composmons of the
inventicn.



agents of the invention and other antivirals is expected to significantly
20 increase the efficacy of therapy while substantially reducing the

devel opnment of drug resistance, e.g., the devel opnent of |am vudi ne

resi stance, a problemof major concern with long term | am vudi ne therapy.
Currently, interferon and ribaviringaare |licensed for treatnent of HCV, and
as for HBV, it is anticipated that the conpositions of the invention may be
25 used in conbination with these and other drugs that are active agai nst
HCV. Specific dosage reginmens involving therapy with such nultiple agents
can be determ néverispeeifdiprofittéerd seRNe dSRNAREKRBsOYnBASRUAE ofor di nary
skill in the art of clinical nedicine. Fornulations will desirably include
mat eri al s tE®#vaniepdagede the albomimperagiesadhestipiv-fetopraiintmemoter

ol i gonucl | ha 0, or .materials that..increase
Che ani 11 (o hsRhe vaF cafGet Tt e ¥BRRClBnips iR PE hesidiiscyt oo

sel ect i velB/protheterd)as.gp bepatiiicB ppoadtare irsclading peorfBiers foretAki on -may be

adm ni t_ere%l [ n&}pﬁhar nmaceutical ly acceptable carriers  (e.g., physiological
sal i ne?,‘ WRHIERN genes cineliding epre; aanbigen spAlymersard X piteiR.out e of

adm ni strati on, r | |,.ce aving ordinary
skill in the aﬁ?ﬁé@ﬁ?i%%?ﬁe Te rﬁ%hﬁ?"ﬁ%?%%i%&%@“‘%%nposi tion that
conpr i ses ragihotiof e tiveotion etiliresa TémnzRND ekprestionl systanite achres, an

i sotonic.formil ation is used rally, additives for isotonjicity can
“include s§ %%ﬂ'lccﬁ’fp ,S’%nggg,ﬁ’ &'&ﬂﬂﬂqqﬂ or ghprbdsBNAgRaleclig® ose. In sone
~cases, is@io8itehafd BEILRSa.S WMl at ; ' are preferred.
‘Stabilizers include gllél g;ts? n. andlﬁglllagﬂ%éiﬁf lﬁ%ﬂfﬁ%ﬁ&%@g@?&s{éﬂt s, a '

vasoc st uiiizesomeabe prometentiexpress thedésireditdsRNAN Trafseripibaismaceut i cal

- preparati [ resent.inveniion are rovi ded sterile and
pyrogen f(ragggﬁgg%‘ggliei :g%aé%g[ﬁsﬁcg’l e é??,ro‘ﬂ%leq\@ﬁla S&LONGhar maceut i cal
necessi t'i piashait crsm the senes pREsi.i Babtefri@ﬁﬁhlbéfﬁmm\ @d@neﬁh%%cg?bed in
Remi ngton:, The Science and_Practice of Pharmacy (formerly 15 Remington's
Phar maceuf0bap 1R pegducs pf THigere Humihiehhcag rerpgnize i3 mspendiver ef er ence t ext

ot 11 i t BRPiateR el Bt Sor el an Rl 8 vt PaRt i B AR Subcut ancous

i nt r al®nodibe complete sequence of the T7 genome, with detailed information about

®)

the different regions of the bacteriophage, including promoter sequences,
is disclosed in Dunn & Studier, 1983, J. Mol. Biol. 166(4), 477-535 (see
| also NCBI 'Genom_e' database, Accession No. NC 00 1 604). The T7
| ~ promoter cannot be ufilised by any other RN‘A ponm'eraSe thanthe
20  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 plasmid construct that expresses both a sense and antisense strand
ﬁ under the control of converging T7 bfomoters and a second plasmid |
25  construct that expressés the T7 RNA polymerase under the cbntrol of an
RSV promoter can be used. Both the dsRNA and the T7 RNA pblymerase
could advantageously be _eXp'ressed from a single bicistronic plasmid
construct, particularly When'.the d_'sRNA is formed from a single RNA strand -
with inverted repeats or regions 'of self-complementarity that enable the
30 ~strand to assume a sterh—loop or hairpin structure with an at least partially
- -double stranded region. Individual sense and antisense strands which self
" assemble to form a dsRNA can- bé syntheéizéd byasingle plasmid |



intraarterially, intraoccularly and oral as well as transdermally or by 20
“inhal ation or suppository. Preferred routes of adm nistration include

i ntravenous, intranuscular, oral, intraperitoneal, intradermal,
intraarterial and subcutaneous injection. dsRNAs or dsRNA expression
constructs. may be administered by*feans including, but not limited to,
traditional syringes, needleless injection devices, or "mcroprojectile
bonbardnent gene guns”. 25 Alternatively, the dsRNA and/ or dsRNA expression
construct may be. introduced by various nmeans into cells that are renoved
fromthe reastiielusing, s.@hcavvarginapiomiderss sicheaaabatteriophags V6

transfecti I r.at | ) if).eqtd.on .an ) croprojecti]e

bonbar anenboapfes i-383RM AReTHERE PLBE L RS o CORBRTREY {rey are

r ei npl-ant edtrand® of Aselctied Behdibidio be rhndritkANt SEPhRbEE. o e ot herwi se
non-immunogeni ¢ cells that have gene constructs incorporated therein can
be i'npl ant &RGHGOE WO 586336 withy trgpast T 7 UsRA pgiiessienisystas®s ori gi nal |y

t aken fxon Py, . i ek Xi Ehoi S

ant 1 ci pat oo TR 8% HSSIE R o i S PR i RN S RS 53e  ser i as
a pre-treafiken8-OrtR002Nn) unction with therapeutic vaccination protocols
desi gned tao boost imunity against the virus. |t is also anticipated that
the dsRNA -conpd&efansic iompesitions g ednkantion RNAg of fieophyl axis in a
' regimen of i pei-adi PSS A ) ¢ _
. occupati ongvegpbﬁ’g%lﬁde?@ggte gﬁﬁﬁdtﬁ%ﬁz téerggggﬁgr"\gh lr@lcg%%\/glag%% g@@g?e% gh risk
of exposur encadittg i\, avag/ber usél/in thegapeuticreomponiiigenioy prevedtingart h care

“personpel ., Such effective.prophylactic reginme may inclu
. gdm'niﬂfr atfﬁaﬁ"%f@ aBBFr%M?fﬁﬁc‘??%tﬁﬁr‘bﬂ f'&ﬁoﬂni/?%mﬁdﬁ%v dsRNA of
the | nven! im@ntioff nday beBEKH Kokl SR AdmixiRE! & if cHBieAlinbinBita Y L hr ee

mont hs, every four ‘nonths, sem.-yearly, or yearly, as can term ned

t hr ough r owithriweldr wrpematenalistinchding ethesantifirad kgehts. Gurteatfart of clini cal
medi cine., Jhe ahility ., of a.ds X[ sion, yecgtor ,such as a plasmd or
Vira veer BiyBing pleio i aRRng BERR PR B PR et oP el K el y

prol onged pesiméehiadf HBWEand RIPaAtiEiHated that the ddnSpsafa®s sfthweeks to nonths,

is considered to be advantageous for this and other -applications.
15  invention may be used in combination with these and other drugs that are

ac_:'tive against HBV, including emtricitabine (FTC) and entecavir. Since
~ dsRNAs against HBV and/or HCV act through a novel mechanism
(dsRNA~mediated gene silencing/RNAI), combination therapy of the
) ' égents 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 concemn with iong term Iamivudine. therapy.
. Currently, interferon and ribavirin are licensed for treatment of HCV, and
. asfor HBV, it is anticipated that the cor_hpositions of the inventidn may be
25 used in combination with these and other drugs that are active against
‘ HCV. Specific dosage regimens involvin'lg therapy with such multiple
agents pari be determined through routine experimehtatiqn by those of
o{dinary skill in the art of clinical medicine. _
| _ Formulétions 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 thérépeuﬁc compositions to
' "pehetré'te hepatocytes éélebtiyeiy. The therapeutic éompositions of the



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 aninmal,
typically between 10 ng to 100 ng, | ng to 10 ng, 500 pg to | ng, or 5 pg
'to 500 pg dsRNA is administered to a.90-150 pound person/animal (in order
of increasing preference). For admmstration of a .25 vector encoding
dsRNA (e.g., a short dsRNA to inhibit toxicity or a short or | ong dsRNA
to silence a gene) to an animal, typically between .100 ng to 300 ng, 10
ng to 100 ng, 1 ng to 10 ng, 500 pg to 1 ng, or 50. pg to 500. pg dsRNA

expr essi orinvestiar may H@é&hfm&éréﬁn%ﬁbé%gtﬁ%ﬂ%%e @q.l%gfeléﬁne%ou nd

erson/animal (in order of increasing pre e dose may 30 be
gdj usted d&&débﬁ'@lﬁﬁl%‘ﬁ@im)mhmh@ralselm:led on tleobasiswbtidi medes, about 1

/K nistered., O her doses nmay al so
E)g 3265@ E@%@t@?%%‘é@d%{%@m&#@@a i F'%'ﬁ‘é‘?l‘ftéﬁai] BrRAYge- PRBse of skil |
i n.the arthaving bidimaglskiiEeiteé ae: cadrreadiyidrhiiidiatd ﬁ}‘i‘argihc%gtlbé'{t act: gnl mal ,
t ypi ca‘L_,Iy bet ween 10 ng and SODmglg@between 50 ng an ng, or etvveen

100 'ng”andOsnpREidan WPQS% a Rudaptide ar dgRNA dosstreetdIn | n desirabl e

enbodi nment | I s adm ni stered
o the am?ea%ﬁ@%?peg%@rﬂﬂ i e BRE e FadBiRoh £ 2 hon

i nt ended tisdonicith eandmindes sodiuoohlofidelsddroe, MNANRDEC S6iLNS] Qﬁ@NA to cells
~or ani mal be limited to a_ particular node of administration, dosage, or

fr equgancyﬁ%cft 1% 1859MR C2%eTe ispterie solutieps such r@sdﬁmséh@iedmé@rﬁfi LI [mdgrs]eof
adni ni st r aaligE ard Eféﬂaﬁég %ta%ﬂlzefﬂb?ﬁegc_{qutﬁ?aﬁcﬁj %@@%lﬁf gseo'gﬁ? ed. 9

expression, prevent | Sease a di'se short dsRNA
is del® vele@dJQSklﬂ'l@nE,, adasongnstaictian agent isadded dg enfsmutitioneTyeof dsRNA

h ht h 15 be expected to induce
éit 0t ot c PR T bre b s ooriaR 10 DbV @HAES. Aur - 2005
- "Methods pfoxsaé@@ferMaﬁ@rwﬁ:g\éH#@@tsm%w n{ uﬁbg;ycarae,P ?%en Appl i cant s

~specifically incorporate the entire conte al'l erences in
this di scﬁémmapawfﬂ%necmvmaf@r@ﬁewmphaunmnmahiurmmatnns a@ other val ue

Or_par amehgtelis Biniel ity Sh S SRichBI0S, L ohs S Sndy b2t

upper preferable va
15 Remtnqton s Pharmaceutlcal Sciences), Mack Pubhshmg Co., a standard

reference text in this field, and in the USP/NF,

~ Routes of administration include, but are not limited to,

_ intramus’cu_lar, intraperitoneal; intradermat, subcutaneous, intravenous,
int_raarfen‘élly, 'inti'aocéu!'arly and oral as well as trah_sdermally or by
| 20 inhalation or suppository. Preferred routes of administration include
intravenous, mtramuscular oral, intraperitoneal, intradermal, intraarterial
and subcutaneous mjectlon dsRNAs or dsRNA expression-constructs may
be administered by means including, but not limited to, traditional syringes,
needleless injection dev:ces or “microprojectile bombardment gene guns
25 Altematlvely, the dsRNA and/or dsRNA expression construct may be
~ introduced by various means into cells that are removed from the
: individual. Such means include, for example, ex vivo transfection,
__ electroboration, microinjection and microprojectile bombardment. - After the
| gene cons‘tmct is taken up by the celis, they are reimplanted into the
30 individual. It is contemplated that oth'erwise‘ non-immunogenic cells that

. have gepé constructs incorporated therein can be implanted into the



understood as specifically disclosing all ranges fornmed from any pair of
any upper range limt or preferred value and any lower range limt or
preferred val ue, regardl ess of whether ranges are separately disclosed. 25
Where a range of nunerical values is recited herein, unless otherw se
stated, the range is intended to i né?ude the endpoints thereof, and all

I ntegers and fractions within the range. It is not intended.that the scope
of the invention be limted to the specific values recited when defining a
range. 30 52 EXAMPLES The followi ng Exanples are provided as illustrative
~only. Al indefdrdeves iffthathosheellsvvels ariginally thkenl fosrn@ancther specifical ly
incorporatged. .herein by reference in their entirety. 5 EXAMPLE | Sil encing
HBV repl i cBEVSiY@knd expression in a replication conpetent cell culture

model Bri ef desgnipiiffaciid eﬁetdidﬁél&ﬁt%@nrre@ﬁ{édmahm@asﬂm_er-der!ved cell
10 I'ine such as the Huh7 cell line is transfected with an infectious

mol ecul ar cahpositiohs eBthedovsitinn mgydfe useful a3 agireyreagnentiant viral genone

that i capabl e, of transcribing all of the viral R d _produci ng
Jinfecti ousc&iv'@lor{‘ﬁfﬁ%ﬂ?erﬁﬁw% q‘%ﬁ'%%ﬁﬁ’%‘?ﬁ?@ ﬁ8§'8hl§$ [@ng&, s derived from
the virus izfRAMENSSaihetme virisCanisBask aAsipatddomaytheA®RNEO! | owi ng o
internalization 15"into hepatocytes and nucl ear |ocalization, transcription
of the i nfeanposionspithel inventipr menbseyssfal foy prephylddwin aredimen #een shown

toinitiate a ..ca L ev, . WL Or 1IN ' These events
include t %'%?ﬁ%ﬁgng??%%gbﬁyL%% WQIO %@%@g{i‘é‘gﬁdﬁgwt ranscri bed
pr egenom Cg bitinfiaP R @xpasiirecdreconsricred ait hi offxposugd topr egenoni ¢ 20
RNA, and assenbly and secretion of virions and HBsAg (Hepatitis B Surface

- Anti gé®) pHBViandier HRX\G agelif@nergeney ..yt BealfcaisinarsoniglsSueh ansf ect i on
el Lo AR e RS, ol LS A B 1t 1 ve
: . composition that provides an HBV and/or HCV dsRNA of the invention,
eqg., weékly, biweekly, monthly, bimbnthly, every three months, every four
~ months, semi-yearly, or yearly, as can be determined through routine
15 experimentation by those of skill in the art of clinical medicine. The ability
of a dsRNA expression vector such as a plasmid or viral vector fo express
- the dsRNAs of the invention over a relatively prolonged period of time,

expecied to be in the range of weeks to months, is considered to be

acj\iantageous for this and other applications. o
20 ~ Dosage ¢of dsRNAs _For administration of d_sRNA (e.g., ashort

| 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 fo 10 mg, 500 pg to 1
mg, or 5 pg‘tb 500 g dsRNA is administered to a 90-150 pound
' p_érsénlanimal (iﬁ order of increasing preference). For administration of a
25 veétor encoding dsRNA (e.g., a short dsRNA fo inhibit toxicity or a short or
' 'Ibng dsRNA {o silence a gene) to an animal, fypically between 100 mg to
300 mg, 10 mg to 100 mg, 1 mg to 10 mg, 500 pg to 1 mg, or 50. g to 500.
Mg dsRNA expression vectfor or construct is administered tb_ a 90-150
- pound person/animal (in order of increasing preferehce). The dose may’
30 -_bé _a'dj.tistedt based 'on the weight of the ani_mal. In some embodiments,
about 1 to 10-mglkg or about 2 t02.5 mg/kg is administered. Other doses



| ook at silencing of HBV expression and replication. 25 Using this nodel,
cells were co-transfected with the infectious nolecular clone of HBV and
-various ei RNA constructs. The cells were then nonitored for |oss of HBV
expression and replication as described below . Details on the vector and
encoded RNAs used in this experinmentt are provided at the end of this
exanple. 30 53 Experinent 1: The follow ng is an exanple of an experi nent
that was perforned wusing ei RNA vectors encodi ng sequences derived from
GenBank accession nunber V01460. HBV sequences in these described eiRNA 5

vect ors werBaalyol e used esvdatesninedrthrsghoemting exgeamerifiiohitlied el sewhere
herein, whigch_ al ts)ok.Exh{bi trfd alct,i vity as si RNAs (See, Pachuk,” C, "Methods
and Const r 109%€ PEFKIELihGAr ghelgticabnpedicieget s and Effector Mol ecul es, "

- PCT/ US2004/ 0050G%r ddnisiktrabe 2 ; | el BNA backbone
vect or used for trll—i S éxp(arr ?%Eﬁ?ﬁ&g@égf%ﬂ@%lﬁg@%?w\bgﬁ%@ f@lﬁgcﬂﬁ’tdai ning a U6
pronot er t ®0cg.keteren S51pand 100y, enbeteeeRIB8 ngkarhs pyasideRNgncoded only

hogt haidwpin R hRNA),.. .The ShRNA cod | fol | oned b
o ra Dol o A BEPAn L ItRYA 1S 1668 T deSERbELmroaRents pr oroter . RNA ol
L1 terni nabproixitiatepho (R)6f a ﬁm@?égﬁ%m@s éh}nifﬁg%wwt&he end of the

exanple. Simlar vectors 15 containi U6 pronoters a 1]
t er m nat i oANENYn IVEh seepedt dadthe aiethods of/thielinvdrdionyithis ast intendesi thant Gene- 2

~ d oni . 1nc. isqn, Ws. One of ordi
Ski 11 "ot B Baminid 5 of JHAE S TR erebfisia AR IO cels Pracimte on
provi ded hbedimited fo a partiexlr thedk bhaimfiishaiin, HS§§§&,SOMF§1L%@ %?l be
y a

obt ai n uai n&g& her 20 expression and pronoter syStens eSpec y those
vect or & wi OASIRSOPresent inyeatinn eprtempdates el moded of adrministrationl e H1

pronoters giffidaNt . @gﬂ@[' | . Procedure: Transfection. Huh7
cells cultured | ; R@W‘%ﬁé"’ﬁe | a%‘fegfé;{@bgﬁ)ét@% GHPRIQR PreveRi | ates at a
density of d8ra68, artreai/amistasall | transfections were perforned the day
after cell seedjng using LjRo, tam neTM (I nVitrogen, Carlsbad, Cal.
= I o%s;red, s%or{ le;{ﬁ?\ |erehvered(before, du?ing, or aiter the )
exogenous delivery of dsRNA (e.g., a longer dsRNA) that might otherwise
15 be expected fo induce cytotoxicity. See the teaching of USSN 10/425,006
filed 28-Apr-2003, “Methods of Silencing Genes Without Inducing Toxicity”
Pachuk. - ‘ '
Applicants specifically incorporate the entire content of all cited

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

1

3

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

“list of upper preferable values and lower preferable values, this is to be
understood as specifically disclosing all rénges formed from any pair of

' any upper range limit or preferred value and any lower range limit or
preferred vaIUE, regardless of whether ranges are separately disclosed.

25 Where a range of numerical values is recited herein, unless otherwise
stated, the range is intended to include the endpoints thereof, and all
integers and fractions within the-range. It is not infended '.fh_at the scope of
the invention be limited to the spec;iﬁc values recited when defining a
range. ' ' |
30 |



according to the manufacturer's directions. In this experinent, cells were
transfected with 500 ng of the infectious HBV plasm d ayw subtype -

- ("pHBV2") (GenBank Accession # V01460) and 500 ng, 300ng, 250ng, 30 120 ng,
100 ng, 50ng, or 10 ng of an ei RNA construct. DNA was held
constant/transfection at 2.5 pg by Phcl uding an inert pl.asmid DNA pGL3-
Basi ¢ (Pronega, Madison Ws.) in anounts that brought the total DNA in 54
the transfection to 2.5 pg. For exanple, in transfections receiving 500 ng
of HBV DNA and 500 ng of an ei RNA construct, 1.5 pg pG.3 was added to the
transfection. Prior to transfecti EXAMBHES was renpved fromthe ceI | s and

"the cells washe ' : | Qi es,

" Carlsbad, Cal. ?hénééﬂbﬁéb‘%mé%ék‘% @ﬁé\)ﬁé{p ERIRSLENIEEAN0 A oo D

cell's foll %%H@Es&ﬁ@]tw&édt\ﬂnﬂﬂn ehistdisclosurasire speoificaliiincSmarategien t o

ni net een hours gost transfection, the transfection mx and Opti-MEMr)

wer e r enpvBergin BinreferenceipdheissntEaty with 2 mi culture media/wel |. At 3,

6, and 40 days after transfection, the media was renoved fromcells and 10
stored at -70 C.' The nedi a was repl aced with 2 nL of fresh culture nedia
on-days 3 .and 6. Al transfecti onEXABLEarried out in duplicate. Two sets
of control transfectiogns Jer e Iso erforrred HBV DNA al gne (500 ng HBV
DNA plus 2 pg pG engng B apgd g G et seruct (500 ng HBV
DNA, 1 pg control ei RNA con&glxh Efent%@ cﬁthreOzgiodép pG.3 DNA). Monitoring
cell's for 1 oss of HBV expre fection, cells were

nmoni tored for tBeef descrqmtnonroéd:eﬂm&ura moHBY A)kqunmhm-daam'edemlh cation by

Bs A Cel.| ed b h di f
{n? ZﬁgHﬁte ng sdeh §s($1 b?r@yllgedgirtapg gcte‘g%) hé‘l lgfe%mﬁgilagl NGt Ne Media o
post--transg;%?%bcgmB\T*&‘éns.é\mqbﬂﬁ&éﬁmﬁbhﬁfbduﬁ@ﬁﬁﬁﬁél dnorde dtal e from

Abbott Lab , was used to detect surface Ag (SAgQ)
-.according tepalile ofénansaiiing ell'cf the NisalrRdAs@ng PTQAngsnfﬁéﬁ@W é‘tﬂu%l nce

f A gted not 25 with but al th
RN pol ynoF gt THS feiepaat P dres fybless Ui FRR MR, "Gl st ron 1 the
transf ect edeljib@sd foRrd irBNErchane AgbdsSion MO 1MBYC Faldifviny interaatization ng

’ |nfect|on in vivo. Since surface Ag

into hepatocytes and nuclear Iocallzatlon transcription of the infectious
HBV plasmid from several viral promoters has been shown to initiate a
cascade of events that mirror HBV replication. These events include
translation of transcribed viral mRNAs, packaging of transcribed
' ‘pregenomic RNA info core paﬁicies, reverse transcription of pregenomic

20 RNA,and assembly‘and secretion of virions and HBsAg (Hépatitis B
Surface Antigen) particles into the media of transfected celis. This
transfectioh model reprdd_uc'es most as_peCts of HBV replicétion within
infected liver cells and is therefore a good celi culture model with which to
look at silencing of HBV expression and replication. - '

25 - Using this model, cells were co-transfected with the infectious
molecular clone of HBV and various eiRNA constructs. The cells were
then monitored for loss of HBV expression and replication as described
below.. Details on the vector and encoded RNAs used in this experiment

. are provided at the end of this example. |
- 30 '



synthesis can continue with deleterious effects in the absence of HBV
replication, it is inportant to down-regulate not only viral replication
but 30 al so replication-independent synthesis of sAg. ss Results: Cells
transfected with the HBV-specific ei RNA constructs described at the end of

- this exanple all induced a decreasesin sAg levels relative to -the

controls. The level inhibition is shown in the acconpanying FIG 2-8 5
corresponding to data found in Tables 2-8. Note that the sequences
identified as 788-808 and 807-827 only | owered surface Ag |l evels by 30%

~ and 50% r eEppetimaityt:at 500 ng doses. These are the only two ei RNAs that

do not target tge i@P MRNA; instead they target the 3.1 Kb- HBV nRNAs and
therefore reducéh@@iqvengisan gxpmpla ofan experpent thatpas r@rareedct i on i n sAg

i cat i on g RBa i TR Sl Beb T B ol CRRBRhE S plcitic

" ei RNAs useacdassidn sumbpeMOde. FBY saqihoesdh thescdsaiibetiRgRNRY sequences

Iisted#-n Tahle 1. #1‘5 The se uqesﬁsces are shown as well as their map
coor di rat e¥CBASAGERINIV, sRvances danilied as desesibedght most part of

‘the table § i j AeNLE i LN |
of the encaied ol i sl VAR SR MR (e DRk nor tant

of the enco , r’'se uni’nmportant,
but is derCuéiMethodsant € petiytisikeEvaiagtionof RNAitthryetaahd Efleatorvect or used)

| oop. scqueltelbetien BRTER0F4BbR W5d 25 ehi20R, Hionshulafiy scquence,

which is t4RNA BEBkISSTRIVedter USR] for URb SHBYSRMGRSS Pmﬁa@gﬁgme | oop

structure does, _not need to be a fixed sequence or we have used

“severdP | dsptaiiing e MEprametsr lodevegexpression dfiipaencoded RYAsunEadtoni ng of

e o] R eGP o e SR PRTIOTAL i ShVG B 1 9,
S_i gnal  f cseqrishcpatad fdilowed byORIORBMA pat il termination sequence.
Sequences of the U6 promoter, RNA pol i termination signal, and |
encoded shRNAs are all s,howh at the end of the example. Similar vectors
15  containing U6 promoters and RNA pol Hll termination signals are |
commerciaily available such as the “‘siLentGenre-2 Cloning Systems”
~ vector from Promleg'a, Inc., Madison, Wis. One of brdinary skill in the art
can also create them according to the information provided herein. It is
expected that similar ‘re'suits would also be obtained using other
20 expression and promater systems especially those vectors with RNA pof Il

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

Experimental Procedure: Transfection.

| Huh7 cells cultured in RPMI-1640 media were seeded info six-welf
25 plates ata density of 3x10° cells/well. All transfections were performed the
' ‘day after cell seeding using Lipofect'aminézéTM (InVitrogen", Caﬂ'sbad, Cal.)
- according to the manufaéturer's directions. In this éxperiment‘, cells were
- transfected with 500 ng of the infectious HBV piasmid ayw subtype -
(“pHBV2") (GenBank Accession # VO‘I46.0). and 500 ng, 300ng, 250ng,
30 ‘_120ng:, 100 ng, 50ng, or 10 ng of an eiRNA construct. DNA was held
| .constantltransfectioh at 2.5 g -by incl'u'dilng an inert plasmid DNA, pGL3-
N Basic (Promega, Madison Wis.) in amounfs that brought the total DNAin
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the transfection to 2.5 pug. For example, in transfections receiving 500 ng

~ of HBV DNA and 500 ng of an eiRNA construct, 1.5 pg pGL3 was added
to the transfection. Prior to transfection, media was rémoved from the
cells and the cells washed with Opti-MEM® (InVitrogen Life Technologies_,.

5 Carlsbad, Cal.). 800 pl of Opti-MEM® was then added to each well of

cells followed by the addition of the transfection mix. Seventeen fo

" nineteen hours post-transfection, the transfection mix and Opti-MEM®
were removed from cells and replaced with 2 mL culture medialwell. At 3,

6, and 10 days after transfection, the media was removed from cells and

10 stored at ~70 °C. The media was replaced with 2 mL of fresh culture
media on days 3 and 6. All transfections were carried out in duplicate.

- Two sets-of control transfections were also performed: HBV DNA alone
(500 ng HBV DNA plus 2 pg pGL3) and HBV DNA with a control eiRNA
construct (500 ng HBV DNA, 1 ug conirol eiRNA construct, and 1.0 pg

15 . pGL3 DNA).

" Monitoring cells for loss of HBV expression.

- Following fransfection, cells were monitored for the loss or
reduction in HBV expréssion and replication by measuring HBsAg
20 secretion. Cells were monitored by assaying the media of transfected
cells (and a media control) at days 3, 6, and 10 post-transfectlon The
Auszyme® ELISA, commercually available from Abbott Labs (Abbott Park,
IiL.), was used to detect surface Ag (sAg) according to the manufacturer’s
',ine_‘.tructions. sAg was measured since surface Ag is associated not ohly
.25 with viral replicatioh but also with RNA polymerase Hl initiated tfanscriptibn
. of the surface Ag cistron in the transfected infectious HBV clone and from
HBVcc_;bDNA produced during infection in vivo. Since surface Ag -
synthesis can continue with deleterious effects in the absence of HBV
- replication, it is important fo down-rég-ulate not only viral replication but
.30 alsoreplicat_ionQindependent synthesis of sAg. |
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transcribed RNA structure is shown in FIG 9. SEQID NO 13 is the
nucleotide&@@nce of U6 prormter Nucl eoti de sequence of RNA pol |11
‘termnator: 5 - _TIT | es and Graphs. HBsAg was neasured as
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exanpl e; Zﬁéboﬁtrﬁbs nEnkevehiahibiticn tmgs?mw:ﬁﬁﬂhégmabmpanymg FIG. 2-8
' 75 corresponding to data found in Tables 2-8. Note t'hat the sequences
identified as 788-808 and 80?;827 only lowered surface Ag levels by 30%
and 50% respectively at 500 ng doses. These are the only two eiRNAs
- that do not target the sAg mRNA_; 'i‘-nstead they target the 3.1 Kb HBV
- mMRNAs and therefore reduce sAg levels ind.irectly. The 30% to 50%
10 - reduction in sAg observed when these other HBV RNAs are targeted is
considered a strong indication that these eiRNA constructs are efficacious.

HBV-specific eiRNAs used in this experiment
| The elRNA vectors encode the HBV sequences listed in Table 1.
15 - The sequences are shown as well as their map coordinates on GenBank
- accession number V01460 At the rightmost part of the table is the SEQ
D NO that these sequences map w:thm The sequence of the encoded
RNA is 5’GGTCGAC (a sequence that is per se unl_mportant, but is derived
from the polylinker sequence of the partiéu!ar_ veéto_r used) followed by a
. 20 first sense or antisense HBV seq_uencefolloWed by the loop sequence
(undertined in Table 1) followed by a second HBV sequence, which is the
complement to the first HBV sequence. Note that the loop structure does
ot need to be a fixed sequence or length, and we have used several loop
‘sequences with no significant impact on the fi{nctioning of the eiRNA
25 consfruct. The second HBY séquence is followed by astringof T |
residues, e.g., 1, 2, 3, or more Ts, that functlon as the termmatlon sngnal
for RNA pol I
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807(0.5) 0.254 1.326 2.015 49.7 1907(0.25) 0.052 0.113.0.365 90.9
1912(0.25) 0.138 0.208 0.517 87.1 1943(0.25) 0.099 0.233 0.506 87.4 _
©1991(0:25) 0.075 0.152 0.291 92.7 2912(0.25) 0.095 0.-183 0.331 91.7 Table
5 %lnhibition. Day 3 Day 6 relative to control pHBV2 0.474 1.513 ---

- 1299(0.5) 0.439 0.699 53.8 Table 6501 nhibition Day 3 Day 6 Day 10
relative to control pHBV2 033 1.617 2.88 -- 2791(0.3) 0.103 0.192 0.349
87:9 1737(0.3) 0.051 0.094 0.232 91.9 1291(0.12) 0.239 0.587 1.195 58.5
1907(0.12) 0.043 0.086 0.356 87.6 2919(0.12) 0.218 0.565 1.09 62.2 59
Table 7 % Inhibition 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)A dizgamoofthe ttins6Bbed RMNA 480diite k) sitbvadih BIG..0. 345 93. 6

Table 8 'SEQ ID NO:13 is the nucleotide sequence of US promoter.

Nucleotide sequence of RNA pol lll terminator: 5" ~TTTTT —-3".

Tables and Graphs.

| HBsAg was measured as described above and plotted in FIG. 2-8

' corresponding to the data in Tables 2-8. The amount of eiRNA construct
is shown in parenth‘éses folfowing the name Qf the eiRNA construct and is
in pg amounts. Far example, 2791(0.5) means that 0.5 |Jg or 500 ng of
eiRNA construct 2791-281 1 (see Table 1) was used in the .transfection.

- The percent inhibition relative to the control is also shown in the tables
below and it is specific for the day 10 measurement. Note that the 4 set
of data in this example in which 1299 was evaluated at 500 ng has only |
two ﬁmepoints, days 3 and 6, because the evaluation was not carried out
atday 10. The pet_cent inhibition"'for this experiment was shown for day 6
data. Datais 'shown as raw OD data collected as described by the

| manufacturer of the Auszyme ELISA assay kit used to measure sAg. Not
shown are _th_e 50 ng data for 2791-2811 and the 1 Dn_Q data for 1907-1927.
Each of these doses inhibited HBsAg expression by about 50% relative to

the control.
Table 2
_ % Inhibition
Day3 | Day6 Day 10 ~ relative to
. _ . . control
pHBVZ '}  0.339 188 | 3268 —
2791(0.5) |- 0.101 0.263 0.333 - 89.8



% Ilnhibition Day 3 Day 6 Day 10 relative to control pHBV2 0.864 4.414
8.344 -- 1907(0.05) 0.17 0.538 1.396 83.3 2919(0.1) 0.368 1.044 1.908 77.1
1291(0.2) 0.573 1.654 1.896 77.3 Experinment 2: Background: The same cell
.culture. nodel was used to eval uate jhe additive effects of. adding two

ei RNA constructs. In this experinment® 82791- 2811 and 2919- 2939 were

eval uated. They were eval uated separately at tw doses: 10 ng and 25 ng,
and in conbination at 10 ng (5 ng of 2791- 2811 plus 5 ng of 2919-2939) and
at 25 ng'(%zlﬁ gg 2791-2811 plus 12.5ng 2919-2939). An additive effect is
observed, anpl e, when half the inhibition seen with 25 ng 2791-2811

plus hal f fhe T nnibiprion segn wth 25 g —291S= pout equal to the
~inhibition}seen of thepdpang eapdi npt pgpqgloge Eiﬁlvétd s { nportant because
whi |l e one pay not be| gai ni nd i nhi bit})on over th echisi@ of R single ei RNA
construct pt pHBY225 Ng1.1d9sq, Uhgs USE Gp gWO|or nbrLe ef NA sequences i s

very inporfapigitok) Preyand i g phgs J0¢€ erqt3i on OT' VEF S ape mutants.

Experi ment Bj7g BareT 138 aT STRG $0n Wy% rH-s—were—seeded into six-well
-\ - o oy

pl ates at densttyof X TO5-—Cetr s/ A —transteetions were perforned

the day. after cell seeding using Li pof ect am neTM (I nVi trogen) ‘accordi ng
to the nmanWfbkt4rer's 60 directions. In this experinent, cells were
transfected-with 500 ng of the _infectious HBV plasmid ayw subtype (GenBank
" Accession # V01460) and _ 25 ng or ‘1p ng of {wdeisbipdiemt ¢ ei RNA constructs or
a_conbi natf on of t HesB 3 wg g conSe¥ et ¢ atelaivateral of 25 ng or 10 ng.
DNA was hejrd H"""‘.st anqi é% adst nnf:,nn at—2. 5..hg H:v;pr_ltrﬂ(‘| ugding an inert plasmd
DNA, pQ.3, 2i7ﬂ Vearodnt 83504 p I Gt t WePOPat S DWA—in the transfection to
2.5 pg. Foe27oMutBile 0428 + 12nd8A%1 | lind Bace] vi ng~500_nb of HBV DNA and 10
ng of an lei M Thodst 045 |t hdS05. 99 BP3BLUC was—edded| to the transfection.

U

Prior __788(0.5) 0.255 1.195 2.778 30.6
. 807(0.5) 0.254 - 1.326 2.015 49.7
1907(0.25) 0.052 0113 | 0365 90.9
1912(0.25) 0.138 0.208 - 0517 87.1
1943(0.25) 0.099 -0.233 0.506 . 874
1 1991(0.25) 0.075 0.152 0.291 927
2912(0.25) 0.095 0.183 0.331 91.7
Table 5
‘ % Inhibition.
Day3 - Day 6 relative to
: control
pHBV?2 0.474 1.513 N
1299(0.5) | 0.439 0.699 53.8
Table 6
R % 1nhibition
Day 3 Day 6 Day 10 relative to
. : S control
pHBVZ - 033 - 1.617 - 288 L
2791(0.3) 0.103 0.192 - 0.349 87.9
1737(0.3) 0.051 0.094 0.232 "91.9 _
1 1291(0.12) 0.239 0.587 1.185 585
4 1907{0.12) | .0.043 0.086 | 0.356 876
12919(0.12) | 0218 0.565 1.09 622




their abil

to transfection, nedia was renoved fromthe cells and the cells washed

-wWith Opti-MEMr) (InVitrogen Life Technologies). 800 pl of Opti-MEMO was

t hen added to each well of cells followed by the addition of the
transfection m x. Seventeen to nineteen hours post-transfection, the

~transfection mx and Opti-MEMr) wagerenoved fromcells and replaced wth

2 mL culture nedia/well. At 4, 8, and 11 days after transfection, the
medi a was renoved fromcells and stored at -70 C. The nedia was replaced
with 2 mL of fresh culture nedia on days 4 and 8. Al transfections were

-carried ouffable Auplicate. Two sets of control transfections were also

per f or med: ~HBV DNA al one (500 ng HBY DNA plus 2 pg pG.3), and HBV DNA with

. a-control jei RNA ccnstruct (500 ng | HBV DNA,| 5®@0nhigtiooon} r ol ei RNA const ruct
‘and 1.5pg pGL3. DA - a3"§esul P8y 6RebuPe% 18r d sKedliveim Thble 9, and the

Correspon 4 } ﬁ F" 9-3: |u | n——Fl (" 1.0 Caontsini ﬁthQI- ?811 and 2919' 2939
showed at’ |- edua epf%&’m b drA-383st dat i gmof_27P1- 2811 or 2919- 2939

T

al one. It &3O 82231 8286) af MBSt dqes M5 be] seen by conbi ning .

- two or. 340 0413 ecte8-3§b di f f&§48nt |HBV 8®guencks from the sane

and/ or di flf H308(%1) HB\VO.08nds. 0849 ThblGd68 Dhy 4 @Ry 8 pHBV2 3.74 15.03
2791 @ 25 [nt§92(049 |9. 8867 2919@Mng P. 953450. @7 278e + 29019 @25 ng 2. 73 10.91
Experiments 3 and 4 Silencing. of HBV in a nouse model. Summary: Two of the

.ei RNA vect Ers described in confirmatory experinment 1 were assessed for

silence an HBV replicon in a rmuse nodel . These vectors

“were the Z791-28tiTamd—theg 1907192+ —veectpr Jo] +h—wectors were found to
silence HRV in the| npuse nodgh, 40 @ pgj{g | fr g’ﬁ’f they silenced in
the cel | qulture npdel’ THe abili tly to ‘ contm,

pHBV2 0.864 4.414 8.344 —
1907(0.05) | 0.17 0.538 1.396 83.3
2919(0.1) 0.368 1.044 '1.908 771
129140.2) | 0573 | 1.654 1896 77.3
Experiment 2:

Sackground: 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 evaiuated They were evaluated separately at
two doses: 10 ng and 25 ng, and in combination at 10 ng (5 ng of 2791- |

| 2811 plus 5 ng of 2919- 2939) and at 25 ng (12.5 ng 2791-2811 plus |

' 12.5ng 2919-2939). An additive effect is observed, for example, when half
the inhibition seen with 25 ng 2791-2811 plus half the inhibition seen with -
25 ng 2919-2939 is about equal to the inhibition seen of the 25 ng
-combination dose. This is important because while one may not be
gaining inhibition over the use of a single @iRNA construct at the 25 ng
dose, the use of two or more ezRNA sequences is very wnportant in
preventmg the generatlon of viraj escape mutants. |

-Experimentai Proced'ure' Transfectioh

- Huh?7 cells were seeded into six-well plates at a density of 3x10°
celis/well, Al transfections were performed the day after cell seedmg

using Lipofectamlne (anitrogen) according to the manufacturer's




silence.this HBV replicon in mce by other therapeutics has been
denonstrated to be a predictor of human efficacy [4]. Aninmal Mde
Background: Chi npanzees represent the only aninmal nodel in which to study
human HBV infectivity. A nouse. nodel is available, however, in which HBV
expression and replication occur. THPs nodel has been invaluable for the
eval uation of anti-HBV therapeutic agents not only targeted agai nst viral
replication but al so agai nst RT-independent expression of antigen. In this
nodel , replication conpetent HBV is expressed transiently from episomnal
HBV DNA: Tirectimadelin ithis expatiewnbycdllstwaredeansiectep milbH0bng of pet ent HBV

DNA into nopuse. |i by hy.dr odynami ¢ | i yer . j fol l ow ng
exper i ment l.n%@oyg\fffég IPYE[S(X%'%&W%/ ﬁ@‘?@/@%g%’ﬁ? a@ﬁé%#ﬁﬂga%v‘?g ﬁ@)f%@es equences
eval uat ed 25 nEXRer0 7@ BF two Epaié RIGXK conBtracitstsPecimBipltion ofiidseugh there
were not expected to be HBV- sequence-rel ated efficiency differences

bet ween t hiwaelRNA gpnsirects sl a total of 2hugers10 Tai DNApEs heldt utilized

- hydr odynanj ¢_delj.ve a t - deli . hOQ~c@Mpet ent
Tivayw p s elate R et S8 Ry itifad Srdth i T APBES R T ect or
HBV- speci f amoahiNhat Bratight e totaEDNAYin thiy drapgiovtion ¢o @€ pgeFeri s ideal for
these first studies because it results in efficient delivery of nucleic

“acid to thexamples i Bansfeclions rapeiving SPHagodRRMi LNAdand H} DI of aRi es:

Experi nment . i r ) N |

[ mIco ecti ous™ Vgévv&gﬁl(gg{rn% Emfggé'@yﬁblggwgﬁ#(? ¥Orr{a}{gotf€/ﬁsg§cét¥raﬁr{’ 23 I%,S Egl | owi ng
~internal : Zt@ttir%nﬁfémmm@ﬂa?cas mxf@mﬂ_fncmltharcﬁlle_caaﬂitlzatbthmwasha@sprg ption of
HBVayw asm rom.several vir onoters has heen \ Iinitiate a
cascgdep_ofWEK}QR%MEM@(HV[FBEG'P{ eﬁ‘[ﬁﬂhiné’ - | .ﬁﬂﬁiﬂg'\é@kﬁéﬁ@s i ncl ude
trans! ati o, 0indd 8AGEA OB Wl of BRI ol RALKBP aditid BN 1 Ded

pr egenomi ¢ nto core particles, reverse transcription of pregenomc
RNA, and. alsarsfbtijoranmix.s8evenfeen tofninéteto houanpostBsasieeiion, thes into the

oo SRR AP TS ForlBHE S LSREC, 1 1D
_ . with 2 mL culture media/well. At4, 8, and 11 days after transfection, the
media was removed from cells and stored at =70 °C. The media was
replaced with 2 mL of fresh culfure media on days 4 and 8. ‘All
trénsfe‘cti_ons were c':arrie.d' ouf n dupiicaté. Two sets of control
tranéfections were also perfonﬁed: HBV DNA alone {500 ng HBV 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).

Resuifs: _ , |

o Results are shown in Table 9, and the corresponding graph found in

FIG. 10. Gombining 2791-2811 and 2919-2039 showed at least equal
e’ffects to administration of 2791-2811 or 2919-2939 alonie. 1t is expected
that simiiar'advanfages will be seen by combining two or more dsRNAs
directed' fo different- HBV sequenées from th_é same and/or different HBV. .
genés; | .




pg of an.irrelevant ei RNA construct. Al animals were also co-injected with
2.5 pg of a GFP reporter plasmd (Contech, Palo Atto, Cal.). Expression
of GFP nmRNA in the livers of injected mce served .as a control to

normal i ze resul ts. agai nst the nouse nodel transfection efficiency. Total
DNAinjected in aninmals was kept at 6a constant 20 pg by including pG3,
an.inert filler DNA (Pronega, Mdison, Ws.). Al DNA was formul ated and
injected according to the nethods described in Yang et al. [1]. There were
5 animal s per group. The DNAs and anounts of DNA injected per aninmal are
shown in Thighie 910. 63 Table 10 G oup HBV DNA G-P DNA ei RNA pG.3 1 7.5 pg
2.5 pg 10 pg-2491 Opg-—2-7.5 pg 2.5 .pg 10 lag control 0 pg 3 7.5 pg 2.5
. pg 0 pg 1d_pg Tinepoints of) andP8fts wer e Bayifct dd based on publ i shed
results friom Dr. pEi3ari' s | pbor 8tfery [[1], Mt0Xh detail the kinetics of

HBVayw- pllasm epl | lon | n myCgk, foljow nydrlodynam c delivery. Serum
was assayed f%g1t@ezgf?‘(§sencu oﬁl@sm on d@gg 1. §2, 3, and 4

post-injedtio wer el per d as i bgd for the cell culture
qL) OBO19@P2T g Ggre @
B\-—replica

e
nodel of H tion.—Tpne presencel of HBV RNA in |iver sanples was

ascert ai ngdo7dy+Noribhgr 25 hbot anglassi s pon daw+2 fallowing injection using
procedures _develaoped’in Dr . i Chisari's §aboratoryi[1l] and-nornalized to

endogenous GAPDH RNA | evels and GFP nRNA | evel s using conventi onal
techni‘quesE Hmdht y t,ati ve ‘RT- PCR assay for HBV RNAs contai ni ng sAg
codi ng se%%i&@mt andard techniques. RT-PCR is nore quantitative
than  Nor t$ierciByOf HBYind maisk hsded. | ar ger dynami ¢ wi ndow t han does.

Nort hern Bl ot apal ysis._Downregul ati on of both HBV RNA by Northern Bl ot
anal ysis and - HB&REaRsr dwaeeithereiRNAeveaipisaiaseripged in codfiimzgary. See FIG  11.

Al so not ifald - qﬁﬁﬂ teg'%p nce.of 867 HBV
RNA  nol ec‘%{b%!m?enrﬂ 'lt‘l ﬂjgélh %ééére\séggﬂg o{rﬁ%ro Irﬁr) i%‘g’@erﬂ? m%ﬁ%&” Ut HBV RNA in
2791- 2811 a measednodele T heeskbrelctbrd viksrarthe @abatasan. and the 1907-1927
' ve‘ctors. ‘Both vectors were found to silence HBV in the mouse model to a

simi_la,r extent as they silenced in the cell cuiture model. The ability to

D

silence this HBV replicon in mice by other therapeutics has been

,demonstratéd to be a predictor of human efficacy [4]. .

. Animal Model Background;

3 Chimpénzees represent the only: animél model in which to stﬁdy’
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 |
' "viralr repliCation but also against RT-independent expression of antigén. in
this model, replication competent HBV is expressed transiently from
é_p'isomal HBV DNA. This model is createdfby introducing replication
-+ competent HBV DNA into mouse liver by hydrodynamic delivery [1]

The aim of the folfowihg experiment was to test two of the vectors
encoding H'BV-speciﬁc sequences evaluated in Experiment 1 for efficacy
in @ mouse model even though there were not expected to be HBV-

' 'sequ_Ence-related efﬁciehcy diffe_renr‘;es between the cell culture and
rho_use models. - This experiment utilized hydrodynamic delivery as a -
'method to co-deliVe_rl replication cOmpeteh{ HBVayw plasmid (Example 1, -



(OO ~~.V O00 OV co N alLL C9,0coN(O(OCROch Y r m-
NNNNMLOoO5O) SnOInCVCOCAONO hmN O. r N (OO
) OOm CON~ mcotl'" >NCo 0 OOrr ~Co cornco.'COMco
O(P Zr CoCO0) EDLOto 04 -1 a MOti OLOwV Or Co 1L cr V ti
OOOMN (7 VtocoOM(Or%®oX CO CD(3) d.. (3) .tp CO QO CO
MIt co N COOd ODto ITr 14corC|)OqO)COOOr NC c
rOM,N(OOOOtNNrCoTO)'ITCOCOITO~t|U)Od MO (V
CO C7T CV(ON roNrONCCO V(O toNcomcomNcoo) Or N r N

CO C7 M cocemfirarpry expefigent 1) with an effector HBV-specific eiRNA

expression vector. Hydrodynamic delivery is ideal for these first studies

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

Experiments.

- Hydrodynamic Delivery Studies: Experiment 3.

- Al animals were hYdrodynamically injected with 7.5 pg infectious
HBVayw plasmid (described in confirmatory Example 1). Following
infernalization into he'patocytes and nuclear Iocéiization‘ transcription of
HBVayw plasmid from several viral promoters-haé been shown fo initiate a
cascade of events that mirror HBV replication [1]. These events include
translation of transgribed viral mRNAs, packaging of transcribed

: bregenomic RNA into core patticles, reverse transcription of pregenomic
- RNA, and assembly and secretion of virions and HBsAq particies into the

sera of injected animals. Experime‘ntal‘ animals‘ were co-injected with 10
Hg 2791-2811. A second group of controf animals We're injected with 10
g of an lrrelevant eiRNA construct. All animals were also co-injected W|th
2. 5 g of a GFP reporier plasmid (Clontech, Palo Alto, Cal.). Expression

' | of GFP mRNA in the livers of injected mice served as a conirol fo

normalize reéults against the mouse model transfection effi iciency. Total
DNA injected in animals was kept at a constant 20 g by mc!uding pGL3,
an inert filler DNA (Promega Madison, Wis.). All DNA was formulated and
injected according to the methods described in Yang et al. [11. There were

-5 animals per group. The DNAs and amounts of DNA injected per animal

~ are shown in Table 10.



.0r NCh't Lo- NNNce) NN 5Nr. coO0ZL 0) (0 .04 0o NI 65 Table
12 NUCS HBsAg HBsAg (ng/m) dl d2 d3 d4 2 2810 6793 8422 8517 3 2344
8332 8089 8743 HBV 4 1684 8788 9064 8876 5 2318 9378 8597 8480 29 1066 .
5038 5153 5925 grp ave=> . 2044 7666 7865 8108 Std Dev=>. 678 1754 1556..
1231 6 2554 8048 9233 8870 ei HCV 9%32267 8420 9535 8338 10 1704 8258 8761
7840 30 1362 4171 5406 4920 grp ave=> 1972 7224 8234 7492 Std Dev=> 538
2041 1912 1765 11 1262 2823 2276 2080 12 1222 2549 2858 1593 2799 14 1056
1933 1143 792 15. 1275 8320 1920 2068 27 779 4771 3782 1252 grp ave=>
1119 4079 Pg9e 57 Std Dev=> 209 2598 993 551 Hydr odynam c Delivery

Studies: P T ™ { HBVDNA | GFFDNA | oRNA. oGL3
1 75ug | 25ug 10 ug 2791 Opg
2 75 25ug | 10 g control 0 ug
3 75 ng 25ug 0ug 10 g

Timepoints of analysis were selected based on'pUbiishéd resulis
from Dr. Chisari's laboratory [1}, which detall the kinetics of‘HBVaylw
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 cutture model of HBV

replication. The presence of HBY RNA in liver samples was ascertained

. by Northern blot analysis on day 2 following injection usihg procedures
developed in Dr. Chisari's laboratory [1] and normalized to-end()genous
'GAPDH RNA levels and GFP mRNA levels using conventional techniques,
or a quantitative RT-PCR assay for HBV RNAs conifaining sAg coding
sequences using standard techniques. RT—PCR is more quantitative than
Northern Blot analysis and has a farger dynamic window than doés

~Northern Blot analysis. _ |

Downregulation of both HBV RNA by Northern Blot analysis and

HBsAg were seen in mice injected with 2791-2811. See FIG. 11. Also not
 shown, quantitative RT-PCR demonstrated the presence of 867 HBV RNA
molecules in the livers. of controi mice and 57 molecules of HBV RNA in
A2791-2811 treated i mice, a 15-foid downregulatlon



5 This experinent was simlar to the Experinent 3 of Exanple 1 except that
two ei RNA constructs were eval uated: - 2791-2811 and 1907- 1927. In this
experiment, HBsAg was neasured on days 1 and 4 using the assay already
descri bed herein. 66 Table 13 NUC6_HBsAg HBsAg (ng/m) dl d4 2 6147 A
36,953 A 3 6234 A 42,542 A HBV 4 4658 33,06%4A 5 5077 A 29,389 A grp
ave=> . 5529 35486 Std Dev=> 784 5627 6 1901. 11,236 ei HCV 7 6286 A 29, 637
A 8 1023 6,345 grp ave=> 3070 15739 Std Dev=> 2820 12282 11 3966 5009

13 4705 7347 " 2791 14 2289 4538 15 2427 4217 grp ave=> 3347 5278 Std
Dev=> 1182 1417 16 4954 7203 A 1907 18 2982 6917 A 19 3436 7568 A 20
2246 5135 A grp ave=> 3405 6706 Std Dev=> 1143 1081 EXANPLE 2 5 Hepatitis

C Sequences for RNAI Therapept-i-c-Devel opnent
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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 worldw de. The HCV genone has a
hi gh degree of sequence variability. There are six major genotypes
conprising nore than 67 fifty subtypes and significant heterogeneity

hal | mar ked by quasi -species has been found within patients. G eat progress
i n understandi ng HCV replication has been made by using reconbi nant

pol ymerases or cell- based subgenomi c replicon systenms. By using a replicon
cel | syste@blﬁ -specific si RNA has been denpbnstrated to be able to
suppress HCV pr otei n expression and-RNA I’ph| ication Qeauences f the 5'
NTR and both st NEAHPsA® nonstfuctural genes HRsaAgl{agmib)ar ge} ed
successfully. = The highly conserved ngj urg ofdg he icH dgllRJsecHEnce makes it

a highly afftractrveltargetstor s sea Jy84 517,uu study has
been 10 don¢ to examjne the3f easi b :&g th re we report
~the designfan Eg\?sti ng of geveral can b|t protein
expression iin the sulpgenom £ repli ste oge esi zed

HCV- specifi ¢ si RNAs were tr%nsfect o tt?@'f'ﬁcv r§§9700n i ne as
~described bélew—15 Cell cifi%ture ajnd 5038 HOVSi2P! | c&‘@%n hepat oma

Huh7 cells was cul tureddrp aV@chbeC(:02@44s/bd| 666 Eagreédkedi &108DMEM')
(I nvitrogen) containi ngStdddev=et al| c&78 ser UT5@l nvi 1558 en) ,1281% .
penicillin-streptonycin, 1 %non-essential 20 am no aci ds and 0. 5 ng/ L

CGeneti cin. s wer¢ growngto 75% CHEE/ UETTGh4RT T O L% apn au . Western
bl ot "anal ys| s:gjfjeiel [cel | lysates frojpsepligGg ceI yer e Jiabvest ed from
replicon 2p, cells in 1x LS Buffier V|tr Iys% re heated
-at 90 Cfor|5 mn ip the presencq o ta-rfgg apto hnol ree
el ect r ophor kst i i oly ¥l am el A‘BROI tirogen). The
protein was grp ave=> 19727 77224 8234 7492 |
Std Dev=> 538 2041 1912 1765
11 1 1262 2823 2276 2080
12 1222 2549 2858 1503
27191 | 14 1056 1933 1143 792
| 15 . 1275 8320 1920 - 2068
27 779 4771 3782 1252
grp ave=> 1119 4079 2396 1557
Std Dev=> - 209 2598 993 551

Hvdrodvnamlc Delivery Studies Experiment 4.

5 “This expenment was similar to the Experiment 3 of Example 1
'-éxcept that two eiRNA constructs were evaluated: 2791-2811 and 1907-
1927. In this experiment, ﬂg_si\g,\;\fas measured on days 1 ahd 4 using
) the assay already described herein. ‘



transferred to PVDF (lnvitrogen) nenbrane. Follow ng the transfer, the
menbrane was rinsed once wi th PBS containing 0.5% Tween-20 (PBS- .30 Tween)
and bl ocked in PBS-Tween containing 5% non-fat mlk for 1 hr. After washing
wi th PBS-Tween, the nenbrane was incubated with the 68 prinmary a-NS5A
antibody (a gift fromDr. Chen Liu) ®4t 1:1500 dilution for 1 hr at room
tenperature. Prior to incubation with HRP conjugated a-nouse |gG secondary
anti body (Amersham diluted 1:5000, the blot was washed in PBS-Tween 20.
Fol |l owi ng t he secondary antibody incubation, the blot 5 was washed again
and treat edablet3 ECL ( Amer shan) according to the manufacturer's protocol.

Nort hern bl ot: | a j extracied—by using the Rneasy(r) kit
10 (Q agen). @m%%# 9anal y‘u_s%ﬁ &ﬂ%’ cofding to the protocol of
"@Quo et at. Bri efly,, 5 pg total RNA witt ellect ddphofesed through a 1. 0%
agarose ge] containfng 2.2 Mforiabdehyde; 34 pgpst prred to a nylon menbrane
and i mobijized by PV crogs-Ilinkingogdbta @ggmg):\ Hybri di zati on was
carried out ugiNg a}[32P] GTP-1ab qu5geoﬂy NAlin a 15 sol ution

cont ai ni.ngj 50% dei opi zed f5or man 6505?( Szigg ™ sodi um chl oride, 750
mM sodi um ertrat c), Bet |a| Ot——S—Sprt 1 8 bdi um phosphate (pH 6. 8),
0. 2% sodi um dodecyl su ﬁ%) dg %’?‘4 éshaar ed denatured sal non
sperm DNA/ ni, and 100 Fv‘easERK% PB2716| hr at 58 C. The menbranes
wer e washed .once in 2x SSC/O 1 %20 SDS for_30 mn at roomtenperature and

twice-in 0 1 x SSGP.1 % DS for| 300fi.n jat1,88 C. | Menbr anes were exposed to
X-ray fil gitipgfection gf si RNA §78® ~ g 69n cpl | s: For transfection of
SiRNAintg replicon ceI | sgt he Li Doﬁgggam neé'rg,)g,525 2000 reagent (I nvitrogen)
was used accordi ng ”Lt’?d?o Bri 5 0 x104 cells in 0.5 nL of
DMVEM was seeded in 24 ﬁge@ at ep o‘ﬂgz(play el the transfection. The

i ndi cat ed anmount of si Wwas di FHted—+r-150—pt—cpti MEM and m xed with

di | uted Lipoefectamnelr) 2000 reagent (1 pl_in . 50 pL of Optinenm. The

m xture wgs incubat bd at Fhom t eppeffur d 90930 PO min before being
applied onto the ce| | nonb}ayer.| 484705 hr| ABGér" S

279t | - 14 2289 | 4538
15 2427 4217
grp ave=> 3347 5278
- Std Dev=> 7 1182 1417
, 16 . 4954 7203 *
1907 18 2982 6917 »
: 19 - 3436 7568 A
20 . - 2246 5135 A
grp ave=> 3405 | 6706 |
Sid Dev=> 1143 1081
_ EXAMPLE 2
5 - Hepatltis C- Sequences for RNAl Therapeutlc Development

Experiment 1

Bnef Infroduction:

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 -‘Ahepa_t_itis cases worldwide. The HCV genome has a high degree of

sequence variability. There are six major genotypes Comprising more than



69 transfection, cells were washed in PBS and |ysed in 100 pL SIDS sanpl e
buffer. Table 14 si RNA HCV sequence nunber SEQ I D NO #12 28

- GCTAAACACTCCAGGCCAATACCTGICTC  #22 29 TCCTTTGGTGGCTCCATCTTACCTGICTC  #32 30
GCTCCATCTTAGCCCTAGTCACCTGICTC  #42 31 TCTTAGCCCTAGTCACGGCTACCTGICTC #52 32
CCTAGTCACGGCTAGCTGTGACCTGICTC  #62 8B CTAGTCACGGCTAGCTGTGAACCTGTICTC #72 34
CGTGAGCCCCTTGACTGCAGACCTGICTC  #82 35 GCTGATACTGGCCTCTCTGCACCTGICTC  #102
36 ACTGGCCTCTCTGCAGATCAACCTGICTC 5 Several siRNAs conprising the HCV
sequences identified above in Table 14 targeting the 3'UTR, si RNA #12

t ar get i ng fiftyesuiBxpdSaR] gignificafpbsicrogenaynhaliharked by dudsispécied HCV core

cont rol } WEHPEh{esh Wi GRURRE: HEreasRrdssP 1 HRRBSEETURd DY on kit .
synthegi resP oI BeeMade Py ifig rocsfbinanPyRlgSe SLEE L Cor e
(posi ti ve asedrsbgensFly r&plmzs&s@am#lBy utirgna réplicbadedf syéternar get i ng t he
HCV NSgB , .al so’ | ti nt.r ol uence n ive

1 1580 35005k RS b SRR el TR BRI PRY i

targeting ﬁrbﬁeiﬁ@kbtéséron SARNRNAFPNCAH6N. “%@hbﬁ@eé:%bcﬂ NTRBNA tar get i.ng
the core sequence of HCV as a positive control; siRNA targeting the HCV

' NS5B gene hadhgtrugbsatandnersitucsiral genes bave heeatagetehsueassillyRNA (9 and
20 _prol.e) Tﬁ’&eﬁ%hﬂfs%s%ﬂpec} ngturga"{hte%vﬁ’fﬁ e%%ﬁcg%é'ﬁesntéh%qﬁf ection of no

Si RNA. 70
attractive target for siRNA based therapy. However, no study has been

10  done to examine the feasibility of using the 3' NTR. Here we report the
design and festing of several siRNAs that can inhibit HC_V protein
~ expression in the subgenomic replicon sysfem. Exogenously synthesized
HCV-specific siRNAs were traﬁsfected into the HCV replicon cell line as
* described below. | |
15

Cell culture. and media:

The HCV rep[icon in hepatoma Huh? cells was cultured in
Dulbecco's Modified Eagle Medla (“DMEM") (inwtrogen) containing 10%
| fetal calf serum (Invitrogen), 1% pemctillnwstreptomycm 1% non-essential
20  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
| '25‘ cells in 1x LDS Buffer (Invitrogen); The lysates we'rel heated af 90 °C for 5
‘ min in the presence of béta-mercaptoethanol before eiectrophoreéié on a
-10% Tris-Glycine polyacfylamide gel (Invitrogen). The protein was
transferred to PVDF (Invitrogenj membrane: Following the transfer, the
membrane was finsed onc“é with PBS containing 0. ‘5% Tween-20 (PBS-
30 Tween) and blocked in PBS«Tween containirng 5% non-fat milk for 1 hr. -
Aﬁer washmg W|th PBS-Tween the membrane was lncubated with the




Accordingly, the Western Blots in FIG 13 represent 0, 9, and 20 pnol es of
the identified si RNAs. si RNA #22, 32, 42, 62, and 72 were notably active
in repressing HCV NSG5A protein expression. Presumably, HCV RNA | evel is
al'so decreased based on the resultségbtained previously wi.th positive 5
control siRNA for core. Several si had m ni rum effect at the
.concentrations tested and shoul d be eval uated at hi gher concentrations.
These include #12 (targeting NS5B), #102, #52, and #82. Experinment 2 10

Experi ment r d i i Experi el f.. itis

G Sequencegg?’\éﬁ?ﬂwggﬁgﬁggﬁﬁ §ﬁ&9@ﬁgﬁo r‘;&f‘ﬁn @%i@ﬁ%ﬂéﬁ‘cﬁ“&?gﬁ@ R1- R8,
.conpri si nght Aerceattempeaaturan ®riones indct®apba Wil BRPs@njudaetb-butabl e 15
bel ow, were used in transfections. The Western Bl ot "assay perfornmed here

was as desldG peepndargeaiibedy Amesgham)miited 1:5009, e blohwasiwasbedcor e si RNA

Exper ment 1 Doy e AR Pl e NeZbAdaRZ A AR inbibdt R, MEUET” o ana

20 prnol%e ewasmprashied ayait Bad ireatsdeivith ERNA(Amdhsteimyascdrdimgsbaséed at | evel s
of 0, 3, and 9 .pnmole. Rl, R2, R3, R5, R7, and R8 all exhibited significant
i nhi bi t i on"EAUIRSIEES PERIOBRl- seen in the 20 Western Blot, FIG 14. Table 1
si RNA SEQ | D-NO HCV sequence Rl 37 CTGGCCTCTCTGCAGATCAAG R2 38 - "
TGCAGAGAGTGCTGATACTGG R3 39 TGAGCCGCTTGACTGCAGAGA . R4 40 '

. GAAAGGTCCAlcrhienablat: RS 41 TAGCTGTGAAAGGTCCGTGAG R6 42

TTGGTGACTCCATCTIEbelufar R Wes RKECEd A 4riea %anpé%iﬁs- UTR of the HCV
R0 27 1 opr Do ROANER PRl el WS, KRS o ProBRBorS, SER 1D
Guoet al. Briefly, 5 ug total RNA was electrophoresed through a 1.0%

-agarose gel containing 2.2 M formaldehyde; transferred to a nylon
‘membrane and immobilized by UV cross-linking (Stratagene).
Hybridization was carried out using a-[?zP]CTP-labeled neomycin RNA in a
15  solution containing 50% deionized formamide, 5x SSC '(7'50_ mM sodium
_ chloride, 750 mM sodium citrate), Denhardt’s solution, 0.02 M sodium
: lphosphate (pH 6.8), 0.2% sodium dodecyl sulfate (“SDS™),.100 ug of
: sheared denatured sairﬁon sperm DNA/mI, and 100 ug of‘yeast RNA/m,
- for 16 hrat 58 °C. The membranes were washed gjnce in 2x SSC/0.1%
20 SDSfor 30 min at room temperature and twice in 0.1x SSC/0.1% SDS for

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

' Transf_ection of siRNA into replicon cells:

For tran:sfection of siRNA ‘into_: replicon celfs the Lipofectamine®
25 2000 reagent (Invitrogen) was _used according to the user manual. Briefly,
2x10* cells in 0.5 mL of DMEM was éeed’ed in24 \n;reil plates one day
L before thé transfection. The indicated amount of siRNA was diluted in 50
L. OptiMEM and mixed with diluted Lipofectamine® 2000 reagent (1 pl in
- 50 pL of Optimem). The mixture was incubated a't:room temperature for
30" 20 min before being applied onto the cell monolayer. 48-72 hr after




referred to as the "X" region. 5 EXAMPLE 3 Sil encing HBV replication and
expression in a replication conpetent cell culture nodel Brief description
of cell culture nodel: 10 A human |iver derived cell line such as the Huh7
cell lineis transfected with an i ghectious nol ecul ar cl one of HBV
consisting of a termnally redundant viral genone that is capable of
transcribing all of the viral RNAs and producing infectious virus [1-3].
The.replicon used in these studies is derived fromthe virus sequence

found in (?jésG F

internaliz Gﬁ?l on In 'f%%ﬁéwém’?%c ggaé%( ngg ggs‘eﬁqaz‘ﬁ%l“zla | ong\érﬁgg’?nscrl ption
of the infbofférous HBV pI asmd from several viral pronoters has been shown
toinitiate a cascade of events that mrrors HBV replication. These events
i nclude translation of transcribed viral nRNAs, packagi ng of transcribed
pregenom cTEHA 141t 0 core 20 particles, reverse transcription of pregenonic
RNA, and assembly and secretion of virions and HBsAg (Hepatitis B Surface
Ant i gen) partgilBNAs into the nedia of tran ted cells. This transfection
nodel reprodnoebennstSE@SIPENCs of HBV repl i@m‘ u ininfected Iiver
cell's and §i s ther ef gre azggood| eafTARACATECOARERECWANTABCTRTcOrd qok at
sil encing |07 HBY eXOresshgn  2b ARETTFBIG FeGCTCCATCTT ToT I s are
.co-transf get ei#s\gl t-hthe BBTcL,L BT 'A ' ﬂ@%&

i ndi vi dual [effegctor—RNA-foRSHF t t hen

noni t or ed f-er @VUS af HB /ig_x_p_r_?igmc\i pc{ hq;TAé\;chGQCJéCG E@:‘rl(;m( bel ow.
30 The fol{low#®d is lan p?leml el GCHMG] EQ&&GW&Q@TQE%WGT&T@FS
encodi ng gequéi®des derived fr ohCIAGTOANGGCIAEEGTGAACLTG TG
- particul ar| ei BM& vedt or s38or t hCESTABCOROTTAACTRCRBAQCTRITGe= 72
based (Seq, e#@2 the teashi ng| GCVEATACIIHACOFETCTEERASETEICHTC ¢SRNA

.~ expressi or| SygiEaE, |35 Weh! as| WSGEEEITT CTECAGA ERALCTRICIY? and

USSN G(y 419,532, fited 18-Cct=-2002) ana encode tar rprim R res -

_ Several siRNAs comprising the HCV sequences identified above in
Table 14 targeting the 3’'UTR; siRNA #12 targeting the HCV NS58 gene
{positive control); the identified HCV core siRNA (positive control); and the

10  identified lamin si'RNA (negative control) were synthesized using the
Silencer siRNA construction kit, Catalog # 1620 (Ambion Inc., Austin,
Tex.). DNA ollgonuclectldes 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

_controt

3. lamin sequence (negative control): SEQ ID NO:46

20 - Three siRNAs were used as controls: SIRNA targeting the cellular
_gene Lamln for negative control; siRNA targeting the core sequence of
_ HCV as a positive control; siRNA targeting the HCV NSSB gene asa
| posmve control. Two concentrations of each siRNA (9 and 20 pmole)

‘were used and the resuits were compared with transfection of no SIRNA



(especially desirable are, e.g., "forced" hairpin constructs, partial

hai rpi ns 5 capabl e of being extended by RNA-dependent RNA polynerase to
form dsRNA hairpins, as taught in USSN 60/399, 998P, filed 31-Jul-2002 and
PCT/ US2003/ 024028, fil ed 31-Ju|-200§ as well as the "udderly" structured

- hairpins (e.g., multi-hairpin |ong gRNA vectors and nulti-short hairpin
structures), hairpins with m smatched regions, and nultiepitope constructs
10 as taught in USSN 60/419,532, filed 18-Cct-2002, and PCT/US2003/033466,

filed 20- Qg - Lt t ed t | | t i || be obt ai
ulsi ﬁg ot he c&éﬁﬁ'ﬁé’é’i ‘é’%&%ﬁ?ﬁ%‘ﬁe g?s?%ﬁ%noreg“[émgées%é“ﬁ&\émmoﬁﬁooeagovgl, e
and/ or vectins plepfiedisIRNAL! QIFNA inge, Qé%azsfafwrlcﬁ?ﬁéﬁeﬁbt Biy £ [%'gex)- 15

Experimental Procedure: Transfection. HuR7 ¢ells are see si x-wel |
pl ates suchh f@iﬁ@%lﬁﬁﬁ%\l&s’%pn‘ﬂem @@rmmoﬁfeammmyaﬁmm leweiof

transfecti cti are usi ng, Li pof ect am neTM
(Invit roge%| a@lé%}r héf%%t% %eﬁjo rbg’erf&ﬁﬂ E%’r"‘é‘?ﬂdg "%(LXW@HSPOSI tWet hi s
. exper i n&nt contbl SIRNZefor icaRs | 86t WRNASAad ﬂgnnﬁium@féc{‘% ous HBV

pl asm d, PgaﬁOf a. T7 RNA pol ynerase expression plasm F?]&IESCI‘I ption of

_pl asni d beCBRgerBRtiong t6$teﬂrﬁ shouid be eve aéed:aﬂuggeachmerﬂra’mom conprised

o A aor oRede IR b B g (OSSR e 287 0 882 Sphences der | ved from

SEQ ID NO5  (described below). Control cells are transfected with 50 ng of

t he HBV p’ésm’.d and | pg of the T7 RNA pol ynerase expression plasmd:. An
i nert fil e 3-basic (Pronega; Madison W), is added to all -

transfgetions t . 30 73

Moni toring cell gx éhrﬂégﬁsgﬂf@% %@%g;&%&r@%ﬁﬁl ’%eﬁ{g‘?%’ﬁ n@:‘\ﬁct ion, cells
- are noni t oHegatils Crbequersesdor R&MAI dhisrapetitic DdREIeppeaseksupt awd repl i cation
DNA- contai ning viral particle secretion.

by neasuri cretion a
. Cells are W%égaﬁﬁf%%?ﬂﬂ@'e geqyrnGes {pRd 3?9"5 Famplesperiy) s@fl | s begl nni ng
at 2 days fpfindrdRB¥A15 below, were used in transfections. The Western Blot

assay performed here was as descnbed in Example 2, Experiment 1. The
15  control HCV core SiRNA used as a positive controt 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 levels of 0, 3, and 9 pmole. R1, R2 R3, R5, R?
and R8 all exhibited significant 1nh|b|t10n of HCV as can be seenin the
.20 "Western Blot, FIG. 14.

Table 15

siRNA  SEQ ID NO HCV sequence
R1 .37 . CTGGCCTCTCTGCAGATCAAG
R2 | 38 - TGCAGAGAGTGCTGATACTGG
R3 39 TGAGCCGCTTGACTGCAGAGA |
R4 40 GAAAGGTCCGTGAGCCGCTT
R5 41 TAGCTGTGAAAGGTCCGTGAG
R6 42 - | TTAGCCCTAGTCACGGCTAGC.
R7 43 | _TCCATCTTAGCCCTAGTCACG .
R8 44 TTIGGTGGCTCCATCTTAGCCC




adm ni stration and every other day thereafter for a period of three weeks.
‘The Auszynme ELI SA, commercially avail able from Abbott Labs (Abbott Park,
IL), is used to detect hepatitis B surface antigen (HBsAg). HBsAg is
~measured since HBsAg is associ ated ni)t only with viral replication but al so
10 with RNA polynerase 11 initiated'transcription of the surface antigen
~cistron in the transfected infectious HBV clone. Since HBsAg synthesis can
~continue in the absence of HBV repI ication it is inportant to down-regul ate
not only viral I‘?p|_h€%\sl on but al so replication-independent synthesis of
HBsAg. Secr eti of\ctiRlSi@yRlyRied marte thent Hil i efdheri@y geaatneiaby 15 genoni c
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i nvol ves aNCéQﬁfrreqmentmﬁhuaﬂ&tnt mqm&rm dfdhadHIV Iﬁali‘éﬁ somatimiegr e core

.part icles a ravel OF{F é,k,nf ectious HBV virions [6]. Briefly, pelleted

viral pal’tl%PE? HP AR PR REIN-of cultured cells are subjected to 20
~Proteingse K digestion to degrade the core proteins. Follow ng inactivation.
of, Proteinasé K, the sanple is incubated with RQL DNase (Pronega,

~Madi son; W) to degrade the DNA | EKAMIPEE I rom core particles. The sanple

i's di gested agai th ﬁ ] K |n the sence of SD | nactivate
. the DNase as we NG OEEIGE = gnipateplications  onyel oped

virion particle. DNA is th@ﬂ@j_gftéﬁtgg| Qyﬂtmgrh%a ! or of or m extraction and
et hanol preC| DI tat ed. HBV speC| etected by gel electrophoresis
- foll owed R Hityrei reo sults wi Il desirably indicate a

- 70- 95%@glecr ease | | ion in the nmedia of -
cell strgnsfect edA %rﬁgﬁw&%@ed%ﬂd% S%CH Sr&'e%Ii\be&h% {/ﬁ% ¥ Wse expression

pl asni d an&aasmmmﬁhnm&tmﬁ ioleRIdrciese bPHB\AEGH Rstigtor th only the
HBV pI asm d and T7 ymerase expression plasmd. 7 Vectors used in

~ experi nent %BH%W&@dHFd@Wé"WQW“BGh?%ﬁé@éb@e‘i?fetf&!;@@f ibpanadi aftheepr esent s
oty oy CoeyPelRATSRAR AR s VL A0S T R BT 0
. by one ski Bltddas 18 detived fitom Drevirus sequence found in Gen Bank Accession
' 15 #s V01460 and J02203. Following internalization info hepatocytes and

nuclear localization, transdription of the infectidus HBV ptasmi_d from
several viral ptomoters 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 into core
20  particles, reverse transcription o-f pregenomic RNA, and assembly and
secretion of virions and HBsAg (Hepatitis B SurfaCe Antigen) particles into
- the media of transfected cells. This transfection _modél reproduces most
“aspects of HBV replication within infected liver celfs and is therefore a
good cell culture model with which to look at silencing of HBV expression
25  and replication. | _
A in this model, cells are co-transfected with the infectious molecular
L -~ 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 followmg is an example of an experlment using eiRNA vectors
- encoding sequences derived from SEQ ID NO:1. and SEQ ID NO:5. The |
o parttcutar eiRNA vectors for this expenment are T7 RNA po!ymerase-



skilled in the art would al so be aware that a | eader sequence with a Kozak
sequence needs to be cloned in directly upstreamfromthe T7 RNA

“pol ynmerase gene. 10 ei RNA vector encoding RNA hairpin derived from SEQ 1D
NO 1 The vector is T7-based as descri bed above. The insert encodes a

uni nol ecul ar hai rpin conprised of s®guences mappi ng from coordi nate _
3004- 2950 (about 55 bp) of GenBank accession #s V01460 and J02203. 15 One
regi on of the hairpin encodes the sense version of the sequences and the
second region of the hairpin encodes the antisense version of this

sequence. bdmedniSes, ea)), thasehyhing o PsODBE3BATviTRAEsFRCt i aTadsiigyAl ed in  the
art. 20 ei RNA vector encoding hai rgl n derived fromSEQ ID NO 5 The

vect or i s SHPreiey systemss asiwrltpadSnd 04399, 9R8R. tfileth 3bdkd-2802 @rdnol ecul ar

ccessi on T V0T 1400 SR8 SRS ORRRRO e B SER AR NAGIE RS oe ror
For. Mmyse. godel 3 %ﬁ'ms:z?9”*?5?@*"%&3%?&@5@%. e Noael o whi o 16
st udy hurf’@rﬁ)aa&/’ﬂ?ﬁ@gpﬁx{;?wd &W@ﬁr@%@@”%ﬂée tndwBver, in which
30 ¢ humanidrivA BERpES ke g@smb@ 9680 filed Erﬂsm%@g'&&ave been

I nval uabl e for the eva uat erapeutic agents and have
been.’ shovb?C’ﬂ'ﬁJ-‘iﬁ)CbBl@Zm&;ﬂHd $odut-peORfdy weﬂwsdhefmlyégﬁutmrem humans 75

- [4]. The f t. t d J which th
eV genomdPTEleds Bitipogenets SeENE pRasstan 1 @ﬁu—gﬁe&méw”mv' s
i nt egrat e%thﬁ&eéﬁ%aﬁfﬂ”&ﬂmﬁ?ﬁﬁ%atch@ﬁ%@g?g ﬁ R rSRdgts not  onl y

for V|raI repllcat|on but al so for ent e S|on of antigen.

'A si nilPar asdagphiii USEN Gﬂ/ﬂﬂﬁ,@mrﬂpﬂl?@a@cbﬁﬂﬁarm@i ent HBV i s expressed
~ transiently, delis_.cr t i ntroduci ng
" replication cé‘ﬁép?e@l% gﬁeﬂ %&#&@héb '%8\‘“’%? ﬂs‘a‘? ﬂ%l;’ﬂ c delivery
, - resulis will be obtained using other expression and promoter systems,
eg., as described above, andfor vectors encoding alternative dsRNA
structures (i.e. duplex).
15

Experimental Procedure: Transfection.

~ Huh7 celis are seeded into six-well plates such that they are
between 80-90% confluency at the time of transfection. All transfections
‘are performed using Lipofectamine™ (Invitrogen) according to the
20 manufacturer's directions. In this experiment, cells-are transfected Witﬁ 50
- ng of the infectious HBV plasmid, 1 pg of a T7 RNA polymerase
expression plasmid (descnpt:on of plasmid below) 600 ng of an EIRNA
‘vector encoding a hairpin RNA comprised of sequences derived from SEQ
1D NO:1 (described below) and 600 ng of an eiRNA vector encoding a
25 hairpin RNA comprised of sequences derived from SEQ 1D NO:5
. | (describéd below). Control cells are transfected with 50 ng of the HBV
plasmid and"l 'pg of the T7 RNA polymerase expression plasm'id.‘ An inert
. filler DNA, pGL3-basic (-Promega,' Madison W), is added to all
o ~transfections fo bring fotal DNAftrahsfectioh up to 2.5 g DNA.
.30 ' ' a



[1] . Unlike the transgenic animals, these mce are not inmmunotolerant to
HBV anti gens and i nmune- nedi ated cl earance of HBV transfected 10

hepat ocytes can be studied. Al though woodchuck and duck nodels exist for.

t he study of woodchuck hepatitis (WBV) and duck hepatitis (DHBV)
respectively, we have optednot to uSe these nodels for several reasons. 1)
Human HBV cannot be studied in these nodels. As we are ultimately
~interested in 15 down-regul ating expression of human HBV, use of these
model s woul d at N itate the re-design and eval uation of
vectors andfor N . BXRRERSIBBY. 2) the nice are isogenic and
therefore noi Sq:dieﬁnﬁgptrﬁﬁﬁ%bh@n \Rlls etaé Rfonifokdy &}ﬁt@m&%&@@@&@ not ari se.
3) Unlike hunman HBV, there are no validated WHBV/DHBV cel |l culture nodel s
t hat .20 carn t!r&fs\éem‘eealonramhseﬂhc@tuomby measeiing HRgdersaaretiemandl nodel s. The

.experi nment Ccr Zes nam ¢ d ry as . a nmethod to
. co-deliver [?‘g%ﬁ%‘g? ﬁ'&ﬁ%@%gﬁé’hﬁ ?E%(g%sﬁfﬁd“%‘fq{em as§qYiNgus ef f ect or
dsRNA ( 8i. e nfedia of Fhasfesrid &I bepymmgl»ﬂar@a s pdel dyRKK i s ideal for this
“experinment because it results in efficient delivery of 25 nucleic acid to

‘the liver [iminsiatienandayesy othes day ihereafterior arpgriogsofithrecaneskspl i cati on

conpet ent - t n he, | i kelihood
that both gl% és‘gnbmér@[%ﬁe%&ﬁ%‘%%@ h%\yarsﬁéh% #E‘g'ﬂ %Bb %Qg%@gtbggtpr essed ‘
ef fect or dSRMA W) ds psed taidetatt hbpatithi Bisutficobntigeh SHBSREY. HREAJR

replicati ngnHBV | asm d,” observed results can be attributed to 30 the

- per f or mancdN@Asyr d siceddBeig j assaciated npbenly with vial deplicatiendué alse  del | very
S efficl epc! Siith RRASH APRIALIPI inifRER BANSBSRG the Hiffaca aﬂﬂgéﬁ Gl el RNA TS

efficacious I n an i ver on ‘an very are not 76
addr essed b:ythdntrane‘eaheﬂlmfecﬁousmwn:lone Sinst hiBsafsyithéesigicgnof the ei RNA

‘'vector are énabled jn the exa n ch_transgenic mce are, use
~ Experi nent é’Pnﬁ?‘é%gtheabS?"@ﬁﬁ?Hﬁev %Cﬁb%io'}ﬁt(’,%lna?‘g*w&? éBV’HEfﬁQH!%@y i nj ect ed
with an i HoeGhiyakal I@l%ﬁﬁbﬁbu?é@ﬂ%ﬁfeaﬁl@g |ﬁcg%5;éqﬁ‘é9t¥ WaheSiQR§i sting of . a

termnal | y redundant viral genone t transcribing all of
the viral - RpeAg.Setrefiardatyirign partishes eandaininguendapsiiatdd HEM | owi ng

_ | nternggi Z%tengn'uc BiA is also measured. Loss of virion particles containing

“encapsidated DNA is indicative of a loss of HBV replication. Analysis of
virion secretion involves a technique that discriminates between naked,
' 1mmature core particles and enveloped infectious HBV virions [6] Briefly,
pelleted viral particles from the media of cultured cells are subjected fo
20 Proteinase K digestion to degrade the core p_rotems. Following inactivation
of Profeinase K, the sample is incubated with RQ1 DNase (Promega,
~ Madison, WI)_"todegrede 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 phehollchloroform'
) extraction and ethanol precipitated. HBV specific DNA is detected by gel
electrophoresus followed by Southern Blot analysis. ‘
Results will desirably indicate a 70-95% decrease in both HBsAg '
and viral particle secretion in the media of cells transfected with the HBV
30 plasmtd T7 RNA polymerase expressxon plasmid and eiRNA constructs
 relative to cells transfected with only the HBV plasmld and T7 RNA
polymerase expressron ptasmld |



hepat ocyt es and nucl ear |ocalization, transcription of HBVayw plasnid 10

- fromseveral viral pronoters has been shown to initiate a cascade of

events that mirror HBV replication [1]. These events include translation of
transcri bed viral nRNAs, packagi ng of transcribed pregenonmic RNA into core
particles, reverse transcription of 7pregenom ¢ RNA, and assenbly and
secretion of virions and HBsAg particles into the sera of injected 15
animals. Aninmals are injected with four doses of the HBV replicon plasmd
(1 pg, 3 pg, 5 pg, and 10 pg). These doses are chosen because they
represent non-saturating doses capable of eliciting detectable expression

of a reporyer, plasmd follow ng hydrodynam c delivery. Animals are co-
i njected #5%—%#—%&%%&%& OfhHS ! NA expression vector (ei RNA) such that 20
animal s ing (@‘@Mﬁer‘]QCRNA SlviHar: g,sose of a particular effector

construct (s is 20 pg. For exanple in mce
recei ving the 335@ ltﬂb&l@ 67 regreseiiy theﬂTT | RNA, pdl?m@gasef géiewhiepsen ei RNA

t t-ot al 20 ted DNA. Th t of this’
tose 1 871 S Slaliian Sisfession teebTanchay miehlavissaen, Cont ol 25
ani mal s ar@arishaRGCAY Glohihd & E@gaggp%,ﬁgg%te gkq]{ed%ltﬂlq%r RNA vector.

Control mce are instead co- mgecte n I ner pGL3- basi c
(Promega, Sledsipihe artyweuldialsmbe awase thata mmeuaeqmmawmanmk

formul ati , 10 n this stud the U6- based

expr essi o%égllu%g‘r%nggeggs tgbg%ﬂﬁcﬁ'ﬂ J'rer‘f’by uPﬁh@f"T‘"hf %*ﬁe U&RNMese vectors 30

-encode shqulyrharagg r@\lAs derived fromSEQ ID NO'1 and SEQ ID NO 4. The
ge

exact geauences encoded by these vectors are described bel ow. The vectors
are c?) injected in equal amounts (by weight). It is. expected that 77 fi{E

simlar r%ﬁ’{'m\s\!é’&trle' pn .and pronot er
systens as descri bed oding alternative

structures ( i . dhedvauitaixis T?Ehased a:t deﬁcﬁﬁed«@b&@q%eqhmeﬁéﬁ@iaenwd' ng

vect or encodes a hairpin containing

233332222 ﬁHI %%HEF?'G"B%?%Pﬁﬁ%Ofm% reapRing §e81 eerrdina®1460 and
102203  (13004-2950 (LUPES bHPBF BeRBahR 236556 WV GHHSIP fosys! on of this

sequence,
15 One region of the hairpin encodes the sense version of the sequences and

the second region of the hairpin encodes the antisense version of this

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

120 &iRNA vector encoding RNA hairpin derived from SEQ ID NO'5

| The ve'ctqr 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 deseribed for hairpin encoding sequences from SEQ ID NO:1

EXPERIMENT 1

Ratmnale for mouse models

Ch:mpanzees represent the only animaf model in which to study
_ human HBYV infectivity. Mouse models are available, however in which
- 30 human HBV expression and replication occur, These models have been
in_yélgable for the evaluation of anti-HBV therapeutic agents and have
. _‘_been_ :shown to bea predictor'for ihe efficacy of these agenfs in humans



separated by a | oop structure of TTCAAAAGA). Description of U6-based
vector sequences can be found in Lee €t al. [9]. The second ei RNA vector 10
used in this experinment encodes a hairpin derived from SEQ ID NG 4 and
encodes sequences mappi ng to coordi r]Iat es 1215-1.239 of Accession # V01460
and J02203. Liver sanples are taken frominjected animals on day 1
followng injection and anal yzed for the presence of HBV RNA. This tine
poi nt has 15 been sel ected based on published results from Dr Chisari's

ol ot ng. bl Bagheh R hend Folhh drataroshia Pobes MRS PLARI R xpr eosi on
occurs in thBVIdermeor dalgcted OBVQmMRE é}éch@ﬁé@s@@[g egeBbt‘ﬁlJé/e HB\ The

presence of. HBV RNA in |iver sanples is ascertaine Nort hern bl ot 20
anal ysi s. Lpiripgiated iniodhe maysedanome, ébeﬁe)anm@Sé@waaSe@m@daimt of HBV

“measur emonto s el iEER AR RBEANE RIRTepG R R sb R ABb0eRliT) ' e
as desc6i bed sfmnlartmedeleéﬁlstsm hich replitatimcenpetentHBY it bxpradsed3) and  as

in Yang -et aI “[3@ Each 'vector_and contr ol grou wi |l be conprised of 2 25
sets of anitfRfisientyfromenisepaliddy diifn ghisgnadelds P@ﬁt‘?%hylntwbﬁm%t There

are 5 ani ny Mﬁ he HBV
replicon angal|%ﬁlwﬁ%nt Egys}t?frqac' %F'Eﬂigég reagﬁ%ﬂw]sp ci fic RNA
~and HBsAg dip Lhide thertmlnsgemtclamiraalsamesermme@demt immuaotnﬂérehtaﬂl mals. In
I ndi vi dual @l nal s, reases w | gSrfl;%o%from bgut 70% to near 100% 7s

'EXPERI MENT ﬂ‘r%ﬁ%@ﬁ% iRYnesggial pAFQaHdBVIiEaNgagtetbe using t he HBV

transgqpi ¢ HEyatScyiBslehn deveh@iegd in Dr. 5 Chisari's laboratory [8]. These
m ce replicate appreciable amounts of HBVY DNA and have denonstrated their
utility as an artlthdughlweadahewck endiduck raodglsedist farthestudynefn ef fi cacy [4].

Lgsf?nﬁg'gwmﬁc@zacs@ﬁaaespﬁ&g@va Ak el B ERSofivet 8 s o moce
not .only f Qravel dptkd hebld G tf@@ebﬁbd@k?f@r $&/erflreasons. 1) Human HBV
' - cannot be studied in these models. As we are uitimately interested i in
15  down- -regulating expression of human HBV, use of these models would at
some point necessitate the re-design and evaluation of vectors and/or
o " 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/OHBV cell culture rhodels that
20  can be studied in parallel with their respective animal models.
The experiment described below utilizes hydrodynamic delivery as
a method to co-deliver replication competent HBVayw‘plas'mid with the
varigus effector dsRNA (eiRNA) expression vectors. Hydrodynamic
' - delivery is ideal for this experiment because it results in efficient delivery of
25 ° nucleic acid to the liver [5] Combination of the dsRNA effector plasmid '
and rephcatlon competent HBV plasmid into the same formiulation
:ncreases the likelihood that both plasmids are taken up by the same cells.
Because eXpreséed effector dsRNA are present in the majority of cells
_ bearing the replicating HBV plasmid, observed results can be attnbuted fo
.30 ‘the perfonnance of the effector plasmid rather than to differences in _
~ delivery efficiencies. This expenment demonstrates only that a partlcular

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




10 i ndependent expression of antigen. This is inportant as we are
interested intargeting not only viral replication but integrant-nedi ated
antigen expression as well. These experinents differ fromthe hydrodynam c
delivery experiments in that the effector plasmds are admnistered to
-ani-mal s '15 using clinically rel evants nucl eic acid delivery nethods.
Effectiveness in this nodel denonstrates efficient delivery of the
effector plasmds to nouse hepatocytes. Experinent. 20 M ce described in
reference [8] will be injected IVwith a fornulation containing the ei RNA

vectors deaddiessed by thllseamm:rled?mlat:@teIdosﬁ’fg/anmﬂéﬁvér? of theaRNlke the
I ng hajrpins containing sequences derived from

- U6- based -ej R%lA vect or nc

SEQ I D NO & 63%‘1‘@?&@ &'e examplein vdiich ifapegemia miiee igee usedct ed DNA i s
fornmulated with tri I actosyl sperm ne and chol esteryl sperm ne as described”
i n PCTI USD3/ 14288, "Methods for Delivery of Nucleic Acids",
Sat i shchanﬁxmﬂmem&grmdm 2003. Briefly, three fornulations are nade,

"t shotl'd notedch g{ﬂ%m%rgeqeow%%ﬂrﬁé%%%@@ F Boewsd vl aon 0. & and 1 5
are al | expasiiots ol bion!driray )%Jgﬁ B8 BbaLkling of altamingly Ut 1 O for

~each plasmd is 4 mg/m . The two |ons Nahe m xed
t oget her | fepdegdant vral genemeuibiat t&mp&tﬂ&bf tﬂaasmbdhg all@fthévxr@/RNAs Thi's

| d t For.mul.
Seiiﬂbeﬁ’%“d’b%f‘f%g@ﬁﬁﬁ@gs% fs LIl aBins g tsbon i IFQCt oSyl
sper mi ne, lﬁéﬂétod:wésaharndcléa@eééalagnoﬁqréﬁé@[ t;@ﬂ oB)—lBi%r@E} getosyl

sperm e 0% chol esteryl sperm ne and FOHTU ation C) 80 tr| | act osysl
sper ml seweral yiral proregiershas begn Bhﬂwdbﬂmhatefacaad:ade ohs now cont ain

oD e Sukfion it ShE5e Sledsafolol msltobarvee

One group of mce. Trecel ves
For'mul at i drarBcaibedaviraDmRNAs) ;garakug.rrge@fetrammﬁecﬁ mibgéncmicRNANRRE 9roups of

control mce are, simlarly injected with fornulations containing a control
DNA pGLIENE @artlcles reverse transcription of pregenomic RNA, and assembly
and secretion of virions and HBsAg particles into the sera of injected
16  animals. Animals are m}ected with four doses of the HBV repllcon ptasmid
(1 yg, 3 pg, 5 pg, and 10 ug) These doses are chosen because they
represent non-saturating doses capable of eliciting detectable expression
ofa réporter plasmid following hydrodynamic delivery. Animals are co-
. ihjected with the effector dsRNA expression vector (eiRNA) such that
20 animals in each group receive a 10-19 ug dose of a particular effector
construct(s) such that the tofal DNA dose is 20 pg. For example in mice
recelvmg the 3 ug dose of the HBV replicon, 17 ug of the chosen eiRNA
vector(s) i is injected for a total of 20 g injected DNA. The amount of this
dose is therefore dependent upon the dose of HBV plasmid used. Controt
25 | animals are injected with the HBV replicon but not with an eiRNA vector.
| ' Control mice are instead co-lnjected with an inert filler DNA, pGL3 basic
(Promega, Madison, WI) such that the total amount of DNA i inthe
formulation is 20 Hg. elRNA vectors in thls study are the u6- based
expression piasmlds e.g., Ambion, inc , Austin, TX, USA. These vecférs
. 30 encode short hairpin RNAs derived from SEQ 1D NO:1 and SEQ ID NO:4.
 - The exact sequences encoded by these Vectbrs are -described below. The
- vectors ar'e'cbfinjé'cted in équal' amduhts (by weight). ltis. expelcted thaf



“controls i ¥ f@ﬁr' Y"

(Promega, Madison W), Formulations D, E and F. Injections are carried out
once a day for four consecutive days. Injecting for only 1-3 days is
ef ficaci ous, however, nore. robust efficacy is seen with a four day
injection 15 protocol. Follow ng adninistration, HBV RNA and serum | evel s
of HBsAg and DNA containing viral particles will be quantitated on days 5
and 9 post first injection. Al analyses wll be as described for the
hydr odynam c del i very studies. 20 Results: HBV-specific RNA |evels, HBsAg
and virus containi Dl\tA Eartlcles wi || have decreased relative to
beyRbigingsi uging atheyrxpsession apstavPmetss4 Sil enci ng HBV
replicatio §{é(§ln | cul ture nodel
Bri ef descrél pti ofé%P%&I% elF?wﬁgFﬁ%’eﬁ?&@@Bri@ﬁ?&% %H{:‘?(\&j@ derived cell
i ne such’ aﬁtetﬂﬁrvbltﬂmcheeﬂ; (le.miuplex). transfected with an infectious

~ nol ecul ar cl one \/ COo ting Q termnal |y redundant viral genone
that is capabl e B’é F@bi?ﬂfegll ‘?‘% YeRIoBeNCring seprceseedduci ng

i nf ect i SUS figink eedmﬂo 1Teci6PBheSRIL A R8phbdnfiRfg Sldifless | o deri ved Trom

the virus sequence found in Gen Accessi on | | owi ng

~internali zmamng;meomdpamgses-zeaa Gimbmon ¥o 0401468 arehJO2208nscri pti on

fers has been shown

- of th f f |
’ _1?0 r[n?t : gt §§§8E %’Oﬁ%%rs{gﬁqﬁe?gv raF ?é/gl'rﬁﬁ?)’erfsegggrgisﬁﬁq”eﬁﬁ%se ‘event s

i ncl ude tr %epémte@f}y efloélﬁ 2086HrE oF TYOMHAABHAS Deseﬁgif&%ﬂle Yaspganscr i bed

pregenonic RNA into core particles, reverse _transcription of pregenomc
RNA, and a¥SeivbEgquenrosaandde sounskindies efral. [%nﬁ&m@gﬁcbaiﬂi\lkwedor nto the

epoct D of UBRY AT Pt it R Rt R oRlod ot SEQ IABASING, & or e o

.good cel | enbbdeesemmlcewmdipﬁmgwcb@rdrmés 4P15-1239 of Accession #

V01460 and J02203.
Liver samples are taken from injected animals on day 1 fo!lowirig
o injection and analyzed for the presence.of HBV RNA. This time pbint has
15  been selected based on published results from Dr. Chisari's faboratory
which detail the kinetics of HBveyw plasn'rid replication in mice following
hydrodynamic delivery and dernonstrates that peak RNA expression
occurs in the liver on day 1 following hydrodynamic delivery {1]. The
presence of HBV RNA in liver samples is ascertained by Northern blot
20" analysis. Liver tissue wifl be 'evaluated for the down-regulation of HBV
| RNA expressron In additlon serum will be collected from day 4 mice for
measurement of HBVsAg and DNA-containing viral particles. Assays will
be as described for the cell culture replicon experiment (Example 3) and
as in Yang et al. [1]. Each vecfor and control group will be comprised of 2
25 sets of ammals each set corresponding to a collection tlme point. There
| are 5 animals is each set. '

‘Results: |
Mice that are injected with the HBV replicon and the eiRNA
30 . construrct_s wilt have decreased HBVespeeiﬁc RNA, and HBsAg and HBV
" virat particles as compared to the control animals. In individual anima!e, '
. decreases will range from about 70% to near 100%.



silencing of HBV expression and replication. In this nodel, cells were
co-transfected with the infectious nolecular clone of HBV and an ei RNA
construct. The cells were then 15 nonitored for |oss of HBV expression and
- replication as described below. The following is an exanple of an
experinment that was perfornmed using an ei RNA vector encodi ng sequences
derived fromboth SEQID NO 1 and SEQ ID NO 2. The particul ar ei RNA vector
used for this experinment is T7 RNA pol ynerase-based and encodes a dupl ex
RNA of 20 about 650 bp (See e.g., WO 00/63364, filed April 19, 2000). It is
expected that simlar results would be obtained using other expression and

“pronot er EX escri bed el sewhere herein and/or vectors encoding
alternativ (i.e. duplex). 25 Experinental Procedure:

Tr ansfect|mmn%mcgﬁbhgew,ﬁegegg%mghg si x-wel | plates such that they
were between o cont I uen fime of transfection. All
transfections W wilkee ﬂ@!ﬂgéhe l!rﬂ?p\hg'ansg@mec’nawsa mede! d(a'l/eikfpeai agbn)

~accordigg s direct IS ex t. cells were
transfegc]t egﬂ'sta?i% '§58%{5§’3%§f6‘¥ trﬂ'é’elrﬁf’t%qq? ?—@%bl Iad‘é" E\%’%\thype 1

pg of a T7D%n®hby@ﬂemsﬁm§cﬁm&fm@ %%%&ﬁﬁé%d Béh%?hc}% gl asmd in

Exanpl e 3) Pfegnd 1. of the HBV-specific ei RNA vector escri bed bel ow);

'B) 50 ng oPeddor %flhumﬁ'f' @@iqaﬁmﬂh—lﬁveﬁﬁ aﬁrmals arelmp isfeal fretha? tHRYA pol yrer ase

expressi ong RNA _expressi on vector; C)
125 ng of teﬁée | n% |ous lﬁtg@%rﬁa@%& %(Sgﬁ'Pntq} NHICRGRAIRLS rer ase
expr essi oncarpSem/malk anbdel Aot aQy@er viha rélﬁiéa&i@ﬁqjtftla‘fs@fo?m' vector; and D)

125 ng L tge 5 infectious HBV plasm.d, ag of the T7 RNA pol ynerase
expr esd on"IBPERIRNS EXREESEIoN pgtigens Th isr'ﬁéméﬁﬁﬂt%l?@a@(ﬁi@@sﬁ@n vect or .

AL LT ansihaigeRRg i oIyl hSdlicabn il ﬂHBélE\%?W%dléfédt%ﬁg xper i ment

transfectlons B and D ved as contro our days p ransfection,
medi a was e¥ps@ssiod abrveeli.t r ansfected cell's and assayed for the presence of

backgr ound cont FOToS ST PR TR G TEw T s ydkeehppmiggebyesei on. -
. o exp_eriments in that the effector plasmids are administered to animals
-15" using clinically relevant nucleic acid delivery methods. Effectiveness in this
model demonstrates efficient delivery of the effector plasmids to mouse
| hepatocytes. )

Experiment. _

20 | Mice described in reference [8] will be injected IV with a formulation
éontaining the eiRNA vectors described in the hydrodynamic delivery
example. These are the U6-based eiRNA vectors encoding hairpins
containing seduences.derived from SEQID NO:1 and SEQ ID NO:4.

'25  Formulation of DNA fo be injected.

o DNA is formulated with trilactosyl spermine and cholesteryl
spermine as described in PCT/AUS03/14288, “Methods for Delivery of
Nucleic Acids", Satishchandran, fled 06-May-2003. Briefly, three |

o _,formulat;ons are made, all using a charge ratio of 1.2 (posmve fo negative

30 charge) However, it should noted that formulatlons with charge ratios

between 0.8 and 1.2 are all expected to exhibit effic fcacy. The DNA startmg
| stock solution for each plasmld is 4 mg/ml. The two plasmld stock -



Fol l owm ng transfection, cells were nonitored for the loss or 15 reduction
i n HBV expression and replication by measuring HBsAg secretion. Cells were
nonitored by assaying the nedia of transfected cells (and a nmedia control)
-at 4 days post-dsRNA administration. The Auszyne ELISA, comercially
‘avai |l abl e from Abbott Labs (Abbott Park, IL), was used to detect hepatitis
B surface antigen (HBsAg). HBsAg was neasured 20 since it is associated not
only with viral replication but also with RNA polyrnerase 11 initiated
transcription of the surface Ag cistron in the transfected infectious HBV
cl one. Si ngelutisagre yixed &asticerrin esival amwunis suthethed sanb elasmidieyat

but &l o r egho; THRERRBERL AN S keRSE DO rolglitund @ i &) 1 o
transf ect eth agibbcrithal INBNVCTAESHI/1 4288 Riov)NEbMIGtiex ) Bgwd  an 82-93%

decrease in_HBsAg at the fouor-da timepoint relative to the control
t ransf ect i Bikactogyl spermips/ 655 chelestasylRpermise Formulationt®h8P¥nent The. ei RNA

vect.or gnc %jgl}l‘%llq@ o coordinat: - Bank
Accessi%n QH%%BS%I : hé%?éﬁaggéfég%eéjje%} gilgéaﬁnfoﬁﬁég@g%e%%s derived
from bot h GE&tbEyNGpEnmih, 0% thnIdEPy! spdviniee. Abeisliitant fosmulbtiens equence

i ncludes all of SEQ ID NQ 2 apd 134 brl) derived from SEQ I D NO 1. EXAMPLE

#5 The dpmﬁQW@ﬂtamiQﬁPho?i? ata1 gl culture replicon nodel 10 Bri ef
description I'n jfips F?%g\ﬁgdj@%?& with 80 41! ﬁdﬁ@’%&éﬁ? ‘E‘fl‘@@.tﬁﬂe‘ﬂ%lfﬂ]oﬁﬁﬁeesses

functional HCV rep eation o ine 1S¥as 'detalled in
Lohnann et ragdeiveq BGimulktion B, & secpadigneup rétdives Ebtmuiatien Bsad as t he

R I BN A T AN
vector. TheinRRfARRRS withCmRRStodd Sorfthihing adRpeol BN hABEMRId hern bl ot
analysis as desCribed 1n -
' (Promega, Madison W), Formulations D, E and F. Injections are camried
out once a day for four consecutive days. Injecting for only 1-3 days is
efficacious, however, more robust efficacy is seen with a four day injection
. 15" protocol. - |
Following adminiétration, HBV RNA and serum levels of HBsAg and
DNA containing viral particles will be quantitated o'n days 5 and 9 post first
injection. All analyses will be as described for the hydrodynamic delivery
~ studies. '
| Results: .
HBV—speciﬁc RNA levels, HBsAg and virus cohtaining DNA
particles will have decreased 'relétive fo controls in the Formulation A, B -
~ - and C groups. |
25 |
EXAMPLE #4

-Silencing HBV replication and expression

in a replication competent cell culture model

Brief déscriptic‘n of cell culture modet:

30 A human liver derived cell fine such as the Huh7 cell line is
transfected with an infectious molecular clone of HBV consisting of a
- terminally redundant viral geﬁomé that is capable’ of transcribing all of the



Lohmann et al. [10] at days 3-7 post-transfection of ei RNA. Experinental
protocol : Transfection. 20 Huh7 cells expressing HCV replicons are seeded
into six-well plates .such that they are between .80-90% confl uency at the
time of transfection. Al transfections are performed using Lipofectam ne
(I'nVitrogen) according to the manufscturer's directions. In this
~experinment, cells are transfected with 1 pg of a T7 RNA pol ynerase
expression 25 plasmd (plasm d described in Exanple 3) and 1.5 pg of a
T7-based. ei RNA vector encoding a hairpin RNA conprised of sequences
derived fyiRinF3EQ bRd dd&n{; WHEERIUORS R PRI TAE réffboRlusR¥aAh&de Control
cells "are transfected with pg T7 RNA pol ynerase expression plasmd and
1.5 pg ofStudiesipdesped frontthesmos sauence dpand in Gpn BaneAessioRNA vect or 30

descri bed j gggqm)l . .G | | con-.expr.essi HuH 7 cells are -
i ncl uded aéﬁ%secdr@ "@‘6"5@%’?&“@@%&*"?‘?‘8@5%%@98%%39 i”i"cp%tﬁe such that ten
tr ansf ect i looalizationptrapseriptionasd e infectioust MBY plasmid ®émlsevtra YirgB
transfections (10 per mx). At days 3, 4, 5, 6, and 7, two wells of

-cel | s| BacHPToMARk ias bepn ghawn ja kiitials @ cagrade of events that aragHBVandar d

"~ techni que i : Iy e | ot anal ysis
-~ for the ;rFe g‘ﬁcmﬁ '.q?e%%\e?-vgp%ucll}i?@ge%@é!iég%@e@gﬁ%&ﬁg‘?wﬁ%ﬂﬁwset al. [10].
- 5 Resul t s pagkaging ofdrexisedibed prégendrhie RICX-istoestirk iparidiéd\hev@ekor wil |l show
decreased HCV-s, ﬁcific RNA Ievgﬁ relcgtive to the control cells at every
ti me- poi n‘ttr%ﬂ'ﬁff'g 20 of pEeaeReras &NA, andiasgembly and secrefionseiviionect or i s
T7-based Rt : | h LI R npri ses SEQ
D Mo 48, o, CeRFRraces it e Hidti BPFantild el PR RR bl ™ % e con
15 si 4@ ofmedel reprodiloesaoostaispects oiddid¢meplicaiian withic infetteddiveary to the

fi ' f the haitpin One skilled in th . i |y desi d
const ruct AR (BETR G oo RB butdiE maeriietiichda 16dkat bt ner Cypes. of

el RNA vectdileficing of HBV expression and replication.

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

alternative structures (i.e. duplex).

25  Experimental Procedure: Transfection.

‘Huh7 cells were seeded into six-well plates such ihat they we.re
between 80-90% confluency at the time of transfection. All transfections
|  were performed using Lipofectamine“’_’ (InVitrogen) according to the
.. manufacturer's directions. In this experiment, cells were transfected with
30 A)50 ng of the infectious HBV plasmid adw sibtype, 1 ig of.a T7 RNA
polymerase expression plasmid (description of plasmid in Example 3), and
: 15 pg of the HBV-specific eiRNA vector (descrfbed bélow); B)-SO ng of the.



driven by other pronoters and encodi ng other types of RNA structures wll
have simlar effects. 20 EXAMPLE #6 Treat nent of an HBV/ HCV co-infection
Brief description In this exanple, cells that are replicating both HBV and
HCV 25 replicons are transfected with an ei RNA vector that encodes both HBV

and HCV-specific ei RNA. Experinment &t protocol: Creation of cell l|ines that
contain both HBV and HCV replicons: 30 HuH 7 cells are first engineered to
express functional HCV replicons. Creation of the cell line is as detailed

in Lohmann;ed £ Il | tablishnent, the cells are

t ransf ect eﬁmcﬁusahh?)n?lggﬁ'%ﬁgpézﬂtl?%tldl?ﬁ%[g iRQ _‘Brlaégrﬁxe?r%%s'%scri bed in
Exanpl e 3 aptabrhiel andd 1.8 [idef ari TrelasamcdRNA Mxpfdisidi vaast: iM2d Rg bhi s
“example, the replicon is derived from the virus sequence found in Gen Bank

Accessi on #ae (eaiinvsiBV rdesoil, 1 pomebthe TE &NA polymeresalexpression bl e t o

Use thi s oo Ludf bl T 0tpkeit FERETERIC 8 DRYP B BR "1 s
al so poSsi linfectiaus HBVSSlasmid, Neug ef i TZIRNApaReRsISEE adpidsdisii h t he HBV and

HCV repli COFS aHd serﬁCt and  expand cells that are replicating both HBV
and HCV r epIaXYHENd h4pppkan bialeyamdshhiA expresstan eddsaddl e, the HBV and

HOV ei RNAS pafercafigAd %ré%ar@%o@&ﬁhg@gé%@e?g}ﬁm% é%kﬁgﬁ@ﬁt S 0" -

However, simlar results are expe e el are erc Wi thin the
sane ci st r &nang Dpsesved ad doptrolse pauadays posbiransfeotidn)irmedinaved e, '

t I pti f h. cjc s dri 15 by the T7 RNA |
pr omot er | afn e RRRTLErRgsERieckeliozu a3Raver e rspnemeRHBFAY hai T pi n
i RNA 1 c{sddbélbi). Médfaqirérﬁvﬁ%ﬂ%éﬁéf@c@a ceﬂ@?)g%a’%‘?rﬁd)ésédyeg; agy:  The cistrons

in this exanple aré converging but one cou SO UsS vergi ng cistrons.
I't shoul d haekgreendeostiot hat one could use other expression systens
(including viral) to produce these RNAs -and

~ Monitoring cells for loss of HBV expression.

7 _FolloWing transfection, cells were monitored for the loss or
15  treduction in HBV expression and repli.cation: by measuring HBsAg
secretion. Cells were monitored by assaying the media of fransfected cells
(and a media control) at 4 days post-dsRNA admihistration.l T-hé Auszyme
:ELISA', Commercialiy available from Abbott Labs (Abbott Park, IL), was
~ used to detect he_p_aﬁtis B suirface antigen (HBsAg). HBsAg was measured
‘20 since itis as_éoéiated not only with viral replication but also with RNA
polymerase Il initiated tran_scripﬁbn 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 fo down-regulate .not only
| viral replication but also replication-independent synthesis ofHB sAg.
4 o | .
“Results: . ‘ .
Cells transfected with the HBV-specific @iRNA constiuct exhibited
an 82-93%decrease in HBsAg at thé four-day timepoint relative to the
control transfections. |



20 one could al so use other pronoters, e.g., as described el'sewhere herein,
to drive expression of these RNAs without significantly affecting efficacy.
Sel ection of the appropriate expression systens and pronoters is within
the skill in this.art. Al so one could express other ei RNA structures, e.g.,
as described el sewhere herein, as #ell as others, described in the
literature in 25 this area. In this exanple, the HBV ei RNA vector encodes
sequences derived from SEQ ID NO 1 and the HCV ei RNA vector encodes
sequences derived from SEQ ID NO 11. Description of vector inserts is

| ocat ed atHBWespeaeificotiRNA ysek imibissexpemieste! | s are seeded into six-well

| at uch that, th¢ 30 bet -90% conf | t the tij f
Danstoction. - ArTne PENAYEeton cBE0LEE AR RAPHIA Iy Copsatates SRPfo: m

experinment, cells are transfected wi.th the 1 nfectious HBV

pl asni d, dn¢lagessequarcasnderpisidyfremdsath SEQ RN Grapd $5@ D N@cription of
pl asm g 1 Sl 3 60 an ejR -encod] a hairpin RNA
conpri gedﬁ\g{?%’s%%gﬁ%jg' %’?reie\?&c?ﬂg??%ﬂyg%bah Bwﬁébiﬁ:? ﬁﬁgéawﬂhﬁggpow and in
Exanpl e 3)derived fasi SEQ WD NO:1© ei RNA vect or encoding a hairpin RNA

conpri sed of sequences derived from SEQ ID NO 11 (described bel ow).

(1 nvi t r ogexs74860GEABARK Aecttifon IRRHAGEAY. %'esséaueﬁgé itﬁél%for%” this
50 85 ng o

“Control cells are transfected with- 50 ng of the HBV plasmd and | |ag of
‘the T7 RNA pol ynerase expressi onE )@’aép—t q¢5 An inert filler DNA pQG.3-basic

(Promega, Madison W), is added nsfecti ons where needed to bring

total DNA/tr ariffeedowmaraguiatiod.of HOVliag ENPcuffacd répldst Afdd&n nix i s made

such iﬁat en_transfections can be performed/ mx résulting in a total of
20 transf ARMRr mix). Analyses. Follow ng transfection, cells are

' It df t 1 | : ' A | licati
et o e e P S TP

alning viral par € secretion.

Cells are irepiicansbyCreatiayiofithe chiblineth as détailednsiohmadnatidls begi nni ng

‘at 2 d . RNA"  adni nj ti d ther day th f t for.
period o W i S ERaeARGhEHIhE 2hHS s end 46 e Brtimiiet GIU Madh e from
. Abbot t  LalBedrdii iurdln Repiiiodyta detived' 88PN cale b8 Wisc@CRRE LS aR: SUr face

antigen ( HB'sA(tg) . "HBsAg is L :
- 715 then fransfected with an HCV specific eiRNA vector. The presence of

HCV:specific RNA is ascertained by Northern blot analysis as described in
Lohmann et al. [10] at days 3-7 post-transfection of eiRNA.

Experimental protocol: Transfection.

20 Huh7 cells expressing HCV replicons are seeded into six-well
‘plates such that they are between 80-90% conflusncy at the time of
{ransfection. All _t_ransfectipns_are performed using Lipofectr:lrriineTM

. {InVitrogen) according fo the manufacturer's directions. In this experiment,
cells are transfected with 1 g of a T7 RNA polymerase expression
25 plasmid {plasmid described in Example 3) and 1.5 yg of a T7—bésed
~ 6iRNA vector encoding a hairpin RNA comprised of sequences derived
from SEQ ID NO:_1 1 (vector described at end of-examble). Control celis
-are transfected with 1 ng T7 RNA polymerase expression plasmid and 1.5
- HY qf the HBV-specific (SEQ'ID NO:"l_ Speciﬁ'c) T7-based eiRNA vector |
' _30j described in Example 3. Untransfected replicon-expressing HuH 7 cells
. are inciuded s a second control. Each transfectidn mix is made sucﬁ that
- :’_cén transfections can b_é pérformedlmik resulting in a totat of 20 |



" DNA is detected

measured since it is associated not only wth viral replication but also
with: RNA polynerase Il initiated transcription of the surface Ag cistron
in the transfected infectious HBV clone. Since HBsAg synthesi's can
~continue in the absence of HBV replication it is inportant to
down-regul ate not only 25 viral repl®cation but also
replication-independent synthesis of HBsAg. Secretion of- virion particles
cont ai ni ng encapsi dated HBV genomic DNA is also neasured. Loss of virion
particles containing encapsidated DNA is indicative of a |oss of HBV

repli cati orfranafestipss {19pevimikb it slays & foh, Bnand Vetwo welle ofinelipleacthat
di scri ninat i : ticles 3 d | oped
nf oot ous T PTate e 2ay RV Sqbtiq B SRt efAaee s, Ot e

- nedi a of cBdmpled Helanalyred simbitasdeibiy by Roptrirh a5t dhaljsgefdritg® to degrade
the core proteins. Follow ng inactivation of Proteinase K the 86 sanple

i s i ncubat d¥esenae HdiChreraciirRMivamdesgihashin Lolymannetiagfte the DNA

-|i berat gd fromcore particles. The sanple is digested again with '
Proteinase Kin the presence of SDS to inactivate the DNase as well as to
di srupt andRegfsade the infectious enveloped virion particle. DNAis then 5
purified by phenol {SChI orof orm extraction and precipitated. HBV specific

. Jeansiectet Miribedde V-snagiic RN vesier wéll sh@V ot anal ysi s.
At days 3, dher 8 BeY-dhed I fe el

(experi nent al %nsg c[g?\'tro%éfgfr)féw%ylg%fgéﬁ%%khzé?@&gg{“?ac élgcétuglq’%a’ standard

t echni ques tinBappintéanalyzed! so anal yzed by Northern blot analysis for the 10
‘ presen(iﬁ of - HCV-specific RNA as described in Lohmann et al. [10]. Results.
Cells t'Fansfected with the HBV-HCV-specific ei RNA.-vector will show

. decreased WY spesifikiGRRNA/A@Ne! s relative to the control cells at every 15
time-point analyzed. Th addition, the levels of HBsAg and HBV viral

particles will dheeiRdbkwecter isel abhsed podtensodes tor fudirpin KA cOneons _

HCV- speci fi ¢, el lence. -The.ei \, vegt.or is T7-based and encodes a
hai r pin m?de&@ﬁéi%?@’r&g&iwpn'l;%%sﬁlmﬁﬁggmri ses SEQ ID NG 48. This
sequence is fol Mieseduertcd i8licviddisy BN tricilfe of Ders qh@¥kconde of the

 hai rpin_contains a sequence that is conplenentary to the first
- 15 side of the hairpin contains a sequence that is complementary to the first

side of the hairpin. One skilled in the art can easily design and construct
hairpin constructs. Note: it is anticipated that other types of eiRNA vectors
driven by other promdters and encoding other types of RNA stfuctures will
- have similar effects. o
20 |
EXAMPLE #6 _

| Treatment of an HBV/HCV co-infection

Brief description | |

- In this examiple, cells that are replicating both HBV and HCV-
25 replicons are transfected with an €iRNA vector that encodes both. HBV and
HCV-specific eiRNA.

Experimental protocol:

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

30 L HuH 7 cells are first engineerec_i to express functional HCV
' rep!it:ons. Cteation of the celi line is as detailed in Lohmann et-al. "[10].
Aiter cell line establishment, the cells are transfected with an infectious



side of the hairpin. One skilled in the art can easily design and construct
hai rpin constructs. Note: it is anticipated that other types of ei RNA
vectors 25, driven by other pronoters and encodi ng ot her types of RNA
structures, including various hairpin-structures will have simlar
effects. Especially desirable are,ge.g.; "forced" hairpin constructs,
partial hairpins capable of being extended by RNA-dependent RNA pol ynerase
to formdsRNA hairpins, as taught in US. SN 60/ 399, 998P, filed 31-Jul-2002
and 30 PCT/US2003/ 024028, filed 31-Jul -2003, as.well as the "udderly"
struct ur edHBlraephtdis pla@nid asMdsktib8@in Bxanphid hsfMowesty s and
multi-short hairpin structures), hairpins with m smatched regi ons, and

-~ mul ti epi t op&arsfasiion et eelis? segiion.dndhis ex@mmisNheoericprgg zerived g@m

vor oty o Aols sURREERONH B30 Bark ACRRRRL VB PR 0320320 %,
HBV- speci f TifedrefitiySH® bRo\Sdskiblb ¢o Viesttopsatesa dalt hastidt sibliescri bed above.

The insert encodes a  uni nolecul ar hairpin _conprised of sequences mapping -
from c®or ﬁ%@%se%@@dﬂﬁit{s‘@pbma@d W%B?em'seé bBagfo seata engdhals 01460 and

- J02203.  Qpg, re%g}é?%leHé‘U‘?gpﬁ&irfsPit%%&%ﬁeﬁ@%iﬂig% HEASRCY fisSidR of the
sequences and the second region of the hairpin encodes the antisense
- versi on ofsitritanesesjyavitebothidhe HiBN andH@¥sEplcdres atebsejeettarahd made by

those skilled in. the art. References 15 1. , P.L., et al.,
Hydr ody narP®ans “é‘%!'?iqgﬁ?%‘ie R?Pﬁ%fl’t"'lﬂqwt?'aﬁér}{ﬂ@ ‘#@g&epﬁ%n%cut e hepatitis B
virus infection. Proc Natl Acad Sci U S A 2002. 99(21): p. 13825-30. 2.

Quidotti, L.G, et at., Viral clearance w thout destruction of infected
cel | s 10durTragstentios afi@eglis.nfecti on. Science, 1999. 284(5415): p. 825-9. 20

3. Thime, R, et at. Tocel | ' iral cl d di
pathogenesi o adfithp sxamgeniltEl g HRbiAY i pafo R BYOF *D003 °°°°
77(1): p. &pafbicfeistibng Qithinthe sangé vattor. HbRBSEE Binsildiresulgsar@

- chenot herapeutic nodel for Hepatitis B infection" In "Therapies for Viral
Hepati ti s"emesied if the eiRNAs are encoded within the same cistron or provided by

separate vectors. In this example, transcription from each cistron is driven
15 by the T7 RNA polymerase promoter and T7 RNA polymerase. Each
| promoter is foliowed by a hairpin eiRNA which in turn is followed by aT7
terminator (FIG. 1). The cistrons in this examiple are converging but one
could also use divérging cistrons. It should also be noted that one could -

use other expression systems (ihciuding'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 a;dprbpriate expression systefns and promoters is within
- the skill in this art. Also oﬁe could express other eiRNA structures, e.g., as
described _elseWhére herein, as well as others, described in the literature in-
25 this area. In this example, the HBV eiRNA vector encodes sequences
-~ derived from SEQ ID NO:1 and the HCV eiRNA veetor encodes
sequences derived from SEQ 1D NO:11. Description of vector inserts is
located at the end of this example,
- "Huh'r’ cells are seeded into six-well plates such that they are
30 - between 80-90% 'conﬂuericy at the time of transfection. All transfections '
ére performed usingLi'p(.':fec:tarriineTM (Invitrogén) according to the
_jmé‘n‘ufacturer's-directions. In this é}(jaeriment, cells are .trahsf:ected with 50
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Hepat ol ogy, 1998.28(4): p. 1134-46. 88 7. Chisari, F.V., et al., A
transgeni c nmouse nodel of the chronic hepatitis B- surface antlgen carrier.
state. Sci agoéthaaﬂéctlomdﬂavmsmﬁ 1]}49547&156@8/\ paiyraeEse, L. G, et al.

gt evel hsatio dafotl (43St SEbLR b/ CBRE o e’ Y [

M J. EhS@l@iRNAvec@ﬁ'éﬁ%bérn@aa hBrpina@idAResSprised. ofscpuenséoderied mal |

|nterfer|n targeted against HIV-1 rev_ transcripts. in human cells.

Nat ur e Bi o?renthEQ)@/ Qb ddesqsibsddhelow andhip Bxampig 1600 ngfafer , F. |

Koch, < eplication
of Sub noﬁ‘%ml—igﬁg "85"8"\% hgﬁﬁ%ﬂ"l n eg'ql?—ﬁg?at Omﬁg%ﬁ?@{deﬁled;m ence.

1999. 285: frddPSELBID 8D:1 Cidéddtibkd HédewniCentdsleblieand transfedic@Ntitief f ect or

nol ecul e conprising an at least 19 conti q7 us bﬁ?ﬁ)’ gal r nucl eotide
sequence f5@mftthﬁrﬂ%v§@ﬁﬁ@ﬁc%‘ds%l@&fé'aef ARy @?&@%@?@?rﬂ ng of SEQ
| D NCO: 2, S MERR AP S ad§E@ | D NO 7,
SEQ I D NOEQ E&%Wang E I3 c%%m% &rel ndU 'S substltuted for
T, and \/\hetcﬁalhtraﬁsfécdomd:)Meeé needed tdbiing sotahDNdltoaysiiection yeptp2dce to the
t arget gene, r the manufacture of | for hi bi ti expressi on
of a tHfgetd @ngép'égtapéécg%ﬁ@ﬁé%"ﬁdlmatggp{?“érﬁﬂﬁf 91 S n vi vo
mamral i an- pelbrmeimifFediatngln & ka2 rdhsfaelion (I petimsguher el n ef fect or

nol ecul'es “conprising an east 9 conti guous base pai r nucl eotide
sequence fromw thin

Analyses
' Following transfectlon cells are monitored for the Ioss or reduction

. 15  in HBV expression and replication by measuring HBsAg secretion and
DNA-containing viral particle sécretibn. Cells are - monitored by assaying
- the media of transfected cells beginning at 2 days post dsRNA
administration and every other day thereafter for a per’idd of three weeks.
- The Auszyme ELISA, commercially available from Abbo_tt Labs (Abbott |
| 20 _ Park, IL), is used to detect hepatitis B surface anﬁgen (HBsAg); HBsAg is
measured since- it is associated not only with viral replication but also with.
RNA polymerase ll initiated transc_ription of the surface Ag distron 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 reblicafibnkindependent synthesis of HBsAg.
Secretion of virion particles containing encapsidated HBV genomic DNA is
~ also measured. Loss of virion particles containing encapsidated DNA is
. i'ndfcative ofa Iosé of HBV replication. Analysis of virion secretion involves
_ - a tech-niqde that discriminates between naked, immature core partiqles
©30 and envé!oped infectious HBV virions [6]. Briéﬂy, pelleted viral particles -
from the media of cultured cells are sub]ected to Proteinase K d:gestson to

" degrade the core protelns Followmg mactlvatlon of Protelnase K, the



'W|th|n nmore than one of SEQ I D NO 11

nore than one of SEQ ID NO 1 through SEQ ID NO 10 are. suitable for
adnministration to the sane cell. 3. The use of claim1, wherein one or nore
expressi on vectors conprising an expression construct capabl e of enabling
production in said mammalian cell of a double-stranded RNA effector

mol ecul e conprising an at | east 19 #ontiguous base pair ‘nucleotide
sequence fromw thin a sequence selected fromthe group consisting of SEQ
ID NO:'1, SEQID NO 2, SEQID NO 3, SEQID NGO 4, SEQID NO5, SEQ ID NO 6,
SEQ ID NG 7, SEQ I D NQ 8, SEQID NO9, and SEQID NO 10; wherein Uis

substi t ut eelarhpre iB, ineuteated ivlithoiRQ 1f 0 lNaadr(melﬁeg?@tMﬁdlsoﬂ Wihes ué@aﬁbl claim3,
urther conprise at |east one

wherein sa re expressi on vectors

pr onot er sh]ee@&g‘d'%qrg%dafm@@r%m?%@q snpleds eligesiad agmim wihyner ase ||
, RNA

promoter, PArk&inRREWITH l"ﬁ%%r@%%ﬂ% Bt Spéﬁr‘toqﬁgf;%&é! i o sepa'-iQW%}l Astod"

polynerase I I'T- pronoter
m tochondrdarunjrambdmradeamejuﬁecﬁmjseenmjmabwlohlpﬁmde Dmﬁssltﬁeﬁt | east 19
of . a doubl e-stranded

A of fbc: BRAIRS BE RheRalioLs Ty Saiaion and propitated: MGYoHE Mo pa 1

nucl eot i dep u ,
consi sting ggqrggigte%teﬁgv q{éltaérl]%&rs éﬁ%ﬁgﬁgﬁlbﬁé‘dmgg??%ﬁﬁ%ﬂ%b{ Qﬁ%lg% gt 5t ed for

‘T, for the manufhdays 8, 45.8 andi7c dwe mells@f celitfebch itragstediioassi on of  a

I I f.h t t C 1. |
6 The: usel g erTERENG Gt Se ety SnlstiRs Bfeeteiag steR oo
conpr.i si ngtezhniajueke8aipléd @.@rezsgmz@agg nanﬁewbeahagegé%ﬁpeﬁ&g f rzgm

" wher eil® U Priesesed of HQH-speei RNA@S@%GHEDQQIlleLO@maadrﬁtra!s[ﬂﬂht ion to the
sane cell. 7. The use of claimb5, wherein one or nore expression vectors
conprising an expression construct capahble of enabling production in said
manmal i an Besditsof a doubl e-stranded RNA effector nol ecul e conprising an. at
| east 19 contlgﬁg s base , pair, nucl eotide sequence fromw thin a sequence

sel ected fromt %Fﬁﬂ?fec@gﬁ@mih%blw HEpGsperifipeiRiAeetagllsbono 12;
wherein U dlécrééi@édl HoU-8fedift RNA #Rls ?éféﬁ\?é){oethte%on%”bgllé LY gldgn- 8. The

use of claim®6, wherein one Oof nDre expression Vectors Conprisfng an
~expred$i ortlmemmﬁmtalmdam additioantis lenelsmf dtRsAg anleB\‘z'anrdl mammal i an cel |

of a particles will also decrease relative to the control transfections.

 HCV-specific eiRNA sequence.
. | The. eiRNA vector is T7-based and encodes a hairpin RNA. One
20 side of the hairpin comprises SEQ ID NO48.
‘ This sequence is followed by a loop structure of 9 Ts. The second
| side of the hairpin contains a sequence thatis 'comelementary fo the first
-side of the hairpin. One skilled in the art can easily design and construct
hairpin i::_onstructs. Note: it is a‘hticipeted that other types of eiRNA vectors
"25. _driven by other promote;s and encoding other typfe's'of RNA structures, _‘
| __ inciuding_ various hairpin structures will have similar effects. Especially
_ desirable are, e.g., “forced” hairpin constructs, partial hairpins capable of
being extended by RNA—depehdent RNA polymerase to form dsRNA
_ hairpins, as taught tn USSN 60/399,998P, filed 31-Jul-2002 and
30 PCT/US2003/024028, filed 31 -Jul-2003, as well as the udderly‘ structured
| halrpms (e.g., multi- hall'pln Iong dsRNA vectors and multi-short halrpm
sfructures), ha:rpms with mlsmatched reglons and multlepltope constructs




doubl e-stranded RNA effector nolecule conprising an at |east 19 conti guous
- base pair nucleotide sequence fromwithin a sequence selected fromthe
group consisting of SEQ ID NO 11, SEQ ID NG 12, and SEQ I D NG 27; wherein
Uis substituted for T, are suitable for admnistration. 9. The use of
claims 7 or 8, wherein said one or fibre expression vectors further

conprise at | east one pronpter selected froman RNA polynerase | pronoter,
an RNA polynerase Il pronoter, a T7 polynerase pronoter, an SP6 pol ynerase
pronoter, an RNA pol ynerase |1l pronoter, a U6 pronoter, a tRNA pronoter,

and a nit czhtght & Uﬁﬁbh@(i)/éﬂg ¥, (ﬁlqﬁwrﬁcéﬁ%ﬁaﬁl y linked to said at

dounl o- st r LIS B PERE TP B RBPAOEE ASRIPRS vt B Per Py 1o

cont i guousd4rRgA dbdicturby kheeh teehsssiuesiii if thenad t hin a sequence selected.
fromthe group consisting of SEQID NGO 2, SEQID NGO 3, SEQID NO 4, SEQID

NO 5, SEQID NO6, SEQID NO7, SEQIDNOS SEQ ID NO 9, and SEQ ID

NO 10; glﬁw %di ggﬁﬁ 'Sttl':%(?ﬁ I T and wherein said doubl e-stranded RNA
IS horrp t arget gene; 91 and a doubl e-stranded RNA
ef fect or nol ecuike cector |§Tmaaea@soduhmbeumuewhedmm gmwlestmse pai r

nucl eotide sequence fromw thin ﬂ%ldence sel ect ed from group

consi st i nguwmomlqirma@l%mm@eﬁ@ Yoncespragpig PGS ing erein Uis
substi t ut egﬂQrﬁQQ{SrO@Q bp?isébﬂﬁgﬁlé%l:@ §§I6ﬁ?¥§%ﬂ§ﬁ arl JGMU?J ogous in
sequence t0 get- gene

or the manu acture of a nmedi canent for
i nhi biti ng%nnegmldmh@habpwemmghe spabg veudienof the saayences aofl hepatitis

B dat | tid f hepatit th
came (10 vi 115 Saemdpdiah Qtahs nagbn AFRoead B EAERanH TSI conpri si ng

wher ei n_ef SERT A8d ahdIrRadd b %mmww base pair
nucl eot i degﬁiéj@ﬁggb? i(r)ﬁ?qec\.?mar}%l n 5rf)‘rjgﬁghan two of SEQ ID NGO 1 through SEQ

| D NO 12; ﬁmdMSEQ ID NO 27; are suitable for -administration to the sane
cell. 12. The use of claim 10, wherein one or nore expression vectors
conprising an expression construct capable of enabling production in said
manmmal i an cell of a doubl e-strandescfacef f ector nol ecul e conprising a

first at |east 19 contiguous base pair nucl eotide sequence frgn?vvlthl n a
sequent® sl &an@,dﬂ_r,@ha? hélygfmamtc infection of viral DNA: a mouse mo

of acute hepatitis B virus infection. Proc Natl Acad Sci U S A, 2002.
99(21): p. 13825-30. |
2. Guido’tﬁ, L.G., et él., Viral clearance Without'destructibn of infected cells
during écute HBYV infection. Science, 1999. 284(5415): p. 825-9.
20 3. Thimme, R, etal., CD8(+) Tcells mediate viral clearance and disease
pathogenesis during acute hepatitis B v‘irus‘ infection. J Virol, 2003.
 77(1): p. 68-T6. '
4. Morrey, J.D., et al., Transgenic mice as a chemotherapeutic model for
_ Hepatitis B infection” In “Therapies for Viral Hepatitis” Eds
25 Schmazn R. F., Sommadossi, J-P. and Thomas, H. C., Internationai
medical Press, Holborn, London WG 1V 6QA, UK, 1998.
5. Liu, F., Y. Song, and D. Liu, Hydrodynam:cs—based transfection in
animals by systemic administration of plasmid DNA. Gene Ther,
1999. 6(7): p. 1258-66. |
| 30 - 6. Delaney, W.E.L and H.C. Isom, Hepatrtts B virus rephcat:on in human
| HepG2 cells medtated by hepatitis B virus recombmant baculowrus
Hepatology, 1998. 28(4) p- 1134-46. -



- nucl eoti de sequence

consisting of SEQ 1D NO-1, SEQID NO 2, SEQID NO3, SEQID NO 4, SEQID
NO 5, SEQID NGO 6, SEQID NO 7, SEQID NO 8, SEQ1D NG9, and SEQ ID

NO 10; wherein Uis substituted for T, and a doubl e-stranded RNA effector
nol ecul e conprising a second at |east 19 contiguous base pair nucleotide
sequence fromw thin a sequence sel8cted fromthe group consisting of SEQ
ID NO 11 and SEQ ID NO 12; wherein Uis substituted for T, are suitable
for admnistration. 13. The use of claim 12, wherein said one or nore
expression vectors further conprise: a first pronpoter selected froman RNA
pol ynmer as@. | ChlsanpFey., ehal. RNAransgenie msel modebabﬂf@rc,‘hranwhmﬂflﬁﬁer ase

Dromoter| & t RESHRHDRBIICRRRTD! Sitieo SR 408 BROCE )<l BT st ©

pronoter operalgy linked to said first at least 19 contiguous base pair

' nucl eoti de sequence; and a second Fr onoter selected from an RNA pol ynerase

pr onot ers, GandﬁhtilAL@.l pivat. ablight-levet bepatéis, B 4irvg replicaiends dransgenist er, an
SP6 polyner ase | [11 pronoter, a U6 prom)ter, a
t RNA pronot er, ngt\fiqo! o@ﬁaﬁ?ﬁﬁ é?@@g? said second pronoter operably
l'i nked tOsﬁ%'e‘é N%ijnﬁ%a waahuérgecq_ntﬂgupwwbmmm/x Bublatsita,d2
sequence. The use of any of pr ecedi ng clains 1, 5 or 10 wherein the

manmal i an ceI I aanRQSmu-han cell. 15. A conposition for inhibiting the

o= o, ) AR i, P Tt R Mg 7

effector nol echsef ?Wmﬁhmﬂaﬁbeﬂﬁ Natass B&ﬂe@mﬁlmmu(ﬂm%@stﬂm 5@5r
romw thin a sequence se| ect Tf m t he .gr oup

consi 40i ng‘lQ)fLCﬂ;E@ﬂfD YoKornehd + 15968, 3,-Gedars Hans, I{@B@d SEQ I D

NG 6, SEQ ID Hgtpv,ymerelnu
i's substitut eﬁgﬂeﬁg‘rﬁﬁMer eﬁﬁﬁ}s%z%tﬁdouﬁ - trandedegNA I's honol ogous in
sequence to theRNAsGetk ldepaionibCell hine Gqpersict 1188902881 B10GA118, furt her

- conprising wherein doubl e-stranded RNA effector nol ecules conprising an at

| east 19 contiguous base pair nucleotide sequence fromw thin nore than
one of SEQID NO 1 through SEQ ID NO 10 are present in the conposition.



17. A conposition for inhibiting the expression of a polynucl eotide
sequence of hepatitis Cvirus in an i&vivo mamalian cell conprising a
doubl e-stranded RNA effector nolecule conprising an at |east 19 conti guous
base pair nucl eotide sequence fromw thin a sequence selected fromthe
group consi@GtAIM$ of SEQ ID NO 11 and SEQ ID NO 12; wherein Uis
substituted for T. 18. The conposition of claim17, further conprising
wher ei n doubl e-stranded RNA effector nol ecul es conprising an at |east 19
cont i guous base Yrs of sdeliesirarsled R effecol moleculetdomprising antdhdeasbt@ of SEQ

I D NG 11, . , aﬁ.nlql I WA 2 Dr i osition.
19. A corrp(?;slé ﬂ'#’@#@]‘% oarlsgipn i blcﬁ% %e tSE%JJ\éegf%rﬂggg i(’vgrﬁﬂo?e%@{eﬁcg S%%(r&éeéﬁ Fo
pol ynucl eotthelgroupenpneigiing of SER paNQ:R sSSEDMNQ:3a8BQADINO ge SERADYWDIE!, eot i de

sequence of tai by JnS i i i NElee o i . i CeLl.n.

conpri si ng Saé%g%b %‘péf’rggn?emg%@f@cﬁ%r&e gr% }é[%:u é%%#?@ﬂﬁgﬁéjfor rst at

| east 19 coviergjnoUs ishasbstitatied ioncT.eand dehareiusaidie dofiblestrandedi RN& sequence
sel ected fr, L i St Q QID

N 4. g I EgRE S aRd ERRE e digd) o e RS 8t EBAMSS o, anc
SEQ | D NO o inhihiting ieppigssien ofibsangeUpayhiicteotide aeglienhe b&hepatitis & virus in

doubl e-str ; i anF&I ogous in sequence to the target gene; and a 93
doubl e- st rgaﬁg'zgl Hé'?’?'ec or“' nol ecul e conprising a second at |east 19

contiguous base pair nucleotide sequence fromw thin a sequence sel ected

from the oup nsl.st | E 1. .SE D NO and_SEQ.I D NG 27;
wherein U %; sut-)rg-"(t% i t%J E%eéfn% (I)a(r?ﬁ]TﬁanQHh&\?{sg 8&'8”%@9 ((:])W h%rﬁgll éa}%(ft%nraéac i's
honol ogous cempgsinaerncat leastt thecerdigyets baswepail Guclddtielecsmypesdet from wafhirc| ai m 19,

further co |.Sj r gi f fect.pr I 1,51 ng an. l.east 19
conti guous%%e{h%gi }rgﬁ%uo?l ggtal é@ @@qhgﬁ%gg#r%%)w&?ﬁ 1 nﬁ’\%e Sf"rtl%ﬁne tf\% of SEQ
I D NO 1 t kadoin$trafBQte theN@ni2calind SEQ | D NO 27 are present in the
‘conposition. 21. The conposition of any of clains 15, 17 or 19 wherein the

manmmal i an cell is a human cell. 22. A conposition for inhibiting the
expr essi on3of a Tharugetof pleiny Muwherein oe orsegrecexpesssionhepiats torsprBing arus in a

sequence f Eness Epeare Rl SR biEhe Boo IR ISR TRIB RO of:
double-stranded RNA effector molecule comprising an at least 19 contiguous base
pair nucleotide sequence from within a sequence selected from the group
“consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ D NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ 1D

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 |l promoter, a T7 polymerase promoter, an SP8 polymerase
promoter, an RNA polymerase Ill 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. ' '



a) SEQIDNO2; b) SEQIDNG3; c¢) SEQIDNO4; d) SEQID NO5; e) SEQ
IDNO6; f) SEQIDNO7; g) SEQID N®8;, h) SEQIDNOY9; i) SEQID
NO 10; j) the conplenent of (a) through (i); and k) a mxture of (a)
through (j). 23. A conposition for inhibiting the expression of a

pol ynucl eoti de sequence of hepatitis Cvirus in a manmalian cell,
n at nucl eat i de sequence from

He | 1 . b
W Ehi 0 a sduendireod Lo sk BB Resor BieeS PmpTENG 285 B2 19 NO: 11
b) SEQ ID Wﬂ@;ouscb)as@lﬁ@rldl)clﬁ&uﬁs&fhendé fitove wathinTd Qém%c?fsekaﬁeﬁ_f(d@% or gﬁ)e
d | n, for inhibiting
ggpreg)m gnqp(])%< Qg&?pa %;Qﬂn&t 35%%}%1 'ﬁ’dé‘éo %ieﬂﬂﬂa%&)qﬁ) h‘éig?ﬁl POEE W 'tis and a
target pol yHbglteted |f<d'eT SfQR]lhéﬁwllﬁiCtlhrerlﬂtal medic@nemti fouwhibiting lexpression wamal i an
cel |, conmprd sipicRBtidd séq‘ﬁ%ﬁ&e 361‘31 %Qf?ﬁé QURYSIndAsH v%'nrla r“HEAn c?etll' de sequence

fromwithin a a sequence sel ect rom the group dOnsi &t Ing o a) SEQID
NG 2; b) SEQID NO3; <c¢) SEQ ID NO 4; d) SEQIDNOS e) SEQ I D NO 6;

f) SEQ ID MO 7; The) uSEQf IV 8; fultherSERNbFSING Wherein effector molecules
comprising an at least 19 contiguous base pair nucleotide sequence from within
more than one of SEQ ID NO:11, SEQ ID NO:12, and SEQ ID NO: 27; wherein U
is substituted for T; 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 an at least 19 contiguous base
pair nucleotide sequence from within a sequence selected from the group
consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U is substituted for T, are
suitable for administration.

8. The use of claim 6, 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:11, SEQ ID NO:12, and SEQ ID NO:27; wherein U is
substituted for T, are suitable for administration.

9. The use of claims 7 or 8, wherein said one or more expression vectors
further comprise at least one promoter selected from an RNA polymerase |
promoter, an RNA polymerase {l promoter, a T7 polymerase promoter, an SP6
polymerase promoter, an RNA polymerase IHl 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.

10. A use 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:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and
SEQ ID NO:10; wherein U is substituted for T and wherein said double-stranded
RNAis homologous in sequence to the target gene;



i) SEQIDNO10; j) SEQID NGO 11; k) SEQIDNO 12 1) SEQID NGO 27 m the
conpl enent of a sequence of (a) throught (I); and n) a mxture of (a)
through (m; wherein said conposition conprises at |east one fromthe group
(a) through (i) and one fromthe group (j), (k), and (1). 25. The

conposi t i orfngfa éﬂﬁ&iblg{stf@m@d@meﬁmranoizdula/m@rrenrtamgaa decand| atalsast1

t
hunan ol | R 3G Daf HRENRS BRUERCS oW o 5. BRE BobG8A ML, ,° % ¢
at | east 1d9he @wHn gormisiing udd| SR P N LeBE@ IdSbh@'i%emd?I&EQam N@=27manmal i an

cell is a paR geld subdflubyrbper éﬂ‘ﬁ:‘ar\z\f‘u"l\epeullJ &g S edétt‘grn%lgd Tig 27. A

pol ynucl eot i de sequence conprising a sequence sele IIS; NG 14
t hr ough SEcbomlqggJQm segmiencesto the pabgiasn eemrmmameu{aetuceaofcm nmdlcsmegt

From SEQ 1| 1NB LN eResRolieh I et PhynRisolisolliefhed BHERGRS 36, 0

conpri si ng véws and aé@rget pdyrsisleotide sepienes ef papatitis Budiue dn trdesameivadae f r om
within a swﬂgﬁans&]"ect ed fromSEQ ID NO 27 through SEQ ID NO 44. 30. A
conposition for 1nhibiting the expression of a polynucl eotide sequence of
hepatitis Cvirus in a manmal i an cell, conprising a doubl e-stranded RNA

uch cot | de Sequenge T ain oot fth e Boketgnd WP $Ref6E Sulfelies ui e 1or
T. 31. An 6Sippesivg en al deast ﬁ@dtontl@malsl kmsef painproEdide gequarmepiosn twithin of any
el | an SETT teruoid ko T R HELER St I R S r G B R 788 coni o5
sequence | letabﬂfgfovedmmstramqoamsamesau NG <110> Nucl eonics, Inc. Pachuk,
Cat heri ne

12. The use of claim 10, 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 ID NO:1, SEQ 1D NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID

NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:8, and SEQ ID

NO:10; wherein U is substituted for T; and a double-stranded RNA eiffector

molecule comprising a second at least 19 contiguous base pair nucleotide

sequence from within a sequence selected from the group consisting of SEQ 1D

NO:11 and SEQ ID NO:12; wherein U is substituted for T, are suitable for

administration.

13. The use of claim 12, wherein said one or more expression vectors further
comprise: a first promoter selected from an RNA polymerase [ promoter, an RNA
polymerase 1l promoter, a T7 polymerase promoter, an SP6 polymerase promoter,
an RNA polymerase lli 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 |l promoter, a T7 polymerase
promoter, an SP6 polymerase promoter, an RNA polymerase ill 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.



sati shchandran, c. Zurawski, Vincent Mntz, Liat <120> Conserved HBVand
HCV sequences useful for Gene silencif@ <130> 2Gr788-002 <150> 60/ 478, 076
<151> 2003-06-12 <160> 48 <170>. Patentln version 3.2 <210> 1 <211> 138
<212> DNA <213> Hepatitis B virus <220> <221> m sc_feature <222>
(137)..(137) <223>nis a, c, g, or t <400> 1 gaacatggag: ar cayhdcat

caggayt cct 3003966 of bRPLH rte%edig%%&%@,t%oﬁg%m}e% %&trﬁggﬂ%g%rg aa vC 138

t cacaat acc .dcagagt ct a gact cgt ggt acttctcect 1 caattttc
<210> 2 <2i93homanegh 2> DNA <213> Hepatitis B virus <400> 2
fg9atgtgtc't rCggegfft--tarcat - 76.. <210> 3 <211> .206. <212> DNA <213>

Hepatitis B Virus <220> <221> msc_feature .
A composition for inhibiting the expression of a target polynucleotide

sequence of hepatitis B virus in an in vivo mammalian cell comprising at least one
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:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
‘NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:10; wherein U
is substituted for T and wherein said double-stranded RNA is homologous in

sequence fo the target gene,

16. The composition of claim 15, further comprising wherein double-stranded
RNA eifector molecules comprising an at least 19 contiguous base pair nucleotide
sequence from within more than one of SEQ ID NO:1 through SEQ ID NO:10 are

present in the composition.

17. A composition for inhibiting the expression of a polynucleotide sequence of
hepatitis C virus in an in vivo mammalian cell comprising a double-stranded RNA

- effector molecule comprising an at least 19 contiguous base pair nucleotide
sequence from within a sequence selected from the group consisting of SEQ ID
NO:11 and SEQ ID NO:12; wherein U is substituted for T.

18. The composition of claim 17, 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:11, SEQ ID NO:12, and SEQ
ID NO:27; are present in the composition.

- 19. A composition for inhibiting the expression of both a target polynucleotide
sequence of hepatitis B virus and a target polynucleotide sequence of hepatitis C
virus in a single in vivo mar_hmalian cell comprising a double-stranded RNA effector
molecule comprising a first at least 19 contiguous base pair nucleotide sequence
from within a sequence selected from the group consisting of SEQ ID NO:2, SEQ
ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:9, and SEQ ID NO:10; wherein U is substituted for T and wherein said
double-stranded RNA is homologous in sequence to the target gene; and a



<222> (63)...(63) <223> nis a, ¢, g, or t <220> <221> m sc_feature <222>
(111)..(111) <223>nis a, c, g, or t9Page 1 Nucleonics sequence listing
vS. txt <220> <221> misc_feature <222> (140)..(140) <223>nis a, ¢, 0,
or t <220> <221> misc_feature. <222> (174). (174) <223>nis a ¢, g, or
t  <220> <AppbleisiiendedhiRNA. effeton malequry . cqriigjng <2 Z@somd & sast, 19, ﬁr t
<400> 3 aa FeRe t C ychggy
60 ctnt gcggggét{ogtgtb%é%% ga cg%gg%%cé%&ﬁp% frghtﬁggﬁ%c%%égﬁé’agg %‘ggcgﬁéﬁgrs 120
cgcat gegt g.loRadEeu corsigiet fcBEQIL: dN§d bcéE@ i fNGd2aand SEh R MRE7180

L9t L 1YGC C \HEAGR TBOKC <661 0P T G0 Surbrsi? Lty daliles %Ea%gg tggct2 e

Hepatitis a virus <4 yactgttcaa gcc caagc gtgcc rgg
rcat ggacat NogWiageKs ki sesoencedadhatarged ggegict wet gt ggagttactc tedtttttge
cttcygactt ytttccttc .119 <210> 5

. 20. The composition of claim 19, 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 NO:12 and SEQ ID NO:27 are

present in the composition.

21.  The composition of any of claims 15, 17 or 19 wherein the mammalian cell

" is a human cell.

22. A composition for inhibiting the expression of a target polynucleotide
sequence of hepatitis B virus in a mammalian cell, comprising an at least 19
- contiguous base pair nucleotide sequence from within a sequence selected from

the group consisting of:

a) SEQ ID NO:2;

b) SEQ ID NO:3;

¢) SEQ ID NO:4;:

d) SEQ ID NO:5;

e) SEQ ID NO:6;

f) SEQIDNO:7;

g) SEQ ID NO:g;

h) SEQ ID NO:9;

i} SEQ ID NO:10;

'j) the complement of (a) through (i); and

k} a mixture of (a) through (j).

23. A composition for inhibiting the expression of a polynucleotide sequence of
hepatitis C virus in a mammalian cell, comprising an at Ieas,tl19 contiguous base
pair nucleotide sequence from within a sequence selected from the group
consisting of: |

a) SEQ ID NO:11;

b) SEQ ID NQ:12;

¢) SEQIDNQO:27



<211> 101 <212> DNA <213> Hepatitis B virus <400> 5 . cgabecaggt
cccctagaag aagaactccc tcgcctcgca gacgnrtct caatcgncgc 60 gtcgcagaag
atctcaatyt cgggaatcty aatz3ttayt 3-01- <210> 6 <211> 99 <212> DNA <213>

Hepatitis B Virus <400> 6 abgcaggtcc cctagaagaa gaactccctc gcctcgcaga
cgngrtctca atcgncgegtd)ethe Q@gﬁ%@%{gaf(@t(bhat(?l @gdggaat ctyaa tgttagtat 99

<210> 7 <211> 100 <%}25"%§<&}i%§abg§ﬁgg}tls B Virus . Page 2 Nucl eonics

sequence |isting vS. txt tc ccctagaaga agaact ccct
cgcct cgcag acgngrtctc aatcgncgecg 60 tcgcagaaga tctcaatytc gggaat ctya

atgttagtat 5400 f%%o@it;&?#&? intitfting $He exIdesish 1ot a F@&%&' ugegﬁd(’: <400>

8 gabecaggtc ccct ga agaact ccct cgcctc cag acgng
t cgcagaaga Sﬁ@lﬁ@'&@tg&f@pg@@a&wmwaﬂc&a dargagpeynubotide2ddquenge genapat:mgm <212>

DNA <213> Hepaid thbSafehhifalian cell, comprising an at least 19 contiguous base pair
nucleotide sequence from within a sequence selected from the group consisting of:

a) SEQ ID NO:2;

b) SEQ ID NO:3;

c) SEQ ID NO:4;

d) SEQ ID NO:5;

e) SEQ ID NO:6;

f} SEQ ID NO:7;

g) SEQ ID NQO:8;

h) SEQ ID NO:9;

i) SEQ ID NO:10;

j) SEQ ID NO:11;

k) SEQ ID NO:12

) SEQID NO:27

m) the complement of a sequence of (a) through (I); and

n} a mixture of (a) through (m); 7
wherein said composition comprises at least one from the group (a) through (i} and
one from the group (j), (k), and (i).

25. The composition of any of claims 22, 23 or 24 wherein said at least 19
contiguous nucleotide sequence comprises DNA and the mammalian cell is a

human cell.

26. The composition of any of claims 22, 23 or 24 wherein said at least 19
contiguous nucleotide sequence comprises RNA and the mammalian cell is a
human cell; and further wherein U is substituted for T.

_ 27. A polynucieotide sequence comprising a sequence selected from SEQ ID
NO:14 through SEQ 1D NO:24. '



<220> <221> m sc_feature <222> (9)..(9) <223>nis a, ¢, g, or t <220>
<221> msc_feature <222> (38)._(38) €3> nis a, ¢, g, or t <220> <221>
m sc_feature <222> (72)..(72) <223>nis a, ¢, g, or t <220> <221>
msc_feature <222> (75)..(75) <223>nis a, ¢, g, or t <400> 9

t t 9gyt a2ng28gdt Relnuieplida seguelicgRmprisingt ristectittese1 118t t-2§c#-29at-28a2ae - 60. -

-,950023Ct 05, $0aTIBEDGhchy BAEO0E rRYLSBENEND 9 Houd (EQ BARS,A0 <211> 71

<212> DNA <213> Hepatitls rus < > msc_feature <
(71):.(71) - <223>nis a ¢, g, or t <400> 10 -

ct gccaact gpgat 'f i G K : 00 Page
3 Nucl eoni cs sﬂ%&gﬁgge??g?ﬁggﬁg F‘)E’(r?b%:%lgigéa%c%%t]q?gﬁggq(g%aﬁ%%h&'
nucleotide sequence from within a sequence selected from SEQ D NO:27 through

SEQ ID NO:44.

30. A composition for inhibiting the expression of a polynucleotide sequence of
hepatitis C virus in a mammalian cell, comprising a double-stranded RNA effector
molecule comprising an at least 19 contiguous base pair nucleotide sequence from
within SEQ ID NO:27; wherein U is substituted for T.

31. An expression construct capable of expressing a composition of any of claims
15-26 or 30 or a polynucleotide sequence of claims 27-29.

32. A mammalian cell comprising an expression construct of claim 31.




<211> 490 <212> DNA <213> Hepatitis c virus <220> <221> m sc_feature
<222> (86)..(86) <223> nis a, ¢, g, or t -220> <221> m sc_feature <222>
(134)..(434) <223>nis a, ¢, g, or t.  <220' <221> msc _feature <2'2>
(45S)..(455) 223> nis. a, ¢, g, or t <220> <221.> msc_feature. <222>
(476)..(476) <'23>nis a, c, g, or t <220> <221> misc_feature <222>
(488)..(488) <223>nis a, c, g, or t <400> 11 ddatcactcc cctgtgagga
actact gt ct :t cacgcagaa. agcgt ct agc catggcgtta 60 gtatgagtgt ygtgcagceyt
ccaggncccc ccctcccggg agagccatag tggtctgecgg 120 aaccggtgag tacaccggaa
ttgccrggah gaccgggtcc tttcttggat daacccgctc 180 wat gc %ga vat tt gggcg

t gcccccger agacygct ag. ccgagt ag Ci%?% ﬁégﬁgemzn1vﬂaaagﬁg £tg tggtactgcc

t gat agggt g cttgcgagtg ccccggga t 300 cgtgcahcat gagcacr ma
cchaaacchca@agagenaaiefaangwaac. accaaccgyc 360 gcccacagga cgthaagttc
ccgggyggyg ghcagatiadt, ¢ gmgth tacbtgttgc 420 cgcgcagggg cccnmvdttg
ggt gt gcgcg cgacgg §1 \nncen ar cggtcncarc 480 chcghggnag 490

Mmintz, Liat ‘
.<120> Conserved HBV and HCv Sequences Useful for Gene Silencing
<130> 26788-002

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

<1GO>_ 48 7
<170> pPateéntIn version 3.2

<210 1

<21l> 138

<212> DNA
<213> - Hepatitis B Virus

Te220 ,
<2Xl> wmisc_feature

<2,1> (137)..(@37) -
23~ nisa, ¢ g, ort

<400> i _
gaacatggag’ arcayhdcat caggaytcct aggacccctg ctcgtgttac aggcggkgtk 60.

gttctygttg acaaraatcc tcacagtacc dcagagtcta gactcgtggt ggacttotct 120

caattrtcta ggggdany = ' : 138 -

- <210> 2
<2il> 26
<212> DNA .
©«213> Hepatitis B V1rus

e 00> 2 - o -
' Yggatgtgtc ‘trEggegrTe tatcat: - ‘ 26

210> 3
C 211> 206
<212> DNA .
<213> Hepatitis B Virus

<220> |
. <221>  misc_feature
- 222> (63)..(63)
<223> nisa, ¢, g, or t

<220> :
© <221> misc_tTeature
- <222 (A1D..(1311)
- <223> nisa, ¢, g, or t

“Page 1



<210> 12 <211> 29

m sc_feature
<223> n is a,
13 <211> 265

<212> DNA. <213> Hepatitis c virus
<222> (6):.(6) Page 4 Nucl eonics sequence listing vb5.txt

<220> <22.1>

c, g, or t <400> 12 atggcntggg atatgatgat gaactggyc 29

<212> DNA <213> Honp sapi ens
cctatttccc atgattcctt catatttgca tatacgatac 60 aaggctgtta gagagat aat

<210>

<400> 13 aaggt cgggc aggaagaggg

tagaattaat ttgactgtaa acacaaagat attagtacaa 120 aatacgtgac gtagaaagta
ataatttctt :gggtagtttg cagttttaaa attatgtttt 180 aaaatggact

atcat at gctt accgt aact tgaaagt amiclteogiatst eduenggCiticthiav524@ atctt gt gga
<212> DNA <213> Artificial

uence mappi ng to HBV- AYW coordi nates 788=808 in
cgtctgcgag gcgagggagt tagagaactt

aaggacga

<223> ei -en
Gbnebank<aEB655era#(y0 46§ £400> 14 .

cc%;z 5 <210> 14 <211> 51

aactccctcghcctcgcagac g 51 <210> 15 <211> 51

<221>
<222>
<223>

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

<400>

aaggcctttc tvhgtmaaca rtaymtgmmc
ctntgccaag tgtttgctga cgcaaccecc
cgcatgegtg gaacctttbn gkctectetg

tgtttygctc gcagcmggtc tggrge

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

<400>

yactgttcaa gcctcaagct gtgccttggg
aaagaatttg gagctwctgt ggagttactc

<210>

<211
<212>
" <213>

<400>

cqabgcaggt cccctagaag daagaactccc

.gtcgcagaag-atctcaatyt cgggaaTety

<210>
<2311>
<212>
<213>

. <400>

abgcaggtcc cctagaagaa gaactccctc

“égcagaagaf Ctcaatyteg anatctyéa

<210>
- i b
- <212>
<213>

misc_feature,
(174)..(1748)
nisa, c, g, or t

misc_feature.
(77 .. (7D

nisa, ¢,,g, ort

3

4
119
DNA -

4

5

101

DNA .
Hepatitis B Virus

5

6

-99

DNA ]
Hepatitis B virus

6

7 .

100

DNA - -
‘Hepatitis B Virus

Hepat1t1s B Virus

ctttacececg ttgeymggea

actgghtggg gcttggybat

ccgatccata ctgcggaact

tggctttrgg rcatggacat
tcdtttttge cttcygactt

tcgectegea gacgmgrttf

Jatgtragrat -

gcctegeaga cgmg rtct'ca

tgttagtat

Page.z

acggychggy

nggccatcrs

cctngengch
tgacincktat
ytttectte

caatcgmege

atcgmegegt

60
120
180
206

60

.19

60

60

99

<220>



<212> DNA <213> Artificial <220> <Z23> ei RNA encodi ng sequence mapping to
HBV- AYW coor di nates 807-827 in Genebank accession # V01460 <400> 15
ttcttcttct aggggacctg cagagaactt gcaggtcccc tagaagaaga a 51 <210> 16 <211>
51 <212> DNA <213> Artificial <220> <223>. ei RNA encodi ng sequence

mappi ng to HBV- AYW coordi nates 1291-1311 in Genebank accession # V01460
<400> 16 aagccaccca aggcacagct tagagaactt aagctgtgcc ttgggtgget t. 51

<210> 17 Page 5 <211> 51 Nucl eoni cs. sequence |} stlag gS txt <212> DNA
<213> A«t|é6C| <220> <223>wéﬂRNN<énéﬁwFW§es‘&Gé &> mHPpi ng to "BV- AYW
coor di naGiaR 1299 13185ahBa GoREHARK: AGELE&IAR AdgnyPid@0as4QReydy Caagycacag
ctt ggaggct %agagaactt aagcctccaa gctgtgectt g él <210> 18 <211> 51 <212>
DNA  <213sgdwdanfd dicataatP0g99aP23¥a itRRa®EAtodi ng sequence mappi ng'Q%b

HBV- AYW coor di nat es 1737-1757 in Genebank acceéession if V01460

‘<210> 8

<211> 100

<212> DNA _

<213> Hepatitis B virus.

" <400> 8
. gabgcaggtc ccctagaaga agaactecct cgcctcgcag acgmgrtctc aatcgmcgcg - 60

tcgcagaaga tctcaatytc gggaatctya atgttagtat o ‘ 1060

<210> 9

<211> 104

<212> DNA

<213> Hepatitis B virus

L 220>
<221> misc_feature
<222> (D..(D
<223> nisa, ¢, g, or t

. <220> ’
<221> misc_feature
<222> (38)..(38 .
<223> nisa, ¢, g, or t

<220>

<221> misc_Teature
<222> (2)..(72) _
<223> nis a, ¢, g, or t

<220> -

. <221> misc_Feature
<222> " (75).. (TN
<223> nisa, ¢, g, or t

<400> . \ _
’ ttggyEatng gccatcrscg Cafﬁcgfggﬁ"iftfffbﬁgk‘thﬁttfgﬁﬁ'gaiﬁﬁﬁﬁﬁhEE"---ﬁﬁQ# e

gcggaactcc tngcngcbtg.tttygctcgc agcmggtctg grgc - }04

<210> 10
<211> 71
<212> DNA
<213> Hepatitis B virus

<220~ .

.<221> misc_Tedture
222> (GL..(7D) ‘

<223> nisa, ¢, g, or t

<400> 10
. ctgccaactg gathcthcgc gggacgtcct ttgtytacgt cccgtcrgcg ctgaatcchg 60

page 3



<400> 18 ggattcagcg ccgacgggac gagagaactt cgtcccgtcg gcgctgaatc ¢ 51 <210>

19 <211> 51 <212> DNA <213> Artificial <220> <223> ei RNA encodi ng
sequence mappi ng to HBV- AYw coordi nates 1907-1927 in Genebank accession #
V01460 <400> 19 ttccgcagta tggatcggca gagagaactt ctgccgatcc atactgcgga a 51
<210> 20 <211> 51 <212> DNA <213> Artificial <220> <223 r>

ei R~~C encodi w "si ~=quenc -nmapp5ng-. to Hgv=AYw cooet ki natgs -1912 :1-93Z
i n Genebank: accessi on # v01460 <400> 20 cagtat ggat cggcagagga gagagaactt
ctcctctgee gatccatact g 51 <RBiddeo@ics<Bédirenbd. 1is€2d@»5DNe <213> Artificia
<220>. £9%BHIACET BNA encodi ng sequence mappi ng to HBV- AYW coor di nat &s
1943-1963 in CGenebank accession # V01460 <400> 21 tccacgcatg cgctgat ggc
cagagaackpi@gcant cagc gcatgcgtgg a 51 Page 6 Nucl eoni cs sequence listing
vS. t xt <le> 2%)<211> 51 - : .

<213> Hepat1t1s C Virus

<220>
<221
<222
. <223>

<220>

221>
<L’7>
<223

-misc_Feature
(86)..(86)

nis a, ¢, g, ort

misc_feature
(134)..(434)
nisa, ¢, g, or t
<220>
221>
711

Clodi

',)W3

misc_feature
(455)..(455) :
nisa, c, g, ort
<:20>
<M1
<237

' "-’.!:3/

misc_feature’
(4762 ..(4786) _
ni1s a, ¢, g, or t

<220
<221>
<25L>

misc_Teature
(488)..(488)
<223> nis a, ¢, g,

<400> 11 R .
ddatcactcc cctgtgagga actactgtct

or t«

60
120
180

tcacgcagaa_égcgt;tagc catggcgtta

gtatgagtgt ygtgcagcyt ccaggncece cccttccggg agagccatag tggtctgcgg'

‘aaccggtgag tacaccggaa ttgcécrggah -
watgccygga vatttgggeg
-22a9gcctty tggtactgec

cgtgcahcat gagcacrmwt

‘tgcecceeger

tgatagagtg

gcccacagga cgthaagttce ccgggyggyg

cgcgcagggg cccnmvdttg ggtgtgcgcg

' chcghggnag

<210>
<211
212>

L <213>

<220>
<221>
. 222>

12
29
DNA -

Hepatitis C Virus

misc_feature

(6)..(6

¢chaaacchc

gaccgggtec

agacygctag

ettgegagtg

daagaaaaac

ghcagatcgt

cgacnaggaa

Page

tttcttggat

ccgagtagyg

ceaogagagg
caaamgwaac -
‘tggbggagth
gacttcbgar_

4

daacccgcetc

ttgggtyacq -
tctcgtagac .

accaaccgyc,

tachtgttyc

cggtencarc

240

300
360

420

480

490



<212> DNA <213> Artificial <220> <223> ei RNA encodi ng sequence. mnappi ng

t o HBV- AYW coordi nates 1991-2011 in Genebank accession # v01460 <400> 22

t gcgt cagca aacacttggc aagagaactt tgccaagt gt ttgctgacge a 51 <210> 23 <211>
51 <212> DNA <213> Artificial <220> <223> ei RNA encodi ng sequence

mappi ng to HBV- AYW coordi nates 2791-2811 in Cenebank accession # V01460
<400> 23 aaaacgccgc agacacat cc aagagaactt tggatgtgtc tgcggcgttt t 51 <210>
24 <211> 51 <212> DNA <213>tﬁ Eé£&&4a58<220e.] %23>V§| RNA encodi ng
sequence pRpPRI Ng k04 HI%V—QAY\MCQ&C PR 8s” LT85 2411 Genebank -accessi on
# V01460 <400> 24 aaaacaccac acacgcatcc aagagaactt tggatgcgtg tgtggtgttt t
51 <210><4#W><2W21> 51 <212> DNA 4Z~> Arti f7 ci al <220> <223> ei RNA
encodi ng LGRS ﬁﬁﬁﬁﬁﬁ%ﬂiSa¥ﬁﬁm¢ﬁVVcoord|nates 2912-2932 in GeneBank
accession # v01460.<400> 25 S

<210> 13
<211> 265
<212> ODNA
. <213> Homo sapiens

<400> 13 .
aaggtcgggc aggaagaggg cctatticce atgattcctt catatttgca tatacgatac 60

'_ aaggctgtta gagagataat tagaattaat ttgactgtaa acacaaagat attagtacaa 120
aatacgtgac gtagaaagta ataatttctt gggtagtttg cagttttaaa attatgtttt 180
aaaatggact atcatatgct: taccgtaact tgaaagtatt tcgatttett ggctttatat 240

atcttgtgga aaggacgaaa caccg , 265

<210> 14
«211> 51
<212> DNA
<213> artificial

<220
<223> eiRNA encoding sequence mapping to HBV-AYW coord1nates 788-808 in
Genebank accession # V01460

<400> 14 )
.- cgtctgegag gcgagggagt tagagaactt aactcoctcg cctcgcagac g 51

«210> 15

<211> 51

<212> DNA

<213> Artificial

C 220>
<223> eiRNA encod1ng sequence mapping to HBV-AYW coord1nates 807-827 1in
.. . .Genebank accession # V01460
<400> 15 : _
ttcttctict aggggacctg cagagaactt gcaggtcccc tagaagaaga a - 51

<210> 16
<211> 51
<212> DRNA
<213> Art1f1c1a1

<220>
<223> eiRNA ehcoding sequence mapp1ng to HBV-AYW coord1nates 1291-1311
. ~in Genebank accession # v01460

©<400> 16
aagccaccca aggcacagcet tagagaactt aagctgtgec ttgggtggct t. ‘ 51

<2105 17
Page 5



tt gagagaag tccaccacga. gagagaactt ctcgtggtgg acttctctca a .51 <210> 26
<211> 51 <212> DNA '<213> Artificial <220> . <223> ei RNA encodi ng sequence
mappi ng to HBV- AYW coordi nates 2919-2939 in Genebank accession # V0146.0 .
<400> 26 Page 7 . Nucl eonics sequence |isting vb.txt aagtccacca cgagtctaga
cagagaactt gtctagactc gtggtggact t 51 <210> 27 <211> 101 <212> DNA <213>
Hepatitis C Virus <400> 27 tttggtggc: ccatctta?c fCt?gtfgggctctct

ct agct gt gaaaggt ccgt gagccgettg 60 actgcagaga gtgct gatact gge
gcaggtcgaazglgg% 22%02 2% <2%ﬁ95E@“1%2I%ﬂU@mmi1kﬂm89 virtkti cial <220>
<223> si RNAzpncedhng sequence mapping to x region of Hepatitis ¢ Virus
<400> 28 gelaaeatificdahgccaat acctgtctc Z9 <210> 29 <211> 29 <212> DNA
<213> Artigggial <220> <223> si RNA encodi hg sequence mapping to X region

.= o . .
of Hepati th53C ¥%§Hi§encoding sequence mapping to HBV-AYW coordinates 1299-1319
in Genebank accession # v01460 ‘ _

© <400> 17 _ : ‘
caaggcacag cttggaggct tagagaactt aagcctccaa gctgtgectt g 51

<210> 13

<211> 51

<212> DNA

<213>. Artificial

<220> . . .
<223> eiRNA encoding sequence mapping to HBV-AYW coordinates 1737-1757
, in Genebank accession # v01460 o ‘

<400> 18
ggattcagcg ccgacgggdac gagagaactt cgtcccgteg gcgctgaate ¢ 51

<210> 19

<211> 51

<212> DNA

<213> . Artificial

<220> . )

<223> @iRNA encoding sequence mapping to HBV-AYW coordinates 1907-1927
in Genebank accession # v01460

<400> 19 . . |
ttchcagta tggatcggca gagagaactt ctgccgatce atactgcgga a : 51

<210> 20
<211> 351
<212> DNA ‘
<213> Artificial

. <2205 o . : - -
<273 '¢1Rﬁi'éﬁ&ﬁﬂﬁﬁﬁ‘§ﬁﬁﬁéﬁfﬁ“ﬁﬁﬁp?ﬂgﬁtnmﬂBvaﬁ¥w%ﬁﬁaﬂdina%es»49&2ﬂ1932
: in Genebank accession # V01460 : C . :

<400> 20 o o .
cagtatggat cggcagagga gagagaactt ctccrcrgec gatccatact g , : 51

S €210> 21
<211 - 51
L 212> DNA
. <213> Artificial

<220- S . o :
<223>. eiRNA encoding sequence mapping to HBV-AYW coordinates 1943-1963
: in Genebank accession # V01460

| <400> 21 : _ : A
. tccacgcatg cgctgatggcAcagagaacttlggccatcagc gcatgcgtgg a - : .51,

Page ©



<400> 29 tcctttggtg gctccatctt acctgtctc 29 <210> 30 <211> 29 <212> DNA
<213> Artificial <220> -zfltt tRNAencodi ng. se: girence-nappi ng,
to-*-r-egi on-of Hepat4t-i -C=-V ,iu& <400>. 30 gctccatctt agccctagtc
acctgtctc 29 <210> 31 <211> 29 <212> DNA <213> Artificial <220> <223>
si RNA encodi ng sequence mapping to x region of Hepatitis ¢ Virus <400> 31
tcttagccct agtcacggct acctgtctc 29 <210> 32 Page 8 Nucl eonics sequence

listing vosotxt <211> 29 <212z BEWNA: 21376008 kel @ vs B40> <223> si RNA
encodi ng sequence nmapping to x region of Hepatitis C virus <400> 32

cctagtcaegi@ct agctgtg acctgtctc 29 <210> 33 <211> 29 .<212> DNA <213>
Artificia kizé

< DNA

<213> Artificial

<220> '
<223> eiRNA encoding sequence mapping to HBV-AYW coord1nates 1991 2011
"~ 1in Genebank accession # V01460

<400> 22 _ ‘ ,
tgcgtcagea aacacttgge aagagaactt tgccaagtgt tigctgacge a _ 51

210> 23

<211> 51

<212> DNA

<213> Artificial

<220> , : L .
«223> eifNA encoding sequence mapping to HBV-AYW coordinates 2791-2811
in Genebank accession # v01460

<400> 23 ' _ .
aaadcgcoge agacacatcoe aagagaactt tggatgtgtc tgcggegttt t ' g 51

<210> 24
S <211> 51
<212> DNA
<213> Artificial

<220
<223> elfNA encoding sequence mapp1ng 0 HBV-AYW coord1nates
- 2791-281imut in Genebank accession # V01460

<400> 24 _ .
aaaacaccac acacgcatcc aagagaactt tggatgegtg tgtggtgttt t 51

<210> 25

<21l> 5L

<212> DNA

213> Artificial

<220> '
<223> €iRNA encoding sequence mapping to HBV- AYW coord1nates 2912-2932

in Genebank access1on # v01460

<400> 25 :
ttgagagaag tccaccacga gagagaactt ctcgtggtgg acttctctca a '_51

<210> 26 .

<211~ 351

<212> DNA
<213> Artificial

. <220> '
T <223> eiRNA encod1ng sequence mapping to HBV- AYw coordinates 2919-2939

_ “in Genebank’ access10nr# v01460
. <400> 26
: Page 7



<223> si RNA encodi ng 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> Si RNA encodi ng sequence nmapping to X region
of Hepatitis C Virus <400> 34 cgtgagccgc ttgactgcag acctgtctc 29 <210> 35. -
<211> 29 <212> DNA <213> Artificial <220> <223> si RNA encodi ng sequence
mapping to x region of Hepatitis ¢ virus <400> 35 - n a' rtg gctrctttgc
acctgtcte 29 <210> 36 <211>_%8C(§%1%§SD§A . §21%> Ar%ificial <220> <223>
si RNA encedtochcaeaurbeerd5BPRidagdaid t {&&b@%ﬁgﬁg Eﬁhﬁ,%{ §tx& Vi rus <§ 0> 36
actggcctct.ctgcagatca acctgtctc 29 <2105 37 <§ > - <212> DNA <213>
Artificigblggg%YQ Nucl eoni cs sequence listing vS. txt

<211> 101 '
<212> DNA :
<213> Hepatitis C Virus

<400> 27 : _ .
Treggtggct ccatcttage cctagtcacg gctagctgtg aaaggtccgt gagcocgettg | 60

actgcagaga gtgctgatac tggectctct geagatcaag t ' o - 101

<210> 28

<211> 29

<212>  DNA :
<213> Artificial

<220> : '
<223> sSiRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 28 _
gctaaacact ccaggccaat acctgtcte _ 29

<210> 29

<211> 29

<212> DNA

<213> Artificial

- <220>
<223> SiRNA encoding sequence mapping to X region of Hepatitis C Vvirus

<400> 29 :
Tcecrttggtg getecatcett acctgtcte 29

<210> 30
<211> 29
<212> DNA .
o <213> Artificial

. <220> .
,_"j??ﬁﬁﬁ%?-"STRNA?EntGﬂ+ng_seﬂaeneezmapping»taﬁﬁﬁregienvoﬁ;HépaiiﬁdstQM%Gw&

<400> 30 _ : .
gctccatctt agcecctagte acctgtete : o . 29

<210> 31
<211 29
212> 0 pNA

<213> Artificial

<220> ‘ '
- <223> siRNA encoding sequence mapping to X region of Hepatitis ¢ virus

<400> 31 :
tctrageocct agtcacggct acctgtcte a 29

<2105. 32
i Page 8



<220> <223> Si RNA encodi ng sequence mapping to X region of Hepatitis C
Virus <400> 37 ctggcctctc tgcagatcaa g 21 '<210> 38 <211> 21 <212> DNA
<213> Artificial <220> <223> siRNA encodi ng sequernce mapping to X region
of Hepatitis ¢ Virus <400> 38 tgcagagagt gctgatactg g 21 <210> 39 <211>
21 <212> DNA <213> Artificial <220> <223> si RNA encodi ng sequence
mapping to X region of Hepatitis C Virus = <400> 39 tgagccgctt gactgcagag a

21 <210> 40 <211> 20 <212> %h&r%@%%hf:é Gi;akintl ¢9xt<223> S| RNA
encodi ng sAaqgserx®e mapping to X region of Hepatitis.C Virus <400> 40 .

' 2 2 . 212; <211> 21  <212> DNA <213> Artifici
gaaaggtccg¥3ga%9$1iéia1o ; 3> Artificia

<220>
- <223> sIRNA encoding Sequence mapping to X region of Hepatitis C Vvirus

| <400> 32 ' _ | .
cctagtcacg gctagctgtg acctgtetc | 29

<210> 33

<211> 29

212> DNA

<213> Artificial

<220> : : . :
<223> siRNA encoding sequence mapping to X region of Hepatitis C Virus

<400> 33 : ' _
ctagtcacgg ctagctgtga acctgtcte : : 29

<210> 34

<211> 29

<2312> DNA

<213> Artificial

<220> - :
<223> siRNA encoding sequence mapping to X region of Hepatitis € virus

<400> 34 ‘ L
cgtgagccge ttgactgcag acctgtctc: 29

<210> 35

<211> 29

. =212> DNA

<213> Artificial

<220> : : : . -
<223> sSiRNA. encoding sequence mapping to X region of Hepatitis C Virus

<400> 35 : :
“gETGATACLY™ gOCtetetye acctgrete - T e 2

<210> 36 .

- 211> 29

<212> DNA .
<213>- Artificial

-<220> : , _ : .
<223> siRNA encoding sequence mapping to X region of Hepatitis C Vvirus

<400> 36 _
actggcctct. ctgecagatca acctgtctc ) _ - 29

- 210> 37
<2il> 21
T <212> DNA
- <213> Artificial -
' ' Page 9



<220> <223> si RNA encodi ng 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> si RNA encodi ng sequence napping to X region
of Hepatitis C virus Page 710 Nucl eonics sequence listing vS.txt <400> 42
ttagccctag tcacggctag ¢ 21 <210> 43 <211> 21 <212> DNA <213> Artificial

<220> <223> si RNA encodi ng sequence mapping to x region of Hepatitis C

virus .<400> 43 tccatcttag cgpt tcac 21 <210> 44 <211> 21 <212> DNA
<213> Artificial <220> <223>"&F 18%6%@PW@“%3&6€HEeV%dﬁﬁing to X region

of Hepati4426>C virus <400> 44 ttggtggctc catcttagcc ¢ 21. <210> 45 <211>
21 ‘;leququ‘ STRNA encoding sequence mapping to X region of Hepatitis C virus

<400> 37 ”
ctggcctctc tgcagatcaa g - : 21

<210> 38

<211> 21
<212> - DNA

<213> Artificial

© <220 . ) o
<223> STRNA -encoding sequence mapping to X region of Hepatitis C virus

<400> 38
tgcagagagt gctgatactg g : ' 21

<210> 39
<211> 21
<212> DNA
<213> Artificial

<220>
;223> 513NA encoding sequence wapping to X region of Hepatitis C Virus

<400> 39 : :
tgagccgcett gactgcagag a ' ' 21

<210> 40

<211> 20

<212> DNA :
<213> Artificial

<220> : :
' <223> siRNA encoding sequence mapping to X region of Hepatitis.c virus -

<400> 40 . _
gaaaggtccg tgagcegott _ S ‘ : _ >0

210541
<211> 21
<212> DNA
<213> Artificial

<220 .
_-<223> STRNA 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 mapping to X region of Hepatitis C virus
: " Page 10 '



<400> 45 aaccucaaag. aaaaaccaaa c 21 <210> 46
<211> 21 <212> RNA <213> Artificial <220> -<N M5;- | amiir 54RNA - .
<400> 46 aacuggacuu ccagaagaac a 21 <210> 47 <211>. 2652 <212> DNA <213>
Bacteri ophage T7 . <400> 47 atgaacacga ttaacatcgc taagaacgac ttctctgaca

t cgaactggc tgctatcccg. 60 ttcaacactc tggctgacca ttacggtgag cgtttagcetc

<213> Hepatitis C Virus

gcgaacagtt ggcccttgag 120

sequence } T
ctaagcgcgg

aagc&cccg

tagcgtacat caccattaag 360
tt caggct gt218ycal¥gcgca 420

t ccg't'gac_ng1
t agggcac
gtctactcg
t acgct gc g
ctggcgta

<210>
C <211
L <212>
<213>

- <220>
<223>

<400>

taag 480

2198 aGaegeadap40
tggcgaggcg 600

ctc 6

g-g

Ryg
tcgcaaccggobgcaggtgcg 780
ct cct aagorcgtggagt gugtagdle
t ggcgct ggt gcgtact cac 900

44
21

DRA

Artificial

siRNA encoding

44

catgagtctt acgagat ggg t gaagcacgc
ttccgcaaga.t gttt gagcg tcaactt amaldddf cs oEdqgeh@aggstihgcggakaa
cgct gccgec, aagcctctca t cactaccct actccctaag 240 Page 11 Nucl eonics
v;%t éﬁg;gattgcac gcat caacga ctggtttgag gaagtgaaag

acagccttcc
accact ct gg
at cggt cggg
cacttcaaga
gcatttatgc
tggtcttcgt

attg%%h@?&??ﬁb

agttcctgca
cttgcctaac
ccat t gagga
aaaacgttga

“aagttgtcga

ggcat aagga

S BBl

agaaat caag
cagt gct gac

cgaggct cgc.

ggaacaact c
ggct gacatg
agactctatt
ttacac

ccggaag%%g
aat acaaccg
ttcggtcgta
aacaagcgcg
ctctctaagg
cat gt aggag
.cgccaaaat g

dﬁﬁ?ﬁﬁ“ﬁc?dﬁgﬂéta

‘ctggctggeca tctctccgat gttccaacct tgcgtagttc

@ttactggtg gtggctattg ggctaacggt cgtcgtcztc

sequence mapping to X region of Hepatitis C virus

ttggtggctec catcttagee ¢

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

<400

45
21
RNA

Hepatitis C Virus

45

ddCccucaaag aaaaaccaaa ¢

<210>
<211>
C 2212
<213>

<2205

_ ’ - y ,42,2,,37
<400>

46
21
RNA

Artiticial

Aamir-siRNA - -
46

aacuggacuu ccagaagaac a

<210>

<211>
<212>-

<Z213>
- <400>

atgaacacga ttaacatcgc taagaacgac ttctctgaca tcgaactggc tgctateceg.
ttcaacactc tggctgacca ttacggtgag cgtttagctc gcgaacagtt ggcccttgag
catgagtctt acgagatggg'tgaagcacgc ttcegcaaga tgtttgageg tcaacitaaa

gctggtgagg ttgcggataa cgctgecgee. aagectceca tcactaccct actccctaag

47
2652
DNA

Bacteriophage T7

47

Page 11

.21

21

21

60
120
180
. 240



caaagcgatt 960

cgccaacgta 1020
t gaagaactc 1080
gaaacgtgct 1140

ct gaggt gt a
t cct agcggt
cgatt gagcg
t caccgcgtg

cactgatgcg ctacgaagac gtttacatgc
aaaacaccgc at ggaaaatc aacaagaaag
ggaagcattg tccggtcgag gacatccctg
cggaagacat cgacat gaat cctgaggctc
t gt accgcaa ggacagggct cgcaagtctc gccgtatcag ccttgagttc 1200
aagccaataa gtttgctaac cataaggcca tctggttccc ttacaacatg 1260
gactggcgcg+gtcgtgttta cgctgtgtca atgttcaacc cgcaaggtaa cgatatgacc 1320
aaaggacf gc ttacgctggc gaaaggtgﬁgeg% tﬁﬂﬂ?ﬂcﬁgﬂééggiﬁé'egéctggctg 1380
aaaat ccaaggatmgcaaarh gcdagsagaygt todataageidas g Calhe o Hegat &Rag A0

ttcattgag aaaaccacga qgacatcatg gcttgcgcta agtctccact ggagaacact 1500
t ggt gggc ga%ﬁféﬁ‘é@é‘lg ECGTOER 1308 YE21T CEHIRASEI t Bugetacagacanicat tRAgggg 36960
gt acagcaaecA99064 egethat 3Gt HG ol t tgc L6820
tctggcatcccagca%%tc?%:cgcgatgc cgéggﬁgfﬁﬁgggf%%%?%ﬁ%@gaﬁgggéﬁ%aac 80
tt gct t ccRBECHATGaMh CEAttorgay gasenctcoQayggutidgya t taygt gamaatgegycamggag 48040
attctacag aacgaag tagttaccgt gaccgatgag 1800
Racact oo i aaaniy era  fEhEIRG,0R SCER A FuabtaT: (oGttRAg To

ct ggct t agcpitgtd@engtotagt ghgamtanngegtdeagy gt gacest tdye6idaeday 6}93%8

t ccaaagagt .t cttccg tcaacaaqtg ctggaagata ttattcagcc agctattgat

t ccggcaag%(ycgﬁ(iE g? tafga‘felgtaé%%ﬁ 88@‘8‘683%%85@%@939 d2ggakdeat 93§t edGet g 99040

attt 99gmtﬁbﬁ@agcﬁaagm@ﬁﬂﬁttagﬂﬁtwfahg? a3gGanhgta ot o8iakaag 73300

Page ‘12 Nucl eoni cs se%uence listing v5.txt tctgctgcfa agctgctggc tgctgaggtc

aaagat aa’@‘ﬁtgégﬁﬁ?g*g"é%a& §EG et 9getar] 00t9agdGEdy (Hegerpacryttgcastycggt adédcct -
gat ggt t t @goRt i@t 9963 BHAAYL BEAAG 32 %gcgtgge&cE@E&&@gg%@gﬁé&ﬂaae Fuga’ g

ttcctcggtc agttccgett acagcctacc 228 taacacca cgagat t gat
gcacacafdaaigHE etanstatioc getteato@340tcgiactd trghegrtgghgrgaagaacggt agocac

L ot 5 L e S ORUR £ 0 BRSSO L OPRLLAL Locncpg

agt aagaaag
aacattgcgc
at caccaagt
ccgat gaaac
gccgetgcetg
atgcttgagc

gacggtagta

‘ Pagellzr

ctggcttaag

act at ggtadgastegat atgaagiect agiggasat25a-aaghan ggctacalt tgtacgaracagobegct

RS TR S s T TR R T
CCgatgaaac cggaagacat cgacatgaat cctgaggctc tcaccgcgtyg gaaacgtgcet 1140
gccgcetgetg tgtaccgcaa ggacaggget cgcaagtcetc QCCgtatcag ccttgagttc '1200

~atgcttgage aagccaataa grtttgctaac cétaaggcca’tctggttccc,ttacaacatg 1260
: gagtggcgcglgtcgtgttta cgctgtgtca atgttcaacc cgcaaggtaa cgatatgacc. 1320
éaaggactgc ttacgcetgge gazaggtaaa ccaatcggta aggaaggtta ctactggctg 1380
aaaatcecacg gtgcaaactg tgcgggtgrc gataaggttc‘cgttccctga gcgcatcaag | 1440
ttcattgagg aaaaccacg& gaacatcatg gcttécgcta agtctccact ggagaacact 1500
_';tggtgggctg agcaagatic tccgttetge ttecrtgegt tétgctttga gtacgctggg 1560
" gtacagcacc acggcctgag ctataactge tccctteege tggcgrttga cgggtcttge 1620‘
tCtggeatce ageacttetc cgegatgote cgagétgagg:taggtggtcg chggttaéc 1680
ttgcttccta gtgaaaccgt tcaggacatc tacgggattg ttgctaagaa agtcaacgag 1740
attctacaag cagacgcaét_caatgggacc gataacgaag tagttaccgt gacégatgag - 1800
"aacactggtg aaatctctga:gaéagtcaag-ctgggcacta;aggcactggc‘tggtcaatgg 1860
gtggcffacg gtattactcg cagtgtgact aagcgftcag tcatgacgct ggcttacggg 1920
rztcéaaagagt ttggcttccg‘tcaacaagtg ctggaagata ttattcagcc agétattgat 1980
;ccggcaagg gtctgatgttrCactcagccgréatgaggctg,ctggataqat'ggctaagctg 2040
_atttgggagt ctgtgagcgt gctgeggttg aagcéatgaa l 12100



<211> 323 <212> DNA <213> Artificial <220> <223> T7 pol yner ase- based
ei RNA <400> 48 atcactcccc tgtgaggaac tactgtcttc. acgcagaaag. cgtctagcca
tggcgttagt 60 atgagtgtcg tgcagcctcc aggacccccc ctcccgggag agccat agtg
gtctgcggaa 120 .ccggtgagta.caccggaatt gccaggacga ccgggtcctt tcttggatga
acccgctcaa 180 tgcctggaga tttgggcgtg cccccgcgag actgctagcc gagtagtgtt
gggt cgcgaa 240 agccctagtg gtactgcctg atagggtgct tgcgagtgccccgggaggtc
tcgtagaccg:300 tgcaccatga gcacaaatcc taa 323 Page 13 '

gCacaaatcc

Nucleonics sequence listing Vv5.txt

Page 13

rtctgctgcta agcigctgge tgctgaggtc aaagataaga agactggaga gattcttcge 2160
-aagegrtgceg ctgtgecattg ggtaactcct gatggittce ctgtgtggca ggaatacaag 2220
aagcctattc agacgcgett gaacctgatg ttcctcggtc agttecgett acagectace 2280
attaacacca acaaagatag cgagattgat géacacaaac aggagtctgg tatcgctect 2340
) ~ aactttgtac acagccaaga cggtagccac cttcgtaaga ctgtagtgtg ggcacacgag '2400
éagtacggaa fcgaatctttrtgtactgatt'cacgactht tecggtaccat tccggctgac 2460
- gctgegaace tgttcaaage agtgcgc§aa actatggttg acacatatga gtcttgtgat 2520
gtactggetg atttctacga ccagtﬁcgct gaccagttgc acgagtctcarattggacaaa 2580
atgccagcac ttccggctaa aggtaacttg aaccteegtg acatcttaga thggacttc‘ 2640
gegttegegt aa - 2652
<210> 48
<211> 323
<212> DNA i
«213> Artificial
<220> | : :
<223> T7 polymerase-based eiRNA
<400> 48 . .
atcactccec tgtgaggaac tactgtctic. acgcagaaag cgtctageca tggcegttagt 60
atgagtgtcg tgcagectce aggacccece cteccgggay agecatagty gtctgcggaa 120
— -ccggfgagta.caécggaatt gccaggaéga ccgggtécft tcttggatga acccgectcaa ® 180
‘_ tgcctggaga tttgagegtg cccccgogag aCtgttaQCC'gagtagtgtt gggtégqgaa 240
aggccttgtg'gtactgctig atagggtgét tgcgagtgee ccgggaggtc tégtagaccg_ 300
tgcaccétga_ taa - 323



